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The present disclosure relates to conductive adhesives and 
inks . The disclosed conductive adhesives include glues and 
epoxies , based on graphene and graphene / carbon compos 
ites and the methods of manufacture thereof , such conduc 
tive adhesives exhibiting excellent conductivity , thermal 
properties , durability , low curing temperatures , mechanical 
flexibility , and reduced environmental impact . Further , adhe 
sives with conductive additives such as silver nanowires and 
the methods of production thereof are disclosed herein . 
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METHODS FOR CONDUCTIVE ADHESIVES 
BASED ON GRAPHENE AND 
APPLICATIONS THEREOF 

CROSS - REFERENCE 
[ 0001 ] This application claims the benefit of U . S . Provi 
sional Application No . 62 / 593 , 506 , filed Dec . 1 , 2017 , and 
of U . S . Provisional Application No . 62 / 680 , 615 , filed Jun . 5 , 
2018 , which are incorporated herein by reference . 

threshold when dried of about 5 % , about 6 % , about 7 % , 
about 8 % , about 9 % , about 10 % , about 11 % , about 12 % , 
about 15 % , about 18 % , about 21 % , or about 25 % . In some 
embodiments , the conductive adhesive has percolation 
threshold when dried of at least about 5 % , about 6 % , about 
7 % , about 8 % , about 9 % , about 10 % , about 11 % , about 
12 % , about 15 % , about 18 % , or about 21 % . In some 
embodiments , the conductive adhesive has percolation 
threshold when dried of at most about 6 % , about 7 % , about 
8 % , about 9 % , about 10 % , about 11 % , about 12 % , about 
15 % , about 18 % , about 21 % , or about 25 % . BACKGROUND 

[ 0002 ] Device packaging and assembly plays an important 
role in the modern electronics industry . In many cases , an 
electronic component comprises a printed circuit board and 
a plurality of electronic components such as chips , energy 
sources , and memory devices attached to the circuit board . 
Some such electronic devices are designed to be flexible for 
increased durability and ease of use . 
0003 ] Current techniques to adhere electrical components 
comprise sewing , mechanical fastening , and thermal bond 
ing . 

SUMMARY 
[ 0004 ] Provided herein is a conductive adhesive compris 
ing : a conductive additive comprising at least one of : a 
carbon - based additive comprising two or more of graphene 
nanoparticles , graphene nanosheets , and graphene micropar 
ticles ; and a silver - based additive comprising a silver 
nanowire , a silver nanoparticle , or both , wherein the silver 
based additive has a diameter of less than 0 . 5 um ; and an 
adhesive agent . 
[ 0005 ] In some embodiments , the conductive adhesive has 
percolation threshold when dried of about 5 % to about 25 % . 
In some embodiments , the conductive adhesive has perco 
lation threshold when dried of 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 5 % to about 15 % , about 5 % to about 
18 % , about 5 % to about 21 % , about 5 % to about 25 % , 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 6 % to about 15 % , about 6 % to about 
18 % , about 6 % to about 21 % , about 6 % to about 25 % , 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 
7 % to about 15 % , about 7 % to about 18 % , about 7 % to about 
21 % , about 7 % to about 25 % , about 8 % to about 9 % , about 
8 % to about 10 % , about 8 % to about 11 % , about 8 % to about 
12 % , about 8 % to about 15 % , about 8 % to about 18 % , about 
8 % to about 21 % , about 8 % to about 25 % , about 9 % to about 
10 % , about 9 % to about 11 % , about 9 % to about 12 % , about 
9 % to about 15 % , about 9 % to about 18 % , about 9 % to about 
21 % , about 9 % to about 25 % , about 10 % to about 11 % , 
about 10 % to about 12 % , about 10 % to about 15 % , about 
10 % to about 18 % , about 10 % to about 21 % , about 10 % to 
about 25 % , about 11 % to about 12 % , about 11 % to about 
15 % , about 11 % to about 18 % , about 11 % to about 21 % , 
about 11 % to about 25 % , about 12 % to about 15 % , about 
12 % to about 18 % , about 12 % to about 21 % , about 12 % to 
about 25 % , about 15 % to about 18 % , about 15 % to about 
21 % , about 15 % to about 25 % , about 18 % to about 21 % , 
about 18 % to about 25 % , or about 21 % to about 25 % . In 
some embodiments , the conductive adhesive has percolation 

[ 0006 ] The silver - based additive may comprise a silver 
nanowire , a silver nanoparticle , or both . The silver - based 
additive may comprise a silver nanowire , and not a silver 
nanoparticle . The silver - based additive may comprise a 
silver nanoparticle , and not a silver nanowire . The silver 
based additive may comprise a silver nanowire and a silver 
nanoparticle . Alternatively , the silver - based material may 
comprise silver nanorods , silver nanoflowers , silver nanofi 
bers , silver nanoplatelets , silver nanoribbons , silver nano 
cubes , silver bipyramids , or any combination thereof . The 
silver nanowires may have a diameter of less than about 1 
um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 um , about 0 . 6 um , 
about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , about 0 . 2 um , 
about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , about 0 . 07 um , 
about 0 . 06 um , or about 0 . 05 um . At least about 25 % of the 
silver nanowires may have a diameter of less than about 1 
um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 um , about 0 . 6 um , 
about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , about 0 . 2 um , 
about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , about 0 . 07 um , 
about 0 . 06 um , or about 0 . 05 um . At least about 50 % of the 
silver nanowires may have a diameter of less than about 1 
um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 um , about 0 . 6 um , 
about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , about 0 . 2 um , 
about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , about 0 . 07 um , 
about 0 . 06 um , or about 0 . 05 um . At least about 75 % of the 
silver nanowires may have a diameter of less than about 1 
um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 um , about 0 . 6 um , 
about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , about 0 . 2 um , 
about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , about 0 . 07 um , 
about 0 . 06 um , or about 0 . 05 um . The silver nanowires may 
have a length of greater than about 10 um , about 15 um , 
about 20 um , about 25 um , about 30 um , about 35 um , about 
40 um , about 45 um , about 50 um , about 55 um , about 60 
um , about 65 um , about 70 um , or about 75 um . At least 
about 25 % of the silver nanowires may have a length of 
greater than about 10 um , about 15 um , about 20 um , about 
25 um , about 30 um , about 35 um , about 40 um , about 45 
um , about 50 um , about 55 um , about 60 um , about 65 um , 
about 70 um , or about 75 um . At least about 50 % of the 
silver nanowires may have a length of greater than about 10 
um , about 15 um , about 20 um , about 25 um , about 30 um , 
about 35 um , about 40 um , about 45 um , about 50 um , about 
55 um , about 60 um , about 65 um , about 70 um , or about 75 
um . At least about 75 % of the silver nanowires may have a 
length of greater than about 10 um , about 15 um , about 20 
um , about 25 um , about 30 um , about 35 um , about 40 um , 
about 45 um , about 50 um , about 55 um , about 60 um , about 
65 um , about 70 um , or about 75 um . The silver nanowire 
may have an average aspect ratio of about 250 : 1 , 300 : 1 , 
350 : 1 , 400 : 1 , 450 : 1 , 500 : 1 , 600 : 1 , 700 : 1 , 800 : 1 , 900 : 1 , or 
1000 : 1 . The silver nanowire may have an average aspect 
ratio of at least about 250 : 1 , 300 : 1 , 350 : 1 , 400 : 1 , 450 : 1 , 
500 : 1 , 600 : 1 , 700 : 1 , 800 : 1 , 900 : 1 , or 1000 : 1 . 
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[ 0007 ] In some embodiments , the adhesive agent com 
prises a hardener and a resin . In some embodiments , at least 
a portion of the conductive additive is incorporated into the 
hardener , the resin , or both . In some embodiments , the 
conductive adhesive further comprises a thinner . In some 
embodiments , the conductive adhesive further comprises a 
pigment , a silver metallic pigment , a colorant , a silver 
metallic colorant , a dye , or any combination thereof . 
[ 0008 ] In some embodiments , the conductive adhesive has 
a sheet resistance when dry of about 5 ohm / sq to about 500 
ohm / sq . In some embodiments , the conductive adhesive has 
a sheet resistance when dry of about 5 ohm / sq to about 10 
ohm / sq , about 5 ohm / sq to about 20 ohm / sq , about 5 ohm / sq 
to about 50 ohm / sq , about 5 ohm / sq to about 100 ohm / sq , 
about 5 ohm / sq to about 150 ohm / sq , about 5 ohm / sq to 
about 200 ohm / sq , about 5 ohm / sq to about 250 ohm / sq , 
about 5 ohm / sq to about 300 ohm / sq , about 5 ohm / sq to 
about 350 ohm / sq , about 5 ohm / sq to about 400 ohm / sq , 
about 5 ohm / sq to about 500 ohm / sq , about 10 ohm / sq to 
about 20 ohm / sq , about 10 ohm / sq to about 50 ohm / sq , about 
10 ohm / sq to about 100 ohm / sq , about 10 ohm / sq to about 
150 ohm / sq , about 10 ohm / sq to about 200 ohm / sq , about 10 
ohm / sq to about 250 ohm / sq , about 10 ohm / sq to about 300 
ohm / sq , about 10 ohm / sq to about 350 ohm / sq , about 10 
ohm / sq to about 400 ohm / sq , about 10 ohm / sq to about 500 
ohm / sq , about 20 ohm / sq to about 50 ohm / sq , about 20 
ohm / sq to about 100 ohm / sq , about 20 ohm / sq to about 150 
ohm / sq , about 20 ohm / sq to about 200 ohm / sq , about 20 
ohm / sq to about 250 ohm / sq , about 20 ohm / sq to about 300 
ohm / sq , about 20 ohm / sq to about 350 ohm / sq , about 20 
ohm / sq to about 400 ohm / sq , about 20 ohm / sq to about 500 
ohm / sq , about 50 ohm / sq to about 100 ohm / sq , about 50 
ohm / sq to about 150 ohm / sq , about 50 ohm / sq to about 200 
ohm / sq , about 50 ohm / sq to about 250 ohm / sq , about 50 
ohm / sq to about 300 ohm / sq , about 50 ohm / sq to about 350 
ohm / sq , about 50 ohm / sq to about 400 ohm / sq , about 50 
ohm / sq to about 500 ohm / sq , about 100 ohm / sq to about 150 
ohm / sq , about 100 ohm / sq to about 200 ohm / sq , about 100 
ohm / sq to about 250 ohm / sq , about 100 ohm / sq to about 300 
ohm / sq , about 100 ohm / sq to about 350 ohm / sq , about 100 
ohm / sq to about 400 ohm / sq , about 100 ohm / sq to about 500 
ohm / sq , about 150 ohm / sq to about 200 ohm / sq , about 150 
ohm / sq to about 250 ohm / sq , about 150 ohm / sq to about 300 
ohm / sq , about 150 ohm / sq to about 350 ohm / sq , about 150 
ohm / sq to about 400 ohm / sq , about 150 ohm / sq to about 500 
ohm / sq , about 200 ohm / sq to about 250 ohm / sq , about 200 
ohm / sq to about 300 ohm / sq , about 200 ohm / sq to about 350 
ohm / sq , about 200 ohm / sq to about 400 ohm / sq , about 200 
ohm / sq to about 500 ohm / sq , about 250 ohm / sq to about 300 
ohm / sq , about 250 ohm / sq to about 350 ohm / sq , about 250 
ohm / sq to about 400 ohm / sq , about 250 ohm / sq to about 500 
ohm / sq , about 300 ohm / sq to about 350 ohm / sq , about 300 
ohm / sq to about 400 ohm / sq , about 300 ohm / sq to about 500 
ohm / sq , about 350 ohm / sq to about 400 ohm / sq , about 350 
ohm / sq to about 500 ohm / sq , or about 400 ohm / sq to about 
500 ohm / sq . In some embodiments , the conductive adhesive 
has a sheet resistance when dry of about 5 ohm / sq , about 10 
ohm / sq , about 20 ohm / sq , about 50 ohm / sq , about 100 
ohm / sq , about 150 ohm / sq , about 200 ohm / sq , about 250 
ohm / sq , about 300 ohm / sq , about 350 ohm / sq , about 400 
ohm / sq , or about 500 ohm / sq . In some embodiments , the 
conductive adhesive has a sheet resistance when dry of at 
least about 5 ohm / sq , about 10 ohm / sq , about 20 ohm / sq , 
about 50 ohm / sq , about 100 ohm / sq , about 150 ohm / sq , 

about 200 ohm / sq , about 250 ohm / sq , about 300 ohm / sq , 
about 350 ohm / sq , about 400 ohm / sq , or about 500 ohm / sq . 
In some embodiments , the conductive adhesive has a sheet 
resistance when dry of at most about 5 ohm / sq , about 10 
ohm / sq , about 20 ohm / sq , about 50 ohm / sq , about 100 
ohm / sq , about 150 ohm / sq , about 200 ohm / sq , about 250 
ohm / sq , about 300 ohm / sq , about 350 ohm / sq , about 400 
ohm / sq , or about 500 ohm / sq . 
[ 0009 ] In some embodiments , the conductive adhesive has 
a sheet resistance when dry of about 0 . 3 ohm / sq / mil to about 
2 ohm / sq / mil . In some embodiments , the conductive adhe 
sive has a sheet resistance when dry of about 0 . 3 ohm / sq / mil 
to about 0 . 4 ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 0 . 6 
ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 0 . 8 ohm / sq / mil . 
about 0 . 3 ohm / sq / mil to about 1 ohm / sq / mil , about 0 . 3 
ohm / sq / mil to about 1 . 2 ohm / sq / mil , about 0 . 3 ohm / sq / mil 
to about 1 . 4 ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 1 . 6 
ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 1 . 8 ohm / sq / mil , 
about 0 . 3 ohm / sq / mil to about 2 ohm / sq / mil , about 0 . 4 
ohm / sq / mil to about 0 . 6 ohm / sq / mil , about 0 . 4 ohm / sq / mil 
to about 0 . 8 ohm / sq / mil , about 0 . 4 ohm / sq / mil to about 1 
ohm / sq / mil , about 0 . 4 ohm / sq / mil to about 1 . 2 ohm / sq / mil , 
about 0 . 4 ohm / sq / mil to about 1 . 4 ohm / sq / mil , about 0 . 4 
ohm / sq / mil to about 1 . 6 ohm / sq / mil , about 0 . 4 ohm / sq / mil 
to about 1 . 8 ohm / sq / mil , about 0 . 4 ohm / sq / mil to about 2 
ohm / sq / mil , about 0 . 6 ohm / sq / mil to about 0 . 8 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil to about 1 ohm / sq / mil , about 0 . 6 
ohm / sq / mil to about 1 . 2 ohm / sq / mil , about 0 . 6 ohm / sq / mil 
to about 1 . 4 ohm / sq / mil , about 0 . 6 ohm / sq / mil to about 1 . 6 
ohm / sq / mil , about 0 . 6 ohm / sq / mil to about 1 . 8 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil to about 2 ohm / sq / mil , about 0 . 8 
ohm / sq / mil to about 1 ohm / sq / mil , about 0 . 8 ohm / sq / mil to 
about 1 . 2 ohm / sq / mil , about 0 . 8 ohm / sq / mil to about 1 . 4 
ohm / sq / mil , about 0 . 8 ohm / sq / mil to about 1 . 6 ohm / sq / mil , 
about 0 . 8 ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 0 . 8 
ohm / sq / mil to about 2 ohm / sq / mil , about 1 ohm / sq / mil to 
about 1 . 2 ohm / sq / mil , about 1 ohm / sq / mil to about 1 . 4 
ohm / sq / mil , about 1 ohm / sq / mil to about 1 . 6 ohm / sq / mil , 
about 1 ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 1 ohm / 
sq / mil to about 2 ohm / sq / mil , about 1 . 2 ohm / sq / mil to about 
1 . 4 ohm / sq / mil , about 1 . 2 ohm / sq / mil to about 1 . 6 ohm / sq / 
mil , about 1 . 2 ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 1 . 2 
ohm / sq / mil to about 2 ohm / sq / mil , about 1 . 4 ohm / sq / mil to 
about 1 . 6 ohm / sq / mil , about 1 . 4 ohm / sq / mil to about 1 . 8 
ohm / sq / mil , about 1 . 4 ohm / sq / mil to about 2 ohm / sq / mil , 
about 1 . 6 ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 1 . 6 
ohm / sq / mil to about 2 ohm / sq / mil , or about 1 . 8 ohm / sq / mil 
to about 2 ohm / sq / mil . In some embodiments , the conduc 
tive adhesive has a sheet resistance when dry of about 0 . 3 
ohm / sq / mil , about 0 . 4 ohm / sq / mil , about 0 . 6 ohm / sq / mil , 
about 0 . 8 ohm / sq / mil , about 1 ohm / sq / mil , about 1 . 2 ohm 
sq / mil , about 1 . 4 ohm / sq / mil , about 1 . 6 ohm / sq / mil , about 
1 . 8 ohm / sq / mil , or about 2 ohm / sq / mil . In some embodi 
ments , the conductive adhesive has a sheet resistance when 
dry of at least about 0 . 3 ohm / sq / mil , about 0 . 4 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil , about 0 . 8 ohm / sq / mil , about 1 ohm / 
sq / mil , about 1 . 2 ohm / sq / mil , about 1 . 4 ohm / sq / mil , about 
1 . 6 ohm / sq / mil , about 1 . 8 ohm / sq / mil , or about 2 ohm / sq / 
mil . In some embodiments , the conductive adhesive has a 
sheet resistance when dry of at most about 0 . 3 ohm / sq / mil , 
about 0 . 4 ohm / sq / mil , about 0 . 6 ohm / sq / mil , about 0 . 8 
ohm / sq / mil , about 1 ohm / sq / mil , about 1 . 2 ohm / sq / mil , 
about 1 . 4 ohm / sq / mil , about 1 . 6 ohm / sq / mil , about 1 . 8 
ohm / sq / mil , or about 2 ohm / sq / mil . 
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[ 0010 ] In some embodiments , the conductive adhesive has 
a conductivity when dried of about 0 . 15 S / m to about 60 
S / m . In some embodiments , the conductive adhesive has a 
conductivity when dried of about 0 . 15 S / m to about 0 . 3 S / m , 
about 0 . 15 S / m to about 0 . 5 S / m , about 0 . 15 S / m to about 1 
S / m , about 0 . 15 S / m to about 2 S / m , about 0 . 15 S / m to about 
5 S / m , about 0 . 15 S / m to about 10 S / m , about 0 . 15 S / m to 
about 20 S / m , about 0 . 15 S / m to about 30 S / m , about 0 . 15 
S / m to about 40 S / m , about 0 . 15 S / m to about 50 S / m , about 
0 . 15 S / m to about 60 S / m , about 0 . 3 S / m to about 0 . 5 S / m , 
about 0 . 3 S / m to about 1 S / m , about 0 . 3 S / m to about 2 S / m , 
about 0 . 3 S / m to about 5 S / m , about 0 . 3 S / m to about 10 S / m , 
about 0 . 3 S / m to about 20 S / m , about 0 . 3 S / m to about 30 
S / m , about 0 . 3 S / m to about 40 S / m , about 0 . 3 S / m to about 
50 S / m , about 0 . 3 S / m to about 60 S / m , about 0 . 5 S / m to 
about 1 S / m , about 0 . 5 S / m to about 2 S / m , about 0 . 5 S / m 
to about 5 S / m , about 0 . 5 S / m to about 10 S / m , about 0 . 5 S / m 
to about 20 S / m , about 0 . 5 S / m to about 30 S / m , about 0 . 5 
S / m to about 40 S / m , about 0 . 5 S / m to about 50 S / m , about 
0 . 5 S / m to about 60 S / m , about 1 S / m to about 2 S / m , about 
1 S / m to about 5 S / m , about 1 S / m to about 10 S / m , about 
1 S / m to about 20 S / m , about 1 S / m to about 30 S / m , about 
1 S / m to about 40 S / m , about 1 S / m to about 50 S / m , about 
1 S / m to about 60 S / m , about 2 S / m to about 5 S / m , about 
2 S / m to about 10 S / m , about 2 S / m to about 20 S / m , about 
2 S / m to about 30 S / m , about 2 S / m to about 40 S / m , about 
2 S / m to about 50 S / m , about 2 S / m to about 60 S / m , about 
5 S / m to about 10 S / m , about 5 S / m to about 20 S / m , about 
5 S / m to about 30 S / m , about 5 S / m to about 40 S / m , about 
5 S / m to about 50 S / m , about 5 S / m to about 60 S / m , about 
10 S / m to about 20 S / m , about 10 S / m to about 30 S / m , about 
10 S / m to about 40 S / m , about 10 S / m to about 50 S / m , about 
10 S / m to about 60 S / m , about 20 S / m to about 30 S / m , about 
20 S / m to about 40 S / m , about 20 S / m to about 50 S / m , about 
20 S / m to about 60 S / m , about 30 S / m to about 40 S / m , about 
30 S / m to about 50 S / m , about 30 S / m to about 60 S / m , about 
40 S / m to about 50 S / m , about 40 S / m to about 60 S / m , or 
about 50 S / m to about 60 S / m . In some embodiments , the 
conductive adhesive has a conductivity when dried of about 
0 . 15 S / m , about 0 . 3 S / m , about 0 . 5 S / m , about 1 S / m , about 
2 S / m , about 5 S / m , about 10 S / m , about 20 S / m , about 30 
S / m , about 40 S / m , about 50 S / m , or about 60 S / m . In some 
embodiments , the conductive adhesive has a conductivity 
when dried of at least about 0 . 15 S / m , about 0 . 3 S / m , about 
0 . 5 S / m , about 1 S / m , about 2 S / m , about 5 S / m , about 10 
S / m , about 20 S / m , about 30 S / m , about 40 S / m , or about 50 
S / m . In some embodiments , the conductive adhesive has a 
conductivity when dried of at most about 0 . 3 S / m , about 0 . 5 
S / m , about 1 S / m , about 2 S / m , about 5 S / m , about 10 S / m , 
about 20 S / m , about 30 S / m , about 40 S / m , about 50 S / m , or 
about 60 S / m . 
[ 0011 ] Another aspect provided herein is a conductive ink 
comprising : a conductive additive comprising at least one 
of : a carbon - based additive comprising two or more of 
graphene nanoparticles , graphene nanosheets , and graphene 
microparticles , and a silver - based additive comprising a 
silver nanowire , a silver nanoparticle , or both , wherein the 
silver - based additive has a diameter of less than 0 . 5 um ; and 
a solvent . 
[ 0012 ] In some embodiments , the conductive ink has a 
percolation threshold when dried of about 5 % to about 25 % . 
In some embodiments , the conductive ink has a percolation 
threshold when dried of 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 5 % to about 15 % , about 5 % to about 
18 % , about 5 % to about 21 % , about 5 % to about 25 % , 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 6 % to about 15 % , about 6 % to about 
18 % , about 6 % to about 21 % , about 6 % to about 25 % , 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 
7 % to about 15 % , about 7 % to about 18 % , about 7 % to about 
21 % , about 7 % to about 25 % , about 8 % to about 9 % , about 
8 % to about 10 % , about 8 % to about 11 % , about 8 % to about 
12 % , about 8 % to about 15 % , about 8 % to about 18 % , about 
8 % to about 21 % , about 8 % to about 25 % , about 9 % to about 
10 % , about 9 % to about 11 % , about 9 % to about 12 % , about 
9 % to about 15 % , about 9 % to about 18 % , about 9 % to about 
21 % , about 9 % to about 25 % , about 10 % to about 11 % , 
about 10 % to about 12 % , about 10 % to about 15 % , about 
10 % to about 18 % , about 10 % to about 21 % , about 10 % to 
about 25 % , about 11 % to about 12 % , about 11 % to about 
15 % , about 11 % to about 18 % , about 11 % to about 21 % , 
about 11 % to about 25 % , about 12 % to about 15 % , about 
12 % to about 18 % , about 12 % to about 21 % , about 12 % to 
about 25 % , about 15 % to about 18 % , about 15 % to about 
21 % , about 15 % to about 25 % , about 18 % to about 21 % , 
about 18 % to about 25 % , or about 21 % to about 25 % . In 
some embodiments , the conductive ink has a percolation 
threshold when dried of about 5 % , about 6 % , about 7 % , 
about 8 % , about 9 % , about 10 % , about 11 % , about 12 % , 
about 15 % , about 18 % , about 21 % , or about 25 % . In some 
embodiments , the conductive ink has a percolation threshold 
when dried of at least about 5 % , about 6 % , about 7 % , about 
8 % , about 9 % , about 10 % , about 11 % , about 12 % , about 
15 % , about 18 % , or about 21 % . In some embodiments , the 
conductive ink has a percolation threshold when dried of at 
most about 6 % , about 7 % , about 8 % , about 9 % , about 10 % , 
about 11 % , about 12 % , about 15 % , about 18 % , about 21 % , 
or about 25 % . 
[ 0013 ] The silver - based additive may comprise a silver 
nanowire , a silver nanoparticle , or both . The silver - based 
additive may comprise a silver nanowire , and not a silver 
nanoparticle . The silver - based additive may comprise a 
silver nanoparticle , and not a silver nanowire . The silver 
based additive may comprise a silver nanowire and a silver 
nanoparticle . Alternatively , the silver - based material may 
comprise silver nanorods , silver nanoflowers , silver nanofi 
bers , silver nanoplatelets , silver nanoribbons , silver nano 
cubes , silver bipyramids , or any combination thereof . The 
silver nanowires may have a diameter of less than about 1 
um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 um , about 0 . 6 um , 
about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , about 0 . 2 um , 
about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , about 0 . 07 um , 
about 0 . 06 um , or about 0 . 05 um . At least about 25 % of the 
silver nanowires may have a diameter of less than about 1 
um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 um , about 0 . 6 um , 
about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , about 0 . 2 um , 
about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , about 0 . 07 um , 
about 0 . 06 um , or about 0 . 05 um . At least about 50 % of the 
silver nanowires may have a diameter of less than about 1 
um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 um , about 0 . 6 um , 
about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , about 0 . 2 um , 
about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , about 0 . 07 um , 
about 0 . 06 um , or about 0 . 05 um . At least about 75 % of the 
silver nanowires may have a diameter of less than about 1 
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um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 um , about 0 . 6 um , 
about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , about 0 . 2 um , 
about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , about 0 . 07 um , 
about 0 . 06 um , or about 0 . 05 um . The silver nanowires may 
have a length of greater than about 10 um , about 15 um , 
about 20 um , about 25 um , about 30 um , about 35 um , about 
40 um , about 45 um , about 50 um , about 55 um , about 60 
um , about 65 um , about 70 um , or about 75 um . At least 
about 25 % of the silver nanowires may have a length of 
greater than about 10 um , about 15 um , about 20 um , about 
25 um , about 30 um , about 35 um , about 40 um , about 45 
um , about 50 um , about 55 um , about 60 um , about 65 um , 
about 70 um , or about 75 um . At least about 50 % of the 
silver nanowires may have a length of greater than about 10 
um , about 15 um , about 20 um , about 25 um , about 30 um , 
about 35 um , about 40 um , about 45 um , about 50 um , about 
55 um , about 60 um , about 65 um , about 70 um , or about 75 
um . At least about 75 % of the silver nanowires may have a 
length of greater than about 10 um , about 15 um , about 20 
um , about 25 um , about 30 um , about 35 um , about 40 um , 
about 45 um , about 50 um , about 55 um , about 60 um , about 
65 um , about 70 um , or about 75 um . The silver nanowire 
may have an average aspect ratio of about 250 : 1 , 300 : 1 , 
350 : 1 , 400 : 1 , 450 : 1 , 500 : 1 , 600 : 1 , 700 : 1 , 800 : 1 , 900 : 1 , or 
1000 : 1 . The silver nanowire may have an average aspect 
ratio of at least about 250 : 1 , 300 : 1 , 350 : 1 , 400 : 1 , 450 : 1 , 
500 : 1 , 600 : 1 , 700 : 1 , 800 : 1 , 900 : 1 , or 1000 : 1 . 
[ 0014 ] In some embodiments , the proportion by weight of 
the conductive additive in the conductive ink is about 0 . 25 % 
to about 20 % . In some embodiments , the proportion by 
weight of the conductive additive in the conductive ink is 
about 0 . 25 % to about 0 . 5 % , about 0 . 25 % to about 0 . 75 % , 
about 0 . 25 % to about 1 % , about 0 . 25 % to about 2 % , about 
0 . 25 % to about 4 % , about 0 . 25 % to about 6 % , about 0 . 25 % 
to about 8 % , about 0 . 25 % to about 10 % , about 0 . 25 % to 
about 15 % , about 0 . 25 % to about 20 % , about 0 . 5 % to about 
0 . 75 % , about 0 . 5 % to about 1 % , about 0 . 5 % to about 2 % , 
about 0 . 5 % to about 4 % , about 0 . 5 % to about 6 % , about 
0 . 5 % to about 8 % , about 0 . 5 % to about 10 % , about 0 . 5 % to 
about 15 % , about 0 . 5 % to about 20 % , about 0 . 75 % to about 
1 % , about 0 . 75 % to about 2 % , about 0 . 75 % to about 4 % , 
about 0 . 75 % to about 6 % , about 0 . 75 % to about 8 % , about 
0 . 75 % to about 10 % , about 0 . 75 % to about 15 % , about 
0 . 75 % to about 20 % , about 1 % to about 2 % , about 1 % to 
about 4 % , about 1 % to about 6 % , about 1 % to about 8 % , 
about 1 % to about 10 % , about 1 % to about 15 % , about 1 % 
to about 20 % , about 2 % to about 4 % , about 2 % to about 6 % , 
about 2 % to about 8 % , about 2 % to about 10 % , about 2 % to 
about 15 % , about 2 % to about 20 % , about 4 % to about 6 % , 
about 4 % to about 8 % , about 4 % to about 10 % , about 4 % to 
about 15 % , about 4 % to about 20 % , about 6 % to about 8 % , 
about 6 % to about 10 % , about 6 % to about 15 % , about 6 % 
to about 20 % , about 8 % to about 10 % , about 8 % to about 
15 % , about 8 % to about 20 % , about 10 % to about 15 % , 
about 10 % to about 20 % , or about 15 % to about 20 % . In 
some embodiments , the proportion by weight of the con 
ductive additive in the conductive ink is about 0 . 25 % , about 
0 . 5 % , about 0 . 75 % , about 1 % , about 2 % , about 4 % , about 
6 % , about 8 % , about 10 % , about 15 % , or about 20 % . In 
some embodiments , the proportion by weight of the con 
ductive additive in the conductive ink is at least about 
0 . 25 % , about 0 . 5 % , about 0 . 75 % , about 1 % , about 2 % , 
about 4 % , about 6 % , about 8 % , about 10 % , or about 15 % . 
In some embodiments , the proportion by weight of the 

