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Scheme 1 Syntheses of polyimide with arylene sulfide structure
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Fig. 1 Relationship of viscosity with frequency and reaction

time during polymerization

R, 5 8 SPPAA (R TE]5E 0 S h, 3X I 2

REEL 54 B T SRR 550 Tt X
R T SRR

2.2 SHBRENEBRERS FERNE

i T 58 MU S Rl v i AR A I AN B
R X LA AE |, T35 — 25 o A il i) SR e i
MR , FRITFIEIL 5 — e A R R s, SR A W 1 01
B EHEAIE R, Wt R, 55— 20 S I 4B i
M= )- SRR R O 2 0eE T RGN 1, M
H PAA TH:1E B A B s itk e, A TAE LI
DMF s3], SR FH G HCH LI 2 T & B 1Y) SPPAA
WE (M) S5 R— A 2 s,

SPPAA 4» FIUTE /> Fit M, = (6.7 +1.6)
X 10*; B 7 SRITHEFAS R, = (80 = 13) nm. 3 4]
TR E (R RN B TR ST, AT
HIREW, 7T 8 A0 F B G SR BE W e i A
KA (R AR s i[RI PR R T R A #-HIL
PR RE.

o i 2010 4F
1.025x 1072 B
/K, /AR, /
mol
-
3.250x 1073
0.0 1.0
Sin%(8/2) + 33¢
Berry plot

Fig. 2 Results of SALS of SPPAA

2.3 OMBMENMEHRITRNG EREARES
R

5 o B R W it T HC R PR 4, — FBCRR R
A R AR E M, T Ih 40 M T EE 24 7R 500°C
FeA T SR e 12 AN [) 30 Ak R B 7 58 9 I e
BRI 53 A i B, BRI T DA AR 43 A o O
RG W ERAE ORI RIS e
PR ) 22 5.

TN TAT 3 S T SV P A R A 2 gt IV e A e
B IS F SR T IV P 114 ARG . DA N, AR5k
AT, FHEH = 20 K/ min.

&l 3 R IR ER AL SR T SR i 1R ANAS [R] 24k
T EE T BT AR SR e SR -G R . i mr I,
2k 1, B0 SPPAA ik H i 4k Won 1 HAETHE
AR I T RS

SPPI-h 5) 300°C
100 S 4 4) 250°C
3) 200°C
~ ool 2)150°C
g% 1) SPPAA
é 80}
=
3 70
Z
=4 60 F
50t
40 . - - - - -
100 200 300 400 500 600 700 800

Temperature (°C)

Fig.3 TGA results of SPPAA and SPPI-h with different

imidization temperatures

AW SPPAA 15 150°C J5 TR UG 40, R IR A
IR I 225C eGSR A, kR Y
K1 24% | JJiE 295 min. $2Z1E 280 ~530°C JLF &
SEA L XU B W R A6 150°C IR T 358 0 43 fit
Ab AT TT HE IR e Ak AR B PL,250°C B 3 AN i
CAFEASE L. 7T LAE B, H S0~ i B AR RS2 L



11 49] 5K ZUAE - T RIS AL 2R I SR SV 1) 5 J S SR AIE 1291

R, 1 U BRI TV A = B R IR R A 6, R ] 56 2R
K. BT SPPI-h 7 560°C 7247 - 43 i
PH B R A 597. 27°C, i 243 800°C
R4y Ty 42. 2% .

MHhEE 2.3 4 F1 5 53R fE AR RIEE T 36
o= e I T 2, B PR TR Y 4 v, LA
ot AWt m, R E 5% M 10% R & 7E
800°C Fif (14 1 4 i i AR 20 26 4 e Pt TR, o0l
JELE B 560°C L) I

