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METHODS AND APPLICATIONS FOR 
CONDUCTIVE GRAPHENE INKS 

PRIORITY CLAIMS 
[ 0001 ] This application claims the benefit of U . S . Provi 
sional Application No . 62 / 488 , 350 , filed Apr . 21 , 2017 , U . S . 
Provisional Application No . 62 / 509 , 227 , filed May 22 , 2017 , 
and U . S . Provisional Application No . 62 / 593 , 397 , filed Dec . 
1 , 2017 , which applications are hereby incorporated herein 
by reference in their entireties . 

BACKGROUND 
[ 0002 ] As a result of the rapidly growing energy needs of 
modern life , the development of high - performance electrical 
energy storage devices has gained significant attention . As 
such , energy storage devices have been employed with and 
within a variety of electronics and devices . Some such 
devices are designed to be flexible for increased durability . 
Thus , the future growth of this technology depends on 
further improving the performance of energy storage mate 
rials and methods , and the development of devices and 
methods to better integrate technology within the wide array 
of products . 

SUMMARY 
[ 0003 ] The present disclosure provides a solution to the 
need for higher performance electrical energy storage 
devices . Provided herein are graphene materials , composi 
tions of matter , fabrication processes , and devices with 
improved performance . Features of the subject matter 
described herein provide for high power density and excel 
lent low - temperature performance including , but not limited 
to , applications for inkjet printing , screen printing , printed 
circuit boards , radio frequency identification device chips , 
smart fabrics , conductive coatings , gravure printing , flexo 
graphic printing , batteries , supercapacitors , capacitors , elec 
trodes , electromagnetic interference shielding , printed tran 
sistors , memory , sensors , membranes , anti - static coatings , 
and large area heaters . The applications described herein 
provide for improvements in the areas of electronics and 
energy storage systems with high storage capabilities , flex 
ibility , and a high cycling capability . Many conventional 
supercapacitors , capacitors , and other energy storage 
devices exhibit low energy and power densities and low 
cycling and capacitive capabilities . While normal electronic 
devices have seen very rapid progress following Moore ' s 
law , electrical energy storage devices have advanced only 
slightly because of the lack of new materials with high 
charge storage capacity . 
[ 0004 ] A first aspect provided herein is a conductive 
graphene ink comprising : a binder solution comprising : a 
binder and a first solvent ; a reduced graphene oxide disper 
sion comprising reduced graphene oxide , and a second 
solvent ; a third solvent ; a conductive additive ; a surfactant ; 
and a defoamer . 
[ 0005 ] Optionally , in some embodiments , at least one of 
the first solvent , the second solvent , and the third solvent 
comprises water and an organic solvent . Optionally , in some 
embodiments , the organic solvent comprises ethanol , iso 
propyl alcohol , N - methyl - 2 - pyrrolidone , cyclohexanone , 
terpineol , 3 - methoxy - 3 - methyl - 1 - butanol , 4 - hydroxyl - 4 
methyl - pentan - 2 - one , methyl isobutyl ketone , or any com 
bination thereof . 

[ 0006 ] Optionally , in some embodiments , a percentage by 
mass of at least one of the first solvent , the second solvent , 
and the third solvent in the conductive graphene ink is about 
1 % to about 99 % . Optionally , in some embodiments , a 
percentage by mass of at least one of the first solvent , the 
second solvent , and the third solvent in the conductive 
graphene ink is at least about 1 % . Optionally , in some 
embodiments , a percentage by mass of at least one of the 
first solvent , the second solvent , and the third solvent in the 
conductive graphene ink is at most about 99 % . Optionally , 
in some embodiments , a percentage by mass of at least one 
of the first solvent , the second solvent , and the third solvent 
in the conductive graphene ink is about 1 % to about 2 % , 
about 1 % to about 5 % , about 1 % to about 10 % , about 1 % to 
about 20 % , about 1 % to about 30 % , about 1 % to about 40 % , 
about 1 % to about 50 % , about 1 % to about 60 % , about 1 % 
to about 70 % , about 1 % to about 80 % , about 1 % to about 
99 % , about 2 % to about 5 % , about 2 % to about 10 % , about 
2 % to about 20 % , about 2 % to about 30 % , about 2 % to about 
40 % , about 2 % to about 50 % , about 2 % to about 60 % , about 
2 % to about 70 % , about 2 % to about 80 % , about 2 % to about 
99 % , about 5 % to about 10 % , about 5 % to about 20 % , about 
5 % to about 30 % , about 5 % to about 40 % , about 5 % to about 
50 % , about 5 % to about 60 % , about 5 % to about 70 % , about 
5 % to about 80 % , about 5 % to about 99 % , about 10 % to 
about 20 % , about 10 % to about 30 % , about 10 % to about 
40 % , about 10 % to about 50 % , about 10 % to about 60 % , 
about 10 % to about 70 % , about 10 % to about 80 % , about 
10 % to about 99 % , about 20 % to about 30 % , about 20 % to 
about 40 % , about 20 % to about 50 % , about 20 % to about 
60 % , about 20 % to about 70 % , about 20 % to about 80 % , 
about 20 % to about 99 % , about 30 % to about 40 % , about 
30 % to about 50 % , about 30 % to about 60 % , about 30 % to 
about 70 % , about 30 % to about 80 % , about 30 % to about 
99 % , about 40 % to about 50 % , about 40 % to about 60 % , 
about 40 % to about 70 % , about 40 % to about 80 % , about 
40 % to about 99 % , about 50 % to about 60 % , about 50 % to 
about 70 % , about 50 % to about 80 % , about 50 % to about 
99 % , about 60 % to about 70 % , about 60 % to about 80 % , 
about 60 % to about 99 % , about 70 % to about 80 % , about 
70 % to about 99 % , or about 80 % to about 99 % . Optionally , 
in some embodiments , a percentage by mass of at least one 
of the first solvent , the second solvent , and the third solvent 
in the conductive graphene ink is about 1 % , about 2 % , about 
5 % , about 10 % , about 20 % , about 30 % , about 40 % , about 
50 % , about 60 % , about 70 % , about 80 % , or about 99 % . 
Optionally , in some embodiments , a percentage by mass of 
at least one of the first solvent , the second solvent , and the 
third solvent in the conductive graphene ink is at least about 
1 % , about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , or 
about 80 % . Optionally , in some embodiments , a percentage 
by mass of at least one of the first solvent , the second 
solvent , and the third solvent in the conductive graphene ink 
is at most about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , about 
80 % , or about 99 % . 
[ 0007 ] Optionally , in some embodiments , the binder solu 
tion comprises a binder and a first solvent . Optionally , in 
some embodiments , the binder comprises a polymer . 
Optionally , in some embodiments , the polymer comprises a 
synthetic polymer . Optionally , in some embodiments , the 
synthetic polymer comprises carboxymethyl cellulose , poly 
vinylidene fluoride , poly ( vinyl alcohol ) , poly ( vinyl pyrroli 
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done ) , poly ( ethylene oxide ) , ethyl cellulose , or any combi - 
nation thereof . Optionally , in some embodiments , the binder 
is a dispersant . Optionally , in some embodiments , the binder 
comprises carboxymethyl cellulose , polyvinylidene fluo 
ride , poly ( vinyl alcohol ) , poly ( vinyl pyrrolidone ) , poly ( eth 
ylene oxide ) , ethyl cellulose , or any combination thereof . 
[ 0008 ] Optionally , in some embodiments , a percentage by 
mass of the binder solution in the conductive graphene ink 
is about 0 . 5 % to about 99 % . Optionally , in some embodi 
ments , a percentage by mass of the binder solution in the 
conductive graphene ink is at least about 0 . 5 % . Optionally , 
in some embodiments , a percentage by mass of the binder 
solution in the conductive graphene ink is at most about 
99 % . Optionally , in some embodiments , a percentage by 
mass of the binder solution in the conductive graphene ink 
is about 0 . 5 % to about 1 % , about 0 . 5 % to about 2 % , about 
0 . 5 % to about 5 % , about 0 . 5 % to about 10 % , about 0 . 5 % to 
about 20 % , about 0 . 5 % to about 30 % , about 0 . 5 % to about 
40 % , about 0 . 5 % to about 50 % , about 0 . 5 % to about 70 % , 
about 0 . 5 % to about 90 % , about 0 . 5 % to about 99 % , about 
1 % to about 2 % , about 1 % to about 5 % , about 1 % to about 
10 % , about 1 % to about 20 % , about 1 % to about 30 % , about 
1 % to about 40 % , about 1 % to about 50 % , about 1 % to about 
70 % , about 1 % to about 90 % , about 1 % to about 99 % , about 
2 % to about 5 % , about 2 % to about 10 % , about 2 % to about 
20 % , about 2 % to about 30 % , about 2 % to about 40 % , about 
2 % to about 50 % , about 2 % to about 70 % , about 2 % to about 
90 % , about 2 % to about 99 % , about 5 % to about 10 % , about 
5 % to about 20 % , about 5 % to about 30 % , about 5 % to about 
40 % , about 5 % to about 50 % , about 5 % to about 70 % , about 
5 % to about 90 % , about 5 % to about 99 % , about 10 % to 
about 20 % , about 10 % to about 30 % , about 10 % to about 
40 % , about 10 % to about 50 % , about 10 % to about 70 % , 
about 10 % to about 90 % , about 10 % to about 99 % , about 
20 % to about 30 % , about 20 % to about 40 % , about 20 % to 
about 50 % , about 20 % to about 70 % , about 20 % to about 
90 % , about 20 % to about 99 % , about 30 % to about 40 % , 
about 30 % to about 50 % , about 30 % to about 70 % , about 
30 % to about 90 % , about 30 % to about 99 % , about 40 % to 
about 50 % , about 40 % to about 70 % , about 40 % to about 
90 % , about 40 % to about 99 % , about 50 % to about 70 % , 
about 50 % to about 90 % , about 50 % to about 99 % , about 
70 % to about 90 % , about 70 % to about 99 % , or about 90 % 
to about 99 % . Optionally , in some embodiments , a percent 
age by mass of the binder solution in the conductive gra 
phene ink is at most about 99 % . Optionally , in some 
embodiments , a percentage by mass of the binder solution in 
the conductive graphene ink is about 0 . 5 % , about 1 % , about 
2 % , about 5 % , about 10 % , about 20 % , about 30 % , about 
40 % , about 50 % , about 70 % , about 90 % , or about 99 % . 
Optionally , in some embodiments , a percentage by mass of 
the binder solution in the conductive graphene ink is at least 
about 0 . 5 % , about 1 % , about 2 % , about 5 % , about 10 % , 
about 20 % , about 30 % , about 40 % , about 50 % , about 60 % , 
about 70 % , about 80 % , about 90 % , about 95 % , or about 
99 % . Alternatively or in combination , in some embodi 
ments , a percentage by mass of the binder solution in the 
conductive graphene ink is no more than about 0 . 5 % , about 
1 % , about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , about 
80 % , about 90 % , about 95 % , or about 99 % . 
[ 0009 ] Optionally , in some embodiments , a concentration 
of the binder solution is about 0 . 5 % to about 2 % . Optionally , 
in some embodiments , a concentration of the binder solution 

is at least about 0 . 5 % . Optionally , in some embodiments , a 
concentration of the binder solution is at most about 2 % . 
Optionally , in some embodiments , a concentration of the 
binder solution is about 0 . 5 % to about 0 . 625 % , about 0 . 5 % 
to about 0 . 75 % , about 0 . 5 % to about 0 . 875 % , about 0 . 5 % to 
about 1 % , about 0 . 5 % to about 1 . 25 % , about 0 . 5 % to about 
1 . 5 % , about 0 . 5 % to about 1 . 75 % , about 0 . 5 % to about 2 % , 
about 0 . 625 % to about 0 . 75 % , about 0 . 625 % to about 
0 . 875 % , about 0 . 625 % to about 1 % , about 0 . 625 % to about 
1 . 25 % , about 0 . 625 % to about 1 . 5 % , about 0 . 625 % to about 
1 . 75 % , about 0 . 625 % to about 2 % , about 0 . 75 % to about 
0 . 875 % , about 0 . 75 % to about 1 % , about 0 . 75 % to about 
1 . 25 % , about 0 . 75 % to about 1 . 5 % , about 0 . 75 % to about 
1 . 75 % , about 0 . 75 % to about 2 % , about 0 . 875 % to about 
1 % , about 0 . 875 % to about 1 . 25 % , about 0 . 875 % to about 
1 . 5 % , about 0 . 875 % to about 1 . 75 % , about 0 . 875 % to about 
2 % , about 1 % to about 1 . 25 % , about 1 % to about 1 . 5 % , 
about 1 % to about 1 . 75 % , about 1 % to about 2 % , about 
1 . 25 % to about 1 . 5 % , about 1 . 25 % to about 1 . 75 % , about 
1 . 25 % to about 2 % , about 1 . 5 % to about 1 . 75 % , about 1 . 5 % 
to about 2 % , or about 1 . 75 % to about 2 % . Optionally , in 
some embodiments , a concentration of the binder solution is 
about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , about 0 . 875 % , 
about 1 % , about 1 . 25 % , about 1 . 5 % , about 1 . 75 % , or about 
2 % . Optionally , in some embodiments , a concentration of 
the binder solution is at least about 0 . 5 % , about 0 . 625 % , 
about 0 . 75 % , about 0 . 875 % , about 1 % , about 1 . 25 % , about 
1 . 5 % , about 1 . 75 % , or about 2 % . Optionally , in some 
embodiments , a concentration of the binder solution is no 
more than about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , about 
0 . 875 % , about 1 % , about 1 . 25 % , about 1 . 5 % , about 1 . 75 % , 
or about 2 % . 
100101 Optionally , in some embodiments , the reduced 
graphene oxide dispersion comprises reduced graphene 
oxide ( RGO ) and a second solvent . 
[ 0011 ] Optionally , in some embodiments , a percentage by 
mass of the RGO dispersion in the conductive graphene ink 
is about 0 . 25 % to about 1 % . Optionally , in some embodi 
ments , a percentage by mass of the RGO dispersion in the 
conductive graphene ink is at least about 0 . 25 % . Optionally , 
in some embodiments , a percentage by mass of the RGO 
dispersion in the conductive graphene ink is at most about 
1 % . Optionally , in some embodiments , a percentage by mass 
of the RGO dispersion in the conductive graphene ink is 
about 0 . 25 % to about 0 . 375 % , about 0 . 25 % to about 0 . 5 % , 
about 0 . 25 % to about 0 . 625 % , about 0 . 25 % to about 0 . 75 % , 
about 0 . 25 % to about 1 % , about 0 . 375 % to about 0 . 5 % , 
about 0 . 375 % to about 0 . 625 % , about 0 . 375 % to about 
0 . 75 % , about 0 . 375 % to about 1 % , about 0 . 5 % to about 
0 . 625 % , about 0 . 5 % to about 0 . 75 % , about 0 . 5 % to about 
1 % , about 0 . 625 % to about 0 . 75 % , about 0 . 625 % to about 
1 % , or about 0 . 75 % to about 1 % . Optionally , in some 
embodiments , a percentage by mass of the RGO dispersion 
in the conductive graphene ink is about 0 . 25 % , about 
0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , or about 
1 % . Optionally , in some embodiments , a percentage by mass 
of the RGO dispersion in the conductive graphene ink is at 
least about 0 . 25 % , about 0 . 375 % , about 0 . 5 % , about 
0 . 625 % , about 0 . 75 % , or about 1 % . Optionally , in some 
embodiments , a percentage by mass of the RGO dispersion 
in the conductive graphene ink is no more than about 0 . 25 % , 
about 0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , or 
about 1 % . 
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[ 00121 Optionally , in some embodiments , a concentration 
by mass of the RGO in the RGO dispersion is about 3 % to 
about 12 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is at least 
about 3 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is at most 
about 12 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is about 3 % 
to about 4 % , about 3 % to about 5 % , about 3 % to about 6 % , 
about 3 % to about 7 % , about 3 % to about 8 % , about 3 % to 
about 9 % , about 3 % to about 10 % , about 3 % to about 11 % , 
about 3 % to about 12 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 4 % to 
about 11 % , about 4 % to about 12 % , about 5 % to about 6 % , 
about 5 % to about 7 % , about 5 % to about 8 % , about 5 % to 
about 9 % , about 5 % to about 10 % , about 5 % to about 11 % , 
about 5 % to about 12 % , about 6 % to about 7 % , about 6 % to 
about 8 % , about 6 % to about 9 % , about 6 % to about 10 % , 
about 6 % to about 11 % , about 6 % to about 12 % , about 7 % 
to about 8 % , about 7 % to about 9 % , about 7 % to about 10 % , 
about 7 % to about 11 % , about 7 % to about 12 % , about 8 % 
to about 9 % , about 8 % to about 10 % , about 8 % to about 
11 % , about 8 % to about 12 % , about 9 % to about 10 % , about 
9 % to about 11 % , about 9 % to about 12 % , about 10 % to 
about 11 % , about 10 % to about 12 % , or about 11 % to about 
12 % . Optionally , in some embodiments , a concentration by 
mass of the RGO in the RGO dispersion is about 3 % , about 
4 % , about 5 % , about 6 % , about 7 % , about 8 % , about 9 % , 
about 10 % , about 11 % , or about 12 % . Optionally , in some 
embodiments , a concentration by mass of the RGO in the 
RGO dispersion is at least about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , about 10 % , about 
11 % , or about 12 % . Optionally , in some embodiments , a 
concentration by mass of the RGO in the RGO dispersion is 
no more than about 3 % , about 4 % , about 5 % , about 6 % , 
about 7 % , about 8 % , about 9 % , about 10 % , about 11 % , or 
about 12 % . 
[ 0013 ] Optionally , in some embodiments , a percentage by 
mass of the RGO in the conductive graphene ink is about 
0 . 1 % to about 99 % . Optionally , in some embodiments , a 
percentage by mass of the RGO in the conductive graphene 
ink is at least about 0 . 1 % . Optionally , in some embodiments , 
a percentage by mass of the RGO in the conductive graphene 
ink is at most about 99 % . Optionally , in some embodiments , 
a percentage by mass of the RGO in the conductive graphene 
ink is about 0 . 1 % to about 0 . 2 % , about 0 . 1 % to about 0 . 5 % , 
about 0 . 1 % to about 1 % , about 0 . 1 % to about 10 % , about 
0 . 1 % to about 20 % , about 0 . 1 % to about 40 % , about 0 . 1 % 
to about 60 % , about 0 . 1 % to about 80 % , about 0 . 1 % to about 
90 % , about 0 . 1 % to about 99 % , about 0 . 2 % to about 0 . 5 % , 
about 0 . 2 % to about 1 % , about 0 . 2 % to about 10 % , about 
0 . 2 % to about 20 % , about 0 . 2 % to about 40 % , about 0 . 2 % 
to about 60 % , about 0 . 2 % to about 80 % , about 0 . 2 % to about 
90 % , about 0 . 2 % to about 99 % , about 0 . 5 % to about 1 % , 
about 0 . 5 % to about 10 % , about 0 . 5 % to about 20 % , about 
0 . 5 % to about 40 % , about 0 . 5 % to about 60 % , about 0 . 5 % 
to about 80 % , about 0 . 5 % to about 90 % , about 0 . 5 % to about 
99 % , about 1 % to about 10 % , about 1 % to about 20 % , about 
1 % to about 40 % , about 1 % to about 60 % , about 1 % to about 
80 % , about 1 % to about 90 % , about 1 % to about 99 % , about 
10 % to about 20 % , about 10 % to about 40 % , about 10 % to 
about 60 % , about 10 % to about 80 % , about 10 % to about 
90 % , about 10 % to about 99 % , about 20 % to about 40 % , 

about 20 % to about 60 % , about 20 % to about 80 % , about 
20 % to about 90 % , about 20 % to about 99 % , about 40 % to 
about 60 % , about 40 % to about 80 % , about 40 % to about 
90 % , about 40 % to about 99 % , about 60 % to about 80 % , 
about 60 % to about 90 % , about 60 % to about 99 % , about 
80 % to about 90 % , about 80 % to about 99 % , or about 90 % 
to about 99 % . Optionally , in some embodiments , a percent 
age by mass of the RGO in the conductive graphene ink is 
about 0 . 1 % , about 0 . 2 % , about 0 . 5 % , about 1 % , about 10 % , 
about 20 % , about 40 % , about 60 % , about 80 % , about 90 % , 
or about 99 % . Optionally , in some embodiments , a percent 
age by mass of the RGO in the conductive graphene ink is 
at least about 0 . 1 % , about 0 . 2 % , about 0 . 5 % , about 1 % , 
about 10 % , about 20 % , about 40 % , about 60 % , about 80 % , 
about 90 % , or about 99 % . Optionally , in some embodi 
ments , a percentage by mass of the RGO in the conductive 
graphene ink is no more than about 0 . 1 % , about 0 . 2 % , about 
0 . 5 % , about 1 % , about 10 % , about 20 % , about 40 % , about 
60 % , about 80 % , about 90 % , or about 99 % . 
[ 0014 ] Optionally , in some embodiments , the conductive 
additive comprises a carbon - based material . Optionally , in 
some embodiments , the carbon - based material comprises a 
paracrystalline carbon . Optionally , in some embodiments , 
the paracrystalline carbon comprises carbon black , acetylene 
black , channel black , furnace black , lamp black , thermal 
black , or any combination thereof . 
[ 0015 ] Optionally , in some embodiments , the conductive 
additive comprises silver . Optionally , in some embodiments , 
the silver comprises silver nanoparticles , silver nanorods , 
silver nanowires , silver nanoflowers , silver nanofibers , silver 
nanoplatelets , silver nanoribbons , silver nanocubes , silver 
bipyramids , or any combination thereof . 
[ 0016 ] Optionally , in some embodiments , a percentage by 
mass of the conductive additive in the conductive graphene 
ink is about 2 % to about 99 % . Optionally , in some embodi 
ments , a percentage by mass of the conductive additive in 
the conductive graphene ink is at least about 2 % . Optionally , 
in some embodiments , a percentage by mass of the conduc 
tive additive in the conductive graphene ink is at most about 
99 % . Optionally , in some embodiments , a percentage by 
mass of the conductive additive in the conductive graphene 
ink is about 2 % to about 5 % , about 2 % to about 10 % , about 
2 % to about 20 % , about 2 % to about 30 % , about 2 % to about 
40 % , about 2 % to about 50 % , about 2 % to about 60 % , about 
2 % to about 70 % , about 2 % to about 80 % , about 2 % to about 
90 % , about 2 % to about 99 % , about 5 % to about 10 % , about 
5 % to about 20 % , about 5 % to about 30 % , about 5 % to about 
40 % , about 5 % to about 50 % , about 5 % to about 60 % , about 
5 % to about 70 % , about 5 % to about 80 % , about 5 % to about 
90 % , about 5 % to about 99 % , about 10 % to about 20 % , 
about 10 % to about 30 % , about 10 % to about 40 % , about 
10 % to about 50 % , about 10 % to about 60 % , about 10 % to 
about 70 % , about 10 % to about 80 % , about 10 % to about 
90 % , about 10 % to about 99 % , about 20 % to about 30 % , 
about 20 % to about 40 % , about 20 % to about 50 % , about 
20 % to about 60 % , about 20 % to about 70 % , about 20 % to 
about 80 % , about 20 % to about 90 % , about 20 % to about 
99 % , about 30 % to about 40 % , about 30 % to about 50 % , 
about 30 % to about 60 % , about 30 % to about 70 % , about 
30 % to about 80 % , about 30 % to about 90 % , about 30 % to 
about 99 % , about 40 % to about 50 % , about 40 % to about 
60 % , about 40 % to about 70 % , about 40 % to about 80 % , 
about 40 % to about 90 % , about 40 % to about 99 % , about 
50 % to about 60 % , about 50 % to about 70 % , about 50 % to 



US 2018 / 0305570 A1 Oct . 25 , 2018 

about 80 % , about 50 % to about 90 % , about 50 % to about 
99 % , about 60 % to about 70 % , about 60 % to about 80 % , 
about 60 % to about 90 % , about 60 % to about 99 % , about 
70 % to about 80 % , about 70 % to about 90 % , about 70 % to 
about 99 % , about 80 % to about 90 % , about 80 % to about 
99 % , or about 90 % to about 99 % . Optionally , in some 
embodiments , a percentage by mass of the conductive 
additive in the conductive graphene ink is about 2 % , about 
5 % , about 10 % , about 20 % , about 30 % , about 40 % , about 
50 % , about 60 % , about 70 % , about 80 % , about 90 % , or 
about 99 % . Optionally , in some embodiments , a percentage 
by mass of the conductive additive in the conductive gra 
phene ink is at least about 2 % , about 5 % , about 10 % , about 
20 % , about 30 % , about 40 % , about 50 % , about 60 % , about 
70 % , about 80 % , about 90 % , or about 99 % . Optionally , in 
some embodiments , a percentage by mass of the conductive 
additive in the conductive graphene ink is no more than 
about 2 % , about 5 % , about 10 % , about 20 % , about 30 % , 
about 40 % , about 50 % , about 60 % , about 70 % , about 80 % , 
about 90 % , or about 99 % . 
[ 0017 ] . Some embodiments further comprise a surfactant . 
Optionally , in some embodiments , the surfactant comprises 
an acid , a nonionic surfactant , or any combination thereof . 
Optionally , in some embodiments , the acid comprises per 
fluorooctanoic acid , perfluorooctane sulfonate , perfluoro 
hexane sulfonic acid , perfluorononanoic acid , perfluorode 
canoic acid , or any combination thereof . Optionally , in some 
embodiments , the nonionic surfactant comprises a polyeth 
ylene glycol alkyl ether , a octaethylene glycol monododecyl 
ether , a pentaethylene glycol monododecyl ether , a polypro 
pylene glycol alkyl ether , a glucoside alkyl ether , decyl 
glucoside , lauryl glucoside , octyl glucoside , a polyethylene 
glycol octylphenyl ether , dodecyldimethylamine oxide , a 
polyethylene glycol alkylphenyl ether , a polyethylene glycol 
octylphenyl ether , Triton X - 100 , polyethylene glycol alky 
lphenyl ether , nonoxynol - 9 , a glycerol alkyl ester polysor 
bate , sorbitan alkyl ester , polyethoxylated tallow amine , 
Dynol 604 , or any combination thereof . 
[ 0018 ] Optionally , in some embodiments , high quantities 
of water in water - based conductive graphene inks increase 
the surface tension of the ink . In some applications , such as 
in inkjet printing , however , a low , controlled surface tension 
and viscosity is required to maintain consistent jetting 
through the print head nozzles . Optionally , in some embodi 
ments , the addition of a surfactant reduces the surface 
tension of an ink because as the surfactant units move to the 
water / air interface , their relative force of attraction weakens 
as the non - polar surfactant heads become exposed . 
[ 0019 ] Optionally , in some embodiments , a percentage by 
mass of the surfactant in the conductive graphene ink is 
about 0 . 5 % to about 10 % . Optionally , in some embodiments , 
a percentage by mass of the surfactant in the conductive 
graphene ink is at least about 0 . 5 % . Optionally , in some 
embodiments , a percentage by mass of the surfactant in the 
conductive graphene ink is at most about 10 % . Optionally , 
in some embodiments , a percentage by mass of the surfac 
tant in the conductive graphene ink is about 0 . 5 % to about 
1 % , about 0 . 5 % to about 2 % , about 0 . 5 % to about 3 % , about 
0 . 5 % to about 4 % , about 0 . 5 % to about 5 % , about 0 . 5 % to 
about 6 % , about 0 . 5 % to about 7 % , about 0 . 5 % to about 8 % , 
about 0 . 5 % to about 9 % , about 0 . 5 % to about 10 % , about 
1 % to about 2 % , about 1 % to about 3 % , about 1 % to about 
4 % , about 1 % to about 5 % , about 1 % to about 6 % , about 1 % 
to about 7 % , about 1 % to about 8 % , about 1 % to about 9 % , 

about 1 % to about 10 % , about 2 % to about 3 % , about 2 % to 
about 4 % , about 2 % to about 5 % , about 2 % to about 6 % , 
about 2 % to about 7 % , about 2 % to about 8 % , about 2 % to 
about 9 % , about 2 % to about 10 % , about 3 % to about 4 % , 
about 3 % to about 5 % , about 3 % to about 6 % , about 3 % to 
about 7 % , about 3 % to about 8 % , about 3 % to about 9 % , 
about 3 % to about 10 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 9 % , about 5 % to about 10 % , about 6 % to 
about 7 % , about 6 % to about 8 % , about 6 % to about 9 % , 
about 6 % to about 10 % , about 7 % to about 8 % , about 7 % to 
about 9 % , about 7 % to about 10 % , about 8 % to about 9 % , 
about 8 % to about 10 % , or about 9 % to about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the surfactant in the conductive graphene ink is about 0 . 5 % , 
about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , about 
6 % , about 7 % , about 8 % , about 9 % , or about 10 % . Option 
ally , in some embodiments , a percentage by mass of the 
surfactant in the conductive graphene ink is at least about 
0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , or about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the surfactant in the conductive graphene ink is no more than 
about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 
5 % , about 6 % , about 7 % , about 8 % , about 9 % , or about 
10 % . 
[ 0020 ] Some embodiments further comprise a defoamer , 
wherein the defoamer comprises an insoluble oil , a silicone , 
a glycol , a stearate , an organic solvent , Surfynol DF - 1100 , 
alkyl polyacrylate , or any combination thereof . Optionally , 
in some embodiments , the insoluble oil comprises mineral 
oil , vegetable oil , white oil , or any combination thereof . 
Optionally , in some embodiments , the silicone comprises 
polydimethylsiloxane , silicone glycol , a fluorosilicone , or 
any combination thereof . Optionally , in some embodiments , 
the glycol comprises polyethylene glycol , ethylene glycol , 
propylene glycol , or any combination thereof . Optionally , in 
some embodiments , the stearate comprises glycol stearate , 
stearin , or any combination thereof . Optionally , in some 
embodiments , the organic solvent comprises ethanol , iso 
propyl alcohol , N - methyl - 2 - pyrrolidone , cyclohexanone , 
terpineol , 3 - methoxy - 3 - methyl - 1 - butanol , 4 - hydroxyl - 4 
methyl - pentan - 2 - one , methyl isobutyl ketone , or any com 
bination thereof . 
[ 0021 ] Optionally , in some embodiments , a percentage by 
mass of the defoamer in the conductive graphene ink is 
about 0 . 5 % to about 10 % . Optionally , in some embodiments , 
a percentage by mass of the defoamer in the conductive 
graphene ink is at least about 0 . 5 % . Optionally , in some 
embodiments , a percentage by mass of the defoamer in the 
conductive graphene ink is at most about 10 % . Optionally , 
in some embodiments , a percentage by mass of the defoamer 
in the conductive graphene ink is about 0 . 5 % to about 1 % , 
about 0 . 5 % to about 2 % , about 0 . 5 % to about 3 % , about 
0 . 5 % to about 4 % , about 0 . 5 % to about 5 % , about 0 . 5 % to 
about 6 % , about 0 . 5 % to about 7 % , about 0 . 5 % to about 8 % , 
about 0 . 5 % to about 9 % , about 0 . 5 % to about 10 % , about 
1 % to about 2 % , about 1 % to about 3 % , about 1 % to about 
4 % , about 1 % to about 5 % , about 1 % to about 6 % , about 1 % 
to about 7 % , about 1 % to about 8 % , about 1 % to about 9 % , 
about 1 % to about 10 % , about 2 % to about 3 % , about 2 % to 
about 4 % , about 2 % to about 5 % , about 2 % to about 6 % , 
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about 2 % to about 7 % , about 2 % to about 8 % , about 2 % to 
about 9 % , about 2 % to about 10 % , about 3 % to about 4 % , 
about 3 % to about 5 % , about 3 % to about 6 % , about 3 % to 
about 7 % , about 3 % to about 8 % , about 3 % to about 9 % , 
about 3 % to about 10 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 9 % , about 5 % to about 10 % , about 6 % to 
about 7 % , about 6 % to about 8 % , about 6 % to about 9 % , 
about 6 % to about 10 % , about 7 % to about 8 % , about 7 % to 
about 9 % , about 7 % to about 10 % , about 8 % to about 9 % , 
about 8 % to about 10 % , or about 9 % to about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the defoamer in the conductive graphene ink is about 0 . 5 % , 
about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , about 
6 % , about 7 % , about 8 % , about 9 % , or about 10 % . Option 
ally , in some embodiments , a percentage by mass of the 
defoamer in the conductive graphene ink is at least about 
0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , or about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the defoamer in the conductive graphene ink is no more than 
about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 
5 % , about 6 % , about 7 % , about 8 % , about 9 % , or about 
10 % . 

[ 0022 ] Optionally , in some embodiments , the solid matter 
content by mass of the conductive graphene ink is about 
2 . 5 % to about 10 . 5 % . Optionally , in some embodiments , the 
solid matter content by mass of the conductive graphene ink 
is at least about 2 . 5 % . Optionally , in some embodiments , the 
solid matter content by mass of the conductive graphene ink 
is at most about 10 . 5 % . Optionally , in some embodiments , 
the solid matter content by mass of the conductive graphene 
ink is about 2 . 5 % to about 3 . 5 % , about 2 . 5 % to about 4 . 5 % , 
about 2 . 5 % to about 5 . 5 % , about 2 . 5 % to about 6 . 5 % , about 
2 . 5 % to about 7 . 5 % , about 2 . 5 % to about 8 . 5 % , about 2 . 5 % 
to about 9 . 5 % , about 2 . 5 % to about 10 . 5 % , about 3 . 5 % to 
about 4 . 5 % , about 3 . 5 % to about 5 . 5 % , about 3 . 5 % to about 
6 . 5 % , about 3 . 5 % to about 7 . 5 % , about 3 . 5 % to about 8 . 5 % , 
about 3 . 5 % to about 9 . 5 % , about 3 . 5 % to about 10 . 5 % , about 
4 . 5 % to about 5 . 5 % , about 4 . 5 % to about 6 . 5 % , about 4 . 5 % 
to about 7 . 5 % , about 4 . 5 % to about 8 . 5 % , about 4 . 5 % to 
about 9 . 5 % , about 4 . 5 % to about 10 . 5 % , about 5 . 5 % to about 
6 . 5 % , about 5 . 5 % to about 7 . 5 % , about 5 . 5 % to about 8 . 5 % , 
about 5 . 5 % to about 9 . 5 % , about 5 . 5 % to about 10 . 5 % , about 
6 . 5 % to about 7 . 5 % , about 6 . 5 % to about 8 . 5 % , about 6 . 5 % 
to about 9 . 5 % , about 6 . 5 % to about 10 . 5 % , about 7 . 5 % to 
about 8 . 5 % , about 7 . 5 % to about 9 . 5 % , about 7 . 5 % to about 
10 . 5 % , about 8 . 5 % to about 9 . 5 % , about 8 . 5 % to about 
10 . 5 % , or about 9 . 5 % to about 10 . 5 % . Optionally , in some 
embodiments , the solid matter content by mass of the 
conductive graphene ink is about 2 . 5 % , about 3 . 5 % , about 
4 . 5 % , about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , 
about 9 . 5 % , or about 10 . 5 % . Optionally , in some embodi 
ments , the solid matter content by mass of the conductive 
graphene ink is at least about 2 . 5 % , about 3 . 5 % , about 4 . 5 % , 
about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , about 
9 . 5 % , or about 10 . 5 % . Optionally , in some embodiments , 
the solid matter content by mass of the conductive graphene 
ink is no more than about 2 . 5 % , about 3 . 5 % , about 4 . 5 % , 
about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , about 
9 . 5 % , or about 10 . 5 % . 

[ 0023 ] Optionally , in some embodiments , the viscosity of 
the conductive graphene ink is about 10 centipoise to about 
10 , 000 centipoise . Optionally , in some embodiments , the 
viscosity of the conductive graphene ink is at least about 10 
centipoise . Optionally , in some embodiments , the viscosity 
of the conductive graphene ink is at most about 10 , 000 
centipoise . Optionally , in some embodiments , the viscosity 
of the conductive graphene ink is about 10 centipoise to 
about 20 centipoise , about 10 centipoise to about 50 centi 
poise , about 10 centipoise to about 100 centipoise , about 10 
centipoise to about 200 centipoise , about 10 centipoise to 
about 500 centipoise , about 10 centipoise to about 1 , 000 
centipoise , about 10 centipoise to about 2 , 000 centipoise , 
about 10 centipoise to about 5 , 000 centipoise , about 10 
centipoise to about 10 , 000 centipoise , about 20 centipoise to 
about 50 centipoise , about 20 centipoise to about 100 
centipoise , about 20 centipoise to about 200 centipoise , 
about 20 centipoise to about 500 centipoise , about 20 
centipoise to about 1 , 000 centipoise , about 20 centipoise to 
about 2 , 000 centipoise , about 20 centipoise to about 5 , 000 
centipoise , about 20 centipoise to about 10 , 000 centipoise , 
about 50 centipoise to about 100 centipoise , about 50 
centipoise to about 200 centipoise , about 50 centipoise to 
about 500 centipoise , about 50 centipoise to about 1 , 000 
centipoise , about 50 centipoise to about 2 , 000 centipoise , 
about 50 centipoise to about 5 , 000 centipoise , about 50 
centipoise to about 10 , 000 centipoise , about 100 centipoise 
to about 200 centipoise , about 100 centipoise to about 500 
centipoise , about 100 centipoise to about 1 , 000 centipoise , 
about 100 centipoise to about 2 , 000 centipoise , about 100 
centipoise to about 5 , 000 centipoise , about 100 centipoise to 
about 10 , 000 centipoise , about 200 centipoise to about 500 
centipoise , about 200 centipoise to about 1 , 000 centipoise , 
about 200 centipoise to about 2 , 000 centipoise , about 200 
centipoise to about 5 , 000 centipoise , about 200 centipoise to 
about 10 , 000 centipoise , about 500 centipoise to about 1 , 000 
centipoise , about 500 centipoise to about 2 , 000 centipoise , 
about 500 centipoise to about 5 , 000 centipoise , about 500 
centipoise to about 10 , 000 centipoise , about 1 , 000 centi 
poise to about 2 , 000 centipoise , about 1 , 000 centipoise to 
about 5 , 000 centipoise , about 1 , 000 centipoise to about 
10 , 000 centipoise , about 2 , 000 centipoise to about 5 , 000 
centipoise , about 2 , 000 centipoise to about 10 , 000 centi 
poise , or about 5 , 000 centipoise to about 10 , 000 centipoise . 
Optionally , in some embodiments , the viscosity of the 
conductive graphene ink is about 10 centipoise , about 20 
centipoise , about 50 centipoise , about 100 centipoise , about 
200 centipoise , about 500 centipoise , about 1 , 000 centi 
poise , about 2 , 000 centipoise , about 5 , 000 centipoise , or 
about 10 , 000 centipoise . Optionally , in some embodiments , 
the viscosity of the conductive graphene ink is at least about 
10 centipoise , about 20 centipoise , about 50 centipoise , 
about 100 centipoise , about 200 centipoise , about 500 cen 
tipoise , about 1 , 000 centipoise , about 2 , 000 centipoise , 
about 5 , 000 centipoise , or about 10 , 000 centipoise . Option 
ally , in some embodiments , the viscosity of the conductive 
graphene ink is no more than about 10 centipoise , about 20 
centipoise , about 50 centipoise , about 100 centipoise , about 
200 centipoise , about 500 centipoise , about 1 , 000 centi 
poise , about 2 , 000 centipoise , about 5 , 000 centipoise , or 
about 10 , 000 centipoise . 

[ 0024 ] Optionally , in some embodiments , the conductive 
graphene ink has a viscosity of about 2 , 300 centipoise to 
about 2 , 400 centipoise . Optionally , in some embodiments , 
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the conductive graphene ink has a viscosity of at least about 
2 , 300 centipoise . Optionally , in some embodiments , the 
conductive graphene ink has a viscosity of at most about 
2 , 400 centipoise . Optionally , in some embodiments , the 
conductive graphene ink has a viscosity of about 2 , 300 
centipoise to about 2 , 310 centipoise , about 2 , 300 centipoise 
to about 2 , 320 centipoise , about 2 , 300 centipoise to about 
2 , 330 centipoise , about 2 , 300 centipoise to about 2 , 340 
centipoise , about 2 , 300 centipoise to about 2 , 350 centipoise , 
about 2 , 300 centipoise to about 2 , 360 centipoise , about 
2 , 300 centipoise to about 2 , 370 centipoise , about 2 , 300 
centipoise to about 2 , 380 centipoise , about 2 , 300 centipoise 
to about 2 , 390 centipoise , about 2 , 300 centipoise to about 
2 , 400 centipoise , about 2 , 310 centipoise to about 2 , 320 
centipoise , about 2 , 310 centipoise to about 2 , 330 centipoise , 
about 2 , 310 centipoise to about 2 , 340 centipoise , about 
2 , 310 centipoise to about 2 , 350 centipoise , about 2 , 310 
centipoise to about 2 , 360 centipoise , about 2 , 310 centipoise 
to about 2 , 370 centipoise , about 2 , 310 centipoise to about 
2 , 380 centipoise , about 2 , 310 centipoise to about 2 , 390 
centipoise , about 2 , 310 centipoise to about 2 , 400 centipoise , 
about 2 , 320 centipoise to about 2 , 330 centipoise , about 
2 , 320 centipoise to about 2 , 340 centipoise , about 2 , 320 
centipoise to about 2 , 350 centipoise , about 2 , 320 centipoise 
to about 2 , 360 centipoise , about 2 , 320 centipoise to about 
2 , 370 centipoise , about 2 , 320 centipoise to about 2 , 380 
centipoise , about 2 , 320 centipoise to about 2 , 390 centipoise , 
about 2 , 320 centipoise to about 2 , 400 centipoise , about 
2 , 330 centipoise to about 2 , 340 centipoise , about 2 , 330 
centipoise to about 2 , 350 centipoise , about 2 , 330 centipoise 
to about 2 , 360 centipoise , about 2 , 330 centipoise to about 
2 , 370 centipoise , about 2 , 330 centipoise to about 2 , 380 
centipoise , about 2 , 330 centipoise to about 2 , 390 centipoise , 
about 2 , 330 centipoise to about 2 , 400 centipoise , about 
2 , 340 centipoise to about 2 , 350 centipoise , about 2 , 340 
centipoise to about 2 , 360 centipoise , about 2 , 340 centipoise 
to about 2 , 370 centipoise , about 2 , 340 centipoise to about 
2 , 380 centipoise , about 2 , 340 centipoise to about 2 , 390 
centipoise , about 2 , 340 centipoise to about 2 , 400 centipoise , 
about 2 , 350 centipoise to about 2 , 360 centipoise , about 
2 , 350 centipoise to about 2 , 370 centipoise , about 2 , 350 
centipoise to about 2 , 380 centipoise , about 2 , 350 centipoise 
to about 2 , 390 centipoise , about 2 , 350 centipoise to about 
2 , 400 centipoise , about 2 , 360 centipoise to about 2 , 370 
centipoise , about 2 , 360 centipoise to about 2 , 380 centipoise , 
about 2 , 360 centipoise to about 2 , 390 centipoise , about 
2 , 360 centipoise to about 2 , 400 centipoise , about 2 , 370 
centipoise to about 2 , 380 centipoise , about 2 , 370 centipoise 
to about 2 , 390 centipoise , about 2 , 370 centipoise to about 
2 , 400 centipoise , about 2 , 380 centipoise to about 2 , 390 
centipoise , about 2 , 380 centipoise to about 2 , 400 centipoise , 
or about 2 , 390 centipoise to about 2 , 400 centipoise . Option 
ally , in some embodiments , the conductive graphene ink has 
a viscosity of about 2 , 300 centipoise , about 2 , 310 centipoise , 
about 2 , 320 centipoise , about 2 , 330 centipoise , about 2 , 340 
centipoise , about 2 , 350 centipoise , about 2 , 360 centipoise , 
about 2 , 370 centipoise , about 2 , 380 centipoise , about 2 , 390 
centipoise , or about 2 , 400 centipoise . 
[ 0025 ] Optionally , in some embodiments , the density of 
the conductive graphene ink at a temperature of about 20° C . 
is about 2 . 5 g / cm to about 10 . 5 g / cm ' . Optionally , in some 
embodiments , the density of the conductive graphene ink at 
a temperature of about 20° C . is at least about 2 . 5 g / cm " . 
Optionally , in some embodiments , the density of the con - 

ductive graphene ink at a temperature of about 20° C . is at 
most about 10 . 5 g / cm " . Optionally , in some embodiments , 
the density of the conductive graphene ink at a temperature 
of about 20° C . is about 2 . 5 g / cm to about 3 . 5 g / cm ” , about 
2 . 5 g / cm to about 4 . 5 g / cm " , about 2 . 5 g / cmº to about 5 . 5 
g / cm° , about 2 . 5 g / cm² to about 6 . 5 g / cm " , about 2 . 5 g / cm3 
to about 7 . 5 g / cm " , about 2 . 5 g / cm to about 8 . 5 g / cm " , 
about 2 . 5 g / cm² to about 9 . 5 g / cm° , about 2 . 5 g / cm² to about 
10 . 5 g / cm " , about 3 . 5 g / cm to about 4 . 5 g / cm ” , about 3 . 5 
g / cm3 to about 5 . 5 g / cm " , about 3 . 5 g / cm3 to about 6 . 5 
g / cm ' , about 3 . 5 g / cm² to about 7 . 5 g / cm " , about 3 . 5 g / cm3 
to about 8 . 5 g / cm ” , about 3 . 5 g / cm3 to about 9 . 5 g / cm " , 
about 3 . 5 g / cm to about 10 . 5 g / cm " , about 4 . 5 g / cm to 
about 5 . 5 g / cm ” , about 4 . 5 g / cm² to about 6 . 5 g / cm° , about 
4 . 5 g / cm² to about 7 . 5 g / cm " , about 4 . 5 g / cm² to about 8 . 5 
g / cm " , about 4 . 5 g / cm to about 9 . 5 g / cm " , about 4 . 5 g / cm3 
to about 10 . 5 g / cm " , about 5 . 5 g / cm² to about 6 . 5 g / cm ” , 
about 5 . 5 g / cm² to about 7 . 5 g / cm° , about 5 . 5 g / cm² to about 
8 . 5 g / cm ” , about 5 . 5 g / cm3 to about 9 . 5 g / cm° , about 5 . 5 
g / cm² to about 10 . 5 g / cm " , about 6 . 5 g / cm² to about 7 . 5 
g / cm ” , about 6 . 5 g / cm to about 8 . 5 g / cm " , about 6 . 5 g / cm 
to about 9 . 5 g / cm " , about 6 . 5 g / cm to about 10 . 5 g / cm " , 
about 7 . 5 g / cm² to about 8 . 5 g / cm ” , about 7 . 5 g / cm to about 
9 . 5 g / cm " , about 7 . 5 g / cm to about 10 . 5 g / cm " , about 8 . 5 
g / cm to about 9 . 5 g / cm " , about 8 . 5 g / cm to about 10 . 5 
g / cm " , or about 9 . 5 g / cm to about 10 . 5 g / cm " . Optionally , 
in some embodiments , the density of the conductive gra 
phene ink at a temperature of about 20° C . is at most about 
10 . 5 g / cmº . Optionally , in some embodiments , the density of 
the conductive graphene ink at a temperature of about 20° C . 
is about 2 . 5 g / cm " , about 3 . 5 g / cm " , about 4 . 5 g / cm " , about 
5 . 5 g / cm " , about 6 . 5 g / cm " , about 7 . 5 g / cm ” , about 8 . 5 
g / cm " , about 9 . 5 g / cm " , or about 10 . 5 g / cm ' . Optionally , in 
some embodiments , the density of the conductive graphene 
ink at a temperature of at least about 20° C . is about 2 . 5 
g / cm " , about 3 . 5 g / cm " , about 4 . 5 g / cm " , about 5 . 5 g / cm " , 
about 6 . 5 g / cm " , about 7 . 5 g / cm ” , about 8 . 5 g / cm " , about 9 . 5 
g / cm " , or about 10 . 5 g / cm ' . Optionally , in some embodi 
ments , the density of the conductive graphene ink at a 
temperature of no more than about 20° C . is about 2 . 5 g / cm " , 
about 3 . 5 g / cm " , about 4 . 5 g / cm " , about 5 . 5 g / cm " , about 6 . 5 
g / cm " , about 7 . 5 g / cm " , about 8 . 5 g / cm " , about 9 . 5 g / cm " , or 
about 10 . 5 g / cm 