conductive additive in the conductive ink is at most about 
0 . 5 % , about 0 . 75 % , about 1 % , about 2 % , about 4 % , about 
6 % , about 8 % , about 10 % , about 15 % , or about 20 % . 
[ 0015 ] . In some embodiments , the conductive ink has a 
viscosity of about 5 centipoise ( cps ) to about 40 cps . In some 
embodiments , the conductive ink has a viscosity of about 5 
cps to about 10 cps , about 5 cps to about 15 cps , about 5 cps 
to about 20 cps , about 5 cps to about 25 cps , about 5 cps to 
about 30 cps , about 5 cps to about 35 cps , about 5 cps to 
about 40 cps , about 10 cps to about 15 cps , about 10 cps to 
about 20 cps , about 10 cps to about 25 cps , about 10 cps to 
about 30 cps , about 10 cps to about 35 cps , about 10 cps to 
about 40 cps , about 15 cps to about 20 cps , about 15 cps to 
about 25 cps , about 15 cps to about 30 cps , about 15 cps to 
about 35 cps , about 15 cps to about 40 cps , about 20 cps to 
about 25 cps , about 20 cps to about 30 cps , about 20 cps to 
about 35 cps , about 20 cps to about 40 cps , about 25 cps to 
about 30 cps , about 25 cps to about 35 cps , about 25 cps to 
about 40 cps , about 30 cps to about 35 cps , about 30 cps to 
about 40 cps , or about 35 cps to about 40 cps . In some 
embodiments , the conductive ink has a viscosity of about 5 
cps , about 10 cps , about 15 cps , about 20 cps , about 25 cps , 
about 30 cps , about 35 cps , or about 40 cps . In some 
embodiments , the conductive ink has a viscosity of at least 
about 5 cps , about 10 cps , about 15 cps , about 20 cps , about 
25 cps , about 30 cps , or about 35 cps . In some embodiments , 
the conductive ink has a viscosity of at most about 10 cps , 
about 15 cps , about 20 cps , about 25 cps , about 30 cps , about 
35 cps , or about 40 cps . 
[ 0016 ] In some embodiments , the conductive ink has a 
sheet resistance when dried of about 0 . 1 ohm / sq / mil to about 
0 . 8 ohm / sq / mil . In some embodiments , the conductive ink 
has a sheet resistance when dried of about 0 . 1 ohm / sq / mil to 
about 0 . 2 ohm / sq / mil , about 0 . 1 ohm / sq / mil to about 0 . 3 
ohm / sq / mil , about 0 . 1 ohm / sq / mil to about 0 . 4 ohm / sq / mil , 
about 0 . 1 ohm / sq / mil to about 0 . 5 ohm / sq / mil , about 0 . 1 
ohm / sq / mil to about 0 . 6 ohm / sq / mil , about 0 . 1 ohm / sq / mil 
to about 0 . 7 ohm / sq / mil , about 0 . 1 ohm / sq / mil to about 0 . 8 
ohm / sq / mil , about 0 . 2 ohm / sq / mil to about 0 . 3 ohm / sq / mil , 
about 0 . 2 ohm / sq / mil to about 0 . 4 ohm / sq / mil , about 0 . 2 
ohm / sq / mil to about 0 . 5 ohm / sq / mil , about 0 . 2 ohm / sq / mil 
to about 0 . 6 ohm / sq / mil , about 0 . 2 ohm / sq / mil to about 0 . 7 
ohm / sq / mil , about 0 . 2 ohm / sq / mil to about 0 . 8 ohm / sq / mil , 
about 0 . 3 ohm / sq / mil to about 0 . 4 ohm / sq / mil , about 0 . 3 
ohm / sq / mil to about 0 . 5 ohm / sq / mil , about 0 . 3 ohm / sq / mil 
to about 0 . 6 ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 0 . 7 
ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 0 . 8 ohm / sq / mil , 
about 0 . 4 ohm / sq / mil to about 0 . 5 ohm / sq / mil , about 0 . 4 
ohm / sq / mil to about 0 . 6 ohm / sq / mil , about 0 . 4 ohm / sq / mil 
to about 0 . 7 ohm / sq / mil , about 0 . 4 ohm / sq / mil to about 0 . 8 
ohm / sq / mil , about 0 . 5 ohm / sq / mil to about 0 . 6 ohm / sq / mil , 
about 0 . 5 ohm / sq / mil to about 0 . 7 ohm / sq / mil , about 0 . 5 
ohm / sq / mil to about 0 . 8 ohm / sq / mil , about 0 . 6 ohm / sq / mil 
to about 0 . 7 ohm / sq / mil , about 0 . 6 ohm / sq / mil to about 0 . 8 
ohm / sq / mil , or about 0 . 7 ohm / sq / mil to about 0 . 8 ohm / sq / 
mil . In some embodiments , the conductive ink has a sheet 
resistance when dried of about 0 . 1 ohm / sq / mil , about 0 . 2 
ohm / sq / mil , about 0 . 3 ohm / sq / mil , about 0 . 4 ohm / sq / mil , 
about 0 . 5 ohm / sq / mil , about 0 . 6 ohm / sq / mil , about 0 . 7 
ohm / sq / mil , or about 0 . 8 ohm / sq / mil . In some embodiments , 
the conductive ink has a sheet resistance when dried of at 
least about 0 . 1 ohm / sq / mil , about 0 . 2 ohm / sq / mil , about 0 . 3 
ohm / sq / mil , about 0 . 4 ohm / sq / mil , about 0 . 5 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil , or about 0 . 7 ohm / sq / mil . In some 



US 2019 / 0169472 A1 Jun . 6 , 2019 

embodiments , the conductive ink has a sheet resistance 
when dried of at most about 0 . 2 ohm / sq / mil , about 0 . 3 
ohm / sq / mil , about 0 . 4 ohm / sq / mil , about 0 . 5 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil , about 0 . 7 ohm / sq / mil , or about 0 . 8 
ohm / sq / mil . 
[ 0017 In some embodiments , the conductive ink further 
comprises at least one of a binder , a surfactant , and a 
defoamer . In some embodiments , the conductive ink further 
comprises a pigment , a silver metallic pigment , a colorant , 
a silver metallic colorant , a dye , or any combination thereof . 
In some embodiments , the conductive ink has a conductivity 
of greater than 10 S / cm when dried . 
[ 0018 ] Another aspect provided herein is a method of 
forming silver nanowires comprising : heating a solvent ; 
adding a catalyst solution and a polymer solution to the 
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 . 
[ 0019 ] In some embodiments , the method further com 
prises heating the second solution before centrifuging the 
second solution . In some embodiments , the method further 
comprises cooling the second solution before centrifuging 
the second solution . In some embodiments , the solvent 
comprises a glycol , a polymer solution , or both . In some 
embodiments , washing the second solution comprises a 
plurality of washing cycles comprising from about two 
cycles to about six cycles . In some embodiments , the 
method is performed in a solvothermal chamber . In some 
embodiments , the solvent is stirred while being heated . 
[ 0020 ] The silver nanowires may have a diameter of less 
than about 1 um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 um , 
about 0 . 6 um , about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , 
about 0 . 2 um , about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , 
about 0 . 07 um , about 0 . 06 um , or about 0 . 05 um . At least 
about 25 % of the silver nanowires may have a diameter of 
less than about 1 um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 
um , about 0 . 6 um , about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , 
about 0 . 2 um , about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , 
about 0 . 07 um , about 0 . 06 um , or about 0 . 05 um . At least 
about 50 % of the silver nanowires may have a diameter of 
less than about 1 um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 
um , about 0 . 6 um , about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , 
about 0 . 2 um , about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , 
about 0 . 07 um , about 0 . 06 um , or about 0 . 05 um . At least 
about 75 % of the silver nanowires may have a diameter of 
less than about 1 um , about 0 . 9 um , about 0 . 8 um , about 0 . 7 
um , about 0 . 6 um , about 0 . 5 um , about 0 . 4 um , about 0 . 3 um , 
about 0 . 2 um , about 0 . 1 um , about 0 . 09 um , about 0 . 08 um , 
about 0 . 07 um , about 0 . 06 um , or about 0 . 05 um . The silver 
nanowires may have a length of greater than about 10 um , 
about 15 um , about 20 um , about 25 um , about 30 um , about 
35 um , about 40 um , about 45 um , about 50 um , about 55 
um , about 60 um , about 65 um , about 70 um , or about 75 um . 
At least about 25 % of the silver nanowires may have a 
length of greater than about 10 um , about 15 um , about 20 
um , about 25 um , about 30 um , about 35 um , about 40 um , 
about 45 um , about 50 um , about 55 um , about 60 um , about 
65 um , about 70 um , or about 75 um . At least about 50 % of 
the silver nanowires may have a length of greater than about 
10 um , about 15 um , about 20 um , about 25 um , about 30 
um , about 35 um , about 40 um , about 45 um , about 50 um , 
about 55 um , about 60 um , about 65 um , about 70 um , or 

about 75 um . At least about 75 % of the silver nanowires may 
have a length of greater than about 10 um , about 15 um , 
about 20 um , about 25 um , about 30 um , about 35 um , about 
40 um , about 45 um , about 50 um , about 55 um , about 60 
um , about 65 um , about 70 um , or about 75 um . 
[ 0021 ] In some embodiments , the polymer solution has a 
concentration of about 0 . 075 M to about 0 . 25 M . In some 
embodiments , 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 . 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 . In some embodiments , 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 . In some embodi 
ments , the polymer solution has a concentration of at most 
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 . 
[ 0022 ] In some embodiments , the catalyst solution has a 
concentration of about 2 mM to about 8 mM . 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 
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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 . 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 . 
In some embodiments , the catalyst solution has a concen 
tration 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 . In some embodiments , the catalyst solution has 
a concentration of at most 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 . 
[ 0023 ] In some embodiments , the volume of the solvent is 
greater than the volume of the catalyst solution by a factor 
of about 75 to about 250 . In some embodiments , the volume 
of the solvent is greater than the volume of the 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 . In some 
embodiments , the volume of the 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 . In some embodiments , the volume of the 
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 . In some 
embodiments , the volume of the solvent is greater than the 
volume of the catalyst solution by a factor of at most about 
75 , about 100 , about 125 , about 150 , about 175 , about 200 , 
about 225 , or about 250 . 
[ 0024 ] In some embodiments , the volume of the solvent is 
greater than the volume of the polymer solution by a factor 
of about 1 . 5 to about 6 . 5 . In some embodiments , the volume 
of the 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 . In some embodiments , the volume of the 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 . In some 
embodiments , the volume of the 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 . In some embodi 
ments , the volume of the solvent is greater than the volume 
of the polymer solution by a factor of at most bout 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 . 
100251 In some embodiments , the silver - based solution 
has a concentration of about 0 . 05 M to about 0 . 2 M . In some 
embodiments , the silver - based solution has a concentration 
of at least about 0 . 05 M . In some embodiments , the silver 
based solution has a concentration of at most about 0 . 2 M . 
In some embodiments , the silver - based solution has a con 
centration of about 0 . 05 M to about 0 . 075 M , about 0 . 05 M 
to about 0 . 1 M , about 0 . 05 M to about 0 . 125 M , about 0 . 05 
M to about 0 . 15 M , about 0 . 05 M to about 0 . 175 M , about 
0 . 05 M to about 0 . 2 M , 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 . 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 . 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 . 15 M to 
about 0 . 175 M , about 0 . 15 M to about 0 . 2 M , or about 0 . 175 
M to about 0 . 2 M . In some embodiments , the silver - based 
solution has a concentration of about 0 . 05 M , about 0 . 075 M , 
about 0 . 1 M , about 0 . 125 M , about 0 . 15 M , about 0 . 175 M , 
or about 0 . 2 M . In some embodiments , the silver - based 
solution has a concentration of at least about 0 . 05 M , about 
0 . 075 M , about 0 . 1 M , about 0 . 125 M , about 0 . 15 M , about 
0 . 175 M , or about 0 . 2 M . In some embodiments , the 
silver - based solution has a concentration of at most about 
0 . 05 M , about 0 . 075 M , about 0 . 1 M , about 0 . 125 M , about 
0 . 15 M , about 0 . 175 M , or about 0 . 2 M . 
( 0026 ] In some embodiments , the volume of the solvent is 
greater than the volume of the silver - based solution by a 
factor of about 1 . 5 to about 6 . 5 . In some embodiments , the 
volume of the solvent is greater than the volume of the 
silver - based solution by a factor of at least about 1 . 5 . In 
some embodiments , the volume of the solvent is greater than 
the volume of the silver - based solution by a factor of at most 
about 6 . 5 . In some embodiments , the volume of the solvent 
is greater than the volume of the silver - based 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 
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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 . In 
some embodiments , the volume of the solvent is greater than 
the volume of the silver - based 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 . In some embodi 
ments , the volume of the solvent is greater than the volume 
of the silver - based 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 . In some embodi 
ments , the volume of the solvent is greater than the volume 
of the silver - based solution by a factor of at most 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 . 
[ 0027 ] In some embodiments , the solvent is heated to a 
temperature of about 75° C . to about 300° C . In some 
embodiments , the solvent is heated to a temperature of at 
least about 75° C . In some embodiments , the solvent is 
heated to a temperature of at most about 300° C . In some 
embodiments , the solvent is heated to a temperature of about 
75° C . to about 100° C . , about 75° C . to about 125° C . , about 
75° 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 75º C . to about 275° C . , about 
75° C . to about 300° C . , about 100° C . to about 125° C . , 
about 100° C . to about 150° C . , about 100° C . to about 1750 
C . , about 100° C . to about 200° C . , about 100° C . to about 
225º 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 275º 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 2750 
C . , about 175° C . to about 300° C . , about 200° C . to about 
225º C . , about 200° C . to about 250° C . , about 200° C . to 
about 275º C . , about 200° C . to about 300° C . , about 2250 
C . to about 250° C . , about 225° C . to about 275º C . , about 
225° C . to about 300° C . , about 250° C . to about 275° C . , 
about 250° C . to about 300° C . , or about 275° C . to about 
300° C . In some embodiments , the solvent is heated to a 
temperature of about 75º 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 . In some 
embodiments , the 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 225º C . , about 250° 
C . , about 275° C . , or about 300° C . In some embodiments , 
the solvent is heated to a temperature of at most about 750 

