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A study of Carbon paste for elastomer film electrode on

Screen Printing type Manufacture and Properties

Ho Sang Lee

Dept. of Printing Engineering, Graduate School,

Pukyong National -University

Abstract

For an alternative method technology of the etching method and the
vapor deposition, the technology of the printed electronics is used in
various fields such as a display, a semiconductor and RFID.

The printing method “has ‘many advantages *which existing methods
don’t have like the possibility-of patterns of a thin film, forming the
micro patterns, increasing the productivity and decreasing the toxic

substance by the continuous production of the product.

Therefore, the industry of the printed element is highly growing. The
contact formation through a method of a screen printing forms the
thick film compared to other printing methods and can do the printing
process continuously. The conductive paste which is used in the

printing method shows shear thining and the characteristic of the

- Vil -



paste rheology can be the standard to evaluate the paste.

In this paper, the researched conductivity carbon paste is made for
the screen printing and its purpose is to make the carbon paste which
has the excellent conductivity and adhesion for the flexible film which
1s used for Haptic Actuator. Also, another goal is that the printing
film is not taken off and to play a role as the electrode when the

modification of the film occurs.

As the way to evaluate, the state of paste was evaluated when
viscosity, G~ (storage modulus) and G” (loss modulus) were printed
using Rheometer and according to the ratio of the dispersant, how the
electrical conductivity and the adhesion change was also evaluated
through testing the adhesion and the electrical conductivity using the
dispersant. Also, when doing the screen printing in accordance with
the size, the form -and the characteristic of the particle of powder, the
flow characteristic, and -the weatherproof and the conductivity which

can be gained after the dehydrating process were evaluated.
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{b) passing vector on screen side
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Table 1. The type of conductive paste

Polymer type High temperature firing type
Curing . .
room temperature~200°C 500~1200°C
temperature
Conductive | Ag, Cu, graphite, carbon | Ag, Pd, Au, Pt, Cu, W, Ni,
filler black RuO2
Synthetic polymer
thermoplastic : Acrylic, | primary binder : Acrylic,
Binder Polyester Cellulose
thermosetting | Binder : Glass flit
Urethane, Phenol, Epoxy
Extra Organic solvent;-| Organic solvent, Oxidized
component | dispering agent etc. metal
Organic matter, Metal, f ]
Substrate ' . Alumina, Ceramic, Glass
Aluminium, Silicon

F HARZ AR FojisEln. [EMAA HdElzs §&, S543E,
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m 4 ¥

1. 7}E FHo|2E

7} AR

T 40 ~ 50 mm =719 FHE A (MAX, SAtela ==, gy
)9} 40 ~ 50 nm Z7]e-FFE JA (XC-72,-CABOT, USA), 12}3}9]
E (HC-915, dtjsie}, wigkul=)E AR&slith Figure 10.0] SEM
(scanning electron microscope) < Ab&slo] 7 dx}o] S FA3%H

A e 9T

SEM HV: 15.00 kV y ) VEGAW TESCAN SEM HV: 15.00 kV SEM MAG: 30.00 kx VEGAW TESCAN

Det: SE 100 pm 7 Det: SE 2pm 7
PKNU n PKNU n

MAX XC-72

Figure 10. SEM image of carbon particles : (a) micro size

particles, (b) nano size particles
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SEM HV: 16.00 kV VEGAW TESCAN
4

Det: SE 20 um
PKNU n

Figure 11. SEM image of graphite particles

vl = Eefol = 24 4 (FPE308, FP, avl=)E AR&3tl e

W, vl sad daiARe] AEES B A s e Hd 180T o]

Differential Volume

B s carbon black 1213 01.§ls
54
4

g

=

=

G

- 24
14
04 T %] | T (I T T T T T T i Yol T

04 06 i, 2 4 6 10 20 40 60 100 200 400 1000 2000
Particle Diameter (umn)
Volume Statistics (Arithmetic) carbon black 1213 01.8ls

Calculations from 0.375 um to 2000 um

Volume: 100%

Mean: 40.53 um S.D.: 26.82 um
Median: 3527 um Variance: 719.3 um’
Mean/Median ratio: 1.149 C.V.: 66.2%
Mode: 41.68 um

<10% <25% <50% <75% <90%

11.14 um 21.04 um 35.27 um 53.85 um 76.18 um

Figure 12. MAX carbon particles size.
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Table 2. Formulation by nano-size carbon

(with dispersion agent)