[ 0026 ] Optionally , in some embodiments the conductive 
graphene ink has a surface area of about 40 m - / g to about 
2 , 400 m² / g . Optionally , in some embodiments the conduc 
tive graphene ink has a surface area of at least about 40 m² / g . 
Optionally , in some embodiments the conductive graphene 
ink has a surface area of at most about 2 , 400 m² / g . Option 
ally , in some embodiments the conductive graphene ink has 
a surface area of about 40 m - / g to about 80 m² / g , about 40 
m² / g to about 120 m² / g , about 40 m² / g to about 240 m² / g , 
about 40 m? / g to about 480 m² / g , about 40 m² / g to about 
1 , 000 m² / g , about 40 m² / g to about 1 , 400 m² / g , about 40 
m² / g to about 1 , 800 m² / g , about 40 m² / g to about 2 , 200 
m² / g , about 40 m² / g to about 2 , 400 m² / g , about 80 m2 / g to 
about 120 m² / g , about 80 m² / g to about 240 m² / g , about 80 
m² / g to about 480 m² / g , about 80 m² / g to about 1 , 000 m² / g , 
about 80 m² / g to about 1 , 400 m² / g , about 80 m² / g to about 
1 , 800 m² / g , about 80 m² / g to about 2 , 200 m² / g , about 80 
m - / g to about 2 , 400 m?lg , about 120 m g to about 240 m - / g , 
about 120 m² / g to about 480 m² / g , about 120 m² / g to about 
1 , 000 m² / g , about 120 m² / g to about 1 , 400 m² / g , about 120 
m² / g to about 1 , 800 m² / g , about 120 m² / g to about 2 , 200 
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m² / g , about 120 m² / g to about 2 , 400 m² / g , about 240 m² / g 
to about 480 m² / g , about 240 m² / g to about 1 , 000 m² / g , 
about 240 m² / g to about 1 , 400 m² / g , about 240 m² / g to about 
1 , 800 m² / g , about 240 m² / g to about 2 , 200 m² / g , about 240 
mº / g to about 2 , 400 m² / g , about 480 m² / g to about 1 , 000 
m² / g , about 480 m² / g to about 1 , 400 m² / g , about 480 m² / g 
to about 1 , 800 m² / g , about 480 m² / g to about 2 , 200 m² / g , 
about 480 m² / g to about 2 , 400 m² / g , about 1 , 000 m - / g to 
about 1 , 400 m² / g , about 1 , 000 m² / g to about 1 , 800 m² / g , 
about 1 , 000 m² / g to about 2 , 200 m² / g , about 1 , 000 m² / g to 
about 2 , 400 m - / g , about 1 , 400 m - / g to about 1 , 800 m - / g , 
about 1 , 400 m² / g to about 2 , 200 m² / g , about 1 , 400 m² / g to 
about 2 , 400 m?lg , about 1 , 800 m - / g to about 2 , 200 m - / g , 
about 1 , 800 m² / g to about 2 , 400 m² / g , or about 2 , 200 m² / g 
to about 2 , 400 m² / g . Optionally , in some embodiments the 
conductive graphene ink has a surface area of about 40 m² / g , 
about 80 m² / g , about 120 m² / g , about 240 m² / g , about 480 
m² / g , about 1 , 000 m² / g , about 1 , 400 mº / g , about 1 , 800 m² / g , 
about 2 , 200 malg , or about 2 , 400 m² / g . Optionally , in some 
embodiments the conductive graphene ink has a surface area 
of at least about 40 m?lg , about 80 m - / g , about 120 m - / g , 
about 240 m / g , about 480 mº / g , about 1 , 000 m² / g , about 
1 , 400 m?lg , about 1 , 800 m g , about 2 , 200 m?lg , or about 
2 , 400 m² / g . Optionally , in some embodiments the conduc 
tive graphene ink has a surface area of no more than about 
40 m - / g , about 80 m - / g , about 120 mº / g , about 240 m - / g , 
about 480 m² / g , about 1 , 000 m² / g , about 1 , 400 m² / g , about 
1 , 800 m - / g , about 2 , 200 m² / g , or about 2 , 400 m² / g . 
[ 0027 ] Optionally , in some embodiments the conductive 
graphene ink has a conductivity of about 400 S / m to about 
1 , 600 S / m . Optionally , in some embodiments the conductive 
graphene ink has a conductivity of at least about 400 S / m . 
Optionally , in some embodiments the conductive graphene 
ink has a conductivity of at most about 1 , 600 S / m . Option 
ally , in some embodiments the conductive graphene ink has 
a conductivity of about 400 S / m to about 500 S / m , about 400 
S / m to about 600 S / m , about 400 S / m to about 700 S / m , 
about 400 S / m to about 800 S / m , about 400 S / m to about 900 
S / m , about 400 S / m to about 1 , 000 S / m , about 400 S / m to 
about 1 , 200 S / m , about 400 S / m to about 1 , 400 S / m , about 
400 S / m to about 1 , 600 S / m , about 500 S / m to about 600 
S / m , about 500 S / m to about 700 S / m , about 500 S / m to 
about 800 S / m , about 500 S / m to about 900 S / m , about 500 
S / m to about 1 , 000 S / m , about 500 S / m to about 1 , 200 S / m , 
about 500 S / m to about 1 , 400 S / m , about 500 S / m to about 
1 , 600 S / m , about 600 S / m to about 700 S / m , about 600 S / m 
to about 800 S / m , about 600 S / m to about 900 S / m , about 
600 S / m to about 1 , 000 S / m , about 600 S / m to about 1 , 200 
S / m , about 600 S / m to about 1 , 400 S / m , about 600 S / m to 
about 1 , 600 S / m , about 700 S / m to about 800 S / m , about 700 
S / m to about 900 S / m , about 700 S / m to about 1 , 000 S / m , 
about 700 S / m to about 1 , 200 S / m , about 700 S / m to about 
1 , 400 S / m , about 700 S / m to about 1 , 600 S / m , about 800 
S / m to about 900 S / m , about 800 S / m to about 1 , 000 S / m , 
about 800 S / m to about 1 , 200 S / m , about 800 S / m to about 
1 , 400 S / m , about 800 S / m to about 1 , 600 S / m , about 900 
S / m to about 1 , 000 S / m , about 900 S / m to about 1 , 200 S / m , 
about 900 S / m to about 1 , 400 S / m , about 900 S / m to about 
1 , 600 S / m , about 1 , 000 S / m to about 1 , 200 S / m , about 1 , 000 
S / m to about 1 , 400 S / m , about 1 , 000 S / m to about 1 , 600 
S / m , about 1 , 200 S / m to about 1 , 400 S / m , about 1 , 200 S / m 
to about 1 , 600 S / m , or about 1 , 400 S / m to about 1 , 600 S / m . 
Optionally , in some embodiments the conductive graphene 
ink has a conductivity of about 400 S / m , about 500 S / m , 

about 600 S / m , about 700 S / m , about 800 S / m , about 900 
S / m , about 1 , 000 S / m , about 1 , 200 S / m , about 1 , 400 S / m , or 
about 1 , 600 S / m . Optionally , in some embodiments the 
conductive graphene ink has a conductivity of at least about 
400 S / m , about 500 S / m , about 600 S / m , about 700 S / m , 
about 800 S / m , about 900 S / m , about 1 , 000 S / m , about 1 , 200 
S / m , about 1 , 400 S / m , or about 1 , 600 S / m . Optionally , in 
some embodiments the conductive graphene ink has a 
conductivity of no more than about 400 S / m , about 500 S / m , 
about 600 S / m , about 700 S / m , about 800 S / m , about 900 
S / m , about 1 , 000 S / m , about 1 , 200 S / m , about 1 , 400 S / m , or 
about 1 , 600 S / m . 
[ 0028 ] Optionally , in some embodiments the conductive 
graphene ink has a C : O mass ratio of about 2 : 1 to about 40 : 1 . 
Optionally , in some embodiments the conductive graphene 
ink has a C : 0 mass ratio of at least about 2 : 1 . Optionally , in 
some embodiments the conductive graphene ink has a C : O 
mass ratio of at most about 40 : 1 . Optionally , in some 
embodiments the conductive graphene ink has a C : 0 mass 
ratio of about 2 : 1 to about 4 : 1 , about 2 : 1 to about 6 : 1 , about 
2 : 1 to about 8 : 1 , about 2 : 1 to about 10 : 1 , about 2 : 1 to about 
15 : 1 , about 2 : 1 to about 20 : 1 , about 2 : 1 to about 25 : 1 , about 
2 : 1 to about 30 : 1 , about 2 : 1 to about 34 : 1 , about 2 : 1 to about 
40 : 1 , about 4 : 1 to about 6 : 1 , about 4 : 1 to about 8 : 1 , about 4 : 1 
to about 10 : 1 , about 4 : 1 to about 15 : 1 , about 4 : 1 to about 
20 : 1 , about 4 : 1 to about 25 : 1 , about 4 : 1 to about 30 : 1 , about 
4 : 1 to about 34 : 1 , about 4 : 1 to about 40 : 1 , about 6 : 1 to about 
8 : 1 , about 6 : 1 to about 10 : 1 , about 6 : 1 to about 15 : 1 , about 
6 : 1 to about 20 : 1 , about 6 : 1 to about 25 : 1 , about 6 : 1 to about 
30 : 1 , about 6 : 1 to about 34 : 1 , about 6 : 1 to about 40 : 1 , about 
8 : 1 to about 10 : 1 , about 8 : 1 to about 15 : 1 , about 8 : 1 to about 
20 : 1 , about 8 : 1 to about 25 : 1 , about 8 : 1 to about 30 : 1 , about 
8 : 1 to about 34 : 1 , about 8 : 1 to about 40 : 1 , about 10 : 1 to 
about 15 : 1 , about 10 : 1 to about 20 : 1 , about 10 : 1 to about 
25 : 1 , about 10 : 1 to about 30 : 1 , about 10 : 1 to about 34 : 1 , 
about 10 : 1 to about 40 : 1 , about 15 : 1 to about 20 : 1 , about 
15 : 1 to about 25 : 1 , about 15 : 1 to about 30 : 1 , about 15 : 1 to 
about 34 : 1 , about 15 : 1 to about 40 : 1 , about 20 : 1 to about 
25 : 1 , about 20 : 1 to about 30 : 1 , about 20 : 1 to about 34 : 1 , 
about 20 : 1 to about 40 : 1 , about 25 : 1 to about 30 : 1 , about 
25 : 1 to about 34 : 1 , about 25 : 1 to about 40 : 1 , about 30 : 1 to 
about 34 : 1 , about 30 : 1 to about 40 : 1 , or about 34 : 1 to about 
40 : 1 . Optionally , in some embodiments the conductive gra 
phene ink has a C : 0 mass ratio of about 2 : 1 , about 4 : 1 , about 
6 : 1 , about 8 : 1 , about 10 : 1 , about 15 : 1 , about 20 : 1 , about 
25 : 1 , about 30 : 1 , about 34 : 1 , or about 40 : 1 . Optionally , in 
some embodiments , one of the conductivity , the surface 
area , and the C : 0 ratio of the conductive graphene ink is 
measured by methylene blue absorption . Optionally , in some 
embodiments the conductive graphene ink has a C : 0 mass 
ratio of at least about 2 : 1 , about 4 : 1 , about 6 : 1 , about 8 : 1 , 
about 10 : 1 , about 15 : 1 , about 20 : 1 , about 25 : 1 , about 30 : 1 , 
about 34 : 1 , or about 40 : 1 . Optionally , in some embodiments 
the conductive graphene ink has a C : O mass ratio of no more 
than about 2 : 1 , about 4 : 1 , about 6 : 1 , about 8 : 1 , about 10 : 1 , 
about 15 : 1 , about 20 : 1 , about 25 : 1 , about 30 : 1 , about 34 : 1 , 
or about 40 : 1 . 
[ 0029 ] Optionally , in some embodiments , the conductive 
graphene ink is a conductive graphene hydrate . 
[ 0030 ] Optionally , in some embodiments , the graphene 

i nk has a resistivity when dry of about 0 . 01 ohm / sq / mil to 
about 60 ohms / sq / mil . Optionally , in some embodiments , 
the graphene ink has a resistivity when dry of at least about 
0 . 01 ohm / sq / mil . Optionally , in some embodiments , the 



US 2018 / 0305570 A1 Oct . 25 , 2018 

graphene ink has a resistivity when dry of at most about 60 
ohms / sq / mil . Optionally , in some embodiments , the gra - 
phene ink has a resistivity when dry of about 0 . 01 ohm / sq / 
mil to about 0 . 05 ohm / sq / mil , about 0 . 01 ohm / sq / mil to 
about 0 . 1 ohm / sq / mil , about 0 . 01 ohm / sq / mil to about 0 . 5 
ohm / sq / mil , about 0 . 01 ohm / sq / mil to about 1 ohm / sq / mil , 
about 0 . 01 ohm / sq / mil to about 5 ohms / sq / mil , about 0 . 01 
ohm / sq / mil to about 10 ohms / sq / mil , about 0 . 01 ohm / sq / mil 
to about 20 ohms / sq / mil , about 0 . 01 ohm / sq / mil to about 30 
ohms / sq / mil , about 0 . 01 ohm / sq / mil to about 40 ohms / sq / 
mil , about 0 . 01 ohm / sq / mil to about 50 ohms / sq / mil , about 
0 . 01 ohm / sq / mil to about 60 ohms / sq / mil , about 0 . 05 ohm / 
sq / mil to about 0 . 1 ohm / sq / mil , about 0 . 05 ohm / sq / mil to 
about 0 . 5 ohm / sq / mil , about 0 . 05 ohm / sq / mil to about 1 
ohm / sq / mil , about 0 . 05 ohm / sq / mil to about 5 ohms / sq / mil , 
about 0 . 05 ohm / sq / mil to about 10 ohms / sq / mil , about 0 . 05 
ohm / sq / mil to about 20 ohms / sq / mil , about 0 . 05 ohm / sq / mil 
to about 30 ohms / sq / mil , about 0 . 05 ohm / sq / mil to about 40 
ohms / sq / mil , about 0 . 05 ohm / sq / mil to about 50 ohms / sq / 
mil , about 0 . 05 ohm / sq / mil to about 60 ohms / sq / mil , about 
0 . 1 ohm / sq / mil to about 0 . 5 ohm / sq / mil , about 0 . 1 ohm / sq / 
mil to about 1 ohm / sq / mil , about 0 . 1 ohm / sq / mil to about 5 
ohms / sq / mil , about 0 . 1 ohm / sq / mil to about 10 ohms / sq / mil , 
about 0 . 1 ohm / sq / mil to about 20 ohms / sq / mil , about 0 . 1 
ohm / sq / mil to about 30 ohms / sq / mil , about 0 . 1 ohm / sq / mil 
to about 40 ohms / sq / mil , about 0 . 1 ohm / sq / mil to about 50 
ohms / sq / mil , about 0 . 1 ohm / sq / mil to about 60 ohms / sq / mil , 
about 0 . 5 ohm / sq / mil to about 1 ohm / sq / mil , about 0 . 5 
ohm / sq / mil to about 5 ohms / sq / mil , about 0 . 5 ohm / sq / mil to 
about 10 ohms / sq / mil , about 0 . 5 ohm / sq / mil to about 20 
ohms / sq / mil , about 0 . 5 ohm / sq / mil to about 30 ohms / sq / mil , 
about 0 . 5 ohm / sq / mil to about 40 ohms / sq / mil , about 0 . 5 
ohm / sq / mil to about 50 ohms / sq / mil , about 0 . 5 ohm / sq / mil 
to about 60 ohms / sq / mil , about 1 ohm / sq / mil to about 5 
ohms / sq / mil , about 1 ohm / sq / mil to about 10 ohms / sq / mil , 
about 1 ohm / sq / mil to about 20 ohms / sq / mil , about 1 ohm / 
sq / mil to about 30 ohms / sq / mil , about 1 ohm / sq / mil to about 
40 ohms / sq / mil , about 1 ohm / sq / mil to about 50 ohms / sq / 
mil , about 1 ohm / sq / mil to about 60 ohms / sq / mil , about 5 
ohms / sq / mil to about 10 ohms / sq / mil , about 5 ohms / sq / mil 
to about 20 ohms / sq / mil , about 5 ohms / sq / mil to about 30 
ohms / sq / mil , about 5 ohms / sq / mil to about 40 ohms / sq / mil , 
about 5 ohms / sq / mil to about 50 ohms / sq / mil , about 5 
ohms / sq / mil to about 60 ohms / sq / mil , about 10 ohms / sq / mil 
to about 20 ohms / sq / mil , about 10 ohms / sq / mil to about 30 
ohms / sq / mil , about 10 ohms / sq / mil to about 40 ohms / sq / mil , 
about 10 ohms / sq / mil to about 50 ohms / sq / mil , about 10 
ohms / sq / mil to about 60 ohms / sq / mil , about 20 ohms / sq / mil 
to about 30 ohms / sq / mil , about 20 ohms / sq / mil to about 40 
ohms / sq / mil , about 20 ohms / sq / mil to about 50 ohms / sq / mil , 
about 20 ohms / sq / mil to about 60 ohms / sq / mil , about 30 
ohms / sq / mil to about 40 ohms / sq / mil , about 30 ohms / sq / mil 
to about 50 ohms / sq / mil , about 30 ohms / sq / mil to about 60 
ohms / sq / mil , about 40 ohms / sq / mil to about 50 ohms / sq / mil , 
about 40 ohms / sq / mil to about 60 ohms / sq / mil , or about 50 
ohms / sq / mil to about 60 ohms / sq / mil . Optionally , in some 
embodiments , the graphene ink has a resistivity when dry of 
about 0 . 01 ohms / sq / mil , about 0 . 05 ohms / sq / mil , about 0 . 1 
ohm / sq / mil , about 0 . 5 ohm / sq / mil , about 1 ohm / sq / mil , 
about 5 ohms / sq / mil , about 10 ohms / sq / mil , about 20 ohms / 
sq / mil , about 30 ohms / sq / mil , about 40 ohms / sq / mil , about 
50 ohms / sq / mil , or about 60 ohms / sq / mil . Optionally , in 
some embodiments , the graphene ink has a resistivity when 
dry of at least about 0 . 01 ohm / sq / mil , about 0 . 05 ohm / sq / 

mil , about 0 . 1 ohm / sq / mil , about 0 . 5 ohm / sq / mil , about 1 
ohm / sq / mil , about 5 ohm / sq / mil , about 10 ohms / sq / mil , 
about 20 ohms / sq / mil , about 30 ohms / sq / mil , about 40 
ohms / sq / mil , about 50 ohms / sq / mil , or about 60 ohms / sq / 
mil . Optionally , in some embodiments , the graphene ink has 
a resistivity when dry of at most about 0 . 01 ohm / sq / mil , 
about 0 . 05 ohm / sq / mil , about 0 . 1 ohm / sq / mil , about 0 . 5 
ohm / sq / mil , about 1 ohm / sq / mil , about 5 ohms / sq / mil , about 
10 ohms / sq / mil , about 20 ohms / sq / mil , about 30 ohms / sq / 
mil , about 40 ohms / sq / mil , about 50 ohms / sq / mil , or about 
60 ohms / sq / mil . 
[ 0031 ] Another aspect provided herein is a graphene film 
comprising a substrate and a conductive graphene ink . 
Optionally , in some embodiments , the conductive graphene 
ink comprises : a binder solution comprising : a binder and a 
first solvent ; an RGO dispersion comprising RGO , and a 
second solvent ; a third solvent ; a conductive additive ; a 
surfactant ; and a defoamer . 
[ 0032 ] Optionally , in some embodiments , the substrate 
comprises metal , wood , glass , paper , organic material , 
cloths , plastics , fiberglass , carbon cloth , carbon fiber , silicon , 
or any combination thereof . 
[ 0033 ] Optionally , in some embodiments , at least one of 
the first solvent , the second solvent , and the third solvent 
comprises water and an organic solvent . Optionally , in some 
embodiments , the organic solvent comprises ethanol , iso 
propyl alcohol , N - methyl - 2 - pyrrolidone , cyclohexanone , 
terpineol , 3 - methoxy - 3 - methyl - 1 - butanol , 4 - hydroxyl - 4 
methyl - pentan - 2 - one , methyl isobutyl ketone , or any com 
bination thereof . Optionally , in some embodiments , at least 
one of the first solvent , the second solvent , and the third 
solvent comprises water , ethanol , isopropyl alcohol , 
N - methyl - 2 - pyrrolidone , cyclohexanone , terpineol , 
3 - methoxy - 3 - methyl - 1 - butanol , 4 - hydroxyl - 4 - methyl - pen 
tan - 2 - one , methyl isobutyl ketone , or any combination 
thereof . 
[ 0034 ] Optionally , in some embodiments , a percentage by 
mass of at least one of the first solvent , the second solvent , 
and the third solvent in the conductive graphene ink is about 
1 % to about 99 % . Optionally , in some embodiments , a 
percentage by mass of at least one of the first solvent , the 
second solvent , and the third solvent in the conductive 
graphene ink is at least about 1 % . Optionally , in some 
embodiments , a percentage by mass of at least one of the 
first solvent , the second solvent , and the third solvent in the 
conductive graphene ink is at most about 99 % . Optionally , 
in some embodiments , a percentage by mass of at least one 
of the first solvent , the second solvent , and the third solvent 
in the conductive graphene ink is about 1 % to about 2 % , 
about 1 % to about 5 % , about 1 % to about 10 % , about 1 % to 
about 20 % , about 1 % to about 30 % , about 1 % to about 40 % , 
about 1 % to about 50 % , about 1 % to about 60 % , about 1 % 
to about 70 % , about 1 % to about 80 % , about 1 % to about 
99 % , about 2 % to about 5 % , about 2 % to about 10 % , about 
2 % to about 20 % , about 2 % to about 30 % , about 2 % to about 
40 % , about 2 % to about 50 % , about 2 % to about 60 % , about 
2 % to about 70 % , about 2 % to about 80 % , about 2 % to about 
99 % , about 5 % to about 10 % , about 5 % to about 20 % , about 
5 % to about 30 % , about 5 % to about 40 % , about 5 % to about 
50 % , about 5 % to about 60 % , about 5 % to about 70 % , about 
5 % to about 80 % , about 5 % to about 99 % , about 10 % to 
about 20 % , about 10 % to about 30 % , about 10 % to about 
40 % , about 10 % to about 50 % , about 10 % to about 60 % , 
about 10 % to about 70 % , about 10 % to about 80 % , about 
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10 % to about 99 % , about 20 % to about 30 % , about 20 % to 
about 40 % , about 20 % to about 50 % , about 20 % to about 
60 % , about 20 % to about 70 % , about 20 % to about 80 % , 
about 20 % to about 99 % , about 30 % to about 40 % , about 
30 % to about 50 % , about 30 % to about 60 % , about 30 % to 
about 70 % , about 30 % to about 80 % , about 30 % to about 
99 % , about 40 % to about 50 % , about 40 % to about 60 % , 
about 40 % to about 70 % , about 40 % to about 80 % , about 
40 % to about 99 % , about 50 % to about 60 % , about 50 % to 
about 70 % , about 50 % to about 80 % , about 50 % to about 
99 % , about 60 % to about 70 % , about 60 % to about 80 % , 
about 60 % to about 99 % , about 70 % to about 80 % , about 
70 % to about 99 % , or about 80 % to about 99 % . Optionally , 
in some embodiments , a percentage by mass of at least one 
of the first solvent , the second solvent , and the third solvent 
in the conductive graphene ink is about 1 % , about 2 % , about 
5 % , about 10 % , about 20 % , about 30 % , about 40 % , about 
50 % , about 60 % , about 70 % , about 80 % , or about 99 % . 
Optionally , in some embodiments , a percentage by mass of 
at least one of the first solvent , the second solvent , and the 
third solvent in the conductive graphene ink is at least about 
1 % , about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , or 
about 80 % . Optionally , in some embodiments , a percentage 
by mass of at least one of the first solvent , the second 
solvent , and the third solvent in the conductive graphene ink 
is at most about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , about 
80 % , or about 99 % . 
[ 0035 ] Optionally , in some embodiments , the binder solu 
tion comprises a binder and a first solvent . Optionally , in 
some embodiments , the binder comprises a polymer . 
Optionally , in some embodiments , the polymer comprises a 
synthetic polymer . Optionally , in some embodiments , the 
synthetic polymer comprises carboxymethyl cellulose , poly 
vinylidene fluoride , poly ( vinyl alcohol ) , poly ( vinyl pyrroli 
done ) , poly ( ethylene oxide ) , ethyl cellulose , or any combi 
nation thereof . Optionally , in some embodiments , the binder 
is a dispersant . 
[ 0036 ] Optionally , in some embodiments , the second sol 
vent comprises water and an organic solvent . Optionally , in 
some embodiments , the organic solvent comprises ethanol , 
isopropyl alcohol , N - methyl - 2 - pyrrolidone , cyclohexanone , 
terpineol , 3 - methoxy - 3 - methyl - 1 - butanol , 4 - hydroxyl - 4 
methyl - pentan - 2 - one , methyl isobutyl ketone , or any com 
bination thereof . 
[ 0037 ] Optionally , in some embodiments , a percentage by 
mass of the binder solution in the conductive graphene ink 
is about 0 . 5 % to about 99 % . Optionally , in some embodi 
ments , a percentage by mass of the binder solution in the 
conductive graphene ink is at least about 0 . 5 % . Optionally , 
in some embodiments , a percentage by mass of the binder 
solution in the conductive graphene ink is at most about 
99 % . Optionally , in some embodiments , a percentage by 
mass of the binder solution in the conductive graphene ink 
is about 0 . 5 % to about 1 % , about 0 . 5 % to about 2 % , about 
0 . 5 % to about 5 % , about 0 . 5 % to about 10 % , about 0 . 5 % to 
about 20 % , about 0 . 5 % to about 30 % , about 0 . 5 % to about 
40 % , about 0 . 5 % to about 50 % , about 0 . 5 % to about 70 % , 
about 0 . 5 % to about 90 % , about 0 . 5 % to about 99 % , about 
1 % to about 2 % , about 1 % to about 5 % , about 1 % to about 
10 % , about 1 % to about 20 % , about 1 % to about 30 % , about 
1 % to about 40 % , about 1 % to about 50 % , about 1 % to about 
70 % , about 1 % to about 90 % , about 1 % to about 99 % , about 

2 % to about 5 % , about 2 % to about 10 % , about 2 % to about 
20 % , about 2 % to about 30 % , about 2 % to about 40 % , about 
2 % to about 50 % , about 2 % to about 70 % , about 2 % to about 
90 % , about 2 % to about 99 % , about 5 % to about 10 % , about 
5 % to about 20 % , about 5 % to about 30 % , about 5 % to about 
40 % , about 5 % to about 50 % , about 5 % to about 70 % , about 
5 % to about 90 % , about 5 % to about 99 % , about 10 % to 
about 20 % , about 10 % to about 30 % , about 10 % to about 
40 % , about 10 % to about 50 % , about 10 % to about 70 % , 
about 10 % to about 90 % , about 10 % to about 99 % , about 
20 % to about 30 % , about 20 % to about 40 % , about 20 % to 
about 50 % , about 20 % to about 70 % , about 20 % to about 
90 % , about 20 % to about 99 % , about 30 % to about 40 % , 
about 30 % to about 50 % , about 30 % to about 70 % , about 
30 % to about 90 % , about 30 % to about 99 % , about 40 % to 
about 50 % , about 40 % to about 70 % , about 40 % to about 
90 % , about 40 % to about 99 % , about 50 % to about 70 % , 
about 50 % to about 90 % , about 50 % to about 99 % , about 
70 % to about 90 % , about 70 % to about 99 % , or about 90 % 
to about 99 % . Optionally , in some embodiments , a percent 
age by mass of the binder solution in the conductive gra 
phene ink is at most about 99 % . Optionally , in some 
embodiments , a percentage by mass of the binder solution in 
the conductive graphene ink is about 0 . 5 % , about 1 % , about 
2 % , about 5 % , about 10 % , about 20 % , about 30 % , about 
40 % , about 50 % , about 70 % , about 90 % , or about 99 % . 
Optionally , in some embodiments , a percentage by mass of 
the binder solution in the conductive graphene ink is at least 
about 0 . 5 % , about 1 % , about 2 % , about 5 % , about 10 % , 
about 20 % , about 30 % , about 40 % , about 50 % , about 60 % , 
about 70 % , about 80 % , about 90 % , about 95 % , or about 
99 % . Alternatively or in combination , in some embodi 
ments , a percentage by mass of the binder solution in the 
conductive graphene ink is no more than about 0 . 5 % , about 
1 % , about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , about 
80 % , about 90 % , about 95 % , or about 99 % . 
[ 0038 ] Optionally , in some embodiments , a concentration 
of the binder solution by mass is about 0 . 5 % to about 2 % . 
Optionally , in some embodiments , a concentration of the 
binder solution by mass is at least about 0 . 5 % . Optionally , 
in some embodiments , a concentration of the binder solution 
by mass is at most about 2 % . Optionally , in some embodi 
ments , a concentration of the binder solution by mass is 
about 0 . 5 % to about 0 . 625 % , about 0 . 5 % to about 0 . 75 % , 
about 0 . 5 % to about 0 . 875 % , about 0 . 5 % to about 1 % , about 
0 . 5 % to about 1 . 25 % , about 0 . 5 % to about 1 . 5 % , about 0 . 5 % 
to about 1 . 75 % , about 0 . 5 % to about 2 % , about 0 . 625 % to 
about 0 . 75 % , about 0 . 625 % to about 0 . 875 % , about 0 . 625 % 
to about 1 % , about 0 . 625 % to about 1 . 25 % , about 0 . 625 % 
to about 1 . 5 % , about 0 . 625 % to about 1 . 75 % , about 0 . 625 % 
to about 2 % , about 0 . 75 % to about 0 . 875 % , about 0 . 75 % to 
about 1 % , about 0 . 75 % to about 1 . 25 % , about 0 . 75 % to 
about 1 . 5 % , about 0 . 75 % to about 1 . 75 % , about 0 . 75 % to 
about 2 % , about 0 . 875 % to about 1 % , about 0 . 875 % to about 
1 . 25 % , about 0 . 875 % to about 1 . 5 % , about 0 . 875 % to about 
1 . 75 % , about 0 . 875 % to about 2 % , about 1 % to about 
1 . 25 % , about 1 % to about 1 . 5 % , about 1 % to about 1 . 75 % , 
about 1 % to about 2 % , about 1 . 25 % to about 1 . 5 % , about 
1 . 25 % to about 1 . 75 % , about 1 . 25 % to about 2 % , about 
1 . 5 % to about 1 . 75 % , about 1 . 5 % to about 2 % , or about 
1 . 75 % to about 2 % . Optionally , in some embodiments , a 
concentration of the binder solution by mass is about 0 . 5 % , 
about 0 . 625 % , about 0 . 75 % , about 0 . 875 % , about 1 % , about 
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1 . 25 % , about 1 . 5 % , about 1 . 75 % , or about 2 % . Optionally , 
in some embodiments , a concentration of the binder solution 
by mass is at least about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , 
about 0 . 875 % , about 1 % , about 1 . 25 % , about 1 . 5 % , about 
1 . 75 % , or about 2 % . Optionally , in some embodiments , a 
concentration of the binder solution by mass is no more than 
about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , about 0 . 875 % , 
about 1 % , about 1 . 25 % , about 1 . 5 % , about 1 . 75 % , or about 
2 % . 
[ 0039 ] Optionally , in some embodiments , the RGO dis 
persion comprises RGO and a third solvent . Optionally , in 
some embodiments , the third solvent comprises water and 
an organic solvent . Optionally , in some embodiments , the 
organic solvent comprises ethanol , isopropyl alcohol , 
N - methyl - 2 - pyrrolidone , cyclohexanone , terpineol , 
3 - methoxy - 3 - methyl - 1 - butanol , 4 - hydroxyl - 4 - methyl - pen 
tan - 2 - one , methyl isobutyl ketone , or any combination 
thereof . 
[ 0040 ] Optionally , in some embodiments , a percentage by 
mass of the RGO dispersion in the conductive graphene ink 
is about 0 . 25 % to about 1 % . Optionally , in some embodi 
ments , a percentage by mass of the RGO dispersion in the 
conductive graphene ink is at least about 0 . 25 % . Optionally , 
in some embodiments , a percentage by mass of the RGO 
dispersion in the conductive graphene ink is at most about 
1 % . Optionally , in some embodiments , a percentage by mass 
of the RGO dispersion in the conductive graphene ink is 
about 0 . 25 % to about 0 . 375 % , about 0 . 25 % to about 0 . 5 % , 
about 0 . 25 % to about 0 . 625 % , about 0 . 25 % to about 0 . 75 % , 
about 0 . 25 % to about 1 % , about 0 . 375 % to about 0 . 5 % , 
about 0 . 375 % to about 0 . 625 % , about 0 . 375 % to about 
0 . 75 % , about 0 . 375 % to about 1 % , about 0 . 5 % to about 
0 . 625 % , about 0 . 5 % to about 0 . 75 % , about 0 . 5 % to about 
1 % , about 0 . 625 % to about 0 . 75 % , about 0 . 625 % to about 
1 % , or about 0 . 75 % to about 1 % . Optionally , in some 
embodiments , a percentage by mass of the RGO dispersion 
in the conductive graphene ink is about 0 . 25 % , about 
0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , or about 
1 % . Optionally , in some embodiments , a percentage by mass 
of the RGO dispersion in the conductive graphene ink is at 
least about 0 . 25 % , about 0 . 375 % , about 0 . 5 % , about 
0 . 625 % , about 0 . 75 % , or about 1 % . Optionally , in some 
embodiments , a percentage by mass of the RGO dispersion 
in the conductive graphene ink is no more than about 0 . 25 % , 
about 0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , or 
about 1 % . 
[ 0041 ] Optionally , in some embodiments , a concentration 
by mass of the RGO in the RGO dispersion is about 3 % to 
about 12 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is at least 
about 3 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is at most 
about 12 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is about 3 % 
to about 4 % , about 3 % to about 5 % , about 3 % to about 6 % , 
about 3 % to about 7 % , about 3 % to about 8 % , about 3 % to 
about 9 % , about 3 % to about 10 % , about 3 % to about 11 % , 
about 3 % to about 12 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 4 % to 
about 11 % , about 4 % to about 12 % , about 5 % to about 6 % , 
about 5 % to about 7 % , about 5 % to about 8 % , about 5 % to 
about 9 % , about 5 % to about 10 % , about 5 % to about 11 % , 
about 5 % to about 12 % , about 6 % to about 7 % , about 6 % to 

about 8 % , about 6 % to about 9 % , about 6 % to about 10 % , 
about 6 % to about 11 % , about 6 % to about 12 % , about 7 % 
to about 8 % , about 7 % to about 9 % , about 7 % to about 10 % , 
about 7 % to about 11 % , about 7 % to about 12 % , about 8 % 
to about 9 % , about 8 % to about 10 % , about 8 % to about 
11 % , about 8 % to about 12 % , about 9 % to about 10 % , about 
9 % to about 11 % , about 9 % to about 12 % , about 10 % to 
about 11 % , about 10 % to about 12 % , or about 11 % to about 
12 % . Optionally , in some embodiments , a concentration by 
mass of the RGO in the RGO dispersion is about 3 % , about 
4 % , about 5 % , about 6 % , about 7 % , about 8 % , about 9 % , 
about 10 % , about 11 % , or about 12 % . Optionally , in some 
embodiments , a concentration by mass of the RGO in the 
RGO dispersion is at least about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , about 10 % , about 
11 % , or about 12 % . Optionally , in some embodiments , a 
concentration by mass of the RGO in the RGO dispersion is 
no more than about 3 % , about 4 % , about 5 % , about 6 % , 
about 7 % , about 8 % , about 9 % , about 10 % , about 11 % , or 
about 12 % . 
[ 0042 ] Optionally , in some embodiments , a percentage by 
mass of the RGO in the conductive graphene ink is about 
0 . 1 % to about 99 % . Optionally , in some embodiments , a 
percentage by mass of the RGO in the conductive graphene 
ink is at least about 0 . 1 % . Optionally , in some embodiments , 
a percentage by mass of the RGO in the conductive graphene 
ink is at most about 99 % . Optionally , in some embodiments , 
a percentage by mass of the RGO in the conductive graphene 
ink is about 0 . 1 % to about 0 . 2 % , about 0 . 1 % to about 0 . 5 % , 
about 0 . 1 % to about 1 % , about 0 . 1 % to about 10 % , about 
0 . 1 % to about 20 % , about 0 . 1 % to about 40 % , about 0 . 1 % 
to about 60 % , about 0 . 1 % to about 80 % , about 0 . 1 % to about 
90 % , about 0 . 1 % to about 99 % , about 0 . 2 % to about 0 . 5 % , 
about 0 . 2 % to about 1 % , about 0 . 2 % to about 10 % , about 
0 . 2 % to about 20 % , about 0 . 2 % to about 40 % , about 0 . 2 % 
to about 60 % , about 0 . 2 % to about 80 % , about 0 . 2 % to about 
90 % , about 0 . 2 % to about 99 % , about 0 . 5 % to about 1 % , 
about 0 . 5 % to about 10 % , about 0 . 5 % to about 20 % , about 
0 . 5 % to about 40 % , about 0 . 5 % to about 60 % , about 0 . 5 % 
to about 80 % , about 0 . 5 % to about 90 % , about 0 . 5 % to about 
99 % , about 1 % to about 10 % , about 1 % to about 20 % , about 
1 % to about 40 % , about 1 % to about 60 % , about 1 % to about 
80 % , about 1 % to about 90 % , about 1 % to about 99 % , about 
10 % to about 20 % , about 10 % to about 40 % , about 10 % to 
about 60 % , about 10 % to about 80 % , about 10 % to about 
90 % , about 10 % to about 99 % , about 20 % to about 40 % , 
about 20 % to about 60 % , about 20 % to about 80 % , about 
20 % to about 90 % , about 20 % to about 99 % , about 40 % to 
about 60 % , about 40 % to about 80 % , about 40 % to about 
90 % , about 40 % to about 99 % , about 60 % to about 80 % , 
about 60 % to about 90 % , about 60 % to about 99 % , about 
80 % to about 90 % , about 80 % to about 99 % , or about 90 % 
to about 99 % . Optionally , in some embodiments , a percent 
age by mass of the RGO in the conductive graphene ink is 
about 0 . 1 % , about 0 . 2 % , about 0 . 5 % , about 1 % , about 10 % , 
about 20 % , about 40 % , about 60 % , about 80 % , about 90 % , 
or about 99 % . Optionally , in some embodiments , a percent 
age by mass of the RGO in the conductive graphene ink is 
at least about 0 . 1 % , about 0 . 2 % , about 0 . 5 % , about 1 % , 
about 10 % , about 20 % , about 40 % , about 60 % , about 80 % , 
about 90 % , or about 99 % . Optionally , in some embodi 
ments , a percentage by mass of the RGO in the conductive 
graphene ink is no more than about 0 . 1 % , about 0 . 2 % , about 
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0 . 5 % , about 1 % , about 10 % , about 20 % , about 40 % , about 
60 % , about 80 % , about 90 % , or about 99 % . 
[ 0043 ] Optionally , in some embodiments , the conductive 
additive comprises a carbon - based material . Optionally , in 
some embodiments , the carbon - based material comprises a 
paracrystalline carbon . Optionally , in some embodiments , 
the paracrystalline carbon comprises carbon black , acetylene 
black , channel black , furnace black , lamp black , thermal 
black , or any combination thereof . 
[ 0044 ] Optionally , in some embodiments , the conductive 
additive comprises silver . Optionally , in some embodiments , 
the silver comprises silver nanoparticles , silver nanorods , 
silver nanowires , silver nanoflowers , silver nanofibers , silver 
nanoplatelets , silver nanoribbons , silver nanocubes , silver 
bipyramids , or any combination thereof . 
[ 0045 ] Optionally , in some embodiments , a percentage by 
mass of the conductive additive in the conductive graphene 
ink is about 2 % to about 99 % . Optionally , in some embodi 
ments , a percentage by mass of the conductive additive in 
the conductive graphene ink is at least about 2 % . Optionally , 
in some embodiments , a percentage by mass of the conduc 
tive additive in the conductive graphene ink is at most about 
99 % . Optionally , in some embodiments , a percentage by 
mass of the conductive additive in the conductive graphene 
ink is about 2 % to about 5 % , about 2 % to about 10 % , about 
2 % to about 20 % , about 2 % to about 30 % , about 2 % to about 
40 % , about 2 % to about 50 % , about 2 % to about 60 % , about 
2 % to about 70 % , about 2 % to about 80 % , about 2 % to about 
90 % , about 2 % to about 99 % , about 5 % to about 10 % , about 
5 % to about 20 % , about 5 % to about 30 % , about 5 % to about 
40 % , about 5 % to about 50 % , about 5 % to about 60 % , about 
5 % to about 70 % , about 5 % to about 80 % , about 5 % to about 
90 % , about 5 % to about 99 % , about 10 % to about 20 % , 
about 10 % to about 30 % , about 10 % to about 40 % , about 
10 % to about 50 % , about 10 % to about 60 % , about 10 % to 
about 70 % , about 10 % to about 80 % , about 10 % to about 
90 % , about 10 % to about 99 % , about 20 % to about 30 % , 
about 20 % to about 40 % , about 20 % to about 50 % , about 
20 % to about 60 % , about 20 % to about 70 % , about 20 % to 
about 80 % , about 20 % to about 90 % , about 20 % to about 
99 % , about 30 % to about 40 % , about 30 % to about 50 % , 
about 30 % to about 60 % , about 30 % to about 70 % , about 
30 % to about 80 % , about 30 % to about 90 % , about 30 % to 
about 99 % , about 40 % to about 50 % , about 40 % to about 
60 % , about 40 % to about 70 % , about 40 % to about 80 % , 
about 40 % to about 90 % , about 40 % to about 99 % , about 
50 % to about 60 % , about 50 % to about 70 % , about 50 % to 
about 80 % , about 50 % to about 90 % , about 50 % to about 
99 % , about 60 % to about 70 % , about 60 % to about 80 % , 
about 60 % to about 90 % , about 60 % to about 99 % , about 
70 % to about 80 % , about 70 % to about 90 % , about 70 % to 
about 99 % , about 80 % to about 90 % , about 80 % to about 
99 % , or about 90 % to about 99 % . Optionally , in some 
embodiments , a percentage by mass of the conductive 
additive in the conductive graphene ink is about 2 % , about 
5 % , about 10 % , about 20 % , about 30 % , about 40 % , about 
50 % , about 60 % , about 70 % , about 80 % , about 90 % , or 
about 99 % . Optionally , in some embodiments , a percentage 
by mass of the conductive additive in the conductive gra 
phene ink is at least about 2 % , about 5 % , about 10 % , about 
20 % , about 30 % , about 40 % , about 50 % , about 60 % , about 
70 % , about 80 % , about 90 % , or about 99 % . Optionally , in 
some embodiments , a percentage by mass of the conductive 
additive in the conductive graphene ink is no more than 

about 2 % , about 5 % , about 10 % , about 20 % , about 30 % , 
about 40 % , about 50 % , about 60 % , about 70 % , about 80 % , 
about 90 % , or about 99 % . 

[ 0046 ] Some embodiments further comprise a surfactant . 
Optionally , in some embodiments , the surfactant comprises 
an acid , a nonionic surfactant , or any combination thereof . 
Optionally , in some embodiments , the acid comprises per 
fluorooctanoic acid , perfluorooctane sulfonate , perfluoro 
hexane sulfonic acid , perfluorononanoic acid , perfluorode 
canoic acid , or any combination thereof . Optionally , in some 
embodiments , the nonionic surfactant comprises a polyeth 
ylene glycol alkyl ether , a octaethylene glycol monododecyl 
ether , a pentaethylene glycol monododecyl ether , a polypro 
pylene glycol alkyl ether , a glucoside alkyl ether , decyl 
glucoside , lauryl glucoside , octyl glucoside , a polyethylene 
glycol octylphenyl ether , dodecyldimethylamine oxide , a 
polyethylene glycol alkylphenyl ether , a polyethylene glycol 
octylphenyl ether , Triton X - 100 , polyethylene glycol alky 
lphenyl ether , nonoxynol - 9 , a glycerol alkyl ester polysor 
bate , sorbitan alkyl ester , polyethoxylated tallow amine , 
Dynol 604 , or any combination thereof . 
[ 0047 ] Optionally , in some embodiments , a percentage by 
mass of the surfactant in the conductive graphene ink is 
about 0 . 5 % to about 10 % . Optionally , in some embodiments , 
a percentage by mass of the surfactant in the conductive 
graphene ink is at least about 0 . 5 % . Optionally , in some 
embodiments , a percentage by mass of the surfactant in the 
conductive graphene ink is at most about 10 % . Optionally , 
in some embodiments , a percentage by mass of the surfac 
tant in the conductive graphene ink is about 0 . 5 % to about 
1 % , about 0 . 5 % to about 2 % , about 0 . 5 % to about 3 % , about 
0 . 5 % to about 4 % , about 0 . 5 % to about 5 % , about 0 . 5 % to 
about 6 % , about 0 . 5 % to about 7 % , about 0 . 5 % to about 8 % , 
about 0 . 5 % to about 9 % , about 0 . 5 % to about 10 % , about 
1 % to about 2 % , about 1 % to about 3 % , about 1 % to about 
4 % , about 1 % to about 5 % , about 1 % to about 6 % , about 1 % 
to about 7 % , about 1 % to about 8 % , about 1 % to about 9 % , 
about 1 % to about 10 % , about 2 % to about 3 % , about 2 % to 
about 4 % , about 2 % to about 5 % , about 2 % to about 6 % , 
about 2 % to about 7 % , about 2 % to about 8 % , about 2 % to 
about 9 % , about 2 % to about 10 % , about 3 % to about 4 % , 
about 3 % to about 5 % , about 3 % to about 6 % , about 3 % to 
about 7 % , about 3 % to about 8 % , about 3 % to about 9 % , 
about 3 % to about 10 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 9 % , about 5 % to about 10 % , about 6 % to 
about 7 % , about 6 % to about 8 % , about 6 % to about 9 % , 
about 6 % to about 10 % , about 7 % to about 8 % , about 7 % to 
about 9 % , about 7 % to about 10 % , about 8 % to about 9 % , 
about 8 % to about 10 % , or about 9 % to about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the surfactant in the conductive graphene ink is about 0 . 5 % , 
about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , about 
6 % , about 7 % , about 8 % , about 9 % , or about 10 % . Option 
ally , in some embodiments , a percentage by mass of the 
surfactant in the conductive graphene ink is at least about 
0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , or about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the surfactant in the conductive graphene ink is no more than 
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u about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 

5 % , about 6 % , about 7 % , about 8 % , about 9 % , or about 
10 % . 

[ 0048 ] Some embodiments further comprise a defoamer , 
wherein the defoamer comprises an insoluble oil , a silicone , 
a glycol , a stearate , an organic solvent , Surfynol DF - 1100 , 
alkyl polyacrylate , or any combination thereof . Optionally , 
in some embodiments , the insoluble oil comprises mineral 
oil , vegetable oil , white oil , or any combination thereof . 
Optionally , in some embodiments , the silicone comprises 
polydimethylsiloxane , silicone glycol , a fluorosilicone , or 
any combination thereof . Optionally , in some embodiments , 
the glycol comprises polyethylene glycol , ethylene glycol , 
propylene glycol , or any combination thereof . Optionally , in 
some embodiments , the stearate comprises glycol stearate , 
stearin , or any combination thereof . Optionally , in some 
embodiments , the organic solvent comprises ethanol , iso 
propyl alcohol , N - methyl - 2 - pyrrolidone , cyclohexanone , 
terpineol , 3 - methoxy - 3 - methyl - 1 - butanol , 4 - hydroxyl - 4 
methyl - pentan - 2 - one , methyl isobutyl ketone , or any com 
bination thereof . 
[ 0049 ] Optionally , in some embodiments , a percentage by 
mass of the defoamer in the conductive graphene ink is 
about 0 . 5 % to about 10 % . Optionally , in some embodiments , 
a percentage by mass of the defoamer in the conductive 
graphene ink is at least about 0 . 5 % . Optionally , in some 
embodiments , a percentage by mass of the defoamer in the 
conductive graphene ink is at most about 10 % . Optionally , 
in some embodiments , a percentage by mass of the defoamer 
in the conductive graphene ink is about 0 . 5 % to about 1 % , 
about 0 . 5 % to about 2 % , about 0 . 5 % to about 3 % , about 
0 . 5 % to about 4 % , about 0 . 5 % to about 5 % , about 0 . 5 % to 
about 6 % , about 0 . 5 % to about 7 % , about 0 . 5 % to about 8 % , 
about 0 . 5 % to about 9 % , about 0 . 5 % to about 10 % , about 
1 % to about 2 % , about 1 % to about 3 % , about 1 % to about 
4 % , about 1 % to about 5 % , about 1 % to about 6 % , about 1 % 
to about 7 % , about 1 % to about 8 % , about 1 % to about 9 % , 
about 1 % to about 10 % , about 2 % to about 3 % , about 2 % to 
about 4 % , about 2 % to about 5 % , about 2 % to about 6 % , 
about 2 % to about 7 % , about 2 % to about 8 % , about 2 % to 
about 9 % , about 2 % to about 10 % , about 3 % to about 4 % , 
about 3 % to about 5 % , about 3 % to about 6 % , about 3 % to 
about 7 % , about 3 % to about 8 % , about 3 % to about 9 % , 
about 3 % to about 10 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 9 % , about 5 % to about 10 % , about 6 % to 
about 7 % , about 6 % to about 8 % , about 6 % to about 9 % , 
about 6 % to about 10 % , about 7 % to about 8 % , about 7 % to 
about 9 % , about 7 % to about 10 % , about 8 % to about 9 % , 
about 8 % to about 10 % , or about 9 % to about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the defoamer in the conductive graphene ink is about 0 . 5 % , 
about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , about 
6 % , about 7 % , about 8 % , about 9 % , or about 10 % . Option 
ally , in some embodiments , a percentage by mass of the 
defoamer in the conductive graphene ink is at least about 
0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , or about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the defoamer in the conductive graphene ink is no more than 

about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 
5 % , about 6 % , about 7 % , about 8 % , about 9 % , or about 
10 % . 