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 . 
10028 ] . In some embodiments , the solvent is heated for a 
period of time of about 30 minutes to about 120 minutes . In 
some embodiments , the solvent is heated for a period of time 
of at least about 30 minutes . In some embodiments , the 
solvent is heated for a period of time of at most about 120 
minutes . In some embodiments , the 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 . In some embodiments , the 
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 . In some 
embodiments , the 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 . In some embodiments , the solvent is heated for 
a period of time of at most 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 . 
[ 0029 ] In some embodiments , the second solution is 
heated for a period of time of about 30 minutes to about 120 
minutes . In some embodiments , the second solution is 
heated for a period of time of at least about 30 minutes . In 
some embodiments , the second solution is heated for a 
period of time of at most about 120 minutes . In some 
embodiments , the second solution 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 
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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 30 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 . In some embodiments , the second solution 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 . In some 
embodiments , the second solution 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 . In some embodiments , the 
second solution is heated for a period of time of at most 
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 . 
[ 0030 ] In some embodiments , the stirring is performed at 
a rate of about 100 rpm to about 400 rpm . In some embodi 
ments , the stirring is performed at a rate of at least about 100 
rpm . In some embodiments , the stirring is performed at a 
rate of at most about 400 rpm . In some embodiments , the 
stirring 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 . 
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 . 
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 . In some embodiments , the stirring is performed at a 
rate of at most 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 . 
[ 0031 ] In some embodiments , the centrifuging occurs over 
a period of time of about 10 minutes to about 40 minutes . In 
some embodiments , the centrifuging occurs over a period of 
time of at least about 10 minutes . In some embodiments , the 
centrifuging occurs over a period of time of at most about 40 
minutes . In some embodiments , the centrifuging occurs over 
a period of time of 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 10 minutes to about 35 minutes , about 10 minutes to 
about 40 minutes , about 15 minutes to about 20 minutes , 
about 15 minutes to about 25 minutes , about 15 minutes to 
about 30 minutes , about 15 minutes to about 35 minutes , 
about 15 minutes to about 40 minutes , about 20 minutes to 
about 25 minutes , about 20 minutes to about 30 minutes , 
about 20 minutes to about 35 minutes , about 20 minutes to 
about 40 minutes , about 25 minutes to about 30 minutes , 
about 25 minutes to about 35 minutes , about 25 minutes to 
about 40 minutes , about 30 minutes to about 35 minutes , 
about 30 minutes to about 40 minutes , or about 35 minutes 
to about 40 minutes . In some embodiments , the centrifuging 
occurs over a period of time of about 10 minutes , about 15 
minutes , about 20 minutes , about 25 minutes , about 30 
minutes , about 35 minutes , or about 40 minutes . In some 
embodiments , the centrifuging occurs over a period of time 
of at least about 10 minutes , about 15 minutes , about 20 
minutes , about 25 minutes , about 30 minutes , about 35 
minutes , or about 40 minutes . In some embodiments , the 
centrifuging occurs over a period of time of at most about 10 
minutes , about 15 minutes , about 20 minutes , about 25 
minutes , about 30 minutes , about 35 minutes , or about 40 
minutes . 
[ 0032 ] Another aspect provided herein is a conductive 
carbon - based glue comprising a carbon - based material and 
an adhesive agent . In some embodiments , the carbon - based 
material comprises graphene , graphite powder , natural 
graphite , synthetic graphite , expanded graphite , carbon 
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black , Timcal carbon super C45 , Timcal carbon super C65 , 
cabot carbon , carbon super P , acetylene black , furnace black , 
carbon nanotubes , vapor - grown carbon fibers , graphene 
oxide , or any combination thereof . 
[ 0033 ] In some embodiments , the adhesive agent com 
prises a percentage by weight of the conductive carbon 
based glue of about 60 % to about 99 . 9 % . In some embodi 
ments , the adhesive agent comprises a percentage by weight 
of the conductive carbon - based glue of at least about 60 % . 
In some embodiments , the adhesive agent comprises a 
percentage by weight of the conductive carbon - based glue of 
at most about 99 . 9 % . In some embodiments , the adhesive 
agent comprises a percentage by weight of the conductive 
carbon - based glue of about 60 % to about 65 % , about 60 % 
to about 70 % , about 60 % to about 75 % , about 60 % to about 
80 % , about 60 % to about 85 % , about 60 % to about 90 % , 
about 60 % to about 95 % , about 60 % to about 97 % , about 
60 % to about 99 % , about 60 % to about 99 . 9 % , about 65 % 
to about 70 % , about 65 % to about 75 % , about 65 % to about 
80 % , about 65 % to about 85 % , about 65 % to about 90 % , 
about 65 % to about 95 % , about 65 % to about 97 % , about 
65 % to about 99 % , about 65 % to about 99 . 9 % , about 70 % 
to about 75 % , about 70 % to about 80 % , about 70 % to about 
85 % , about 70 % to about 90 % , about 70 % to about 95 % , 
about 70 % to about 97 % , about 70 % to about 99 % , about 
70 % to about 99 . 9 % , about 75 % to about 80 % , about 75 % 
to about 85 % , about 75 % to about 90 % , about 75 % to about 
95 % , about 75 % to about 97 % , about 75 % to about 99 % , 
about 75 % to about 99 . 9 % , about 80 % to about 85 % , about 
80 % to about 90 % , about 80 % to about 95 % , about 80 % to 
about 97 % , about 80 % to about 99 % , about 80 % to about 
99 . 9 % , about 85 % to about 90 % , about 85 % to about 95 % , 
about 85 % to about 97 % , about 85 % to about 99 % , about 
85 % to about 99 . 9 % , about 90 % to about 95 % , about 90 % 
to about 97 % , about 90 % to about 99 % , about 90 % to about 
99 . 9 % , about 95 % to about 97 % , about 95 % to about 99 % , 
about 95 % to about 99 . 9 % , about 97 % to about 99 % , about 
97 % to about 99 . 9 % , or about 99 % to about 99 . 9 % . In some 
embodiments , the adhesive agent comprises a percentage by 
weight of the conductive carbon - based glue of about 60 % , 
about 65 % , about 70 % , about 75 % , about 80 % , about 85 % , 
about 90 % , about 95 % , about 97 % , about 99 % , or about 
99 . 9 % . In some embodiments , the adhesive agent comprises 
a percentage by weight of the conductive carbon - based glue 
of at least bout 60 % , about 65 % , about 70 % , about 75 % , 
about 80 % , about 85 % , about 90 % , about 95 % , about 97 % , 
about 99 % , or about 99 . 9 % . In some embodiments , the 
adhesive agent comprises a percentage by weight of the 
conductive carbon - based glue of at most about 60 % , about 
65 % , about 70 % , about 75 % , about 80 % , about 85 % , about 
90 % , about 95 % , about 97 % , about 99 % , or about 99 . 9 % . 
10034 ] In some embodiments , the carbon - based material 
comprises a percentage by weight of the conductive carbon 
based glue of about 0 . 1 % to about 40 % . In some embodi 
ments , the carbon - based material comprises a percentage by 
weight of the conductive carbon - based glue of at least about 
0 . 1 % . In some embodiments , the carbon - based material 
comprises a percentage by weight of the conductive carbon 
based glue of at most about 40 % . In some embodiments , the 
carbon - based material comprises a percentage by weight of 
the conductive carbon - based glue of 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 5 % , about 0 . 1 % to about 10 % , about 
0 . 1 % to about 15 % , about 0 . 1 % to about 20 % , about 0 . 1 % 

to about 25 % , about 0 . 1 % to about 30 % , about 0 . 1 % to about 
35 % , about 0 . 1 % to about 40 % , about 0 . 2 % to about 0 . 5 % , 
about 0 . 2 % to about 1 % , about 0 . 2 % to about 5 % , about 
0 . 2 % to about 10 % , about 0 . 2 % to about 15 % , about 0 . 2 % 
to about 20 % , about 0 . 2 % to about 25 % , about 0 . 2 % to about 
30 % , about 0 . 2 % to about 35 % , about 0 . 2 % to about 40 % , 
about 0 . 5 % to about 1 % , about 0 . 5 % to about 5 % , about 
0 . 5 % to about 10 % , about 0 . 5 % to about 15 % , about 0 . 5 % 
to about 20 % , about 0 . 5 % to about 25 % , about 0 . 5 % to about 
30 % , about 0 . 5 % to about 35 % , about 0 . 5 % to about 40 % , 
about 1 % to about 5 % , about 1 % to about 10 % , about 1 % to 
about 15 % , about 1 % to about 20 % , about 1 % to about 25 % , 
about 1 % to about 30 % , about 1 % to about 35 % , about 1 % 
to about 40 % , about 5 % to about 10 % , about 5 % to about 
15 % , about 5 % to about 20 % , about 5 % to about 25 % , about 
5 % to about 30 % , about 5 % to about 35 % , about 5 % to about 
40 % , about 10 % to about 15 % , about 10 % to about 20 % , 
about 10 % to about 25 % , about 10 % to about 30 % , about 
10 % to about 35 % , about 10 % to about 40 % , about 15 % to 
about 20 % , about 15 % to about 25 % , about 15 % to about 
30 % , about 15 % to about 35 % , about 15 % to about 40 % , 
about 20 % to about 25 % , about 20 % to about 30 % , about 
20 % to about 35 % , about 20 % to about 40 % , about 25 % to 
about 30 % , about 25 % to about 35 % , about 25 % to about 
40 % , about 30 % to about 35 % , about 30 % to about 40 % , or 
about 35 % to about 40 % . In some embodiments , the carbon 
based material comprises a percentage by weight of the 
conductive carbon - based glue of about 0 . 1 % , about 0 . 2 % , 
about 0 . 5 % , about 1 % , about 5 % , about 10 % , about 15 % , 
about 20 % , about 25 % , about 30 % , about 35 % , or about 
40 % . In some embodiments , the carbon - based material 
comprises a percentage by weight of the conductive carbon 
based glue of at least about 0 . 1 % , about 0 . 2 % , about 0 . 5 % , 
about 1 % , about 5 % , about 10 % , about 15 % , about 20 % , 
about 25 % , about 30 % , about 35 % , or about 40 % . In some 
embodiments , the carbon - based material comprises a per 
centage by weight of the conductive carbon - based glue of at 
most about 0 . 1 % , about 0 . 2 % , about 0 . 5 % , about 1 % , about 
5 % , about 10 % , about 15 % , about 20 % , about 25 % , about 
30 % , about 35 % , or about 40 % . 
[ 0035 ] In some embodiments , the carbon - based material 
comprises graphene , wherein a percentage by weight of the 
graphene in the carbon - based material is about 0 . 1 % to 
about 10 % . In some embodiments , the carbon - based mate 
rial comprises graphene , wherein a percentage by weight of 
the graphene in the carbon - based material is at least about 
0 . 1 % . In some embodiments , the carbon - based material 
comprises graphene , wherein a percentage by weight of the 
graphene in the carbon - based material is at most about 10 % . 
In some embodiments , the carbon - based material comprises 
graphene , wherein a percentage by weight of the graphene 
in the carbon - based material 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 2 % , about 0 . 1 % to about 3 % , about 0 . 1 % to 
about 4 % , about 0 . 1 % to about 5 % , about 0 . 1 % to about 6 % , 
about 0 . 1 % to about 7 % , about 0 . 1 % to about 8 % , about 
0 . 1 % to about 10 % , about 0 . 2 % to about 0 . 5 % , about 0 . 2 % 
to about 1 % , about 0 . 2 % to about 2 % , about 0 . 2 % to about 
3 % , about 0 . 2 % to about 4 % , about 0 . 2 % to about 5 % , about 
0 . 2 % to about 6 % , about 0 . 2 % to about 7 % , about 0 . 2 % to 
about 8 % , about 0 . 2 % to about 10 % , 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 % , 
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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 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 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 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 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 10 % , about 6 % to about 7 % , about 6 % to 
about 8 % , about 6 % to about 10 % , about 7 % to about 8 % , 
about 7 % to about 10 % , or about 8 % to about 10 % . In some 
embodiments , the carbon - based material comprises gra 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is about 0 . 1 % , about 0 . 2 % , about 
0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , or about 10 % . In some 
embodiments , the carbon - based material comprises gra 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is at least about 0 . 1 % , about 0 . 2 % , 
about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 
5 % , about 6 % , about 7 % , about 8 % , or about 10 % . In some 
embodiments , the carbon - based material comprises gra 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is at most about 0 . 1 % , about 
0 . 2 % , about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 
4 % , about 5 % , about 6 % , about 7 % , about 8 % , or about 
10 % . 
[ 0036 ] In some embodiments , the carbon - based material 
comprises graphite powder , wherein a percentage by weight 
of the graphite powder in the carbon - based material is about 
1 % to about 40 % . In some embodiments , the carbon - based 
material comprises graphite powder , wherein a percentage 
by weight of the graphite powder in the carbon - based 
material is at least about 1 % . In some embodiments , the 
carbon - based material comprises graphite powder , wherein 
a percentage by weight of the graphite powder in the 
carbon - based material is at most about 40 % . In some 
embodiments , the carbon - based material comprises graphite 
powder , wherein a percentage by weight of the graphite 
powder in the carbon - based material is about 1 % to about 
2 % , about 1 % to about 5 % , about 1 % to about 10 % , about 
1 % to about 15 % , about 1 % to about 20 % , about 1 % to about 
25 % , about 1 % to about 30 % , about 1 % to about 35 % , about 
1 % to about 40 % , about 2 % to about 5 % , about 2 % to about 
10 % , about 2 % to about 15 % , about 2 % to about 20 % , about 
2 % to about 25 % , about 2 % to about 30 % , about 2 % to about 
35 % , about 2 % to about 40 % , about 5 % to about 10 % , about 
5 % to about 15 % , about 5 % to about 20 % , about 5 % to about 
25 % , about 5 % to about 30 % , about 5 % to about 35 % , about 
5 % to about 40 % , about 10 % to about 15 % , about 10 % to 
about 20 % , about 10 % to about 25 % , about 10 % to about 
30 % , about 10 % to about 35 % , about 10 % to about 40 % , 
about 15 % to about 20 % , about 15 % to about 25 % , about 
15 % to about 30 % , about 15 % to about 35 % , about 15 % to 
about 40 % , about 20 % to about 25 % , about 20 % to about 
30 % , about 20 % to about 35 % , about 20 % to about 40 % , 
about 25 % to about 30 % , about 25 % to about 35 % , about 
25 % to about 40 % , about 30 % to about 35 % , about 30 % to 
about 40 % , or about 35 % to about 40 % . In some embodi - 
ments , the carbon - based material comprises graphite pow - 

der , wherein a percentage by weight of the graphene in the 
carbon - based material is about 1 % , about 2 % , about 5 % , 
about 10 % , about 15 % , about 20 % , about 25 % , about 30 % , 
about 35 % , or about 40 % . In some embodiments , the 
carbon - based material comprises graphite powder , wherein 
a percentage by weight of the graphene in the carbon - based 
material is at least about 1 % , about 2 % , about 5 % , about 
10 % , about 15 % , about 20 % , about 25 % , about 30 % , about 
35 % , or about 40 % . In some embodiments , the carbon - based 
material comprises graphite powder , wherein a percentage 
by weight of the graphene in the carbon - based material is at 
most about 1 % , about 2 % , about 5 % , about 10 % , about 15 % , 
about 20 % , about 25 % , about 30 % , about 35 % , or about 
40 % . 
[ 0037 ] In some embodiments , the adhesive agent com 
prises carpenter ' s glue , wood glue , cyanoacrylate , contact 
cement , latex , library paste , mucilage , methyl cellulose , 
resorcinol resin , starch , butanone , dichloromethane acrylic , 
ethylene - vinyl , phenol formaldehyde resin , polyamide , 
polyester , polyethylene , polypropylene , polysulfide , poly 
urethane , polyvinyl acetate , aliphatic , polyvinyl alcohol , 
polyvinyl chloride , polyvinyl chloride emulsion , silicone , 
styrene acrylic , epichlorohydrin , an epoxide , or any combi 
nation thereof . In some embodiments , the conductive car 
bon - based glue further comprises a conductive filler . In 
some embodiments , the conductive filler comprises silver . In 
some embodiments , the silver comprises silver nanopar 
ticles , silver nanorods , silver nanowires , silver nanoflowers , 
silver nanofibers , silver nanoplatelets , silver nanoribbons , 
silver nanocubes , silver bipyramids , or any combination 
thereof . In some embodiments , the conductive carbon - based 
glue further comprises a thinner . In some embodiments , the 
thinner comprises butyl acetate , lacquer thinner , acetone , 
petroleum naphtha , mineral spirits , xylene , or any combi 
nation thereof . 
[ 0038 ] In some embodiments , the conductive carbon 
based glue comprises a percent by volume of the thinner of 
about 50 % to about 99 % . In some embodiments , the con 
ductive carbon - based glue comprises a percent by volume of 
the thinner of at least about 50 % . In some embodiments , the 
conductive carbon - based glue comprises a percent by vol 
ume of the thinner of at most about 99 % . In some embodi 
ments , the conductive carbon - based glue comprises a per 
cent by volume of the thinner of about 50 % to about 55 % , 
about 50 % to about 60 % , about 50 % to about 65 % , about 
50 % to about 70 % , about 50 % to about 75 % , about 50 % to 
about 80 % , about 50 % to about 85 % , about 50 % to about 
90 % , about 50 % to about 95 % , about 50 % to about 99 % , 
about 55 % to about 60 % , about 55 % to about 65 % , about 
55 % to about 70 % , about 55 % to about 75 % , about 55 % to 
about 80 % , about 55 % to about 85 % , about 55 % to about 
90 % , about 55 % to about 95 % , about 55 % to about 99 % , 
about 60 % to about 65 % , about 60 % to about 70 % , about 
60 % to about 75 % , about 60 % to about 80 % , about 60 % to 
about 85 % , about 60 % to about 90 % , about 60 % to about 
95 % , about 60 % to about 99 % , about 65 % to about 70 % , 
about 65 % to about 75 % , about 65 % to about 80 % , about 
65 % to about 85 % , about 65 % to about 90 % , about 65 % to 
about 95 % , about 65 % to about 99 % , about 70 % to about 
75 % , about 70 % to about 80 % , about 70 % to about 85 % , 
about 70 % to about 90 % , about 70 % to about 95 % , about 
70 % to about 99 % , about 75 % to about 80 % , about 75 % to 
about 85 % , about 75 % to about 90 % , about 75 % to about 
95 % , about 75 % to about 99 % , about 80 % to about 85 % , 
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about 80 % to about 90 % , about 80 % to about 95 % , about 
80 % to about 99 % , about 85 % to about 90 % , about 85 % to 
about 95 % , about 85 % to about 99 % , about 90 % to about 
95 % , about 90 % to about 99 % , or about 95 % to about 99 % . 
In some embodiments , the conductive carbon - based glue 
comprises a percent by volume of the thinner of about 50 % , 
about 55 % , about 60 % , about 65 % , about 70 % , about 75 % , 
about 80 % , about 85 % , about 90 % , about 95 % , or about 
99 % . In some embodiments , the conductive carbon - based 
glue comprises a percent by volume of the thinner of at least 
about 50 % , about 55 % , about 60 % , about 65 % , about 70 % , 
about 75 % , about 80 % , about 85 % , about 90 % , about 95 % , 
or about 99 % . In some embodiments , the conductive carbon 
based glue comprises a percent by volume of the thinner of 
at most about 50 % , about 55 % , about 60 % , about 65 % , 
about 70 % , about 75 % , about 80 % , about 85 % , about 90 % , 
about 95 % , or about 99 % . 
[ 0039 ] In some embodiments , the conductive carbon 
based glue has a sheet resistance of about 5 ohm / sq to about 
500 ohm / sq . In some embodiments , the conductive carbon 
based glue has a sheet resistance of at least about 5 ohm / sq . 
In some embodiments , the conductive carbon - based glue has 
a sheet resistance of at most about 500 ohm / sq . In some 
embodiments , the conductive carbon - based glue has a sheet 
resistance of about 5 ohm / sq to about 10 ohm / sq , about 5 
ohm / sq to about 20 ohm / sq , about 5 ohm / sq to about 50 
ohm / sq , about 5 ohm / sq to about 100 ohm / sq , about 5 
ohm / sq to about 150 ohm / sq , about 5 ohm / sq to about 200 
ohm / sq , about 5 ohm / sq to about 250 ohm / sq , about 5 
ohm / sq to about 300 ohm / sq , about 5 ohm / sq to about 350 
ohm / sq , about 5 ohm / sq to about 400 ohm / sq , about 5 
ohm / sq to about 500 ohm / sq , about 10 ohm / sq to about 20 
ohm / sq , about 10 ohm / sq to about 50 ohm / sq , about 10 
ohm / sq to about 100 ohm / sq , about 10 ohm / sq to about 150 
ohm / sq , about 10 ohm / sq to about 200 ohm / sq , about 10 
ohm / sq to about 250 ohm / sq , about 10 ohm / sq to about 300 
ohm / sq , about 10 ohm / sq to about 350 ohm / sq , about 10 
ohm / sq to about 400 ohm / sq , about 10 ohm / sq to about 500 
ohm / sq , about 20 ohm / sq to about 50 ohm / sq , about 20 
ohm / sq to about 100 ohm / sq , about 20 ohm / sq to about 150 
ohm / sq , about 20 ohm / sq to about 200 ohm / sq , about 20 
ohm / sq to about 250 ohm / sq , about 20 ohm / sq to about 300 
ohm / sq , about 20 ohm / sq to about 350 ohm / sq , about 20 
ohm / sq to about 400 ohm / sq , about 20 ohm / sq to about 500 
ohm / sq , about 50 ohm / sq to about 100 ohm / sq , about 50 
ohm / sq to about 150 ohm / sq , about 50 ohm / sq to about 200 
ohm / sq , about 50 ohm / sq to about 250 ohm / sq , about 50 
ohm / sq to about 300 ohm / sq , about 50 ohm / sq to about 350 
ohm / sq , about 50 ohm / sq to about 400 ohm / sq , about 50 
ohm / sq to about 500 ohm / sq , about 100 ohm / sq to about 150 
ohm / sq , about 100 ohm / sq to about 200 ohm / sq , about 100 
ohm / sq to about 250 ohm / sq , about 100 ohm / sq to about 300 
ohm / sq , about 100 ohm / sq to about 350 ohm / sq , about 100 
ohm / sq to about 400 ohm / sq , about 100 ohm / sq to about 500 
ohm / sq , about 150 ohm / sq to about 200 ohm / sq , about 150 
ohm / sq to about 250 ohm / sq , about 150 ohm / sq to about 300 
ohm / sq , about 150 ohm / sq to about 350 ohm / sq , about 150 
ohm / sq to about 400 ohm / sq , about 150 ohm / sq to about 500 
ohm / sq , about 200 ohm / sq to about 250 ohm / sq , about 200 
ohm / sq to about 300 ohm / sq , about 200 ohm / sq to about 350 
ohm / sq , about 200 ohm / sq to about 400 ohm / sq , about 200 
ohm / sq to about 500 ohm / sq , about 250 ohm / sq to about 300 
ohm / sq , about 250 ohm / sq to about 350 ohm / sq , about 250 
ohm / sq to about 400 ohm / sq , about 250 ohm / sq to about 500 