XC-72 ) ) Dispersion
Graphite Binder Solvent
(40 nm) agent A
Paste 1 7.32% 25.20% 24.39% 6.50% 36.59%
XC-72 ) ) Dispersion
Graphite Binder Solvent
(40 nm) agent B
Paste 2 7.32% 25.20% 24.39% 6.50% 36.59%
XC-72 ) ) Dispersion
Graphite Binder Solvent
(40 nm) agent C
Paste 3 7.32% 25.20% 24.39% 6.50% 36.59%
Table 2.¢] A38& nigho& #Ho|AES ZAlo]l 714 Hold EAA B
g Abgstel viIEel Frhwel Wg dolame B4 WHE 2454
o o wE Yiso) sk oS Mable 39 el
Table 3. Formulation by binder increase
X€/2 i : Dispersion
Graphite Binder Solvent
(40. nm) agent B
Paste 1 6.77% 235126 26.32% 6.02% 37.59%
XC-72 Z : Dispersion
Graphite Binder Solvent
(40 nm) agent B
Paste 2 6.52% 22.46% 28.99% 6.52% 36.23%
XC-72 ) ) Dispersion
Graphite Binder Solvent
(40 nm) agent B
Paste 3 6.29% 21.68% 31.47% 5.59% 34.97%

Table 3.9 A7hE v o stojA 7ol JAas|o] BE Ho|AE
W BEgelAe Py 2
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Table 4. Formulation by carbon type

XC-72 ) ) Dispersion
Graphite Binder Solvent
(40 nm) agent B
Paste 1 6.43% 22.14% 28.57% 3.57% 39.29%
MAX ) .
Graphite Binder Solvent A Solvent B
(40 pm)
Paste 2 7.5% 10.0% 37.5% 31.5% 13.5%
MAX ) )
Graphite Binder Solvent A Solvent B
(40 pm)
Paste 3 7.5% 10.0% 37.5% 13:5% 31.5%
Table 5. Formulation by increase of dispersion agent
MAX ' ; Dispersion | Solvent | Solvent
Graphite | Binder
(40 pm) agent B A B
Paste 1| 7.92% 9.90% 37.62% 7.92% 9.90% 26.73%
Paste 2 | 7.84% 9.80% B#.25% 8.82% 9.80% 26.47%
Paste 3| 7.77% 9.71% 36.89% 9.71% 9.71% 26.21%
Paste 4 | 7.62% 9.52% 36.19% 11.43% 9.52% 25.71%
Paste 5| 7.48% 9.35% 35.51% 13.08% 9.35% 25.23%
Table 5= Table 4 ¢ A3 ZAI}E nlgo=r 3}

0t
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(2) AA e HAE A

Haptic actuator ©] A}&X+E 712 Ho]~EE AA 7] Yairs #4
A e e dEdd At | Sl yue] WMAXA gar dEo] I
RNe W= =do] Bhe A e Ao wig Fastt. wekA A v
2ol FAsoF st ¥ 1A e HARHo] fEstolof gy A H A

3M 610 TAPE
—

Paste to Film

»

Pill off

»

... F

Figure 13. Pill off test. (3M 610 tape)
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Figure 14. Manufacture of carbon paste.
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Table 6. Screen printing condition

ko

Aol whyr) waA wo] 2

ol
2L
£

Contact off gap 2.5 mm
Squeegee angle 80°
Squeegee speed 100mm/sec
Squeegee hardness 75~80
Print pressure 6kgf /cn

Hol AxZzAS dFAX7]|dA 130T 302 Ax
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FHE Hol2E9 f5A =42 rheometer (RheoScope 1, HAAKE

MARS, Germany)<= °l&3dto] FAsdrt. 54 AlA= A4 60 e

HP ola, HYPAN A gE e FAYe 1AL 08 m=E HG3A
<

= 23 T2 3t9th. %% shear rateE 0.1~100 s ‘o=

A HeolxEe AXEHE (G), A8 E (G)e AT, oA
A 4=(Thixotropy Index):= shear rate®} F =S QWA X F2]o )Y

shol Axahe
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V. 2% 2 1%

1. &8 Ad (3M 610 tape)
b BAAY FHo oE AFEAF (XC-72)

I JE B2kA A, B, CE Table 2 o #4202 vjgsto] H o]~
Z3tal Table 6 9 dFzzo=z ~ad QAHqE ¢ Fo 130T
308 AxxAoR AXS 5 Figure 12 o Pill off test 24 HzEH S

sholstedth. Figure 168 2AbAlol E7ol mhe e el Aolg ey

Dispersion agent Dispersion agent B Dispersion agent C

397 963um 150X
—_—

Figure 17. Adhesion test by dispersion agent at PET film.
(3M tape side)
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Y. Binder ¢ F713F W& BEFEHAEF (XC-72)

Figure 16 ¢ 23 & wigo =z

F7A7 R H2ES A

Paste 1

Figure 18. Adhesion test by increase of binder at PET film.
(3M tape side)

Figure 17941 91$-d 9} 3] 21 3| A

l-‘\l

bl @ Aele A 1A
el o] AAEHL SlEhE <fuEte] 4%
& HoFar), N Y g

=9

i,
.

