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(57) Abstract: Methods for preparing an electrode
comprise: providing a mixture of carbon particles
and a solvent and shearing the mixture to form a dis-
persion of the carbon particles in the solvent; adding
non-fribrillaied poly(tetrafluoroethylene) to the dis-
persion to provide a resultant mixture and shearing
the resultant mixture until at least a portion of the
poly(tetrafluoroethylene) has been fibrillated; pro-
cessing the resultant mixture into a sheet; and attach-
ing the sheet onto a current collector. Methods for
preparing sheet for the electrode and composition for
the sheet are also provided.
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METHODS FOR PREPARING COMPOSITION, SHEET COMPRISING THE
COMPOSITION AND ELECTRODE COMPRISING THE SHEET

BACKGROUND

[0001] This disclosure relates generally to electrodes and, more specifically, to
methods for preparing composition, sheet comprising the composition, and electrode
comprising the sheet and used in electrochemical device such as supercapacitor, fuel

cell and supercapacitor desahination.

10002] Supercapacitors are energy storage devices having high capacitance per unit
mass (of the order of several tens of farads per gram (F/g) of active matenal to about
100 F/g of active matenal) and high instantaneous specific power. Supercapacitor
electrosorption deionization is proposed recently as a new desalination technology to

lower water treatment cost and prevent environmental pollution.

[0003] A supercapacitor comprises two identical electrodes, an electrolyte, and a
separator sandwiched by the electrodes and permeable to 1ons of the electrolyte.
Supercapacitors are categorized into different types depending on the structure of the
electrodes and the nature of the electrolvtes. One tvpe of supercapacitors has an
organic elecirolvte and activated carbon electrodes with a large specific surface area

lving in the range 1000 m’ /g to 3000 m° /g, and operates electrostatically.

[0004] The activated carbon electrodes of a supercapacitor are obtained by depositing
a paste sheet on a current collector. The paste i1s a mixture of an active carbon, a
solvent, and a binder. Polytetrafluoroethyvlene (PTFE) is commonly used as the

electirode binder,

10005] In prepanng the paste sheet, PTFE, carbon and solvents are mixed under high
shear and high temperature, biaxially calendered at high temperature, extruded into
the final form at high temperature, and dried at high temperature to remove the
solvents. High temperatures, especially those approaching the boiling point ol water.
cause water lost quickly. As waler is lost, the viscosity of the matenal rises in an

uncontrolled manner, the rate of fibrillation of PTFE increases quickly, and 1t 1s very
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difficult to fibrillate the PTFE to a consistent level. Drying also causes water that had
been incorporated into the very small pores within and around the carbon particles to
be removed as vapor. It usually takes an extremely long time to rewet the carbon
PTFE material and some of the onginally wet internal pores of the carbon PTFE

material even cannot get rewetted again.

[0006) It has been proposed to run this operation at room lemperature, low shear rate
and without drving. However, this method mixes all materials in one step (one-step
method) and induces non-uniform muxing of PTFE and poor f{ibrillation of PTFE.
resulting in poor electrode sheet. Furthermore, this method usually takes a relatively

fong time.

[0007] A need therefore exists for improved methods for preparing composition,

sheet comprising the compostition and electrode compnising the sheel.

SUMMARY

{0008] In one aspect, a method of preparing a composition comprises: providing a
mixture of carbon particles and a solvent and shearing the mixture to form a
dispersion of the carbon particles in the solvent; and adding non-fibnllated
polv(tetrafluoroethyiene) to the dispersion to provide a resultant mixture and sheanng
the resultant mixture until at least a portion of the polv(tetrafluoroethylene) has been
fibrillated. |

[0009] In another aspect, a method for prepanng a sheet comprises: providing a
mixture of carbon particles and a solvent and shearing the mixture to form a
dispersion of the carbon particles in the solvent; adding non-fibrillated
polv(tetrafluoroethylene) to the dispersion to provide a resultant mixture and shearing
the resultant mixture until at least a portion of the polv(tetrafluoroethylene) has been

fibrillated; and processing the resultant mixture into a sheet.