ohm / sq , about 300 ohm / sq to about 350 ohm / sq , about 300 
ohm / sq to about 400 ohm / sq , about 300 ohm / sq to about 500 
ohm / sq , about 350 ohm / sq to about 400 ohm / sq , about 350 
ohm / sq to about 500 ohm / sq , or about 400 ohm / sq to about 
500 ohm / sq . In some embodiments , the conductive carbon 
based glue has a sheet resistance of about 5 ohm / sq , about 
10 ohm / sq , about 20 ohm / sq , about 50 ohm / sq , about 100 
ohm / sq , about 150 ohm / sq , about 200 ohm / sq , about 250 
ohm / sq , about 300 ohm / sq , about 350 ohm / sq , about 400 
ohm / sq , or about 500 ohm / sq . In some embodiments , the 
conductive carbon - based glue has a sheet resistance of at 
least about 5 ohm / sq , about 10 ohm / sq , about 20 ohm / sq , 
about 50 ohm / sq , about 100 ohm / sq , about 150 ohm / sq , 
about 200 ohm / sq , about 250 ohm / sq , about 300 ohm / sq , 
about 350 ohm / sq , about 400 ohm / sq , or about 500 ohm / sq . 
In some embodiments , the conductive carbon - based glue has 
a sheet resistance of at most about 5 ohm / sq , about 10 
ohm / sq , about 20 ohm / sq , about 50 ohm / sq , about 100 
ohm / sq , about 150 ohm / sq , about 200 ohm / sq , about 250 
ohm / sq , about 300 ohm / sq , about 350 ohm / sq , about 400 
ohm / sq , or about 500 ohm / sq . 
[ 0040 ] In some embodiments , the conductive carbon 
based glue has a sheet resistance of about 0 . 3 ohm / sq / mil to 
about 2 ohm / sq / mil . In some embodiments , the conductive 
carbon - based glue has a sheet resistance of at least about 0 . 3 
ohm / sq / mil , about 0 . 4 ohm / sq / mil , about 0 . 6 ohm / sq / mil , 
about 0 . 8 ohm / sq / mil , about 1 ohm / sq / mil , about 1 . 2 ohm / 
sq / mil , about 1 . 4 ohm / sq / mil , about 1 . 6 ohm / sq / mil , about 
1 . 8 ohm / sq / mil , or about 2 ohm / sq / mil . In some embodi 
ments , the conductive carbon - based glue has a sheet resis 
tance of at most about 0 . 3 ohm / sq / mil , about 0 . 4 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil , about 0 . 8 ohm / sq / mil , about 1 ohm 
sq / mil , about 1 . 2 ohm / sq / mil , about 1 . 4 ohm / sq / mil , about 
1 . 6 ohm / sq / mil , about 1 . 8 ohm / sq / mil , or about 2 ohm / sq / 
mil . In some embodiments , the conductive carbon - based 
glue has a sheet resistance of about 0 . 3 ohm / sq / mil to about 
0 . 4 ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 0 . 6 ohm / sq / 
mil , about 0 . 3 ohm / sq / mil to about 0 . 8 ohm / sq / mil , about 0 . 3 
ohm / sq / mil to about 1 ohm / sq / mil , about 0 . 3 ohm / sq / mil to 
about 1 . 2 ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 1 . 4 
ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 1 . 6 ohm / sq / mil , 
about 0 . 3 ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 0 . 3 
ohm / sq / mil to about 2 ohm / sq / mil , about 0 . 4 ohm / sq / mil to 
about 0 . 6 ohm / sq / mil , about 0 . 4 ohm / sq / mil to about 0 . 8 
ohm / sq / mil , about 0 . 4 ohm / sq / mil to about 1 ohm / sq / mil , 
about 0 . 4 ohm / sq / mil to about 1 . 2 ohm / sq / mil , about 0 . 4 
ohm / sq / mil to about 1 . 4 ohm / sq / mil , about 0 . 4 ohm / sq / mil 
to about 1 . 6 ohm / sq / mil , about 0 . 4 ohm / sq / mil to about 1 . 8 
ohm / sq / mil , about 0 . 4 ohm / sq / mil to about 2 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil to about 0 . 8 ohm / sq / mil , about 0 . 6 
ohm / sq / mil to about 1 ohm / sq / mil , about 0 . 6 ohm / sq / mil to 
about 1 . 2 ohm / sq / mil , about 0 . 6 ohm / sq / mil to about 1 . 4 
ohm / sq / mil , about 0 . 6 ohm / sq / mil to about 1 . 6 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 0 . 6 
ohm / sq / mil to about 2 ohm / sq / mil , about 0 . 8 ohm / sq / mil to 
about 1 ohm / sq / mil , about 0 . 8 ohm / sq / mil to about 1 . 2 
ohm / sq / mil , about 0 . 8 ohm / sq / mil to about 1 . 4 ohm / sq / mil , 
about 0 . 8 ohm / sq / mil to about 1 . 6 ohm / sq / mil , about 0 . 8 
ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 0 . 8 ohm / sq / mil 
to about 2 ohm / sq / mil , about 1 ohm / sq / mil to about 1 . 2 
ohm / sq / mil , about 1 ohm / sq / mil to about 1 . 4 ohm / sq / mil , 
about 1 ohm / sq / mil to about 1 . 6 ohm / sq / mil , about 1 ohm / 
sq / mil to about 1 . 8 ohm / sq / mil , about 1 ohm / sq / mil to about 
2 ohm / sq / mil , about 1 . 2 ohm / sq / mil to about 1 . 4 ohm / sq / mil , 
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about 1 . 2 ohm / sq / mil to about 1 . 6 ohm / sq / mil , about 1 . 2 
ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 1 . 2 ohm / sq / mil 
to about 2 ohm / sq / mil , about 1 . 4 ohm / sq / mil to about 1 . 6 
ohm / sq / mil , about 1 . 4 ohm / sq / mil to about 1 . 8 ohm / sq / mil , 
about 1 . 4 ohm / sq / mil to about 2 ohm / sq / mil , about 1 . 6 
ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 1 . 6 ohm / sq / mil 
to about 2 ohm / sq / mil , or about 1 . 8 ohm / sq / mil to about 2 
ohm / sq / mil . In some embodiments , the conductive carbon 
based glue has a sheet resistance of about 0 . 3 ohm / sq / mil , 
about 0 . 4 ohm / sq / mil , about 0 . 6 ohm / sq / mil , about 0 . 8 
ohm / sq / mil , about 1 ohm / sq / mil , about 1 . 2 ohm / sq / mil , 
about 1 . 4 ohm / sq / mil , about 1 . 6 ohm / sq / mil , about 1 . 8 
ohm / sq / mil , or about 2 ohm / sq / mil . In some embodiments , 
the conductive carbon - based glue has a sheet resistance of at 
least about 0 . 3 ohm / sq / mil , about 0 . 4 ohm / sq / mil , about 0 . 6 
ohm / sq / mil , about 0 . 8 ohm / sq / mil , about 1 ohm / sq / mil , 
about 1 . 2 ohm / sq / mil , about 1 . 4 ohm / sq / mil , about 1 . 6 
ohm / sq / mil , about 1 . 8 ohm / sq / mil , or about 2 ohm / sq / mil . In 
some embodiments , the conductive carbon - based glue has a 
sheet resistance of at most about 0 . 3 ohm / sq / mil , about 0 . 4 
ohm / sq / mil , about 0 . 6 ohm / sq / mil , about 0 . 8 ohm / sq / mil , 
about 1 ohm / sq / mil , about 1 . 2 ohm / sq / mil , about 1 . 4 ohm / 
sq / mil , about 1 . 6 ohm / sq / mil , about 1 . 8 ohm / sq / mil , or about 
2 ohm / sq / mil . 
[ 0041 ] In some embodiments , the conductive carbon 
based glue has a conductivity of about 0 . 15 S / m to about 60 
S / m . In some embodiments , the conductive carbon - based 
glue has a conductivity of at least about 0 . 15 S / m . In some 
embodiments , the conductive carbon - based glue has a con 
ductivity of at most about 60 S / m . In some embodiments , the 
conductive carbon - based glue has a conductivity of about 
0 . 15 S / m to about 0 . 3 S / m , about 0 . 15 S / m to about 0 . 5 S / m , 
about 0 . 15 S / m to about 1 S / m , about 0 . 15 S / m to about 2 
S / m , about 0 . 15 S / m to about 5 S / m , about 0 . 15 S / m to about 
10 S / m , about 0 . 15 S / m to about 20 S / m , about 0 . 15 S / m to 
about 30 S / m , about 0 . 15 S / m to about 40 S / m , about 0 . 15 
S / m to about 50 S / m , about 0 . 15 S / m to about 60 S / m , about 
0 . 3 S / m to about 0 . 5 S / m , about 0 . 3 S / m to about 1 S / m , 
about 0 . 3 S / m to about 2 S / m , about 0 . 3 S / m to about 5 S / m , 
about 0 . 3 S / m to about 10 S / m , about 0 . 3 S / m to about 20 
S / m , about 0 . 3 S / m to about 30 S / m , about 0 . 3 S / m to about 
40 S / m , about 0 . 3 S / m to about 50 S / m , about 0 . 3 S / m to 
about 60 S / m , about 0 . 5 S / m to about 1 S / m , about 0 . 5 S / m 
to about 2 S / m , about 0 . 5 S / m to about 5 S / m , about 0 . 5 S / m 
to about 10 S / m , about 0 . 5 S / m to about 20 S / m , about 0 . 5 
S / m to about 30 S / m , about 0 . 5 S / m to about 40 S / m , about 
0 . 5 S / m to about 50 S / m , about 0 . 5 S / m to about 60 S / m , 
about 1 S / m to about 2 S / m , about 1 S / m to about 5 S / m , 
about 1 S / m to about 10 S / m , about 1 S / m to about 20 S / m , 
about 1 S / m to about 30 S / m , about 1 S / m to about 40 S / m , 
about 1 S / m to about 50 S / m , about 1 S / m to about 60 S / m , 
about 2 S / m to about 5 S / m , about 2 S / m to about 10 S / m , 
about 2 S / m to about 20 S / m , about 2 S / m to about 30 S / m , 
about 2 S / m to about 40 S / m , about 2 S / m to about 50 S / m , 
about 2 S / m to about 60 S / m , about 5 S / m to about 10 S / m , 
about 5 S / m to about 20 S / m , about 5 S / m to about 30 S / m , 
about 5 S / m to about 40 S / m , about 5 S / m to about 50 S / m , 
about 5 S / m to about 60 S / m , about 10 S / m to about 20 S / m , 
about 10 S / m to about 30 S / m , about 10 S / m to about 40 S / m , 
about 10 S / m to about 50 S / m , about 10 S / m to about 60 S / m , 
about 20 S / m to about 30 S / m , about 20 S / m to about 40 S / m , 
about 20 S / m to about 50 S / m , about 20 S / m to about 60 S / m , 
about 30 S / m to about 40 S / m , about 30 S / m to about 50 S / m , 
about 30 S / m to about 60 S / m , about 40 S / m to about 50 S / m , 

about 40 S / m to about 60 S / m , or about 50 S / m to about 60 
S / m . In some embodiments , the conductive carbon - based 
glue has a conductivity of about 0 . 15 S / m , about 0 . 3 S / m , 
about 0 . 5 S / m , about 1 S / m , about 2 S / m , about 5 S / m , about 
10 S / m , about 20 S / m , about 30 S / m , about 40 S / m , about 50 
S / m , or about 60 S / m . In some embodiments , the conductive 
carbon - based glue has a conductivity of at least about 0 . 15 
S / m , about 0 . 3 S / m , about 0 . 5 S / m , about 1 S / m , about 2 
S / m , about 5 S / m , about 10 S / m , about 20 S / m , about 30 
S / m , about 40 S / m , about 50 S / m , or about 60 S / m . In some 
embodiments , the conductive carbon - based glue has a con 
ductivity of at most about 0 . 15 S / m , about 0 . 3 S / m , about 0 . 5 
S / m , about 1 S / m , about 2 S / m , about 5 S / m , about 10 S / m , 
about 20 S / m , about 30 S / m , about 40 S / m , about 50 S / m , or 
about 60 S / m . 
[ 0042 ] In some embodiments , the conductive carbon 
based glue has a sheet resistance difference between a flat 
position and a position with a convex bend angle of at most 
180 degrees , of at most about 6 % , 5 % , 4 % , 3 % , 2 % , or 1 % . 
In some embodiments , the conductive carbon - based glue has 
a sheet resistance difference between a flat position and a 
position with a concave bend angle of at most 180 degrees , 
of at most about 6 % , 5 % , 4 % , 3 % , 2 % , or 1 % . In some 
embodiments , the conductive carbon - based glue has a sheet 
resistance difference between a flat position and a position 
with a twist angle of at most 800 degrees , of at most about 
10 % , 9 % , 8 % , 7 % , 6 % , 5 % , 4 % , 3 % , or 2 % . 
[ 0043 ] In some embodiments , the conductive carbon 
based glue a shear strength of at least about 20 MPa , 15 
MPA , 10 MPa , or 5 MPa . In some embodiments , the 
conductive carbon - based glue a shear strength of at least 
about 10 MPa . 
( 0044 ) In some embodiments , the conductive carbon 
based glue has a tensile strength of at least about 30 MPa , 
25 MPA , 20 MPa , 10 MPa , or 5 MPa . In some embodiments , 
the conductive carbon - based glue a tensile strength of at 
least about 20 MPa . 
[ 0045 ] In some embodiments , the viscosity of the conduc 
tive glue is about 10 centipoise to about 10 , 000 centipoise . 
In some embodiments , the viscosity of the conductive glue 
is at least about 10 centipoise . In some embodiments , the 
viscosity of the conductive glue is at most about 10 , 000 
centipoise . In some embodiments , the viscosity of the con 
ductive glue is about 10 centipoise to about 20 centipoise , 
about 10 centipoise to about 50 centipoise , about 10 centi 
poise 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 
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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 centipoise 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 centi 
poise to about 5 , 000 centipoise , about 2 , 000 centipoise to 
about 10 , 000 centipoise , or about 5 , 000 centipoise to about 
10 , 000 centipoise . In some embodiments , the viscosity of 
the conductive glue is about 10 centipoise , about 20 centi 
poise , about 50 centipoise , about 100 centipoise , about 200 
centipoise , about 500 centipoise , about 1 , 000 centipoise , 
about 2 , 000 centipoise , about 5 , 000 centipoise , or about 
10 , 000 centipoise . In some embodiments , the viscosity of 
the conductive glue is at least 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 . In some embodiments , the viscos 
ity of the conductive glue is no more than about 10 centi 
poise , about 20 centipoise , about 50 centipoise , about 100 
centipoise , about 200 centipoise , about 500 centipoise , about 
1 , 000 centipoise , about 2 , 000 centipoise , about 5 , 000 cen 
tipoise , or about 10 , 000 centipoise . 
[ 0046 ] In some embodiments , the conductive carbon 
based glue further comprises a pigment , a colorant , a dye , or 
any combination thereof . In some embodiments , the con 
ductive carbon - based glue comprises at least one , at least 
two , at least three , at least four , or at least five colorants , 
dyes , pigments , or a combination thereof . In some embodi 
ments , the pigment comprises a metal - based or metallic 
pigment . In some embodiments , the metallic pigment is a 
gold , silver , titanium , aluminum , tin , zinc , mercury , manga 
nese , lead , iron , iron oxide , copper , cobalt , cadmium , chro 
mium , arsenic , bismuth , antimony , or barium pigment . In 
some embodiments , the colorant comprises at least one 
metallic pigment . In some embodiments , the colorant com 
prises a silver metallic colorant . In some embodiments , the 
silver metallic colorant comprises silver nanoparticles , silver 
nanorods , silver nanowires , silver nanoflowers , silver nano 
fibers , silver nanoplatelets , silver nanoribbons , silver nano 
cubes , silver bipyramids , or a combination thereof . 
[ 0047 ] In some embodiments , a colorant is selected from 
a pigment and / or dye that is red , yellow , magenta , green , 
cyan , violet , black , or brown , or a combination thereof . In 
some embodiments , a pigment is blue , brown , cyan , green , 
violet , magenta , red , yellow , or a combination thereof . In 
some embodiments , a dye is blue , brown , cyan , green , 
violet , magenta , red , yellow , or a combination thereof . 
10048 ] In some embodiments , a yellow colorant includes 
Pigment Yellow 1 , 2 , 3 , 4 , 5 , 6 , 7 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 
17 , 23 , 65 , 74 , 83 , 93 , 110 , 128 , 151 , 155 , or a combination 
thereof . In some embodiments , a black colorant includes 
Color Black S170 , Color Black S150 , Color Black FW1 , 
Color Black FW18 , Acid Black 1 , 11 , 52 , 172 , 194 , 210 , 234 , 
or a combination thereof . In some embodiments , a red or 
magenta colorant includes Pigment Red 1 - 10 , 12 , 18 , 21 , 23 , 

