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GRAPHENE / CARBON COMPOSITIONS
We, Inhwan Do, residing in the City of East Lansing, County of Ingham, State of
Michigan, a citizen of South Korea and Hyunjoong Kirn, residing in the city of East
Lansing, County of Ingham, and State of Michipan, a citizen of South Korea, have invented

new and novel compositions of matter which are

GRAPHENE / CARBON COMPOSITIONS
The following of which is a specification therefor,
This application claims priority from U.S. Provisional Patent application serial

number 61/786,735, filed March 15, 2013,

BACKGROUND OF THE INVENTION

The mstant mvention deals with new compaositions of matter.

The invention uses high surface area navo sized graphene and carbon for capacitors.
Graphene /Carbon bybrid electrodes exhibit synergic effects on the performance
enhancement of electrochemical capacitors. Both forms of activated carbon act as an active

material and graphene acts as an active material.

Activated carbons are materials commonly used in commercial electrochemical
capacttors. However, they do notdeliver satficient performance necessary for applications requiting
high energy and power density. This lack of performance is duoe to poor electrical conductivity
and poorion transport caused by very wide size distribotions of randovuly mterconnected inner

ICTOPOTes.

Graphene 18 nsed 1o electrochemical capacitors due to ifs igh surface area, high
ruechanical and electrical propertics, highly mert surface properties, low tmpurities, and the like.
Nano sized graphene consists mostly of mesopores and macropores and thus the surface area of

the nano sized graphene is accessible by even fairly large electrolyte ions. The nano

SUBSTITUTE SHEET (RULE 26)
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sized graphene with surface areas of 600 w®/g shows very high
specific capacitance sutperforming the new carbon
nanostruactures such ag single walled and double walled carbon
nanotubes having comparable surface aress Lo nane sized
graphene.

The graphene reduces the cost of the elsctrode by replacin

high cost activated carbon with lowsr cost graphene while

improving energy storage by at least 5 to 20%. The gragphene also

45

acts as an ion migration catalyst to increase both energy and
power density., Internal resistance is also reduced.

The process and materials of thils invention ars different
from any found in the prior art. The only reference that calls
rectly for using carbon black and grapghene in an elsctrode
together does 30 only te incresse the conduction with a metal
based active material. It 1s not shown or suggested that the
active material lsg an activated carbon enhanced with gxanhﬁne‘

Such a disclosure can be found in U.§. 2012/008BB1l56A
wharein the applicatiocon teaches a multistep method to produce
slactrodes that ilncludes adding graphene oxide to an electrods

mizture and reducing the graphens oxide to graphena. Gne of the

e

'\

dependent olaims includes adding less than 1% conductive
auxiliary agent that may be carbon black.
THE INVENTIOR

Thus;, what is disglosed and claimerd herein as on

i

embodiment is & composition of matter comprising a combination
of a high surface area nano sized grephite, and carbon. The
graphites are nanosized graphene nanotubes and nancsized

grapheng nanoplatelets and the carbons can be, for example,

1,

activatned carbon, carbon black, and carbon nsnofibers and carbon

aerogels .

P
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Also, there isg present in this ilpvention a method for
manufacturing a composition ss set forth Supra. he process of
manufacturing comprises dispersing graphene in a sultable
solvent; dispersing carbon in 8 sultable solvent, combilning and

5 mixing the products together to form s slurry, filtering the
glurry to provide a sheet form, drying the sheet, and,
calendaring the sheet to a desired thickness and surface finish.

BRIEF DESCRIPTION OF TEE DRBWIKGE

Figure 1 is a chart of Galvanostatlc charge/discharge for

1 the elsotrochemical characterization of the material prepared in
example 1 with gravimetric capacitance in ¥F/g {(faraday//gram)

versus current density in A/g {amps/gram) .

?.Lj

gure 2 1s & chart of volumetric capacitance with Current
Density in A/g versus Volumetric Capacitance in F/am’.
15 Figure 3 is a c¢hazy of gravimetric energy in Whikg versus
Current Density in Alg.
Figure 4 is a chart of Volumetric Energy in mWh/cm’ versus
Current Density in Afg.