[0010] In vet another aspect, a method for preparing an electrode comprises:
providing a mixture of carbon particles and a solvent and shearing the muxture (0
form a dispersion of the carbon particles in the solvent; adding non-fibrillated
polv(tetrafluoroethylene) to the dispersion to provide a resultant mixture and sheanng

the resultant mixture until at least a portion of the polv(tetrafluoroethvlene) has been

2
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fibrillated; processing the resultant mixture into a sheet; and attaching the sheet onto a

current collector.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Referring now to the Figures, which are exemplary embodiments, and wherein

the like elements are numbered alike:

[0012] FIG. 1 is a scanning electron micrograph image of a composition prepared in

example 1;

[0013] FIG. 2 is a scanning electron micrograph image of a sheet prepared in

example 1,

[0014] FIG. 3 is a scanning electron micrograph image of a composition prepared in

comparative example 1. and

[0015] FIG. 4 is a scanning electron mucrograph image ol a sheet prepared n

comparative example 1.
DETAILED DESCRIPTION

[0016] Methods for preparing composition, sheet comprising the composition and
elecirode comprising the sheet are described herein. The electrode may be used in
electrochemical device such as supercapacitor, fuel cell and supercapacitor

desalination.

[0017] The composition is prepared by: providing a mixture of carbon particles and a
solvent and shearing the mixture to form a dispersion of the carbon particles in the
solvent; and adding non-fibrillated polv(letrafluoroethylene) to the dispersion to
provide a resultant mixture and shearing the resultant mixture until at least a portion
of the polv(tetrafluoroethvlene) has been fibrillated (two-step method). Afier
calendaring, printing, and/or extruding, the resultant mixture 15 processed 1nto a sheet.
Trimming the sheet into desired sizes and shapes and pressing it onto a current

collector, an electrode is formed.
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[0018] Dry the resultant mixture in an oven at 100 °C, and press (5 MPa) it inlo a
small piece. Cut the sheet into small pieces. The small pieces can be used for

scanning electron micrograph characterization.

[0019] The solvent may be water, ethanol. or any other suitable solvents. Conducling
material may be included in the mixture so that the composition comprises: 2-10% by
dry weight of polv(tetrafluoroethylene). 0-30% by dry weight of conducting
material; and 60-98% by drv weight of carbon particles. The conducting material may
be a strongly acidic cation ion exchange resin, a strongly basic amon ion exchange
resin, carbon black, graphite powder, and so on. The non-fibrillated
poly(tetrafluoroethylene) is added portionwise. It should be noted that 1on exchange
resin significantly improves the performance of the electrode by increasing the
capacity, e.g, 37% and/or decreasing resistance, e.g., 21%. A ratio by weight
between the water and total of the fibrillatable PTFE, conducting maternal and the
carbon particles may be 3:2 to 4:1. The amount of solvent affects the ways i which
the composition is processed into a sheet. Less solvent used, the composition should
be calendered into sheet. More solvent used, the resultant mixture may be directly

printed on the current collector.

- ™
{0020] The shearing is applied using a type of speedmixer (e.g. Speedmixer DAC

(Dual Asymmetric Centrifuge) 150 FVZ, Siemens) based on double rotations of a
mixing arm lheréol" and a basket thereof inside the mixing arm. The mixing arm of the
DAC 150 FVZ rotates with a speed of up to 3500 rpm in a direction. The basket
rotates in an opposite direction with a speed of approx. 900 rpm. The combination of
the different centrifugal forces which act in different directions enables the [ast
mixing process. A rate of shearing used in this application i1s 400-3500 rpm (rotation

of the mixing arm).

[0021] Viscosity analysis is a powerful tool to investigate physical properties of
PTFE in the mixture. Viscosity analvsis indicates that PTFE enhances the viscosity
dunng the mixing process attributed to the fibnllation of PFTE and that the viscosity
depends on the shear rate and the shear time, so does the fibrillaton degree. The
viscosity decreases with time because the longer time shearing will break the hiber, so

does the too high sheanng rate. Therefore, shorter shearing time 1s enough for
4
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fibrillation at high shearing rate. Thus, the preparing process 1s operated al room

temperature in 0.5 to 10 minutes.

[0022] Tensile strength of sheets was tested by SANS CMT5105 electromechanical
universal testing machine using dumbbell-shape sample with 4 mm width, 1 mm

thickness.