37 , 38 , 39 , 40 , 41 , 48 , 90 , 112 , 122 , or a combination thereof . 
In some embodiments , a cyan or violet colorant includes 
Pigment Blue 15 , 17 , 22 , Pigment Violet 1 , 2 , 3 , 5 , 19 , 23 , 
or a combination thereof . In some embodiments , an orange 
colorant includes Pigment Orange 48 and / or 49 . In some 
embodiments , a violet colorant includes Pigment Violet 19 
and / or 42 . 
[ 0049 ] Another aspect provided herein is a conductive 
carbon - based epoxy comprising a resin comprising a car 
bon - based material and an adhesive agent and a hardener . 
[ 0050 ] In some embodiments , the carbon - based material 
comprises graphene , graphite powder , natural graphite , syn 
thetic graphite , expanded graphite , carbon black , Timcal 
carbon super C45 , Timcal carbon super C65 , cabot carbon , 
carbon super P , acetylene black , furnace black , carbon 
nanotubes , vapor - grown carbon fibers , graphene oxide , or 
any combination thereof . 
[ 0051 ] In some embodiments , the carbon - based material 
comprises graphene , wherein a percentage by weight of the 
graphene in the carbon - based material is about 0 . 1 % to 
about 10 % . In some embodiments , the carbon - based mate 
rial comprises graphene , wherein a percentage by weight of 
the graphene in the carbon - based material is at least about 
0 . 1 % . In some embodiments , the carbon - based material 
comprises graphene , wherein a percentage by weight of the 
graphene in the carbon - based material is at most about 10 % . 
In some embodiments , the carbon - based material comprises 
graphene , wherein a percentage by weight of the graphene 
in the carbon - based material 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 2 % , about 0 . 1 % to about 3 % , about 0 . 1 % to 
about 4 % , about 0 . 1 % to about 5 % , about 0 . 1 % to about 6 % , 
about 0 . 1 % to about 7 % , about 0 . 1 % to about 8 % , about 
0 . 1 % to about 10 % , about 0 . 2 % to about 0 . 5 % , about 0 . 2 % 
to about 1 % , about 0 . 2 % to about 2 % , about 0 . 2 % to about 
3 % , about 0 . 2 % to about 4 % , about 0 . 2 % to about 5 % , about 
0 . 2 % to about 6 % , about 0 . 2 % to about 7 % , about 0 . 2 % to 
about 8 % , about 0 . 2 % to about 10 % , 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 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 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 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 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 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 10 % , about 6 % to about 7 % , about 6 % to 
about 8 % , about 6 % to about 10 % , about 7 % to about 8 % , 
about 7 % to about 10 % , or about 8 % to about 10 % . In some 
embodiments , the carbon - based material comprises gra 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is about 0 . 1 % , about 0 . 2 % , about 
0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , or about 10 % . In some 
embodiments , the carbon - based material comprises gra 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is at least about 0 . 1 % , about 0 . 2 % , 
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about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 
5 % , about 6 % , about 7 % , about 8 % , or about 10 % . In some 
embodiments , the carbon - based material comprises gra 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is at most about 0 . 1 % , about 
0 . 2 % , about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 
4 % , about 5 % , about 6 % , about 7 % , about 8 % , or about 
10 % . 
[ 0052 ] In some embodiments , the carbon - based material 
comprises graphite powder , wherein a percentage by weight 
of the graphite powder in the carbon - based material is about 
1 % to about 40 % . In some embodiments , the carbon - based 
material comprises graphite powder , wherein a percentage 
by weight of the graphite powder in the carbon - based 
material is at least about 1 % . In some embodiments , the 
carbon - based material comprises graphite powder , wherein 
a percentage by weight of the graphite powder in the 
carbon - based material is at most about 40 % . In some 
embodiments , the carbon - based material comprises graphite 
powder , wherein a percentage by weight of the graphite 
powder in the carbon - based material is about 1 % to about 
2 % , about 1 % to about 5 % , about 1 % to about 10 % , about 
1 % to about 15 % , about 1 % to about 20 % , about 1 % to about 
25 % , about 1 % to about 30 % , about 1 % to about 35 % , about 
1 % to about 40 % , about 2 % to about 5 % , about 2 % to about 
10 % , about 2 % to about 15 % , about 2 % to about 20 % , about 
2 % to about 25 % , about 2 % to about 30 % , about 2 % to about 
35 % , about 2 % to about 40 % , about 5 % to about 10 % , about 
5 % to about 15 % , about 5 % to about 20 % , about 5 % to about 
25 % , about 5 % to about 30 % , about 5 % to about 35 % , about 
5 % to about 40 % , about 10 % to about 15 % , about 10 % to 
about 20 % , about 10 % to about 25 % , about 10 % to about 
30 % , about 10 % to about 35 % , about 10 % to about 40 % , 
about 15 % to about 20 % , about 15 % to about 25 % , about 
15 % to about 30 % , about 15 % to about 35 % , about 15 % to 
about 40 % , about 20 % to about 25 % , about 20 % to about 
30 % , about 20 % to about 35 % , about 20 % to about 40 % , 
about 25 % to about 30 % , about 25 % to about 35 % , about 
25 % to about 40 % , about 30 % to about 35 % , about 30 % to 
about 40 % , or about 35 % to about 40 % . In some embodi 
ments , the carbon - based material comprises graphite pow 
der , wherein a percentage by weight of the graphite powder 
in the carbon - based material is about 1 % , about 2 % , about 
5 % , about 10 % , about 15 % , about 20 % , about 25 % , about 
30 % , about 35 % , or about 40 % . In some embodiments , the 
carbon - based material comprises graphite powder , wherein 
a percentage by weight of the graphite powder in the 
carbon - based material is at least about 1 % , about 2 % , about 
5 % , about 10 % , about 15 % , about 20 % , about 25 % , about 
30 % , about 35 % , or about 40 % . In some embodiments , the 
carbon - based material comprises graphite powder , wherein 
a percentage by weight of the graphite powder in the 
carbon - based material is at most about 1 % , about 2 % , about 
5 % , about 10 % , about 15 % , about 20 % , about 25 % , about 
30 % , about 35 % , or about 40 % . 
[ 0053 ] In some embodiments , the adhesive agent com 
prises carpenter ' s glue , wood glue , cyanoacrylate , contact 
cement , latex , library paste , mucilage , methyl cellulose , 
resorcinol resin , starch , butanone , dichloromethane acrylic , 
ethylene - vinyl , phenol formaldehyde resin , polyamide , 
polyester , polyethylene , polypropylene , polysulfide , poly 
urethane , polyvinyl acetate , aliphatic , polyvinyl alcohol , 
polyvinyl chloride , polyvinyl chloride emulsion , silicone , 
styrene acrylic , epichlorohydrin , an epoxide , or any combi 

nation thereof . In some embodiments , the hardener com 
prises Bisphenol A , Bisphenol F , a novolac , an aliphatic 
alcohol , an aliphatic polyol , a glycidylamine , triethylene 
triamine , or any combination thereof . In some embodiments , 
the conductive carbon - based glue further comprises a con 
ductive filler . In some embodiments , the conductive filler 
comprises silver . 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 . In some embodiments , the conductive 
carbon - based glue further comprises a thinner . In some 
embodiments , the thinner comprises butyl acetate , lacquer 
thinner , acetone , petroleum naphtha , mineral spirits , xylene , 
or any combination thereof . 
[ 0054 ] In some embodiments , the percent by volume of 
the thinner in the conductive carbon - based epoxy is about 
50 % to about 99 % . In some embodiments , the percent by 
volume of the thinner is at least about 50 % . In some 
embodiments , the percent by volume of the thinner is at 
most about 99 % . In some embodiments , the percent by 
volume of the thinner is about 50 % to about 55 % , about 50 % 
to about 60 % , about 50 % to about 65 % , about 50 % to about 
70 % , about 50 % to about 75 % , about 50 % to about 80 % , 
about 50 % to about 85 % , about 50 % to about 90 % , about 
50 % to about 95 % , about 50 % to about 99 % , about 55 % to 
about 60 % , about 55 % to about 65 % , about 55 % to about 
70 % , about 55 % to about 75 % , about 55 % to about 80 % , 
about 55 % to about 85 % , about 55 % to about 90 % , about 
55 % to about 95 % , about 55 % to about 99 % , about 60 % to 
about 65 % , about 60 % to about 70 % , about 60 % to about 
75 % , about 60 % to about 80 % , about 60 % to about 85 % , 
about 60 % to about 90 % , about 60 % to about 95 % , about 
60 % to about 99 % , about 65 % to about 70 % , about 65 % to 
about 75 % , about 65 % to about 80 % , about 65 % to about 
85 % , about 65 % to about 90 % , about 65 % to about 95 % , 
about 65 % to about 99 % , about 70 % to about 75 % , about 
70 % to about 80 % , about 70 % to about 85 % , about 70 % to 
about 90 % , about 70 % to about 95 % , about 70 % to about 
99 % , about 75 % to about 80 % , about 75 % to about 85 % , 
about 75 % to about 90 % , about 75 % to about 95 % , about 
75 % to about 99 % , about 80 % to about 85 % , about 80 % to 
about 90 % , about 80 % to about 95 % , about 80 % to about 
99 % , about 85 % to about 90 % , about 85 % to about 95 % , 
about 85 % to about 99 % , about 90 % to about 95 % , about 
90 % to about 99 % , or about 95 % to about 99 % . In some 
embodiments , the percent by volume of the thinner is about 
50 % , about 55 % , about 60 % , about 65 % , about 70 % , about 
75 % , about 80 % , about 85 % , about 90 % , about 95 % , or 
about 99 % . In some embodiments , the percent by volume of 
the thinner is at least about 50 % , about 55 % , about 60 % , 
about 65 % , about 70 % , about 75 % , about 80 % , about 85 % , 
about 90 % , about 95 % , or about 99 % . In some embodi 
ments , the percent by volume of the thinner is at most about 
50 % , about 55 % , about 60 % , about 65 % , about 70 % , about 
75 % , about 80 % , about 85 % , about 90 % , about 95 % , or 
about 99 % . 
[ 0055 ] In some embodiments , the percentage by weight of 
the resin in the conductive carbon - based epoxy is about 25 % 
to about 75 % . In some embodiments , the percentage by 
weight of the resin in the conductive carbon - based epoxy is 
at least about 25 % . In some embodiments , the percentage by 
weight of the resin in the conductive carbon - based epoxy is 
at most about 75 % . In some embodiments , the percentage by 
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weight of the resin in the conductive carbon - based epoxy is 
about 25 % to about 30 % , about 25 % to about 35 % , about 
25 % to about 40 % , about 25 % to about 45 % , about 25 % to 
about 50 % , about 25 % to about 55 % , about 25 % to about 
60 % , about 25 % to about 65 % , about 25 % to about 70 % , 
about 25 % to about 75 % , about 30 % to about 35 % , about 
30 % to about 40 % , about 30 % to about 45 % , about 30 % to 
about 50 % , about 30 % to about 55 % , about 30 % to about 
60 % , about 30 % to about 65 % , about 30 % to about 70 % , 
about 30 % to about 75 % , about 35 % to about 40 % , about 
35 % to about 45 % , about 35 % to about 50 % , about 35 % to 
about 55 % , about 35 % to about 60 % , about 35 % to about 
65 % , about 35 % to about 70 % , about 35 % to about 75 % , 
about 40 % to about 45 % , about 40 % to about 50 % , about 
40 % to about 55 % , about 40 % to about 60 % , about 40 % to 
about 65 % , about 40 % to about 70 % , about 40 % to about 
75 % , about 45 % to about 50 % , about 45 % to about 55 % , 
about 45 % to about 60 % , about 45 % to about 65 % , about 
45 % to about 70 % , about 45 % to about 75 % , about 50 % to 
about 55 % , about 50 % to about 60 % , about 50 % to about 
65 % , about 50 % to about 70 % , about 50 % to about 75 % , 
about 55 % to about 60 % , about 55 % to about 65 % , about 
55 % to about 70 % , about 55 % to about 75 % , about 60 % to 
about 65 % , about 60 % to about 70 % , about 60 % to about 
75 % , about 65 % to about 70 % , about 65 % to about 75 % , or 
about 70 % to about 75 % . In some embodiments , the per 
centage by weight of the resin in the conductive carbon 
based epoxy is about 25 % , about 30 % , about 35 % , about 
40 % , about 45 % , about 50 % , about 55 % , about 60 % , about 
65 % , about 70 % , or about 75 % . In some embodiments , the 
percentage by weight of the resin in the conductive carbon 
based epoxy is at least about 25 % , about 30 % , about 35 % , 
about 40 % , about 45 % , about 50 % , about 55 % , about 60 % , 
about 65 % , about 70 % , or about 75 % . In some embodi 
ments , the percentage by weight of the resin in the conduc 
tive carbon - based epoxy is at most about 25 % , about 30 % , 
about 35 % , about 40 % , about 45 % , about 50 % , about 55 % , 
about 60 % , about 65 % , about 70 % , or about 75 % . 
[ 0056 ] In some embodiments , the resin comprises a per 
centage by weight of the carbon - based material of about 
60 % to about 99 % . In some embodiments , the resin com 
prises a percentage by weight of the carbon - based material 
of at least about 60 % . In some embodiments , the resin 
comprises a percentage by weight of the carbon - based 
material of at most about 99 % . In some embodiments , the 
resin comprises a percentage by weight of the carbon - based 
material of about 60 % to about 65 % , about 60 % to about 
70 % , about 60 % to about 75 % , about 60 % to about 80 % , 
about 60 % to about 85 % , about 60 % to about 90 % , about 
60 % to about 95 % , about 60 % to about 96 % , about 60 % to 
about 97 % , about 60 % to about 98 % , about 60 % to about 
99 % , about 65 % to about 70 % , about 65 % to about 75 % , 
about 65 % to about 80 % , about 65 % to about 85 % , about 
65 % to about 90 % , about 65 % to about 95 % , about 65 % to 
about 96 % , about 65 % to about 97 % , about 65 % to about 
98 % , about 65 % to about 99 % , about 70 % to about 75 % , 
about 70 % to about 80 % , about 70 % to about 85 % , about 
70 % to about 90 % , about 70 % to about 95 % , about 70 % to 
about 96 % , about 70 % to about 97 % , about 70 % to about 
98 % , about 70 % to about 99 % , about 75 % to about 80 % , 
about 75 % to about 85 % , about 75 % to about 90 % , about 
75 % to about 95 % , about 75 % to about 96 % , about 75 % to 
about 97 % , about 75 % to about 98 % , about 75 % to about 
99 % , about 80 % to about 85 % , about 80 % to about 90 % , 

about 80 % to about 95 % , about 80 % to about 96 % , about 
80 % to about 97 % , about 80 % to about 98 % , about 80 % to 
about 99 % , about 85 % to about 90 % , about 85 % to about 
95 % , about 85 % to about 96 % , about 85 % to about 97 % , 
about 85 % to about 98 % , about 85 % to about 99 % , about 
90 % to about 95 % , about 90 % to about 96 % , about 90 % to 
about 97 % , about 90 % to about 98 % , about 90 % to about 
99 % , about 95 % to about 96 % , about 95 % to about 97 % , 
about 95 % to about 98 % , about 95 % to about 99 % , about 
96 % to about 97 % , about 96 % to about 98 % , about 96 % to 
about 99 % , about 97 % to about 98 % , about 97 % to about 
99 % , or about 98 % to about 99 % . In some embodiments , the 
resin comprises a percentage by weight of the carbon - based 
material of about 60 % , about 65 % , about 70 % , about 75 % , 
about 80 % , about 85 % , about 90 % , about 95 % , about 96 % , 
about 97 % , about 98 % , or about 99 % . In some embodi 
ments , the resin comprises a percentage by weight of the 
carbon - based material of at least about 60 % , about 65 % , 
about 70 % , about 75 % , about 80 % , about 85 % , about 90 % , 
about 95 % , about 96 % , about 97 % , about 98 % , or about 
99 % . In some embodiments , the resin comprises a percent 
age by weight of the carbon - based material of at most about 
60 % , about 65 % , about 70 % , about 75 % , about 80 % , about 
85 % , about 90 % , about 95 % , about 96 % , about 97 % , about 
98 % , or about 99 % . 

[ 0057 ] In some embodiments , the conductive carbon 
based epoxy is configured to cure at room temperature . In 
some embodiments , the conductive carbon - based epoxy has 
a curing time at room temperature of about 12 hours to about 
48 hours . In some embodiments , the conductive carbon 
based epoxy has a curing time at room temperature of at 
least about 12 hours . In some embodiments , the conductive 
carbon - based epoxy has a curing time at room temperature 
of at most about 48 hours . In some embodiments , the 
conductive carbon - based epoxy has a curing time at room 
temperature of about 12 hours to about 16 hours , about 12 
hours to about 20 hours , about 12 hours to about 24 hours , 
about 12 hours to about 28 hours , about 12 hours to about 
32 hours , about 12 hours to about 36 hours , about 12 hours 
to about 40 hours , about 12 hours to about 44 hours , about 
12 hours to about 48 hours , about 16 hours to about 20 
hours , about 16 hours to about 24 hours , about 16 hours to 
about 28 hours , about 16 hours to about 32 hours , about 16 
hours to about 36 hours , about 16 hours to about 40 hours , 
about 16 hours to about 44 hours , about 16 hours to about 
48 hours , about 20 hours to about 24 hours , about 20 hours 
to about 28 hours , about 20 hours to about 32 hours , about 
20 hours to about 36 hours , about 20 hours to about 40 
hours , about 20 hours to about 44 hours , about 20 hours to 
about 48 hours , about 24 hours to about 28 hours , about 24 
hours to about 32 hours , about 24 hours to about 36 hours , 
about 24 hours to about 40 hours , about 24 hours to about 
44 hours , about 24 hours to about 48 hours , about 28 hours 
to about 32 hours , about 28 hours to about 36 hours , about 
28 hours to about 40 hours , about 28 hours to about 44 
hours , about 28 hours to about 48 hours , about 32 hours to 
about 36 hours , about 32 hours to about 40 hours , about 32 
hours to about 44 hours , about 32 hours to about 48 hours , 
about 36 hours to about 40 hours , about 36 hours to about 
44 hours , about 36 hours to about 48 hours , about 40 hours 
to about 44 hours , about 40 hours to about 48 hours , or about 
44 hours to about 48 hours . In some embodiments , the 
conductive carbon - based epoxy has a curing time at room 
temperature of about 12 hours , about 16 hours , about 20 
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hours , about 24 hours , about 28 hours , about 32 hours , about 
36 hours , about 40 hours , about 44 hours , or about 48 hours . 
In some embodiments , the conductive carbon - based epoxy 
has a curing time at room temperature of at least about 12 
hours , about 16 hours , about 20 hours , about 24 hours , about 
28 hours , about 32 hours , about 36 hours , about 40 hours , 
about 44 hours , or about 48 hours . In some embodiments , 
the conductive carbon - based epoxy has a curing time at 
room temperature of at most about 12 hours , about 16 hours , 
about 20 hours , about 24 hours , about 28 hours , about 32 
hours , about 36 hours , about 40 hours , about 44 hours , or 
about 48 hours . 
[ 0058 ] In some embodiments , the conductive carbon 
based epoxy has a curing time at a temperature of 65° C . of 
about 10 minutes to about 40 minutes . In some embodi 
ments , the conductive carbon - based epoxy has a curing time 
at a temperature of 65° C . of at least about 10 minutes . In 
some embodiments , the conductive carbon - based epoxy has 
a curing time at a temperature of 65° C . of at most about 40 
minutes . In some embodiments , the conductive carbon 
based epoxy has a curing time at a temperature of 65° C . of 
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 10 minutes to 
about 35 minutes , about 10 minutes to about 40 minutes , 
about 15 minutes to about 20 minutes , about 15 minutes to 
about 25 minutes , about 15 minutes to about 30 minutes , 
about 15 minutes to about 35 minutes , about 15 minutes to 
about 40 minutes , about 20 minutes to about 25 minutes , 
about 20 minutes to about 30 minutes , about 20 minutes to 
about 35 minutes , about 20 minutes to about 40 minutes , 
about 25 minutes to about 30 minutes , about 25 minutes to 
about 35 minutes , about 25 minutes to about 40 minutes , 
about 30 minutes to about 35 minutes , about 30 minutes to 
about 40 minutes , or about 35 minutes to about 40 minutes . 
In some embodiments , the conductive carbon - based epoxy 
has a curing time at a temperature of 65° C . of about 10 
minutes , about 15 minutes , about 20 minutes , about 25 
minutes , about 30 minutes , about 35 minutes , or about 40 
minutes . In some embodiments , the conductive carbon 
based epoxy has a curing time at a temperature of 65° C . of 
at least about 10 minutes , about 15 minutes , about 20 
minutes , about 25 minutes , about 30 minutes , about 35 
minutes , or about 40 minutes . In some embodiments , the 
conductive carbon - based epoxy has a curing time at a 
temperature of 65° C . of at most about 10 minutes , about 15 
minutes , about 20 minutes , about 25 minutes , about 30 
minutes , about 35 minutes , or about 40 minutes . 
[ 0059 ] In some embodiments , the conductive carbon 
based epoxy has a working time of about 10 minutes to 
about 40 minutes . In some embodiments , the conductive 
carbon - based epoxy has a working time of at least about 10 
minutes . In some embodiments , the conductive carbon - 
based epoxy has a working time of at most about 40 minutes . 
In some embodiments , the conductive carbon - based epoxy 
has a working time of 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 10 minutes to about 35 minutes , about 10 minutes to 
about 40 minutes , about 15 minutes to about 20 minutes , 
about 15 minutes to about 25 minutes , about 15 minutes to 
about 30 minutes , about 15 minutes to about 35 minutes , 
about 15 minutes to about 40 minutes , about 20 minutes to 
about 25 minutes , about 20 minutes to about 30 minutes , 

about 20 minutes to about 35 minutes , about 20 minutes to 
about 40 minutes , about 25 minutes to about 30 minutes , 
about 25 minutes to about 35 minutes , about 25 minutes to 
about 40 minutes , about 30 minutes to about 35 minutes , 
about 30 minutes to about 40 minutes , or about 35 minutes 
to about 40 minutes . In some embodiments , the conductive 
carbon - based epoxy has a working time of about 10 minutes , 
about 15 minutes , about 20 minutes , about 25 minutes , about 
30 minutes , about 35 minutes , or about 40 minutes . In some 
embodiments , the conductive carbon - based epoxy has a 
working time of at least about 10 minutes , about 15 minutes , 
about 20 minutes , about 25 minutes , about 30 minutes , about 
35 minutes , or about 40 minutes . In some embodiments , the 
conductive carbon - based epoxy has a working time of at 
most about 10 minutes , about 15 minutes , about 20 minutes , 
about 25 minutes , about 30 minutes , about 35 minutes , or 
about 40 minutes . 