. Carbond] TR w4 fs}ﬁ'k] =) '(X'c—"72, MAX)

Paste 1

Paste 2

Figure 19. Adhesion test by carbon powder type at PET film.
(3M tape side)
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Pet Film o <l#jste] H&AH H2EES 3 A3 XC-72 3HE A&
3k Paste 1M 9] A--ol= 7h2dA7F EoA o= Zol Hlske] Paste 3
o] Agoles dATE A oy A S AMEEA g9 FHl

webd gl zol7t W e 4+ A

l

MAX 7HES Abgele] %Y HAEE @ wet AAZ AsHE

Paste;_e’ 5

Figure 20. Adhesion test by increase of dispersion agent at

urethane film. (3M tape side)
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Paste 1 Paste 2 Paste 3

Figure 21. Adhesion test by increase of dispersion agent at

urethane film. (urethane film side)

2. 42X 54 &4
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Figure 22. Viscosity graph & amplitude sweep of nano carbon

paste according to dispersion agent type.
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Table 7. Thixotropy Index of paste 1~3 by

dispersion agent

i
04 1

Shear rate Paste 1 Paste 2 Paste 3
1 1/s 26530 cps 43570 cps 25360 cps
5 1/s 73950 cps 102600 cps 79800 cps
10 1/s 64110 cps 85110 cps 70620 cps
50 1/s 26380 cps 41690 cps 35610 cps
100 1/s 9555 cps 17840 cps 15220 cps
Tixotropy
Index of 2.80 2.46 2.24
Paste (5/50)
. vl Y FUMFd mE geE2x A &4 (XC-72)
Table 3.9 44 wlgo 2 stol dlelrel Srbarel e §3y o
oo EAH 9%t FE5E5AE MAS HREE St FHolAEE Alx
Hol2E9 HAgH| 2 = Tl SAHE o] &3t
Thixotropy IndexZ #|4FakSi T}
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Figure 23. Viscosity graph & amplitude sweep of nano carbon

paste according to increase of binder

Table 8. Yelt A& shear rate 50 1/sS 7|+ 2 HYS uwf d=
=€

7} Asste AS €1E 4 3l Thixotropy index ©
¥ o] 2~ E o] Thixotropy

2 whedel S4el o

Table 8. Thixotropy . index of paste 1~3 by

increase of binder

Shear rate Paste 1 Paste 2 Paste 3
1 1/s 13320 cps 35150 cps 40130 cps
5 1/ 44960 cps 58850 cps 65340 cps
10 1/s 41470 cps 53650 cps 59760 cps
50 1/s 28880 cps 35460 cps 38860 cps
100 1/s 14760 cps 19220 cps 19380 cps
Tixotropy
Index ‘of 1.55 1.66 1.68
Paste (5/50)
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Figure 24. Viscosity graph & amplitude sweep of carbon paste

according to powder type
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Table 9. Thixotropy index of paste 1~3 by powder type

Shear rate Paste 1 Paste 2 Paste 3
1 1/s 14370 cps 30950 cps 19920 cps
51/s 40880 cps 53950 cps 37880 cps
10 1/s 38130 cps 39340 cps 30300 cps
50 1/s 26420 cps 11850 cps 10570 cps
100 1/s 14830 cps 8329¢cps 7602 cps
Tixotropy
Index of 1.54 4.55 3.58
Paste (5/50)
Table 9. YEelt A A< Thixotropy indexES H.U4S paste 1 &

154 9o H|3}e] paste 2, 3 =

G melFal glth

Z+7} "4.55,°3.58

. BAHAl 49 F7Hd mE JE2A S4 4 (MAX)
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Figure 25. Viscosity graph & amplitude sweep of carbon paste

according to increase of dispersion agent (MAX)
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Figure 26. Viscosity graph of carbon paste according to increase

of dispersion agent. measuring range 10000 ~ 100000
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Table 10. Sheet resistance of carbon paste by experiment

(Formulation by Table 2~5)

_‘(‘%‘_
o2 3akste] Table 10.9] YERW AT

Specific resistance (Q -cm)
Table 2 Paste 1 Paste 2 Paste 3
Sheet > L ™y
) 3.01x10 1.81 x10 3.75x10
resistance
Table 3 Paste 1 Paste 2 Paste 3
Sheet 3 4 o
) 1.43x10 2.10x10 3.12x10
resistance
Table 4 Paste 1 Paste 2 Paste 3
Sheet > s £
) 1.03x10 2.30%10 2.47x10
resistance
Table 5 Paste 1 Paste 2 Paste 3 Paste 4 Paste 5
Sheet -2 -2 -2 -2 -2
) 2.30x10 1.61x10 0.56x10 0.66x10 0.96x10
resistance

Table 2.2] E4kA|o] F7FHE € AEo| A= dispersion agent BE A}F-&3l
paste 2@¥Ho] 7} e AgS YERUAdT. ol ©E E4bA vl sk

%
BAA AT 9H e S

AAES & B
A

7} jump st FAS "rolFo] Al A o]
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