[ 0050 ] Optionally , in some embodiments , the solid matter 
content by mass of the conductive graphene ink is about 
2 . 5 % to about 10 . 5 % . Optionally , in some embodiments , the 
solid matter content by mass of the conductive graphene ink 
is at least about 2 . 5 % . Optionally , in some embodiments , the 
solid matter content by mass of the conductive graphene ink 
is at most about 10 . 5 % . Optionally , in some embodiments , 
the solid matter content by mass of the conductive graphene 
ink is about 2 . 5 % to about 3 . 5 % , about 2 . 5 % to about 4 . 5 % , 
about 2 . 5 % to about 5 . 5 % , about 2 . 5 % to about 6 . 5 % , about 
2 . 5 % to about 7 . 5 % , about 2 . 5 % to about 8 . 5 % , about 2 . 5 % 
to about 9 . 5 % , about 2 . 5 % to about 10 . 5 % , about 3 . 5 % to 
about 4 . 5 % , about 3 . 5 % to about 5 . 5 % , about 3 . 5 % to about 
6 . 5 % , about 3 . 5 % to about 7 . 5 % , about 3 . 5 % to about 8 . 5 % , 
about 3 . 5 % to about 9 . 5 % , about 3 . 5 % to about 10 . 5 % , about 
4 . 5 % to about 5 . 5 % , about 4 . 5 % to about 6 . 5 % , about 4 . 5 % 
to about 7 . 5 % , about 4 . 5 % to about 8 . 5 % , about 4 . 5 % to 
about 9 . 5 % , about 4 . 5 % to about 10 . 5 % , about 5 . 5 % to about 
6 . 5 % , about 5 . 5 % to about 7 . 5 % , about 5 . 5 % to about 8 . 5 % , 
about 5 . 5 % to about 9 . 5 % , about 5 . 5 % to about 10 . 5 % , about 
6 . 5 % to about 7 . 5 % , about 6 . 5 % to about 8 . 5 % , about 6 . 5 % 
to about 9 . 5 % , about 6 . 5 % to about 10 . 5 % , about 7 . 5 % to 
about 8 . 5 % , about 7 . 5 % to about 9 . 5 % , about 7 . 5 % to about 
10 . 5 % , about 8 . 5 % to about 9 . 5 % , about 8 . 5 % to about 
10 . 5 % , or about 9 . 5 % to about 10 . 5 % . Optionally , in some 
embodiments , the solid matter content by mass of the 
conductive graphene ink is about 2 . 5 % , about 3 . 5 % , about 
4 . 5 % , about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , 
about 9 . 5 % , or about 10 . 5 % . Optionally , in some embodi 
ments , the solid matter content by mass of the conductive 
graphene ink is at least about 2 . 5 % , about 3 . 5 % , about 4 . 5 % , 
about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , about 
9 . 5 % , or about 10 . 5 % . Optionally , in some embodiments , 
the solid matter content by mass of the conductive graphene 
ink is no more than about 2 . 5 % , about 3 . 5 % , about 4 . 5 % , 
about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , about 
9 . 5 % , or about 10 . 5 % . 
[ 0051 ] Optionally , in some embodiments , the viscosity of 
the conductive graphene ink is about 10 centipoise to about 
10 , 000 centipoise . Optionally , in some embodiments , the 
viscosity of the conductive graphene ink is at least about 10 
centipoise . Optionally , in some embodiments , the viscosity 
of the conductive graphene ink is at most about 10 , 000 
centipoise . Optionally , in some embodiments , the viscosity 
of the conductive graphene ink is about 10 centipoise to 
about 20 centipoise , about 10 centipoise to about 50 centi 
poise , about 10 centipoise to about 100 centipoise , about 10 
centipoise to about 200 centipoise , about 10 centipoise to 
about 500 centipoise , about 10 centipoise to about 1 , 000 
centipoise , about 10 centipoise to about 2 , 000 centipoise , 
about 10 centipoise to about 5 , 000 centipoise , about 10 
centipoise to about 10 , 000 centipoise , about 20 centipoise to 
about 50 centipoise , about 20 centipoise to about 100 
centipoise , about 20 centipoise to about 200 centipoise , 
about 20 centipoise to about 500 centipoise , about 20 
centipoise to about 1 , 000 centipoise , about 20 centipoise to 
about 2 , 000 centipoise , about 20 centipoise to about 5 , 000 
centipoise , about 20 centipoise to about 10 , 000 centipoise , 
about 50 centipoise to about 100 centipoise , about 50 
centipoise to about 200 centipoise , about 50 centipoise to 
about 500 centipoise , about 50 centipoise to about 1 , 000 
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centipoise , about 50 centipoise to about 2 , 000 centipoise , 
about 50 centipoise to about 5 , 000 centipoise , about 50 
centipoise to about 10 , 000 centipoise , about 100 centipoise 
to about 200 centipoise , about 100 centipoise to about 500 
centipoise , about 100 centipoise to about 1 , 000 centipoise , 
about 100 centipoise to about 2 , 000 centipoise , about 100 
centipoise to about 5 , 000 centipoise , about 100 centipoise to 
about 10 , 000 centipoise , about 200 centipoise to about 500 
centipoise , about 200 centipoise to about 1 , 000 centipoise , 
about 200 centipoise to about 2 , 000 centipoise , about 200 
centipoise to about 5 , 000 centipoise , about 200 centipoise to 
about 10 , 000 centipoise , about 500 centipoise to about 1 , 000 
centipoise , about 500 centipoise to about 2 , 000 centipoise , 
about 500 centipoise to about 5 , 000 centipoise , about 500 
centipoise to about 10 , 000 centipoise , about 1 , 000 centi 
poise to about 2 , 000 centipoise , about 1 , 000 centipoise to 
about 5 , 000 centipoise , about 1 , 000 centipoise to about 
10 , 000 centipoise , about 2 , 000 centipoise to about 5 , 000 
centipoise , about 2 , 000 centipoise to about 10 , 000 centi 
poise , or about 5 , 000 centipoise to about 10 , 000 centipoise . 
Optionally , in some embodiments , the viscosity of the 
conductive graphene ink is about 10 centipoise , about 20 
centipoise , about 50 centipoise , about 100 centipoise , about 
200 centipoise , about 500 centipoise , about 1 , 000 centi 
poise , about 2 , 000 centipoise , about 5 , 000 centipoise , or 
about 10 , 000 centipoise . Optionally , in some embodiments , 
the viscosity of the conductive graphene ink is at least about 
10 centipoise , about 20 centipoise , about 50 centipoise , 
about 100 centipoise , about 200 centipoise , about 500 cen 
tipoise , about 1 , 000 centipoise , about 2 , 000 centipoise , 
about 5 , 000 centipoise , or about 10 , 000 centipoise . Option 
ally , in some embodiments , the viscosity of the conductive 
graphene ink is no more than about 10 centipoise , about 20 
centipoise , about 50 centipoise , about 100 centipoise , about 
200 centipoise , about 500 centipoise , about 1 , 000 centi 
poise , about 2 , 000 centipoise , about 5 , 000 centipoise , or 
about 10 , 000 centipoise . 
[ 0052 Optionally , in some embodiments , the conductive 
graphene ink has a viscosity of about 2 , 300 centipoise to 
about 2 , 400 centipoise . Optionally , in some embodiments , 
the conductive graphene ink has a viscosity of at least about 
2 , 300 centipoise . Optionally , in some embodiments , the 
conductive graphene ink has a viscosity of at most about 
2 , 400 centipoise . Optionally , in some embodiments , the 
conductive graphene ink has a viscosity of about 2 , 300 
centipoise to about 2 , 310 centipoise , about 2 , 300 centipoise 
to about 2 , 320 centipoise , about 2 , 300 centipoise to about 
2 , 330 centipoise , about 2 , 300 centipoise to about 2 , 340 
centipoise , about 2 , 300 centipoise to about 2 , 350 centipoise , 
about 2 , 300 centipoise to about 2 , 360 centipoise , about 
2 , 300 centipoise to about 2 , 370 centipoise , about 2 , 300 
centipoise to about 2 , 380 centipoise , about 2 , 300 centipoise 
to about 2 , 390 centipoise , about 2 , 300 centipoise to about 
2 , 400 centipoise , about 2 , 310 centipoise to about 2 , 320 
centipoise , about 2 , 310 centipoise to about 2 , 330 centipoise , 
about 2 , 310 centipoise to about 2 , 340 centipoise , about 
2 , 310 centipoise to about 2 , 350 centipoise , about 2 , 310 
centipoise to about 2 , 360 centipoise , about 2 , 310 centipoise 
to about 2 , 370 centipoise , about 2 , 310 centipoise to about 
2 , 380 centipoise , about 2 , 310 centipoise to about 2 , 390 
centipoise , about 2 , 310 centipoise to about 2 , 400 centipoise , 
about 2 , 320 centipoise to about 2 , 330 centipoise , about 
2 , 320 centipoise to about 2 , 340 centipoise , about 2 , 320 
centipoise to about 2 , 350 centipoise , about 2 , 320 centipoise 

to about 2 , 360 centipoise , about 2 , 320 centipoise to about 
2 , 370 centipoise , about 2 , 320 centipoise to about 2 , 380 
centipoise , about 2 , 320 centipoise to about 2 , 390 centipoise , 
about 2 , 320 centipoise to about 2 , 400 centipoise , about 
2 , 330 centipoise to about 2 , 340 centipoise , about 2 , 330 
centipoise to about 2 , 350 centipoise , about 2 , 330 centipoise 
to about 2 , 360 centipoise , about 2 , 330 centipoise to about 
2 , 370 centipoise , about 2 , 330 centipoise to about 2 , 380 
centipoise , about 2 , 330 centipoise to about 2 , 390 centipoise , 
about 2 , 330 centipoise to about 2 , 400 centipoise , about 
2 , 340 centipoise to about 2 , 350 centipoise , about 2 , 340 
centipoise to about 2 , 360 centipoise , about 2 , 340 centipoise 
to about 2 , 370 centipoise , about 2 , 340 centipoise to about 
2 , 380 centipoise , about 2 , 340 centipoise to about 2 , 390 
centipoise , about 2 , 340 centipoise to about 2 , 400 centipoise , 
about 2 , 350 centipoise to about 2 , 360 centipoise , about 
2 , 350 centipoise to about 2 , 370 centipoise , about 2 , 350 
centipoise to about 2 , 380 centipoise , about 2 , 350 centipoise 
to about 2 , 390 centipoise , about 2 , 350 centipoise to about 
2 , 400 centipoise , about 2 , 360 centipoise to about 2 , 370 
centipoise , about 2 , 360 centipoise to about 2 , 380 centipoise , 
about 2 , 360 centipoise to about 2 , 390 centipoise , about 
2 , 360 centipoise to about 2 , 400 centipoise , about 2 , 370 
centipoise to about 2 , 380 centipoise , about 2 , 370 centipoise 
to about 2 , 390 centipoise , about 2 , 370 centipoise to about 
2 , 400 centipoise , about 2 , 380 centipoise to about 2 , 390 
centipoise , about 2 , 380 centipoise to about 2 , 400 centipoise , 
or about 2 , 390 centipoise to about 2 , 400 centipoise . Option 
ally , in some embodiments , the conductive graphene ink has 
a viscosity of about 2 , 300 centipoise , about 2 , 310 centipoise , 
about 2 , 320 centipoise , about 2 , 330 centipoise , about 2 , 340 
centipoise , about 2 , 350 centipoise , about 2 , 360 centipoise , 
about 2 , 370 centipoise , about 2 , 380 centipoise , about 2 , 390 
centipoise , or about 2 , 400 centipoise . 
[ 0053 ] Optionally , in some embodiments , the density of 
the conductive graphene ink at a temperature of about 20° C . 
is about 2 . 5 g / cm² to about 10 . 5 g / cmº . Optionally , in some 
embodiments , the density of the conductive graphene ink at 
a temperature of about 20° C . is at least about 2 . 5 g / cm3 . 
Optionally , in some embodiments , the density of the con 
ductive graphene ink at a temperature of about 20° C . is at 
most about 10 . 5 g / cm " . Optionally , in some embodiments , 
the density of the conductive graphene ink at a temperature 
of about 20° C . is about 2 . 5 g / cm to about 3 . 5 g / cm " , about 
2 . 5 g / cm² to about 4 . 5 g / cm " , about 2 . 5 g / cm² to about 5 . 5 
g / cm " , about 2 . 5 g / cm to about 6 . 5 g / cm " , about 2 . 5 g / cm 
to about 7 . 5 g / cm " , about 2 . 5 g / cm3 to about 8 . 5 g / cm ” , 
about 2 . 5 g / cm to about 9 . 5 g / cm " , about 2 . 5 g / cm to about 
10 . 5 g / cm " , about 3 . 5 g / cm to about 4 . 5 g / cm , about 3 . 5 
g / cm² to about 5 . 5 g / cm ” , about 3 . 5 g / cm3 to about 6 . 5 
g / cm " , about 3 . 5 g / cm² to about 7 . 5 g / cm " , about 3 . 5 g / cm3 
to about 8 . 5 g / cm " , about 3 . 5 g / cm3 to about 9 . 5 g / cm » , 
about 3 . 5 g / cm3 to about 10 . 5 g / cm , about 4 . 5 g / cm3 to 
about 5 . 5 g / cm " , about 4 . 5 g / cm² to about 6 . 5 g / cm° , about 
4 . 5 g / cm to about 7 . 5 g / cm " , about 4 . 5 g / cm to about 8 . 5 
g / cm " , about 4 . 5 g / cm to about 9 . 5 g / cm " , about 4 . 5 g / cm 
to about 10 . 5 g / cm " , about 5 . 5 g / cm3 to about 6 . 5 g / cm » , 
about 5 . 5 g / cm to about 7 . 5 g / cm " , about 5 . 5 g / cm to about 
8 . 5 g / cm " , about 5 . 5 g / cm to about 9 . 5 g / cm " , about 5 . 5 
g / cm² to about 10 . 5 g / cm ” , about 6 . 5 g / cm3 to about 7 . 5 
g / cm " , about 6 . 5 g / cm² to about 8 . 5 g / cm " , about 6 . 5 g / cm3 
to about 9 . 5 g / cm ” , about 6 . 5 g / cm to about 10 . 5 g / cm » , 
about 7 . 5 g / cm² to about 8 . 5 g / cm " , about 7 . 5 g / cm3 to about 
9 . 5 g / cm ” , about 7 . 5 g / cm3 to about 10 . 5 g / cm ” , about 8 . 5 
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g / cm to about 9 . 5 g / cm " , about 8 . 5 g / cm to about 10 . 5 
g / cm » , or about 9 . 5 g / cm² to about 10 . 5 g / cm3 . Optionally , 
in some embodiments , the density of the conductive gra 
phene ink at a temperature of about 20° C . is at most about 
10 . 5 g / cm " . Optionally , in some embodiments , the density of 
the conductive graphene ink at a temperature of about 20° C . 
is about 2 . 5 g / cm » , about 3 . 5 g / cm , about 4 . 5 g / cm " , about 
5 . 5 g / cm " , about 6 . 5 g / cm " , about 7 . 5 g / cm " , about 8 . 5 
g / cm ? , about 9 . 5 g / cm " , or about 10 . 5 g / cmº . Optionally , in 
some embodiments , the density of the conductive graphene 
ink at a temperature of at least about 20° C . is about 2 . 5 
g / cm " , about 3 . 5 g / cm " , about 4 . 5 g / cm " , about 5 . 5 g / cm " , 
about 6 . 5 g / cm° , about 7 . 5 g / cm° , about 8 . 5 g / cm° , about 9 . 5 
g / cm3 , or about 10 . 5 g / cm² . Optionally , in some embodi 
ments , the density of the conductive graphene ink at a 
temperature of no more than about 20° C . is about 2 . 5 g / cm , 
about 3 . 5 g / cm° , about 4 . 5 g / cm° , about 5 . 5 g / cm° , about 6 . 5 
g / cm " , about 7 . 5 g / cm " , about 8 . 5 g / cm ” , about 9 . 5 g / cm " , or 
about 10 . 5 g / cmº . 
[ 0054 ] Optionally , in some embodiments the conductive 
graphene ink has a surface area of about 40 m² / g to about 
2 , 400 m?lg . Optionally , in some embodiments the conduc 
tive graphene ink has a surface area of at least about 40 m² / g . 
Optionally , in some embodiments the conductive graphene 
ink has a surface area of at most about 2 , 400 m - / g . Option 
ally , in some embodiments the conductive graphene ink has 
a surface area of about 40 m² / g to about 80 m² / g , about 40 
m² / g to about 120 m² / g , about 40 m² / g to about 240 m² / g , 
about 40 m² / g to about 480 m² / g , about 40 m² / g to about 
1 , 000 m² / g , about 40 m² / g to about 1 , 400 m² / g , about 40 
m² / g to about 1 , 800 m² / g , about 40 m² / g to about 2 , 200 
m² / g , about 40 m² / g to about 2 , 400 m² / g , about 80 m² / g to 
about 120 m - / g , about 80 m² / g to about 240 mº / g , about 80 
m² / g to about 480 m² / g , about 80 m² / g to about 1 , 000 m² / g , 
about 80 m - / g to about 1 , 400 m² / g , about 80 m² / g to about 
1 , 800 mº / g , about 80 m² / g to about 2 , 200 m² / g , about 80 
m² / g to about 2 , 400 m² / g , about 120 m² / g to about 240 m² / g , 
about 120 m² / g to about 480 m < / g , about 120 m < / g to about 
1 , 000 m² / g , about 120 m² / g to about 1 , 400 m² / g , about 120 
m² / g to about 1 , 800 m² / g , about 120 m² / g to about 2 , 200 
m² / g , about 120 m - / g to about 2 , 400 m² / g , about 240 m´ / g 
to about 480 m² / g , about 240 m² / g to about 1 , 000 m² / g , 
about 240 m² / g to about 1 , 400 m² / g , about 240 m² / g to about 
1 , 800 m² / g , about 240 m² / g to about 2 , 200 m² / g , about 240 
m - / g to about 2 , 400 m?lg , about 480 m?lg to about 1 , 000 
még , about 480 m² / g to about 1 , 400 m² / g , about 480 m² / g 
to about 1 , 800 m² / g , about 480 m² / g to about 2 , 200 m² / g , 
about 480 m?lg to about 2 , 400 m - / g , about 1 , 000 m - / g to 
about 1 , 400 m² / g , about 1 , 000 m² / g to about 1 , 800 m² / g , 
about 1 , 000 m² / g to about 2 , 200 m² / g , about 1 , 000 m² / g to 
about 2 , 400 m² / g , about 1 , 400 m² / g to about 1 , 800 m² / g , 
about 1 , 400 m² / g to about 2 , 200 m² / g , about 1 , 400 m² / g to 
about 2 , 400 m² / g , about 1 , 800 m² / g to about 2 , 200 m² / g , 
about 1 , 800 m² / g to about 2 , 400 m² / g , or about 2 , 200 mº / g 
to about 2 , 400 m² / g . Optionally , in some embodiments the 
conductive graphene ink has a surface area of about 40 m g , 
about 80 m?lg , about 120 m?lg , about 240 m?lg , about 480 
m² / g , about 1 , 000 m² / g , about 1 , 400 m² / g , about 1 , 800 m² / g , 
about 2 , 200 m² / g , or about 2 , 400 m² / g . Optionally , in some 
embodiments the conductive graphene ink has a surface area 
of at least about 40 m ' lg , about 80 m - / g , about 120 m - / g , 
about 240 m² / g , about 480 m² / g , about 1 , 000 m² / g , about 
1 , 400 m² / g , about 1 , 800 m² / g , about 2 , 200 m² / g , or about 
2 , 400 m² / g . Optionally , in some embodiments the conduc 

tive graphene ink has a surface area of no more than about 
40 m² / g , about 80 m² / g , about 120 m² / g , about 240 m² / g , 
about 480 m² / g , about 1 , 000 m² / g , about 1 , 400 m² / g , about 
1 , 800 m² / g , about 2 , 200 m² / g , or about 2 , 400 m² / g . 
[ 0055 ] Optionally , in some embodiments the conductive 
graphene ink has a conductivity of about 400 S / m to about 
1 , 600 S / m . Optionally , in some embodiments the conductive 
graphene ink has a conductivity of at least about 400 S / m . 
Optionally , in some embodiments the conductive graphene 
ink has a conductivity of at most about 1 , 600 S / m . Option 
ally , in some embodiments the conductive graphene ink has 
a conductivity of about 400 S / m to about 500 S / m , about 400 
S / m to about 600 S / m , about 400 S / m to about 700 S / m , 
about 400 S / m to about 800 S / m , about 400 S / m to about 900 
S / m , about 400 S / m to about 1 , 000 S / m , about 400 S / m to 
about 1 , 200 S / m , about 400 S / m to about 1 , 400 S / m , about 
400 S / m to about 1 , 600 S / m , about 500 S / m to about 600 
S / m , about 500 S / m to about 700 S / m , about 500 S / m to 
about 800 S / m , about 500 S / m to about 900 S / m , about 500 
S / m to about 1 , 000 S / m , about 500 S / m to about 1 , 200 S / m , 
about 500 S / m to about 1 , 400 S / m , about 500 S / m to about 
1 , 600 S / m , about 600 S / m to about 700 S / m , about 600 S / m 
to about 800 S / m , about 600 S / m to about 900 S / m , about 
600 S / m to about 1 , 000 S / m , about 600 S / m to about 1 , 200 
S / m , about 600 S / m to about 1 , 400 S / m , about 600 S / m to 
about 1 , 600 S / m , about 700 S / m to about 800 S / m , about 700 
S / m to about 900 S / m , about 700 S / m to about 1 , 000 S / m , 
about 700 S / m to about 1 , 200 S / m , about 700 S / m to about 
1 , 400 S / m , about 700 S / m to about 1 , 600 S / m , about 800 
S / m to about 900 S / m , about 800 S / m to about 1 , 000 S / m , 
about 800 S / m to about 1 , 200 S / m , about 800 S / m to about 
1 , 400 S / m , about 800 S / m to about 1 , 600 S / m , about 900 
S / m to about 1 , 000 S / m , about 900 S / m to about 1 , 200 S / m , 
about 900 S / m to about 1 , 400 S / m , about 900 S / m to about 
1 , 600 S / m , about 1 , 000 S / m to about 1 , 200 S / m , about 1 , 000 
S / m to about 1 , 400 S / m , about 1 , 000 S / m to about 1 , 600 
S / m , about 1 , 200 S / m to about 1 , 400 S / m , about 1 , 200 S / m 
to about 1 , 600 S / m , or about 1 , 400 S / m to about 1 , 600 S / m . 
Optionally , in some embodiments the conductive graphene 
ink has a conductivity of about 400 S / m , about 500 S / m , 
about 600 S / m , about 700 S / m , about 800 S / m , about 900 
S / m , about 1 , 000 S / m , about 1 , 200 S / m , about 1 , 400 S / m , or 
about 1 , 600 S / m . Optionally , in some embodiments the 
conductive graphene ink has a conductivity of at least about 
400 S / m , about 500 S / m , about 600 S / m , about 700 S / m , 
about 800 S / m , about 900 S / m , about 1 , 000 S / m , about 1 , 200 
S / m , about 1 , 400 S / m , or about 1 , 600 S / m . Optionally , in 
some embodiments the conductive graphene ink has a 
conductivity of no more than about 400 S / m , about 500 S / m , 
about 600 S / m , about 700 S / m , about 800 S / m , about 900 
S / m , about 1 , 000 S / m , about 1 , 200 S / m , about 1 , 400 S / m , or 
about 1 , 600 S / m . 
[ 0056 ] Optionally , in some embodiments the conductive 
graphene ink has a C : O mass ratio of about 2 : 1 to about 40 : 1 . 
Optionally , in some embodiments the conductive graphene 
ink has a C : 0 mass ratio of at least about 2 : 1 . Optionally , in 
some embodiments the conductive graphene ink has a C : 0 
mass ratio of at most about 40 : 1 . Optionally , in some 
embodiments the conductive graphene ink has a C : O mass 
ratio of about 2 : 1 to about 4 : 1 , about 2 : 1 to about 6 : 1 , about 
2 : 1 to about 8 : 1 , about 2 : 1 to about 10 : 1 , about 2 : 1 to about 
15 : 1 , about 2 : 1 to about 20 : 1 , about 2 : 1 to about 25 : 1 , about 
2 : 1 to about 30 : 1 , about 2 : 1 to about 34 : 1 , about 2 : 1 to about 
40 : 1 , about 4 : 1 to about 6 : 1 , about 4 : 1 to about 8 : 1 , about 4 : 1 
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to about 10 : 1 , about 4 : 1 to about 15 : 1 , about 4 : 1 to about 
20 : 1 , about 4 : 1 to about 25 : 1 , about 4 : 1 to about 30 : 1 , about 
4 : 1 to about 34 : 1 , about 4 : 1 to about 40 : 1 , about 6 : 1 to about 
8 : 1 , about 6 : 1 to about 10 : 1 , about 6 : 1 to about 15 : 1 , about 
6 : 1 to about 20 : 1 , about 6 : 1 to about 25 : 1 , about 6 : 1 to about 
30 : 1 , about 6 : 1 to about 34 : 1 , about 6 : 1 to about 40 : 1 , about 
8 : 1 to about 10 : 1 , about 8 : 1 to about 15 : 1 , about 8 : 1 to about 
20 : 1 , about 8 : 1 to about 25 : 1 , about 8 : 1 to about 30 : 1 , about 
8 : 1 to about 34 : 1 , about 8 : 1 to about 40 : 1 , about 10 : 1 to 
about 15 : 1 , about 10 : 1 to about 20 : 1 , about 10 : 1 to about 
25 : 1 , about 10 : 1 to about 30 : 1 , about 10 : 1 to about 34 : 1 , 
about 10 : 1 to about 40 : 1 , about 15 : 1 to about 20 : 1 , about 
15 : 1 to about 25 : 1 , about 15 : 1 to about 30 : 1 , about 15 : 1 to 
about 34 : 1 , about 15 : 1 to about 40 : 1 , about 20 : 1 to about 
25 : 1 , about 20 : 1 to about 30 : 1 , about 20 : 1 to about 34 : 1 , 
about 20 : 1 to about 40 : 1 , about 25 : 1 to about 30 : 1 , about 
25 : 1 to about 34 : 1 , about 25 : 1 to about 40 : 1 , about 30 : 1 to 
about 34 : 1 , about 30 : 1 to about 40 : 1 , or about 34 : 1 to about 
40 : 1 . Optionally , in some embodiments the conductive gra 
phene ink has a C : 0 mass ratio of about 2 : 1 , about 4 : 1 , about 
6 : 1 , about 8 : 1 , about 10 : 1 , about 15 : 1 , about 20 : 1 , about 
25 : 1 , about 30 : 1 , about 34 : 1 , or about 40 : 1 . Optionally , in 
some embodiments , one of the conductivity , the surface 
area , and the C : 0 ratio of the conductive graphene ink is 
measured by methylene blue absorption . Optionally , in some 
embodiments the conductive graphene ink has a C : 0 mass 
ratio of at least about 2 : 1 , about 4 : 1 , about 6 : 1 , about 8 : 1 , 
about 10 : 1 , about 15 : 1 , about 20 : 1 , about 25 : 1 , about 30 : 1 , 
about 34 : 1 , or about 40 : 1 . Optionally , in some embodiments 
the conductive graphene ink has a C : O mass ratio of no more 
than about 2 : 1 , about 4 : 1 , about 6 : 1 , about 8 : 1 , about 10 : 1 , 
about 15 : 1 , about 20 : 1 , about 25 : 1 , about 30 : 1 , about 34 : 1 , 
or about 40 : 1 . 
[ 0057 ] Optionally , in some embodiments , one of the con 
ductivity , the surface area , and the C : 0 ratio , of the con - 
ductive graphene ink is measured by methylene blue absorp 
tion . 

[ 0058 ] Optionally , in some embodiments , the conductive 
graphene ink is a conductive graphene hydrate . 
[ 0059 ] Optionally , in some embodiments , the graphene 
film has a thickness of about 0 . 2 nanometer to about 40 
nanometers . Optionally , in some embodiments , the graphene 
film has a thickness of at least about 0 . 2 nanometer . Option 
ally , in some embodiments , the graphene film has a thick 
ness of at most about 40 nanometers . Optionally , in some 
embodiments , the graphene film has a thickness of about 0 . 2 
nanometer to about 0 . 4 nanometers , about 0 . 2 nanometer to 
about 0 . 8 nanometer , about 0 . 2 nanometer to about 1 nano 
meter , about 0 . 2 nanometer to about 2 nanometers , about 0 . 2 
nanometer to about 5 nanometers , about 0 . 2 nanometer to 
about 10 nanometers , about 0 . 2 nanometer to about 15 
nanometers , about 0 . 2 nanometer to about 20 nanometers , 
about 0 . 2 nanometer to about 30 nanometers , about 0 . 2 
nanometer to about 40 nanometers , about 0 . 4 nanometer to 
about 0 . 8 nanometer , about 0 . 4 nanometer to about 1 nano 
meter , about 0 . 4 nanometer to about 2 nanometers , about 0 . 4 
nanometer to about 5 nanometers , about 0 . 4 nanometer to 
about 10 nanometers , about 0 . 4 nanometer to about 15 
nanometers , about 0 . 4 nanometer to about 20 nanometers , 
about 0 . 4 nanometer to about 30 nanometers , about 0 . 4 
nanometer to about 40 nanometers , about 0 . 8 nanometer to 
about 1 nanometer , about 0 . 8 nanometer to about 2 nano 
meters , about 0 . 8 nanometer to about 5 nanometers , about 
0 . 8 nanometer to about 10 nanometers , about 0 . 8 nanometer 

to about 15 nanometers , about 0 . 8 nanometer to about 20 
nanometers , about 0 . 8 nanometer to about 30 nanometers , 
about 0 . 8 nanometer to about 40 nanometers , about 1 
nanometer to about 2 nanometers , about 1 nanometer to 
about 5 nanometers , about 1 nanometer to about 10 nano 
meters , about 1 nanometer to about 15 nanometers , about 1 
nanometer to about 20 nanometers , about 1 nanometer to 
about 30 nanometers , about 1 nanometer to about 40 nano 
meters , about 2 nanometers to about 5 nanometers , about 2 
nanometers to about 10 nanometers , about 2 nanometers to 
about 15 nanometers , about 2 nanometers to about 20 
nanometers , about 2 nanometers to about 30 nanometers , 
about 2 nanometers to about 40 nanometers , about 5 nano 
meters to about 10 nanometers , about 5 nanometers to about 
15 nanometers , about 5 nanometers to about 20 nanometers , 
about 5 nanometers to about 30 nanometers , about 5 nano 
meters to about 40 nanometers , about 10 nanometers to 
about 15 nanometers , about 10 nanometers to about 20 
nanometers , about 10 nanometers to about 30 nanometers , 
about 10 nanometers to about 40 nanometers , about 15 
nanometers to about 20 nanometers , about 15 nanometers to 
about 30 nanometers , about 15 nanometers to about 40 
nanometers , about 20 nanometers to about 30 nanometers , 
about 20 nanometers to about 40 nanometers , or about 30 
nanometers to about 40 nanometers . Optionally , in some 
embodiments , the graphene film has a thickness of about 0 . 2 
nanometer , about 0 . 4 nanometer , about 0 . 8 nanometer , about 
1 nanometer , about 2 nanometers , about 5 nanometers , about 
10 nanometers , about 15 nanometers , about 20 nanometers , 
about 30 nanometers , or about 40 nanometers . Optionally , in 
some embodiments , the graphene film has a thickness of at 
least about 0 . 2 nanometer , about 0 . 4 nanometer , about 0 . 8 
nanometer , about 1 nanometer , about 2 nanometers , about 5 
nanometers , about 10 nanometers , about 15 nanometers , 
about 20 nanometers , about 30 nanometers , or about 40 
nanometers . Optionally , in some embodiments , the graphene 
film has a thickness of no more than about 0 . 2 nanometer , 
about 0 . 4 nanometer , about 0 . 8 nanometer , about 1 nano 
meter , about 2 nanometers , about 5 nanometers , about 10 
nanometers , about 15 nanometers , about 20 nanometers , 
about 30 nanometers , or about 40 nanometers . 
[ 0060 ] Optionally , in some embodiments , the graphene 
film has a lateral size of about 0 . 05 micrometer to about 200 
micrometers . Optionally , in some embodiments , the gra 
phene film has a lateral size of at least about 0 . 05 microm 
eter . Optionally , in some embodiments , the graphene film 
has a lateral size of at most about 200 micrometers . Option 
ally , in some embodiments , the graphene film has a lateral 
size of about 0 . 05 micrometer to about 0 . 1 micrometer , 
about 0 . 05 micrometer to about 0 . 5 micrometer , about 0 . 05 
micrometer to about 1 micrometer , about 0 . 05 micrometer to 
about 5 micrometers , about 0 . 05 micrometer to about 10 
micrometers , about 0 . 05 micrometer to about 50 microm 
eters , about 0 . 05 micrometer to about 100 micrometers , 
about 0 . 05 micrometer to about 200 micrometers , about 0 . 1 
micrometer to about 0 . 5 micrometer , about 0 . 1 micrometer 
to about 1 micrometer , about 0 . 1 micrometer to about 5 
micrometers , about 0 . 1 micrometer to about 10 micrometers , 
about 0 . 1 micrometer to about 50 micrometers , about 0 . 1 
micrometer to about 100 micrometers , about 0 . 1 micrometer 
to about 200 micrometers , about 0 . 5 micrometer to about 1 
micrometer , about 0 . 5 micrometer to about 5 micrometers , 
about 0 . 5 micrometer to about 10 micrometers , about 0 . 5 
micrometer to about 50 micrometers , about 0 . 5 micrometer 
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to about 100 micrometers , about 0 . 5 micrometer to about 
200 micrometers , about 1 micrometer to about 5 microm 
eters , about 1 micrometer to about 10 micrometers , about 1 
micrometer to about 50 micrometers , about 1 micrometer to 
about 100 micrometers , about 1 micrometer to about 200 
micrometers , about 5 micrometers to about 10 micrometers , 
about 5 micrometers to about 50 micrometers , about 5 
micrometers to about 100 micrometers , about 5 micrometers 
to about 200 micrometers , about 10 micrometers to about 50 
micrometers , about 10 micrometers to about 100 microm - 
eters , about 10 micrometers to about 200 micrometers , about 
50 micrometers to about 100 micrometers , about 50 
micrometers to about 200 micrometers , or about 100 
micrometers to about 200 micrometers . Optionally , in some 
embodiments , the graphene film has a lateral size of about 
0 . 05 micrometer , about 0 . 1 micrometer , about 0 . 5 microm 
eter , about 1 micrometer , about 5 micrometers , about 10 
micrometers , about 50 micrometers , about 100 micrometers , 
or about 200 micrometers . Optionally , in some embodi 
ments , the graphene film has a lateral size of at least about 
0 . 05 micrometer , about 0 . 1 micrometer , about 0 . 5 microm 
eter , about 1 micrometer , about 5 micrometers , about 10 
micrometers , about 50 micrometers , about 100 micrometers , 
or about 200 micrometers . Optionally , in some embodi 
ments , the graphene film has a lateral size of no more than 
about 0 . 05 micrometer , about 0 . 1 micrometer , about 0 . 5 
micrometer , about 1 micrometer , about 5 micrometers , about 
10 micrometers , about 50 micrometers , about 100 microm 
eters , or about 200 micrometers . 

[ 0061 ] Optionally , in some embodiments the graphene 
film has a surface area of about 40 m - / g to about 2 , 400 m² / g . 
Optionally , in some embodiments the graphene film has a 
surface area of at least about 40 m² / g . Optionally , in some 
embodiments the graphene film has a surface area of at most 
about 2 , 400 mº / g . Optionally , in some embodiments the 
graphene film has a surface area of about 40 m² / g to about 
80 m² / g , about 40 m? / g to about 120 m ~ / g , about 40 m² / g to 
about 240 m² / g , about 40 m² / g to about 480 m² / g , about 40 
m² / g to about 1 , 000 m² / g , about 40 m² / g to about 1 , 400 
m² / g , about 40 m² / g to about 1 , 800 m² / g , about 40 m² / g to 
about 2 , 200 m² / g , about 40 m² / g to about 2 , 400 m² / g , about 
80 m² / g to about 120 m² / g , about 80 m² / g to about 240 m² / g , 
about 80 m² / g to about 480 mº / g , about 80 m² / g to about 
1 , 000 m² / g , about 80 m² / g to about 1 , 400 m² / g , about 80 
m² / g to about 1 , 800 m² / g , about 80 m² / g to about 2 , 200 
m² / g , about 80 m² / g to about 2 , 400 m² / g , about 120 m² / g to 
about 240 m² / g , about 120 m² / g to about 480 m² / g , about 
120 m² / g to about 1 , 000 m² / g , about 120 m² / g to about 1 , 400 
m² / g , about 120 m² / g to about 1 , 800 m² / g , about 120 m² / g 
to about 2 , 200 m² / g , about 120 m² / g to about 2 , 400 m² / g , 
about 240 mº / g to about 480 m?lg , about 240 mº / g to about 
1 , 000 m² / g , about 240 m² / g to about 1 , 400 m² / g , about 240 
m² / g to about 1 , 800 m < / g , about 240 m² / g to about 2 , 200 
m² / g , about 240 m² / g to about 2 , 400 m² / g , about 480 m² / g 
to about 1 , 000 m² / g , about 480 m² / g to about 1 , 400 m² / g , 
about 480 m² / g to about 1 , 800 m² / g , about 480 m² / g to about 
2 , 200 mº / g , about 480 m² / g to about 2 , 400 m² / g , about 
1 , 000 m < / g to about 1 , 400 m / g , about 1 , 000 m² / g to about 
1 , 800 m² / g , about 1 , 000 m² / g to about 2 , 200 m² / g , about 
1 , 000 m² / g to about 2 , 400 m2 / g , about 1 , 400 m² / g to about 
1 , 800 m² / g , about 1 , 400 m - / g to about 2 , 200 mº / g , about 
1 , 400 m² / g to about 2 , 400 m² / g , about 1 , 800 m² / g to about 
2 , 200 m² / g , about 1 , 800 m² / g to about 2 , 400 m² / g , or about 
2 , 200 m?lg to about 2 , 400 m´ / g . Optionally , in some 

embodiments the graphene film has a surface area of about 
40 m² / g , about 80 m² / g , about 120 m² / g , about 240 m² / g , 
about 480 m² / g , about 1 , 000 m² / g , about 1 , 400 m² / g , about 
1 , 800 m² / g , about 2 , 200 m´ / g , or about 2 , 400 m² / g . Option 
ally , in some embodiments the graphene film has a surface 
area of at least about 40 m² / g , about 80 m² / g , about 120 
m² / g , about 240 m² / g , about 480 m² / g , about 1 , 000 m² / g , 
about 1 , 400 m² / g , about 1 , 800 m - / g , about 2 , 200 m² / g , or 
about 2 , 400 m² / g . Optionally , in some embodiments the 
graphene film has a surface area of no more than about 40 
m / g , about 80 m² / g , about 120 m² / g , about 240 m² / g , about 
480 m² / g , about 1 , 000 m² / g , about 1 , 400 m² / g , about 1 , 800 
m² / g , about 2 , 200 m² / g , or about 2 , 400 m² / g . 
[ 0062 ] Optionally , in some embodiments , the graphene 
film has a sheet resistance about 12 ohms / sq to about 240 
ohms / sq . Optionally , in some embodiments , the graphene 
film has a sheet resistance at least about 12 ohms / sq . 
Optionally , in some embodiments , the graphene film has a 
sheet resistance at most about 240 ohms / sq . Optionally , in 
some embodiments , the graphene film has a sheet resistance 
about 12 ohms / sq to about 24 ohms / sq , about 12 ohms / sq to 
about 36 ohms / sq , about 12 ohms / sq to about 48 ohms / sq , 
about 12 ohms / sq to about 60 ohms / sq , about 12 ohms / sq to 
about 80 ohms / sq , about 12 ohms / sq to about 100 ohms / sq , 
about 12 ohms / sq to about 120 ohms / sq , about 12 ohms / sq 
to about 150 ohms / sq , about 12 ohms / sq to about 175 
ohms / sq , about 12 ohms / sq to about 200 ohms / sq , about 12 
ohms / sq to about 240 ohms / sq , about 24 ohms / sq to about 36 
ohms / sq , about 24 ohms / sq to about 48 ohms / sq , about 24 
ohms / sq to about 60 ohms / sq , about 24 ohms / sq to about 80 
ohms / sq , about 24 ohms / sq to about 100 ohms / sq , about 24 
ohms / sq to about 120 ohms / sq , about 24 ohms / sq to about 
150 ohms / sq , about 24 ohms / sq to about 175 ohms / sq , about 
24 ohms / sq to about 200 ohms / sq , about 24 ohms / sq to about 
240 ohms / sq , about 36 ohms / sq to about 48 ohms / sq , about 
36 ohms / sq to about 60 ohms / sq , about 36 ohms / sq to about 
80 ohms / sq , about 36 ohms / sq to about 100 ohms / sq , about 
36 ohms / sq to about 120 ohms / sq , about 36 ohms / sq to about 
150 ohms / sq , about 36 ohms / sq to about 175 ohms / sq , about 
36 ohms / sq to about 200 ohms / sq , about 36 ohms / sq to about 
240 ohms / sq , about 48 ohms / sq to about 60 ohms / sq , about 
48 ohms / sq to about 80 ohms / sq , about 48 ohms / sq to about 
100 ohms / sq , about 48 ohms / sq to about 120 ohms / sq , about 
48 ohms / sq to about 150 ohms / sq , about 48 ohms / sq to about 
175 ohms / sq , about 48 ohms / sq to about 200 ohms / sq , about 
48 ohms / sq to about 240 ohms / sq , about 60 ohms / sq to about 
80 ohms / sq , about 60 ohms / sq to about 100 ohms / sq , about 
60 ohms / sq to about 120 ohms / sq , about 60 ohms / sq to about 
150 ohms / sq , about 60 ohms / sq to about 175 ohms / sq , about 
60 ohms / sq to about 200 ohms / sq , about 60 ohms / sq to about 
240 ohms / sq , about 80 ohms / sq to about 100 ohms / sq , about 
80 ohms / sq to about 120 ohms / sq , about 80 ohms / sq to about 
150 ohms / sq , about 80 ohms / sq to about 175 ohms / sq , about 
80 ohms / sq to about 200 ohms / sq , about 80 ohms / sq to about 
240 ohms / sq , about 100 ohms / sq to about 120 ohms / sq , 
about 100 ohms / sq to about 150 ohms / sq , about 100 ohms / sq 
to about 175 ohms / sq , about 100 ohms / sq to about 200 
ohms / sq , about 100 ohms / sq to about 240 ohms / sq , about 
120 ohms / sq to about 150 ohms / sq , about 120 ohms / sq to 
about 175 ohms / sq , about 120 ohms / sq to about 200 ohms / 
sq , about 120 ohms / sq to about 240 ohms / sq , about 150 
ohms / sq to about 175 ohms / sq , about 150 ohms / sq to about 
200 ohms / sq , about 150 ohms / sq to about 240 ohms / sq , 
about 175 ohms / sq to about 200 ohms / sq , about 175 ohms / sq 
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to about 240 ohms / sq , or about 200 ohms / sq to about 240 
ohms / sq . Optionally , in some embodiments , the graphene 
film has a sheet resistance about 12 ohms / sq , about 24 
ohms / sq , about 36 ohms / sq , about 48 ohms / sq , about 60 
ohms / sq , about 80 ohms / sq , about 100 ohms / sq , about 120 
ohms / sq , about 150 ohms / sq , about 175 ohms / sq , about 200 
ohms / sq , or about 240 ohms / sq . Optionally , in some embodi 
ments , the graphene film has a sheet resistance at least about 
12 ohms / sq , about 24 ohms / sq , about 36 ohms / sq , about 48 
ohms / sq , about 60 ohms / sq , about 80 ohms / sq , about 100 
ohms / sq , about 120 ohms / sq , about 150 ohms / sq , about 175 
ohms / sq , about 200 ohms / sq , or about 240 ohms / sq . Option 
ally , in some embodiments , the graphene film has a sheet 
resistance no more than about 12 ohms / sq , about 24 ohms / 
sq , about 36 ohms / sq , about 48 ohms / sq , about 60 ohms / sq , 
about 80 ohms / sq , about 100 ohms / sq , about 120 ohms / sq , 
about 150 ohms / sq , about 175 ohms / sq , about 200 ohms / sq , 
or about 240 ohms / sq . 
[ 0063 ] Optionally , in some embodiments , the graphene 
film has a thickness of about 5 micrometers and has a sheet 
resistance of about 50 ohms / sq to about 240 ohms / sq . 
Optionally , in some embodiments , the graphene film has a 
thickness of about 5 micrometers and has a sheet resistance 
of at least about 50 ohms / sq . Optionally , in some embodi 
ments , the graphene film has a thickness of about 5 microm 
eters and has a sheet resistance of at most about 240 
ohms / sq . Optionally , in some embodiments , the graphene 
film has a thickness of about 5 micrometers and has a sheet 
resistance of about 50 ohms / sq to about 70 ohms / sq , about 
50 ohms / sq to about 90 ohms / sq , about 50 ohms / sq to about 
120 ohms / sq , about 50 ohms / sq to about 150 ohms / sq , about 
50 ohms / sq to about 180 ohms / sq , about 50 ohms / sq to about 
210 ohms / sq , about 50 ohms / sq to about 240 ohms / sq , about 
70 ohms / sq to about 90 ohms / sq , about 70 ohms / sq to about 
120 ohms / sq , about 70 ohms / sq to about 150 ohms / sq , about 
70 ohms / sq to about 180 ohms / sq , about 70 ohms / sq to about 
210 ohms / sq , about 70 ohms / sq to about 240 ohms / sq , about 
90 ohms / sq to about 120 ohms / sq , about 90 ohms / sq to about 
150 ohms / sq , about 90 ohms / sq to about 180 ohms / sq , about 
90 ohms / sq to about 210 ohms / sq , about 90 ohms / sq to about 
240 ohms / sq , about 120 ohms / sq to about 150 ohms / sq , 
about 120 ohms / sq to about 180 ohms / sq , about 120 ohms / sq 
to about 210 ohms / sq , about 120 ohms / sq to about 240 
ohms / sq , about 150 ohms / sq to about 180 ohms / sq , about 
150 ohms / sq to about 210 ohms / sq , about 150 ohms / sq to 
about 240 ohms / sq , about 180 ohms / sq to about 210 ohms / 
sq , about 180 ohms / sq to about 240 ohms / sq , or about 210 
ohms / sq to about 240 ohms / sq . Optionally , in some embodi 
ments , the graphene film has a thickness of about 5 microm 
eters and has a sheet resistance of about 50 ohms / sq , about 
70 ohms / sq , about 90 ohms / sq , about 120 ohms / sq , about 
150 ohms / sq , about 180 ohms / sq , about 210 ohms / sq , or 
about 240 ohms / sq . Optionally , in some embodiments , the 
graphene film has a thickness of about 5 micrometers and 
has a sheet resistance of at least about 50 ohms / sq , about 70 
ohms / sq , about 90 ohms / sq , about 120 ohms / sq , about 150 
ohms / sq , about 180 ohms / sq , about 210 ohms / sq , or about 
240 ohms / sq . Optionally , in some embodiments , the gra 
phene film has a thickness of about 5 micrometers and has 
a sheet resistance of no more than about 50 ohms / sq , about 
70 ohms / sq , about 90 ohms / sq , about 120 ohms / sq , about 
150 ohms / sq , about 180 ohms / sq , about 210 ohms / sq , or 
about 240 ohms / sq . 

[ 0064 ] Optionally , in some embodiments , the graphene 
film has a thickness of about 15 micrometers and has a sheet 
resistance of about 25 ohms / sq to about 120 ohms / sq . 
Optionally , in some embodiments , the graphene film has a 
thickness of about 15 micrometers and has a sheet resistance 
of at least about 25 ohms / sq . Optionally , in some embodi 
ments , the graphene film has a thickness of about 15 
micrometers and has a sheet resistance of at most about 120 
ohms / sq . Optionally , in some embodiments , the graphene 
film has a thickness of about 15 micrometers and has a sheet 
resistance of about 25 ohms / sq to about 35 ohms / sq , about 
25 ohms / sq to about 45 ohms / sq , about 25 ohms / sq to about 
55 ohms / sq , about 25 ohms / sq to about 70 ohms / sq , about 25 
ohms / sq to about 80 ohms / sq , about 25 ohms / sq to about 90 
ohms / sq , about 25 ohms / sq to about 100 ohms / sq , about 25 
ohms / sq to about 120 ohms / sq , about 35 ohms / sq to about 45 
ohms / sq , about 35 ohms / sq to about 55 ohms / sq , about 35 
ohms / sq to about 70 ohms / sq , about 35 ohms / sq to about 80 
ohms / sq , about 35 ohms / sq to about 90 ohms / sq , about 35 
ohms / sq to about 100 ohms / sq , about 35 ohms / sq to about 
120 ohms / sq , about 45 ohms / sq to about 55 ohms / sq , about 
45 ohms / sq to about 70 ohms / sq , about 45 ohms / sq to about 
80 ohms / sq , about 45 ohms / sq to about 90 ohms / sq , about 45 
ohms / sq to about 100 ohms / sq , about 45 ohms / sq to about 
120 ohms / sq , about 55 ohms / sq to about 70 ohms / sq , about 
55 ohms / sq to about 80 ohms / sq , about 55 ohms / sq to about 
90 ohms / sq , about 55 ohms / sq to about 100 ohms / sq , about 
55 ohms / sq to about 120 ohms / sq , about 70 ohms / sq to about 
80 ohms / sq , about 70 ohms / sq to about 90 ohms / sq , about 70 
ohms / sq to about 100 ohms / sq , about 70 ohms / sq to about 
120 ohms / sq , about 80 ohms / sq to about 90 ohms / sq , about 
80 ohms / sq to about 100 ohms / sq , about 80 ohms / sq to about 
120 ohms / sq , about 90 ohms / sq to about 100 ohms / sq , about 
90 ohms / sq to about 120 ohms / sq , or about 100 ohms / sq to 
about 120 ohms / sq . Optionally , in some embodiments , the 
graphene film has a thickness of about 15 micrometers and 
has a sheet resistance of about 25 ohms / sq , about 35 
ohms / sq , about 45 ohms / sq , about 55 ohms / sq , about 70 
ohms / sq , about 80 ohms / sq , about 90 ohms / sq , about 100 
ohms / sq , or about 120 ohms / sq . Optionally , in some embodi 
ments , the graphene film has a thickness of about 15 
micrometers and has a sheet resistance of at least about 25 
ohms / sq , about 35 ohms / sq , about 45 ohms / sq , about 55 
ohms / sq , about 70 ohms / sq , about 80 ohms / sq , about 90 
ohms / sq , about 100 ohms / sq , or about 120 ohms / sq . Option 
ally , in some embodiments , the graphene film has a thick 
ness of about 15 micrometers and has a sheet resistance of 
no more than about 25 ohms / sq , about 35 ohms / sq , about 45 
ohms / sq , about 55 ohms / sq , about 70 ohms / sq , about 80 
ohms / sq , about 90 ohms / sq , about 100 ohms / sq , or about 
120 ohms / sq . 
[ 0065 ] Optionally , in some embodiments , the graphene 
film has a thickness of about 30 micrometers and has a sheet 
resistance of about 15 ohms / sq to about 70 ohms / sq . Option 
ally , in some embodiments , the graphene film has a thick 
ness of about 30 micrometers and has a sheet resistance of 
at least about 15 ohms / sq . Optionally , in some embodiments , 
the graphene film has a thickness of about 30 micrometers 
and has a sheet resistance of at most about 70 ohms / sq . 
Optionally , in some embodiments , the graphene film has a 
thickness of about 30 micrometers and has a sheet resistance 
of about 15 ohms / sq to about 20 ohms / sq , about 15 ohms / sq 
to about 25 ohms / sq , about 15 ohms / sq to about 30 ohms / sq , 
about 15 ohms / sq to about 35 ohms / sq , about 15 ohms / sq to 
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about 40 ohms / sq , about 15 ohms / sq to about 45 ohms / sq , 
about 15 ohms / sq to about 50 ohms / sq , about 15 ohms / sq to 
about 55 ohms / sq , about 15 ohms / sq to about 60 ohms / sq , 
about 15 ohms / sq to about 65 ohms / sq , about 15 ohms / sq to 
about 70 ohms / sq , about 20 ohms / sq to about 25 ohms / sq , 
about 20 ohms / sq to about 30 ohms / sq , about 20 ohms / sq to 
about 35 ohms / sq , about 20 ohms / sq to about 40 ohms / sq , 
about 20 ohms / sq to about 45 ohms / sq , about 20 ohms / sq to 
about 50 ohms / sq , about 20 ohms / sq to about 55 ohms / sq , 
about 20 ohms / sq to about 60 ohms / sq , about 20 ohms / sq to 
about 65 ohms / sq , about 20 ohms / sq to about 70 ohms / sq , 
about 25 ohms / sq to about 30 ohms / sq , about 25 ohms / sq to 
about 35 ohms / sq , about 25 ohms / sq to about 40 ohms / sq , 
about 25 ohms / sq to about 45 ohms / sq , about 25 ohms / sq to 
about 50 ohms / sq , about 25 ohms / sq to about 55 ohms / sq , 
about 25 ohms / sq to about 60 ohms / sq , about 25 ohms / sq to 
about 65 ohms / sq , about 25 ohms / sq to about 70 ohms / sq , 
about 30 ohms / sq to about 35 ohms / sq , about 30 ohms / sq to 
about 40 ohms / sq , about 30 ohms / sq to about 45 ohms / sq , 
about 30 ohms / sq to about 50 ohms / sq , about 30 ohms / sq to 
about 55 ohms / sq , about 30 ohms / sq to about 60 ohms / sq , 
about 30 ohms / sq to about 65 ohms / sq , about 30 ohms / sq to 
about 70 ohms / sq , about 35 ohms / sq to about 40 ohms / sq , 
about 35 ohms / sq to about 45 ohms / sq , about 35 ohms / sq to 
about 50 ohms / sq , about 35 ohms / sq to about 55 ohms / sq , 
about 35 ohms / sq to about 60 ohms / sq , about 35 ohms / sq to 
about 65 ohms / sq , about 35 ohms / sq to about 70 ohms / sq , 
about 40 ohms / sq to about 45 ohms / sq , about 40 ohms / sq to 
about 50 ohms / sq , about 40 ohms / sq to about 55 ohms / sq , 
about 40 ohms / sq to about 60 ohms / sq , about 40 ohms / sq to 
about 65 ohms / sq , about 40 ohms / sq to about 70 ohms / sq , 
about 45 ohms / sq to about 50 ohms / sq , about 45 ohms / sq to 
about 55 ohms / sq , about 45 ohms / sq to about 60 ohms / sq , 
about 45 ohms / sq to about 65 ohms / sq , about 45 ohms / sq to 
about 70 ohms / sq , about 50 ohms / sq to about 55 ohms / sq , 
about 50 ohms / sq to about 60 ohms / sq , about 50 ohms / sq to 
about 65 ohms / sq , about 50 ohms / sq to about 70 ohms / sq , 
about 55 ohms / sq to about 60 ohms / sq , about 55 ohms / sq to 
about 65 ohms / sq , about 55 ohms / sq to about 70 ohms / sq , 
about 60 ohms / sq to about 65 ohms / sq , about 60 ohms / sq to 
about 70 ohms / sq , or about 65 ohms / sq to about 70 ohms / sq . 
Optionally , in some embodiments , the graphene film has a 
thickness of about 30 micrometers and has a sheet resistance 
of about 15 ohms / sq , about 20 ohms / sq , about 25 ohms / sq , 
about 30 ohms / sq , about 35 ohms / sq , about 40 ohms / sq , 
about 45 ohms / sq , about 50 ohms / sq , about 55 ohms / sq , 
about 60 ohms / sq , about 65 ohms / sq , or about 70 ohms / sq . 
Optionally , in some embodiments , the graphene film has a 
thickness of about 30 micrometers and has a sheet resistance 
of at least about 15 ohms / sq , about 20 ohms / sq , about 25 
ohms / sq , about 30 ohms / sq , about 35 ohms / sq , about 40 
ohms / sq , about 45 ohms / sq , about 50 ohms / sq , about 55 
ohms / sq , about 60 ohms / sq , about 65 ohms / sq , or about 70 
ohms / sq . Optionally , in some embodiments , the graphene 
film has a thickness of about 30 micrometers and has a sheet 
resistance of no more than about 15 ohms / sq , about 20 
ohms / sq , about 25 ohms / sq , about 30 ohms / sq , about 35 
ohms / sq , about 40 ohms / sq , about 45 ohms / sq , about 50 
ohms / sq , about 55 ohms / sq , about 60 ohms / sq , about 65 
ohms / sq , or about 70 ohms / sq . 
[ 0066 ] Optionally , in some embodiments , the graphene 
film has a thickness of about 40 micrometers and has a sheet 
resistance of about 12 ohms / sq to about 50 ohms / sq . Option 
ally , in some embodiments , the graphene film has a thick 