Figure & is chart of Gravimetric Power in kW/ kg versus

Qs

20 Currsnt Density in Afg.

igure 6 is a chart of velumetric Power in W/em® verzus
T

Fry

Current density in Alg.
DETATLED DESCRIPTION OF THE INVENTION
The instant invention deals with the addition of graphens

25 into activated carbon. The carbon useful herein has an average

size of between 10 nanometer and 100 microns and a BET surface

arsa greater than about 300 rf/g. The graphene has 3 size between
30 nanometers and 50 microns and a BET surface of greatar than
about 300 m'/g. In addition, the graphene has an aspect ratic

30 betwesn about 25 and 25,000, The graphens to carbon ratilo i

oy

Between 0.5 angd 10.

in¥
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In Figures 1
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Energy denslity was compared. The behavior of gravimetric
energy denzity as a function of current density wasg similar to
that of capacitance. Howevery, the volumetric snergy density ©
naneG sized graphene/activated carbon elscirods was higher than
that of activated carbon slectrode regardless of current
density.

Power density was compared. Both gravimetric angd volumetric
powder density were increased for the nano sized
gravhene/activated carbon slectrodes regardless of current
density and nano sized graphene content due to excellent
conductivity of the nanc sized graphene.

S5ee also Figures 3 and 4.

Sxample 2.

Two commercial activated carbons were used as active
momponent: YP-50F (1500m*/g, Kuraray Chemical Company and MSP=-20
(2200m%/¢, Kansal Chemical Company. Nanosized graphene (0-750,
750m%/g), and multi-walled carbon nanotubes (230m°/g, Banwha

Manotech) were used as another active materiazl and the binder,

H

gzpectively. Activated carbon or the activated carbon /nanc

3

sized graphens was dispersed in iscpropyl aloeohel uwsing s bath

£

type sonlcator for 60 minutes and carbon nano tubes was also
separately sonisated in Isopropyl alocchel for 1 hour. The
dispersed activated carbon and the carbon nano tubes solutions
ware combined, followed by additional 80 minutes sonication.
Thaen, the activated carpbon~carbon nano tubgs and activated
carbon/nanc sized graphene~carbon nanctubes dispersion (ink) was
filterad using & membrane filtration system. After drying at
80°C under vaguum for 2 hours, the activated carbon-garbon nano
ubes and activated carbon/nang sized graphens-carbon nane tube
ge standing paper wers calendared on Ni foam. Electrochsnical

¥
teats for 2016 coin o=1l with two identlical activated carbon~

7t
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carbon nane tubs electrodes was done in 1M TEARF;/acetonitrile

The specific capacitance and ﬁn@rqy density of activated
carbon/nane sized graphene-carbon nano tube electrode shows
higher than that of activated carbon-garbon nano tube

3

electrodes, which confirme the

")

gistic effect of th

fﬁ

yo
hybridization of actbivated carbon-nance sized grapheng as co-
active materials for electroghemical capacitors. Ssee Figures 5

and 6.
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What is c¢laimed is:

1. A composition of matter comprising a combination of a high
surface area nanosized graphite, and carbon whersin the
nanosgized graphite is selected from the group consisting of

5 nanoaized grapheneg nancbubes and nancsized graphens

nanoplateletsa.

10

20

gk
%31

30
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2. A composition of matter as claimed in c¢laim 1 wherein the
carbon is selected from the group consisting essentially

o
.activated carbong;

carbon black, and;

w
O oW

o, carbon nancfibers, and,
d. carbon asrogels.
3. A process of manufacturing a composition as claimed in
claim 3, said method comprising: :

10 i. dispersing graphens in a sultable solvent;

ii. dispersing carbon in a suitable solvent.

iii. combine and miyx the products of 1 and il to form

a siurrys

iv, filtering szald slurry to provide a sheeat form;

15 . drying the sheet formed in iv.:
vi. calendaring sald sheet to a desired thickness and

& o e
SUrTaCce LIiInLdi.

20
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