[ 0060 ] In some embodiments , the conductive carbon 
based epoxy has a sheet resistance of about 50 ohm / sq to 
about 300 ohm / sq . In some embodiments , the conductive 
carbon - based epoxy has a sheet resistance of at least about 
50 ohm / sq . In some embodiments , the conductive carbon 
based epoxy has a sheet resistance of at most about 300 
ohm / sq . In some embodiments , the conductive carbon - based 
epoxy has a sheet resistance of about 50 ohm / sq to about 75 
ohm / sq , about 50 ohm / sq to about 100 ohm / sq , about 50 
ohm / sq to about 125 ohm / sq , about 50 ohm / sq to about 150 
ohm / sq , about 50 ohm / sq to about 175 ohm / sq , about 50 
ohm / sq to about 200 ohm / sq , about 50 ohm / sq to about 225 
ohm / sq , about 50 ohm / sq to about 250 ohm / sq , about 50 
ohm / sq to about 275 ohm / sq , about 50 ohm / sq to about 300 
ohm / sq , about 75 ohm / sq to about 100 ohm / sq , about 75 
ohm / sq to about 125 ohm / sq , about 75 ohm / sq to about 150 
ohm / sq , about 75 ohm / sq to about 175 ohm / sq , about 75 
ohm / sq to about 200 ohm / sq , about 75 ohm / sq to about 225 
ohm / sq , about 75 ohm / sq to about 250 ohm / sq , about 75 
ohm / sq to about 275 ohm / sq , about 75 ohm / sq to about 300 
ohm / sq , about 100 ohm / sq to about 125 ohm / sq , about 100 
ohm / sq to about 150 ohm / sq , about 100 ohm / sq to about 175 
ohm / sq , about 100 ohm / sq to about 200 ohm / sq , about 100 
ohm / sq to about 225 ohm / sq , about 100 ohm / sq to about 250 
ohm / sq , about 100 ohm / sq to about 275 ohm / sq , about 100 
ohm / sq to about 300 ohm / sq , about 125 ohm / sq to about 150 
ohm / sq , about 125 ohm / sq to about 175 ohm / sq , about 125 
ohm / sq to about 200 ohm / sq , about 125 ohm / sq to about 225 
ohm / sq , about 125 ohm / sq to about 250 ohm / sq , about 125 
ohm / sq to about 275 ohm / sq , about 125 ohm / sq to about 300 
ohm / sq , about 150 ohm / sq to about 175 ohm / sq , about 150 
ohm / sq to about 200 ohm / sq , about 150 ohm / sq to about 225 
ohm / sq , about 150 ohm / sq to about 250 ohm / sq , about 150 
ohm / sq to about 275 ohm / sq , about 150 ohm / sq to about 300 
ohm / sq , about 175 ohm / sq to about 200 ohm / sq , about 175 
ohm / sq to about 225 ohm / sq , about 175 ohm / sq to about 250 
ohm / sq , about 175 ohm / sq to about 275 ohm / sq , about 175 
ohm / sq to about 300 ohm / sq , about 200 ohm / sq to about 225 
ohm / sq , about 200 ohm / sq to about 250 ohm / sq , about 200 
ohm / sq to about 275 ohm / sq , about 200 ohm / sq to about 300 
ohm / sq , about 225 ohm / sq to about 250 ohm / sq , about 225 
ohm / sq to about 275 ohm / sq , about 225 ohm / sq to about 300 
ohm / s , about 250 ohm / sq to about 275 ohm / sq , about 250 
ohm / sq to about 300 ohm / sq , or about 275 ohm / sq to about 
300 ohm / sq . In some embodiments , the conductive carbon 
based epoxy has a sheet resistance of about 50 ohm / sq , about 
75 ohm / sq , about 100 ohm / sq , about 125 ohm / sq , about 150 
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ohm / sq , about 175 ohm / sq , about 200 ohm / sq , about 225 
ohm / sq , about 250 ohm / sq , about 275 ohm / sq , or about 300 
ohm / sq . In some embodiments , the conductive carbon - based 
epoxy has a sheet resistance of at least about 50 ohm / sq , 
about 75 ohm / sq , about 100 ohm / sq , about 125 ohm / sq , 
about 150 ohm / sq , about 175 ohm / sq , about 200 ohm / sq , 
about 225 ohm / sq , about 250 ohm / sq , about 275 ohm / sq , or 
about 300 ohm / sq . In some embodiments , the conductive 
carbon - based epoxy has a sheet resistance of at most about 
50 ohm / sq , about 75 ohm / sq , about 100 ohm / sq , about 125 
ohm / sq , about 150 ohm / sq , about 175 ohm / sq , about 200 
ohm / sq , about 225 ohm / sq , about 250 ohm / sq , about 275 
ohm / sq , or about 300 ohm / sq . 
[ 0061 ] In some embodiments , the conductive carbon 
based epoxy has a sheet resistance of about 0 . 3 ohm / sq / mil 
to about 2 ohm / sq / mil . In some embodiments , the conduc 
tive carbon - based epoxy has a sheet resistance of at least 
about 0 . 3 ohm / sq / mil . In some embodiments , the conductive 
carbon - based epoxy has a sheet resistance of at most about 
2 ohm / sq / mil . In some embodiments , the conductive carbon 
based epoxy has a sheet resistance of about 0 . 3 ohm / sq / mil 
to about 0 . 6 ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 0 . 8 
ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 1 ohm / sq / mil , 
about 0 . 3 ohm / sq / mil to about 1 . 2 ohm / sq / mil , about 0 . 3 
ohm / sq / mil to about 1 . 4 ohm / sq / mil , about 0 . 3 ohm / sq / mil 
to about 1 . 6 ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 1 . 8 
ohm / sq / mil , about 0 . 3 ohm / sq / mil to about 2 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil to about 0 . 8 ohm / sq / mil , about 0 . 6 
ohm / sq / mil to about 1 ohm / sq / mil , about 0 . 6 ohm / sq / mil to 
about 1 . 2 ohm / sq / mil , about 0 . 6 ohm / sq / mil to about 1 . 4 
ohm / sq / mil , about 0 . 6 ohm / sq / mil to about 1 . 6 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 0 . 6 
ohm / sq / mil to about 2 ohm / sq / mil , about 0 . 8 ohm / sq / mil to 
about 1 ohm / sq / mil , about 0 . 8 ohm / sq / mil to about 1 . 2 
ohm / sq / mil , about 0 . 8 ohm / sq / mil to about 1 . 4 ohm / sq / mil , 
about 0 . 8 ohm / sq / mil to about 1 . 6 ohm / sq / mil , about 0 . 8 
ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 0 . 8 ohm / sq / mil 
to about 2 ohm / sq / mil , about 1 ohm / sq / mil to about 1 . 2 
ohm / sq / mil , about 1 ohm / sq / mil to about 1 . 4 ohm / sq / mil , 
about 1 ohm / sq / mil to about 1 . 6 ohm / sq / mil , about 1 ohm / 
sq / mil to about 1 . 8 ohm / sq / mil , about 1 ohm / sq / mil to about 
2 ohm / sq / mil , about 1 . 2 ohm / sq / mil to about 1 . 4 ohm / sq / mil , 
about 1 . 2 ohm / sq / mil to about 1 . 6 ohm / sq / mil , about 1 . 2 
ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 1 . 2 ohm / sq / mil 
to about 2 ohm / sq / mil , about 1 . 4 ohm / sq / mil to about 1 . 6 
ohm / sq / mil , about 1 . 4 ohm / sq / mil to about 1 . 8 ohm / sq / mil , 
about 1 . 4 ohm / sq / mil to about 2 ohm / sq / mil , about 1 . 6 
ohm / sq / mil to about 1 . 8 ohm / sq / mil , about 1 . 6 ohm / sq / mil 
to about 2 ohm / sq / mil , or about 1 . 8 ohm / sq / mil to about 2 
ohm / sq / mil . In some embodiments , the conductive carbon 
based epoxy has a sheet resistance of about 0 . 3 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil , about 0 . 8 ohm / sq / mil , about 1 ohm / 
sq / mil , about 1 . 2 ohm / sq / mil , about 1 . 4 ohm / sq / mil , about 
1 . 6 ohm / sq / mil , about 1 . 8 ohm / sq / mil , or about 2 ohm / sq / 
mil . In some embodiments , the conductive carbon - based 
epoxy has a sheet resistance of at least about 0 . 3 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil , about 0 . 8 ohm / sq / mil , about 1 ohm / 
sq / mil , about 1 . 2 ohm / sq / mil , about 1 . 4 ohm / sq / mil , about 
1 . 6 ohm / sq / mil , about 1 . 8 ohm / sq / mil , or about 2 ohm / sq / 
mil . In some embodiments , the conductive carbon - based 
epoxy has a sheet resistance of at most about 0 . 3 ohm / sq / mil , 
about 0 . 6 ohm / sq / mil , about 0 . 8 ohm / sq / mil , about 1 ohm / 

sq / mil , about 1 . 2 ohm / sq / mil , about 1 . 4 ohm / sq / mil , about 
1 . 6 ohm / sq / mil , about 1 . 8 ohm / sq / mil , or about 2 ohm / sq / 
mil . 
[ 0062 ] In some embodiments , the conductive carbon 
based epoxy has a conductivity of about 0 . 15 S / m to about 
60 S / m . In some embodiments , the conductive carbon - based 
epoxy has a conductivity of at least about 0 . 15 S / m . In some 
embodiments , the conductive carbon - based epoxy has a 
conductivity of at most about 60 S / m . In some embodiments , 
the conductive carbon - based epoxy has a conductivity of 
about 0 . 15 S / m to about 0 . 3 S / m , about 0 . 15 S / m to about 0 . 5 
S / m , about 0 . 15 S / m to about 1 S / m , about 0 . 15 S / m to about 
2 S / m , about 0 . 15 S / m to about 5 S / m , about 0 . 15 S / m to 
about 10 S / m , about 0 . 15 S / m to about 20 S / m , about 0 . 15 
S / m to about 30 S / m , about 0 . 15 S / m to about 40 S / m , about 
0 . 15 S / m to about 50 S / m , about 0 . 15 S / m to about 60 S / m , 
about 0 . 3 S / m to about 0 . 5 S / m , about 0 . 3 S / m to about 1 
S / m , about 0 . 3 S / m to about 2 S / m , about 0 . 3 S / m to about 
5 S / m , about 0 . 3 S / m to about 10 S / m , about 0 . 3 S / m to about 
20 S / m , about 0 . 3 S / m to about 30 S / m , about 0 . 3 S / m to 
about 40 S / m , about 0 . 3 S / m to about 50 S / m , about 0 . 3 S / m 
to about 60 S / m , about 0 . 5 S / m to about 1 S / m , about 0 . 5 S / m 
to about 2 S / m , about 0 . 5 S / m to about 5 S / m , about 0 . 5 S / m 
to about 10 S / m , about 0 . 5 S / m to about 20 S / m , about 0 . 5 
S / m to about 30 S / m , about 0 . 5 S / m to about 40 S / m , about 
0 . 5 S / m to about 50 S / m , about 0 . 5 S / m to about 60 S / m , 
about 1 S / m to about 2 S / m , about 1 S / m to about 5 S / m , 
about 1 S / m to about 10 S / m , about 1 S / m to about 20 S / m , 
about 1 S / m to about 30 S / m , about 1 S / m to about 40 S / m , 
about 1 S / m to about 50 S / m , about 1 S / m to about 60 S / m , 
about 2 S / m to about 5 S / m , about 2 S / m to about 10 S / m , 
about 2 S / m to about 20 S / m , about 2 S / m to about 30 S / m , 
about 2 S / m to about 40 S / m , about 2 S / m to about 50 S / m , 
about 2 S / m to about 60 S / m , about 5 S / m to about 10 S / m , 
about 5 S / m to about 20 S / m , about 5 S / m to about 30 S / m , 
about 5 S / m to about 40 S / m , about 5 S / m to about 50 S / m , 
about 5 S / m to about 60 S / m , about 10 S / m to about 20 S / m , 
about 10 S / m to about 30 S / m , about 10 S / m to about 40 S / m , 
about 10 S / m to about 50 S / m , about 10 S / m to about 60 S / m , 
about 20 S / m to about 30 S / m , about 20 S / m to about 40 S / m , 
about 20 S / m to about 50 S / m , about 20 S / m to about 60 S / m , 
about 30 S / m to about 40 S / m , about 30 S / m to about 50 S / m , 
about 30 S / m to about 60 S / m , about 40 S / m to about 50 S / m , 
about 40 S / m to about 60 S / m , or about 50 S / m to about 60 
S / m . In some embodiments , the conductive carbon - based 
epoxy has a conductivity of about 0 . 15 S / m , about 0 . 3 S / m , 
about 0 . 5 S / m , about 1 S / m , about 2 S / m , about 5 S / m , about 
10 S / m , about 20 S / m , about 30 S / m , about 40 S / m , about 50 
S / m , or about 60 S / m . In some embodiments , the conductive 
carbon - based epoxy has a conductivity of at least about 0 . 15 
S / m , about 0 . 3 S / m , about 0 . 5 S / m , about 1 S / m , about 2 
S / m , about 5 S / m , about 10 S / m , about 20 S / m , about 30 
S / m , about 40 S / m , about 50 S / m , or about 60 S / m . In some 
embodiments , the conductive carbon - based epoxy has a 
conductivity of at most about 0 . 15 S / m , about 0 . 3 S / m , about 
0 . 5 S / m , about 1 S / m , about 2 S / m , about 5 S / m , about 10 
S / m , about 20 S / m , about 30 S / m , about 40 S / m , about 50 
S / m , or about 60 S / m . 
[ 0063 ] In some embodiments , the conductive carbon 
based epoxy has a sheet resistance which differs when the 
conductive carbon - based epoxy is bent at a convex angle of 
at most 180 degrees , by at most about 0 . 5 % , 0 . 4 % , 0 . 3 % , or 
0 . 2 % . 
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[ 0064 ] In some embodiments , the conductive carbon - 
based epoxy has a sheet resistance which differs when the 
conductive carbon - based epoxy is bent at a concave angle of 
at most 180 degrees of at most about 0 . 5 % , 0 . 4 % , 0 . 3 % , 
0 . 2 % , 0 . 15 % , or 0 . 1 % . 
[ 0065 ] In some embodiments , the conductive carbon 
based epoxy has a sheet resistance which differs when the 
conductive carbon - based epoxy is stretched under 20 % 
strain by at most about 5 % , 4 % , 3 , % , 2 % , or 1 % . 
[ 0066 ] In some embodiments , the conductive carbon 
based epoxy has a sheet resistance which differs when the 
conductive carbon - based epoxy is stretched under 50 % 
strain by at most about 20 % , 17 % , 15 % , 12 % , or 10 % . 
[ 0067 ] In some embodiments , the conductive carbon 
based epoxy further comprises a pigment , a colorant , a dye , 
or any combination thereof . In some embodiments , the 
conductive carbon - based epoxy comprises at least one , at 
least two , at least three , at least four , or at least five 
colorants , dyes , pigments , or a combination thereof . In some 
embodiments , the pigment comprises a metal - based or 
metallic pigment . In some embodiments , the metallic pig 
ment is a gold , silver , titanium , aluminum , tin , zinc , mercury , 
manganese , lead , iron , iron oxide , copper , cobalt , cadmium , 
chromium , arsenic , bismuth , antimony , or barium pigment . 
In some embodiments , the colorant comprises at least one 
metallic pigment . In some embodiments , the colorant com 
prises a silver metallic colorant . In some embodiments , the 
silver metallic colorant comprises silver nanoparticles , silver 
nanorods , silver nanowires , silver nanoflowers , silver nano 
fibers , silver nanoplatelets , silver nanoribbons , silver nano 
cubes , silver bipyramids , or a combination thereof . 
[ 0068 ] In some embodiments , a colorant is selected from 
a pigment and / or dye that is red , yellow , magenta , green , 
cyan , violet , black , or brown , or a combination thereof . In 
some embodiments , a pigment is blue , brown , cyan , green , 
violet , magenta , red , yellow , or a combination thereof . In 
some embodiments , a dye is blue , brown , cyan , green , 
violet , magenta , red , yellow , or a combination thereof . 
100691 In some embodiments , a yellow colorant includes 
Pigment Yellow 1 , 2 , 3 , 4 , 5 , 6 , 7 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 
17 , 23 , 65 , 74 , 83 , 93 , 110 , 128 , 151 , 155 , or a combination 
thereof . In some embodiments , a black colorant includes 
Color Black 5170 , Color Black 5150 , Color Black FW1 , 
Color Black FW18 , Acid Black 1 , 11 , 52 , 172 , 194 , 210 , 234 , 
or a combination thereof . In some embodiments , a red or 
magenta colorant includes Pigment Red 1 - 10 , 12 , 18 , 21 , 23 , 
37 , 38 , 39 , 40 , 41 , 48 , 90 , 112 , 122 , or a combination thereof . 
In some embodiments , a cyan or violet colorant includes 
Pigment Blue 15 , 17 , 22 , Pigment Violet 1 , 2 , 3 , 5 , 19 , 23 , 
or a combination thereof . In some embodiments , an orange 
colorant includes Pigment Orange 48 and / or 49 . In some 
embodiments , a violet colorant includes Pigment Violet 19 
and / or 42 . 
[ 0070 ] Another aspect provided herein is a method of 
forming a conductive carbon - based glue comprising form 
ing a carbon - based material and adding an adhesive agent to 
the carbon - based material . 
[ 0071 ] In some embodiments , the carbon - based material 
comprises graphene , graphite powder , natural graphite , syn 
thetic graphite , expanded graphite , carbon black , Timcal 
carbon super C45 , Timcal carbon super C65 , cabot carbon , 
carbon super P , acetylene black , furnace black , carbon 
nanotubes , vapor - grown carbon fibers , graphene oxide , or 
any combination thereof . 

( 0072 ] In some embodiments , the carbon - based material 
comprises a percentage by weight of the adhesive agent of 
about 60 % to about 99 . 9 % . In some embodiments , the 
carbon - based material comprises a percentage by weight of 
the adhesive agent of at least about 60 % . In some embodi 
ments , the carbon - based material comprises a percentage by 
weight of the adhesive agent of at most about 99 . 9 % . In 
some embodiments , the carbon - based material comprises a 
percentage by weight of the adhesive agent of about 60 % to 
about 65 % , about 60 % to about 70 % , about 60 % to about 
75 % , about 60 % to about 80 % , about 60 % to about 85 % , 
about 60 % to about 90 % , about 60 % to about 95 % , about 
60 % to about 96 % , about 60 % to about 97 % , about 60 % to 
about 99 % , about 60 % to about 99 . 9 % , about 65 % to about 
70 % , about 65 % to about 75 % , about 65 % to about 80 % , 
about 65 % to about 85 % , about 65 % to about 90 % , about 
65 % to about 95 % , about 65 % to about 96 % , about 65 % to 
about 97 % , about 65 % to about 99 % , about 65 % to about 
99 . 9 % , about 70 % to about 75 % , about 70 % to about 80 % , 
about 70 % to about 85 % , about 70 % to about 90 % , about 
70 % to about 95 % , about 70 % to about 96 % , about 70 % to 
about 97 % , about 70 % to about 99 % , about 70 % to about 
99 . 9 % , about 75 % to about 80 % , about 75 % to about 85 % , 
about 75 % to about 90 % , about 75 % to about 95 % , about 
75 % to about 96 % , about 75 % to about 97 % , about 75 % to 
about 99 % , about 75 % to about 99 . 9 % , about 80 % to about 
85 % , about 80 % to about 90 % , about 80 % to about 95 % , 
about 80 % to about 96 % , about 80 % to about 97 % , about 
80 % to about 99 % , about 80 % to about 99 . 9 % , about 85 % 
to about 90 % , about 85 % to about 95 % , about 85 % to about 
96 % , about 85 % to about 97 % , about 85 % to about 99 % , 
about 85 % to about 99 . 9 % , about 90 % to about 95 % , about 
90 % to about 96 % , about 90 % to about 97 % , about 90 % to 
about 99 % , about 90 % to about 99 . 9 % , about 95 % to about 
96 % , about 95 % to about 97 % , about 95 % to about 99 % , 
about 95 % to about 99 . 9 % , about 96 % to about 97 % , about 
96 % to about 99 % , about 96 % to about 99 . 9 % , about 97 % 
to about 99 % , about 97 % to about 99 . 9 % , or about 99 % to 
about 99 . 9 % . In some embodiments , the carbon - based mate 
rial comprises a percentage by weight of the adhesive agent 
of about 60 % , about 65 % , about 70 % , about 75 % , about 
80 % , about 85 % , about 90 % , about 95 % , about 96 % , about 
97 % , about 99 % , or about 99 . 9 % . In some embodiments , the 
carbon - based material comprises a percentage by weight of 
the adhesive agent of at least about 60 % , about 65 % , about 
70 % , about 75 % , about 80 % , about 85 % , about 90 % , about 
95 % , about 96 % , about 97 % , about 99 % , or about 99 . 9 % . In 
some embodiments , the carbon - based material comprises a 
percentage by weight of the adhesive agent of at most about 
60 % , about 65 % , about 70 % , about 75 % , about 80 % , about 
85 % , about 90 % , about 95 % , about 96 % , about 97 % , about 
99 % , or about 99 . 9 % . 
[ 0073 ] In some embodiments , the carbon - based material 
comprises graphene , wherein a percentage by weight of the 
graphene in the carbon - based material is about 0 . 1 % to 
about 10 % . In some embodiments , the carbon - based mate 
rial comprises graphene , wherein a percentage by weight of 
the graphene in the carbon - based material is at least about 
0 . 1 % . In some embodiments , the carbon - based material 
comprises graphene , wherein a percentage by weight of the 
graphene in the carbon - based material is at most about 10 % . 
In some embodiments , the carbon - based material comprises 
graphene , wherein a percentage by weight of the graphene 
in the carbon - based material is about 0 . 1 % to about 0 . 2 % , 
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about 0 . 1 % to about 0 . 5 % , about 0 . 1 % to about 1 % , about 
0 . 1 % to about 2 % , about 0 . 1 % to about 3 % , about 0 . 1 % to 
about 4 % , about 0 . 1 % to about 5 % , about 0 . 1 % to about 6 % , 
about 0 . 1 % to about 7 % , about 0 . 1 % to about 8 % , about 
0 . 1 % to about 10 % , about 0 . 2 % to about 0 . 5 % , about 0 . 2 % 
to about 1 % , about 0 . 2 % to about 2 % , about 0 . 2 % to about 
3 % , about 0 . 2 % to about 4 % , about 0 . 2 % to about 5 % , about 
0 . 2 % to about 6 % , about 0 . 2 % to about 7 % , about 0 . 2 % to 
about 8 % , about 0 . 2 % to about 10 % , 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 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 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 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 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 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 10 % , about 6 % to about 7 % , about 6 % to 
about 8 % , about 6 % to about 10 % , about 7 % to about 8 % , 
about 7 % to about 10 % , or about 8 % to about 10 % . In some 
embodiments , the carbon - based material comprises gra 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is about 0 . 1 % , about 0 . 2 % , about 
0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , or about 10 % . In some 
embodiments , the carbon - based material comprises gra 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is at least about 0 . 1 % , about 0 . 2 % , 
about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 
5 % , about 6 % , about 7 % , about 8 % , or about 10 % . In some 
embodiments , the carbon - based material comprises gra - 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is at most about 0 . 1 % , about 
0 . 2 % , about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 
4 % , about 5 % , about 6 % , about 7 % , about 8 % , or about 
10 % . 
[ 0074 ] In some embodiments , the carbon - based material 
comprises graphite powder , wherein a percentage by weight 
of the graphite powder in the carbon - based material is about 
1 % to about 40 % . In some embodiments , the carbon - based 
material comprises graphite powder , wherein a percentage 
by weight of the graphite powder in the carbon - based 
material is at least about 1 % . In some embodiments , the 
carbon - based material comprises graphite powder , wherein 
a percentage by weight of the graphite powder in the 
carbon - based material is at most about 40 % . In some 
embodiments , the carbon - based material comprises graphite 
powder , wherein a percentage by weight of the graphite 
powder in the carbon - based material is about 1 % to about 
2 % , about 1 % to about 5 % , about 1 % to about 10 % , about 
1 % to about 15 % , about 1 % to about 20 % , about 1 % to about 
25 % , about 1 % to about 30 % , about 1 % to about 35 % , about 
1 % to about 40 % , about 2 % to about 5 % , about 2 % to about 
10 % , about 2 % to about 15 % , about 2 % to about 20 % , about 
2 % to about 25 % , about 2 % to about 30 % , about 2 % to about 
35 % , about 2 % to about 40 % , about 5 % to about 10 % , about 
5 % to about 15 % , about 5 % to about 20 % , about 5 % to about 

