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Optimization of Preparation Parameters of Conductive
Polypyrrole Driver by Orthogonal Test

ZHANG Teng-teng' /' WANG Xiang-jiang'* , TIAN Su-kun’
(1.School of Mechanical Engineering , University of South China, Hengyang, Hunan 421001 , China;
2.College of Mechanical and Electrical Engineering,Nanjing University of Aeronautics and

Astronautics , Nanjing , Jiangsu 210016, China)

Abstract ; Conductive polymer has a wide range of applications,in order to prepare high per-
formance conductive polymer driver materials,the preparation parameters of conductive poly-
pyrrole (PPy) is optimized by orthogonal experiment.The pyrrole was used as polymerization
monomer , polyvinylidene fluoride (PVDF') as substrate and the trifluoromethanesulfonimide
lithium (Li*TFSI™) as the dopant.The polypyrrole driver material with three-layer structure

was prepared by magnetron sputtering-electrochemical deposition method. The effects of the
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current density, pyrrole concentration, polymerization time and temperature on the displace-

ment of the actuator were investigated by orthogonal test with the displacement of 1 V and 2

V drive voltage.The experimental results show that the most significant factor in the effect of

the preparation of PPy is current density ,the best process combination is the A,B,C;D,.That

means , the current density can be selected as 0.15 mA/cm’, the pyrrole concentration is

0.1 mol/L,the polymerization temperature due to the impact can be used between -25 °C ~

-35 °C temperature , polymerization time optional 10 h.

key words: conductive polymer;preparation of PPy ;orthogonal experiment;optimization of

process parameters ;mechanical properties
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3 005 05 -35 12 0.039 0.22 145.74
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2 R 55T

2.1 PPy BRMIFEM IR

Xl £ 0 S HL PPy R A R B T
LI IS5 -0 FOEJE 6 2 4510 T PPy HYJBE
SRR AT R R A 228 K, R B2 R
143 wm, BGUAAY PPy B K2 22 wm. & 2 =2
#i By JLA PPy IR RIE S, B AT i
T TE R TE A Y PPy R IR S0 S A L, 62
P SRR S AR . SO0 |-, P I 2 B K, PPy
A R R R, B2 T 2 IR IR EAE 10 pum
e A A RS AN 5 (] — R B2 i S 7
FisF (] () 38 hORE A% AH I 38 K, 1T L Bl 2R 1 ]
MY EA | )22 5 B L AE 3 SR 2 0 L i a~ B
) PPy J i AR AR /0N, B0 PR A b 1 A
g, h,i RIATE I LB B LT PPy B i FH L
K BURPER R BRI 50 8 A 45 1)
PPy X HR TP 30 9 SO VA 52 e, i — 20k
UKl 2% B4 RHE 3l H R R A A AR A B K AR
FE M.



78 FAAER A4 (H AR

2 EHETH PPy
Fig.2 Microscope PPy

22 fUBMRER

XTI Bl A RN L He 2 S, it 4 FL R[] () S
IX Bk PN B S A S SN e, 2 3K Bl 2% H
Ui A A AR R 3~ 1 6 AR E R 1,1.5.2,
2.5 VYRS PPy BIA s BS AR A AR 0, b AT HIAE
AR SR8 i S A AR R, (AR 2
Bl &1 PPy K/ AN L2 R 1alRE a~f 7
RN IR | RS AR AR BE D 25 50K R o
AAELIRAE ¢ FHAE h ok o 2 R A R i
TR, M H AR PSSR,

1
0 15 30 45 60
EEPS

0.0 .

B3 1V RETHIGR R EE &

Fig.3 Displacement time image at 1 V voltage

2017 % 12 H
1.5
—a—d
——C
1.2 +g
Ad b A A A A A A A ——Nh
= 09K
206 AR o
=
03F
. .
Oor 1 1 1 1
0 15 30 45 60

S

B4 1.5V RBETHMLEEEEG
Fig.4 Displacement time image at 1.5 V voltage

0 15 30 45 60
Fs (e #/s

5 2VHEETHAZHEES

Fig.5 Displacement time image at 2 V voltage

1.8
—a—C
15F ——d
+g
h
1.2 i
£
g 09}
5
<06l
0.3
00 1 1 1 1
0 15 30 45 60

st /s

B 6 2.5V REELRHEEEER
Fig.6 Displacement time image at 2.5 V voltage

BTS2t 2 V s R it 1 v
HLFE A BS I S B e e, X PR O L R R, 1
RA WG )Z HRER T 2 3K 3 25 AR B
AR (MR B 4 ), 2 11 5 | 7 B sl 2 ok [R1 422 o i
HK.



