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Optimization of platinum catalyzed liquid silicone rubber conductive foam by orthogonal experiment
LIANG Jiayu, WANG Shuai, QI Rongrong
(School of Chemistry and Chemical Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract : Liquid silicone rubber (LSR) not only has the advantages of silicone rubber, but also has good fluidity and is easy to
process. However, its insulation properties limit its application in the electronic field. At present, there have been many studies on
conductive solid silicone rubber, but there is relatively less research on conductive LSR, and there are still some common problems,
such as excessive conductive fillers, high hardness, and high density. In order to reduce the amount of conductive filler, also reduce
its density and hardness, acetylene carbon black (CB) was used as the conductive filler and the material was foamed to prepare
conductive LSR foam. However, platinum catalyzed LSR cannot use conventional nitrogen-containing organic foaming agents to
avoid platinum poisoning, so other foaming methods need to be used. Hydroxy silicone oil (Si-OH) and water were used as chemical
and physical foaming agents, and montmorillonite (MMT) as a reinforcing agent. In order to obtain a silicone rubber conductive
foam with good comprehensive performance, the orthogonal experimental method was used and one-way analysis of variance was
conducted to study the effects of hydroxy silicone oil, CB, MMT and water on foaming, mechanical properties, and electrical
conductivity of the material. The results show that the orthogonal experimental method can quickly obtain the optimal ratio of CB/
LSR conductive foam: when LSR content is 56.1 wt%, Si-OH is 28.1 wt%, CB is 7 wt% , MMT is 5.3 wt% , water is 3.5 wt%, the
electrical conductivity of the prepared foam material is 3.36x10° S/m, which is 9 orders of magnitude higher than pure LSR, with
density of 0.67g/cm’,43% decrease compared to pure LSR, Shore C hardness of 36, and 33% decrease compared to pure LSR.

Keywords : liquid silicone rubber; electrical conductivity ; foaming ; orthogonal ; carbon black

BEETH: sl KA 24t s be Pl [ B3 H (JDSX2022054)

BARIEE : ORI, L, RSO, LA S0 BIFTE 7 10 hy i 4 7 ek

YR B 2024-06-05

SIRHES: AT, E0 A TE SRR A UL A AL A RS 5 L AR 0]. AR MURLJTT, 2024, 52(8): 110-116.
LIANG lJiayu, WANG Shuai, Qi Rongrong. Optimization of platinum catalyzed liquid silicone rubber conductive foam by orthogonal experi-
ment[J]. Engineering Plastics Application,2024,52(8):110-116.



RIT A OE AR A LR AR AR I 3 v R B R 111

AR AR S (LSR) B T H & iEAR A B 1) ¢
PE, Feanfie S 19 127 22 Ve e it s AL AR ek
PR AR, HEA BRI s s b, vl
TEE IR T AL T SR s Ak, S T T, H i,
TERMAG IR AR PR T2 N . Ak,
P K AR T i T R B O I 2 v e
A KRt i e 7 1 v Rk S5 R ) e R (e
PRI A AL A ) 3 S R L R TR 2 B ) A% I
AL 55 7 17 AT DR (2 A G P B
THAE VAR EER B o R TR SRR
ENIERS B O RN IS R S S o W <]
WA SR SRR | E REAR I il &
SEMEREHE T AR A, i ok IO P 5 R B £ S
Bk Z — RPA(CB)H TR 4/, e aT iy fs
TR — B, KR WA 25 R ARAIR, R 4k
TRIRL T8 2, 25 R PR v, DU m] T g 1 5 fL T 4%
BRSPS, 5 Ak, CB Y H R AR
e R0 o 2 fio A i oL S 6 PR G R S A AR
i, — T 2 CB AN It 10% LA B, A RETA 2 T
W A . SR 22 0 SO of 2 8 A B 4 v, R
FIFAERMEALIRER T R o T AR LY
SR RNRE B, AT URI R R SE ., Ao i
TN R AAN T ARSI et 2% B FNAg B 3 1T LA FRAIR
BiEEE, SR, A AL R g8 LSR Y, 4
il 8 FH AR R 28 vt i 2 & A e s I R B
RERR IO 14k, PR A5 ) FH A B dh A 7 & 3 o