25 % , about 5 % to about 30 % , about 5 % to about 35 % , about 
5 % to about 40 % , about 10 % to about 15 % , about 10 % to 
about 20 % , about 10 % to about 25 % , about 10 % to about 
30 % , about 10 % to about 35 % , about 10 % to about 40 % , 
about 15 % to about 20 % , about 15 % to about 25 % , about 
15 % to about 30 % , about 15 % to about 35 % , about 15 % to 
about 40 % , about 20 % to about 25 % , about 20 % to about 
30 % , about 20 % to about 35 % , about 20 % to about 40 % , 
about 25 % to about 30 % , about 25 % to about 35 % , about 
25 % to about 40 % , about 30 % to about 35 % , about 30 % to 
about 40 % , or about 35 % to about 40 % . In some embodi 
ments , the carbon - based material comprises graphite pow 
der , wherein a percentage by weight of the graphite powder 
in the carbon - based material is about 1 % , about 2 % , about 
5 % , about 10 % , about 15 % , about 20 % , about 25 % , about 
30 % , about 35 % , or about 40 % . In some embodiments , the 
carbon - based material comprises graphite powder , wherein 
a percentage by weight of the graphite powder in the 
carbon - based material is at least about 1 % , about 2 % , about 
5 % , about 10 % , about 15 % , about 20 % , about 25 % , about 
30 % , about 35 % , or about 40 % . In some embodiments , the 
carbon - based material comprises graphite powder , wherein 
a percentage by weight of the graphite powder in the 
carbon - based material is at most about 1 % , about 2 % , about 
5 % , about 10 % , about 15 % , about 20 % , about 25 % , about 
30 % , about 35 % , or about 40 % . 
[ 0075 ] In some embodiments , the adhesive agent com 
prises carpenter ' s glue , wood glue , cyanoacrylate , contact 
cement , latex , library paste , mucilage , methyl cellulose , 
resorcinol resin , starch , butanone , dichloromethane acrylic , 
ethylene - vinyl , phenol formaldehyde resin , polyamide , 
polyester , polyethylene , polypropylene , polysulfide , poly 
urethane , polyvinyl acetate , aliphatic , polyvinyl alcohol , 
polyvinyl chloride , polyvinyl chloride emulsion , silicone , 
styrene acrylic , epichlorohydrin , an epoxide , or any combi 
nation thereof . Some embodiments further comprise adding 
a conductive filler to the carbon - based material and the 
adhesive agent . In some embodiments , the conductive filler 
comprises silver . 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 . Some embodiments further comprise 
adding a thinner to the carbon - based material and the 
adhesive agent . In some embodiments , the thinner comprises 
butyl acetate , lacquer thinner , acetone , petroleum naphtha , 
mineral spirits , xylene , or any combination thereof . 
[ 0076 ] Another aspect provided herein is a method of 
forming a conductive carbon - based epoxy comprising form 
ing a resin comprising a carbon - based material and an 
adhesive agent and adding a hardener to the resin . 
[ 0077 ] In some embodiments , the carbon - based material 
comprises graphene , graphite powder , natural graphite , syn 
thetic graphite , expanded graphite , carbon black , Timcal 
carbon super C45 , Timcal carbon super C65 , cabot carbon , 
carbon super P , acetylene black , furnace black , carbon 
nanotubes , vapor - grown carbon fibers , graphene oxide , or 
any combination thereof . 
[ 0078 ] In some embodiments , the carbon - based material 
comprises a percentage by weight of the resin of about 60 % 
to about 99 . 9 % . In some embodiments , the carbon - based 
material comprises a percentage by weight of the resin of at 
least about 60 % . In some embodiments , the carbon - based 
material comprises a percentage by weight of the resin of at 
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most about 99 . 9 % . In some embodiments , the carbon - based 
material comprises a percentage by weight of the resin of 
about 60 % to about 65 % , about 60 % to about 70 % , about 
60 % to about 75 % , about 60 % to about 80 % , about 60 % to 
about 85 % , about 60 % to about 90 % , about 60 % to about 
95 % , about 60 % to about 96 % , about 60 % to about 97 % , 
about 60 % to about 99 % , about 60 % to about 99 . 9 % , about 
65 % to about 70 % , about 65 % to about 75 % , about 65 % to 
about 80 % , about 65 % to about 85 % , about 65 % to about 
90 % , about 65 % to about 95 % , about 65 % to about 96 % , 
about 65 % to about 97 % , about 65 % to about 99 % , about 
65 % to about 99 . 9 % , about 70 % to about 75 % , about 70 % 
to about 80 % , about 70 % to about 85 % , about 70 % to about 
90 % , about 70 % to about 95 % , about 70 % to about 96 % , 
about 70 % to about 97 % , about 70 % to about 99 % , about 
70 % to about 99 . 9 % , about 75 % to about 80 % , about 75 % 
to about 85 % , about 75 % to about 90 % , about 75 % to about 
95 % , about 75 % to about 96 % , about 75 % to about 97 % , 
about 75 % to about 99 % , about 75 % to about 99 . 9 % , about 
80 % to about 85 % , about 80 % to about 90 % , about 80 % to 
about 95 % , about 80 % to about 96 % , about 80 % to about 
97 % , about 80 % to about 99 % , about 80 % to about 99 . 9 % , 
about 85 % to about 90 % , about 85 % to about 95 % , about 
85 % to about 96 % , about 85 % to about 97 % , about 85 % to 
about 99 % , about 85 % to about 99 . 9 % , about 90 % to about 
95 % , about 90 % to about 96 % , about 90 % to about 97 % , 
about 90 % to about 99 % , about 90 % to about 99 . 9 % , about 
95 % to about 96 % , about 95 % to about 97 % , about 95 % to 
about 99 % , about 95 % to about 99 . 9 % , about 96 % to about 
97 % , about 96 % to about 99 % , about 96 % to about 99 . 9 % , 
about 97 % to about 99 % , about 97 % to about 99 . 9 % , or 
about 99 % to about 99 . 9 % . In some embodiments , the 
carbon - based material comprises a percentage by weight of 
the resin of about 60 % , about 65 % , about 70 % , about 75 % , 
about 80 % , about 85 % , about 90 % , about 95 % , about 96 % , 
about 97 % , about 99 % , or about 99 . 9 % . In some embodi 
ments , the carbon - based material comprises a percentage by 
weight of the resin of at least about 60 % , about 65 % , about 
70 % , about 75 % , about 80 % , about 85 % , about 90 % , about 
95 % , about 96 % , about 97 % , about 99 % , or about 99 . 9 % . In 
some embodiments , the carbon - based material comprises a 
percentage by weight of the resin of at most about 60 % , 
about 65 % , about 70 % , about 75 % , about 80 % , about 85 % , 
about 90 % , about 95 % , about 96 % , about 97 % , about 99 % , 
or about 99 . 9 % . 
[ 0079 ] In some embodiments , the carbon - based material 
comprises graphene , wherein a percentage by weight of the 
graphene in the carbon - based material is about 0 . 1 % to 
about 10 % . In some embodiments , the carbon - based mate 
rial comprises graphene , wherein a percentage by weight of 
the graphene in the carbon - based material is at least about 
0 . 1 % . In some embodiments , the carbon - based material 
comprises graphene , wherein a percentage by weight of the 
graphene in the carbon - based material is at most about 10 % . 
In some embodiments , the carbon - based material comprises 
graphene , wherein a percentage by weight of the graphene 
in the carbon - based material 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 2 % , about 0 . 1 % to about 3 % , about 0 . 1 % to 
about 4 % , about 0 . 1 % to about 5 % , about 0 . 1 % to about 6 % , 
about 0 . 1 % to about 7 % , about 0 . 1 % to about 8 % , about 
0 . 1 % to about 10 % , about 0 . 2 % to about 0 . 5 % , about 0 . 2 % 
to about 1 % , about 0 . 2 % to about 2 % , about 0 . 2 % to about 
3 % , about 0 . 2 % to about 4 % , about 0 . 2 % to about 5 % , about 

0 . 2 % to about 6 % , about 0 . 2 % to about 7 % , about 0 . 2 % to 
about 8 % , about 0 . 2 % to about 10 % , 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 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 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 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 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 10 % , about 5 % to 
about 6 % , about 5 % to about 7 % , about 5 % to about 8 % , 
about 5 % to about 10 % , about 6 % to about 7 % , about 6 % to 
about 8 % , about 6 % to about 10 % , about 7 % to about 8 % , 
about 7 % to about 10 % , or about 8 % to about 10 % . In some 
embodiments , the carbon - based material comprises gra 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is about 0 . 1 % , about 0 . 2 % , about 
0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 5 % , 
about 6 % , about 7 % , about 8 % , or about 10 % . In some 
embodiments , the carbon - based material comprises gra 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is at least about 0 . 1 % , about 0 . 2 % , 
about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 4 % , about 
5 % , about 6 % , about 7 % , about 8 % , or about 10 % . In some 
embodiments , the carbon - based material comprises gra 
phene , wherein a percentage by weight of the graphene in 
the carbon - based material is at most about 0 . 1 % , about 
0 . 2 % , about 0 . 5 % , about 1 % , about 2 % , about 3 % , about 
4 % , about 5 % , about 6 % , about 7 % , about 8 % , or about 
10 % . 

[ 0080 ] In some embodiments , the carbon - based material 
comprises graphite powder , wherein a percentage by weight 
of the graphite powder in the carbon - based material is about 
1 % to about 40 % . In some embodiments , the carbon - based 
material comprises graphite powder , wherein a percentage 
by weight of the graphite powder in the carbon - based 
material is at least about 1 % . In some embodiments , the 
carbon - based material comprises graphite powder , wherein 
a percentage by weight of the graphite powder in the 
carbon - based material is at most about 40 % . In some 
embodiments , the carbon - based material comprises graphite 
powder , wherein a percentage by weight of the graphite 
powder in the carbon - based material is about 1 % to about 
2 % , about 1 % to about 5 % , about 1 % to about 10 % , about 
1 % to about 15 % , about 1 % to about 20 % , about 1 % to about 
25 % , about 1 % to about 30 % , about 1 % to about 35 % , about 
1 % to about 40 % , about 2 % to about 5 % , about 2 % to about 
10 % , about 2 % to about 15 % , about 2 % to about 20 % , about 
2 % to about 25 % , about 2 % to about 30 % , about 2 % to about 
35 % , about 2 % to about 40 % , about 5 % to about 10 % , about 
5 % to about 15 % , about 5 % to about 20 % , about 5 % to about 
25 % , about 5 % to about 30 % , about 5 % to about 35 % , about 
5 % to about 40 % , about 10 % to about 15 % , about 10 % to 
about 20 % , about 10 % to about 25 % , about 10 % to about 
30 % , about 10 % to about 35 % , about 10 % to about 40 % , 
about 15 % to about 20 % , about 15 % to about 25 % , about 
15 % to about 30 % , about 15 % to about 35 % , about 15 % to 
about 40 % , about 20 % to about 25 % , about 20 % to about 



US 2019 / 0169472 A1 Jun . 6 , 2019 
21 

30 % , about 20 % to about 35 % , about 20 % to about 40 % , 
about 25 % to about 30 % , about 25 % to about 35 % , about 
25 % to about 40 % , about 30 % to about 35 % , about 30 % to 
about 40 % , or about 35 % to about 40 % . In some embodi 
ments , the carbon - based material comprises graphite pow 
der , wherein a percentage by weight of the graphite powder 
in the carbon - based material is about 1 % , about 2 % , about 
5 % , about 10 % , about 15 % , about 20 % , about 25 % , about 
30 % , about 35 % , or about 40 % . In some embodiments , the 
carbon - based material comprises graphite powder , wherein 
a percentage by weight of the graphite powder in the 
carbon - based material is at least about 1 % , about 2 % , about 
5 % , about 10 % , about 15 % , about 20 % , about 25 % , about 
30 % , about 35 % , or about 40 % . In some embodiments , the 
carbon - based material comprises graphite powder , wherein 
a percentage by weight of the graphite powder in the 
carbon - based material is at most about 1 % , about 2 % , about 
5 % , about 10 % , about 15 % , about 20 % , about 25 % , about 
30 % , about 35 % , or about 40 % . 
[ 0081 ] In some embodiments , the adhesive agent com 
prises carpenter ' s glue , wood glue , cyanoacrylate , contact 
cement , latex , library paste , mucilage , methyl cellulose , 
resorcinol resin , starch , butanone , dichloromethane acrylic , 
ethylene - vinyl , phenol formaldehyde resin , polyamide , 
polyester , polyethylene , polypropylene , polysulfide , poly 
urethane , polyvinyl acetate , aliphatic , polyvinyl alcohol , 
polyvinyl chloride , polyvinyl chloride emulsion , silicone , 
styrene acrylic , epichlorohydrin , an epoxide , or any combi 
nation thereof . Some embodiments further comprise adding 
a conductive filler to the resin and the hardener . In some 
embodiments , the conductive filler comprises silver . In some 
embodiments , the silver comprises silver nanoparticles , sil 
ver nanorods , silver nanowires , silver nanoflowers , silver 
nanofibers , silver nanoplatelets , silver nanoribbons , silver 
nanocubes , silver bipyramids , or any combination thereof . 
Some embodiments further comprise adding a thinner to the 
resin and the hardener . In some embodiments , the thinner 
comprises butyl acetate , lacquer thinner , acetone , petroleum 
naphtha , mineral spirits , xylene , or any combination thereof . 
[ 0082 ] In some embodiments , the method of forming a 
conductive carbon - based epoxy further comprises adding a 
pigment , a colorant , a dye , or any combination thereof . In 
some embodiments , the method of forming a conductive 
carbon - based epoxy further comprises adding at least one , at 
least two , at least three , at least four , or at least five 
colorants , dyes , pigments , or a combination thereof . In some 
embodiments , the pigment comprises a metal - based or 
metallic pigment . In some embodiments , the metallic pig 
ment is a gold , silver , titanium , aluminum , tin , zinc , mercury , 
manganese , lead , iron , iron oxide , copper , cobalt , cadmium , 
chromium , arsenic , bismuth , antimony , or barium pigment . 
In some embodiments , the colorant comprises at least one 
metallic pigment . In some embodiments , the colorant com 
prises a silver metallic colorant . In some embodiments , the 
silver metallic colorant comprises silver nanoparticles , silver 
nanorods , silver nanowires , silver nanoflowers , silver nano 
fibers , silver nanoplatelets , silver nanoribbons , silver nano 
cubes , silver bipyramids , or a combination thereof . 

[ 0083 ] In some embodiments , a colorant is selected from 
a pigment and / or dye that is red , yellow , magenta , green , 
cyan , violet , black , or brown , or a combination thereof . In 
some embodiments , a pigment is blue , brown , cyan , green , 
violet , magenta , red , yellow , or a combination thereof . In 

some embodiments , a dye is blue , brown , cyan , green , 
violet , magenta , red , yellow , or a combination thereof . 
[ 0084 ] In some embodiments , a yellow colorant includes 
Pigment Yellow 1 , 2 , 3 , 4 , 5 , 6 , 7 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 
17 , 23 , 65 , 74 , 83 , 93 , 110 , 128 , 151 , 155 , or a combination 
thereof . In some embodiments , a black colorant includes 
Color Black S170 , Color Black S150 , Color Black FW1 , 
Color Black FW18 , Acid Black 1 , 11 , 52 , 172 , 194 , 210 , 234 , 
or a combination thereof . In some embodiments , a red or 
magenta colorant includes Pigment Red 1 - 10 , 12 , 18 , 21 , 23 , 
37 , 38 , 39 , 40 , 41 , 48 , 90 , 112 , 122 , or a combination thereof . 
In some embodiments , a cyan or violet colorant includes 
Pigment Blue 15 , 17 , 22 , Pigment Violet 1 , 2 , 3 , 5 , 19 , 23 , 
or a combination thereof . In some embodiments , an orange 
colorant includes Pigment Orange 48 and / or 49 . In some 
embodiments , a violet colorant includes Pigment Violet 19 
and / or 42 . 
[ 0085 ] Another aspect provided herein is a method of 
forming silver nanowires comprising : heating a solvent ; 
adding a catalyst solution and a polymer solution to the 
glycol 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 . 
[ 0086 ] In some embodiments , the solvent comprises a 
glycol . In some embodiments the glycol comprises ethylene 
glycol , polyethylene glycol 200 , polyethylene glycol 400 , 
propylene glycol , or any combination thereof . 
[ 0087 ] In some embodiments , the solvent comprises a 
polymer solution . In some embodiments , the polymer solu 
tion comprises a polymer comprising polyvinyl pyrrolidone , 
sodium dodecyl sulfonate , vitamin B2 , poly ( vinyl alcohol ) , 
dextrin , poly ( methyl vinyl ether ) , or any combination 
thereof . 
10088 ] . In some embodiments , the polymer has a molecular 
weight of about 10 , 000 to about 40 , 000 . In some embodi 
ments , the polymer has a molecular weight of at least about 
10 , 000 . In some embodiments , the polymer has a molecular 
weight of at most about 40 , 000 . 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 
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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 . 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 . 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 . 
In some embodiments , the polymer has a molecular weight 
of at most 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 . 
[ 0089 ] In some embodiments , the polymer solution has a 
concentration of about 0 . 075 M to about 0 . 25 M . In some 
embodiments , the polymer solution has a concentration of at 
least about 0 . 075 M . In some embodiments , the polymer 
solution has a concentration of at most about 0 . 25 M . In 
some embodiments , the polymer solution has a concentra 
tion 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 . 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 . In some embodiments , 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 . In some 
embodiments , the polymer solution has a concentration of at 
most 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 . 
10090 ] In some embodiments , the solvent is heated to a 
temperature of about 75° C . to about 300° C . In some 
embodiments , the solvent is heated to a temperature of at 
least about 75° C . In some embodiments , the solvent is 
heated to a temperature of at most about 300° C . In some 
embodiments , the solvent is heated to a temperature of about 
75° C . to about 100° C . , about 75° C . to about 125° C . , about 
75° C . to about 150° C . , about 75° C . to about 175° C . , about 
75° C . to about 200° C . , about 75º C . to about 225° C . , about 
75° C . to about 250° C . , about 75° C . to about 275° C . , about 
75° C . to about 300° C . , about 100° C . to about 125° C . , 
about 100° C . to about 150° C . , about 100° C . to about 1750 
C . , about 100° C . to about 200° C . , about 100° C . to about 
225º C . , about 100° C . to about 250° C . , about 100° C . to 
about 275º C . , about 100° C . to about 300° C . , about 1250 
C . to about 150° C . , about 125° C . to about 175° C . , about 

125° C . to about 200° C . , about 125° C . to about 225º 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 225° C . to about 275° C . , about 
225° C . to about 300° C . , about 250° C . to about 275° C . , 
about 250° C . to about 300° C . , or about 275° C . to about 
300° C . In some embodiments , the solvent is heated to a 
temperature of about 75º 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 . In some 
embodiments , the 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 275º C . , or about 300° C . In some embodiments , 
the solvent is heated to a temperature of at most about 75° 
C . , about 100° C . , about 125° C . , about 150° C . , about 175° 
C . , about 200° C . , about 225º C . , about 250° C . , about 275° 
C . , or about 300° C . 
10091 ] In some embodiments , the solvent is heated for a 
period of time of about 30 minutes to about 120 minutes . In 
some embodiments , the solvent is heated for a period of time 
of at least about 30 minutes . In some embodiments , the 
solvent is heated for a period of time of at most about 120 
minutes . In some embodiments , the 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 . In some embodiments , the 
solvent is heated for a period of time of about 30 minutes , 