ness of about 40 micrometers and has a sheet resistance of 
at least about 12 ohms / sq . Optionally , in some embodiments , 
the graphene film has a thickness of about 40 micrometers 
and has a sheet resistance of at most about 50 ohms / sq . 
Optionally , in some embodiments , the graphene film has a 
thickness of about 40 micrometers and has a sheet resistance 
of about 12 ohms / sq to about 15 ohms / sq , about 12 ohms / sq 
to about 20 ohms / sq , about 12 ohms / sq to about 25 ohms / sq , 
about 12 ohms / sq to about 30 ohms / sq , about 12 ohms / sq to 
about 35 ohms / sq , about 12 ohms / sq to about 40 ohms / sq , 
about 12 ohms / sq to about 45 ohms / sq , about 12 ohms / sq to 
about 50 ohms / sq , about 15 ohms / sq to about 20 ohms / sq , 
about 15 ohms / sq to about 25 ohms / sq , about 15 ohms / sq to 
about 30 ohms / sq , about 15 ohms / sq to about 35 ohms / sq , 
about 15 ohms / sq to about 40 ohms / sq , about 15 ohms / sq to 
about 45 ohms / sq , about 15 ohms / sq to about 50 ohms / sq , 
about 20 ohms / sq to about 25 ohms / sq , about 20 ohms / sq to 
about 30 ohms / sq , about 20 ohms / sq to about 35 ohms / sq , 
about 20 ohms / sq to about 40 ohms / sq , about 20 ohms / sq to 
about 45 ohms / sq , about 20 ohms / sq to about 50 ohms / sq , 
about 25 ohms / sq to about 30 ohms / sq , about 25 ohms / sq to 
about 35 ohms / sq , about 25 ohms / sq to about 40 ohms / sq , 
about 25 ohms / sq to about 45 ohms / sq , about 25 ohms / sq to 
about 50 ohms / sq , about 30 ohms / sq to about 35 ohms / sq , 
about 30 ohms / sq to about 40 ohms / sq , about 30 ohms / sq to 
about 45 ohms / sq , about 30 ohms / sq to about 50 ohms / sq , 
about 35 ohms / sq to about 40 ohms / sq , about 35 ohms / sq to 
about 45 ohms / sq , about 35 ohms / sq to about 50 ohms / sq , 
about 40 ohms / sq to about 45 ohms / sq , about 40 ohms / sq to 
about 50 ohms / sq , or about 45 ohms / sq to about 50 ohms / sq . 
Optionally , in some embodiments , the graphene film has a 
thickness of about 40 micrometers and has a sheet resistance 
of about 12 ohms / sq , about 15 ohms / sq , about 20 ohms / sq , 
about 25 ohms / sq , about 30 ohms / sq , about 35 ohms / sq , 
about 40 ohms / sq , about 45 ohms / sq , or about 50 ohms / sq . 
Optionally , in some embodiments , the graphene film has a 
thickness of about 40 micrometers and has a sheet resistance 
of at least about 12 ohms / sq , about 15 ohms / sq , about 20 
ohms / sq , about 25 ohms / sq , about 30 ohms / sq , about 35 
ohms / sq , about 40 ohms / sq , about 45 ohms / sq , or about 50 
ohms / sq . Optionally , in some embodiments , the graphene 
film has a thickness of about 40 micrometers and has a sheet 
resistance of no more than about 12 ohms / sq , about 15 
ohms / sq , about 20 ohms / sq , about 25 ohms / sq , about 30 
ohms / sq , about 35 ohms / sq , about 40 ohms / sq , about 45 
ohms / sq , or about 50 ohms / sq . 
[ 0067 ) Optionally , in some embodiments , the binder com 
prises polyvinylidene fluoride ( PVDF ) , wherein the solvent 
comprises N - methyl - 2 - pyrrolidone ( NMP ) , and wherein the 
graphene film has a thickness of about 200 micrometers , the 
graphene film has a sheet resistance of about 35 ohms / sq to 
about 140 ohms / sq . Optionally , in some embodiments , 
wherein the binder comprises PVDF , wherein the solvent 
comprises NMP , and wherein the graphene film has a 
thickness of about 200 micrometers , the graphene film has 
a sheet resistance of at least about 35 ohms / sq . Optionally , 
in some embodiments , wherein the binder comprises PVDF , 
wherein the solvent comprises NMP , and wherein the gra 
phene film has a thickness of about 200 micrometers , the 
graphene film has a sheet resistance of at most about 140 
ohms / sq . Optionally , in some embodiments , wherein the 
binder comprises PVDF , wherein the solvent comprises 
NMP , and wherein the graphene film has a thickness of 
about 200 micrometers , the graphene film has a sheet 
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resistance of about 35 ohms / sq to about 40 ohms / sq , about 
35 ohms / sq to about 45 ohms / sq , about 35 ohms / sq to about 
50 ohms / sq , about 35 ohms / sq to about 70 ohms / sq , about 35 
ohms / sq to about 80 ohms / sq , about 35 ohms / sq to about 90 
ohms / sq , about 35 ohms / sq to about 100 ohms / sq , about 35 
ohms / sq to about 110 ohms / sq , about 35 ohms / sq to about 
120 ohms / sq , about 35 ohms / sq to about 130 ohms / sq , about 
35 ohms / sq to about 140 ohms / sq , about 40 ohms / sq to about 
45 ohms / sq , about 40 ohms / sq to about 50 ohms / sq , about 40 
ohms / sq to about 70 ohms / sq , about 40 ohms / sq to about 80 
ohms / sq , about 40 ohms / sq to about 90 ohms / sq , about 40 
ohms / sq to about 100 ohms / sq , about 40 ohms / sq to about 
110 ohms / sq , about 40 ohms / sq to about 120 ohms / sq , about 
40 ohms / sq to about 130 ohms / sq , about 40 ohms / sq to about 
140 ohms / sq , about 45 ohms / sq to about 50 ohms / sq , about 
45 ohms / sq to about 70 ohms / sq , about 45 ohms / sq to about 
80 ohms / sq , about 45 ohms / sq to about 90 ohms / sq , about 45 
ohms / sq to about 100 ohms / sq , about 45 ohms / sq to about 
110 ohms / sq , about 45 ohms / sq to about 120 ohms / sq , about 
45 ohms / sq to about 130 ohms / sq , about 45 ohms / sq to about 
140 ohms / sq , about 50 ohms / sq to about 70 ohms / sq , about 
50 ohms / sq to about 80 ohms / sq , about 50 ohms / sq to about 
90 ohms / sq , about 50 ohms / sq to about 100 ohms / sq , about 
50 ohms / sq to about 110 ohms / sq , about 50 ohms / sq to about 
120 ohms / sq , about 50 ohms / sq to about 130 ohms / sq , about 
50 ohms / sq to about 140 ohms / sq , about 70 ohms / sq to about 
80 ohms / sq , about 70 ohms / sq to about 90 ohms / sq , about 70 
ohms / sq to about 100 ohms / sq , about 70 ohms / sq to about 
110 ohms / sq , about 70 ohms / sq to about 120 ohms / sq , about 
70 ohms / sq to about 130 ohms / sq , about 70 ohms / sq to about 
140 ohms / sq , about 80 ohms / sq to about 90 ohms / sq , about 
80 ohms / sq to about 100 ohms / sq , about 80 ohms / sq to about 
110 ohms / sq , about 80 ohms / sq to about 120 ohms / sq , about 
80 ohms / sq to about 130 ohms / sq , about 80 ohms / sq to about 
140 ohms / sq , about 90 ohms / sq to about 100 ohms / sq , about 
90 ohms / sq to about 110 ohms / sq , about 90 ohms / sq to about 
120 ohms / sq , about 90 ohms / sq to about 130 ohms / sq , about 
90 ohms / sq to about 140 ohms / sq , about 100 ohms / sq to 
about 110 ohms / sq , about 100 ohms / sq to about 120 ohms / 
sq , about 100 ohms / sq to about 130 ohms / sq , about 100 
ohms / sq to about 140 ohms / sq , about 110 ohms / sq to about 
120 ohms / sq , about 110 ohms / sq to about 130 ohms / sq , 
about 110 ohms / sq to about 140 ohms / sq , about 120 ohms / sq 
to about 130 ohms / sq , about 120 ohms / sq to about 140 
ohms / sq , or about 130 ohms / sq to about 140 ohms / sq . 
Optionally , in some embodiments , wherein the binder com 
prises PVDF , wherein the solvent comprises NMP , and 
wherein the graphene film has a thickness of about 200 
micrometers , the graphene film has a sheet resistance of 
about 35 ohms / sq , about 40 ohms / sq , about 45 ohms / sq , 
about 50 ohms / sq , about 70 ohms / sq , about 80 ohms / sq , 
about 90 ohms / sq , about 100 ohms / sq , about 110 ohms / sq , 
about 120 ohms / sq , about 130 ohms / sq , or about 140 ohms / 
sq . Optionally , in some embodiments , wherein the binder 
comprises PVDF , wherein the solvent comprises NMP , and 
wherein the graphene film has a thickness of about 200 
micrometers , the graphene film has a sheet resistance of at 
least about 35 ohms / sq , about 40 ohms / sq , about 45 ohms / 
sq , about 50 ohms / sq , about 70 ohms / sq , about 80 ohms / sq , 
about 90 ohms / sq , about 100 ohms / sq , about 110 ohms / sq , 
about 120 ohms / sq , about 130 ohms / sq , or about 140 ohms / 
sq . Optionally , in some embodiments , wherein the binder 
comprises PVDF , wherein the solvent comprises NMP , and 
wherein the graphene film has a thickness of about 200 

micrometers , the graphene film has a sheet resistance of no 
more than about 35 ohms / sq , about 40 ohms / sq , about 45 
ohms / sq , about 50 ohms / sq , about 70 ohms / sq , about 80 
ohms / sq , about 90 ohms / sq , about 100 ohms / sq , about 110 
ohms / sq , about 120 ohms / sq , about 130 ohms / sq , or about 
140 ohms / sq . 
[ 0068 ] Optionally , in some embodiments , the graphene 
film has a resistivity of about 0 . 01 ohm / sq / mil to about 60 
ohms / sq / mil . Optionally , in some embodiments , the gra 
phene film has a resistivity of at least about 0 . 01 ohm / sq / mil . 
Optionally , in some embodiments , the graphene film has a 
resistivity of at most about 60 ohm / sq / mil . Optionally , in 
some embodiments , the graphene film has a resistivity of 
about 0 . 01 ohm / sq / mil to about 0 . 05 ohm / sq / mil , about 0 . 01 
ohm / sq / mil to about 0 . 1 ohm / sq / mil , about 0 . 01 ohm / sq / mil 
to about 0 . 5 ohm / sq / mil , about 0 . 01 ohm / sq / mil to about 1 
ohm / sq / mil , about 0 . 01 ohm / sq / mil to about 5 ohms / sq / mil , 
about 0 . 01 ohm / sq / mil to about 10 ohms / sq / mil , about 0 . 01 
ohm / sq / mil to about 20 ohms / sq / mil , about 0 . 01 ohm / sq / mil 
to about 30 ohms / sq / mil , about 0 . 01 ohm / sq / mil to about 40 
ohms / sq / mil , about 0 . 01 ohm / sq / mil to about 50 ohms / sq / 
mil , about 0 . 01 ohm / sq / mil to about 60 ohms / sq / mil , about 
0 . 05 ohm / sq / mil to about 0 . 1 ohm / sq / mil , about 0 . 05 ohm / 
sq / mil to about 0 . 5 ohm / sq / mil , about 0 . 05 ohm / sq / mil to 
about 1 ohm / sq / mil , about 0 . 05 ohm / sq / mil to about 5 
ohms / sq / mil , about 0 . 05 ohm / sq / mil to about 10 ohms / sq / 
mil , about 0 . 05 ohm / sq / mil to about 20 ohms / sq / mil , about 
0 . 05 ohm / sq / mil to about 30 ohms / sq / mil , about 0 . 05 ohm / 
sq / mil to about 40 ohms / sq / mil , about 0 . 05 ohm / sq / mil to 
about 50 ohms / sq / mil , about 0 . 05 ohm / sq / mil to about 60 
ohms / sq / mil , about 0 . 1 ohm / sq / mil to about 0 . 5 ohm / sq / mil , 
about 0 . 1 ohm / sq / mil to about 1 ohm / sq / mil , about 0 . 1 
ohm / sq / mil to about 5 ohms / sq / mil , about 0 . 1 ohm / sq / mil to 
about 10 ohms / sq / mil , about 0 . 1 ohm / sq / mil to about 20 
ohms / sq / mil , about 0 . 1 ohm / sq / mil to about 30 ohms / sq / mil , 
about 0 . 1 ohm / sq / mil to about 40 ohms / sq / mil , about 0 . 1 
ohm / sq / mil to about 50 ohms / sq / mil , about 0 . 1 ohm / sq / mil 

t o about 60 ohms / sq / mil , about 0 . 5 ohm / sq / mil to about 1 
ohm / sq / mil , about 0 . 5 ohm / sq / mil to about 5 ohms / sq / mil , 
about 0 . 5 ohm / sq / mil to about 10 ohms / sq / mil , about 0 . 5 
ohm / sq / mil to about 20 ohms / sq / mil , about 0 . 5 ohm / sq / mil 
to about 30 ohms / sq / mil , about 0 . 5 ohm / sq / mil to about 40 

o hms / sq / mil , about 0 . 5 ohm / sq / mil to about 50 ohms / sq / mil , 
about 0 . 5 ohm / sq / mil to about 60 ohms / sq / mil , about 1 
ohm / sq / mil to about 5 ohms / sq / mil , about 1 ohm / sq / mil to 
about 10 ohms / sq / mil , about 1 ohm / sq / mil to about 20 
ohms / sq / mil , about 1 ohm / sq / mil to about 30 ohms / sq / mil , 
about 1 ohm / sq / mil to about 40 ohms / sq / mil , about 1 ohm / 
sq / mil to about 50 ohms / sq / mil , about 1 ohm / sq / mil to about 
60 ohms / sq / mil , about 5 ohms / sq / mil to about 10 ohms / sq / 
mil , about 5 ohms / sq / mil to about 20 ohms / sq / mil , about 5 
ohms / sq / mil to about 30 ohms / sq / mil , about 5 ohms / sq / mil 
to about 40 ohms / sq / mil , about 5 ohms / sq / mil to about 50 
ohms / sq / mil , about 5 ohms / sq / mil to about 60 ohms / sq / mil , 
about 10 ohms / sq / mil to about 20 ohms / sq / mil , about 10 
ohms / sq / mil to about 30 ohms / sq / mil , about 10 ohms / sq / mil 
to about 40 ohms / sq / mil , about 10 ohms / sq / mil to about 50 
ohms / sq / mil , about 10 ohms / sq / mil to about 60 ohms / sq / mil , 
about 20 ohms / sq / mil to about 30 ohms / sq / mil , about 20 
ohms / sq / mil to about 40 ohms / sq / mil , about 20 ohms / sq / mil 
to about 50 ohms / sq / mil , about 20 ohms / sq / mil to about 60 
ohms / sq / mil , about 30 ohms / sq / mil to about 40 ohms / sq / mil , 
about 30 ohms / sq / mil to about 50 ohms / sq / mil , about 30 
ohms / sq / mil to about 60 ohms / sq / mil , about 40 ohms / sq / mil 
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to about 50 ohms / sq / mil , about 40 ohms / sq / mil to about 60 
ohms / sq / mil , or about 50 ohms / sq / mil to about 60 ohms / sq / 
mil . Optionally , in some embodiments , the graphene film has 
a resistivity of about 0 . 01 ohms / sq / mil , about 0 . 05 ohms / 
sg / mil , about 0 . 1 ohms / sq / mil , about 0 . 5 ohms / sq / mil , about 
1 ohm / sq / mil , about 5 ohms / sq / mil , about 10 ohms / sq / mil , 
about 20 ohms / sq / mil , about 30 ohms / sq / mil , about 40 
ohms / sq / mil , about 50 ohms / sq / mil , or about 60 ohms / sq / 
mil . Optionally , in some embodiments , the graphene film has 
a resistivity of at least about 0 . 01 ohms / sq / mil , about 0 . 05 
ohms / sq / mil , about 0 . 1 ohms / sq / mil , about 0 . 5 ohms / sq / mil , 
about 1 ohm / sq / mil , about 5 ohms / sq / mil , about 10 ohms / 
sq / mil , about 20 ohms / sq / mil , about 30 ohms / sq / mil , about 
40 ohms / sq / mil , about 50 ohms / sq / mil , or about 60 ohms / 
sq / mil . Optionally , in some embodiments , the graphene film 
has a resistivity of at most about 0 . 01 ohms / sq / mil , about 
0 . 05 ohms / sq / mil , about 0 . 1 ohms / sq / mil , about 0 . 5 ohms 
sq / mil , about 1 ohm / sq / mil , about 5 ohms / sq / mil , about 10 
ohms / sq / mil , about 20 ohms / sq / mil , about 30 ohms / sq / mil , 
about 40 ohms / sq / mil , about 50 ohms / sq / mil , or about 60 
ohms / sq / mil . 
[ 0069 ] Optionally , in some embodiments , the resistance of 
the graphene film changes while bent by about 0 . 2 % to about 
0 . 8 % . Optionally , in some embodiments , the resistance of 
the graphene film changes while bent by at least about 0 . 2 % . 
Optionally , in some embodiments , the resistance of the 
graphene film changes while bent by at most about 0 . 8 % . 
Optionally , in some embodiments , the resistance of the 
graphene film changes while bent by about 0 . 2 % to about 
0 . 3 % , about 0 . 2 % to about 0 . 4 % , about 0 . 2 % to about 0 . 5 % , 
about 0 . 2 % to about 0 . 6 % , about 0 . 2 % to about 0 . 7 % , about 
0 . 2 % to about 0 . 8 % , about 0 . 3 % to about 0 . 4 % , about 0 . 3 % 
to about 0 . 5 % , about 0 . 3 % to about 0 . 6 % , about 0 . 3 % to 
about 0 . 7 % , about 0 . 3 % to about 0 . 8 % , about 0 . 4 % to about 
0 . 5 % , about 0 . 4 % to about 0 . 6 % , about 0 . 4 % to about 0 . 7 % , 
about 0 . 4 % to about 0 . 8 % , about 0 . 5 % to about 0 . 6 % , about 
0 . 5 % to about 0 . 7 % , about 0 . 5 % to about 0 . 8 % , about 0 . 6 % 
to about 0 . 7 % , about 0 . 6 % to about 0 . 8 % , or about 0 . 7 % to 
about 0 . 8 % . Optionally , in some embodiments , the resis 
tance of the graphene film changes while bent by about 
0 . 2 % , about 0 . 3 % , about 0 . 4 % , about 0 . 5 % , about 0 . 6 % , 
about 0 . 7 % , or about 0 . 8 % . Optionally , in some embodi 
ments , the resistance of the graphene film changes while 
bent by at least about 0 . 2 % , about 0 . 3 % , about 0 . 4 % , about 
0 . 5 % , about 0 . 6 % , about 0 . 7 % , or about 0 . 8 % . Optionally , in 
some embodiments , the resistance of the graphene film 
changes while bent by no more than about 0 . 2 % , about 
0 . 3 % , about 0 . 4 % , about 0 . 5 % , about 0 . 6 % , about 0 . 7 % , or 
about 0 . 8 % . 
[ 0070 ] Optionally , in some embodiments , the resistance of 
the graphene film changes while twisted in a spiral with a 
bending degree of about 18 by about 0 . 7 % to about 3 . 2 % . 
Optionally , in some embodiments , the resistance of the 
graphene film changes while twisted in a spiral with a 
bending degree of about 18 by at least about 0 . 7 % . Option 
ally , in some embodiments , the resistance of the graphene 
film changes while twisted in a spiral with a bending degree 
of about 18 by at most about 3 . 2 % . Optionally , in some 
embodiments , the resistance of the graphene film changes 
while twisted in a spiral with a bending degree of about 18 
by about 0 . 7 % to about 0 . 9 % , about 0 . 7 % to about 1 . 2 % , 
about 0 . 7 % to about 1 . 5 % , about 0 . 7 % to about 1 . 8 % , about 
0 . 7 % to about 2 . 1 % , about 0 . 7 % to about 2 . 4 % , about 0 . 7 % 
to about 2 . 7 % , about 0 . 7 % to about 3 % , about 0 . 7 % to about 

3 . 2 % , about 0 . 9 % to about 1 . 2 % , about 0 . 9 % to about 1 . 5 % , 
about 0 . 9 % to about 1 . 8 % , about 0 . 9 % to about 2 . 1 % , about 
0 . 9 % to about 2 . 4 % , about 0 . 9 % to about 2 . 7 % , about 0 . 9 % 
to about 3 % , about 0 . 9 % to about 3 . 2 % , about 1 . 2 % to about 
1 . 5 % , about 1 . 2 % to about 1 . 8 % , about 1 . 2 % to about 2 . 1 % , 
about 1 . 2 % to about 2 . 4 % , about 1 . 2 % to about 2 . 7 % , about 
1 . 2 % to about 3 % , about 1 . 2 % to about 3 . 2 % , about 1 . 5 % to 
about 1 . 8 % , about 1 . 5 % to about 2 . 1 % , about 1 . 5 % to about 
2 . 4 % , about 1 . 5 % to about 2 . 7 % , about 1 . 5 % to about 3 % , 
about 1 . 5 % to about 3 . 2 % , about 1 . 8 % to about 2 . 1 % , about 
1 . 8 % to about 2 . 4 % , about 1 . 8 % to about 2 . 7 % , about 1 . 8 % 
to about 3 % , about 1 . 8 % to about 3 . 2 % , about 2 . 1 % to about 
2 . 4 % , about 2 . 1 % to about 2 . 7 % , about 2 . 1 % to about 3 % , 
about 2 . 1 % to about 3 . 2 % , about 2 . 4 % to about 2 . 7 % , about 
2 . 4 % to about 3 % , about 2 . 4 % to about 3 . 2 % , about 2 . 7 % to 
about 3 % , about 2 . 7 % to about 3 . 2 % , or about 3 % to about 
3 . 2 % . Optionally , in some embodiments , the resistance of 
the graphene film changes while twisted in a spiral with a 
bending degree of about 18 by about 0 . 7 % , about 0 . 9 % , 
about 1 . 2 % , about 1 . 5 % , about 1 . 8 % , about 2 . 1 % , about 
2 . 4 % , about 2 . 7 % , about 3 % , or about 3 . 2 % . Optionally , in 
some embodiments , the resistance of the graphene film 
changes while twisted in a spiral with a bending degree of 
about 18 by at least about 0 . 7 % , about 0 . 9 % , about 1 . 2 % , 
about 1 . 5 % , about 1 . 8 % , about 2 . 1 % , about 2 . 4 % , about 
2 . 7 % , about 3 % , or about 3 . 2 % . Optionally , in some 
embodiments , the resistance of the graphene film changes 
while twisted in a spiral with a bending degree of about 18 
by no more than about 0 . 7 % , about 0 . 9 % , about 1 . 2 % , about 
1 . 5 % , about 1 . 8 % , about 2 . 1 % , about 2 . 4 % , about 2 . 7 % , 
about 3 % , or about 3 . 2 % . 
[ 0071 ] Optionally , in some embodiments , bending the 
graphene film at an angle of about 180 degrees and at a 
concave radius of about 2 millimeters changes the resistance 
of the graphene film by about 0 . 05 % to about 0 . 2 % . Option 
ally , in some embodiments , bending the graphene film at an 
angle of about 180 degrees and at a concave radius of about 
2 millimeters changes the resistance of the graphene film by 
at least about 0 . 05 % . Optionally , in some embodiments , 
bending the graphene film at an angle of about 180 degrees 
and at a concave radius of about 2 millimeters changes the 
resistance of the graphene film by at most about 0 . 2 % . 
Optionally , in some embodiments , bending the graphene 
film at an angle of about 180 degrees and at a concave radius 
of about 2 millimeters changes the resistance of the gra 
phene film by about 0 . 05 % to about 0 . 0625 % , about 0 . 05 % 
to about 0 . 075 % , about 0 . 05 % to about 0 . 1 % , about 0 . 05 % 
to about 0 . 1125 % , about 0 . 05 % to about 0 . 125 % , about 
0 . 05 % to about 0 . 1375 % , about 0 . 05 % to about 0 . 15 % , 
about 0 . 05 % to about 0 . 1625 % , about 0 . 05 % to about 
0 . 175 % , about 0 . 05 % to about 0 . 1875 % , about 0 . 05 % to 
about 0 . 2 % , about 0 . 0625 % to about 0 . 075 % , about 
0 . 0625 % to about 0 . 1 % , about 0 . 0625 % to about 0 . 1125 % , 
about 0 . 0625 % to about 0 . 125 % , about 0 . 0625 % to about 
0 . 1375 % , about 0 . 0625 % to about 0 . 15 % , about 0 . 0625 % to 
about 0 . 1625 % , about 0 . 0625 % to about 0 . 175 % , about 
0 . 0625 % to about 0 . 1875 % , about 0 . 0625 % to about 0 . 2 % , 
about 0 . 075 % to about 0 . 1 % , about 0 . 075 % to about 
0 . 1125 % , about 0 . 075 % to about 0 . 125 % , about 0 . 075 % to 
about 0 . 1375 % , about 0 . 075 % to about 0 . 15 % , about 
0 . 075 % to about 0 . 1625 % , about 0 . 075 % to about 0 . 175 % , 
about 0 . 075 % to about 0 . 1875 % , about 0 . 075 % to about 
0 . 2 % , about 0 . 1 % to about 0 . 1125 % , about 0 . 1 % to about 
0 . 125 % , about 0 . 1 % to about 0 . 1375 % , about 0 . 1 % to about 
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0 . 15 % , about 0 . 1 % to about 0 . 1625 % , about 0 . 1 % to about 
0 . 175 % , about 0 . 1 % to about 0 . 1875 % , about 0 . 1 % to about 
0 . 2 % , about 0 . 1125 % to about 0 . 125 % , about 0 . 1125 % to 
about 0 . 1375 % , about 0 . 1125 % to about 0 . 15 % , about 
0 . 1125 % to about 0 . 1625 % , about 0 . 1125 % to about 
0 . 175 % , about 0 . 1125 % to about 0 . 1875 % , about 0 . 1125 % 
to about 0 . 2 % , about 0 . 125 % to about 0 . 1375 % , about 
0 . 125 % to about 0 . 15 % , about 0 . 125 % to about 0 . 1625 % , 
about 0 . 125 % to about 0 . 175 % , about 0 . 125 % to about 
0 . 1875 % , about 0 . 125 % to about 0 . 2 % , about 0 . 1375 % to 
about 0 . 15 % , about 0 . 1375 % to about 0 . 1625 % , about 
0 . 1375 % to about 0 . 175 % , about 0 . 1375 % to about 
0 . 1875 % , about 0 . 1375 % to about 0 . 2 % , about 0 . 15 % to 
about 0 . 1625 % , about 0 . 15 % to about 0 . 175 % , about 0 . 15 % 
to about 0 . 1875 % , about 0 . 15 % to about 0 . 2 % , about 
0 . 1625 % to about 0 . 175 % , about 0 . 1625 % to about 
0 . 1875 % , about 0 . 1625 % to about 0 . 2 % , about 0 . 175 % to 
about 0 . 1875 % , about 0 . 175 % to about 0 . 2 % , or about 
0 . 1875 % to about 0 . 2 % . Optionally , in some embodiments , 
bending the graphene film at an angle of about 180 degrees 
and at a concave radius of about 2 millimeters changes the 
resistance of the graphene film by about 0 . 05 % , about 
0 . 0625 % , about 0 . 075 % , about 0 . 1 % , about 0 . 1125 % , about 
0 . 125 % , about 0 . 1375 % , about 0 . 15 % , about 0 . 1625 % , 
about 0 . 175 % , about 0 . 1875 % , or about 0 . 2 % . Optionally , in 
some embodiments , bending the graphene film at an angle of 
about 180 degrees and at a concave radius of about 2 
millimeters changes the resistance of the graphene film by at 
least about 0 . 05 % , about 0 . 0625 % , about 0 . 075 % , about 
0 . 1 % , about 0 . 1125 % , about 0 . 125 % , about 0 . 1375 % , about 
0 . 15 % , about 0 . 1625 % , about 0 . 175 % , about 0 . 1875 % , or 
about 0 . 2 % . Optionally , in some embodiments , bending the 
graphene film at an angle of about 180 degrees and at a 
concave radius of about 2 millimeters changes the resistance 
of the graphene film by no more than about 0 . 05 % , about 
0 . 0625 % , about 0 . 075 % , about 0 . 1 % , about 0 . 1125 % , about 
0 . 125 % , about 0 . 1375 % , about 0 . 15 % , about 0 . 1625 % , 
about 0 . 175 % , about 0 . 1875 % , or about 0 . 2 % . 
[ 0072 ] Optionally , in some embodiments , bending the 
graphene film at an angle of about 180 degrees and at a 
convex radius of about 1 . 75 millimeters changes the resis 
tance of the graphene film by about 0 . 2 % to about 1 . 25 % . 
Optionally , in some embodiments , bending the graphene 
film at an angle of about 180 degrees and at a convex radius 
of about 1 . 75 millimeters changes the resistance of the 
graphene film by at least about 0 . 2 % . Optionally , in some 
embodiments , bending the graphene film at an angle of 
about 180 degrees and at a convex radius of about 1 . 75 
millimeters changes the resistance of the graphene film by at 
most about 1 . 25 % . Optionally , in some embodiments , bend 
ing the graphene film at an angle of about 180 degrees and 
at a convex radius of about 1 . 75 millimeters changes the 
resistance of the graphene film by about 0 . 375 % to about 
0 . 5 % , about 0 . 375 % to about 0 . 625 % , about 0 . 375 % to 
about 0 . 75 % , about 0 . 375 % to about 0 . 875 % , about 0 . 375 % 
to about 1 % , about 0 . 375 % to about 1 . 125 % , about 0 . 375 % 
to about 1 . 25 % , about 0 . 375 % to about 0 . 2 % , about 0 . 5 % to 
about 0 . 625 % , about 0 . 5 % to about 0 . 75 % , about 0 . 5 % to 
about 0 . 875 % , about 0 . 5 % to about 1 % , about 0 . 5 % to about 
1 . 125 % , about 0 . 5 % to about 1 . 25 % , about 0 . 5 % to about 
0 . 2 % , about 0 . 625 % to about 0 . 75 % , about 0 . 625 % to about 
0 . 875 % , about 0 . 625 % to about 1 % , about 0 . 625 % to about 
1 . 125 % , about 0 . 625 % to about 1 . 25 % , about 0 . 625 % to 
about 0 . 2 % , about 0 . 75 % to about 0 . 875 % , about 0 . 75 % to 

about 1 % , about 0 . 75 % to about 1 . 125 % , about 0 . 75 % to 
about 1 . 25 % , about 0 . 75 % to about 0 . 2 % , about 0 . 875 % to 
about 1 % , about 0 . 875 % to about 1 . 125 % , about 0 . 875 % to 
about 1 . 25 % , about 0 . 875 % to about 0 . 2 % , about 1 % to 
about 1 . 125 % , about 1 % to about 1 . 25 % , about 1 % to about 
0 . 2 % , about 1 . 125 % to about 1 . 25 % , about 1 . 125 % to about 
0 . 2 % , or about 1 . 25 % to about 0 . 2 % . Optionally , in some 
embodiments , bending the graphene film at an angle of 
about 180 degrees and at a convex radius of about 1 . 75 
millimeters changes the resistance of the graphene film by 
about 0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , 
about 0 . 875 % , about 1 % , about 1 . 125 % , or about 1 . 25 % . 
Optionally , in some embodiments , bending the graphene 
film at an angle of about 180 degrees and at a convex radius 
of about 1 . 75 millimeters changes the resistance of the 
graphene film by at least about 0 . 375 % , about 0 . 5 % , about 
0 . 625 % , about 0 . 75 % , about 0 . 875 % , about 1 % , about 
1 . 125 % , or about 1 . 25 % . Optionally , in some embodiments , 
bending the graphene film at an angle of about 180 degrees 
and at a convex radius of about 1 . 75 millimeters changes the 
resistance of the graphene film by no more than about 
0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , about 
0 . 875 % , about 1 % , about 1 . 125 % , or about 1 . 25 % . 
[ 0073 ] Optionally , in some embodiments , the resistance of 
the graphene changes after about 500 cycles of bending at a 
bending radius of about 10 millimeters by about 0 . 8 % to 
about 2 . 6 % . Optionally , in some embodiments , the resis 
tance of the graphene changes after about 500 cycles of 
bending at a bending radius of about 10 millimeters by at 
least about 0 . 8 % . Optionally , in some embodiments , the 
resistance of the graphene changes after about 500 cycles of 
bending at a bending radius of about 10 millimeters by at 
most about 2 . 6 % . Optionally , in some embodiments , the 
resistance of the graphene changes after about 500 cycles of 
bending at a bending radius of about 10 millimeters by about 
0 . 8 % to about 1 % , about 0 . 8 % to about 1 . 2 % , about 0 . 8 % to 
about 1 . 4 % , about 0 . 8 % to about 1 . 6 % , about 0 . 8 % to about 
1 . 8 % , about 0 . 8 % to about 2 % , about 0 . 8 % to about 2 . 2 % , 
about 0 . 8 % to about 2 . 4 % , about 0 . 8 % to about 2 . 6 % , about 
1 % to about 1 . 2 % , about 1 % to about 1 . 4 % , about 1 % to 
about 1 . 6 % , about 1 % to about 1 . 8 % , about 1 % to about 2 % , 
about 1 % to about 2 . 2 % , about 1 % to about 2 . 4 % , about 1 % 
to about 2 . 6 % , about 1 . 2 % to about 1 . 4 % , about 1 . 2 % to 
about 1 . 6 % , about 1 . 2 % to about 1 . 8 % , about 1 . 2 % to about 
2 % , about 1 . 2 % to about 2 . 2 % , about 1 . 2 % to about 2 . 4 % , 
about 1 . 2 % to about 2 . 6 % , about 1 . 4 % to about 1 . 6 % , about 
1 . 4 % to about 1 . 8 % , about 1 . 4 % to about 2 % , about 1 . 4 % to 
about 2 . 2 % , about 1 . 4 % to about 2 . 4 % , about 1 . 4 % to about 
2 . 6 % , about 1 . 6 % to about 1 . 8 % , about 1 . 6 % to about 2 % , 
about 1 . 6 % to about 2 . 2 % , about 1 . 6 % to about 2 . 4 % , about 
1 . 6 % to about 2 . 6 % , about 1 . 8 % to about 2 % , about 1 . 8 % to 
about 2 . 2 % , about 1 . 8 % to about 2 . 4 % , about 1 . 8 % to about 
2 . 6 % , about 2 % to about 2 . 2 % , about 2 % to about 2 . 4 % , 
about 2 % to about 2 . 6 % , about 2 . 2 % to about 2 . 4 % , about 
2 . 2 % to about 2 . 6 % , or about 2 . 4 % to about 2 . 6 % . Option 
ally , in some embodiments , the resistance of the graphene 
changes after about 500 cycles of bending at a bending 
radius of about 10 millimeters by about 0 . 8 % , about 1 % , 
about 1 . 2 % , about 1 . 4 % , about 1 . 6 % , about 1 . 8 % , about 2 % , 
about 2 . 2 % , about 2 . 4 % , or about 2 . 6 % . Optionally , in some 
embodiments , the resistance of the graphene changes after 
about 500 cycles of bending at a bending radius of about 10 
millimeters by at least about 0 . 8 % , about 1 % , about 1 . 2 % , 
about 1 . 4 % , about 1 . 6 % , about 1 . 8 % , about 2 % , about 2 . 2 % , 
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about 2 . 4 % , or about 2 . 6 % . Optionally , in some embodi 
ments , the resistance of the graphene changes after about 
500 cycles of bending at a bending radius of about 10 
millimeters by no more than about 0 . 8 % , about 1 % , about 
1 . 2 % , about 1 . 4 % , about 1 . 6 % , about 1 . 8 % , about 2 % , about 
2 . 2 % , about 2 . 4 % , or about 2 . 6 % . 
100741 Optionally , in some embodiments , the resistance of 
the graphene changes after about 1 , 000 cycles of bending at 
a bending radius of about 10 millimeters by about 0 . 8 % to 
about 2 . 6 % . Optionally , in some embodiments , the resis 
tance of the graphene changes after about 1 , 000 cycles of 
bending at a bending radius of about 10 millimeters by at 
least about 0 . 8 % . Optionally , in some embodiments , the 
resistance of the graphene changes after about 1 , 000 cycles 
of bending at a bending radius of about 10 millimeters by at 
most about 2 . 6 % . Optionally , in some embodiments , the 
resistance of the graphene changes after about 1 , 000 cycles 
of bending at a bending radius of about 10 millimeters by 
about 0 . 8 % to about 1 % , about 0 . 8 % to about 1 . 2 % , about 
0 . 8 % to about 1 . 4 % , about 0 . 8 % to about 1 . 6 % , about 0 . 8 % 
to about 1 . 8 % , about 0 . 8 % to about 2 % , about 0 . 8 % to about 
2 . 2 % , about 0 . 8 % to about 2 . 4 % , about 0 . 8 % to about 2 . 6 % , 
about 1 % to about 1 . 2 % , about 1 % to about 1 . 4 % , about 1 % 
to about 1 . 6 % , about 1 % to about 1 . 8 % , about 1 % to about 
2 % , about 1 % to about 2 . 2 % , about 1 % to about 2 . 4 % , about 
1 % to about 2 . 6 % , about 1 . 2 % to about 1 . 4 % , about 1 . 2 % to 
about 1 . 6 % , about 1 . 2 % to about 1 . 8 % , about 1 . 2 % to about 
2 % , about 1 . 2 % to about 2 . 2 % , about 1 . 2 % to about 2 . 4 % , 
about 1 . 2 % to about 2 . 6 % , about 1 . 4 % to about 1 . 6 % , about 
1 . 4 % to about 1 . 8 % , about 1 . 4 % to about 2 % , about 1 . 4 % to 
about 2 . 2 % , about 1 . 4 % to about 2 . 4 % , about 1 . 4 % to about 
2 . 6 % , about 1 . 6 % to about 1 . 8 % , about 1 . 6 % to about 2 % , 
about 1 . 6 % to about 2 . 2 % , about 1 . 6 % to about 2 . 4 % , about 
1 . 6 % to about 2 . 6 % , about 1 . 8 % to about 2 % , about 1 . 8 % to 
about 2 . 2 % , about 1 . 8 % to about 2 . 4 % , about 1 . 8 % to about 
2 . 6 % , about 2 % to about 2 . 2 % , about 2 % to about 2 . 4 % , 
about 2 % to about 2 . 6 % , about 2 . 2 % to about 2 . 4 % , about 
2 . 2 % to about 2 . 6 % , or about 2 . 4 % to about 2 . 6 % . Option 
ally , in some embodiments , the resistance of the graphene 
changes after about 1 , 000 cycles of bending at a bending 
radius of about 10 millimeters by about 0 . 8 % , about 1 % , 
about 1 . 2 % , about 1 . 4 % , about 1 . 6 % , about 1 . 8 % , about 2 % , 
about 2 . 2 % , about 2 . 4 % , or about 2 . 6 % . Optionally , in some 
embodiments , the resistance of the graphene changes after 
about 1 , 000 cycles of bending at a bending radius of about 
10 millimeters by at least about 0 . 8 % , about 1 % , about 
1 . 2 % , about 1 . 4 % , about 1 . 6 % , about 1 . 8 % , about 2 % , about 
2 . 2 % , about 2 . 4 % , or about 2 . 6 % . Optionally , in some 
embodiments , the resistance of the graphene changes after 
about 1 , 000 cycles of bending at a bending radius of about 
10 millimeters by no more than about 0 . 8 % , about 1 % , about 
1 . 2 % , about 1 . 4 % , about 1 . 6 % , about 1 . 8 % , about 2 % , about 
2 . 2 % , about 2 . 4 % , or about 2 . 6 % . 
[ 0075 ] Optionally , in some embodiments , the resistance of 
the graphene changes after about 2 , 000 cycles of bending at 
a bending radius of about 10 millimeters by about 0 . 8 % to 
about 2 . 6 % . Optionally , in some embodiments , the resis 
tance of the graphene changes after about 2 , 000 cycles of 
bending at a bending radius of about 10 millimeters by at 
least about 0 . 8 % . Optionally , in some embodiments , the 
resistance of the graphene changes after about 2 , 000 cycles 
of bending at a bending radius of about 10 millimeters by at 
most about 2 . 6 % . Optionally , in some embodiments , the 
resistance of the graphene changes after about 2 , 000 cycles 

of bending at a bending radius of about 10 millimeters by 
about 0 . 8 % to about 1 % , about 0 . 8 % to about 1 . 2 % , about 
0 . 8 % to about 1 . 4 % , about 0 . 8 % to about 1 . 6 % , about 0 . 8 % 
to about 1 . 8 % , about 0 . 8 % to about 2 % , about 0 . 8 % to about 
2 . 2 % , about 0 . 8 % to about 2 . 4 % , about 0 . 8 % to about 2 . 6 % , 
about 1 % to about 1 . 2 % , about 1 % to about 1 . 4 % , about 1 % 
to about 1 . 6 % , about 1 % to about 1 . 8 % , about 1 % to about 
2 % , about 1 % to about 2 . 2 % , about 1 % to about 2 . 4 % , about 
1 % to about 2 . 6 % , about 1 . 2 % to about 1 . 4 % , about 1 . 2 % to 
about 1 . 6 % , about 1 . 2 % to about 1 . 8 % , about 1 . 2 % to about 
2 % , about 1 . 2 % to about 2 . 2 % , about 1 . 2 % to about 2 . 4 % , 
about 1 . 2 % to about 2 . 6 % , about 1 . 4 % to about 1 . 6 % , about 
1 . 4 % to about 1 . 8 % , about 1 . 4 % to about 2 % , about 1 . 4 % to 
about 2 . 2 % , about 1 . 4 % to about 2 . 4 % , about 1 . 4 % to about 
2 . 6 % , about 1 . 6 % to about 1 . 8 % , about 1 . 6 % to about 2 % , 
about 1 . 6 % to about 2 . 2 % , about 1 . 6 % to about 2 . 4 % , about 
1 . 6 % to about 2 . 6 % , about 1 . 8 % to about 2 % , about 1 . 8 % to 
about 2 . 2 % , about 1 . 8 % to about 2 . 4 % , about 1 . 8 % to about 
2 . 6 % , about 2 % to about 2 . 2 % , about 2 % to about 2 . 4 % , 
about 2 % to about 2 . 6 % , about 2 . 2 % to about 2 . 4 % , about 
2 . 2 % to about 2 . 6 % , or about 2 . 4 % to about 2 . 6 % . Option 
ally , in some embodiments , the resistance of the graphene 
changes after about 2 , 000 cycles of bending at a bending 
radius of about 10 millimeters by about 0 . 8 % , about 1 % , 
about 1 . 2 % , about 1 . 4 % , about 1 . 6 % , about 1 . 8 % , about 2 % , 
about 2 . 2 % , about 2 . 4 % , or about 2 . 6 % . Optionally , in some 
embodiments , the resistance of the graphene changes after 
about 2 , 000 cycles of bending at a bending radius of about 
10 millimeters by at least about 0 . 8 % , about 1 % , about 
1 . 2 % , about 1 . 4 % , about 1 . 6 % , about 1 . 8 % , about 2 % , about 
2 . 2 % , about 2 . 4 % , or about 2 . 6 % . Optionally , in some 
embodiments , the resistance of the graphene changes after 
about 2 , 000 cycles of bending at a bending radius of about 
10 millimeters by no more than about 0 . 8 % , about 1 % , about 
1 . 2 % , about 1 . 4 % , about 1 . 6 % , about 1 . 8 % , about 2 % , about 
2 . 2 % , about 2 . 4 % , or about 2 . 6 % . 
[ 0076 ] Another aspect provided herein is a method of 
forming a conductive graphene ink comprising : forming a 
binder solution comprising : heating a first solvent , adding a 
binder to the first solvent , mixing the binder and the first 
solvent , and cooling the binder and the first solvent ; forming 
an RGO dispersion comprising a second solvent and RGO ; 
and forming a graphene solution comprising the binder 
solution , the reduced graphene dispersion a third solvent , a 
conductive additive , a surfactant , a defoamer ; and mixing 
the graphene solution to form a conductive graphene ink . 
[ 0077 ] Optionally , in some embodiments , at least one of 
the first solvent , the second solvent , and the third solvent 
comprises water and an organic solvent . Optionally , in some 
embodiments , the organic solvent comprises ethanol , iso 
propyl alcohol , NMP , cyclohexanone , terpineol , 3 - methoxy 
3 - methyl - 1 - butanol , 4 - hydroxyl - 4 - methyl - pentan - 2 - one , 
methyl isobutyl ketone , or any combination thereof . Option 
ally , in some embodiments , at least one of the first solvent , 
the second solvent , and the third solvent comprises water , 
ethanol , isopropyl alcohol , NMP , cyclohexanone , terpineol , 
3 - methoxy - 3 - methyl - 1 - butanol , 4 - hydroxyl - 4 - methyl - pen 
tan - 2 - one , methyl isobutyl ketone , or any combination 
thereof . 
[ 0078 ] Optionally , in some embodiments , a percentage by 
mass of at least one of the first solvent , the second solvent , 
and the third solvent in the conductive graphene ink is about 
1 % to about 99 % . Optionally , in some embodiments , a 
percentage by mass of at least one of the first solvent , the 
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second solvent , and the third solvent in the conductive 
graphene ink is at least about 1 % . Optionally , in some 
embodiments , a percentage by mass of at least one of the 
first solvent , the second solvent , and the third solvent in the 
conductive graphene ink is at most about 99 % . Optionally , 
in some embodiments , a percentage by mass of at least one 
of the first solvent , the second solvent , and the third solvent 
in the conductive graphene ink is about 1 % to about 2 % , 
about 1 % to about 5 % , about 1 % to about 10 % , about 1 % to 
about 20 % , about 1 % to about 30 % , about 1 % to about 40 % , 
about 1 % to about 50 % , about 1 % to about 60 % , about 1 % 
to about 70 % , about 1 % to about 80 % , about 1 % to about 
99 % , about 2 % to about 5 % , about 2 % to about 10 % , about 
2 % to about 20 % , about 2 % to about 30 % , about 2 % to about 
40 % , about 2 % to about 50 % , about 2 % to about 60 % , about 
2 % to about 70 % , about 2 % to about 80 % , about 2 % to about 
99 % , about 5 % to about 10 % , about 5 % to about 20 % , about 
5 % to about 30 % , about 5 % to about 40 % , about 5 % to about 
50 % , about 5 % to about 60 % , about 5 % to about 70 % , about 
5 % to about 80 % , about 5 % to about 99 % , about 10 % to 
about 20 % , about 10 % to about 30 % , about 10 % to about 
40 % , about 10 % to about 50 % , about 10 % to about 60 % , 
about 10 % to about 70 % , about 10 % to about 80 % , about 
10 % to about 99 % , about 20 % to about 30 % , about 20 % to 
about 40 % , about 20 % to about 50 % , about 20 % to about 
60 % , about 20 % to about 70 % , about 20 % to about 80 % , 
about 20 % to about 99 % , about 30 % to about 40 % , about 
30 % to about 50 % , about 30 % to about 60 % , about 30 % to 
about 70 % , about 30 % to about 80 % , about 30 % to about 
99 % , about 40 % to about 50 % , about 40 % to about 60 % , 
about 40 % to about 70 % , about 40 % to about 80 % , about 
40 % to about 99 % , about 50 % to about 60 % , about 50 % to 
about 70 % , about 50 % to about 80 % , about 50 % to about 
99 % , about 60 % to about 70 % , about 60 % to about 80 % , 
about 60 % to about 99 % , about 70 % to about 80 % , about 
70 % to about 99 % , or about 80 % to about 99 % . Optionally , 
in some embodiments , a percentage by mass of at least one 
of the first solvent , the second solvent , and the third solvent 
in the conductive graphene ink is about 1 % , about 2 % , about 
5 % , about 10 % , about 20 % , about 30 % , about 40 % , about 
50 % , about 60 % , about 70 % , about 80 % , or about 99 % . 
Optionally , in some embodiments , a percentage by mass of 
at least one of the first solvent , the second solvent , and the 
third solvent in the conductive graphene ink is at least about 
1 % , about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , or 
about 80 % . Optionally , in some embodiments , a percentage 
by mass of at least one of the first solvent , the second 
solvent , and the third solvent in the conductive graphene ink 
is at most about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , about 
80 % , or about 99 % . 
[ 0079 ] Optionally , in some embodiments , the binder solu 
tion comprises a binder and a first solvent . Optionally , in 
some embodiments , the binder comprises a polymer . 
Optionally , in some embodiments , the polymer comprises a 
synthetic polymer . Optionally , in some embodiments , the 
synthetic polymer comprises carboxymethyl cellulose , 
PVDF , poly ( vinyl alcohol ) , poly ( vinyl pyrrolidone ) , poly 
( ethylene oxide ) , ethyl cellulose , or any combination 
thereof . Optionally , in some embodiments , the binder is a 
dispersant . 
[ 0080 ] Optionally , in some embodiments , a percentage by 
mass of the binder solution in the conductive graphene ink 

is about 0 . 5 % to about 99 % . Optionally , in some embodi 
ments , a percentage by mass of the binder solution in the 
conductive graphene ink is at least about 0 . 5 % . Optionally , 
in some embodiments , a percentage by mass of the binder 
solution in the conductive graphene ink is at most about 
99 % . Optionally , in some embodiments , a percentage by 
mass of the binder solution in the conductive graphene ink 
is about 0 . 5 % to about 1 % , about 0 . 5 % to about 2 % , about 
0 . 5 % to about 5 % , about 0 . 5 % to about 10 % , about 0 . 5 % to 
about 20 % , about 0 . 5 % to about 30 % , about 0 . 5 % to about 
40 % , about 0 . 5 % to about 50 % , about 0 . 5 % to about 70 % , 
about 0 . 5 % to about 90 % , about 0 . 5 % to about 99 % , about 
1 % to about 2 % , about 1 % to about 5 % , about 1 % to about 
10 % , about 1 % to about 20 % , about 1 % to about 30 % , about 
1 % to about 40 % , about 1 % to about 50 % , about 1 % to about 
70 % , about 1 % to about 90 % , about 1 % to about 99 % , about 
2 % to about 5 % , about 2 % to about 10 % , about 2 % to about 
20 % , about 2 % to about 30 % , about 2 % to about 40 % , about 
2 % to about 50 % , about 2 % to about 70 % , about 2 % to about 
90 % , about 2 % to about 99 % , about 5 % to about 10 % , about 
5 % to about 20 % , about 5 % to about 30 % , about 5 % to about 
40 % , about 5 % to about 50 % , about 5 % to about 70 % , about 
5 % to about 90 % , about 5 % to about 99 % , about 10 % to 
about 20 % , about 10 % to about 30 % , about 10 % to about 
40 % , about 10 % to about 50 % , about 10 % to about 70 % , 
about 10 % to about 90 % , about 10 % to about 99 % , about 
20 % to about 30 % , about 20 % to about 40 % , about 20 % to 
about 50 % , about 20 % to about 70 % , about 20 % to about 
90 % , about 20 % to about 99 % , about 30 % to about 40 % , 
about 30 % to about 50 % , about 30 % to about 70 % , about 
30 % to about 90 % , about 30 % to about 99 % , about 40 % to 
about 50 % , about 40 % to about 70 % , about 40 % to about 
90 % , about 40 % to about 99 % , about 50 % to about 70 % , 
about 50 % to about 90 % , about 50 % to about 99 % , about 
70 % to about 90 % , about 70 % to about 99 % , or about 90 % 
to about 99 % . Optionally , in some embodiments , a percent 
age by mass of the binder solution in the conductive gra 
phene ink is at most about 99 % . Optionally , in some 
embodiments , a percentage by mass of the binder solution in 
the conductive graphene ink is about 0 . 5 % , about 1 % , about 
2 % , about 5 % , about 10 % , about 20 % , about 30 % , about 
40 % , about 50 % , about 70 % , about 90 % , or about 99 % . 
Optionally , in some embodiments , a percentage by mass of 
the binder solution in the conductive graphene ink is at least 
about 0 . 5 % , about 1 % , about 2 % , about 5 % , about 10 % , 
about 20 % , about 30 % , about 40 % , about 50 % , about 60 % , 
about 70 % , about 80 % , about 90 % , about 95 % , or about 
99 % . Alternatively or in combination , in some embodi 
ments , a percentage by mass of the binder solution in the 
conductive graphene ink is no more than about 0 . 5 % , about 
1 % , about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , about 
80 % , about 90 % , about 95 % , or about 99 % . 
[ 0081 ] Optionally , in some embodiments , a concentration 
of the binder solution by mass is about 0 . 5 % to about 2 % . 
Optionally , in some embodiments , a concentration of the 
binder solution by mass is at least about 0 . 5 % . Optionally , 
in some embodiments , a concentration of the binder solution 
by mass is at most about 2 % . Optionally , in some embodi 
ments , a concentration of the binder solution by mass is 
about 0 . 5 % to about 0 . 625 % , about 0 . 5 % to about 0 . 75 % , 
about 0 . 5 % to about 0 . 875 % , about 0 . 5 % to about 1 % , about 
0 . 5 % to about 1 . 25 % , about 0 . 5 % to about 1 . 5 % , about 0 . 5 % 
to about 1 . 75 % , about 0 . 5 % to about 2 % , about 0 . 625 % to 
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about 0 . 75 % , about 0 . 625 % to about 0 . 875 % , about 0 . 625 % 
to about 1 % , about 0 . 625 % to about 1 . 25 % , about 0 . 625 % 
to about 1 . 5 % , about 0 . 625 % to about 1 . 75 % , about 0 . 625 % 
to about 2 % , about 0 . 75 % to about 0 . 875 % , about 0 . 75 % to 
about 1 % , about 0 . 75 % to about 1 . 25 % , about 0 . 75 % to 
about 1 . 5 % , about 0 . 75 % to about 1 . 75 % , about 0 . 75 % to 
about 2 % , about 0 . 875 % to about 1 % , about 0 . 875 % to about 
1 . 25 % , about 0 . 875 % to about 1 . 5 % , about 0 . 875 % to about 
1 . 75 % , about 0 . 875 % to about 2 % , about 1 % to about 
1 . 25 % , about 1 % to about 1 . 5 % , about 1 % to about 1 . 75 % , 
about 1 % to about 2 % , about 1 . 25 % to about 1 . 5 % , about 
1 . 25 % to about 1 . 75 % , about 1 . 25 % to about 2 % , about 
1 . 5 % to about 1 . 75 % , about 1 . 5 % to about 2 % , or about 
1 . 75 % to about 2 % . Optionally , in some embodiments , a 
concentration of the binder solution by mass is about 0 . 5 % , 
about 0 . 625 % , about 0 . 75 % , about 0 . 875 % , about 1 % , about 
1 . 25 % , about 1 . 5 % , about 1 . 75 % , or about 2 % . Optionally , 
in some embodiments , a concentration of the binder solution 
by mass is at least about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , 
about 0 . 875 % , about 1 % , about 1 . 25 % , about 1 . 5 % , about 
1 . 75 % , or about 2 % . Optionally , in some embodiments , a 
concentration of the binder solution by mass is no more than 
about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , about 0 . 875 % , 
about 1 % , about 1 . 25 % , about 1 . 5 % , about 1 . 75 % , or about 
2 % . 
[ 0082 ] Optionally , in some embodiments , a percentage by 
mass of the RGO dispersion in the conductive graphene ink 
is about 0 . 25 % to about 1 % . Optionally , in some embodi 
ments , a percentage by mass of the RGO dispersion in the 
conductive graphene ink is at least about 0 . 25 % . Optionally , 
in some embodiments , a percentage by mass of the RGO 
dispersion in the conductive graphene ink is at most about 
1 % . Optionally , in some embodiments , a percentage by mass 
of the RGO dispersion in the conductive graphene ink is 
about 0 . 25 % to about 0 . 375 % , about 0 . 25 % to about 0 . 5 % , 
about 0 . 25 % to about 0 . 625 % , about 0 . 25 % to about 0 . 75 % , 
about 0 . 25 % to about 1 % , about 0 . 375 % to about 0 . 5 % , 
about 0 . 375 % to about 0 . 625 % , about 0 . 375 % to about 
0 . 75 % , about 0 . 375 % to about 1 % , about 0 . 5 % to about 
0 . 625 % , about 0 . 5 % to about 0 . 75 % , about 0 . 5 % to about 
1 % , about 0 . 625 % to about 0 . 75 % , about 0 . 625 % to about 
1 % , or about 0 . 75 % to about 1 % . Optionally , in some 
embodiments , a percentage by mass of the RGO dispersion 
in the conductive graphene ink is about 0 . 25 % , about 
0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , or about 
1 % . Optionally , in some embodiments , a percentage by mass 
of the RGO dispersion in the conductive graphene ink is at 
least about 0 . 25 % , about 0 . 375 % , about 0 . 5 % , about 
0 . 625 % , about 0 . 75 % , or about 1 % . Optionally , in some 
embodiments , a percentage by mass of the RGO dispersion 
in the conductive graphene ink is no more than about 0 . 25 % , 
about 0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , or 
about 1 % . 
[ 0083 ] Optionally , in some embodiments , a concentration 
by mass of the RGO in the RGO dispersion is about 3 % to 
about 12 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is at least 
about 3 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is at most 
about 12 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is about 3 % 
to about 4 % , about 3 % to about 5 % , about 3 % to about 6 % , 
about 3 % to about 7 % , about 3 % to about 8 % , about 3 % to 
about 9 % , about 3 % to about 10 % , about 3 % to about 11 % , 