H AT, A T FEARREAR B 1 2 i 15 3 Z Lo & i
WAL, R PR L . Chen 2590 &1k o B 322
A3 HEUE R T IR SAUe (PDMS) B R AR 1, FH 3D
FTENEE A BFE i, B )5 FRRERE S R K h s A
AN S | A TR AR IR Y 2 FLREAR A
Ko Zhang %5 o S AL AT PEAR M 15 5 T —F
TR Z MY ek 45Kk 4 (PDA-CNT)/PDMS
f) 235 1 22 D RE B R /TR H1/60 3 52 4 U0 TR 1 Ik
o Wu SR AR PR A 32 0 8 n A 220
VB T H ORI 45 T T ARG Bl 58 | 22 B PGk
M) 17 fi 7 A B T AE RS 1 10 28 1 R 0 AR T3
Wu ZED LR A A0 K £ 4 (CNFs) FRBE R R A A
5 5] Z £ PDMS/B5% 4 >k 2T 4 52 & #1 K} (p-PDMS/
CNF), %M A e B9 BHL P BE , LR o7 Asf ] e
Zhai S5 F] FBERIUREAE A AR, A T — Pt
T3¢ B/PDMS 1Y Z AL IR AL A, S8 T AR i

L TAEE L L R4 iy ) 1 R M PSR A e 7 e
[ AT AT AP o Li S LR B 2R b B SRy ik
B, 455t ZFLREAR I A R, I & B 45 Fh
JE TR A2 RS AS IR N, BB SIEA I iz
SRR L K AT i85

WA B R H 2 LB EL i 48 2 FLEEAR AL B
Jing S5 ] PDMS ¥ 1 85 [ 1 75 — R FUH A
B L & T —Fh 3T B8 Ja/PDMS R4 < B
RIS o Tl A ) e BELA% 8% LA S ot o
JEE 5 ) 7 e R R e A P, R R AN ot e
MRz 3, 45 T 465 2 i Wz 3h R
Davoodi %" W iEAR BRI A 3D FTEN Y 2 LA LS B
FEAG 2R A RL O A SRR BB e
BIHIR A2 LRI b A5 20 i kLA
124~ A9 30 L BB AP ¢ v g AR VR &R, I 7
PEIASTE I 5500 3 T 30 L R g i 1o

SRIMARHERARE A Tr R 4% L 2 i
P AR S [R] T, 177 22 LSS L 48 ok SUAEAE RS LA
YES % MORPEARA R ) 55 (5] 8 , A AR A Jey FRAE o
PR A AT B 3 R b 2 2R ik ) £ ZFLEEAR IR
1 Verdejo 45 FI AL 5 24 LSR i, I ¥ Il CNT
il & T BHRR RS & 1 i Rt A B 40 48 45 bl %5
CNT & 3G 71, i F CNT i & i f rp
ARG A i 1w T T REASAR G4k, R
A AIG 4 B 20 850(0.5%) Pk 2 [ K k&2 il
TR A S50 a8 7 5 R A A AR 1 A
BCR I REAR I A AR, 2 )5 MGl D CNT 5
A1 S IO A T B B T RE B REAR I Kk A
B, Zhang FFUVR AL SRR AL R AR
LSR 7 A S &L, IE R &0 5k = & R
ot , 38 2 AT B R A 22 RN, A R T 2 RE R AR
B (MWNTs) Fl A AL A7 3545 (GO) AL R 1 T BE 4 K bk
FEHURHFG-M), 5 HIUEHA 2 (GO/SF Fl MWNTs/
SF)AH I, FG-M fef & 5 5 A Rk i (AR
MR, X FG-M-2 AR B4 5CH 20% B, B4 BHA R
FE, LSRR R 351 O 8.56x10° Q- cm F110.548 W/
(m-K). SR FG-M @t il s A F 70 T, A
FARAMICE R E A AR, H MWNTs F1 GO i
Feds e, AT Tl b AR A = AR