10023] As used herein. the terms “a” and “an”™ do not denote a limitation of quantity,
but rather denote the presence of at least one of the relerenced items. Moreover, the
endpoints of all ranges directed to the same component or property are inclusive of
the endpoint and independentlv combinable (e.g., “up to about 25 wt.%, or, more
specifically, about 5 wi.% to about 20 wi.%,” 1s inclusive of the endpoints and all
intermediate values of the ranges of “about 5 wt.% to about 25 wt.%,” etc.).‘
Reference throughout the specification to “one embodiment”, “another embodiment”,
“an embodiment”, and so forth means that a particular element (e.g., feature,
structure, and/or characteristic) described in connection with the embodiment 1s
included in at least one embodiment described herein, and may or may not be present
in other embodiments. In addition, it is to be understood that the described elements
mayv be combined in any suitable manner in the various embodiments. Unless defined
otherwise, technical and scientific terms used herein have the same meaning as 13

commonly understood bv one of skill in the art to which this invenuon belongs.

EXAMPLES

10024] Next, the present invention 1s described specifically with reference to

Examples and Comparative Examples.
Example 1

[0025] Activated carbon (12 g. manufactured by Yuhuan activated carbon Co. Lid.,
coconut shell type, average parlicle size of 15 mucrons, surface area of 2000 m*/g)
and 38 g of water were added into a speedmixer. Mix at room temperature with 1000

rpm speed for 30 seconds.

[0026) Then 0.6 ¢ PTFE (T-60 emulsion, Dupont) was dropped into the above
mixture and mixed at 1000 rpm for 30 seconds. Another (.6 g PTFE was dropped into
the mixture and mixed at 1000 rpm for 30 seconds. Then the resultant mixture was

S
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formed as a paste with some water seeped out from the mixture. The paste can be

used directly for calendering without any drying step.

(0027] FIG. 1 is the scanning electron micrograph (SEM) image of the paste. From
the image, the fiber was found clearly near the carbon particles. This confirmed that

fibrillation of PTFE happened during mixing process.

[0028] For roll calendering, a two-roll calender was used. The calender nip was set to
0.8 mm width, the mixed paste was put through the nip, and then a thin sheet was
formed. Folding the sheet in third, and reinserted it into the nip of the calender. This
process was repeated for 5 times with 90° rolling direction changes every time
"Finally the uniform carbon composite thin sheet was ready with ~1 mm thickness.
FIG. 2 shows the SEM picture of the carbon sheet prepared by this method. It is very
clear that the carbon particles were surrounded by the PTFE fiber. These fibers were
extended in some directions comparing to the disorder of the paste before
calendering. The ordered fiber extension is due to the calendering process. The tensile

strength of the resuliing sheet is 0.14 MPa.

10029) Finally, the sheet was trimmed into 4 cm x 10 cm rectangles for use in the
electrode assembly. Put one rectangle on a Ti mesh current collector. After pressing
(8 MPa), a capacitor el ectrode with 40 cm” surface area was formed. Two electrodes
each with 3 g activated carbon loading amount and 2 stacked spacers (1.0 mm
thickness) were assembled together to form a cell used for supercapacitor
desalination. Between the electrodeé is a 1560 ppm NaCl solution. The cell resistance
was 2.4+/-0.07 Ohm. The cell capacity was measured by scanning cvclic

voltammetry in 1 mol/L NaCl solution as 75.6 +/-0.7 F/g.
Example 2

[0030] Activated carbon (6 g, manufactured by Yuhuan activated carbon Co. Lid.,
coconut shell type. average particle size of 15 microns, surface area of 2000 m’/g),
2.1 g anion ionic exchange resin (Tianjin Nankai Resin Factory, Strongly basic anion
exchanger 201X7, milled into ~50 um particle size before use, water content 40%),
and 20 g of water were added into a speedmixer. Mix at room temperature with 1000

rpm speed for 30 seconds.

6
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[0031]) To the upper mixture, total 0.8 g PTFE (T-60 emulsion, Dupont) was added.
0.2 g PTFE was dropped into the mixture by each time, with mixing at 3500 rpm for
20 seconds until complete. The paste is put directly on the roller for calendering.