55 31 5 4 B il s i TE A I A AL 5 SR M B 3 R4 TS 79
2.3 EXRIEHH i R 2

S5 IE S I — P W UE 2 B %) PPy HY 5
], A8 ] A5 RS R B Sl s R 2 A% DN 7 B8 A%
ARz A 2 i SUZE AN R B A2 8% 1 I 3% 2, AR IE
SEARER A 22 70 B AT LA BB UL LA, W3R 3.

x3 HRHW
Table 3 Results Analysis
A B C D
K, 0.175 1.313 1.259 1.035
K, 0.728 1.69 0.61 1.367
K;; 2.705 0.605 1.739 1.206
R1 2.53 1.085 1.129 0.332
Optimize A, B, G D,
K 0.629 1.172 1.601 1.698
K, 0.801 1.406 1.719 1.289
Ky 3.028 1.88 1.138 1.471
R2 2.399 0.708 0.581 0.409
Optimize Ay B, C, D,

H K Ky Ky il LR 1V R RE &R
KRR OE RS Z FL K Ky Koy o3 3 A LR A
2V IR 3 A% K T X N B 67 B8 2 F, RL, R2 47
SIS AKX B B4 SF- 5 0B A 2 53 M7 op BT DL
FXH £ PPy 5200 f K 1 PR R LR (A)
HYRMERE R E (B) IR G (C) , % /)
FERARHE (D), S BI, 1V
JEALRE I 26 (8 ] UG B iR L4 & 4 A, B, C, D,
M2V HL R A B i 2 {E R LA B S R AL Ao
A,B,C,D, 455 PRl 1Y PPy [IE 35 KA 75
IR KNS 4l A A A, B, C, D, , BRI LT
BREATLEFE N 0.15 mA/em? 5 B 1 MR IR Uk B g
T B FL 2 A PPy TR [R] I b s i 1
0.1 mol ; 5 & ¥ B i T 52 i A KAl 2R - 25 ~
=35 CZH IR E  BARE R 3E 10 h, I
4 A,B,C,D, , X HE AT ME A= i) PPy BEECA T4
e A RE G

3 45 18

Zyd Z YAk, B H % T PPy KBh4R, 45
ARSI B A R 2 O PPy, MR 30 il 75
F1% SR ML 8 1) 10 S5 A P R AT (52 RS A, SR IS 7% 15
JEARACLI [F)— L R UK Bl R A PPy BOALES /DN,
i AR LR 458

1) R e BB LEE PPy RUTESUA B, %)
HEE MR R R M BCE Y, BUs i 5k, &

2) i DN ik 45 SR e A2 A% i it o v, s ) 3
RIMAR K, 22 R TE H S T 09 057 6 1) 722 Ak 4
AT

3) G5 G SEBRg ,  a BR 25 43 BT ik 45 HE R
il % PPy 5200 K 1Y) R 38 2 HL UL 2% 88, Je 24 0
EAE T ESEH AR A,B,C,D,.

SE

[1] TURHAN M C, WEISER M, JHA H, et al. Optimization
of electrochemical  polymerization  parameters — of
polypyrrole on Mg-Al alloy( AZ91D) electrodes and cor-
rosion performance [ J |. Electrochimica acta, 2011, 56
(15) :5347-5354.

[2] BHADRA S,SINGHA N K,KHASTGIR D.Electrochemical
synthesis of polyaniline and its comparison with chemically
synthesized polyaniline[ J ].Journal of applied polymer sci-
ence,2007,104(3) :1900-1904.

[3] HAN G,SHI G.Conducting polymer electrochemical ac-
tuator made of high-strength three-layered composite
films of polythiophene and polypyrrole [ J . Sensors and
actuators ,2004(2/3) :525-531.

[4] JOHN S W,ALICI G,COOK C D.Inversion-based feed-
forward control of polypyrrole trilayer bender actuators
[J].IEEE/ASME Transactions on mechatronics, 2010,
15(1) :149-156.