2 O IV b 2 2R T B 1 7 A 5 K ) R A
FEFNAGVE R & 28 B Ak (3 72 1] 4 AN )
IR ] T 35 A5 Ay 508 I IV i %) 0 2 7 il k. Pl A
AL UL A2 TR Rl Ak ELAT 35 I R AR, B
ATE) 0.5 h B AR 7= ) O 5 AT 5 s i Tk S e Ak
FEIE I DR 2R U3 ok, 3 2 R T BRI B
fUJGE B F= P A K TR W 2540, FRAR T R A
VI . Bl PRI R] A S, R e B A
P, N AT 2 b R SRAS RY e B B A
T AR UE P, R IR 4 IR 5 T 585°C, B

P 0. fig A S o7 B BEAR S5 o
SPPI-c . 4)2h
100 3 3)1.5h
) 2) 1h
oo} 1) 0.5h
S
% 80t
<
E ~_~
= 70t £ 100 SPPL-h
3 2 90F  sPPLc
5] 2 80t
& 60F 5
E 70F
‘7 60
S0r 2 50 | | ,
100 300 500 700
40 Temperature ( °C",) ‘ ‘ .
100 200 300 400 500 600 700 800
Temperature (°C)
Fig. 4 TGA results of SPPAA and SPPI-¢ with different

imidization reaction times
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Fig. 5 FTIR spectra of SPPAA, SPPI-h and SPPI-c
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Table 1 Results of elemental analysis of SPPI-h and SPPI-c

C H N S

Theoretical value  66. 33 2.51 7.04 8. 04
Experimental 66. 02 2.87 7.17 7. 66
Theoretical value — 66. 33 2.51 7.04 8. 04
Experimental 65. 96 2.70 7.00 7.73
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Fig. 6 DSC traces of SPPI-h and SPPI-c
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Table 2 Results of elemental analysis of SPPI-h and SPPI-¢

Contact angle(°) % »! yP
H,0 CH,CL, (mN'm™") (mNem~') (mN:m~')
Cu foil  72.9 35.8 47.3 41.7 5. 65
SPPI-h  80.9 34.5 44,99 42.26 2.73
OPPI-h 103.8 65.8 25.6 25.25 0. 36

v is the solid surface tension, the addition of d and p in the

superscripts refer to the dispersive and polar components of each.
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Table 3 Adhesion work between copper foil and polyimide
Cu-SPPI-h Cu-OPPI-h
W, (m]/m?) 91.77 67.7
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SYNTHESIS AND CHARACTERIZATION OF POLYIMIDE WITH
ARYLENE SULFIDE STRUCTURE

ZHANG Yi, ZHENG Xuefei, NIU Xinxing, ZHANG Yanzhu, XIAO Shanxiong
LIN Wenxuan, LIU Siwei, HUANG Aiping, CHI Zhenguo, XU Jiarui

(Key Laboratory for Polymeric Composite and Functional Materials of Ministry of Education
Key Laboratory of Designed Synthesis and Application of Polymer Material, Materials Science Institute ,
School of Chemistry and Chemical Engineering, Zhongshan University, Guangzhou 510275)

Abstract A polyimide with arylene sulphide structure units was synthesized via polycondensation of 4,4'-
diamino diphenyl sulphide (SDA) and pyromellitic dianhydrid ( PMDA) followed by thermal imidization and
chemical imidization. A real-time online tracing method was built up by using the advanced rheology expanded
systems (ARES) to monitor the polycondensation, and the effects of reaction conditions on the thermal and
chemical imidization were studied by thermogravimetic analysis. The structures and properties of the polyimide
were characterized by fourier transform infrared spectroscopy ( FTIR), small angle laser light scattering
(SALS) , contact angle analysis and differential scanning calorimetry (DSC) eic. Results show that the surface
properties of polyimide films are great improved by introducing the arylene sulphide structure into the main
chain of polyimide, and the adhesion work between the new polyimide and copper foil is higher than the
traditional one. The weight-average molecular weight of the polyimide is (6.7 +1.6) x 10*; the decomposition
temperature is higher than 560°C ; DSC resulis show that the polyimides prepared by both thermal and
chemical imidization have high glass transition temperature ,and in comparison,chemical imidization gives rise
to a higher degree of imidization and a higher glass transition temperature.

Keywords Polyimide, Alkyl sulphide strucutr, ARES, Contact angle, Thermal stability