about 3 % to about 12 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 4 % to 
about 11 % , about 4 % to about 12 % , about 5 % to about 6 % , 
about 5 % to about 7 % , about 5 % to about 8 % , about 5 % to 
about 9 % , about 5 % to about 10 % , about 5 % to about 11 % , 
about 5 % to about 12 % , about 6 % to about 7 % , about 6 % to 
about 8 % , about 6 % to about 9 % , about 6 % to about 10 % , 
about 6 % to about 11 % , about 6 % to about 12 % , about 7 % 
to about 8 % , about 7 % to about 9 % , about 7 % to about 10 % , 
about 7 % to about 11 % , about 7 % to about 12 % , about 8 % 
to about 9 % , about 8 % to about 10 % , about 8 % to about 
11 % , about 8 % to about 12 % , about 9 % to about 10 % , about 
9 % to about 11 % , about 9 % to about 12 % , about 10 % to 
about 11 % , about 10 % to about 12 % , or about 11 % to about 
12 % . Optionally , in some embodiments , a concentration by 
mass of the RGO in the RGO dispersion is about 3 % , about 
4 % , about 5 % , about 6 % , about 7 % , about 8 % , about 9 % , 
about 10 % , about 11 % , or about 12 % . Optionally , in some 
embodiments , a concentration by mass of the RGO in the 
RGO dispersion is at least about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , about 10 % , about 
11 % , or about 12 % . Optionally , in some embodiments , a 
concentration by mass of the RGO in the RGO dispersion is 
no more than about 3 % , about 4 % , about 5 % , about 6 % , 
about 7 % , about 8 % , about 9 % , about 10 % , about 11 % , or 
about 12 % . 
[ 0084 ] Optionally , in some embodiments , a percentage by 
mass of the RGO in the conductive graphene ink is about 
0 . 1 % to about 99 % . Optionally , in some embodiments , a 
percentage by mass of the RGO in the conductive graphene 
ink is at least about 0 . 1 % . Optionally , in some embodiments , 
a percentage by mass of the RGO in the conductive graphene 
ink is at most about 99 % . Optionally , in some embodiments , 
a percentage by mass of the RGO in the conductive graphene 
ink is about 0 . 1 % to about 0 . 2 % , about 0 . 1 % to about 0 . 5 % , 
about 0 . 1 % to about 1 % , about 0 . 1 % to about 10 % , about 
0 . 1 % to about 20 % , about 0 . 1 % to about 40 % , about 0 . 1 % 
to about 60 % , about 0 . 1 % to about 80 % , about 0 . 1 % to about 
90 % , about 0 . 1 % to about 99 % , about 0 . 2 % to about 0 . 5 % , 
about 0 . 2 % to about 1 % , about 0 . 2 % to about 10 % , about 
0 . 2 % to about 20 % , about 0 . 2 % to about 40 % , about 0 . 2 % 
to about 60 % , about 0 . 2 % to about 80 % , about 0 . 2 % to about 
90 % , about 0 . 2 % to about 99 % , about 0 . 5 % to about 1 % , 
about 0 . 5 % to about 10 % , about 0 . 5 % to about 20 % , about 
0 . 5 % to about 40 % , about 0 . 5 % to about 60 % , about 0 . 5 % 
to about 80 % , about 0 . 5 % to about 90 % , about 0 . 5 % to about 
99 % , about 1 % to about 10 % , about 1 % to about 20 % , about 
1 % to about 40 % , about 1 % to about 60 % , about 1 % to about 
80 % , about 1 % to about 90 % , about 1 % to about 99 % , about 
10 % to about 20 % , about 10 % to about 40 % , about 10 % to 
about 60 % , about 10 % to about 80 % , about 10 % to about 
90 % , about 10 % to about 99 % , about 20 % to about 40 % , 
about 20 % to about 60 % , about 20 % to about 80 % , about 
20 % to about 90 % , about 20 % to about 99 % , about 40 % to 
about 60 % , about 40 % to about 80 % , about 40 % to about 
90 % , about 40 % to about 99 % , about 60 % to about 80 % , 
about 60 % to about 90 % , about 60 % to about 99 % , about 
80 % to about 90 % , about 80 % to about 99 % , or about 90 % 
to about 99 % . Optionally , in some embodiments , a percent 
age by mass of the RGO in the conductive graphene ink is 
about 0 . 1 % , about 0 . 2 % , about 0 . 5 % , about 1 % , about 10 % , 
about 20 % , about 40 % , about 60 % , about 80 % , about 90 % , 
or about 99 % . Optionally , in some embodiments , a percent 
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age by mass of the RGO in the conductive graphene ink is 
at least about 0 . 1 % , about 0 . 2 % , about 0 . 5 % , about 1 % , 
about 10 % , about 20 % , about 40 % , about 60 % , about 80 % , 
about 90 % , or about 99 % . Optionally , in some embodi - 
ments , a percentage by mass of the RGO in the conductive 
graphene ink is no more than about 0 . 1 % , about 0 . 2 % , about 
0 . 5 % , about 1 % , about 10 % , about 20 % , about 40 % , about 
60 % , about 80 % , about 90 % , or about 99 % . 
[ 0085 ] Optionally , in some embodiments , the conductive 
additive comprises a carbon - based material . Optionally , in 
some embodiments , the carbon - based material comprises a 
paracrystalline carbon . Optionally , in some embodiments , 
the paracrystalline carbon comprises carbon black , acetylene 
black , channel black , furnace black , lamp black , thermal 
black , or any combination thereof . 
[ 0086 ] Optionally , in some embodiments , the conductive 
additive comprises silver . Optionally , in some embodiments , 
the silver comprises silver nanoparticles , silver nanorods , 
silver nanowires , silver nanoflowers , silver nanofibers , silver 
nanoplatelets , silver nanoribbons , silver nanocubes , silver 
bipyramids , or any combination thereof . 
[ 0087 ] Optionally , in some embodiments , a percentage by 
mass of the conductive additive in the conductive graphene 
ink is about 2 % to about 99 % . Optionally , in some embodi 
ments , a percentage by mass of the conductive additive in 
the conductive graphene ink is at least about 2 % . Optionally , 
in some embodiments , a percentage by mass of the conduc 
tive additive in the conductive graphene ink is at most about 
99 % . Optionally , in some embodiments , a percentage by 
mass of the conductive additive in the conductive graphene 
ink is about 2 % to about 5 % , about 2 % to about 10 % , about 
2 % to about 20 % , about 2 % to about 30 % , about 2 % to about 
40 % , about 2 % to about 50 % , about 2 % to about 60 % , about 
2 % to about 70 % , about 2 % to about 80 % , about 2 % to about 
90 % , about 2 % to about 99 % , about 5 % to about 10 % , about 
5 % to about 20 % , about 5 % to about 30 % , about 5 % to about 
40 % , about 5 % to about 50 % , about 5 % to about 60 % , about 
5 % to about 70 % , about 5 % to about 80 % , about 5 % to about 
90 % , about 5 % to about 99 % , about 10 % to about 20 % , 
about 10 % to about 30 % , about 10 % to about 40 % , about 
10 % to about 50 % , about 10 % to about 60 % , about 10 % to 
about 70 % , about 10 % to about 80 % , about 10 % to about 
90 % , about 10 % to about 99 % , about 20 % to about 30 % , 
about 20 % to about 40 % , about 20 % to about 50 % , about 
20 % to about 60 % , about 20 % to about 70 % , about 20 % to 
about 80 % , about 20 % to about 90 % , about 20 % to about 
99 % , about 30 % to about 40 % , about 30 % to about 50 % , 
about 30 % to about 60 % , about 30 % to about 70 % , about 
30 % to about 80 % , about 30 % to about 90 % , about 30 % to 
about 99 % , about 40 % to about 50 % , about 40 % to about 
60 % , about 40 % to about 70 % , about 40 % to about 80 % , 
about 40 % to about 90 % , about 40 % to about 99 % , about 
50 % to about 60 % , about 50 % to about 70 % , about 50 % to 
about 80 % , about 50 % to about 90 % , about 50 % to about 
99 % , about 60 % to about 70 % , about 60 % to about 80 % , 
about 60 % to about 90 % , about 60 % to about 99 % , about 
70 % to about 80 % , about 70 % to about 90 % , about 70 % to 
about 99 % , about 80 % to about 90 % , about 80 % to about 
99 % , or about 90 % to about 99 % . Optionally , in some 
embodiments , a percentage by mass of the conductive 
additive in the conductive graphene ink is about 2 % , about 
5 % , about 10 % , about 20 % , about 30 % , about 40 % , about 
50 % , about 60 % , about 70 % , about 80 % , about 90 % , or 
about 99 % . Optionally , in some embodiments , a percentage 

by mass of the conductive additive in the conductive gra 
phene ink is at least about 2 % , about 5 % , about 10 % , about 
20 % , about 30 % , about 40 % , about 50 % , about 60 % , about 
70 % , about 80 % , about 90 % , or about 99 % . Optionally , in 
some embodiments , a percentage by mass of the conductive 
additive in the conductive graphene ink is no more than 
about 2 % , about 5 % , about 10 % , about 20 % , about 30 % , 
about 40 % , about 50 % , about 60 % , about 70 % , about 80 % , 
about 90 % , or about 99 % . 
[ 0088 ] Some embodiments further comprise a surfactant . 
Optionally , in some embodiments , the surfactant comprises 
an acid , a nonionic surfactant , or any combination thereof . 
Optionally , in some embodiments , the acid comprises per 
fluorooctanoic acid , perfluorooctane sulfonate , perfluoro 
hexane sulfonic acid , perfluorononanoic acid , perfluorode 
canoic acid , or any combination thereof . Optionally , in some 
embodiments , the nonionic surfactant comprises a polyeth 
ylene glycol alkyl ether , a octaethylene glycol monododecyl 
ether , a pentaethylene glycol monododecyl ether , a polypro 
pylene glycol alkyl ether , a glucoside alkyl ether , decyl 
glucoside , lauryl glucoside , octyl glucoside , a polyethylene 
glycol octylphenyl ether , dodecyldimethylamine oxide , a 
polyethylene glycol alkylphenyl ether , a polyethylene glycol 
octylphenyl ether , Triton X - 100 , polyethylene glycol alky 
lphenyl ether , nonoxynol - 9 , a glycerol alkyl ester polysor 
bate , sorbitan alkyl ester , polyethoxylated tallow amine , 
Dynol 604 , or any combination thereof . 
[ 0089 ] Optionally , in some embodiments , a percentage by 
mass of the surfactant in the conductive graphene ink is 
about 0 . 5 % to about 10 % . Optionally , in some embodiments , 
a percentage by mass of the surfactant in the conductive 
graphene ink is at least about 0 . 5 % . Optionally , in some 
embodiments , a percentage by mass of the surfactant in the 
conductive graphene ink is at most about 10 % . Optionally , 
in some embodiments , a percentage by mass of the surfac 
tant in the conductive graphene ink is about 0 . 5 % to about 
1 % , about 0 . 5 % to about 2 % , about 0 . 5 % to about 3 % , about 
0 . 5 % to about 4 % , about 0 . 5 % to about 5 % , about 0 . 5 % to 
about 6 % , about 0 . 5 % to about 7 % , about 0 . 5 % to about 8 % , 
about 0 . 5 % to about 9 % , about 0 . 5 % to about 10 % , about 
1 % to about 2 % , about 1 % to about 3 % , about 1 % to about 
4 % , about 1 % to about 5 % , about 1 % to about 6 % , about 1 % 
to about 7 % , about 1 % to about 8 % , about 1 % to about 9 % , 
about 1 % to about 10 % , about 2 % to about 3 % , about 2 % to 
about 4 % , about 2 % to about 5 % , about 2 % to about 6 % , 
about 2 % to about 7 % , about 2 % to about 8 % , about 2 % to 
about 9 % , about 2 % to about 10 % , about 3 % to about 4 % , 
about 3 % to about 5 % , about 3 % to about 6 % , about 3 % to 
about 7 % , about 3 % to about 8 % , about 3 % to about 9 % , 
about 3 % to about 10 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 9 % , about 5 % to about 10 % , about 6 % to 
about 7 % , about 6 % to about 8 % , about 6 % to about 9 % , 
about 6 % to about 10 % , about 7 % to about 8 % , about 7 % to 
about 9 % , about 7 % to about 10 % , about 8 % to about 9 % , 
about 8 % to about 10 % , or about 9 % to about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the surfactant in the conductive graphene ink is about 0 . 5 % , 
about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , about 
6 % , about 7 % , about 8 % , about 9 % , or about 10 % . Option 

a lly , in some embodiments , a percentage by mass of the 
surfactant in the conductive graphene ink is at least about 
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0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , or about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the surfactant in the conductive graphene ink is no more than 
about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 
5 % , about 6 % , about 7 % , about 8 % , about 9 % , or about 
10 % . 
[ 0090 ] Some embodiments further comprise a defoamer , 
wherein the defoamer comprises an insoluble oil , a silicone , 
a glycol , a stearate , an organic solvent , Surfynol DF - 1100 , 
alkyl polyacrylate , or any combination thereof . Optionally , 
in some embodiments , the insoluble oil comprises mineral 
oil , vegetable oil , white oil , or any combination thereof . 
Optionally , in some embodiments , the silicone comprises 
polydimethylsiloxane , silicone glycol , a fluorosilicone , or 
any combination thereof . Optionally , in some embodiments , 
the glycol comprises polyethylene glycol , ethylene glycol , 
propylene glycol , or any combination thereof . Optionally , in 
some embodiments , the stearate comprises glycol stearate , 
stearin , or any combination thereof . Optionally , in some 
embodiments , the organic solvent comprises ethanol , iso 
propyl alcohol , NMP , cyclohexanone , terpineol , 3 - methoxy 
3 - methyl - 1 - butanol , 4 - hydroxyl - 4 - methyl - pentan - 2 - one , 
methyl isobutyl ketone , or any combination thereof . 
[ 0091 ] Optionally , in some embodiments , a percentage by 
mass of the defoamer in the conductive graphene ink is 
about 0 . 5 % to about 10 % . Optionally , in some embodiments , 
a percentage by mass of the defoamer in the conductive 
graphene ink is at least about 0 . 5 % . Optionally , in some 
embodiments , a percentage by mass of the defoamer in the 
conductive graphene ink is at most about 10 % . Optionally , 
in some embodiments , a percentage by mass of the defoamer 
in the conductive graphene ink is about 0 . 5 % to about 1 % , 
about 0 . 5 % to about 2 % , about 0 . 5 % to about 3 % , about 
0 . 5 % to about 4 % , about 0 . 5 % to about 5 % , about 0 . 5 % to 
about 6 % , about 0 . 5 % to about 7 % , about 0 . 5 % to about 8 % , 
about 0 . 5 % to about 9 % , about 0 . 5 % to about 10 % , about 
1 % to about 2 % , about 1 % to about 3 % , about 1 % to about 
4 % , about 1 % to about 5 % , about 1 % to about 6 % , about 1 % 
to about 7 % , about 1 % to about 8 % , about 1 % to about 9 % , 
about 1 % to about 10 % , about 2 % to about 3 % , about 2 % to 
about 4 % , about 2 % to about 5 % , about 2 % to about 6 % , 
about 2 % to about 7 % , about 2 % to about 8 % , about 2 % to 
about 9 % , about 2 % to about 10 % , about 3 % to about 4 % , 
about 3 % to about 5 % , about 3 % to about 6 % , about 3 % to 
about 7 % , about 3 % to about 8 % , about 3 % to about 9 % , 
about 3 % to about 10 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 9 % , about 5 % to about 10 % , about 6 % to 
about 7 % , about 6 % to about 8 % , about 6 % to about 9 % , 
about 6 % to about 10 % , about 7 % to about 8 % , about 7 % to 
about 9 % , about 7 % to about 10 % , about 8 % to about 9 % , 
about 8 % to about 10 % , or about 9 % to about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the defoamer in the conductive graphene ink is about 0 . 5 % , 
about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , about 
6 % , about 7 % , about 8 % , about 9 % , or about 10 % . Option 
ally , in some embodiments , a percentage by mass of the 
defoamer in the conductive graphene ink is at least about 
0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , or about 10 % . 
Optionally , in some embodiments , a percentage by mass of 

the defoamer in the conductive graphene ink is no more than 
about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 
5 % , about 6 % , about 7 % , about 8 % , about 9 % , or about 
10 % . 
[ 0092 ] Optionally , in some embodiments , the solid matter 
content by mass of the conductive graphene ink is about 
2 . 5 % to about 10 . 5 % . Optionally , in some embodiments , the 
solid matter content by mass of the conductive graphene ink 
is at least about 2 . 5 % . Optionally , in some embodiments , the 
solid matter content by mass of the conductive graphene ink 
is at most about 10 . 5 % . Optionally , in some embodiments , 
the solid matter content by mass of the conductive graphene 
ink is about 2 . 5 % to about 3 . 5 % , about 2 . 5 % to about 4 . 5 % , 
about 2 . 5 % to about 5 . 5 % , about 2 . 5 % to about 6 . 5 % , about 
2 . 5 % to about 7 . 5 % , about 2 . 5 % to about 8 . 5 % , about 2 . 5 % 
to about 9 . 5 % , about 2 . 5 % to about 10 . 5 % , about 3 . 5 % to 
about 4 . 5 % , about 3 . 5 % to about 5 . 5 % , about 3 . 5 % to about 
6 . 5 % , about 3 . 5 % to about 7 . 5 % , about 3 . 5 % to about 8 . 5 % , 
about 3 . 5 % to about 9 . 5 % , about 3 . 5 % to about 10 . 5 % , about 
4 . 5 % to about 5 . 5 % , about 4 . 5 % to about 6 . 5 % , about 4 . 5 % 
to about 7 . 5 % , about 4 . 5 % to about 8 . 5 % , about 4 . 5 % to 
about 9 . 5 % , about 4 . 5 % to about 10 . 5 % , about 5 . 5 % to about 
6 . 5 % , about 5 . 5 % to about 7 . 5 % , about 5 . 5 % to about 8 . 5 % , 
about 5 . 5 % to about 9 . 5 % , about 5 . 5 % to about 10 . 5 % , about 
6 . 5 % to about 7 . 5 % , about 6 . 5 % to about 8 . 5 % , about 6 . 5 % 
to about 9 . 5 % , about 6 . 5 % to about 10 . 5 % , about 7 . 5 % to 
about 8 . 5 % , about 7 . 5 % to about 9 . 5 % , about 7 . 5 % to about 
10 . 5 % , about 8 . 5 % to about 9 . 5 % , about 8 . 5 % to about 
10 . 5 % , or about 9 . 5 % to about 10 . 5 % . Optionally , in some 
embodiments , the solid matter content by mass of the 
conductive graphene ink is about 2 . 5 % , about 3 . 5 % , about 
4 . 5 % , about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , 
about 9 . 5 % , or about 10 . 5 % . Optionally , in some embodi 
ments , the solid matter content by mass of the conductive 
graphene ink is at least about 2 . 5 % , about 3 . 5 % , about 4 . 5 % , 
about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , about 
9 . 5 % , or about 10 . 5 % . Optionally , in some embodiments , 
the solid matter content by mass of the conductive graphene 
ink is no more than about 2 . 5 % , about 3 . 5 % , about 4 . 5 % , 
about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , about 
9 . 5 % , or about 10 . 5 % . 
10093 ] Optionally , in some embodiments , the first solvent 
is heated to a temperature of about 35° C . to about 125° C . 
Optionally , in some embodiments , the first solvent is heated 
to a temperature of at least about 35° C . Optionally , in some 
embodiments , the first solvent is heated to a temperature of 
at most about 125° C . Optionally , in some embodiments , the 
first solvent is heated to a temperature of about 35° C . to 
about 40° C . , about 35° C . to about 50° C . , about 35° C . to 
about 60° C . , about 35° C . to about 70° C . , about 35° C . to 
about 80° C . , about 35º C . to about 90° C . , about 35° C . to 
about 100° C . , about 35° C . to about 125° C . , about 40° C . 
to about 50° C . , about 40° C . to about 60° C . , about 40° C . 
to about 70° C . , about 40° C . to about 80° C . , about 40° C . 
to about 90° C . , about 40° C . to about 100° C . , about 40° C . 
to about 125° C . , about 50° C . to about 60° C . , about 50° C . 
to about 70° C . , about 50° C . to about 80° C . , about 50° C . 
to about 90° C . , about 50° C . to about 100° C . , about 50° C . 
to about 125° C . , about 60° C . to about 70° C . , about 60° C . 
to about 80° C . , about 60° C . to about 90° C . , about 60° C . 
to about 100° C . , about 60° C . to about 125° C . , about 70° 
C . to about 80° C . , about 70° C . to about 90° C . , about 70° 
C . to about 100° C . , about 70° C . to about 125° C . , about 80° 
C . to about 90° C . , about 80° C . to about 100° C . , about 80° 
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C . to about 125° C . , about 90° C . to about 100° C . , about 90° 
C . to about 125° C . , or about 100° C . to about 125° C . 
Optionally , in some embodiments , the first solvent is heated 
to a temperature of about 35° C . , about 40° C . , about 50° C . , 
about 60° C . , about 70° C . , about 80° C . , about 90° C . , about 
100° C . , or about 125° C . Optionally , in some embodiments , 
the first solvent is heated to a temperature of at least about 
35° C . , about 40° C . , about 50° C . , about 60° C . , about 70° 
C . , about 80° C . , about 90° C . , about 100° C . , or about 125° 
C . Optionally , in some embodiments , the first solvent is 
heated to a temperature of no more than about 35° C . , about 
40° C . , about 50° C . , about 60° C . , about 70° C . , about 80° 
C . , about 90° C . , about 100° C . , or about 125° C . 
[ 0094 ] Optionally , in some embodiments , the process of 
adding a binder to the first solvent and the process of mixing 
the binder and the first solvent are preformed simultane 
ously . 
[ 0095 ] Optionally , in some embodiments , the binder is 
added to the first solvent over a period of time of about 45 
minutes to about 240 minutes . Optionally , in some embodi 
ments , the binder is added to the first solvent over a period 
of time of at least about 45 minutes . Optionally , in some 
embodiments , the binder is added to the first solvent over a 
period of time of at most about 240 minutes . Optionally , in 
some embodiments , the binder is added to the first solvent 
over a period of time of about 45 minutes to about 60 
minutes , about 45 minutes to about 90 minutes , about 45 
minutes to about 120 minutes , about 45 minutes to about 150 
minutes , about 45 minutes to about 180 minutes , about 45 
minutes to about 210 minutes , about 45 minutes to about 240 
minutes , about 60 minutes to about 90 minutes , about 60 
minutes to about 120 minutes , about 60 minutes to about 150 
minutes , about 60 minutes to about 180 minutes , about 60 
minutes to about 210 minutes , about 60 minutes to about 240 
minutes , about 90 minutes to about 120 minutes , about 90 
minutes to about 150 minutes , about 90 minutes to about 180 
minutes , about 90 minutes to about 210 minutes , about 90 
minutes to about 240 minutes , about 120 minutes to about 
150 minutes , about 120 minutes to about 180 minutes , about 
120 minutes to about 210 minutes , about 120 minutes to 
about 240 minutes , about 150 minutes to about 180 minutes , 
about 150 minutes to about 210 minutes , about 150 minutes 
to about 240 minutes , about 180 minutes to about 210 
minutes , about 180 minutes to about 240 minutes , or about 
210 minutes to about 240 minutes . Optionally , in some 
embodiments , the binder is added to the first solvent over a 
period of time of about 45 minutes , about 60 minutes , about 
90 minutes , about 120 minutes , about 150 minutes , about 
180 minutes , about 210 minutes , or about 240 minutes . 
Optionally , in some embodiments , the binder is added to the 
first solvent over a period of time of at least about 45 
minutes , about 60 minutes , about 90 minutes , about 120 
minutes , about 150 minutes , about 180 minutes , about 210 
minutes , or about 240 minutes . Optionally , in some embodi 
ments , the binder is added to the first solvent over a period 
of time of no more than about 45 minutes , about 60 minutes , 
about 90 minutes , about 120 minutes , about 150 minutes , 
about 180 minutes , about 210 minutes , or about 240 min 
utes . 
[ 0096 ] Optionally , in some embodiments , after the binder 
is fully added to the first solvent , the binder and the first 
solvent are mixed for a period of time of about 7 minutes to 
about 30 minutes . Optionally , in some embodiments , after 
the binder is fully added to the first solvent , the binder and 

the first solvent are mixed for a period of time of at least 
about 7 minutes . Optionally , in some embodiments , after the 
binder is fully added to the first solvent , the binder and the 
first solvent are mixed for a period of time of at most about 
30 minutes . Optionally , in some embodiments , after the 
binder is fully added to the first solvent , the binder and the 
first solvent are mixed for a period of time of about 7 
minutes to about 9 minutes , about 7 minutes to about 11 
minutes , about 7 minutes to about 13 minutes , about 7 
minutes to about 15 minutes , about 7 minutes to about 20 
minutes , about 7 minutes to about 25 minutes , about 7 
minutes to about 30 minutes , about 9 minutes to about 11 
minutes , about 9 minutes to about 13 minutes , about 9 
minutes to about 15 minutes , about 9 minutes to about 20 
minutes , about 9 minutes to about 25 minutes , about 9 
minutes to about 30 minutes , about 11 minutes to about 13 
minutes , about 11 minutes to about 15 minutes , about 11 
minutes to about 20 minutes , about 11 minutes to about 25 
minutes , about 11 minutes to about 30 minutes , about 13 
minutes to about 15 minutes , about 13 minutes to about 20 
minutes , about 13 minutes to about 25 minutes , about 13 
minutes to about 30 minutes , about 15 minutes to about 20 
minutes , about 15 minutes to about 25 minutes , about 15 
minutes to about 30 minutes , about 20 minutes to about 25 
minutes , about 20 minutes to about 30 minutes , or about 25 
minutes to about 30 minutes . Optionally , in some embodi 
ments , after the binder is fully added to the first solvent , the 
binder and the first solvent are mixed for a period of time of 
about 7 minutes , about 9 minutes , about 11 minutes , about 
13 minutes , about 15 minutes , about 20 minutes , about 25 
minutes , or about 30 minutes . Optionally , in some embodi 
ments , after the binder is fully added to the first solvent , the 
binder and the first solvent are mixed for a period of time of 
at least about 7 minutes , about 9 minutes , about 11 minutes , 
about 13 minutes , about 15 minutes , about 20 minutes , about 
25 minutes , or about 30 minutes . Optionally , in some 
embodiments , after the binder is fully added to the first 
solvent , the binder and the first solvent are mixed for a 
period of time of no more than about 7 minutes , about 9 
minutes , about 11 minutes , about 13 minutes , about 15 
minutes , about 20 minutes , about 25 minutes , or about 30 
minutes . 
10097 ] Optionally , in some embodiments , the mixing of 
the binder solution , the first solvent , the conductive additive , 
and the RGO dispersion is performed by a second mechani 
cal mixer . 
[ 0098 ] Optionally , in some embodiments , the mixing of 
the binder and the first solvent is performed by a first 
mechanical mixer . 
[ 0099 ] Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution at a stirring 
speed of about 15 rpm to about 125 rpm . Optionally , in some 
embodiments , the second mechanical mixer mixes the gra 
phene solution at a stirring speed of at least about 15 rpm . 
Optionally , in some embodiments , the second mechanical 
mixer mixes the graphene solution at a stirring speed of at 
most about 125 rpm . Optionally , in some embodiments , the 
second mechanical mixer mixes the graphene solution at a 
stirring speed of about 15 rpm to about 20 rpm , about 15 rpm 
to about 25 rpm , about 15 rpm to about 30 rpm , about 15 rpm 
to about 40 rpm , about 15 rpm to about 50 rpm , about 15 rpm 
to about 75 rpm , about 15 rpm to about 100 rpm , about 15 
rpm to about 125 rpm , about 20 rpm to about 25 rpm , about 
20 rpm to about 30 rpm , about 20 rpm to about 40 rpm , about 
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20 rpm to about 50 rpm , about 20 rpm to about 75 rpm , about 
20 rpm to about 100 rpm , about 20 rpm to about 125 rpm , 
about 25 rpm to about 30 rpm , about 25 rpm to about 40 rpm , 
about 25 rpm to about 50 rpm , about 25 rpm to about 75 rpm , 
about 25 rpm to about 100 rpm , about 25 rpm to about 125 
rpm , about 30 rpm to about 40 rpm , about 30 rpm to about 
50 rpm , about 30 rpm to about 75 rpm , about 30 rpm to about 
100 rpm , about 30 rpm to about 125 rpm , about 40 rpm to 
about 50 rpm , about 40 rpm to about 75 rpm , about 40 rpm 
to about 100 rpm , about 40 rpm to about 125 rpm , about 50 
rpm to about 75 rpm , about 50 rpm to about 100 rpm , about 
50 rpm to about 125 rpm , about 75 rpm to about 100 rpm , 
about 75 rpm to about 125 rpm , or about 100 rpm to about 
125 rpm . Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution at a stirring 
speed of about 15 rpm , about 20 rpm , about 25 rpm , about 
30 rpm , about 40 rpm , about 50 rpm , about 75 rpm , about 
100 rpm , or about 125 rpm . Optionally , in some embodi 
ments , the second mechanical mixer mixes the graphene 
solution at a stirring speed of at least about 15 rpm , about 20 
rpm , about 25 rpm , about 30 rpm , about 40 rpm , about 50 
rpm , about 75 rpm , about 100 rpm , or about 125 rpm . 
Optionally , in some embodiments , the second mechanical 
mixer mixes the graphene solution at a stirring speed of no 
more than about 15 rpm , about 20 rpm , about 25 rpm , about 
30 rpm , about 40 rpm , about 50 rpm , about 75 rpm , about 
100 rpm , or about 125 rpm . 
[ 0100 ] Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution at a dispers 
ing speed of about 50 rpm to about 4 , 500 rpm . Optionally , 
in some embodiments , the second mechanical mixer mixes 
the graphene solution at a dispersing speed of at least about 
50 rpm . Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution at a dispers 
ing speed of at most about 4 , 500 rpm . Optionally , in some 
embodiments , the second mechanical mixer mixes the gra 
phene solution at a dispersing speed of about 50 rpm to 
about 100 rpm , about 50 rpm to about 200 rpm , about 50 rpm 
to about 500 rpm , about 50 rpm to about 1 , 000 rpm , about 
50 rpm to about 1 , 500 rpm , about 50 rpm to about 2 , 000 
rpm , about 50 rpm to about 2 , 500 rpm , about 50 rpm to 
about 3 , 000 rpm , about 50 rpm to about 3 , 500 rpm , about 50 
rpm to about 4 , 000 rpm , about 50 rpm to about 4 , 500 rpm , 
about 100 rpm to about 200 rpm , about 100 rpm to about 500 
rpm , about 100 rpm to about 1 , 000 rpm , about 100 rpm to 
about 1 , 500 rpm , about 100 rpm to about 2 , 000 rpm , about 
100 rpm to about 2 , 500 rpm , about 100 rpm to about 3 , 000 
rpm , about 100 rpm to about 3 , 500 rpm , about 100 rpm to 
about 4 , 000 rpm , about 100 rpm to about 4 , 500 rpm , about 
200 rpm to about 500 rpm , about 200 rpm to about 1 , 000 
rpm , about 200 rpm to about 1 , 500 rpm , about 200 rpm to 
about 2 , 000 rpm , about 200 rpm to about 2 , 500 rpm , about 
200 rpm to about 3 , 000 rpm , about 200 rpm to about 3 , 500 
rpm , about 200 rpm to about 4 , 000 rpm , about 200 rpm to 
about 4 , 500 rpm , about 500 rpm to about 1 , 000 rpm , about 
500 rpm to about 1 , 500 rpm , about 500 rpm to about 2 , 000 
rpm , about 500 rpm to about 2 , 500 rpm , about 500 rpm to 
about 3 , 000 rpm , about 500 rpm to about 3 , 500 rpm , about 
500 rpm to about 4 , 000 rpm , about 500 rpm to about 4 , 500 
rpm , about 1 , 000 rpm to about 1 , 500 rpm , about 1 , 000 rpm 
to about 2 , 000 rpm , about 1 , 000 rpm to about 2 , 500 rpm , 
about 1 , 000 rpm to about 3 , 000 rpm , about 1 , 000 rpm to 
about 3 , 500 rpm , about 1 , 000 rpm to about 4 , 000 rpm , about 
1 , 000 rpm to about 4 , 500 rpm , about 1 , 500 rpm to about 

2 , 000 rpm , about 1 , 500 rpm to about 2 , 500 rpm , about 1 , 500 
rpm to about 3 , 000 rpm , about 1 , 500 rpm to about 3 , 500 
rpm , about 1 , 500 rpm to about 4 , 000 rpm , about 1 , 500 rpm 
to about 4 , 500 rpm , about 2 , 000 rpm to about 2 , 500 rpm , 
about 2 , 000 rpm to about 3 , 000 rpm , about 2 , 000 rpm to 
about 3 , 500 rpm , about 2 , 000 rpm to about 4 , 000 rpm , about 
2 , 000 rpm to about 4 , 500 rpm , about 2 , 500 rpm to about 
3 , 000 rpm , about 2 , 500 rpm to about 3 , 500 rpm , about 2 , 500 
rpm to about 4 , 000 rpm , about 2 , 500 rpm to about 4 , 500 
rpm , about 3 , 000 rpm to about 3 , 500 rpm , about 3 , 000 rpm 
to about 4 , 000 rpm , about 3 , 000 rpm to about 4 , 500 rpm , 
about 3 , 500 rpm to about 4 , 000 rpm , about 3 , 500 rpm to 
about 4 , 500 rpm , or about 4 , 000 rpm to about 4 , 500 rpm . 
Optionally , in some embodiments , the second mechanical 
mixer mixes the graphene solution at a dispersing speed of 
about 50 rpm , about 100 rpm , about 200 rpm , about 500 
rpm , about 1 , 000 rpm , about 1 , 500 rpm , about 2 , 000 rpm , 
about 2 , 500 rpm , about 3 , 000 rpm , about 3 , 500 rpm , about 
4 , 000 rpm , about 4 , 500 rpm , about 100 rpm to about 200 
rpm , about 100 rpm to about 500 rpm , about 100 rpm to 
about 1 , 000 rpm , about 100 rpm to about 1 , 500 rpm , about 
100 rpm to about 2 , 000 rpm , about 100 rpm to about 2 , 500 
rpm , about 100 rpm to about 3 , 000 rpm , about 100 rpm to 
about 3 , 500 rpm , about 100 rpm to about 4 , 000 rpm , about 
100 rpm to about 4 , 500 rpm . Optionally , in some embodi 
ments , the second mechanical mixer mixes the graphene 
solution at a dispersing speed of at least about 50 rpm , about 
100 rpm , about 200 rpm , about 500 rpm , about 1 , 000 rpm , 
about 1 , 500 rpm , about 2 , 000 rpm , about 2 , 500 rpm , about 
3 , 000 rpm , about 3 , 500 rpm , about 4 , 000 rpm , or about 
4 , 500 rpm . Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution at a dispers 
ing speed of no more than about 50 rpm , about 100 rpm , 
about 200 rpm , about 500 rpm , about 1 , 000 rpm , about 1 , 500 
rpm , about 2 , 000 rpm , about 2 , 500 rpm , about 3 , 000 rpm , 
about 3 , 500 rpm , about 4 , 000 rpm , or about 4 , 500 rpm . 
[ 0101 ] Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution under a 
vacuum degree , and wherein the vacuum degree is equal to 
the ambient pressure . 
[ 0102 ] Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution under a 
vacuum degree , and wherein the vacuum degree is about 
- 0 . 05 MPa to about - 0 . 2 MPa . Optionally , in some embodi 
ments , the second mechanical mixer mixes the graphene 
solution under a vacuum degree , and wherein the vacuum 
degree is at least about - 0 . 05 MPa . Optionally , in some 
embodiments , the second mechanical mixer mixes the gra 
phene solution under a vacuum degree , and wherein the 
vacuum degree is at most about - 0 . 2 MPa . Optionally , in 
some embodiments , the second mechanical mixer mixes the 
graphene solution under a vacuum degree , and wherein the 
vacuum degree is about - 0 . 05 MPa to about - 0 . 0625 MPa , 
about - 0 . 05 MPa to about - 0 . 0875 MPa , about - 0 . 05 MPa 
to about - 0 . 1 MPa , about - 0 . 05 MPa to about - 0 . 1125 MPa , 
about - 0 . 05 MPa to about - 0 . 125 MPa , about - 0 . 05 MPa to 
about - 0 . 1375 MPa , about - 0 . 05 MPa to about - 0 . 15 MPa , 
about - 0 . 05 MPa to about - 0 . 1625 MPa , about - 0 . 05 MPa 
to about - 0 . 1875 MPa , about - 0 . 05 MPa to about - 0 . 2 MPa , 
about - 0 . 0625 MPa to about - 0 . 0875 MPa , about - 0 . 0625 
MPa to about - 0 . 1 MPa , about - 0 . 0625 MPa to about 
- 0 . 1125 MPa , about - 0 . 0625 MPa to about - 0 . 125 MPa , 
about - 0 . 0625 MPa to about - 0 . 1375 MPa , about - 0 . 0625 
MPa to about - 0 . 15 MPa , about - 0 . 0625 MPa to about 
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- 0 . 1625 MPa , about - 0 . 0625 MPa to about - 0 . 1875 MPa , 
about - 0 . 0625 MPa to about - 0 . 2 MPa , about - 0 . 0875 MPa 
to about - 0 . 1 MPa , about - 0 . 0875 MPa to about - 0 . 1125 
MPa , about - 0 . 0875 MPa to about - 0 . 125 MPa , about 
- 0 . 0875 MPa to about - 0 . 1375 MPa , about - 0 . 0875 MPa to 
about - 0 . 15 MPa , about - 0 . 0875 MPa to about - 0 . 1625 
MPa , about - 0 . 0875 MPa to about - 0 . 1875 MPa , about 
- 0 . 0875 MPa to about - 0 . 2 MPa , about - 0 . 1 MPa to about 
- 0 . 1125 MPa , about - 0 . 1 MPa to about - 0 . 125 MPa , about 
- 0 . 1 MPa to about - 0 . 1375 MPa , about - 0 . 1 MPa to about 
- 0 . 15 MPa , about - 0 . 1 MPa to about - 0 . 1625 MPa , about 
- 0 . 1 MPa to about - 0 . 1875 MPa , about - 0 . 1 MPa to about 
- 0 . 2 MPa , about - 0 . 1125 MPa to about - 0 . 125 MPa , about 
- 0 . 1125 MPa to about - 0 . 1375 MPa , about - 0 . 1125 MPa to 
about - 0 . 15 MPa , about - 0 . 1125 MPa to about - 0 . 1625 
MPa , about - 0 . 1125 MPa to about - 0 . 1875 MPa , about 
- 0 . 1125 MPa to about - 0 . 2 MPa , about - 0 . 125 MPa to about 
- 0 . 1375 MPa , about - 0 . 125 MPa to about - 0 . 15 MPa , about 
- 0 . 125 MPa to about - 0 . 1625 MPa , about - 0 . 125 MPa to 
about - 0 . 1875 MPa , about - 0 . 125 MPa to about - 0 . 2 MPa , 
about - 0 . 1375 MPa to about - 0 . 15 MPa , about - 0 . 1375 
MPa to about - 0 . 1625 MPa , about - 0 . 1375 MPa to about 
- 0 . 1875 MPa , about - 0 . 1375 MPa to about - 0 . 2 MPa , about 
- 0 . 15 MPa to about - 0 . 1625 MPa , about - 0 . 15 MPa to 
about - 0 . 1875 MPa , about - 0 . 15 MPa to about - 0 . 2 MPa , 
about - 0 . 1625 MPa to about - 0 . 1875 MPa , about - 0 . 1625 
MPa to about - 0 . 2 MPa , or about - 0 . 1875 MPa to about 
- 0 . 2 MPa . Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution under a 
vacuum degree , and wherein the vacuum degree is about 
- 0 . 05 MPa , about - 0 . 0625 MPa , about - 0 . 0875 MPa , about 
- 0 . 1 MPa , about - 0 . 1125 MPa , about - 0 . 125 MPa , about 
- 0 . 1375 MPa , about - 0 . 15 MPa , about - 0 . 1625 MPa , about 
- 0 . 1875 MPa , or about - 0 . 2 MPa . Optionally , in some 
embodiments , the second mechanical mixer mixes the gra - 
phene solution under a vacuum degree , and wherein the 
vacuum degree is at least about - 0 . 05 MPa , about - 0 . 0625 
MPa , about - 0 . 0875 MPa , about - 0 . 1 MPa , about - 0 . 1125 
MPa , about - 0 . 125 MPa , about - 0 . 1375 MPa , about - 0 . 15 
MPa , about - 0 . 1625 MPa , about - 0 . 1875 MPa , or about 
- 0 . 2 MPa . Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution under a 
vacuum degree , and wherein the vacuum degree is no more 
than about - 0 . 05 MPa , about - 0 . 0625 MPa , about - 0 . 0875 
MPa , about - 0 . 1 MPa , about - 0 . 1125 MPa , about - 0 . 125 
MPa , about - 0 . 1375 MPa , about - 0 . 15 MPa , about - 0 . 1625 
MPa , about - 0 . 1875 MPa , or about - 0 . 2 MPa . 
[ 0103 ] Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution during one or 
more intervals , wherein each interval comprises a period of 
time of about 0 . 5 minute to about 30 minutes . Optionally , in 
some embodiments , the second mechanical mixer mixes the 
graphene solution during one or more intervals , wherein 
each interval comprises a period of time of at least about 0 . 5 
minute . Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution during one or 
more intervals , wherein each interval comprises a period of 
time of at most about 30 minutes . Optionally , in some 
embodiments , the second mechanical mixer mixes the gra 
phene solution during one or more intervals , wherein each 
interval comprises a period of time of about 0 . 5 minute to 
about 1 minute , about 0 . 5 minute to about 2 minutes , about 
0 . 5 minute to about 3 minutes , about 0 . 5 minute to about 4 
minutes , about 0 . 5 minute to about 5 minutes , about 0 . 5 

minute to about 10 minutes , about 0 . 5 minute to about 15 
minutes , about 0 . 5 minute to about 20 minutes , about 0 . 5 
minute to about 25 minutes , about 0 . 5 minute to about 30 
minutes , about 1 minute to about 2 minutes , about 1 minute 
to about 3 minutes , about 1 minute to about 4 minutes , about 
1 minute to about 5 minutes , about 1 minute to about 10 
minutes , about 1 minute to about 15 minutes , about 1 minute 
to about 20 minutes , about 1 minute to about 25 minutes , 
about 1 minute to about 30 minutes , about 2 minutes to about 
3 minutes , about 2 minutes to about 4 minutes , about 2 
minutes to about 5 minutes , about 2 minutes to about 10 
minutes , about 2 minutes to about 15 minutes , about 2 
minutes to about 20 minutes , about 2 minutes to about 25 
minutes , about 2 minutes to about 30 minutes , about 3 
minutes to about 4 minutes , about 3 minutes to about 5 
minutes , about 3 minutes to about 10 minutes , about 3 
minutes to about 15 minutes , about 3 minutes to about 20 
minutes , about 3 minutes to about 25 minutes , about 3 
minutes to about 30 minutes , about 4 minutes to about 5 
minutes , about 4 minutes to about 10 minutes , about 4 
minutes to about 15 minutes , about 4 minutes to about 20 
minutes , about 4 minutes to about 25 minutes , about 4 
minutes to about 30 minutes , about 5 minutes to about 10 
minutes , about 5 minutes to about 15 minutes , about 5 
minutes to about 20 minutes , about 5 minutes to about 25 
minutes , about 5 minutes to about 30 minutes , about 10 
minutes to about 15 minutes , about 10 minutes to about 20 
minutes , about 10 minutes to about 25 minutes , about 10 
minutes to about 30 minutes , about 15 minutes to about 20 
minutes , about 15 minutes to about 25 minutes , about 15 
minutes to about 30 minutes , about 20 minutes to about 25 
minutes , about 20 minutes to about 30 minutes , or about 25 
minutes to about 30 minutes . Optionally , in some embodi 
ments , the second mechanical mixer mixes the graphene 
solution during one or more intervals , wherein each interval 
comprises a period of time of about 0 . 5 minute , about 1 
minute , about 2 minutes , about 3 minutes , about 4 minutes , 
about 5 minutes , about 10 minutes , about 15 minutes , about 
20 minutes , about 25 minutes , or about 30 minutes . Option 
ally , in some embodiments , the second mechanical mixer 
mixes the graphene solution during one or more intervals , 
wherein each interval comprises a period of time of at least 
about 0 . 5 minute , about 1 minute , about 2 minutes , about 3 
minutes , about 4 minutes , about 5 minutes , about 10 min 
utes , about 15 minutes , about 20 minutes , about 25 minutes , 
or about 30 minutes . Optionally , in some embodiments , the 
second mechanical mixer mixes the graphene solution dur 
ing one or more intervals , wherein each interval comprises 
a period of time of no more than about 0 . 5 minute , about 1 
minute , about 2 minutes , about 3 minutes , about 4 minutes , 
about 5 minutes , about 10 minutes , about 15 minutes , about 
20 minutes , about 25 minutes , or about 30 minutes . 
[ 0104 ] Optionally , in some embodiments , the number of 
intervals is about 1 to about 60 . Optionally , in some embodi 
ments , the number of intervals is at least about 1 . Optionally , 
in some embodiments , the number of intervals is at most 
about 60 . Optionally , in some embodiments , the number of 
intervals is about 1 to about 2 , about 1 to about 5 , about 1 
to about 10 , about 1 to about 20 , about 1 to about 30 , about 
1 to about 40 , about 1 to about 50 , about 1 to about 60 , about 
2 to about 5 , about 2 to about 10 , about 2 to about 20 , about 
2 to about 30 , about 2 to about 40 , about 2 to about 50 , about 
2 to about 60 , about 5 to about 10 , about 5 to about 20 , about 
5 to about 30 , about 5 to about 40 , about 5 to about 50 , about 
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5 to about 60 , about 10 to about 20 , about 10 to about 30 , 
about 10 to about 40 , about 10 to about 50 , about 10 to about 
60 , about 20 to about 30 , about 20 to about 40 , about 20 to 
about 50 , about 20 to about 60 , about 30 to about 40 , about 
30 to about 50 , about 30 to about 60 , about 40 to about 50 , 
about 40 to about 60 , or about 50 to about 60 . Optionally , in 
some embodiments , the number of intervals is about 1 , about 
2 , about 5 , about 10 , about 20 , about 30 , about 40 , about 50 , 
or about 60 . Optionally , in some embodiments , the number 
of intervals is at least about 1 , about 2 , about 5 , about 10 , 
about 20 , about 30 , about 40 , about 50 , or about 60 . 
Optionally , in some embodiments , the number of intervals is 
no more than about 1 , about 2 , about 5 , about 10 , about 20 , 
about 30 , about 40 , about 50 , or about 60 . 
[ 0105 ] Optionally , in some embodiments , the RGO dis 
persion is added after the first second , third , fourth , fifth , 
sixth , seventh , eighth , ninth , tenth , eleventh , twelfth , thir 
teenth , fourteenth , or the fifteenth interval , or any combina 
tion thereof . 
[ 0106 ] Optionally , in some embodiments , a period of time 
of a first interval is about 5 minutes , and wherein the stirring 
speed is about 30 rpm . Optionally , in some embodiments , a 
period of time of a second interval is about 5 minutes , and 
wherein the stirring speed is about 50 rpm . Optionally , in 
some embodiments , a period of time of a third interval is 
about 5 minutes , wherein the stirring speed is about 75 rpm , 
and wherein the dispersing speed is about 100 rpm . Option 
ally , in some embodiments , a period of time of a fourth 
interval is about 5 minutes , wherein the stirring speed is 
about 75 rpm , and wherein the dispersing speed is about 300 
rpm . Optionally , in some embodiments , a period of time of 
a fifth interval is about 5 minutes , wherein the stirring speed 
is about 75 rpm , and wherein the dispersing speed is about 
500 rpm . Optionally , in some embodiments , a period of time 
of a sixth interval is about 1 minute , and wherein the stirring 
speed is about 30 rpm . Optionally , in some embodiments , a 
period of time of a seventh interval is about 1 minute , 
wherein the stirring speed is about 100 rpm , and wherein the 
dispersing speed is about 50 rpm . Optionally , in some 
embodiments , a period of time of an eighth interval is about 
5 minutes , wherein the stirring speed is about 75 rpm , and 
wherein the dispersing speed is about 500 rpm . Optionally , 
in some embodiments , a period of time of a ninth interval is 
about 10 minutes , wherein the stirring speed is about 75 rpm , 
and wherein the dispersing speed is about 1 , 000 rpm . 
Optionally , in some embodiments , a period of time of a tenth 
interval is about 5 minutes , wherein the stirring speed is 
about 75 rpm , and wherein the dispersing speed is about 
3 , 000 rpm . Optionally , in some embodiments , a period of 
time of an eleventh interval is about 5 minutes , wherein the 
stirring speed is about 30 rpm , and wherein the dispersing 
speed is about 100 rpm . Optionally , in some embodiments , 
a period of time of a twelfth interval is about 5 minutes , 
wherein the stirring speed is about 50 rpm , and wherein the 
dispersing speed is about 500 rpm . Optionally , in some 
embodiments , a period of time of a thirteenth interval is 
about 5 minutes , wherein the stirring speed is about 750 rpm , 
and wherein the dispersing speed is about 1 , 000 rpm . 
Optionally , in some embodiments , a period of time of a 
fourteenth interval is about 5 minutes , wherein the stirring 
speed is about 750 rpm , and wherein the dispersing speed is 
about 3 , 000 rpm . Optionally , in some embodiments , a period 
of time of a fifteenth interval is about 30 minutes , wherein 