[5] WU Y,ALICI G,SPINKS G M, et al.Fast trilayer poly-
pyrrole bending actuators for high speed applications[ J ].
Synthetic metals,2006,156(16/17) ;:1017-1022.

(6] WK, RIER RTA,F LM TREY-ERE
BB & T Z SO 5[], DI REHF R,
2014,45(7) :7130-7134.

[7] ALICI G,PUNNING A,SHEA H R.Enhancement of ac-
tuation of ionic-type conducting polymer actuators using
metal ion implantation [ J]. Sensors and actuators B:
chemical ,2011,157(1) :72-84.

[8] ALICI G, HUYNH N N. Performance quantification of
conducting polymer actuators for real applications:a mi-
crogripping system [ J ]. IEEE/ASME transactions on
mechatronics ,2007,12( 1) :73-84

[9] GAIHRE B,ALICI G,SPINKS G M, et al.Synthesis and
performance evaluation of thin film PPy-PVDF multilayer
electroactive polymer actuators[ J |.Sensors and actuators
A :physical ,2011,165(2) :321-328.

[10] HZES, EWMIL, MR E. 5 8RS WK sl a5 25 i 4
PERIBIEGE SR BROCAIT[ ) ] LRI, 2016,33(3)
78-83.

(T A% 85 1)



55 31 57 4 )

T R A5 L BT STM32 14 U R A 7 W 5 R s 2 iy 2% T o1 85

5 4 g

AR 2 B P18 S A A W 5 IR B i
% ST IR AICSR URE ) R B 7 FR) d  o | iy b BA
B 2 800 5 64 A7 3 A 8 BRI, IO E o
GPRS X 4% 145 B0 A0, 2 3k vy W 125 O T A AL
55 g W v 0 AR R A 3T S LR R AT fiE
A F 5 U IR B As AR B, T
SEBL T S IR A A AR W s A R

S %0k

[1] X, Ak, 25 10 A% i 3 st A1 PRI PR By 8 A 328 2 W
R[] B T2 5B AR, 2005,25(5) -
296-304.

[2] SAQY, 837 %, 36 22 3%, 45 3L MSP430 R M5
YR AL [ T] B RS2 30 ( A SRR AR ) , 2005, 29
(2):19-22.

[3] JAVT.STM32 B AL B R B2 vl B TP 9 [ ] .5

(L35 79 10)

[11] false, B0, i 5, A6 R IS MERI X S i PPy [ 44
FRHLAR LA A R BRI 2 [ ] ] R R 2274k, 2003,
36(5) :543-547.

[12] HEM, TR 2HRA YIRS BB RRA Ny
BT B (96 30) [J] AR B R =4,
2016,29(4) :489-494.

[13] XMRE, EMIT, 1 2 125 3 S i R AW IR s
WA TR [ ] A% R R 2= 4, 2016, 29 (10) -

FHARE R, 2015(11) :1-2.

(4] TR, SR TFEYESE EIM] At AREF
HREE, 1961 ,75.

[5] WREEWR, 2= 220 it e, 55— Fiogi B A R B Xy
Rl AR AL RS [T B0l T 5 IR EOR,
2011,31(1) :120-123.

[6] BET-45. I LMV792 HifE 22431 & Bk #% DAR Ok
HLAAR A (E MR L [T ] B0 7= A i 2 2006 ( 10) - 91-
92,94,

[7] B, E e, BRRk. 2T GPRS A~ A 3 s il &
SRR [T ], MR =23 (5 B R0
2012,30(6) :642-649.

[8] VTHLIET GPS/GSM My fE & M Wits RS4RI D].
BB - PEAR I KA, 2016.

[9] ¥FEHE, #5257 25T GSM HI GPS (4 S 7 Wi R 40
P[] A ,2015,(2) :16-18,21.

[10] FERK, JS8IZR.ZET GPRS A% 5 S BRES Wil &R 48 ik

THLTT B AL & 5 6, 2012, 20 (7) 2 1773-
1774,1777.

1522-1528.

[14] 4, £ 4 5T E 32l 5 i U ) 2 B AL w5
(7.3l A 3k ,2015,37(2) :96-98.

[15] JOHN S W,ALICI G,COOK C D.Validation of resonant
frequency model for polypyrrole trilayer actuators [ J].
Ieee/ Asme Transactions on Mechatronics,2008,13(4) .
401-409.