LSR F &4 & SRk 20 3 rk i, ik,
SR AL I (Si-OH) , HHEALFI A 2R &
HET, Si-OH 14 fE B I 11 R 75 S0 Tl T 9 Si—H



112 AR

2024 4E %5 52 4 45 8 1

FEPH 2 R) & A 40 A 22 R g, A S ESNTTT &
o FEXA BN HIE BB A Ak AR ot B B R AR
W R A PN 2% o E S I RN B R RS
RAEF=PIVE R KA R, 3CHE RO Ak 2 ki
FWAE it A R R HEA T A o K AT DA S
RAF]AARMAZREY )G, 4 FHE % 100 °C
J&i, K78 K B A SR iitafL . Marl 55" ] K AE
KAL) AT A& LSR ) S BB 1220, % Jin okt
TR 3% MK, A AL BE AT DAREAIR 40% , fiff B
WA, S5RR LI, T LS HORBELR X A1k
B A R P s R A AT D e LR A 3
IS o S (MMT) 2 —Fi K-S R R SR
Y, iR ER G R LA R A R B
AR TR PR YERE , AU A TR £ MMT X T 4%
JE 2 T 55 S AR AT A R s A RE, AT AR AR AR i
B AR AL AE K . L2 R F Si-OH FIZKAE N
A 2E LA R W B0 5], S DL MMIT R R 2% i Bl 70 LA
PR SR BB, HE B LA

H il O A7 58 2 1 AR REAG IS & 1o (HJ2 G
TR R 1 LSR T HL R 52 & MR
o T S BRI LSR BEA S B Zh e AT L
B, B R S A A A 3 10k R
TR A% I BE Y £ e s FRAE R T H FORE I 48 iR AR
JE S A AR IR R IR S RS T A A T T A
et DA 23 FL o3 A 150 e B0 i bk
A REAR IS A I ko
1 SKIE#ES
1.1 E&RMF

LSR:NL6040D, A 21 43 ( £ M Fe ik i LS RE 41
fEA ] B, B 24H 3 (% SR L O AR LR
BE AR, i B SR A BRA A

Si-OH:DT-IG501-5000, K& 5 000 mPa-s, L1 7%
KA TAHBR A

B B (CB): ENSACO250G, Fifs 4.5 um, %
I 1.9 mL/g, lLFR AR 65 m¥g, |~ MBIl & fb 2428
Al

MMT : $ri AR - A BR A
1.2 MEEEXE

K% L BB PE 2% : LID-400W , B M IR B AL 2 AT
FRZF]

M AKX RHE AL : ZYMC-200V, I 17 A
BEHEABR A

H, BT YIRS XU T 4246 « SFG-02.300, [T ARAIY
a A FR A

Fi F7iR B HL : SR-20KN, 75 5 i NI 4 ) 35 4
ABRAF]

F148 1 7 2 33085 (SEM) : Nova Nano 450, 3 [
FEI/AF];

BRI C FURE FE 1 . HLX-AC, B 5L 7RI e
AR

o 246 2% v, BELI 4 ZC-90G, | ¥ K KR H, A%
/A8
1.3 XAER A&

¥ Si-OH(4), CB(B), MMT(C) Xz 7K (D)4 4~ A &
AN 3K, LR 1 B IEsSIR I R Ik 9
RS, o AT A T T A A R A R
CBTE75°CF T 5 h, # R 2 IE A SLIR B I 3%,
¥ CB,MMT ¥51IRA 5 A 16 g K% 11 Si-OH
ke, FH B SRR A, FIMA S {7 LSR
TFIRAIPIRA YA . ZIE AR LG E
o RO HE AV I B AT R A B R IR [E A
50°C [ 1t 30 min, 120°C[#14k 1 h, 150°C 4k 3 h, 1%
FIOHFEME R BEIRAH

F1 PREZKEE
Tab. 1 Level of affect factors

Factors

Level

A B C D

1 4 1 1 1

2 8 2 1.5 2
3 12 2.5 2 3

Note: Liquid silicone rubber is 16 g.
®2 EXREAT
Tab.2 Formula of orthogonal experiment
g