the stirring speed is about 750 rpm , and wherein the dis 
persing speed is about 3 , 000 rpm . 
[ 0107 ] Optionally , in some embodiments , the binder and 
the first solvent are cooled to a temperature of about 10° C . 
to about 40° C . Optionally , in some embodiments , the binder 
and the first solvent are cooled to a temperature of at least 
about 10° C . Optionally , in some embodiments , the binder 
and the first solvent are cooled to a temperature of at most 
about 40° C . Optionally , in some embodiments , the binder 
and the first solvent are cooled to a temperature of about 10° 
C . to about 15° C . , about 10° C . to about 20° C . , about 10° 
C . to about 25° C . , about 10° C . to about 30° C . , about 10° 
C . to about 35° C . , about 10° C . to about 40° C . , about 15° 
C . to about 20° C . , about 15° C . to about 25° C . , about 150 
C . to about 30° C . , about 15° C . to about 35° C . , about 15° 
C . to about 40° C . , about 20° C . to about 25° C . , about 20° 
C . to about 30° C . , about 20° C . to about 35° C . , about 20° 
C . to about 40° C . , about 25° C . to about 30° C . , about 25° 
C . to about 35° C . , about 25° C . to about 40° C . , about 30° 
C . to about 35° C . , about 30° C . to about 40° C . , or about 35° 
C . to about 40° C . Optionally , in some embodiments , the 
binder and the first solvent are cooled to a temperature of 
about 10° C . , about 15° C . , about 20° C . , about 25° C . , about 
30° C . , about 35° C . , or about 40° C . Optionally , in some 
embodiments , the binder and the first solvent are cooled to 
a temperature of at least about 10° C . , about 15° C . , about 
20° C . , about 25° C . , about 30° C . , about 35° C . , or about 40° 
C . Optionally , in some embodiments , the binder and the first 
solvent are cooled to a temperature of no more than about 
10° C . , about 15° C . , about 20° C . , about 25° C . , about 30° 
C . , about 35° C . , or about 40° C . 
10108 ] Optionally , in some embodiments , the viscosity of 
the conductive graphene ink is about 10 centipoise to about 
10 , 000 centipoise . Optionally , in some embodiments , the 
viscosity of the conductive graphene ink is at least about 10 
centipoise . Optionally , in some embodiments , the viscosity 
of the conductive graphene ink is at most about 10 , 000 
centipoise . Optionally , in some embodiments , the viscosity 
of the conductive graphene ink is about 10 centipoise to 
about 20 centipoise , about 10 centipoise to about 50 centi 
poise , about 10 centipoise to about 100 centipoise , about 10 
centipoise to about 200 centipoise , about 10 centipoise to 
about 500 centipoise , about 10 centipoise to about 1 , 000 
centipoise , about 10 centipoise to about 2 , 000 centipoise , 
about 10 centipoise to about 5 , 000 centipoise , about 10 
centipoise to about 10 , 000 centipoise , about 20 centipoise to 
about 50 centipoise , about 20 centipoise to about 100 
centipoise , about 20 centipoise to about 200 centipoise , 
about 20 centipoise to about 500 centipoise , about 20 
centipoise to about 1 , 000 centipoise , about 20 centipoise to 
about 2 , 000 centipoise , about 20 centipoise to about 5 , 000 
centipoise , about 20 centipoise to about 10 , 000 centipoise , 
about 50 centipoise to about 100 centipoise , about 50 
centipoise to about 200 centipoise , about 50 centipoise to 
about 500 centipoise , about 50 centipoise to about 1 , 000 
centipoise , about 50 centipoise to about 2 , 000 centipoise , 
about 50 centipoise to about 5 , 000 centipoise , about 50 
centipoise to about 10 , 000 centipoise , about 100 centipoise 
to about 200 centipoise , about 100 centipoise to about 500 
centipoise , about 100 centipoise to about 1 , 000 centipoise , 
about 100 centipoise to about 2 , 000 centipoise , about 100 
centipoise to about 5 , 000 centipoise , about 100 centipoise to 
about 10 , 000 centipoise , about 200 centipoise to about 500 
centipoise , about 200 centipoise to about 1 , 000 centipoise , 
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about 200 centipoise to about 2 , 000 centipoise , about 200 
centipoise to about 5 , 000 centipoise , about 200 centipoise to 
about 10 , 000 centipoise , about 500 centipoise to about 1 , 000 
centipoise , about 500 centipoise to about 2 , 000 centipoise , 
about 500 centipoise to about 5 , 000 centipoise , about 500 
centipoise to about 10 , 000 centipoise , about 1 , 000 centi 
poise to about 2 , 000 centipoise , about 1 , 000 centipoise to 
about 5 , 000 centipoise , about 1 , 000 centipoise to about 
10 , 000 centipoise , about 2 , 000 centipoise to about 5 , 000 
centipoise , about 2 , 000 centipoise to about 10 , 000 centi 
poise , or about 5 , 000 centipoise to about 10 , 000 centipoise . 
Optionally , in some embodiments , the viscosity of the 
conductive graphene ink is about 10 centipoise , about 20 
centipoise , about 50 centipoise , about 100 centipoise , about 
200 centipoise , about 500 centipoise , about 1 , 000 centi 
poise , about 2 , 000 centipoise , about 5 , 000 centipoise , or 
about 10 , 000 centipoise . Optionally , in some embodiments , 
the viscosity of the conductive graphene ink is at least about 
10 centipoise , about 20 centipoise , about 50 centipoise , 
about 100 centipoise , about 200 centipoise , about 500 cen 
tipoise , about 1 , 000 centipoise , about 2 , 000 centipoise , 
about 5 , 000 centipoise , or about 10 , 000 centipoise . Option 
ally , in some embodiments , the viscosity of the conductive 
graphene ink is no more than about 10 centipoise , about 20 
centipoise , about 50 centipoise , about 100 centipoise , about 
200 centipoise , about 500 centipoise , about 1 , 000 centi 
poise , about 2 , 000 centipoise , about 5 , 000 centipoise , or 
about 10 , 000 centipoise . 
[ 0109 ] Optionally , in some embodiments , the conductive 
graphene ink has a viscosity of about 2 , 300 centipoise to 
about 2 , 400 centipoise . Optionally , in some embodiments , 
the conductive graphene ink has a viscosity of at least about 
2 , 300 centipoise . Optionally , in some embodiments , the 
conductive graphene ink has a viscosity of at most about 
2 , 400 centipoise . Optionally , in some embodiments , the 
conductive graphene ink has a viscosity of about 2 , 300 
centipoise to about 2 , 310 centipoise , about 2 , 300 centipoise 
to about 2 , 320 centipoise , about 2 , 300 centipoise to about 
2 , 330 centipoise , about 2 , 300 centipoise to about 2 , 340 
centipoise , about 2 , 300 centipoise to about 2 , 350 centipoise , 
about 2 , 300 centipoise to about 2 , 360 centipoise , about 
2 , 300 centipoise to about 2 , 370 centipoise , about 2 , 300 
centipoise to about 2 , 380 centipoise , about 2 , 300 centipoise 
to about 2 , 390 centipoise , about 2 , 300 centipoise to about 
2 , 400 centipoise , about 2 , 310 centipoise to about 2 , 320 
centipoise , about 2 , 310 centipoise to about 2 , 330 centipoise , 
about 2 , 310 centipoise to about 2 , 340 centipoise , about 
2 , 310 centipoise to about 2 , 350 centipoise , about 2 , 310 
centipoise to about 2 , 360 centipoise , about 2 , 310 centipoise 
to about 2 , 370 centipoise , about 2 , 310 centipoise to about 
2 , 380 centipoise , about 2 , 310 centipoise to about 2 , 390 
centipoise , about 2 , 310 centipoise to about 2 , 400 centipoise , 
about 2 , 320 centipoise to about 2 , 330 centipoise , about 
2 , 320 centipoise to about 2 , 340 centipoise , about 2 , 320 
centipoise to about 2 , 350 centipoise , about 2 , 320 centipoise 
to about 2 , 360 centipoise , about 2 , 320 centipoise to about 
2 , 370 centipoise , about 2 , 320 centipoise to about 2 , 380 
centipoise , about 2 , 320 centipoise to about 2 , 390 centipoise , 
about 2 , 320 centipoise to about 2 , 400 centipoise , about 
2 , 330 centipoise to about 2 , 340 centipoise , about 2 , 330 
centipoise to about 2 , 350 centipoise , about 2 , 330 centipoise 
to about 2 , 360 centipoise , about 2 , 330 centipoise to about 
2 , 370 centipoise , about 2 , 330 centipoise to about 2 , 380 
centipoise , about 2 , 330 centipoise to about 2 , 390 centipoise , 

about 2 , 330 centipoise to about 2 , 400 centipoise , about 
2 , 340 centipoise to about 2 , 350 centipoise , about 2 , 340 
centipoise to about 2 , 360 centipoise , about 2 , 340 centipoise 
to about 2 , 370 centipoise , about 2 , 340 centipoise to about 
2 , 380 centipoise , about 2 , 340 centipoise to about 2 , 390 
centipoise , about 2 , 340 centipoise to about 2 , 400 centipoise , 
about 2 , 350 centipoise to about 2 , 360 centipoise , about 
2 , 350 centipoise to about 2 , 370 centipoise , about 2 , 350 
centipoise to about 2 , 380 centipoise , about 2 , 350 centipoise 
to about 2 , 390 centipoise , about 2 , 350 centipoise to about 
2 , 400 centipoise , about 2 , 360 centipoise to about 2 , 370 
centipoise , about 2 , 360 centipoise to about 2 , 380 centipoise , 
about 2 , 360 centipoise to about 2 , 390 centipoise , about 
2 , 360 centipoise to about 2 , 400 centipoise , about 2 , 370 
centipoise to about 2 , 380 centipoise , about 2 , 370 centipoise 
to about 2 , 390 centipoise , about 2 , 370 centipoise to about 
2 , 400 centipoise , about 2 , 380 centipoise to about 2 , 390 
centipoise , about 2 , 380 centipoise to about 2 , 400 centipoise , 
or about 2 , 390 centipoise to about 2 , 400 centipoise . Option 
ally , in some embodiments , the conductive graphene ink has 
a viscosity of about 2 , 300 centipoise , about 2 , 310 centipoise , 
about 2 , 320 centipoise , about 2 , 330 centipoise , about 2 , 340 
centipoise , about 2 , 350 centipoise , about 2 , 360 centipoise , 
about 2 , 370 centipoise , about 2 , 380 centipoise , about 2 , 390 
centipoise , or about 2 , 400 centipoise . 
[ 0110 ] Optionally , in some embodiments , the solid matter 
content of the conductive graphene ink is about 2 . 5 % to 
about 10 . 5 % . Optionally , in some embodiments , the solid 
matter content of the conductive graphene ink is at least 
about 2 . 5 % . Optionally , in some embodiments , the solid 
matter content of the conductive graphene ink is at most 
about 10 . 5 % . Optionally , in some embodiments , the solid 
matter content of the conductive graphene ink is about 2 . 5 % 
to about 3 . 5 % , about 2 . 5 % to about 4 . 5 % , about 2 . 5 % to 
about 5 . 5 % , about 2 . 5 % to about 6 . 5 % , about 2 . 5 % to about 
7 . 5 % , about 2 . 5 % to about 8 . 5 % , about 2 . 5 % to about 9 . 5 % , 
about 2 . 5 % to about 10 . 5 % , about 3 . 5 % to about 4 . 5 % , about 
3 . 5 % to about 5 . 5 % , about 3 . 5 % to about 6 . 5 % , about 3 . 5 % 
to about 7 . 5 % , about 3 . 5 % to about 8 . 5 % , about 3 . 5 % to 
about 9 . 5 % , about 3 . 5 % to about 10 . 5 % , about 4 . 5 % to about 
5 . 5 % , about 4 . 5 % to about 6 . 5 % , about 4 . 5 % to about 7 . 5 % , 
about 4 . 5 % to about 8 . 5 % , about 4 . 5 % to about 9 . 5 % , about 
4 . 5 % to about 10 . 5 % , about 5 . 5 % to about 6 . 5 % , about 5 . 5 % 
to about 7 . 5 % , about 5 . 5 % to about 8 . 5 % , about 5 . 5 % to 
about 9 . 5 % , about 5 . 5 % to about 10 . 5 % , about 6 . 5 % to about 
7 . 5 % , about 6 . 5 % to about 8 . 5 % , about 6 . 5 % to about 9 . 5 % , 
about 6 . 5 % to about 10 . 5 % , about 7 . 5 % to about 8 . 5 % , about 
7 . 5 % to about 9 . 5 % , about 7 . 5 % to about 10 . 5 % , about 8 . 5 % 
to about 9 . 5 % , about 8 . 5 % to about 10 . 5 % , or about 9 . 5 % to 
about 10 . 5 % . Optionally , in some embodiments , the solid 
matter content of the conductive graphene ink is about 2 . 5 % , 
about 3 . 5 % , about 4 . 5 % , about 5 . 5 % , about 6 . 5 % , about 
7 . 5 % , about 8 . 5 % , about 9 . 5 % , or about 10 . 5 % . Optionally , 
in some embodiments , the solid matter content of the 
conductive graphene ink is at least about 2 . 5 % , about 3 . 5 % , 
about 4 . 5 % , about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 
8 . 5 % , about 9 . 5 % , or about 10 . 5 % . Optionally , in some 
embodiments , the solid matter content of the conductive 
graphene ink is no more than about 2 . 5 % , about 3 . 5 % , about 
4 . 5 % , about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , 
about 9 . 5 % , or about 10 . 5 % . 
[ 0111 ] Optionally , in some embodiments , the density of 
the conductive graphene ink at a temperature of about 20° C . 
is about 2 . 5 g / cm² to about 10 . 5 g / cm ' . Optionally , in some 



US 2018 / 0305570 A1 Oct . 25 , 2018 
32 

embodiments , the density of the conductive graphene ink at 
a temperature of about 20° C . is at least about 2 . 5 g / cm3 . 
Optionally , in some embodiments , the density of the con 
ductive graphene ink at a temperature of about 20° C . is at 
most about 10 . 5 g / cmº . Optionally , in some embodiments , 
the density of the conductive graphene ink at a temperature 
of about 20° C . is about 2 . 5 g / cmº to about 3 . 5 g / cm " , about 
2 . 5 g / cm to about 4 . 5 g / cm " , about 2 . 5 g / cm to about 5 . 5 
g / cm ” , about 2 . 5 g / cm² to about 6 . 5 g / cm , about 2 . 5 g / cm3 
to about 7 . 5 g / cm ” , about 2 . 5 g / cm3 to about 8 . 5 g / cm " , 
about 2 . 5 g / cm to about 9 . 5 g / cm * , about 2 . 5 g / cm² to about 
10 . 5 g / cm " , about 3 . 5 g / cm3 to about 4 . 5 g / cm " , about 3 . 5 
g / cm² to about 5 . 5 g / cm ” , about 3 . 5 g / cm to about 6 . 5 
g / cm ” , about 3 . 5 g / cm² to about 7 . 5 g / cm ” , about 3 . 5 g / cm3 
to about 8 . 5 g / cm " , about 3 . 5 g / cm² to about 9 . 5 g / cm , 
about 3 . 5 g / cm3 to about 10 . 5 g / cm " , about 4 . 5 g / cm3 to 
about 5 . 5 g / cm° , about 4 . 5 g / cm² to about 6 . 5 g / cm ” , about 
4 . 5 g / cm to about 7 . 5 g / cm " , about 4 . 5 g / cm to about 8 . 5 
g / cm ” , about 4 . 5 g / cm² to about 9 . 5 g / cm ” , about 4 . 5 g / cm3 
to about 10 . 5 g / cm ” , about 5 . 5 g / cm² to about 6 . 5 g / cm " , 
about 5 . 5 g / cm to about 7 . 5 g / cm " , about 5 . 5 g / cm to about 
8 . 5 g / cm " , about 5 . 5 g / cm to about 9 . 5 g / cm " , about 5 . 5 
g / cm to about 10 . 5 g / cm3 , about 6 . 5 g / cm3 to about 7 . 5 
g / cm° , about 6 . 5 g / cmº to about 8 . 5 g / cm ” , about 6 . 5 g / cm3 
to about 9 . 5 g / cm " , about 6 . 5 g / cm² to about 10 . 5 g / cm " , 
about 7 . 5 g / cm² to about 8 . 5 g / cm ” , about 7 . 5 g / cm3 to about 
9 . 5 g / cm° , about 7 . 5 g / cm² to about 10 . 5 g / cm° , about 8 . 5 
g / cm3 to about 9 . 5 g / cm ” , about 8 . 5 g / cm3 to about 10 . 5 
g / cm , or about 9 . 5 g / cm to about 10 . 5 g / cm " . Optionally , 
in some embodiments , the density of the conductive gra 
phene ink at a temperature of about 20° C . is at most about 
10 . 5 g / cmº . Optionally , in some embodiments , the density of 
the conductive graphene ink at a temperature of about 20° C . 
is about 2 . 5 g / cm " , about 3 . 5 g / cm " , about 4 . 5 g / cm " , about 
5 . 5 g / cm " , about 6 . 5 g / cm ” , about 7 . 5 g / cm " , about 8 . 5 
g / cm " , about 9 . 5 g / cm " , or about 10 . 5 g / cm " . Optionally , in 
some embodiments , the density of the conductive graphene 
ink at a temperature of at least about 20° C . is about 2 . 5 
g / cm " , about 3 . 5 g / cm " , about 4 . 5 g / cm " , about 5 . 5 g / cm " , 
about 6 . 5 g / cm " , about 7 . 5 g / cm " , about 8 . 5 g / cm " , about 9 . 5 
g / cm " , or about 10 . 5 g / cm " . Optionally , in some embodi 
ments , the density of the conductive graphene ink at a 
temperature of no more than about 20° C . is about 2 . 5 g / cm " , 
about 3 . 5 g / cm° , about 4 . 5 g / cm° , about 5 . 5 g / cm° , about 6 . 5 
g / cm , about 7 . 5 g / cm ” , about 8 . 5 g / cm ” , about 9 . 5 g / cm " , or 
about 10 . 5 g / cm3 . 
[ 0112 ] Optionally , in some embodiments the conductive 
graphene ink has a surface area of about 40 m² / g to about 
2 , 400 m² / g . Optionally , in some embodiments the conduc 
tive graphene ink has a surface area of at least about 40 m² / g . 
Optionally , in some embodiments the conductive graphene 
ink has a surface area of at most about 2 , 400 m? / g . Option 
ally , in some embodiments the conductive graphene ink has 
a surface area of about 40 m²lg to about 80 m² / g , about 40 
m² / g to about 120 m² / g , about 40 m² / g to about 240 m² / g , 
about 40 m´ / g to about 480 m² / g , about 40 m² / g to about 
1 , 000 m ~ / g , about 40 m² / g to about 1 , 400 m² / g , about 40 
m² / g to about 1 , 800 m² / g , about 40 m² / g to about 2 , 200 
m² / g , about 40 m² / g to about 2 , 400 m² / g , about 80 m² / g to 
about 120 m² / g , about 80 m² / g to about 240 m´ / g , about 80 
m - / g to about 480 m?lg , about 80 m - / g to about 1 , 000 m - / g , 
about 80 m² / g to about 1 , 400 m´ / g , about 80 m² / g to about 
1 , 800 m² / g , about 80 m² / g to about 2 , 200 m² / g , about 80 
m² / g to about 2 , 400 m² / g , about 120 m² / g to about 240 m² / g , 

about 120 m² / g to about 480 m² / g , about 120 m² / g to about 
1 , 000 m² / g , about 120 m² / g to about 1 , 400 m² / g , about 120 
m² / g to about 1 , 800 m² / g , about 120 m² / g to about 2 , 200 
m² / g , about 120 m? / g to about 2 , 400 m² / g , about 240 m² / g 
to about 480 m² / g , about 240 mº / g to about 1 , 000 m² / g , 
about 240 m² / g to about 1 , 400 m² / g , about 240 m² / g to about 
1 , 800 m² / g , about 240 m² / g to about 2 , 200 m² / g , about 240 
m² / g to about 2 , 400 m² / g , about 480 m² / g to about 1 , 000 
m² / g , about 480 m? / g to about 1 , 400 m² / g , about 480 m² / g 
to about 1 , 800 m² / g , about 480 mº / g to about 2 , 200 m² / g , 
about 480 m² / g to about 2 , 400 m?lg , about 1 , 000 m² / g to 
about 1 , 400 m² / g , about 1 , 000 m² / g to about 1 , 800 m² / g , 
about 1 , 000 m² / g to about 2 , 200 m² / g , about 1 , 000 m² / g to 
about 2 , 400 m² / g , about 1 , 400 m2 / g to about 1 , 800 m² / g , 
about 1 , 400 m² / g to about 2 , 200 m² / g , about 1 , 400 m² / g to 
about 2 , 400 m² / g , about 1 , 800 m² / g to about 2 , 200 m² / g , 
about 1 , 800 m² / g to about 2 , 400 m´ / g , or about 2 , 200 m² / g 
to about 2 , 400 m´ / g . Optionally , in some embodiments the 
conductive graphene ink has a surface area of about 40 m² / g , 
about 80 m² / g , about 120 m² / g , about 240 m² / g , about 480 
m - / g , about 1 , 000 m - / g , about 1 , 400 m - / g , about 1 , 800 m - / g , 
about 2 , 200 m² / g , or about 2 , 400 m / g . Optionally , in some 
embodiments the conductive graphene ink has a surface area 
of at least about 40 m² / g , about 80 m² / g , about 120 m² / g , 
about 240 m² / g , about 480 m² / g , about 1 , 000 m² / g , about 
1 , 400 m² / g , about 1 , 800 m² / g , about 2 , 200 m² / g , or about 
2 , 400 m² / g . Optionally , in some embodiments the conduc 
tive graphene ink has a surface area of no more than about 
40 mº / g , about 80 mº / g , about 120 m´ / g , about 240 mº / g , 
about 480 m² / g , about 1 , 000 m² / g , about 1 , 400 m² / g , about 
1 , 800 m? / g , about 2 , 200 m - / g , or about 2 , 400 m? / g . 
[ 0113 ] Optionally , in some embodiments the conductive 
graphene ink has a conductivity of about 400 S / m to about 
1 , 600 S / m . Optionally , in some embodiments the conductive 
graphene ink has a conductivity of at least about 400 S / m . 
Optionally , in some embodiments the conductive graphene 
ink has a conductivity of at most about 1 , 600 S / m . Option 
ally , in some embodiments the conductive graphene ink has 
a conductivity of about 400 S / m to about 500 S / m , about 400 
S / m to about 600 S / m , about 400 S / m to about 700 S / m , 
about 400 S / m to about 800 S / m , about 400 S / m to about 900 
S / m , about 400 S / m to about 1 , 000 S / m , about 400 S / m to 
about 1 , 200 S / m , about 400 S / m to about 1 , 400 S / m , about 
400 S / m to about 1 , 600 S / m , about 500 S / m to about 600 
S / m , about 500 S / m to about 700 S / m , about 500 S / m to 
about 800 S / m , about 500 S / m to about 900 S / m , about 500 
S / m to about 1 , 000 S / m , about 500 S / m to about 1 , 200 S / m , 
about 500 S / m to about 1 , 400 S / m , about 500 S / m to about 
1 , 600 S / m , about 600 S / m to about 700 S / m , about 600 S / m 
to about 800 S / m , about 600 S / m to about 900 S / m , about 
600 S / m to about 1 , 000 S / m , about 600 S / m to about 1 , 200 
S / m , about 600 S / m to about 1 , 400 S / m , about 600 S / m to 
about 1 , 600 S / m , about 700 S / m to about 800 S / m , about 700 
S / m to about 900 S / m , about 700 S / m to about 1 , 000 S / m , 
about 700 S / m to about 1 , 200 S / m , about 700 S / m to about 
1 , 400 S / m , about 700 S / m to about 1 , 600 S / m , about 800 
S / m to about 900 S / m , about 800 S / m to about 1 , 000 S / m , 
about 800 S / m to about 1 , 200 S / m , about 800 S / m to about 
1 , 400 S / m , about 800 S / m to about 1 , 600 S / m , about 900 
S / m to about 1 , 000 S / m , about 900 S / m to about 1 , 200 S / m , 
about 900 S / m to about 1 , 400 S / m , about 900 S / m to about 
1 , 600 S / m , about 1 , 000 S / m to about 1 , 200 S / m , about 1 , 000 
S / m to about 1 , 400 S / m , about 1 , 000 S / m to about 1 , 600 
S / m , about 1 , 200 S / m to about 1 , 400 S / m , about 1 , 200 S / m 
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to about 1 , 600 S / m , or about 1 , 400 S / m to about 1 , 600 S / m . 
Optionally , in some embodiments the conductive graphene 
ink has a conductivity of about 400 S / m , about 500 S / m , 
about 600 S / m , about 700 S / m , about 800 S / m , about 900 
S / m , about 1 , 000 S / m , about 1 , 200 S / m , about 1 , 400 S / m , or 
about 1 , 600 S / m . Optionally , in some embodiments the 
conductive graphene ink has a conductivity of at least about 
400 S / m , about 500 S / m , about 600 S / m , about 700 S / m , 
about 800 S / m , about 900 S / m , about 1 , 000 S / m , about 1 , 200 
S / m , about 1 , 400 S / m , or about 1 , 600 S / m . Optionally , in 
some embodiments the conductive graphene ink has a 
conductivity of no more than about 400 S / m , about 500 S / m , 
about 600 S / m , about 700 S / m , about 800 S / m , about 900 
S / m , about 1 , 000 S / m , about 1 , 200 S / m , about 1 , 400 S / m , or 
about 1 , 600 S / m . 
10114 ) Optionally , in some embodiments the conductive 
graphene ink has a C : O mass ratio of about 2 : 1 to about 40 : 1 . 
Optionally , in some embodiments the conductive graphene 
ink has a C : O mass ratio of at least about 2 : 1 . Optionally , in 
some embodiments the conductive graphene ink has a C : 0 
mass ratio of at most about 40 : 1 . Optionally , in some 
embodiments the conductive graphene ink has a C : O mass 
ratio of about 2 : 1 to about 4 : 1 , about 2 : 1 to about 6 : 1 , about 
2 : 1 to about 8 : 1 , about 2 : 1 to about 10 : 1 , about 2 : 1 to about 
15 : 1 , about 2 : 1 to about 20 : 1 , about 2 : 1 to about 25 : 1 , about 
2 : 1 to about 30 : 1 , about 2 : 1 to about 34 : 1 , about 2 : 1 to about 
40 : 1 , about 4 : 1 to about 6 : 1 , about 4 : 1 to about 8 : 1 , about 4 : 1 
to about 10 : 1 , about 4 : 1 to about 15 : 1 , about 4 : 1 to about 
20 : 1 , about 4 : 1 to about 25 : 1 , about 4 : 1 to about 30 : 1 , about 
4 : 1 to about 34 : 1 , about 4 : 1 to about 40 : 1 , about 6 : 1 to about 
8 : 1 , about 6 : 1 to about 10 : 1 , about 6 : 1 to about 15 : 1 , about 
6 : 1 to about 20 : 1 , about 6 : 1 to about 25 : 1 , about 6 : 1 to about 
30 : 1 , about 6 : 1 to about 34 : 1 , about 6 : 1 to about 40 : 1 , about 
8 : 1 to about 10 : 1 , about 8 : 1 to about 15 : 1 , about 8 : 1 to about 
20 : 1 , about 8 : 1 to about 25 : 1 , about 8 : 1 to about 30 : 1 , about 
8 : 1 to about 34 : 1 , about 8 : 1 to about 40 : 1 , about 10 : 1 to 
about 15 : 1 , about 10 : 1 to about 20 : 1 , about 10 : 1 to about 
25 : 1 , about 10 : 1 to about 30 : 1 , about 10 : 1 to about 34 : 1 , 
about 10 : 1 to about 40 : 1 , about 15 : 1 to about 20 : 1 , about 
15 : 1 to about 25 : 1 , about 15 : 1 to about 30 : 1 , about 15 : 1 to 
about 34 : 1 , about 15 : 1 to about 40 : 1 , about 20 : 1 to about 
25 : 1 , about 20 : 1 to about 30 : 1 , about 20 : 1 to about 34 : 1 , 
about 20 : 1 to about 40 : 1 , about 25 : 1 to about 30 : 1 , about 
25 : 1 to about 34 : 1 , about 25 : 1 to about 40 : 1 , about 30 : 1 to 
about 34 : 1 , about 30 : 1 to about 40 : 1 , or about 34 : 1 to about 
40 : 1 . Optionally , in some embodiments the conductive gra 
phene ink has a C : 0 mass ratio of about 2 : 1 , about 4 : 1 , about 
6 : 1 , about 8 : 1 , about 10 : 1 , about 15 : 1 , about 20 : 1 , about 
25 : 1 , about 30 : 1 , about 34 : 1 , or about 40 : 1 . Optionally , in 
some embodiments , one of the conductivity , the surface 
area , and the C : 0 ratio of the conductive graphene ink is 
measured by methylene blue absorption . Optionally , in some 
embodiments the conductive graphene ink has a C : O mass 
ratio of at least about 2 : 1 , about 4 : 1 , about 6 : 1 , about 8 : 1 , 
about 10 : 1 , about 15 : 1 , about 20 : 1 , about 25 : 1 , about 30 : 1 , 
about 34 : 1 , or about 40 : 1 . Optionally , in some embodiments 
the conductive graphene ink has a C : O mass ratio of no more 
than about 2 : 1 , about 4 : 1 , about 6 : 1 , about 8 : 1 , about 10 : 1 , 
about 15 : 1 , about 20 : 1 , about 25 : 1 , about 30 : 1 , about 34 : 1 , 
or about 40 : 1 . 
[ 0115 ] Optionally , in some embodiments , one of the con 
ductivity , the surface area , and the C : O ratio , of the con 
ductive graphene ink is measured by methylene blue absorp 
tion . 

[ 0116 ] Optionally , in some embodiments , the conductive 
graphene ink is a conductive graphene hydrate . 
[ 0117 ] Another aspect provided herein is a method of 
forming a graphene film comprising , forming a conductive 
graphene ink ; coating a substrate with the conductive gra 
phene ink to form a coating of the conductive graphene ink 
on the substrate . 
[ 0118 ] Optionally , in some embodiments , the thickness of 
the coating of the conductive graphene ink is about 0 . 05 
micrometer to about 200 micrometers . Optionally , in some 
embodiments , the thickness of the coating of the conductive 
graphene ink is at least about 0 . 05 micrometers . Optionally , 
in some embodiments , the thickness of the coating of the 
conductive graphene ink is at most about 200 micrometers . 
Optionally , in some embodiments , the thickness of the 
coating of the conductive graphene ink is about 0 . 05 
micrometers to about 0 . 1 micrometer , about 0 . 05 microm 
eter to about 0 . 5 micrometer , about 0 . 05 micrometer to about 
1 micrometer , about 0 . 05 micrometer to about 10 microm 
eters , about 0 . 05 micrometer to about 50 micrometers , about 
0 . 05 micrometer to about 100 micrometers , about 0 . 05 
micrometer to about 150 micrometers , about 0 . 05 microm 
eter to about 200 micrometers , about 0 . 1 micrometer to 
about 0 . 5 micrometer , about 0 . 1 micrometer to about 1 
micrometer , about 0 . 1 micrometer to about 10 micrometers , 
about 0 . 1 micrometer to about 50 micrometers , about 0 . 1 
micrometer to about 100 micrometers , about 0 . 1 micrometer 
to about 150 micrometers , about 0 . 1 micrometer to about 
200 micrometers , about 0 . 5 micrometer to about 1 microm 
eter , about 0 . 5 micrometer to about 10 micrometers , about 
0 . 5 micrometer to about 50 micrometers , about 0 . 5 microm 
eter to about 100 micrometers , about 0 . 5 micrometer to 
about 150 micrometers , about 0 . 5 micrometer to about 200 
micrometers , about 1 micrometer to about 10 micrometers , 
about 1 micrometer to about 50 micrometers , about 1 
micrometer to about 100 micrometers , about 1 micrometer 
to about 150 micrometers , about 1 micrometer to about 200 
micrometers , about 10 micrometers to about 50 microm 
eters , about 10 micrometers to about 100 micrometers , about 
10 micrometers to about 150 micrometers , about 10 
micrometers to about 200 micrometers , about 50 microm 
eters to about 100 micrometers , about 50 micrometers to 
about 150 micrometers , about 50 micrometers to about 200 
micrometers , about 100 micrometers to about 150 microm 
eters , about 100 micrometers to about 200 micrometers , or 
about 150 micrometers to about 200 micrometers . Option 
ally , in some embodiments , the thickness of the coating of 
the conductive graphene ink is about 0 . 05 micrometer , about 
0 . 1 micrometer , about 0 . 5 micrometer , about 1 micrometer , 
about 10 micrometers , about 50 micrometers , about 100 
micrometers , about 150 micrometers , or about 200 microm 
eters . Optionally , in some embodiments , the thickness of the 
coating of the conductive graphene ink is at least about 0 . 05 
micrometer , about 0 . 1 micrometer , about 0 . 5 micrometer , 
about 1 micrometer , about 10 micrometers , about 50 
micrometers , about 100 micrometers , about 150 microm 
eters , or about 200 micrometers . Optionally , in some 
embodiments , the thickness of the coating of the conductive 
graphene ink is no more than about 0 . 05 micrometer , about 
0 . 1 micrometer , about 0 . 5 micrometer , about 1 micrometer , 
about 10 micrometers , about 50 micrometers , about 100 
micrometers , about 150 micrometers , or about 200 microm 
eters . 
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[ 0119 ] Optionally , in some embodiments , the substrate 
comprises metal , plastic , paper , wood , silicon , metal , glass , 
fiberglass , carbon fiber , ceramics , fabric , or any combination 
thereof . 
[ 0120 ] Optionally , in some embodiments , the coating of 
the substrate with a conductive graphene ink is performed by 
hand . Optionally , in some embodiments , the coating of the 
substrate with a conductive graphene ink is performed with 
a brush . Optionally , in some embodiments , the coating of the 
substrate with a conductive graphene ink is performed by a 
doctor blade . Optionally , in some embodiments , the coating 
of the substrate with a conductive graphene ink is performed 
by a screen printer . Optionally , in some embodiments , the 
coating of the substrate with a conductive graphene ink is 
performed by a roll - to - roll process . 
[ 0121 ] Optionally , in some embodiments , the process of 
forming a conductive graphene ink comprises : forming a 
binder solution comprising : heating a first solvent , adding a 
binder to the first solvent , mixing the binder and the first 
solvent , and cooling the binder and the first solvent ; forming 
a RGO dispersion comprising a second solvent and RGO ; 
and forming a graphene solution comprising the binder 
solution , the reduced graphene dispersion a third solvent , a 
conductive additive , a surfactant , a defoamer ; and mixing 
the graphene solution to form a conductive graphene ink . 
[ 0122 ] Optionally , in some embodiments , at least one of 
the first solvent , the second solvent , and the third solvent 
comprises water and an organic solvent . Optionally , in some 
embodiments , the organic solvent comprises ethanol , iso 
propyl alcohol , NMP , cyclohexanone , terpineol , 3 - methoxy 
3 - methyl - 1 - butanol , 4 - hydroxyl - 4 - methyl - pentan - 2 - one , 
methyl isobutyl ketone , or any combination thereof . Option 
ally , in some embodiments , at least one of the first solvent , 
the second solvent , and the third solvent comprises water , 
ethanol , isopropyl alcohol , NMP , cyclohexanone , terpineol , 
3 - methoxy - 3 - methyl - 1 - butanol , 4 - hydroxyl - 4 - methyl - pen 
tan - 2 - one , methyl isobutyl ketone , or any combination 
thereof . 
[ 0123 ] Optionally , in some embodiments , a percentage by 
mass of at least one of the first solvent , the second solvent , 
and the third solvent in the conductive graphene ink is about 
1 % to about 99 % . Optionally , in some embodiments , a 
percentage by mass of at least one of the first solvent , the 
second solvent , and the third solvent in the conductive 
graphene ink is at least about 1 % . Optionally , in some 
embodiments , a percentage by mass of at least one of the 
first solvent , the second solvent , and the third solvent in the 
conductive graphene ink is at most about 99 % . Optionally , 
in some embodiments , a percentage by mass of at least one 
of the first solvent , the second solvent , and the third solvent 
in the conductive graphene ink is about 1 % to about 2 % , 
about 1 % to about 5 % , about 1 % to about 10 % , about 1 % to 
about 20 % , about 1 % to about 30 % , about 1 % to about 40 % , 
about 1 % to about 50 % , about 1 % to about 60 % , about 1 % 
to about 70 % , about 1 % to about 80 % , about 1 % to about 
99 % , about 2 % to about 5 % , about 2 % to about 10 % , about 
2 % to about 20 % , about 2 % to about 30 % , about 2 % to about 
40 % , about 2 % to about 50 % , about 2 % to about 60 % , about 
2 % to about 70 % , about 2 % to about 80 % , about 2 % to about 
99 % , about 5 % to about 10 % , about 5 % to about 20 % , about 
5 % to about 30 % , about 5 % to about 40 % , about 5 % to about 
50 % , about 5 % to about 60 % , about 5 % to about 70 % , about 
5 % to about 80 % , about 5 % to about 99 % , about 10 % to 
about 20 % , about 10 % to about 30 % , about 10 % to about 

40 % , about 10 % to about 50 % , about 10 % to about 60 % , 
about 10 % to about 70 % , about 10 % to about 80 % , about 
10 % to about 99 % , about 20 % to about 30 % , about 20 % to 
about 40 % , about 20 % to about 50 % , about 20 % to about 
60 % , about 20 % to about 70 % , about 20 % to about 80 % , 
about 20 % to about 99 % , about 30 % to about 40 % , about 
30 % to about 50 % , about 30 % to about 60 % , about 30 % to 
about 70 % , about 30 % to about 80 % , about 30 % to about 
99 % , about 40 % to about 50 % , about 40 % to about 60 % , 
about 40 % to about 70 % , about 40 % to about 80 % , about 
40 % to about 99 % , about 50 % to about 60 % , about 50 % to 
about 70 % , about 50 % to about 80 % , about 50 % to about 
99 % , about 60 % to about 70 % , about 60 % to about 80 % , 
about 60 % to about 99 % , about 70 % to about 80 % , about 
70 % to about 99 % , or about 80 % to about 99 % . Optionally , 
in some embodiments , a percentage by mass of at least one 
of the first solvent , the second solvent , and the third solvent 
in the conductive graphene ink is about 1 % , about 2 % , about 
5 % , about 10 % , about 20 % , about 30 % , about 40 % , about 
50 % , about 60 % , about 70 % , about 80 % , or about 99 % . 
Optionally , in some embodiments , a percentage by mass of 
at least one of the first solvent , the second solvent , and the 
third solvent in the conductive graphene ink is at least about 
1 % , about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , or 
about 80 % . Optionally , in some embodiments , a percentage 
by mass of at least one of the first solvent , the second 
solvent , and the third solvent in the conductive graphene ink 
is at most about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , about 
80 % , or about 99 % . 
( 0124 ] Optionally , in some embodiments , the binder solu 
tion comprises a binder and a first solvent . Optionally , in 
some embodiments , the binder comprises a polymer . 
Optionally , in some embodiments , the polymer comprises a 
synthetic polymer . Optionally , in some embodiments , the 
synthetic polymer comprises carboxymethyl cellulose , 
PVDF , poly ( vinyl alcohol ) , poly ( vinyl pyrrolidone ) , poly 
( ethylene oxide ) , ethyl cellulose , or any combination 
thereof . Optionally , in some embodiments , the binder is a 
dispersant . 
[ 0125 ] Optionally , in some embodiments , the first solvent 
comprises water , an organic solvent , or any combination 
thereof . Optionally , in some embodiments , the organic sol 
vent comprises : ethanol , isopropyl alcohol , NMP , cyclo 
hexanone , terpineol , 3 - methoxy - 3 - methyl - 1 - butanol , 4 - hy 
droxyl - 4 - methyl - pentan - 2 - one , methyl isobutyl ketone , or 
any combination thereof . 
[ 0126 ] Optionally , in some embodiments , a percentage by 
mass of the binder solution in the conductive graphene ink 
is about 0 . 5 % to about 99 % . Optionally , in some embodi 
ments , a percentage by mass of the binder solution in the 
conductive graphene ink is at least about 0 . 5 % . Optionally , 
in some embodiments , a percentage by mass of the binder 
solution in the conductive graphene ink is at most about 
99 % . Optionally , in some embodiments , a percentage by 
mass of the binder solution in the conductive graphene ink 
is about 0 . 5 % to about 1 % , about 0 . 5 % to about 2 % , about 
0 . 5 % to about 5 % , about 0 . 5 % to about 10 % , about 0 . 5 % to 
about 20 % , about 0 . 5 % to about 30 % , about 0 . 5 % to about 
40 % , about 0 . 5 % to about 50 % , about 0 . 5 % to about 70 % , 
about 0 . 5 % to about 90 % , about 0 . 5 % to about 99 % , about 
1 % to about 2 % , about 1 % to about 5 % , about 1 % to about 
10 % , about 1 % to about 20 % , about 1 % to about 30 % , about 



US 2018 / 0305570 A1 Oct . 25 , 2018 
35 

concentration of the binder solution by mass is about 0 . 5 % , 
about 0 . 625 % , about 0 . 75 % , about 0 . 875 % , about 1 % , about 
1 . 25 % , about 1 . 5 % , about 1 . 75 % , or about 2 % . Optionally , 
in some embodiments , a concentration of the binder solution 
by mass is at least about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , 
about 0 . 875 % , about 1 % , about 1 . 25 % , about 1 . 5 % , about 
1 . 75 % , or about 2 % . Optionally , in some embodiments , a 
concentration of the binder solution by mass is no more than 
about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , about 0 . 875 % , 
about 1 % , about 1 . 25 % , about 1 . 5 % , about 1 . 75 % , or about 
2 % . 

1 % to about 40 % , about 1 % to about 50 % , about 1 % to about 
70 % , about 1 % to about 90 % , about 1 % to about 99 % , about 
2 % to about 5 % , about 2 % to about 10 % , about 2 % to about 
20 % , about 2 % to about 30 % , about 2 % to about 40 % , about 
2 % to about 50 % , about 2 % to about 70 % , about 2 % to about 
90 % , about 2 % to about 99 % , about 5 % to about 10 % , about 
5 % to about 20 % , about 5 % to about 30 % , about 5 % to about 
40 % , about 5 % to about 50 % , about 5 % to about 70 % , about 
5 % to about 90 % , about 5 % to about 99 % , about 10 % to 
about 20 % , about 10 % to about 30 % , about 10 % to about 
40 % , about 10 % to about 50 % , about 10 % to about 70 % , 
about 10 % to about 90 % , about 10 % to about 99 % , about 
20 % to about 30 % , about 20 % to about 40 % , about 20 % to 
about 50 % , about 20 % to about 70 % , about 20 % to about 
90 % , about 20 % to about 99 % , about 30 % to about 40 % , 
about 30 % to about 50 % , about 30 % to about 70 % , about 
30 % to about 90 % , about 30 % to about 99 % , about 40 % to 
about 50 % , about 40 % to about 70 % , about 40 % to about 
90 % , about 40 % to about 99 % , about 50 % to about 70 % , 
about 50 % to about 90 % , about 50 % to about 99 % , about 
70 % to about 90 % , about 70 % to about 99 % , or about 90 % 
to about 99 % . Optionally , in some embodiments , a percent 
age by mass of the binder solution in the conductive gra 
phene ink is at most about 99 % . Optionally , in some 
embodiments , a percentage by mass of the binder solution in 
the conductive graphene ink is about 0 . 5 % , about 1 % , about 
2 % , about 5 % , about 10 % , about 20 % , about 30 % , about 
40 % , about 50 % , about 70 % , about 90 % , or about 99 % . 
Optionally , in some embodiments , a percentage by mass of 
the binder solution in the conductive graphene ink is at least 
about 0 . 5 % , about 1 % , about 2 % , about 5 % , about 10 % , 
about 20 % , about 30 % , about 40 % , about 50 % , about 60 % , 
about 70 % , about 80 % , about 90 % , about 95 % , or about 
99 % . Alternatively or in combination , in some embodi 
ments , a percentage by mass of the binder solution in the 
conductive graphene ink is no more than about 0 . 5 % , about 
1 % , about 2 % , about 5 % , about 10 % , about 20 % , about 
30 % , about 40 % , about 50 % , about 60 % , about 70 % , about 
80 % , about 90 % , about 95 % , or about 99 % . 
[ 0127 ] Optionally , in some embodiments , a concentration 
of the binder solution by mass is about 0 . 5 % to about 2 % . 
Optionally , in some embodiments , a concentration of the 
binder solution by mass is at least about 0 . 5 % . Optionally , 
in some embodiments , a concentration of the binder solution 
by mass is at most about 2 % . Optionally , in some embodi - 
ments , a concentration of the binder solution by mass is 
about 0 . 5 % to about 0 . 625 % , about 0 . 5 % to about 0 . 75 % , 
about 0 . 5 % to about 0 . 875 % , about 0 . 5 % to about 1 % , about 
0 . 5 % to about 1 . 25 % , about 0 . 5 % to about 1 . 5 % , about 0 . 5 % 
to about 1 . 75 % , about 0 . 5 % to about 2 % , about 0 . 625 % to 
about 0 . 75 % , about 0 . 625 % to about 0 . 875 % , about 0 . 625 % 
to about 1 % , about 0 . 625 % to about 1 . 25 % , about 0 . 625 % 
to about 1 . 5 % , about 0 . 625 % to about 1 . 75 % , about 0 . 625 % 
to about 2 % , about 0 . 75 % to about 0 . 875 % , about 0 . 75 % to 
about 1 % , about 0 . 75 % to about 1 . 25 % , about 0 . 75 % to 
about 1 . 5 % , about 0 . 75 % to about 1 . 75 % , about 0 . 75 % to 
about 2 % , about 0 . 875 % to about 1 % , about 0 . 875 % to about 
1 . 25 % , about 0 . 875 % to about 1 . 5 % , about 0 . 875 % to about 
1 . 75 % , about 0 . 875 % to about 2 % , about 1 % to about 
1 . 25 % , about 1 % to about 1 . 5 % , about 1 % to about 1 . 75 % , 
about 1 % to about 2 % , about 1 . 25 % to about 1 . 5 % , about 
1 . 25 % to about 1 . 75 % , about 1 . 25 % to about 2 % , about 
1 . 5 % to about 1 . 75 % , about 1 . 5 % to about 2 % , or about 
1 . 75 % to about 2 % . Optionally , in some embodiments , a 

[ 0128 ] Optionally , in some embodiments , the RGO dis 
persion comprises RGO and a second solvent . 
f0129 ] Optionally , in some embodiments , the second sol 
vent comprises water , an organic solvent , or any combina 
tion thereof . Optionally , in some embodiments , the organic 
solvent comprises : ethanol , isopropyl alcohol , NMP , cyclo 
hexanone , terpineol , 3 - methoxy - 3 - methyl - 1 - butanol , 4 - hy 
droxyl - 4 - methyl - pentan - 2 - one , methyl isobutyl ketone , or 
any combination thereof . 
[ 0130 ] Optionally , in some embodiments , a percentage by 
mass of the RGO dispersion in the conductive graphene ink 
is about 0 . 25 % to about 1 % . Optionally , in some embodi 
ments , a percentage by mass of the RGO dispersion in the 
conductive graphene ink is at least about 0 . 25 % . Optionally , 
in some embodiments , a percentage by mass of the RGO 
dispersion in the conductive graphene ink is at most about 
1 % . Optionally , in some embodiments , a percentage by mass 
of the RGO dispersion in the conductive graphene ink is 
about 0 . 25 % to about 0 . 375 % , about 0 . 25 % to about 0 . 5 % , 
about 0 . 25 % to about 0 . 625 % , about 0 . 25 % to about 0 . 75 % , 
about 0 . 25 % to about 1 % , about 0 . 375 % to about 0 . 5 % , 
about 0 . 375 % to about 0 . 625 % , about 0 . 375 % to about 
0 . 75 % , about 0 . 375 % to about 1 % , about 0 . 5 % to about 
0 . 625 % , about 0 . 5 % to about 0 . 75 % , about 0 . 5 % to about 
1 % , about 0 . 625 % to about 0 . 75 % , about 0 . 625 % to about 
1 % , or about 0 . 75 % to about 1 % . Optionally , in some 
embodiments , a percentage by mass of the RGO dispersion 
in the conductive graphene ink is about 0 . 25 % , about 
0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , or about 
1 % . Optionally , in some embodiments , a percentage by mass 
of the RGO dispersion in the conductive graphene ink is at 
least about 0 . 25 % , about 0 . 375 % , about 0 . 5 % , about 
0 . 625 % , about 0 . 75 % , or about 1 % . Optionally , in some 
embodiments , a percentage by mass of the RGO dispersion 
in the conductive graphene ink is no more than about 0 . 25 % , 
about 0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , or 
about 1 % . 
[ 0131 ] Optionally , in some embodiments , a concentration 
by mass of the RGO in the RGO dispersion is about 3 % to 
about 12 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is at least 
about 3 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is at most 
about 12 % . Optionally , in some embodiments , a concentra 
tion by mass of the RGO in the RGO dispersion is about 3 % 
to about 4 % , about 3 % to about 5 % , about 3 % to about 6 % , 
about 3 % to about 7 % , about 3 % to about 8 % , about 3 % to 
about 9 % , about 3 % to about 10 % , about 3 % to about 11 % , 
about 3 % to about 12 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 4 % to 
about 11 % , about 4 % to about 12 % , about 5 % to about 6 % , 
about 5 % to about 7 % , about 5 % to about 8 % , about 5 % to 