US 2019 / 0169472 A1 Jun . 6 , 2019 
22 

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 . In some 
embodiments , the 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 . In some embodiments , the solvent is heated for 
a period of time of at most 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 . 
[ 0092 ] In some embodiments , the solvent is stirred while 
being heated . In some embodiments , the stirring is per 
formed by a magnetic stir bar . 
[ 0093 ] . In some embodiments , the stirring is performed at 
a rate of about 100 rpm to about 400 rpm . In some embodi 
ments , the stirring is performed at a rate of at least about 100 
rpm . In some embodiments , the stirring is performed at a 
rate of at most about 400 rpm . In some embodiments , the 
stirring 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 . 
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 . 
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 . In some embodiments , the stirring is performed at a 
rate of at most 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 . 
100941 . In some embodiments , the catalyst solution com 
prises a catalyst comprising ( a chloride ) Cuci , , Cuci , NaCl , 
PtCl2 , AgCl , FeCl2 , FeCl3 , tetrapropylammonium chloride , 
tetrapropylammonium bromide , or any combination thereof . 
[ 0095 ] In some embodiments , the catalyst solution has a 
concentration of about 2 mM to about 8 mM . In some 
embodiments , the catalyst solution has a concentration of at 
least about 2 mM . In some embodiments , the catalyst 
solution has a concentration of at most about 8 mM . 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 . 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 . 
In some embodiments , the catalyst solution has a concen 
tration 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 . In some embodiments , the catalyst solution has 
a concentration of at most 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 . 
[ 0096 ] In some embodiments , the volume of the solvent is 
greater than the volume of the catalyst solution by a factor 
of about 75 to about 250 . In some embodiments , the volume 
of the solvent is greater than the volume of the catalyst 
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solution by a factor of at least about 75 . In some embodi 
ments , the volume of the solvent is greater than the volume 
of the catalyst solution by a factor of at most about 250 . In 
some embodiments , the volume of the solvent is greater than 
the volume of the 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 . In some embodiments , the volume of the 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 . In some embodiments , 
the volume of the 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 . In some embodiments , the volume of the solvent 
is greater than the volume of the catalyst solution by a factor 
of at most about 75 , about 100 , about 125 , about 150 , about 
175 , about 200 , about 225 , or about 250 . 
[ 0097 ] In some embodiments , the volume of the solvent is 
greater than the volume of the polymer solution by a factor 
of about 1 . 5 to about 6 . 5 . In some embodiments , the volume 
of the solvent is greater than the volume of the polymer 
solution by a factor of at least about 1 . 5 . In some embodi 
ments , the volume of the solvent is greater than the volume 
of the polymer solution by a factor of at most about 6 . 5 . In 
some embodiments , the volume of the 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 . In some embodiments , the 
volume of the 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 . In some embodiments , the volume of 
the 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 . In some embodiments , the volume of 

the solvent is greater than the volume of the polymer 
solution by a factor of at most 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 
0098 ] . In some embodiments , the silver - based solution 
comprises a silver - based material comprising AgNO3 . 
[ 0099 ] In some embodiments , the silver - based solution 
has a concentration of about 0 . 05 M to about 0 . 2 M . In some 
embodiments , the silver - based solution has a concentration 
of at least about 0 . 05 M . In some embodiments , the silver 
based solution has a concentration of at most about 0 . 2 M . 
In some embodiments , the silver - based solution has a con 
centration of about 0 . 05 M to about 0 . 075 M , about 0 . 05 M 
to about 0 . 1 M , about 0 . 05 M to about 0 . 125 M , about 0 . 05 
M to about 0 . 15 M , about 0 . 05 M to about 0 . 175 M , about 
0 . 05 M to about 0 . 2 M , 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 . 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 . 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 . 15 M to 
about 0 . 175 M , about 0 . 15 M to about 0 . 2 M , or about 0 . 175 
M to about 0 . 2 M . In some embodiments , the silver - based 
solution has a concentration of about 0 . 05 M , about 0 . 075 M , 
about 0 . 1 M , about 0 . 125 M , about 0 . 15 M , about 0 . 175 M , 
or about 0 . 2 M . 
( 0100 ] In some embodiments , the volume of the solvent is 
greater than the volume of the silver - based solution by a 
factor of about 1 . 5 to about 6 . 5 . In some embodiments , the 
volume of the solvent is greater than the volume of the 
silver - based solution by a factor of at least about 1 . 5 . In 
some embodiments , the volume of the solvent is greater than 
the volume of the silver - based solution by a factor of at most 
about 6 . 5 . In some embodiments , the volume of the solvent 
is greater than the volume of the silver - based 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 . In 
some embodiments , the volume of the solvent is greater than 
the volume of the silver - based 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 . In some embodi 
ments , the volume of the solvent is greater than the volume 
of the silver - based 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 . In some embodi 
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ments , the volume of the solvent is greater than the volume 
of the silver - based solution by a factor of at most 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 . 
[ 0101 ] In some embodiments , the silver - based solution is 
injected into the first solution over a period of time of about 
1 second to about 900 seconds . In some embodiments , the 
silver - based solution is injected into the first solution over a 
period of time of at least about 1 second . In some embodi 
ments , the silver - based solution is injected into the first 
solution over a period of time of at most about 900 seconds . 
In some embodiments , the silver - based solution is injected 
into the first solution over a period of time of about 1 second 
to about 2 seconds , about 1 second to about 5 seconds , about 
1 second to about 10 seconds , about 1 second to about 50 
seconds , about 1 second to about 100 seconds , about 1 
second to about 200 seconds , about 1 second to about 300 
seconds , about 1 second to about 400 seconds , about 1 
second to about 600 seconds , about 1 second to about 800 
seconds , about 1 second to about 900 seconds , about 2 
seconds to about 5 seconds , about 2 seconds to about 10 
seconds , about 2 seconds to about 50 seconds , about 2 
seconds to about 100 seconds , about 2 seconds to about 200 
seconds , about 2 seconds to about 300 seconds , about 2 
seconds to about 400 seconds , about 2 seconds to about 600 
seconds , about 2 seconds to about 800 seconds , about 2 
seconds to about 900 seconds , about 5 seconds to about 10 
seconds , about 5 seconds to about 50 seconds , about 5 
seconds to about 100 seconds , about 5 seconds to about 200 
seconds , about 5 seconds to about 300 seconds , about 5 
seconds to about 400 seconds , about 5 seconds to about 600 
seconds , about 5 seconds to about 800 seconds , about 5 
seconds to about 900 seconds , about 10 seconds to about 50 
seconds , about 10 seconds to about 100 seconds , about 10 
seconds to about 200 seconds , about 10 seconds to about 300 
seconds , about 10 seconds to about 400 seconds , about 10 
seconds to about 600 seconds , about 10 seconds to about 800 
seconds , about 10 seconds to about 900 seconds , about 50 
seconds to about 100 seconds , about 50 seconds to about 200 
seconds , about 50 seconds to about 300 seconds , about 50 
seconds to about 400 seconds , about 50 seconds to about 600 
seconds , about 50 seconds to about 800 seconds , about 50 
seconds to about 900 seconds , about 100 seconds to about 
200 seconds , about 100 seconds to about 300 seconds , about 
100 seconds to about 400 seconds , about 100 seconds to 
about 600 seconds , about 100 seconds to about 800 seconds , 
about 100 seconds to about 900 seconds , about 200 seconds 
to about 300 seconds , about 200 seconds to about 400 
seconds , about 200 seconds to about 600 seconds , about 200 
seconds to about 800 seconds , about 200 seconds to about 
900 seconds , about 300 seconds to about 400 seconds , about 
300 seconds to about 600 seconds , about 300 seconds to 
about 800 seconds , about 300 seconds to about 900 seconds , 
about 400 seconds to about 600 seconds , about 400 seconds 
to about 800 seconds , about 400 seconds to about 900 
seconds , about 600 seconds to about 800 seconds , about 600 
seconds to about 900 seconds , or about 800 seconds to about 
900 seconds . In some embodiments , the silver - based solu - 
tion is injected into the first solution over a period of time of 
about 1 second , about 2 seconds , about 5 seconds , about 10 
seconds , about 50 seconds , about 100 seconds , about 200 
seconds , about 300 seconds , about 400 seconds , about 600 
seconds , about 800 seconds , or about 900 seconds . In some 
embodiments , the silver - based solution is injected into the 

first solution over a period of time of at least about 1 second , 
about 2 seconds , about 5 seconds , about 10 seconds , about 
50 seconds , about 100 seconds , about 200 seconds , about 
300 seconds , about 400 seconds , about 600 seconds , about 
800 seconds , or about 900 seconds . In some embodiments , 
the silver - based solution is injected into the first solution 
over a period of time of at most about 1 second , about 2 
seconds , about 5 seconds , about 10 seconds , about 50 
seconds , about 100 seconds , about 200 seconds , about 300 
seconds , about 400 seconds , about 600 seconds , about 800 
seconds , or about 900 seconds . 
[ 0102 ] Some embodiments further comprise heating the 
second solution before the process of centrifuging the sec 
ond solution . 
[ 0103 ] In some embodiments , the heating of the second 
solution occurs over a period of time of about 30 minutes to 
about 120 minutes . In some embodiments , the heating of the 
second solution occurs over a period of time of at least about 
30 minutes . In some embodiments , the heating of the second 
solution occurs over a period of time of at most about 120 
minutes . In some embodiments , the heating of the second 
solution occurs over 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 . In some 
embodiments , the heating of the second solution occurs over 
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 . In some embodiments , the 
heating of the second solution occurs over 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 . In some embodiments , the 
heating of the second solution occurs over a period of time 
of at most about 30 minutes , about 40 minutes , about 50 
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minutes , about 60 minutes , about 70 minutes , about 80 
minutes , about 90 minutes , about 100 minutes , about 110 
minutes , or about 120 minutes . 
[ 0104 ] In some embodiments , the centrifuging occurs at a 
speed of about 1 , 500 rpm to about 6 , 000 rpm . In some 
embodiments , the centrifuging occurs at a speed of at least 
about 1 , 500 rpm . In some embodiments , the centrifuging 
occurs at a speed of at most about 6 , 000 rpm . In some 
embodiments , the centrifuging occurs at a speed of 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 1 , 500 rpm 
to about 5 , 000 rpm , about 1 , 500 rpm to about 5 , 500 rpm , 
about 1 , 500 rpm to about 6 , 000 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 , 000 
rpm to about 5 , 000 rpm , about 2 , 000 rpm to about 5 , 500 
rpm , about 2 , 000 rpm to about 6 , 000 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 2 , 500 rpm to about 5 , 000 rpm , about 
2 , 500 rpm to about 5 , 500 rpm , about 2 , 500 rpm to about 
6 , 000 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 , 000 rpm to about 5 , 000 rpm , about 3 , 000 rpm 
to about 5 , 500 rpm , about 3 , 000 rpm to about 6 , 000 rpm , 
about 3 , 500 rpm to about 4 , 000 rpm , about 3 , 500 rpm to 
about 4 , 500 rpm , about 3 , 500 rpm to about 5 , 000 rpm , about 
3 , 500 rpm to about 5 , 500 rpm , about 3 , 500 rpm to about 
6 , 000 rpm , about 4 , 000 rpm to about 4 , 500 rpm , about 4 , 000 
rpm to about 5 , 000 rpm , about 4 , 000 rpm to about 5 , 500 
rpm , about 4 , 000 rpm to about 6 , 000 rpm , about 4 , 500 rpm 
to about 5 , 000 rpm , about 4 , 500 rpm to about 5 , 500 rpm , 
about 4 , 500 rpm to about 6 , 000 rpm , about 5 , 000 rpm to 
about 5 , 500 rpm , about 5 , 000 rpm to about 6 , 000 rpm , or 
about 5 , 500 rpm to about 6 , 000 rpm . In some embodiments , 
the centrifuging occurs at a speed of 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 5 , 000 rpm , 
about 5 , 500 rpm , or about 6 , 000 rpm . In some embodiments , 
the centrifuging occurs at a speed of at least 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 
5 , 000 rpm , about 5 , 500 rpm , or about 6 , 000 rpm . In some 
embodiments , the centrifuging occurs at a speed of at most 
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 5 , 000 rpm , about 5 , 500 rpm , or about 6 , 000 rpm . 
[ 0105 ] In some embodiments , the centrifuging occurs over 
a period of time of about 10 minutes to about 40 minutes . In 
some embodiments , the centrifuging occurs over a period of 
time of at least about 10 minutes . In some embodiments , the 
centrifuging occurs over a period of time of at most about 40 
minutes . In some embodiments , the centrifuging occurs over 
a period of time of 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 10 minutes to about 35 minutes , about 10 minutes to 
about 40 minutes , about 15 minutes to about 20 minutes , 
about 15 minutes to about 25 minutes , about 15 minutes to 
about 30 minutes , about 15 minutes to about 35 minutes , 
about 15 minutes to about 40 minutes , about 20 minutes to 

about 25 minutes , about 20 minutes to about 30 minutes , 
about 20 minutes to about 35 minutes , about 20 minutes to 
about 40 minutes , about 25 minutes to about 30 minutes , 
about 25 minutes to about 35 minutes , about 25 minutes to 
about 40 minutes , about 30 minutes to about 35 minutes , 
about 30 minutes to about 40 minutes , or about 35 minutes 
to about 40 minutes . In some embodiments , the centrifuging 
occurs over a period of time of about 10 minutes , about 15 
minutes , about 20 minutes , about 25 minutes , about 30 
minutes , about 35 minutes , or about 40 minutes . In some 
embodiments , the centrifuging occurs over a period of time 
of at least about 10 minutes , about 15 minutes , about 20 
minutes , about 25 minutes , about 30 minutes , about 35 
minutes , or about 40 minutes . In some embodiments , the 
centrifuging occurs over a period of time of at most about 10 
minutes , about 15 minutes , about 20 minutes , about 25 
minutes , about 30 minutes , about 35 minutes , or about 40 
minutes . 
10106 ] Some embodiments further comprise cooling the 
second solution before the process of centrifuging the sec 
ond solution . In some embodiments , the second solution is 
cooled to room temperature . In some embodiments , the 
washing solution comprises ethanol , acetone , water , or any 
combination thereof . 
[ 0107 ] In some embodiments , washing the second solution 
comprises a plurality of washing cycles comprising about 
two cycles to about six cycles . In some embodiments , 
washing the second solution comprises a plurality of wash 
ing cycles comprising at least about two cycles . In some 
embodiments , washing the second solution comprises a 
plurality of washing cycles comprising at most about six 
cycles . In some embodiments , washing the second solution 
comprises a plurality of washing cycles comprising about 
two cycles to about three cycles , about two cycles to about 
four cycles , about two cycles to about five cycles , about two 
cycles to about six cycles , about three cycles to about four 
cycles , about three cycles to about five cycles , about three 
cycles to about six cycles , about four cycles to about five 
cycles , about four cycles to about six cycles , or about five 
cycles to about six cycles . In some embodiments , washing 
the second solution comprises a plurality of washing cycles 
comprising about two cycles , about three cycles , about four 
cycles , about five cycles , or about six cycles . 
[ 0108 ] Some embodiments further comprise dispersing 
the silver nanowires in a dispersing solution . In some 
embodiments , the dispersing solution comprises ethanol , 
acetone , and water , or any combination thereof . 
[ 0109 ] In some embodiments , the method is performed in 
open air . In some embodiments , the method is performed in 
a solvothermal chamber . In some embodiments , the method 
is performed under high pressure . 
[ 0110 ] Another aspect provided herein is a conductive ink . 
The conductive ink may comprise a conductive additive . 
The conductive additive may comprise a carbon - based con 
ductive additive , a silver - based conductive additive , or both . 
The conductive ink may comprise a conductive carbon 
based ink . The conductive ink may comprise a conductive 
silver - based ink . The conductive carbon - based ink may 
comprise a conductive graphene - based ink . The conductive 
graphene - based ink may comprise : a binder solution com 
prising : a binder and a first solvent ; a reduced graphene 
oxide dispersion comprising reduced graphene oxide , and a 
second solvent ; a third solvent ; a conductive additive ; a 
surfactant ; and a defoamer . 
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[ 0111 ] In some embodiments , the conductive ink further 
comprises a pigment , a colorant , a dye , or any combination 
thereof . In some embodiments , the conductive ink comprises 
at least one , at least two , at least three , at least four , or at least 
five colorants , dyes , pigments , or a combination thereof . In 
some embodiments , the pigment comprises a metal - based or 
metallic pigment . In some embodiments , the metallic pig 
ment is a gold , silver , titanium , aluminum , tin , zinc , mercury , 
manganese , lead , iron , iron oxide , copper , cobalt , cadmium , 
chromium , arsenic , bismuth , antimony , or barium pigment . 
In some embodiments , the colorant comprises at least one 
metallic pigment . In some embodiments , the colorant com 
prises a silver metallic colorant . In some embodiments , the 
silver metallic colorant comprises silver nanoparticles , silver 
nanorods , silver nanowires , silver nanoflowers , silver nano 
fibers , silver nanoplatelets , silver nanoribbons , silver nano 
cubes , silver bipyramids , or a combination thereof . 
0112 ] . In some embodiments , a colorant is selected from 

a pigment and / or dye that is red , yellow , magenta , green , 
cyan , violet , black , or brown , or a combination thereof . In 
some embodiments , a pigment is blue , brown , cyan , green , 
violet , magenta , red , yellow , or a combination thereof . In 
some embodiments , a dye is blue , brown , cyan , green , 
violet , magenta , red , yellow , or a combination thereof . 
10113 ] In some embodiments , a yellow colorant includes 
Pigment Yellow 1 , 2 , 3 , 4 , 5 , 6 , 7 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 
17 , 23 , 65 , 74 , 83 , 93 , 110 , 128 , 151 , 155 , or a combination 
thereof . In some embodiments , a black colorant includes 
Color Black S170 , Color Black S150 , Color Black FW1 , 
Color Black FW18 , Acid Black 1 , 11 , 52 , 172 , 194 , 210 , 234 , 
or a combination thereof . In some embodiments , a red or 
magenta colorant includes Pigment Red 1 - 10 , 12 , 18 , 21 , 23 , 
37 , 38 , 39 , 40 , 41 , 48 , 90 , 112 , 122 , or a combination thereof . 
In some embodiments , a cyan or violet colorant includes 
Pigment Blue 15 , 17 , 22 , Pigment Violet 1 , 2 , 3 , 5 , 19 , 23 , 
or a combination thereof . In some embodiments , an orange 
colorant includes Pigment Orange 48 and / or 49 . In some 
embodiments , a violet colorant includes Pigment Violet 19 
and / or 42 . 
0114 ] In some embodiments , at least one of the first 
solvent , the second solvent , and the third solvent comprises 
water and an organic solvent . 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 . 
[ 0115 ] 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 ink is about 1 % to about 99 % . 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 ink is at least about 1 % . In some embodi - 
ments , a percentage by mass of at least one of the first 
solvent , the second solvent , and the third solvent in the 
conductive ink is at most about 99 % . 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 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 % . 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 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 % . 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 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 % . In some embodi 
ments , a percentage by mass of at least one of the first 
solvent , the second solvent , and the third solvent in the 
conductive 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 % . 
[ 0116 ] In some embodiments , the binder solution com 
prises a binder and a first solvent . In some embodiments , the 
binder comprises a polymer . In some embodiments , the 
polymer comprises a synthetic polymer . In some embodi 
ments , the synthetic polymer comprises carboxymethyl cel 
lulose , polyvinylidene fluoride , poly ( vinyl alcohol ) , poly 
( vinyl pyrrolidone ) , poly ( ethylene oxide ) , ethyl cellulose , or 
any combination thereof . In some embodiments , the binder 
is a dispersant . In some embodiments , the binder comprises 
carboxymethyl cellulose , polyvinylidene fluoride , poly ( vi 
nyl alcohol ) , poly ( vinyl pyrrolidone ) , poly ( ethylene oxide ) , 
ethyl cellulose , or any combination thereof . 
[ 0117 ] In some embodiments , a percentage by mass of the 
binder solution in the conductive ink is about 0 . 5 % to about 
99 % . In some embodiments , a percentage by mass of the 
binder solution in the conductive ink is at least about 0 . 5 % . 
In some embodiments , a percentage by mass of the binder 
solution in the conductive ink is at most about 99 % . In some 
embodiments , a percentage by mass of the binder solution in 
the conductive 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 
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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 % . In some embodiments , a 
percentage by mass of the binder solution in the conductive 
ink is at most about 99 % . In some embodiments , a percent 
age by mass of the binder solution in the conductive 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 % . In some embodiments , a percent 
age by mass of the binder solution in the conductive 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 
embodiments , a percentage by mass of the binder solution in 
the conductive 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 % . 

centration 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 % . 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 % . 
[ 0119 ] In some embodiments , the reduced graphene oxide 
dispersion comprises reduced graphene oxide ( RGO ) and a 
second solvent . 
[ 0120 ] In some embodiments , a percentage by mass of the 
RGO dispersion in the conductive ink is about 0 . 25 % to 
about 1 % . In some embodiments , a percentage by mass of 
the RGO dispersion in the conductive ink is at least about 
0 . 25 % . In some embodiments , a percentage by mass of the 
RGO dispersion in the conductive ink is at most about 1 % . 
In some embodiments , a percentage by mass of the RGO 
dispersion in the conductive 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 % . In some embodiments , a percentage by mass of the 
RGO dispersion in the conductive ink is about 0 . 25 % , about 
0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 0 . 75 % , or about 
1 % . In some embodiments , a percentage by mass of the 
RGO dispersion in the conductive ink is at least about 
0 . 25 % , about 0 . 375 % , about 0 . 5 % , about 0 . 625 % , about 
0 . 75 % , or about 1 % . In some embodiments , a percentage by 
mass of the RGO dispersion in the conductive ink is no more 
than about 0 . 25 % , about 0 . 375 % , about 0 . 5 % , about 
0 . 625 % , about 0 . 75 % , or about 1 % . 
[ 0121 ] In some embodiments , a concentration by mass of 
the RGO in the RGO dispersion is about 3 % to about 12 % . 
In some embodiments , a concentration by mass of the RGO 
in the RGO dispersion is at least about 3 % . In some 
embodiments , a concentration by mass of the RGO in the 
RGO dispersion is at most about 12 % . In some embodi 
ments , a concentration 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 % . In some embodiments , a concen 
tration 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 % . In some 

10118 ] In some embodiments , a concentration of the 
binder solution is about 0 . 5 % to about 2 % . In some embodi 
ments , a concentration of the binder solution is at least about 
0 . 5 % . In some embodiments , a concentration of the binder 
solution is at most about 2 % . 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 % . 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 % . In some embodiments , a con - 


















