Samples A D
¥ 4 2 2 2
2* 4 1
3* 4 2.5 1.5 3
4* 8 2 3
5 8 2 1.5 1
6* 8 2.5 1 2
7 12 1 L5 2
8" 12 2 3
9" 12 2.5 2 1
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Tab.3 Properties of foaming material

Samples  Hardness Shore C  Density/(g-cm ™)  Foaming ratio
LSR 47 1.18 -
1" 54 0.87 1.36
2 31 0.56 2.11
3 55 0.87 1.36
4 21 0.48 2.46
5* 36 0.67 1.76
6" 37 0.78 1.51
7 9 0.39 3.03
8 25 0.65 1.82
9* 30 0.78 1.51
x4 EEREZRRBER
Tab.4 One-way ANOVA result of density
Factors Sum of Degree of - Mean Fvalue Significance
squares freedom  squares
Si-OH 0.04 2.00 0.02 0.67 0.55
CB 0.18 2.00 0.09 11.02 0.01
MMT 0.01 2.00 0.00 0.09 0.91
‘Water 0.00 2.00 0.00 0.00 1.00
®5 EEEERZEREER
Tab.5 One-way ANOVA result of hardness
Factors Sum of - Degree of  Mean Fvalue Significance
squares  freedom  squares
Si-OH 976.89 2.00 488.44 3.81 0.09
CB 742.89 2.00 371.44 222 091
MMT 2422 2.00 12.11 0.04 0.96
Water 2.89 2.00 1.44 0.01 1.00

2.3 W FEHH
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Tab. 6 Volume resistivity and electrical conductivity of the sample

Volume resistivity/  Electrical conductivity/

Samples CB/%

(Q+cm) (Srem™)

LSR 0 6.60x10™ 1.56x107"
1" 7.7 1.98x10° 5.04x10°°
2* 43 5.69x10'° 1.76x107"
3 9.25 2.51x10° 3.99x10°°
4 3.3 1.48x10" 6.76x107"
5* 7 2.97x10° 3.36x10°°
6" 8.5 2.26x10° 4.43x10°°
7" 3.1 8.00x10™ 1.25%x10°"
8* 5.9 4.58x10° 2.18x10°°
9" 7.46 2.87x10° 3.48x10°°

R7T BEZBRIRUER
Tab.7 One-way ANOVA result of electrical conductivity

Sum of  Degree of  Mean

Factors F value Significance
squares  freedom squares
Si-OH 58.02 2.00 29.01 1.78 0.31
CB 9.13 2.00 9.13 0.37 0.57
MMT 86.01 2.00 43.01 6.15 0.09
Water 2.76 2.00 1.38 0.04 0.96

N T M BHTE AL AR T BT, 221k
7K i -5 AT VL A T T i N T A, RS WL
KT LA DR RS R A S AH MRS A B B0, dn T 2

(c) S shape

(d) Wave shape
&2 BT A
Fig. 2 Application testin of the sample

(e) Twisting
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Tab.8 Mechanical properties of foaming material

Samples Tensile strength/MPa Elongation at break/%
LSR 1.1 479
1 0.9 113
2* 0.5 185
3* 0.4 51
4 0.25 170
5* 0.45 198
6 0.4 108
7 0.15 227
8 0.3 180
9’ 0.25 74

R HMEEARRRWLER
Tab.9 One-way ANOVA result of tensile strength

Sum of  Degree of  Mean

Factors Fvalue Significance

squares  freedom  squares
Si—OH 0.21 2.00 0.10 3.58 0.10
CB 0.11 2.00 0.05 1.15 0.38
MMT 0.03 2.00 0.01 0.23 0.80
Water 0.04 2.00 0.02 0.37 0.71

R0 HREKZHAFRRELER
Tab.10 One-way ANOVA result of elongation at break

Factors Sumof - Degree of  Mean Fvalue Significance
squares freedom squares
Si—-OH  3730.89 2.00 1865.44  0.44 0.66
CB 21849.56 2.00 10924.78  8.85 0.02
MMT  3069.56 2.00 1534.78  0.35 0.72

Water 602.89 2.00 301.44 0.06 0.94
H 2 TR RS W] LU Y, PR 1 3 1 R
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