[0032] For roll calendering. a two-roll calender was used. The calender nip was set to
0.8 mm width, the mixed pasie is put through the nip, and then a thin sheet was
formed, folded in third, and reinserted into the nip of the calender. Thi.s process was
repeated for 5 times with 90° rolling direction changes every time. Finally the

uniform carbon composite thin sheet was ready with ~1 mm thickness.

[0033] Finally, the sheet was trimmed to form 4 cm x 10 c¢m rectangle for use in the
electrode assembly, and then put on the Ti mesh current collector. After pressing (8
MPa). the capacitor electrode was formed. The electrode with 3 g activated carbon

loading was assembled as positive electrode used for supercapacitor desalination,
Example 3

[0034] Activated carbon (6 g, manufactured by Yuhuan activated carbon Co. Lid.,
coconut shell tvpe, average particle size of 15 microns, surface area of 2000 m*/g),
2.1 g cation ionic exchange resin (Tianjin Nankai Resin Factory, Strongly acid cation
exchanger 001 X 7, milled into ~50 pum particle size before use, water content 40%d),
and 20 g of water were added into a speedmixer. Mix at room temperature with 1000

rpm speed for 30 seconds.

[0035] To the upper mixture, total 0.8 g PTFE (T-60 emulsion, Dupont) was added.
By each time, 0.2 g PTFE was dropped with mixing at 3500 rpm for 20 seconds unt]

finish. The paste is put directlv on the roller for calendenng.

{0036] For roll calendenng, a two-roll calender was used. The calender nip was set to
0.8 mm width, the mixed paste is put through the nip, and then the thin sheet was
formed, folded in third, and reinserted into the nip of the calender. This process was
repeated for 5 times with 90° rolling direction changes every time. Finally the

uniform carbon composite thin sheet was ready with ~1 mm thickness.

[0037] Finally, the sheet was trimmed to form 4 cm x10 cm rectangle for use in the
electrode assembly, then put on the Ti mesh current collector. After pressing (8 MPa),
the capacitor electrode was formed. The electrode with 3 g activated carbon loading

was assembled as negative electrode used for supercapacitor desalination.

7
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2

[0038] The resulting negative electrode (40 cm® surface area) of example 3 and the

posilive electrode (40 cm? surface area) of example 2 were assembled together and 2
spacers (thickness: 1.5 mm) are put between the electrodes. The cell resistance was
measured by calculating the voltage at the beginning of the charging state in 1560
ppm NaCl solution. And capacity was measured by scanning cyclic voltammetry 1n |
mol/L NaC(l so.lutioﬁ. The cell resistance was 1.9+/-0.10 Ohm, 21% reduction
comparing with that of example 1. And the specific capacity 1s 103+/-0.5 F/g, 37%

increase comparing with that of example 1.
Example 4

{0039] Activaled carbon (12 g, manufactured by Yuhuan activated carbon Co. Ltd,,
coconut shell type, average particle size of 15 microns, surface area of 2000 m%/g)
and 35 g of ethanol were added into a speedmixer. Mix at room temperature with

1000 rpm speed for 30 seconds.

[0040) Then 1.6 g PTFE (T-60 emulsion, Dupont) was dropped into the above
mixture by three times, In detail, first 0.4 g PTFE was dropped into the mixture and
mixed at 800 rpm for 1 minute; then 0.6 g PTFE was dropped into the mixture and
mixed at 800 rpm for | minute; at last 0.6 g PTFE was dropped into the mixture and

mixed at 800 rpm for | minute. The resulting paste 1s used for calendering.

[0041] For roll calendering, a two-roll calender was used. The calender nip was set to
0.8 mm width, the mixed paste is put through the nip, and then the thin sheet was
formed, folded in third, and reinserted into the ni p of the calender. This process was
repeated for 5 times with 90° rolling direction changes every time. Finally the

uniform carbon composite thin sheet was ready with ~1 mm thickness.