US 2018 / 0305570 A1 Oct . 25 , 2018 
36 

about 9 % , about 5 % to about 10 % , about 5 % to about 11 % , 
about 5 % to about 12 % , about 6 % to about 7 % , about 6 % to 
about 8 % , about 6 % to about 9 % , about 6 % to about 10 % , 
about 6 % to about 11 % , about 6 % to about 12 % , about 7 % 
to about 8 % , about 7 % to about 9 % , about 7 % to about 10 % , 
about 7 % to about 11 % , about 7 % to about 12 % , about 8 % 
to about 9 % , about 8 % to about 10 % , about 8 % to about 
11 % , about 8 % to about 12 % , about 9 % to about 10 % , about 
9 % to about 11 % , about 9 % to about 12 % , about 10 % to 
about 11 % , about 10 % to about 12 % , or about 11 % to about 
12 % . Optionally , in some embodiments , a concentration by 
mass of the RGO in the RGO dispersion is about 3 % , about 
4 % , about 5 % , about 6 % , about 7 % , about 8 % , about 9 % , 
about 10 % , about 11 % , or about 12 % . Optionally , in some 
embodiments , a concentration by mass of the RGO in the 
RGO dispersion is at least about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , about 10 % , about 
11 % , or about 12 % . Optionally , in some embodiments , a 
concentration by mass of the RGO in the RGO dispersion is 
no more than about 3 % , about 4 % , about 5 % , about 6 % , 
about 7 % , about 8 % , about 9 % , about 10 % , about 11 % , or 
about 12 % . 
[ 0132 ] Optionally , in some embodiments , a percentage by 
mass of the RGO in the conductive graphene ink is about 
0 . 1 % to about 99 % . Optionally , in some embodiments , a 
percentage by mass of the RGO in the conductive graphene 
ink is at least about 0 . 1 % . Optionally , in some embodiments , 
a percentage by mass of the RGO in the conductive graphene 
ink is at most about 99 % . Optionally , in some embodiments , 
a percentage by mass of the RGO in the conductive graphene 
ink is about 0 . 1 % to about 0 . 2 % , about 0 . 1 % to about 0 . 5 % , 
about 0 . 1 % to about 1 % , about 0 . 1 % to about 10 % , about 
0 . 1 % to about 20 % , about 0 . 1 % to about 40 % , about 0 . 1 % 
to about 60 % , about 0 . 1 % to about 80 % , about 0 . 1 % to about 
90 % , about 0 . 1 % to about 99 % , about 0 . 2 % to about 0 . 5 % , 
about 0 . 2 % to about 1 % , about 0 . 2 % to about 10 % , about 
0 . 2 % to about 20 % , about 0 . 2 % to about 40 % , about 0 . 2 % 
to about 60 % , about 0 . 2 % to about 80 % , about 0 . 2 % to about 
90 % , about 0 . 2 % to about 99 % , about 0 . 5 % to about 1 % , 
about 0 . 5 % to about 10 % , about 0 . 5 % to about 20 % , about 
0 . 5 % to about 40 % , about 0 . 5 % to about 60 % , about 0 . 5 % 
to about 80 % , about 0 . 5 % to about 90 % , about 0 . 5 % to about 
99 % , about 1 % to about 10 % , about 1 % to about 20 % , about 
1 % to about 40 % , about 1 % to about 60 % , about 1 % to about 
80 % , about 1 % to about 90 % , about 1 % to about 99 % , about 
10 % to about 20 % , about 10 % to about 40 % , about 10 % to 
about 60 % , about 10 % to about 80 % , about 10 % to about 
90 % , about 10 % to about 99 % , about 20 % to about 40 % , 
about 20 % to about 60 % , about 20 % to about 80 % , about 
20 % to about 90 % , about 20 % to about 99 % , about 40 % to 
about 60 % , about 40 % to about 80 % , about 40 % to about 
90 % , about 40 % to about 99 % , about 60 % to about 80 % 
about 60 % to about 90 % , about 60 % to about 99 % , about 
80 % to about 90 % , about 80 % to about 99 % , or about 90 % 
to about 99 % . Optionally , in some embodiments , a percent 
age by mass of the RGO in the conductive graphene ink is 
about 0 . 1 % , about 0 . 2 % , about 0 . 5 % , about 1 % , about 10 % , 
about 20 % , about 40 % , about 60 % , about 80 % , about 90 % , 
or about 99 % . Optionally , in some embodiments , a percent 
age by mass of the RGO in the conductive graphene ink is 
at least about 0 . 1 % , about 0 . 2 % , about 0 . 5 % , about 1 % , 
about 10 % , about 20 % , about 40 % , about 60 % , about 80 % , 
about 90 % , or about 99 % . Optionally , in some embodi - 
ments , a percentage by mass of the RGO in the conductive 

graphene ink is no more than about 0 . 1 % , about 0 . 2 % , about 
0 . 5 % , about 1 % , about 10 % , about 20 % , about 40 % , about 
60 % , about 80 % , about 90 % , or about 99 % . 
10133 ] Optionally , in some embodiments , the conductive 
additive comprises a carbon - based material . Optionally , in 
some embodiments , the carbon - based material comprises a 
paracrystalline carbon . Optionally , in some embodiments , 
the paracrystalline carbon comprises carbon black , acetylene 
black , channel black , furnace black , lamp black , thermal 
black , or any combination thereof . 
[ 0134 ] Optionally , in some embodiments , the conductive 
additive comprises silver . Optionally , in some embodiments , 
the silver comprises silver nanoparticles , silver nanorods , 
silver nanowires , silver nanoflowers , silver nanofibers , silver 
nanoplatelets , silver nanoribbons , silver nanocubes , silver 
bipyramids , or any combination thereof . 
[ 0135 ] Optionally , in some embodiments , a percentage by 
mass of the conductive additive in the conductive graphene 
ink is about 2 % to about 99 % . Optionally , in some embodi 
ments , a percentage by mass of the conductive additive in 
the conductive graphene ink is at least about 2 % . Optionally , 
in some embodiments , a percentage by mass of the conduc 
tive additive in the conductive graphene ink is at most about 
99 % . Optionally , in some embodiments , a percentage by 
mass of the conductive additive in the conductive graphene 
ink is about 2 % to about 5 % , about 2 % to about 10 % , about 
2 % to about 20 % , about 2 % to about 30 % , about 2 % to about 
40 % , about 2 % to about 50 % , about 2 % to about 60 % , about 
2 % to about 70 % , about 2 % to about 80 % , about 2 % to about 
90 % , about 2 % to about 99 % , about 5 % to about 10 % , about 
5 % to about 20 % , about 5 % to about 30 % , about 5 % to about 
40 % , about 5 % to about 50 % , about 5 % to about 60 % , about 
5 % to about 70 % , about 5 % to about 80 % , about 5 % to about 
90 % , about 5 % to about 99 % , about 10 % to about 20 % , 
about 10 % to about 30 % , about 10 % to about 40 % , about 
10 % to about 50 % , about 10 % to about 60 % , about 10 % to 
about 70 % , about 10 % to about 80 % , about 10 % to about 
90 % , about 10 % to about 99 % , about 20 % to about 30 % , 
about 20 % to about 40 % , about 20 % to about 50 % , about 
20 % to about 60 % , about 20 % to about 70 % , about 20 % to 
about 80 % , about 20 % to about 90 % , about 20 % to about 
99 % , about 30 % to about 40 % , about 30 % to about 50 % , 
about 30 % to about 60 % , about 30 % to about 70 % , about 
30 % to about 80 % , about 30 % to about 90 % , about 30 % to 
about 99 % , about 40 % to about 50 % , about 40 % to about 
60 % , about 40 % to about 70 % , about 40 % to about 80 % , 
about 40 % to about 90 % , about 40 % to about 99 % , about 
50 % to about 60 % , about 50 % to about 70 % , about 50 % to 
about 80 % , about 50 % to about 90 % , about 50 % to about 
99 % , about 60 % to about 70 % , about 60 % to about 80 % , 
about 60 % to about 90 % , about 60 % to about 99 % , about 
70 % to about 80 % , about 70 % to about 90 % , about 70 % to 
about 99 % , about 80 % to about 90 % , about 80 % to about 
99 % , or about 90 % to about 99 % . Optionally , in some 
embodiments , a percentage by mass of the conductive 
additive in the conductive graphene ink is about 2 % , about 
5 % , about 10 % , about 20 % , about 30 % , about 40 % , about 
50 % , about 60 % , about 70 % , about 80 % , about 90 % , or 
about 99 % . Optionally , in some embodiments , a percentage 
by mass of the conductive additive in the conductive gra 
phene ink is at least about 2 % , about 5 % , about 10 % , about 
20 % , about 30 % , about 40 % , about 50 % , about 60 % , about 
70 % , about 80 % , about 90 % , or about 99 % . Optionally , in 
some embodiments , a percentage by mass of the conductive 
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additive in the conductive graphene ink is no more than 
about 2 % , about 5 % , about 10 % , about 20 % , about 30 % , 
about 40 % , about 50 % , about 60 % , about 70 % , about 80 % , 
about 90 % , or about 99 % . 
[ 0136 ] Some embodiments further comprise a surfactant . 
Optionally , in some embodiments , the surfactant comprises 
an acid , a nonionic surfactant , or any combination thereof . 
Optionally , in some embodiments , the acid comprises per 
fluorooctanoic acid , perfluorooctane sulfonate , perfluoro 
hexane sulfonic acid , perfluorononanoic acid , perfluorode 
canoic acid , or any combination thereof . Optionally , in some 
embodiments , the nonionic surfactant comprises a polyeth 
ylene glycol alkyl ether , a octaethylene glycol monododecyl 
ether , a pentaethylene glycol monododecyl ether , a polypro 
pylene glycol alkyl ether , a glucoside alkyl ether , decyl 
glucoside , lauryl glucoside , octyl glucoside , a polyethylene 
glycol octylphenyl ether , dodecyldimethylamine oxide , a 
polyethylene glycol alkylphenyl ether , a polyethylene glycol 
octylphenyl ether , Triton X - 100 , polyethylene glycol alky 
lphenyl ether , nonoxynol - 9 , a glycerol alkyl ester polysor 
bate , sorbitan alkyl ester , polyethoxylated tallow amine , 
Dynol 604 , or any combination thereof . 
[ 0137 ] Optionally , in some embodiments , a percentage by 
mass of the surfactant in the conductive graphene ink is 
about 0 . 5 % to about 10 % . Optionally , in some embodiments , 
a percentage by mass of the surfactant in the conductive 
graphene ink is at least about 0 . 5 % . Optionally , in some 
embodiments , a percentage by mass of the surfactant in the 
conductive graphene ink is at most about 10 % . Optionally , 
in some embodiments , a percentage by mass of the surfac 
tant in the conductive graphene ink is about 0 . 5 % to about 
1 % , about 0 . 5 % to about 2 % , about 0 . 5 % to about 3 % , about 
0 . 5 % to about 4 % , about 0 . 5 % to about 5 % , about 0 . 5 % to 
about 6 % , about 0 . 5 % to about 7 % , about 0 . 5 % to about 8 % , 
about 0 . 5 % to about 9 % , about 0 . 5 % to about 10 % , about 
1 % to about 2 % , about 1 % to about 3 % , about 1 % to about 
4 % , about 1 % to about 5 % , about 1 % to about 6 % , about 1 % 
to about 7 % , about 1 % to about 8 % , about 1 % to about 9 % , 
about 1 % to about 10 % , about 2 % to about 3 % , about 2 % to 
about 4 % , about 2 % to about 5 % , about 2 % to about 6 % , 
about 2 % to about 7 % , about 2 % to about 8 % , about 2 % to 
about 9 % , about 2 % to about 10 % , about 3 % to about 4 % , 
about 3 % to about 5 % , about 3 % to about 6 % , about 3 % to 
about 7 % , about 3 % to about 8 % , about 3 % to about 9 % , 
about 3 % to about 10 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 9 % , about 5 % to about 10 % , about 6 % to 
about 7 % , about 6 % to about 8 % , about 6 % to about 9 % , 
about 6 % to about 10 % , about 7 % to about 8 % , about 7 % to 
about 9 % , about 7 % to about 10 % , about 8 % to about 9 % , 
about 8 % to about 10 % , or about 9 % to about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the surfactant in the conductive graphene ink is about 0 . 5 % , 
about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , about 
6 % , about 7 % , about 8 % , about 9 % , or about 10 % . Option 
ally , in some embodiments , a percentage by mass of the 
surfactant in the conductive graphene ink is at least about 
0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , or about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the surfactant in the conductive graphene ink is no more than 

about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 
5 % , about 6 % , about 7 % , about 8 % , about 9 % , or about 
10 % . 
[ 0138 ] Some embodiments further comprise a defoamer , 
wherein the defoamer comprises an insoluble oil , a silicone , 
a glycol , a stearate , an organic solvent , Surfynol DF - 1100 , 
alkyl polyacrylate , or any combination thereof . Optionally , 
in some embodiments , the insoluble oil comprises mineral 
oil , vegetable oil , white oil , or any combination thereof . 
Optionally , in some embodiments , the silicone comprises 
polydimethylsiloxane , silicone glycol , a fluorosilicone , or 
any combination thereof . Optionally , in some embodiments , 
the glycol comprises polyethylene glycol , ethylene glycol , 
propylene glycol , or any combination thereof . Optionally , in 
some embodiments , the stearate comprises glycol stearate , 
stearin , or any combination thereof . Optionally , in some 
embodiments , the organic solvent comprises ethanol , iso 
propyl alcohol , NMP , cyclohexanone , terpineol , 3 - methoxy 
3 - methyl - 1 - butanol , 4 - hydroxyl - 4 - methyl - pentan - 2 - one , 
methyl isobutyl ketone , or any combination thereof . 
[ 0139 ] Optionally , in some embodiments , a percentage by 
mass of the defoamer in the conductive graphene ink is 
about 0 . 5 % to about 10 % . Optionally , in some embodiments , 
a percentage by mass of the defoamer in the conductive 
graphene ink is at least about 0 . 5 % . Optionally , in some 
embodiments , a percentage by mass of the defoamer in the 
conductive graphene ink is at most about 10 % . Optionally , 
in some embodiments , a percentage by mass of the defoamer 
in the conductive graphene ink is about 0 . 5 % to about 1 % , 
about 0 . 5 % to about 2 % , about 0 . 5 % to about 3 % , about 
0 . 5 % to about 4 % , about 0 . 5 % to about 5 % , about 0 . 5 % to 
about 6 % , about 0 . 5 % to about 7 % , about 0 . 5 % to about 8 % , 
about 0 . 5 % to about 9 % , about 0 . 5 % to about 10 % , about 
1 % to about 2 % , about 1 % to about 3 % , about 1 % to about 
4 % , about 1 % to about 5 % , about 1 % to about 6 % , about 1 % 
to about 7 % , about 1 % to about 8 % , about 1 % to about 9 % , 
about 1 % to about 10 % , about 2 % to about 3 % , about 2 % to 
about 4 % , about 2 % to about 5 % , about 2 % to about 6 % , 
about 2 % to about 7 % , about 2 % to about 8 % , about 2 % to 
about 9 % , about 2 % to about 10 % , about 3 % to about 4 % , 
about 3 % to about 5 % , about 3 % to about 6 % , about 3 % to 
about 7 % , about 3 % to about 8 % , about 3 % to about 9 % , 
about 3 % to about 10 % , about 4 % to about 5 % , about 4 % to 
about 6 % , about 4 % to about 7 % , about 4 % to about 8 % , 
about 4 % to about 9 % , about 4 % to about 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 9 % , about 5 % to about 10 % , about 6 % to 
about 7 % , about 6 % to about 8 % , about 6 % to about 9 % , 
about 6 % to about 10 % , about 7 % to about 8 % , about 7 % to 
about 9 % , about 7 % to about 10 % , about 8 % to about 9 % , 
about 8 % to about 10 % , or about 9 % to about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the defoamer in the conductive graphene ink is about 0 . 5 % , 
about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , about 
6 % , about 7 % , about 8 % , about 9 % , or about 10 % . Option 
ally , in some embodiments , a percentage by mass of the 
defoamer in the conductive graphene ink is at least about 
0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , about 9 % , or about 10 % . 
Optionally , in some embodiments , a percentage by mass of 
the defoamer in the conductive graphene ink is no more than 
about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 
5 % , about 6 % , about 7 % , about 8 % , about 9 % , or about 
10 % . 
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[ 0140 ] Optionally , in some embodiments , the solid matter 
content by mass of the conductive graphene ink is about 
2 . 5 % to about 10 . 5 % . Optionally , in some embodiments , the 
solid matter content by mass of the conductive graphene ink 
is at least about 2 . 5 % . Optionally , in some embodiments , the 
solid matter content by mass of the conductive graphene ink 
is at most about 10 . 5 % . Optionally , in some embodiments , 
the solid matter content by mass of the conductive graphene 
ink is about 2 . 5 % to about 3 . 5 % , about 2 . 5 % to about 4 . 5 % , 
about 2 . 5 % to about 5 . 5 % , about 2 . 5 % to about 6 . 5 % , about 
2 . 5 % to about 7 . 5 % , about 2 . 5 % to about 8 . 5 % , about 2 . 5 % 
to about 9 . 5 % , about 2 . 5 % to about 10 . 5 % , about 3 . 5 % to 
about 4 . 5 % , about 3 . 5 % to about 5 . 5 % , about 3 . 5 % to about 
6 . 5 % , about 3 . 5 % to about 7 . 5 % , about 3 . 5 % to about 8 . 5 % , 
about 3 . 5 % to about 9 . 5 % , about 3 . 5 % to about 10 . 5 % , about 
4 . 5 % to about 5 . 5 % , about 4 . 5 % to about 6 . 5 % , about 4 . 5 % 
to about 7 . 5 % , about 4 . 5 % to about 8 . 5 % , about 4 . 5 % to 
about 9 . 5 % , about 4 . 5 % to about 10 . 5 % , about 5 . 5 % to about 
6 . 5 % , about 5 . 5 % to about 7 . 5 % , about 5 . 5 % to about 8 . 5 % , 
about 5 . 5 % to about 9 . 5 % , about 5 . 5 % to about 10 . 5 % , about 
6 . 5 % to about 7 . 5 % , about 6 . 5 % to about 8 . 5 % , about 6 . 5 % 
to about 9 . 5 % , about 6 . 5 % to about 10 . 5 % , about 7 . 5 % to 
about 8 . 5 % , about 7 . 5 % to about 9 . 5 % , about 7 . 5 % to about 
10 . 5 % , about 8 . 5 % to about 9 . 5 % , about 8 . 5 % to about 
10 . 5 % , or about 9 . 5 % to about 10 . 5 % . Optionally , in some 
embodiments , the solid matter content by mass of the 
conductive graphene ink is about 2 . 5 % , about 3 . 5 % , about 
4 . 5 % , about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , 
about 9 . 5 % , or about 10 . 5 % . Optionally , in some embodi 
ments , the solid matter content by mass of the conductive 
graphene ink is at least about 2 . 5 % , about 3 . 5 % , about 4 . 5 % , 
about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , about 
9 . 5 % , or about 10 . 5 % . Optionally , in some embodiments , 
the solid matter content by mass of the conductive graphene 
ink is no more than about 2 . 5 % , about 3 . 5 % , about 4 . 5 % , 
about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , about 
9 . 5 % , or about 10 . 5 % . 
( 0141 ] Optionally , in some embodiments , the first solvent 
is heated to a temperature of about 35° C . to about 125° C . 
Optionally , in some embodiments , the first solvent is heated 
to a temperature of at least about 35° C . Optionally , in some 
embodiments , the first solvent is heated to a temperature of 
at most about 125° C . Optionally , in some embodiments , the 
first solvent is heated to a temperature of about 35° C . to 
about 40° C . , about 35° C . to about 50° C . , about 35° C . to 
about 60° C . , about 35º C . to about 70° C . , about 35° C . to 
about 80° C . , about 35° C . to about 90° C . , about 35° C . to 
about 100° C . , about 35° C . to about 125° C . , about 40° C . 
to about 50° C . , about 40° C . to about 60° C . , about 40° C . 
to about 70° C . , about 40° C . to about 80° C . , about 40° C . 
to about 90° C . , about 40° C . to about 100° C . , about 40° C . 
to about 125° C . , about 50° C . to about 60° C . , about 50° C . 
to about 70° C . , about 50° C . to about 80° C . , about 50° C . 
to about 90° C . , about 50° C . to about 100° C . , about 50° C . 
to about 125° C . , about 60° C . to about 70° C . , about 60° C . 
to about 80° C . , about 60° C . to about 90° C . , about 60° C . 
to about 100° C . , about 60° C . to about 125° C . , about 70° 
C . to about 80° C . , about 70° C . to about 90° C . , about 70° 
C . to about 100° C . , about 70° C . to about 125° C . , about 80° 
C . to about 90° C . , about 80° C . to about 100° C . , about 80° 
C . to about 125° C . , about 90° C . to about 100° C . , about 90° 
C . to about 125° C . , or about 100° C . to about 125° C . 
Optionally , in some embodiments , the first solvent is heated 
to a temperature of about 35° C . , about 40° C . , about 50° C . . 

about 60° C . , about 70° C . , about 80°C . , about 90° C . , about 
100° C . , or about 125° C . Optionally , in some embodiments , 
the first solvent is heated to a temperature of at least about 
35° C . , about 40° C . , about 50° C . , about 60° C . , about 70° 
C . , about 80° C . , about 90° C . , about 100° C . , or about 125° 
C . Optionally , in some embodiments , the first solvent is 
heated to a temperature of no more than about 35° C . , about 
40° C . , about 50° C . , about 60° C . , about 70° C . , about 80° 
C . , about 90° C . , about 100° C . , or about 125° C . 
[ 0142 ] Optionally , in some embodiments , the process of 
adding a binder to the first solvent and the process of mixing 
the binder and the first solvent are preformed simultane 
ously . 
10143 ] Optionally , in some embodiments , the binder is 
added to the first solvent over a period of time of about 45 
minutes to about 240 minutes . Optionally , in some embodi 
ments , the binder is added to the first solvent over a period 
of time of at least about 45 minutes . Optionally , in some 
embodiments , the binder is added to the first solvent over a 
period of time of at most about 240 minutes . Optionally , in 
some embodiments , the binder is added to the first solvent 
over a period of time of about 45 minutes to about 60 
minutes , about 45 minutes to about 90 minutes , about 45 
minutes to about 120 minutes , about 45 minutes to about 150 
minutes , about 45 minutes to about 180 minutes , about 45 
minutes to about 210 minutes , about 45 minutes to about 240 
minutes , about 60 minutes to about 90 minutes , about 60 
minutes to about 120 minutes , about 60 minutes to about 150 
minutes , about 60 minutes to about 180 minutes , about 60 
minutes to about 210 minutes , about 60 minutes to about 240 
minutes , about 90 minutes to about 120 minutes , about 90 
minutes to about 150 minutes , about 90 minutes to about 180 
minutes , about 90 minutes to about 210 minutes , about 90 
minutes to about 240 minutes , about 120 minutes to about 
150 minutes , about 120 minutes to about 180 minutes , about 
120 minutes to about 210 minutes , about 120 minutes to 
about 240 minutes , about 150 minutes to about 180 minutes , 
about 150 minutes to about 210 minutes , about 150 minutes 
to about 240 minutes , about 180 minutes to about 210 
minutes , about 180 minutes to about 240 minutes , or about 
210 minutes to about 240 minutes . Optionally , in some 
embodiments , the binder is added to the first solvent over a 
period of time of about 45 minutes , about 60 minutes , about 
90 minutes , about 120 minutes , about 150 minutes , about 
180 minutes , about 210 minutes , or about 240 minutes . 
Optionally , in some embodiments , the binder is added to the 
first solvent over a period of time of at least about 45 
minutes , about 60 minutes , about 90 minutes , about 120 
minutes , about 150 minutes , about 180 minutes , about 210 
minutes , or about 240 minutes . Optionally , in some embodi 
ments , the binder is added to the first solvent over a period 
of time of no more than about 45 minutes , about 60 minutes , 
about 90 minutes , about 120 minutes , about 150 minutes , 
about 180 minutes , about 210 minutes , or about 240 min 
utes . 
[ 0144 ] Optionally , in some embodiments , after the binder 
is fully added to the first solvent , the binder and the first 
solvent are mixed for a period of time of about 7 minutes to 
about 30 minutes . Optionally , in some embodiments , after 
the binder is fully added to the first solvent , the binder and 
the first solvent are mixed for a period of time of at least 
about 7 minutes . Optionally , in some embodiments , after the 
binder is fully added to the first solvent , the binder and the 
first solvent are mixed for a period of time of at most about 
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30 minutes . Optionally , in some embodiments , after the 
binder is fully added to the first solvent , the binder and the 
first solvent are mixed for a period of time of about 7 
minutes to about 9 minutes , about 7 minutes to about 11 
minutes , about 7 minutes to about 13 minutes , about 7 
minutes to about 15 minutes , about 7 minutes to about 20 
minutes , about 7 minutes to about 25 minutes , about 7 
minutes to about 30 minutes , about 9 minutes to about 11 
minutes , about 9 minutes to about 13 minutes , about 9 
minutes to about 15 minutes , about 9 minutes to about 20 
minutes , about 9 minutes to about 25 minutes , about 9 
minutes to about 30 minutes , about 11 minutes to about 13 
minutes , about 11 minutes to about 15 minutes , about 11 
minutes to about 20 minutes , about 11 minutes to about 25 
minutes , about 11 minutes to about 30 minutes , about 13 
minutes to about 15 minutes , about 13 minutes to about 20 
minutes , about 13 minutes to about 25 minutes , about 13 
minutes to about 30 minutes , about 15 minutes to about 20 
minutes , about 15 minutes to about 25 minutes , about 15 
minutes to about 30 minutes , about 20 minutes to about 25 
minutes , about 20 minutes to about 30 minutes , or about 25 
minutes to about 30 minutes . Optionally , in some embodi 
ments , after the binder is fully added to the first solvent , the 
binder and the first solvent are mixed for a period of time of 
about 7 minutes , about 9 minutes , about 11 minutes , about 
13 minutes , about 15 minutes , about 20 minutes , about 25 
minutes , or about 30 minutes . Optionally , in some embodi 
ments , after the binder is fully added to the first solvent , the 
binder and the first solvent are mixed for a period of time of 
at least about 7 minutes , about 9 minutes , about 11 minutes , 
about 13 minutes , about 15 minutes , about 20 minutes , about 
25 minutes , or about 30 minutes . Optionally , in some 
embodiments , after the binder is fully added to the first 
solvent , the binder and the first solvent are mixed for a 
period of time of no more than about 7 minutes , about 9 
minutes , about 11 minutes , about 13 minutes , about 15 
minutes , about 20 minutes , about 25 minutes , or about 30 
minutes . 
[ 0145 ] Optionally , in some embodiments , the mixing of 
the binder solution , the binder solution , the reduced gra 
phene dispersion , the third solvent , the conductive additive , 
a surfactant , and the defoamer is performed by a first 
mechanical mixer . Optionally , in some embodiments , the 
mixing of the binder and the first solvent is performed by a 
second mechanical mixer . 
[ 0146 ] Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution at a stirring 
speed of about 15 rpm to about 125 rpm . Optionally , in some 
embodiments , the second mechanical mixer mixes the gra 
phene solution at a stirring speed of at least about 15 rpm . 
Optionally , in some embodiments , the second mechanical 
mixer mixes the graphene solution at a stirring speed of at 
most about 125 rpm . Optionally , in some embodiments , the 
second mechanical mixer mixes the graphene solution at a 
stirring speed of about 15 rpm to about 20 rpm , about 15 rpm 
to about 25 rpm , about 15 rpm to about 30 rpm , about 15 rpm 
to about 40 rpm , about 15 rpm to about 50 rpm , about 15 rpm 
to about 75 rpm , about 15 rpm to about 100 rpm , about 15 
rpm to about 125 rpm , about 20 rpm to about 25 rpm , about 
20 rpm to about 30 rpm , about 20 rpm to about 40 rpm , about 
20 rpm to about 50 rpm , about 20 rpm to about 75 rpm , about 
20 rpm to about 100 rpm , about 20 rpm to about 125 rpm , 
about 25 rpm to about 30 rpm , about 25 rpm to about 40 rpm , 
about 25 rpm to about 50 rpm , about 25 rpm to about 75 rpm , 

about 25 rpm to about 100 rpm , about 25 rpm to about 125 
rpm , about 30 rpm to about 40 rpm , about 30 rpm to about 
50 rpm , about 30 rpm to about 75 rpm , about 30 rpm to about 
100 rpm , about 30 rpm to about 125 rpm , about 40 rpm to 
about 50 rpm , about 40 rpm to about 75 rpm , about 40 rpm 
to about 100 rpm , about 40 rpm to about 125 rpm , about 50 
rpm to about 75 rpm , about 50 rpm to about 100 rpm , about 
50 rpm to about 125 rpm , about 75 rpm to about 100 rpm , 
about 75 rpm to about 125 rpm , or about 100 rpm to about 
125 rpm . Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution at a stirring 
speed of about 15 rpm , about 20 rpm , about 25 rpm , about 
30 rpm , about 40 rpm , about 50 rpm , about 75 rpm , about 
100 rpm , or about 125 rpm . Optionally , in some embodi 
ments , the second mechanical mixer mixes the graphene 
solution at a stirring speed of at least about 15 rpm , about 20 
rpm , about 25 rpm , about 30 rpm , about 40 rpm , about 50 
rpm , about 75 rpm , about 100 rpm , or about 125 rpm . 
Optionally , in some embodiments , the second mechanical 
mixer mixes the graphene solution at a stirring speed of no 
more than about 15 rpm , about 20 rpm , about 25 rpm , about 
30 rpm , about 40 rpm , about 50 rpm , about 75 rpm , about 
100 rpm , or about 125 rpm . 
[ 0147 ] Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution at a dispers 
ing speed of about 50 rpm to about 4 , 500 rpm . Optionally , 
in some embodiments , the second mechanical mixer mixes 
the graphene solution at a dispersing speed of at least about 
50 rpm . Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution at a dispers 
ing speed of at most about 4 , 500 rpm . Optionally , in some 
embodiments , the second mechanical mixer mixes the gra 
phene solution at a dispersing speed of about 50 rpm to 
about 100 rpm , about 50 rpm to about 200 rpm , about 50 rpm 
to about 500 rpm , about 50 rpm to about 1 , 000 rpm , about 
50 rpm to about 1 , 500 rpm , about 50 rpm to about 2 , 000 
rpm , about 50 rpm to about 2 , 500 rpm , about 50 rpm to 
about 3 , 000 rpm , about 50 rpm to about 3 , 500 rpm , about 50 
rpm to about 4 , 000 rpm , about 50 rpm to about 4 , 500 rpm , 
about 100 rpm to about 200 rpm , about 100 rpm to about 500 
rpm , about 100 rpm to about 1 , 000 rpm , about 100 rpm to 
about 1 , 500 rpm , about 100 rpm to about 2 , 000 rpm , about 
100 rpm to about 2 , 500 rpm , about 100 rpm to about 3 , 000 
rpm , about 100 rpm to about 3 , 500 rpm , about 100 rpm to 
about 4 , 000 rpm , about 100 rpm to about 4 , 500 rpm , about 
200 rpm to about 500 rpm , about 200 rpm to about 1 , 000 
rpm , about 200 rpm to about 1 , 500 rpm , about 200 rpm to 
about 2 , 000 rpm , about 200 rpm to about 2 , 500 rpm , about 
200 rpm to about 3 , 000 rpm , about 200 rpm to about 3 , 500 
rpm , about 200 rpm to about 4 , 000 rpm , about 200 rpm to 
about 4 , 500 rpm , about 500 rpm to about 1 , 000 rpm , about 
500 rpm to about 1 , 500 rpm , about 500 rpm to about 2 , 000 
rpm , about 500 rpm to about 2 , 500 rpm , about 500 rpm to 
about 3 , 000 rpm , about 500 rpm to about 3 , 500 rpm , about 
500 rpm to about 4 , 000 rpm , about 500 rpm to about 4 , 500 
rpm , about 1 , 000 rpm to about 1 , 500 rpm , about 1 , 000 rpm 
to about 2 , 000 rpm , about 1 , 000 rpm to about 2 , 500 rpm , 
about 1 , 000 rpm to about 3 , 000 rpm , about 1 , 000 rpm to 
about 3 , 500 rpm , about 1 , 000 rpm to about 4 , 000 rpm , about 
1 , 000 rpm to about 4 , 500 rpm , about 1 , 500 rpm to about 
2 , 000 rpm , about 1 , 500 rpm to about 2 , 500 rpm , about 1 , 500 
rpm to about 3 , 000 rpm , about 1 , 500 rpm to about 3 , 500 
rpm , about 1 , 500 rpm to about 4 , 000 rpm , about 1 , 500 rpm 
to about 4 , 500 rpm , about 2 , 000 rpm to about 2 , 500 rpm , 
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about 2 , 000 rpm to about 3 , 000 rpm , about 2 , 000 rpm to 
about 3 , 500 rpm , about 2 , 000 rpm to about 4 , 000 rpm , about 
2 , 000 rpm to about 4 , 500 rpm , about 2 , 500 rpm to about 
3 , 000 rpm , about 2 , 500 rpm to about 3 , 500 rpm , about 2 , 500 
rpm to about 4 , 000 rpm , about 2 , 500 rpm to about 4 , 500 
rpm , about 3 , 000 rpm to about 3 , 500 rpm , about 3 , 000 rpm 
to about 4 , 000 rpm , about 3 , 000 rpm to about 4 , 500 rpm , 
about 3 , 500 rpm to about 4 , 000 rpm , about 3 , 500 rpm to 
about 4 , 500 rpm , or about 4 , 000 rpm to about 4 , 500 rpm . 
Optionally , in some embodiments , the second mechanical 
mixer mixes the graphene solution at a dispersing speed of 
about 50 rpm , about 100 rpm , about 200 rpm , about 500 
rpm , about 1 , 000 rpm , about 1 , 500 rpm , about 2 , 000 rpm , 
about 2 , 500 rpm , about 3 , 000 rpm , about 3 , 500 rpm , about 
4 , 000 rpm , about 4 , 500 rpm , about 100 rpm to about 200 
rpm , about 100 rpm to about 500 rpm , about 100 rpm to 
about 1 , 000 rpm , about 100 rpm to about 1 , 500 rpm , about 
100 rpm to about 2 , 000 rpm , about 100 rpm to about 2 , 500 
rpm , about 100 rpm to about 3 , 000 rpm , about 100 rpm to 
about 3 , 500 rpm , about 100 rpm to about 4 , 000 rpm , about 
100 rpm to about 4 , 500 rpm . Optionally , in some embodi 
ments , the second mechanical mixer mixes the graphene 
solution at a dispersing speed of at least about 50 rpm , about 
100 rpm , about 200 rpm , about 500 rpm , about 1 , 000 rpm , 
about 1 , 500 rpm , about 2 , 000 rpm , about 2 , 500 rpm , about 
3 , 000 rpm , about 3 , 500 rpm , about 4 , 000 rpm , or about 
4 , 500 rpm . Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution at a dispers 
ing speed of no more than about 50 rpm , about 100 rpm , 
about 200 rpm , about 500 rpm , about 1 , 000 rpm , about 1 , 500 
rpm , about 2 , 000 rpm , about 2 , 500 rpm , about 3 , 000 rpm , 
about 3 , 500 rpm , about 4 , 000 rpm , or about 4 , 500 rpm . 
[ 0148 ] Optionally , in some embodiments , the second 
mechanical mixer mixes graphene solution under a vacuum 
degree , and wherein the vacuum degree is equal to the 
ambient pressure . 
[ 0149 ] Optionally , in some embodiments , the second 
mechanical mixer mixes graphene solution under a vacuum 
degree , and wherein the vacuum degree is about - 0 . 05 MPa 
to about - 0 . 2 MPa . Optionally , in some embodiments , the 
second mechanical mixer mixes graphene solution under a 
vacuum degree , and wherein the vacuum degree is at least 
about - 0 . 05 MPa . Optionally , in some embodiments , the 
second mechanical mixer mixes graphene solution under a 
vacuum degree , and wherein the vacuum degree is at most 
about - 0 . 2 MPa . Optionally , in some embodiments , the 
second mechanical mixer mixes graphene solution under a 
vacuum degree , and wherein the vacuum degree is about 
- 0 . 05 MPa to about - 0 . 0625 MPa , about - 0 . 05 MPa to 
about - 0 . 0875 MPa , about - 0 . 05 MPa to about - 0 . 1 MPa , 
about - 0 . 05 MPa to about - 0 . 1125 MPa , about - 0 . 05 MPa 
to about - 0 . 125 MPa , about - 0 . 05 MPa to about - 0 . 1375 
MPa , about - 0 . 05 MPa to about - 0 . 15 MPa , about - 0 . 05 
MPa to about - 0 . 1625 MPa , about - 0 . 05 MPa to about 
- 0 . 1875 MPa , about - 0 . 05 MPa to about - 0 . 2 MPa , about 
- 0 . 0625 MPa to about - 0 . 0875 MPa , about - 0 . 0625 MPa to 
about - 0 . 1 MPa , about - 0 . 0625 MPa to about - 0 . 1125 MPa , 
about - 0 . 0625 MPa to about - 0 . 125 MPa , about - 0 . 0625 
MPa to about - 0 . 1375 MPa , about - 0 . 0625 MPa to about 
- 0 . 15 MPa , about - 0 . 0625 MPa to about - 0 . 1625 MPa , 
about - 0 . 0625 MPa to about - 0 . 1875 MPa , about - 0 . 0625 
MPa to about - 0 . 2 MPa , about - 0 . 0875 MPa to about - 0 . 1 
MPa , about - 0 . 0875 MPa to about - 0 . 1125 MPa , about 
- 0 . 0875 MPa to about - 0 . 125 MPa , about - 0 . 0875 MPa to 

about - 0 . 1375 MPa , about - 0 . 0875 MPa to about - 0 . 15 
MPa , about - 0 . 0875 MPa to about - 0 . 1625 MPa , about 
- 0 . 0875 MPa to about - 0 . 1875 MPa , about - 0 . 0875 MPa to 
about - 0 . 2 MPa , about - 0 . 1 MPa to about - 0 . 1125 MPa , 
about - 0 . 1 MPa to about - 0 . 125 MPa , about - 0 . 1 MPa to 
about - 0 . 1375 MPa , about - 0 . 1 MPa to about - 0 . 15 MPa , 
about - 0 . 1 MPa to about - 0 . 1625 MPa , about - 0 . 1 MPa to 
about - 0 . 1875 MPa , about - 0 . 1 MPa to about - 0 . 2 MPa , 
about - 0 . 1125 MPa to about - 0 . 125 MPa , about - 0 . 1125 
MPa to about - 0 . 1375 MPa , about - 0 . 1125 MPa to about 
- 0 . 15 MPa , about - 0 . 1125 MPa to about - 0 . 1625 MPa , 
about - 0 . 1125 MPa to about - 0 . 1875 MPa , about - 0 . 1125 
MPa to about - 0 . 2 MPa , about - 0 . 125 MPa to about 
- 0 . 1375 MPa , about - 0 . 125 MPa to about - 0 . 15 MPa , about 
- 0 . 125 MPa to about - 0 . 1625 MPa , about - 0 . 125 MPa to 
about - 0 . 1875 MPa , about - 0 . 125 MPa to about - 0 . 2 MPa , 
about - 0 . 1375 MPa to about - 0 . 15 MPa , about - 0 . 1375 
MPa to about - 0 . 1625 MPa , about - 0 . 1375 MPa to about 
- 0 . 1875 MPa , about - 0 . 1375 MPa to about - 0 . 2 MPa , about 
- 0 . 15 MPa to about - 0 . 1625 MPa , about - 0 . 15 MPa to 
about - 0 . 1875 MPa , about - 0 . 15 MPa to about - 0 . 2 MPa , 
about - 0 . 1625 MPa to about - 0 . 1875 MPa , about - 0 . 1625 
MPa to about - 0 . 2 MPa , or about - 0 . 1875 MPa to about 
- 0 . 2 MPa . Optionally , in some embodiments , the second 
mechanical mixer mixes graphene solution under a vacuum 
degree , and wherein the vacuum degree is about - 0 . 05 MPa , 
about - 0 . 0625 MPa , about - 0 . 0875 MPa , about - 0 . 1 MPa , 
about - 0 . 1125 MPa , about - 0 . 125 MPa , about - 0 . 1375 
MPa , about - 0 . 15 MPa , about - 0 . 1625 MPa , about - 0 . 1875 
MPa , or about - 0 . 2 MPa . Optionally , in some embodiments , 
the second mechanical mixer mixes graphene solution under 
a vacuum degree , and wherein the vacuum degree is at least 
about - 0 . 05 MPa , about - 0 . 0625 MPa , about - 0 . 0875 MPa , 
about - 0 . 1 MPa , about - 0 . 1125 MPa , about - 0 . 125 MPa , 
about - 0 . 1375 MPa , about - 0 . 15 MPa , about - 0 . 1625 MPa , 
about - 0 . 1875 MPa , or about - 0 . 2 MPa . Optionally , in some 
embodiments , the second mechanical mixer mixes graphene 
solution under a vacuum degree , and wherein the vacuum 
degree is no more than about - 0 . 05 MPa , about - 0 . 0625 
MPa , about - 0 . 0875 MPa , about - 0 . 1 MPa , about - 0 . 1125 
MPa , about - 0 . 125 MPa , about - 0 . 1375 MPa , about - 0 . 15 
MPa , about - 0 . 1625 MPa , about - 0 . 1875 MPa , or about 
- 0 . 2 MPa . 

[ 0150 ] Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution during one or 
more intervals , wherein each interval comprises a period of 
time of about 0 . 5 minute to about 30 minutes . Optionally , in 
some embodiments , the second mechanical mixer mixes the 
graphene solution during one or more intervals , wherein 
each interval comprises a period of time of at least about 0 . 5 
minute . Optionally , in some embodiments , the second 
mechanical mixer mixes the graphene solution during one or 
more intervals , wherein each interval comprises a period of 
time of at most about 30 minutes . Optionally , in some 
embodiments , the second mechanical mixer mixes the gra 
phene solution during one or more intervals , wherein each 
interval comprises a period of time of about 0 . 5 minute to 
about 1 minute , about 0 . 5 minute to about 2 minutes , about 
0 . 5 minute to about 3 minutes , about 0 . 5 minute to about 4 
minutes , about 0 . 5 minute to about 5 minutes , about 0 . 5 
minute to about 10 minutes , about 0 . 5 minute to about 15 
minutes , about 0 . 5 minute to about 20 minutes , about 0 . 5 
minute to about 25 minutes , about 0 . 5 minute to about 30 
minutes , about 1 minute to about 2 minutes , about 1 minute 
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to about 3 minutes , about 1 minute to about 4 minutes , about 
1 minute to about 5 minutes , about 1 minute to about 10 
minutes , about 1 minute to about 15 minutes , about 1 minute 
to about 20 minutes , about 1 minute to about 25 minutes , 
about 1 minute to about 30 minutes , about 2 minutes to about 
3 minutes , about 2 minutes to about 4 minutes , about 2 
minutes to about 5 minutes , about 2 minutes to about 10 
minutes , about 2 minutes to about 15 minutes , about 2 
minutes to about 20 minutes , about 2 minutes to about 25 
minutes , about 2 minutes to about 30 minutes , about 3 
minutes to about 4 minutes , about 3 minutes to about 5 
minutes , about 3 minutes to about 10 minutes , about 3 
minutes to about 15 minutes , about 3 minutes to about 20 
minutes , about 3 minutes to about 25 minutes , about 3 
minutes to about 30 minutes , about 4 minutes to about 5 
minutes , about 4 minutes to about 10 minutes , about 4 
minutes to about 15 minutes , about 4 minutes to about 20 
minutes , about 4 minutes to about 25 minutes , about 4 
minutes to about 30 minutes , about 5 minutes to about 10 
minutes , about 5 minutes to about 15 minutes , about 5 
minutes to about 20 minutes , about 5 minutes to about 25 
minutes , about 5 minutes to about 30 minutes , about 10 
minutes to about 15 minutes , about 10 minutes to about 20 
minutes , about 10 minutes to about 25 minutes , about 10 
minutes to about 30 minutes , about 15 minutes to about 20 
minutes , about 15 minutes to about 25 minutes , about 15 
minutes to about 30 minutes , about 20 minutes to about 25 
minutes , about 20 minutes to about 30 minutes , or about 25 
minutes to about 30 minutes . Optionally , in some embodi 
ments , the second mechanical mixer mixes the graphene 
solution during one or more intervals , wherein each interval 
comprises a period of time of about 0 . 5 minute , about 1 
minute , about 2 minutes , about 3 minutes , about 4 minutes , 
about 5 minutes , about 10 minutes , about 15 minutes , about 
20 minutes , about 25 minutes , or about 30 minutes . Option 
ally , in some embodiments , the second mechanical mixer 
mixes the graphene solution during one or more intervals , 
wherein each interval comprises a period of time of at least 
about 0 . 5 minute , about 1 minute , about 2 minutes , about 3 
minutes , about 4 minutes , about 5 minutes , about 10 min 
utes , about 15 minutes , about 20 minutes , about 25 minutes , 
or about 30 minutes . Optionally , in some embodiments , the 
second mechanical mixer mixes the graphene solution dur 
ing one or more intervals , wherein each interval comprises 
a period of time of no more than about 0 . 5 minute , about 1 
minute , about 2 minutes , about 3 minutes , about 4 minutes , 
about 5 minutes , about 10 minutes , about 15 minutes , about 
20 minutes , about 25 minutes , or about 30 minutes . 

[ 0151 ] Optionally , in some embodiments , the number of 
intervals is about 1 to about 60 . Optionally , in some embodi 
ments , the number of intervals is at least about 1 . Optionally , 
in some embodiments , the number of intervals is at most 
about 60 . Optionally , in some embodiments , the number of 
intervals is about 1 to about 2 , about 1 to about 5 , about 1 
to about 10 , about 1 to about 20 , about 1 to about 30 , about 
1 to about 40 , about 1 to about 50 , about 1 to about 60 , about 
2 to about 5 , about 2 to about 10 , about 2 to about 20 , about 
2 to about 30 , about 2 to about 40 , about 2 to about 50 , about 
2 to about 60 , about 5 to about 10 , about 5 to about 20 , about 
5 to about 30 , about 5 to about 40 , about 5 to about 50 , about 
5 to about 60 , about 10 to about 20 , about 10 to about 30 , 
about 10 to about 40 , about 10 to about 50 , about 10 to about 
60 , about 20 to about 30 , about 20 to about 40 , about 20 to 
about 50 , about 20 to about 60 , about 30 to about 40 , about 

30 to about 50 , about 30 to about 60 , about 40 to about 50 , 
about 40 to about 60 , or about 50 to about 60 . Optionally , in 
some embodiments , the number of intervals is about 1 , about 
2 , about 5 , about 10 , about 20 , about 30 , about 40 , about 50 , 
or about 60 . Optionally , in some embodiments , the number 
of intervals is at least about 1 , about 2 , about 5 , about 10 , 
about 20 , about 30 , about 40 , about 50 , or about 60 . 
Optionally , in some embodiments , the number of intervals is 
no more than about 1 , about 2 , about 5 , about 10 , about 20 , 
about 30 , about 40 , about 50 , or about 60 . 
[ 0152 ] Optionally , in some embodiments , the RGO dis 
persion is added after the first , second , third , fourth , fifth , 
sixth , seventh , eighth , ninth , tenth , eleventh , twelfth , thir 
teenth , fourteenth , or the fifteenth interval , or any combina 
tion thereof . 
[ 0153 ] Optionally , in some embodiments , a period of time 
of a first interval is about 5 minutes , wherein the stirring 
speed is about 30 rpm . Optionally , in some embodiments , a 
period of time of a second interval is about 5 minutes , and 
wherein the stirring speed is about 50 rpm . Optionally , in 
some embodiments , a period of time of a third interval is 
about 5 minutes , wherein the stirring speed is about 75 rpm , 
wherein the dispersing speed is about 100 rpm . Optionally , 
in some embodiments , a period of time of a fourth interval 
is about 5 minutes , wherein the stirring speed is about 75 
rpm , and wherein the dispersing speed is about 300 rpm . 
Optionally , in some embodiments , a period of time of a fifth 
interval is about 5 minutes , wherein the stirring speed is 
about 75 rpm , and wherein the dispersing speed is about 500 
rpm . Optionally , in some embodiments , a period of time of 
a sixth interval is about 1 minute , and wherein the stirring 
speed is about 30 rpm . Optionally , in some embodiments , a 
period of time of a seventh interval is about 1 minute , 
wherein the stirring speed is about 100 rpm , and wherein the 
dispersing speed is about 50 rpm . Optionally , in some 
embodiments , a period of time of an eighth interval is about 
5 minutes , wherein the stirring speed is about 75 rpm , and 
wherein the dispersing speed is about 500 rpm . Optionally , 
in some embodiments , a period of time of a ninth interval is 
about 10 minutes , wherein the stirring speed is about 75 rpm , 
and wherein the dispersing speed is about 1 , 000 rpm . 
Optionally , in some embodiments , a period of time of a tenth 
interval is about 5 minutes , wherein the stirring speed is 
about 75 rpm , and wherein the dispersing speed is about 
3 , 000 rpm . Optionally , in some embodiments , a period of 
time of an eleventh interval is about 5 minutes , wherein the 
stirring speed is about 30 rpm , and wherein the dispersing 
speed is about 100 rpm . Optionally , in some embodiments , 
a period of time of a twelfth interval is about 5 minutes , 
wherein the stirring speed is about 50 rpm , and wherein the 
dispersing speed is about 500 rpm . Optionally , in some 
embodiments , a period of time of a thirteenth interval is 
about 5 minutes , wherein the stirring speed is about 750 rpm , 
and wherein the dispersing speed is about 1 , 000 rpm . 
Optionally , in some embodiments , a period of time of a 
fourteenth interval is about 5 minutes , wherein the stirring 
speed is about 750 rpm , and wherein the dispersing speed is 
about 3 , 000 rpm . Optionally , in some embodiments , a period 
of time of a fifteenth interval is about 30 minutes , wherein 
the stirring speed is about 750 rpm , and wherein the dis 
persing speed is about 3 , 000 rpm . 
[ 0154 ] Optionally , in some embodiments , the binder and 
the first solvent are cooled to a temperature of about 10° C . 
to about 40° C . Optionally , in some embodiments , the binder 
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and the first solvent are cooled to a temperature of at least 
about 10° C . Optionally , in some embodiments , the binder 
and the first solvent are cooled to a temperature of at most 
about 40° C . Optionally , in some embodiments , the binder 
and the first solvent are cooled to a temperature of about 10° 
C . to about 15° C . , about 10° C . to about 20° C . , about 10° 
C . to about 25° C . , about 10° C . to about 30° C . , about 100 
C . to about 35° C . , about 10° C . to about 40° C . , about 15° 
C . to about 20° C . , about 15° C . to about 25° C . , about 15° 
C . to about 30° C . , about 15° C . to about 35° C . , about 15° 
C . to about 40° C . , about 20° C . to about 25° C . , about 20° 
C . to about 30° C . , about 20° C . to about 35° C . , about 20° 
C . to about 40° C . , about 25° C . to about 30° C . , about 250 
C . to about 35° C . , about 25° C . to about 40° C . , about 30° 
C . to about 35° C . , about 30° C . to about 40° C . , or about 350 
C . to about 40° C . Optionally , in some embodiments , the 
binder and the first solvent are cooled to a temperature of 
about 10° C . , about 15° C . , about 20° C . , about 25° C . , about 
30° C . , about 35° C . , or about 40° C . Optionally , in some 
embodiments , the binder and the first solvent are cooled to 
a temperature of at least about 10° C . , about 15° C . , about 
20° C . , about 25° C . , about 30° C . , about 35° C . , or about 40° 
C . Optionally , in some embodiments , the binder and the first 
are cooled to a temperature of no more than about 10° C . , 
about 15° C . , about 20° C . , about 25° C . , about 30° C . , about 
35° C . , or about 40° C . 
[ 0155 ] Optionally , in some embodiments , the viscosity of 
the conductive graphene ink is about 10 centipoise to about 
10 , 000 centipoise . Optionally , in some embodiments , the 
viscosity of the conductive graphene ink is at least about 10 
centipoise . Optionally , in some embodiments , the viscosity 
of the conductive graphene ink is at most about 10 , 000 
centipoise . Optionally , in some embodiments , the viscosity 
of the conductive graphene ink is about 10 centipoise to 
about 20 centipoise , about 10 centipoise to about 50 centi 
poise , about 10 centipoise to about 100 centipoise , about 10 
centipoise to about 200 centipoise , about 10 centipoise to 
about 500 centipoise , about 10 centipoise to about 1 , 000 
centipoise , about 10 centipoise to about 2 , 000 centipoise , 
about 10 centipoise to about 5 , 000 centipoise , about 10 
centipoise to about 10 , 000 centipoise , about 20 centipoise to 
about 50 centipoise , about 20 centipoise to about 100 
centipoise , about 20 centipoise to about 200 centipoise , 
about 20 centipoise to about 500 centipoise , about 20 
centipoise to about 1 , 000 centipoise , about 20 centipoise to 
about 2 , 000 centipoise , about 20 centipoise to about 5 , 000 
centipoise , about 20 centipoise to about 10 , 000 centipoise , 
about 50 centipoise to about 100 centipoise , about 50 
centipoise to about 200 centipoise , about 50 centipoise to 
about 500 centipoise , about 50 centipoise to about 1 , 000 
centipoise , about 50 centipoise to about 2 , 000 centipoise , 
about 50 centipoise to about 5 , 000 centipoise , about 50 
centipoise to about 10 , 000 centipoise , about 100 centipoise 
to about 200 centipoise , about 100 centipoise to about 500 
centipoise , about 100 centipoise to about 1 , 000 centipoise , 
about 100 centipoise to about 2 , 000 centipoise , about 100 
centipoise to about 5 , 000 centipoise , about 100 centipoise to 
about 10 , 000 centipoise , about 200 centipoise to about 500 
centipoise , about 200 centipoise to about 1 , 000 centipoise , 
about 200 centipoise to about 2 , 000 centipoise , about 200 
centipoise to about 5 , 000 centipoise , about 200 centipoise to 
about 10 , 000 centipoise , about 500 centipoise to about 1 , 000 
centipoise , about 500 centipoise to about 2 , 000 centipoise , 
about 500 centipoise to about 5 , 000 centipoise , about 500 

centipoise to about 10 , 000 centipoise , about 1 , 000 centi 
poise to about 2 , 000 centipoise , about 1 , 000 centipoise to 
about 5 , 000 centipoise , about 1 , 000 centipoise to about 
10 , 000 centipoise , about 2 , 000 centipoise to about 5 , 000 
centipoise , about 2 , 000 centipoise to about 10 , 000 centi 
poise , or about 5 , 000 centipoise to about 10 , 000 centipoise . 
Optionally , in some embodiments , the viscosity of the 
conductive graphene ink is about 10 centipoise , about 20 
centipoise , about 50 centipoise , about 100 centipoise , about 
200 centipoise , about 500 centipoise , about 1 , 000 centi 
poise , about 2 , 000 centipoise , about 5 , 000 centipoise , or 
about 10 , 000 centipoise . Optionally , in some embodiments , 
the viscosity of the conductive graphene ink is at least about 
10 centipoise , about 20 centipoise , about 50 centipoise , 
about 100 centipoise , about 200 centipoise , about 500 cen 
tipoise , about 1 , 000 centipoise , about 2 , 000 centipoise , 
about 5 , 000 centipoise , or about 10 , 000 centipoise . Option 
ally , in some embodiments , the viscosity of the conductive 
graphene ink is no more than about 10 centipoise , about 20 
centipoise , about 50 centipoise , about 100 centipoise , about 
200 centipoise , about 500 centipoise , about 1 , 000 centi 
poise , about 2 , 000 centipoise , about 5 , 000 centipoise , or 
about 10 , 000 centipoise . 

[ 0156 ] Optionally , in some embodiments , the conductive 
graphene ink has a viscosity of about 2 , 300 centipoise to 
about 2 , 400 centipoise . Optionally , in some embodiments , 
the conductive graphene ink has a viscosity of at least about 
2 , 300 centipoise . Optionally , in some embodiments , the 
conductive graphene ink has a viscosity of at most about 
2 , 400 centipoise . Optionally , in some embodiments , the 
conductive graphene ink has a viscosity of about 2 , 300 
centipoise to about 2 , 310 centipoise , about 2 , 300 centipoise 
to about 2 , 320 centipoise , about 2 , 300 centipoise to about 
2 , 330 centipoise , about 2 , 300 centipoise to about 2 , 340 
centipoise , about 2 , 300 centipoise to about 2 , 350 centipoise , 
about 2 , 300 centipoise to about 2 , 360 centipoise , about 
2 , 300 centipoise to about 2 , 370 centipoise , about 2 , 300 
centipoise to about 2 , 380 centipoise , about 2 , 300 centipoise 
to about 2 , 390 centipoise , about 2 , 300 centipoise to about 
2 , 400 centipoise , about 2 , 310 centipoise to about 2 , 320 
centipoise , about 2 , 310 centipoise to about 2 , 330 centipoise , 
about 2 , 310 centipoise to about 2 , 340 centipoise , about 
2 , 310 centipoise to about 2 , 350 centipoise , about 2 , 310 
centipoise to about 2 , 360 centipoise , about 2 , 310 centipoise 
to about 2 , 370 centipoise , about 2 , 310 centipoise to about 
2 , 380 centipoise , about 2 , 310 centipoise to about 2 , 390 
centipoise , about 2 , 310 centipoise to about 2 , 400 centipoise , 
about 2 , 320 centipoise to about 2 , 330 centipoise , about 
2 , 320 centipoise to about 2 , 340 centipoise , about 2 , 320 
centipoise to about 2 , 350 centipoise , about 2 , 320 centipoise 
to about 2 , 360 centipoise , about 2 , 320 centipoise to about 
2 , 370 centipoise , about 2 , 320 centipoise to about 2 , 380 
centipoise , about 2 , 320 centipoise to about 2 , 390 centipoise , 
about 2 , 320 centipoise to about 2 , 400 centipoise , about 
2 , 330 centipoise to about 2 , 340 centipoise , about 2 , 330 
centipoise to about 2 , 350 centipoise , about 2 , 330 centipoise 
to about 2 , 360 centipoise , about 2 , 330 centipoise to about 
2 , 370 centipoise , about 2 , 330 centipoise to about 2 , 380 
centipoise , about 2 , 330 centipoise to about 2 , 390 centipoise , 
about 2 , 330 centipoise to about 2 , 400 centipoise , about 
2 , 340 centipoise to about 2 , 350 centipoise , about 2 , 340 
centipoise to about 2 , 360 centipoise , about 2 , 340 centipoise 
to about 2 , 370 centipoise , about 2 , 340 centipoise to about 
2 , 380 centipoise , about 2 , 340 centipoise to about 2 , 390 
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centipoise , about 2 , 340 centipoise to about 2 , 400 centipoise , 
about 2 , 350 centipoise to about 2 , 360 centipoise , about 
2 , 350 centipoise to about 2 , 370 centipoise , about 2 , 350 
centipoise to about 2 , 380 centipoise , about 2 , 350 centipoise 
to about 2 , 390 centipoise , about 2 , 350 centipoise to about 
2 , 400 centipoise , about 2 , 360 centipoise to about 2 , 370 
centipoise , about 2 , 360 centipoise to about 2 , 380 centipoise , 
about 2 , 360 centipoise to about 2 , 390 centipoise , about 
2 , 360 centipoise to about 2 , 400 centipoise , about 2 , 370 
centipoise to about 2 , 380 centipoise , about 2 , 370 centipoise 
to about 2 , 390 centipoise , about 2 , 370 centipoise to about 
2 , 400 centipoise , about 2 , 380 centipoise to about 2 , 390 
centipoise , about 2 , 380 centipoise to about 2 , 400 centipoise , 
or about 2 , 390 centipoise to about 2 , 400 centipoise . Option 
ally , in some embodiments , the conductive graphene ink has 
a viscosity of about 2 , 300 centipoise , about 2 , 310 centipoise , 
about 2 , 320 centipoise , about 2 , 330 centipoise , about 2 , 340 
centipoise , about 2 , 350 centipoise , about 2 , 360 centipoise , 
about 2 , 370 centipoise , about 2 , 380 centipoise , about 2 , 390 
centipoise , or about 2 , 400 centipoise . 
0157 ] Optionally , in some embodiments , the solid matter 
content of the conductive graphene ink is about 2 . 5 % to 
about 10 . 5 % . Optionally , in some embodiments , the solid 
matter content of the conductive graphene ink is at least 
about 2 . 5 % . Optionally , in some embodiments , the solid 
matter content of the conductive graphene ink is at most 
about 10 . 5 % . Optionally , in some embodiments , the solid 
matter content of the conductive graphene ink is about 2 . 5 % 
to about 3 . 5 % , about 2 . 5 % to about 4 . 5 % , about 2 . 5 % to 
about 5 . 5 % , about 2 . 5 % to about 6 . 5 % , about 2 . 5 % to about 
7 . 5 % , about 2 . 5 % to about 8 . 5 % , about 2 . 5 % to about 9 . 5 % , 
about 2 . 5 % to about 10 . 5 % , about 3 . 5 % to about 4 . 5 % , about 
3 . 5 % to about 5 . 5 % , about 3 . 5 % to about 6 . 5 % , about 3 . 5 % 
to about 7 . 5 % , about 3 . 5 % to about 8 . 5 % , about 3 . 5 % to 
about 9 . 5 % , about 3 . 5 % to about 10 . 5 % , about 4 . 5 % to about 
5 . 5 % , about 4 . 5 % to about 6 . 5 % , about 4 . 5 % to about 7 . 5 % , 
about 4 . 5 % to about 8 . 5 % , about 4 . 5 % to about 9 . 5 % , about 
4 . 5 % to about 10 . 5 % , about 5 . 5 % to about 6 . 5 % , about 5 . 5 % 
to about 7 . 5 % , about 5 . 5 % to about 8 . 5 % , about 5 . 5 % to 
about 9 . 5 % , about 5 . 5 % to about 10 . 5 % , about 6 . 5 % to about 
7 . 5 % , about 6 . 5 % to about 8 . 5 % , about 6 . 5 % to about 9 . 5 % , 
about 6 . 5 % to about 10 . 5 % , about 7 . 5 % to about 8 . 5 % , about 
7 . 5 % to about 9 . 5 % , about 7 . 5 % to about 10 . 5 % , about 8 . 5 % 
to about 9 . 5 % , about 8 . 5 % to about 10 . 5 % , or about 9 . 5 % to 
about 10 . 5 % . Optionally , in some embodiments , the solid 
matter content of the conductive graphene ink is about 2 . 5 % , 
about 3 . 5 % , about 4 . 5 % , about 5 . 5 % , about 6 . 5 % , about 
7 . 5 % , about 8 . 5 % , about 9 . 5 % , or about 10 . 5 % . Optionally , 
in some embodiments , the solid matter content of the 
conductive graphene ink is at least about 2 . 5 % , about 3 . 5 % , 
about 4 . 5 % , about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 
8 . 5 % , about 9 . 5 % , or about 10 . 5 % . Optionally , in some 
embodiments , the solid matter content of the conductive 
graphene ink is no more than about 2 . 5 % , about 3 . 5 % , about 
4 . 5 % , about 5 . 5 % , about 6 . 5 % , about 7 . 5 % , about 8 . 5 % , 
about 9 . 5 % , or about 10 . 5 % . 
[ 0158 ] Optionally , in some embodiments , the density of 
the conductive graphene ink at a temperature of about 20° C . 
is about 2 . 5 g / cm to about 10 . 5 g / cm " . Optionally , in some 
embodiments , the density of the conductive graphene ink at 
a temperature of about 20° C . is at least about 2 . 5 g / cm . 
Optionally , in some embodiments , the density of the con 
ductive graphene ink at a temperature of about 20° C . is at 
most about 10 . 5 g / cmº . Optionally , in some embodiments , 

the density of the conductive graphene ink at a temperature 
of about 20° C . is about 2 . 5 g / cm3 to about 3 . 5 g / cm3 , about 
2 . 5 g / cm² to about 4 . 5 g / cm " , about 2 . 5 g / cm² to about 5 . 5 
g / cm " , about 2 . 5 g / cm² to about 6 . 5 g / cm " , about 2 . 5 g / cm3 
to about 7 . 5 g / cm " , about 2 . 5 g / cm3 to about 8 . 5 g / cm " , 
about 2 . 5 g / cm to about 9 . 5 g / cm° , about 2 . 5 g / cm² to about 
10 . 5 g / cm " , about 3 . 5 g / cm3 to about 4 . 5 g / cm3 , about 3 . 5 
g / cm to about 5 . 5 g / cm " , about 3 . 5 g / cm to about 6 . 5 
g / cm ” , about 3 . 5 g / cm3 to about 7 . 5 g / cm° , about 3 . 5 g / cm3 
to about 8 . 5 g / cm " , about 3 . 5 g / cm3 to about 9 . 5 g / cm » , 
about 3 . 5 g / cm3 to about 10 . 5 g / cm ” , about 4 . 5 g / cm3 to 
about 5 . 5 g / cm " , about 4 . 5 g / cm² to about 6 . 5 g / cm " , about 
4 . 5 g / cm to about 7 . 5 g / cm " , about 4 . 5 g / cm to about 8 . 5 
g / cm " , about 4 . 5 g / cm² to about 9 . 5 g / cm " , about 4 . 5 g / cm3 
to about 10 . 5 g / cm " , about 5 . 5 g / cm3 to about 6 . 5 g / cm » , 
about 5 . 5 g / cm² to about 7 . 5 g / cm " , about 5 . 5 g / cm to about 
8 . 5 g / cm " , about 5 . 5 g / cm² to about 9 . 5 g / cm " , about 5 . 5 
g / cm to about 10 . 5 g / cm " , about 6 . 5 g / cm to about 7 . 5 
g / cm " , about 6 . 5 g / cm to about 8 . 5 g / cm " , about 6 . 5 g / cm 
to about 9 . 5 g / cm ” , about 6 . 5 g / cm to about 10 . 5 g / cm » , 
about 7 . 5 g / cm to about 8 . 5 g / cm " , about 7 . 5 g / cm to about 
9 . 5 g / cm ” , about 7 . 5 g / cm² to about 10 . 5 g / cm ” , about 8 . 5 
g / cm² to about 9 . 5 g / cm " , about 8 . 5 g / cm3 to about 10 . 5 
g / cm " , or about 9 . 5 g / cm to about 10 . 5 g / cm " . Optionally , 
in some embodiments , the density of the conductive gra 
phene ink at a temperature of about 20° C . is at most about 
10 . 5 g / cm3 . Optionally , in some embodiments , the density of 
the conductive graphene ink at a temperature of about 20° C . 
is about 2 . 5 g / cm " , about 3 . 5 g / cm " , about 4 . 5 g / cm " , about 
5 . 5 g / cm " , about 6 . 5 g / cm ” , about 7 . 5 g / cm3 , about 8 . 5 
g / cm " , about 9 . 5 g / cm " , or about 10 . 5 g / cm ' . Optionally , in 
some embodiments , the density of the conductive graphene 
ink at a temperature of at least about 20° C . is about 2 . 5 
g / cm " , about 3 . 5 g / cm " , about 4 . 5 g / cm " , about 5 . 5 g / cm " , 
about 6 . 5 g / cm " , about 7 . 5 g / cm " , about 8 . 5 g / cm " , about 9 . 5 
g / cm " , or about 10 . 5 g / cm ' . Optionally , in some embodi 
ments , the density of the conductive graphene ink at a 
temperature of no more than about 20° C . is about 2 . 5 g / cm " , 
about 3 . 5 g / cm ” , about 4 . 5 g / cm² , about 5 . 5 g / cm² , about 6 . 5 
g / cm " , about 7 . 5 g / cm " , about 8 . 5 g / cm " , about 9 . 5 g / cm , or 
about 10 . 5 g / cm 
[ 0159 ] Optionally , in some embodiments the conductive 
graphene ink has a surface area of about 40 m?lg to about 
2 , 400 m² / g . Optionally , in some embodiments the conduc 
tive graphene ink has a surface area of at least about 40 m² / g . 
Optionally , in some embodiments the conductive graphene 
ink has a surface area of at most about 2 , 400 m?lg . Option 
ally , in some embodiments the conductive graphene ink has 
a surface area of about 40 m² / g to about 80 m² / g , about 40 
m² / g to about 120 m² / g , about 40 m² / g to about 240 m² / g , 
about 40 m - / g to about 480 m?lg , about 40 mº / g to about 
1 , 000 m² / g , about 40 m² / g to about 1 , 400 m² / g , about 40 
m - / g to about 1 , 800 m² / g , about 40 m² / g to about 2 , 200 
m² / g , about 40 m² / g to about 2 , 400 m² / g , about 80 m² / g to 
about 120 m² / g , about 80 m² / g to about 240 m² / g , about 80 
m² / g to about 480 m² / g , about 80 m² / g to about 1 , 000 m / g , 
about 80 m - / g to about 1 , 400 m² / g , about 80 m² / g to about 
1 , 800 m² / g , about 80 m² / g to about 2 , 200 m² / g , about 80 
m² / g to about 2 , 400 m² / g , about 120 m² / g to about 240 m² / g , 
about 120 m² / g to about 480 m² / g , about 120 m² / g to about 
1 , 000 m² / g , about 120 m² / g to about 1 , 400 m² / g , about 120 
m² / g to about 1 , 800 m² / g , about 120 m² / g to about 2 , 200 
m² / g , about 120 m² / g to about 2 , 400 m² / g , about 240 m² / g 
to about 480 mº / g , about 240 m² / g to about 1 , 000 mº / g , 
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about 240 m? / g to about 1 , 400 m² / g , about 240 m² / g to about 
1 , 800 m² / g , about 240 m² / g to about 2 , 200 m² / g , about 240 
m² / g to about 2 , 400 m² / g , about 480 m² / g to about 1 , 000 
m² / g , about 480 mè / g to about 1 , 400 m² / g , about 480 m² / g 
to about 1 , 800 m² / g , about 480 m² / g to about 2 , 200 m² / g , 
about 480 mº / g to about 2 , 400 m² / g , about 1 , 000 m2 / g to 
about 1 , 400 m² / g , about 1 , 000 m² / g to about 1 , 800 m² / g , 
about 1 , 000 m - / g to about 2 , 200 m² / g , about 1 , 000 m² / g to 
about 2 , 400 m² / g , about 1 , 400 m² / g to about 1 , 800 m² / g , 
about 1 , 400 m² / g to about 2 , 200 m² / g , about 1 , 400 m² / g to 
about 2 , 400 m - / g , about 1 , 800 m - / g to about 2 , 200 m - / g , 
about 1 , 800 m - / g to about 2 , 400 m?lg , or about 2 , 200 m - / g 
to about 2 , 400 m?lg . Optionally , in some embodiments the 
conductive graphene ink has a surface area of about 40 m - / g , 
about 80 mº / g , about 120 m² / g , about 240 m² / g , about 480 
m² / g , about 1 , 000 m² / g , about 1 , 400 m² / g , about 1 , 800 m² / g , 
about 2 , 200 m² / g , or about 2 , 400 m² / g . Optionally , in some 
embodiments the conductive graphene ink has a surface area 
of at least about 40 m² / g , about 80 m² / g , about 120 m² / g , 
about 240 m² / g , about 480 m² / g , about 1 , 000 m² / g , about 
1 , 400 m - / g , about 1 , 800 m - / g , about 2 , 200 m - / g , or about 
2 , 400 m² / g . Optionally , in some embodiments the conduc 
tive graphene ink has a surface area of no more than about 
40 m² / g , about 80 m² / g , about 120 m² / g , about 240 m² / g , 
about 480 m² / g , about 1 , 000 m² / g , about 1 , 400 m² / g , about 
1 , 800 m?lg , about 2 , 200 m?lg , or about 2 , 400 m?lg . 
[ 0160 ] Optionally , in some embodiments the conductive 
graphene ink has a conductivity of about 400 S / m to about 
1 , 600 S / m . Optionally , in some embodiments the conductive 
graphene ink has a conductivity of at least about 400 S / m . 
Optionally , in some embodiments the conductive graphene 
ink has a conductivity of at most about 1 , 600 S / m . Option 
ally , in some embodiments the conductive graphene ink has 
a conductivity of about 400 S / m to about 500 S / m , about 400 
S / m to about 600 S / m , about 400 S / m to about 700 S / m , 
about 400 S / m to about 800 S / m , about 400 S / m to about 900 
S / m , about 400 S / m to about 1 , 000 S / m , about 400 S / m to 
about 1 , 200 S / m , about 400 S / m to about 1 , 400 S / m , about 
400 S / m to about 1 , 600 S / m , about 500 S / m to about 600 
S / m , about 500 S / m to about 700 S / m , about 500 S / m to 
about 800 S / m , about 500 S / m to about 900 S / m , about 500 
S / m to about 1 , 000 S / m , about 500 S / m to about 1 , 200 S / m , 
about 500 S / m to about 1 , 400 S / m , about 500 S / m to about 
1 , 600 S / m , about 600 S / m to about 700 S / m , about 600 S / m 
to about 800 S / m , about 600 S / m to about 900 S / m , about 
600 S / m to about 1 , 000 S / m , about 600 S / m to about 1 , 200 
S / m , about 600 S / m to about 1 , 400 S / m , about 600 S / m to 
about 1 , 600 S / m , about 700 S / m to about 800 S / m , about 700 
S / m to about 900 S / m , about 700 S / m to about 1 , 000 S / m , 
about 700 S / m to about 1 , 200 S / m , about 700 S / m to about 
1 , 400 S / m , about 700 S / m to about 1 , 600 S / m , about 800 
S / m to about 900 S / m , about 800 S / m to about 1 , 000 S / m , 
about 800 S / m to about 1 , 200 S / m , about 800 S / m to about 
1 , 400 S / m , about 800 S / m to about 1 , 600 S / m , about 900 
S / m to about 1 , 000 S / m , about 900 S / m to about 1 , 200 S / m , 
about 900 S / m to about 1 , 400 S / m , about 900 S / m to about 
1 , 600 S / m , about 1 , 000 S / m to about 1 , 200 S / m , about 1 , 000 
S / m to about 1 , 400 S / m , about 1 , 000 S / m to about 1 , 600 
S / m , about 1 , 200 S / m to about 1 , 400 S / m , about 1 , 200 S / m 
to about 1 , 600 S / m , or about 1 , 400 S / m to about 1 , 600 S / m . 
Optionally , in some embodiments the conductive graphene 
ink has a conductivity of about 400 S / m , about 500 S / m , 
about 600 S / m , about 700 S / m , about 800 S / m , about 900 
S / m , about 1 , 000 S / m , about 1 , 200 S / m , about 1 , 400 S / m , or 

about 1 , 600 S / m . Optionally , in some embodiments the 
conductive graphene ink has a conductivity of at least about 
400 S / m , about 500 S / m , about 600 S / m , about 700 S / m , 
about 800 S / m , about 900 S / m , about 1 , 000 S / m , about 1 , 200 
S / m , about 1 , 400 S / m , or about 1 , 600 S / m . Optionally , in 
some embodiments the conductive graphene ink has a 
conductivity of no more than about 400 S / m , about 500 S / m , 
about 600 S / m , about 700 S / m , about 800 S / m , about 900 
S / m , about 1 , 000 S / m , about 1 , 200 S / m , about 1 , 400 S / m , or 
about 1 , 600 S / m . 
[ 0161 ] Optionally , in some embodiments the conductive 
graphene ink has a C : O mass ratio of about 2 : 1 to about 40 : 1 . 
Optionally , in some embodiments the conductive graphene 
ink has a C : 0 mass ratio of at least about 2 : 1 . Optionally , in 
some embodiments the conductive graphene ink has a C : 0 
mass ratio of at most about 40 : 1 . Optionally , in some 
embodiments the conductive graphene ink has a C : O mass 
ratio of about 2 : 1 to about 4 : 1 , about 2 : 1 to about 6 : 1 , about 
2 : 1 to about 8 : 1 , about 2 : 1 to about 10 : 1 , about 2 : 1 to about 
15 : 1 , about 2 : 1 to about 20 : 1 , about 2 : 1 to about 25 : 1 , about 
2 : 1 to about 30 : 1 , about 2 : 1 to about 34 : 1 , about 2 : 1 to about 
40 : 1 , about 4 : 1 to about 6 : 1 , about 4 : 1 to about 8 : 1 , about 4 : 1 
to about 10 : 1 , about 4 : 1 to about 15 : 1 , about 4 : 1 to about 
20 : 1 , about 4 : 1 to about 25 : 1 , about 4 : 1 to about 30 : 1 , about 
4 : 1 to about 34 : 1 , about 4 : 1 to about 40 : 1 , about 6 : 1 to about 
8 : 1 , about 6 : 1 to about 10 : 1 , about 6 : 1 to about 15 : 1 , about 
6 : 1 to about 20 : 1 , about 6 : 1 to about 25 : 1 , about 6 : 1 to about 
30 : 1 , about 6 : 1 to about 34 : 1 , about 6 : 1 to about 40 : 1 , about 
8 : 1 to about 10 : 1 , about 8 : 1 to about 15 : 1 , about 8 : 1 to about 
20 : 1 , about 8 : 1 to about 25 : 1 , about 8 : 1 to about 30 : 1 , about 
8 : 1 to about 34 : 1 , about 8 : 1 to about 40 : 1 , about 10 : 1 to 
about 15 : 1 , about 10 : 1 to about 20 : 1 , about 10 : 1 to about 
25 : 1 , about 10 : 1 to about 30 : 1 , about 10 : 1 to about 34 : 1 , 
about 10 : 1 to about 40 : 1 , about 15 : 1 to about 20 : 1 , about 
15 : 1 to about 25 : 1 , about 15 : 1 to about 30 : 1 , about 15 : 1 to 
about 34 : 1 , about 15 : 1 to about 40 : 1 , about 20 : 1 to about 
25 : 1 , about 20 : 1 to about 30 : 1 , about 20 : 1 to about 34 : 1 , 
about 20 : 1 to about 40 : 1 , about 25 : 1 to about 30 : 1 , about 
25 : 1 to about 34 : 1 , about 25 : 1 to about 40 : 1 , about 30 : 1 to 
about 34 : 1 , about 30 : 1 to about 40 : 1 , or about 34 : 1 to about 
40 : 1 . Optionally , in some embodiments the conductive gra 
phene ink has a C : O mass ratio of about 2 : 1 , about 4 : 1 , about 
6 : 1 , about 8 : 1 , about 10 : 1 , about 15 : 1 , about 20 : 1 , about 
25 : 1 , about 30 : 1 , about 34 : 1 , or about 40 : 1 . Optionally , in 
some embodiments , one of the conductivity , the surface 
area , and the C : O ratio of the conductive graphene ink is 
measured by methylene blue absorption . Optionally , in some 
embodiments the conductive graphene ink has a C : 0 mass 
ratio of at least about 2 : 1 , about 4 : 1 , about 6 : 1 , about 8 : 1 , 
about 10 : 1 , about 15 : 1 , about 20 : 1 , about 25 : 1 , about 30 : 1 , 
about 34 : 1 , or about 40 : 1 . Optionally , in some embodiments 
the conductive graphene ink has a C : O mass ratio of no more 
than about 2 : 1 , about 4 : 1 , about 6 : 1 , about 8 : 1 , about 10 : 1 , 
about 15 : 1 , about 20 : 1 , about 25 : 1 , about 30 : 1 , about 34 : 1 , 
or about 40 : 1 . 
[ 0162 ] Another aspect provided herein is a method of 
forming silver nanowires comprising : heating a secondary 
solvent ; adding a catalyst solution and a polymer solution to 
the secondary solvent to form a first solution ; injecting a 
silver - based solution into the first solution to form a second 
solution ; centrifuging the second solution , and washing the 
second solution with a washing solution to extract the silver 
nanowires . Alternatively , in some embodiments , the meth 

o ds herein are configured form at least one of a silver 
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ver 
nanoparticle , a silver nanorod , a silver nanoflower , a silver 
nanofiber , a silver nanoplatelet , a silver nanoribbon , a silver 
nanocube , a silver bipyramid . In some embodiments , the 
silver nanowires are configured to be used in a conductive 
silver - based ink . Alternatively , in some embodiments , the 
silver nanowires are configured to be used as a conductive 
additive in a conductive graphene ink . 
[ 0163 ] Optionally , in some embodiments , the secondary 
solvent comprises a glycol . Optionally , in some embodi 
ments the glycol comprises ethylene glycol , polyethylene 
glycol 200 , polyethylene glycol 400 , propylene glycol , or 
any combination thereof . 
[ 0164 ] Optionally , in some embodiments , the polymer 
solution comprises a polymer comprising polyvinyl pyrroli 
done , sodium dodecyl sulfonate , vitamin B2 , poly ( vinyl 
alcohol ) , dextrin , poly ( methyl vinyl ether ) , or any combi 
nation thereof . 
[ 0165 ] Optionally , in some embodiments , the polymer has 
a molecular weight of about 10 , 000 to about 40 , 000 . Option 
ally , in some embodiments , the polymer has a molecular 
weight of at least about 10 , 000 . Optionally , in some embodi 
ments , the polymer has a molecular weight of at most about 
40 , 000 . Optionally , in some embodiments , the polymer has 
a molecular weight of about 10 , 000 to about 12 , 500 , about 
10 , 000 to about 15 , 000 , about 10 , 000 to about 17 , 500 , about 
10 , 000 to about 20 , 000 , about 10 , 000 to about 22 , 500 , about 
10 , 000 to about 25 , 000 , about 10 , 000 to about 27 , 500 , about 
10 , 000 to about 30 , 000 , about 10 , 000 to about 35 , 000 , about 
10 , 000 to about 40 , 000 , about 12 , 500 to about 15 , 000 , about 
12 , 500 to about 17 , 500 , about 12 , 500 to about 20 , 000 , about 
12 , 500 to about 22 , 500 , about 12 , 500 to about 25 , 000 , about 
12 , 500 to about 27 , 500 , about 12 , 500 to about 30 , 000 , about 
12 , 500 to about 35 , 000 , about 12 , 500 to about 40 , 000 , about 
15 , 000 to about 17 , 500 , about 15 , 000 to about 20 , 000 , about 
15 , 000 to about 22 , 500 , about 15 , 000 to about 25 , 000 , about 
15 , 000 to about 27 , 500 , about 15 , 000 to about 30 , 000 , about 
15 , 000 to about 35 , 000 , about 15 , 000 to about 40 , 000 , about 
17 , 500 to about 20 , 000 , about 17 , 500 to about 22 , 500 , about 
17 , 500 to about 25 , 000 , about 17 , 500 to about 27 , 500 , about 
17 , 500 to about 30 , 000 , about 17 , 500 to about 35 , 000 , about 
17 , 500 to about 40 , 000 , about 20 , 000 to about 22 , 500 , about 
20 , 000 to about 25 , 000 , about 20 , 000 to about 27 , 500 , about 
20 , 000 to about 30 , 000 , about 20 , 000 to about 35 , 000 , about 
20 , 000 to about 40 , 000 , about 22 , 500 to about 25 , 000 , about 
22 , 500 to about 27 , 500 , about 22 , 500 to about 30 , 000 , about 
22 , 500 to about 35 , 000 , about 22 , 500 to about 40 , 000 , about 
25 , 000 to about 27 , 500 , about 25 , 000 to about 30 , 000 , about 
25 , 000 to about 35 , 000 , about 25 , 000 to about 40 , 000 , about 
27 , 500 to about 30 , 000 , about 27 , 500 to about 35 , 000 , about 
27 , 500 to about 40 , 000 , about 30 , 000 to about 35 , 000 , about 
30 , 000 to about 40 , 000 , or about 35 , 000 to about 40 , 000 . 
Optionally , in some embodiments , the polymer has a 
molecular weight of about 10 , 000 , about 12 , 500 , about 
15 , 000 , about 17 , 500 , about 20 , 000 , about 22 , 500 , about 
25 , 000 , about 27 , 500 , about 30 , 000 , about 35 , 000 , or about 
40 , 000 . Optionally , in some embodiments , the polymer has 
a molecular weight of at least about 10 , 000 , about 12 , 500 , 
about 15 , 000 , about 17 , 500 , about 20 , 000 , about 22 , 500 , 
about 25 , 000 , about 27 , 500 , about 30 , 000 , about 35 , 000 , or 
about 40 , 000 . Optionally , in some embodiments , the poly 
mer has a molecular weight of no more than about 10 , 000 , 
about 12 , 500 , about 15 , 000 , about 17 , 500 , about 20 , 000 , 
about 22 , 500 , about 25 , 000 , about 27 , 500 , about 30 , 000 , 
about 35 , 000 , or about 40 , 000 . 

[ 0166 ] Optionally , in some embodiments , the polymer 
solution has a concentration of about 0 . 075 M to about 0 . 25 
M . Optionally , in some embodiments , the polymer solution 
has a concentration of at least about 0 . 075 M . Optionally , in 
some embodiments , the polymer solution has a concentra 
tion of at most about 0 . 25 M . Optionally , in some embodi 
ments , the polymer solution has a concentration of about 
0 . 075 M to about 0 . 1 M , about 0 . 075 M to about 0 . 125 M , 
about 0 . 075 M to about 0 . 15 M , about 0 . 075 M to about 
0 . 175 M , about 0 . 075 M to about 0 . 2 M , about 0 . 075 M to 
about 0 . 225 M , about 0 . 075 M to about 0 . 25 M , about 0 . 1 M 
to about 0 . 125 M , about 0 . 1 M to about 0 . 15 M , about 0 . 1 
M to about 0 . 175 M , about 0 . 1 M to about 0 . 2 M , about 0 . 1 
M to about 0 . 225 M , about 0 . 1 M to about 0 . 25 M , about 
0 . 125 M to about 0 . 15 M , about 0 . 125 M to about 0 . 175 M , 
about 0 . 125 M to about 0 . 2 M , about 0 . 125 M to about 0 . 225 
M , about 0 . 125 M to about 0 . 25 M , about 0 . 15 M to about 
0 . 175 M , about 0 . 15 M to about 0 . 2 M , about 0 . 15 M to 
about 0 . 225 M , about 0 . 15 M to about 0 . 25 M , about 0 . 175 
M to about 0 . 2 M , about 0 . 175 M to about 0 . 225 M , about 
0 . 175 M to about 0 . 25 M , about 0 . 2 M to about 0 . 225 M , 
about 0 . 2 M to about 0 . 25 M , or about 0 . 225 M to about 0 . 25 
M . Optionally , in some embodiments , the polymer solution 
has a concentration of about 0 . 075 M , about 0 . 1 M , about 
0 . 125 M , about 0 . 15 M , about 0 . 175 M , about 0 . 2 M , about 
0 . 225 M , or about 0 . 25 M . Optionally , in some embodi 
ments , the polymer solution has a concentration of at least 
about 0 . 075 M , about 0 . 1 M , about 0 . 125 M , about 0 . 15 M , 
about 0 . 175 M , about 0 . 2 M , about 0 . 225 M , or about 0 . 25 
M . Optionally , in some embodiments , the polymer solution 
has a concentration of no more than about 0 . 075 M , about 
0 . 1 M , about 0 . 125 M , about 0 . 15 M , about 0 . 175 M , about 
0 . 2 M , about 0 . 225 M , or about 0 . 25 M . 
[ 0167 ] Optionally , in some embodiments , the secondary 
solvent is heated to a temperature of about 75° C . to about 
300° C . Optionally , in some embodiments , the secondary 
solvent is heated to a temperature of at least about 75° C . 
Optionally , in some embodiments , the secondary solvent is 
heated to a temperature of at most about 300° C . Optionally , 
in some embodiments , the secondary solvent is heated to a 
temperature of about 75º C . to about 100° C . , about 75º C . 
to about 125° C . , about 75º C . to about 150° C . , about 75° 
C . to about 175° C . , about 75° C . to about 200° C . , about 75° 
C . to about 225° C . , about 75° C . to about 250° C . , about 750 
C . to about 275º C . , about 75º C . to about 300° C . , about 
100° C . to about 125° C . , about 100° C . to about 150° C . , 
about 100° C . to about 175° C . , about 100° C . to about 200° 
C . , about 100° C . to about 225° C . , about 100° C . to about 
250° C . , about 100° C . to about 275° C . , about 100° C . to 
about 300° C . , about 125° C . to about 150° C . , about 125° 
C . to about 175° C . , about 125° C . to about 200° C . , about 
125° C . to about 225° C . , about 125° C . to about 250° C . , 
about 125° C . to about 275° C . , about 125° C . to about 300° 
C . , about 150° C . to about 175° C . , about 150° C . to about 
200° C . , about 150° C . to about 225° C . , about 150° C . to 
about 250° C . , about 150° C . to about 275° C . , about 150° 
C . to about 300° C . , about 175° C . to about 200° C . , about 
175° C . to about 225° C . , about 175° C . to about 250° C . , 
about 175° C . to about 275° C . , about 175° C . to about 300° 
C . , about 200° C . to about 225° C . , about 200° C . to about 
250° C . , about 200° C . to about 275º C . , about 200° C . to 
about 300° C . , about 225° C . to about 250° C . , about 2250 
C . to about 275º C . , about 225° C . to about 300° C . , about 
250° C . to about 275º C . , about 250° C . to about 300° C . , or 
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minutes , about 80 minutes , about 90 minutes , about 100 
minutes , about 110 minutes , or about 120 minutes . 
101691 Optionally , in some embodiments , the secondary 
solvent is stirred while being heated . Optionally , in some 
embodiments , the stirring is performed by a magnetic stir 
bar . 

about 275° C . to about 300° C . Optionally , in some embodi 
ments , the secondary solvent is heated to a temperature of 
about 75° C . , about 100° C . , about 125° C . , about 150° C . , 
about 175° C . , about 200° C . , about 225° C . , about 250° C . , 
about 275° C . , or about 300° C . Optionally , in some embodi 
ments , the secondary solvent is heated to a temperature of at 
least about 75° C . , about 100° C . , about 125° C . , about 150° 
C . , about 175° C . , about 200° C . , about 225° C . , about 250° 
C . , about 275° C . , or about 300° C . Optionally , in some 
embodiments , the secondary solvent is heated to a tempera 
ture of no more than about 75° C . , about 100° C . , about 125° 
C . , about 150° C . , about 175° C . , about 200° C . , about 225° 
C . , about 250° C . , about 275º C . , or about 300° C . 
[ 0168 ] Optionally , in some embodiments , the secondary 
solvent is heated for a period of time of about 30 minutes to 
about 120 minutes . Optionally , in some embodiments , the 
secondary solvent is heated for a period of time of at least 
about 30 minutes . Optionally , in some embodiments , the 
secondary solvent is heated for a period of time of at most 
about 120 minutes . Optionally , in some embodiments , the 
secondary solvent is heated for a period of time of about 30 
minutes to about 40 minutes , about 30 minutes to about 50 
minutes , about 30 minutes to about 60 minutes , about 30 
minutes to about 70 minutes , about 30 minutes to about 80 
minutes , about 30 minutes to about 90 minutes , about 30 
minutes to about 100 minutes , about 30 minutes to about 110 
minutes , about 30 minutes to about 120 minutes , about 40 
minutes to about 50 minutes , about 40 minutes to about 60 
minutes , about 40 minutes to about 70 minutes , about 40 
minutes to about 80 minutes , about 40 minutes to about 90 
minutes , about 40 minutes to about 100 minutes , about 40 
minutes to about 110 minutes , about 40 minutes to about 120 
minutes , about 50 minutes to about 60 minutes , about 50 
minutes to about 70 minutes , about 50 minutes to about 80 
minutes , about 50 minutes to about 90 minutes , about 50 
minutes to about 100 minutes , about 50 minutes to about 110 
minutes , about 50 minutes to about 120 minutes , about 60 
minutes to about 70 minutes , about 60 minutes to about 80 
minutes , about 60 minutes to about 90 minutes , about 60 
minutes to about 100 minutes , about 60 minutes to about 110 
minutes , about 60 minutes to about 120 minutes , about 70 
minutes to about 80 minutes , about 70 minutes to about 90 
minutes , about 70 minutes to about 100 minutes , about 70 
minutes to about 110 minutes , about 70 minutes to about 120 
minutes , about 80 minutes to about 90 minutes , about 80 
minutes to about 100 minutes , about 80 minutes to about 110 
minutes , about 80 minutes to about 120 minutes , about 90 
minutes to about 100 minutes , about 90 minutes to about 110 
minutes , about 90 minutes to about 120 minutes , about 100 
minutes to about 110 minutes , about 100 minutes to about 
120 minutes , or about 110 minutes to about 120 minutes . 
Optionally , in some embodiments , the secondary solvent is 
heated for a period of time of about 30 minutes , about 40 
minutes , about 50 minutes , about 60 minutes , about 70 
minutes , about 80 minutes , about 90 minutes , about 100 
minutes , about 110 minutes , or about 120 minutes . Option 
ally , in some embodiments , the secondary solvent is heated 
for a period of time of at least about 30 minutes , about 40 
minutes , about 50 minutes , about 60 minutes , about 70 
minutes , about 80 minutes , about 90 minutes , about 100 
minutes , about 110 minutes , or about 120 minutes . Option - 
ally , in some embodiments , the secondary solvent is heated 
for a period of time of no more than about 30 minutes , about 
40 minutes , about 50 minutes , about 60 minutes , about 70 

[ 0170 ] Optionally , in some embodiments , the stirring is 
performed at a rate of about 100 rpm to about 400 rpm . 
Optionally , in some embodiments , the stirring is performed 
at a rate of at least about 100 rpm . Optionally , in some 
embodiments , the stirring is performed at a rate of at most 
about 400 rpm . Optionally , in some embodiments , the stir 
ring is performed at a rate of about 100 rpm to about 125 
rpm , about 100 rpm to about 150 rpm , about 100 rpm to 
about 175 rpm , about 100 rpm to about 200 rpm , about 100 
rpm to about 225 rpm , about 100 rpm to about 250 rpm , 
about 100 rpm to about 275 rpm , about 100 rpm to about 300 
rpm , about 100 rpm to about 350 rpm , about 100 rpm to 
about 400 rpm , about 125 rpm to about 150 rpm , about 125 
rpm to about 175 rpm , about 125 rpm to about 200 rpm , 
about 125 rpm to about 225 rpm , about 125 rpm to about 250 
rpm , about 125 rpm to about 275 rpm , about 125 rpm to 
about 300 rpm , about 125 rpm to about 350 rpm , about 125 
rpm to about 400 rpm , about 150 rpm to about 175 rpm , 
about 150 rpm to about 200 rpm , about 150 rpm to about 225 
rpm , about 150 rpm to about 250 rpm , about 150 rpm to 
about 275 rpm , about 150 rpm to about 300 rpm , about 150 
rpm to about 350 rpm , about 150 rpm to about 400 rpm , 
about 175 rpm to about 200 rpm , about 175 rpm to about 225 
rpm , about 175 rpm to about 250 rpm , about 175 rpm to 
about 275 rpm , about 175 rpm to about 300 rpm , about 175 
rpm to about 350 rpm , about 175 rpm to about 400 rpm , 
about 200 rpm to about 225 rpm , about 200 rpm to about 250 
rpm , about 200 rpm to about 275 rpm , about 200 rpm to 
about 300 rpm , about 200 rpm to about 350 rpm , about 200 
rpm to about 400 rpm , about 225 rpm to about 250 rpm , 
about 225 rpm to about 275 rpm , about 225 rpm to about 300 
rpm , about 225 rpm to about 350 rpm , about 225 rpm to 
about 400 rpm , about 250 rpm to about 275 rpm , about 250 
rpm to about 300 rpm , about 250 rpm to about 350 rpm , 
about 250 rpm to about 400 rpm , about 275 rpm to about 300 
rpm , about 275 rpm to about 350 rpm , about 275 rpm to 
about 400 rpm , about 300 rpm to about 350 rpm , about 300 
rpm to about 400 rpm , or about 350 rpm to about 400 rpm . 
Optionally , in some embodiments , the stirring is performed 
at a rate of about 100 rpm , about 125 rpm , about 150 rpm , 
about 175 rpm , about 200 rpm , about 225 rpm , about 250 
rpm , about 275 rpm , about 300 rpm , about 350 rpm , or about 
400 rpm . Optionally , in some embodiments , the stirring is 
performed at a rate of at least about 100 rpm , about 125 rpm , 
about 150 rpm , about 175 rpm , about 200 rpm , about 225 
rpm , about 250 rpm , about 275 rpm , about 300 rpm , about 
350 rpm , or about 400 rpm . Optionally , in some embodi 
ments , the stirring is performed at a rate of no more than 
about 100 rpm , about 125 rpm , about 150 rpm , about 175 
rpm , about 200 rpm , about 225 rpm , about 250 rpm , about 
275 rpm , about 300 rpm , about 350 rpm , or about 400 rpm . 
[ 0171 ] Optionally , in some embodiments , the catalyst 
solution comprises a catalyst comprising a chloride . Option 
ally , in some embodiments , the catalyst solution comprises 
a catalyst comprising CuCl2 , CuCl , NaCl , PtCl2 , AgCl , 
FeCl2 , FeClz , tetrapropylammonium chloride , tetrapropy 
lammonium bromide , or any combination thereof . 
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[ 0172 ] Optionally , in some embodiments , the catalyst 
solution has a concentration of about 2 mM to about 8 mM . 
Optionally , in some embodiments , the catalyst solution has 
a concentration of at least about 2 mM . Optionally , in some 
embodiments , the catalyst solution has a concentration of at 
most about 8 mM . Optionally , in some embodiments , the 
catalyst solution has a concentration of about 2 mM to about 
2 . 5 mM , about 2 mM to about 3 mM , about 2 mM to about 
3 . 5 mM , about 2 mM to about 4 mM , about 2 mM to about 
4 . 5 mM , about 2 mM to about 5 mM , about 2 mM to about 
5 . 5 mM , about 2 mM to about 6 mM , about 2 mM to about 
6 . 5 mM , about 2 mM to about 7 mM , about 2 mM to about 
8 mM , about 2 . 5 mM to about 3 mM , about 2 . 5 mM to about 
3 . 5 mM , about 2 . 5 mM to about 4 mM , about 2 . 5 mM to 
about 4 . 5 mM , about 2 . 5 mM to about 5 mM , about 2 . 5 mm 
to about 5 . 5 mM , about 2 . 5 mM to about 6 mM , about 2 . 5 
mM to about 6 . 5 mM , about 2 . 5 mM to about 7 mM , about 
2 . 5 mM to about 8 mm , about 3 mM to about 3 . 5 mM , about 
3 mM to about 4 mM , about 3 mM to about 4 . 5 mM , about 
3 mM to about 5 mM , about 3 mM to about 5 . 5 mm , about 
3 mM to about 6 mM , about 3 mM to about 6 . 5 mM , about 
3 mM to about 7 mM , about 3 mM to about 8 mM , about 3 . 5 
mM to about 4 mM , about 3 . 5 mM to about 4 . 5 mm , about 
3 . 5 mM to about 5 mM , about 3 . 5 mM to about 5 . 5 mM , 
about 3 . 5 mM to about 6 mM , about 3 . 5 mM to about 6 . 5 
mM , about 3 . 5 mM to about 7 mM , about 3 . 5 mM to about 
8 mM , about 4 mM to about 4 . 5 mM , about 4 mM to about 
5 mM , about 4 mM to about 5 . 5 mM , about 4 mM to about 
6 mM , about 4 mM to about 6 . 5 mM , about 4 mM to about 
7 mM , about 4 mM to about 8 mM , about 4 . 5 mM to about 
5 mM , about 4 . 5 mM to about 5 . 5 mM , about 4 . 5 mM to 
about 6 mM , about 4 . 5 mM to about 6 . 5 mM , about 4 . 5 mM 
to about 7 mM , about 4 . 5 mM to about 8 mM , about 5 mM 
to about 5 . 5 mM , about 5 mM to about 6 mM , about 5 mM 
to about 6 . 5 mM , about 5 mM to about 7 mM , about 5 mM 
to about 8 mm , about 5 . 5 mM to about 6 mM , about 5 . 5 mm 
to about 6 . 5 mM , about 5 . 5 mM to about 7 mM , about 5 . 5 
mM to about 8 mM , about 6 mM to about 6 . 5 mM , about 6 
mM to about 7 mM , about 6 mM to about 8 mm , about 6 . 5 
mM to about 7 mM , about 6 . 5 mM to about 8 mM , or about 
7 mM to about 8 mM . Optionally , in some embodiments , the 
catalyst solution has a concentration of about 2 mM , about 
2 . 5 mM , about 3 mM , about 3 . 5 mM , about 4 mM , about 4 . 5 
mM , about 5 mM , about 5 . 5 mM , about 6 mM , about 6 . 5 
mM , about 7 mM , or about 8 mM . Optionally , in some 
embodiments , the catalyst solution has a concentration of at 
least about 2 mM , about 2 . 5 mM , about 3 mm , about 3 . 5 
mM , about 4 mM , about 4 . 5 mM , about 5 mM , about 5 . 5 
mM , about 6 mM , about 6 . 5 mM , about 7 mM , or about 8 
mM . Optionally , in some embodiments , the catalyst solution 
has a concentration of no more than about 2 mM , about 2 . 5 
mM , about 3 mm , about 3 . 5 mM , about 4 mm , about 4 . 5 
mM , about 5 mM , about 5 . 5 mM , about 6 mM , about 6 . 5 
mM , about 7 mM , or about 8 mM . 

catalyst solution by a factor of about 75 to about 100 , about 
75 to about 125 , about 75 to about 150 , about 75 to about 
175 , about 75 to about 200 , about 75 to about 225 , about 75 
to about 250 , about 100 to about 125 , about 100 to about 
150 , about 100 to about 175 , about 100 to about 200 , about 
100 to about 225 , about 100 to about 250 , about 125 to about 
150 , about 125 to about 175 , about 125 to about 200 , about 
125 to about 225 , about 125 to about 250 , about 150 to about 
175 , about 150 to about 200 , about 150 to about 225 , about 
150 to about 250 , about 175 to about 200 , about 175 to about 
225 , about 175 to about 250 , about 200 to about 225 , about 
200 to about 250 , or about 225 to about 250 . Optionally , in 
some embodiments , the volume of the secondary solvent is 
greater than the volume of the catalyst solution by a factor 
of about 75 , about 100 , about 125 , about 150 , about 175 , 
about 200 , about 225 , or about 250 . Optionally , in some 
embodiments , the volume of the secondary solvent is greater 
than the volume of the catalyst solution by a factor of at least 
about 75 , about 100 , about 125 , about 150 , about 175 , about 
200 , about 225 , or about 250 . Optionally , in some embodi 
ments , the volume of the secondary solvent is greater than 
the volume of the catalyst solution by a factor of no more 
than about 75 , about 100 , about 125 , about 150 , about 175 , 
about 200 , about 225 , or about 250 . 
[ 0174 ] Optionally , in some embodiments , the volume of 
the secondary solvent is greater than the volume of the 
polymer solution by a factor of about 1 . 5 to about 6 . 5 . 
Optionally , in some embodiments , the volume of the sec 
ondary solvent is greater than the volume of the polymer 
solution by a factor of at least about 1 . 5 . Optionally , in some 
embodiments , the volume of the secondary solvent is greater 
than the volume of the polymer solution by a factor of at 
most about 6 . 5 . Optionally , in some embodiments , the 
volume of the secondary solvent is greater than the volume 
of the polymer solution by a factor of about 1 . 5 to about 2 , 
about 1 . 5 to about 2 . 5 , about 1 . 5 to about 3 , about 1 . 5 to 
about 3 . 5 , about 1 . 5 to about 4 , about 1 . 5 to about 4 . 5 , about 
1 . 5 to about 5 , about 1 . 5 to about 5 . 5 , about 1 . 5 to about 6 , 
about 1 . 5 to about 6 . 5 , about 2 to about 2 . 5 , about 2 to about 
3 , about 2 to about 3 . 5 , about 2 to about 4 , about 2 to about 
4 . 5 , about 2 to about 5 , about 2 to about 5 . 5 , about 2 to about 
6 , about 2 to about 6 . 5 , about 2 . 5 to about 3 , about 2 . 5 to 
about 3 . 5 , about 2 . 5 to about 4 , about 2 . 5 to about 4 . 5 , about 
2 . 5 to about 5 , about 2 . 5 to about 5 . 5 , about 2 . 5 to about 6 , 
about 2 . 5 to about 6 . 5 , about 3 to about 3 . 5 , about 3 to about 
4 , about 3 to about 4 . 5 , about 3 to about 5 , about 3 to about 
5 . 5 , about 3 to about 6 , about 3 to about 6 . 5 , about 3 . 5 to 
about 4 , about 3 . 5 to about 4 . 5 , about 3 . 5 to about 5 , about 
3 . 5 to about 5 . 5 , about 3 . 5 to about 6 , about 3 . 5 to about 6 . 5 , 
about 4 to about 4 . 5 , about 4 to about 5 , about 4 to about 5 . 5 , 
about 4 to about 6 , about 4 to about 6 . 5 , about 4 . 5 to about 
5 , about 4 . 5 to about 5 . 5 , about 4 . 5 to about 6 , about 4 . 5 to 
about 6 . 5 , about 5 to about 5 . 5 , about 5 to about 6 , about 5 
to about 6 . 5 , about 5 . 5 to about 6 , about 5 . 5 to about 6 . 5 , or 
about 6 to about 6 . 5 . Optionally , in some embodiments , the 
volume of the secondary solvent is greater than the volume 
of the polymer solution by a factor of about 1 . 5 , about 2 , 
about 2 . 5 , about 3 , about 3 . 5 , about 4 , about 4 . 5 , about 5 , 
about 5 . 5 , about 6 , or about 6 . 5 . Optionally , in some embodi 
ments , the volume of the secondary solvent is greater than 
the volume of the polymer solution by a factor of at least 
about 1 . 5 , about 2 , about 2 . 5 , about 3 , about 3 . 5 , about 4 , 
about 4 . 5 , about 5 , about 5 . 5 , about 6 , or about 6 . 5 . Option 
ally , in some embodiments , the volume of the secondary 

[ 0173 ] Optionally , in some embodiments , the volume of 
the secondary solvent is greater than the volume of the 
catalyst solution by a factor of about 75 to about 250 . 
Optionally , in some embodiments , the volume of the sec - 
ondary solvent is greater than the volume of the catalyst 
solution by a factor of at least about 75 . Optionally , in some 
embodiments , the volume of the secondary solvent is greater 
than the volume of the catalyst solution by a factor of at most 
about 250 . Optionally , in some embodiments , the volume of 
the secondary solvent is greater than the volume of the 




















