0042} Finally, the sheet was trimmed to form 4 cm x 10 cm rectangle for use in the
electrode assembly, then put on the Ti mesh current collector. After pressing (8 MPa),
“the capacitor electrode was formed. The formed cell was used for supercapacitor

desalination.
Comparative Example 1

0043] Weigh 12 ¢ of activated carbon (manufactured by Yuhuan activated carbon
Co. Lid., coconut shell tvpe, average particle size of 15 microns, surface area of 2000

m*/g), 38 g of water and 1.2 g PTFE. Mix all these materials together in a speedmixer

8
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at room temperature at 1000 rpm speed for 60 seconds. The slurry is not easy for
directly calendering on the roller due to much water in without water separating from
the slurry. After standing 30 min, water can leach out 10 form a paste, which can be
used for calendering. Or after filtering by filter paper to form a paste, the paste can be

used for calendening on the roller.

[0044] FIG. 3 is the SEM image of the paste by this one-step method. From the
image, no fiber was found, only some coagulated small particles and larger activated
carbon particles. This confirmed that during the one-step mixing process, the

fibrillation of PTFE is poor.

(0045) For roll calendering, a two-roll calender was used. The calender nip was set to
(0.8 mm width and the mixed paste i1s put through the nip. After three times rolling,
the paste can be changed into sheel. The sheet was [olded in third, and reinserted into
the nip of the calender. This process was repeated for 8 times with 90° rolling
direction changes every time. Finally the uniform carbon composite thin sheet was

ready with ~1 mm thickness.

|0046] The tensile strength of the resulting sheet by one step mixing method 1s 0.04

Mpa, much lower than that in example |.

[0047] FIG. 4 shows the scanning electron micrograph picture of the carbon sheet
prepared by this method. Companng with image of FIG. 2, only few fibers near the
carbon particles. These fibers were produced in the calendering process since there is

no fiber found in the paste shown in SEM image (FIG. 3) before calendering.

{0048]) While the invention has been descnbed with reference to exemplarv
embodiments, 1t will be understood by those skilled in the art that vanous changes
may be made and equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many modifications may be
made to adapt a particular situation or material to the teachings of the invention
withoul departing from the essential scope thereof. Therefore, 1t 1s intended that the
invention not be limited to the particular embodiment disclosed as the best mode
contemplated for carrying out this invention, but that the invention will include all

embodiments falling within the scope of the appended claims.

9
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WHAT IS CLAIMED IS:

1. A method ot forming an electrode, comprising the steps of':

(a) providing a mixture of carbon particles and water and shearing the
mixture to form a dispersion of the carbon particles in the water;

(b) adding non-fibrillated POLY(TETRAFLUOROETHYLENE) to the
dispersion to provide a resultant mixture comprising 2-10% by dry weight of
POLY(TETRAFLUOROETHYLENE), 0-30% by dry weight of a conductling material,
and 60-98% by dry weight of carbon particles, wherein a ratio by weight between the
water and a total of the POLY(TETRAFLUOROETHYLENE), the conducting
material and the carbon particles 1n the resulting mixture 1S in a range of 3:2 to 4:1,
and shearing the resultant mixture until at Jeast a portion of the
POLY(TETRAFLUOROETHYLENE) has been fibrillated;

(¢) processing the resultant mixture into a sheet; and

(d) attaching the sheet to a current collector.

2. The method of claim 1, wherein the resultant mixture 1s processed

into the sheet by calendering.

3. The mcthod of claim 1, wherein each of steps (a) and (b) is operated

al room temperature.

4. The method of claim 1, wherein each of steps (a) and (b) are

collectively operated 1n 30 seconds to 10 minutes.

5. The method of claim 1, wherein a rate of shearing in each of steps (a)
and (b) 1s 400-3500 rpm.

6. The method of claim 1, wherein thc conducting material comprises a

strongly acidic cation ion exchange resin.

7. The method of claim 1, wherein the conducting material comprises a

strongly basic anion 10n exchange resin.

8. The method of claim 1, wherein the conducting material comprises

carbon black.
10
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9. The method of claim 1, wherein the conducting material comprises

graphite powder.

10. The method of <c¢laim 1, wherein the non-fibrillated

POLY(TETRAFLUOROETHYLENE) is added portionwise.

11.  The method of claim 1 wherein the carbon particles comprisc

activated carbon particles.

11
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