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Table 1  Sonic velocity, density, X_ and sonic modulus of isotropic PPS fibers with different crystallinity
Temperature Time Sonic velocity Density Crystallinity Sonic modulus
Samples
(C) (min) (km/s) (g/(:m]) (v/v) (GPa)
PPS-N-1 100 240 1.5292 1.3283 0. 0796 3.11
PPS-N-2 100 300 1. 5480 1. 3308 0.1022 3.19
PPS-N-3 120 15 1.5651 1. 3370 0.1584 3.28
PPS-N4 120 20 1.5700 1.3382 0. 1692 3.30
PPS-N-5 140 360 1.5944 1.3434 0.2163 3.42
PPS-N-6 170 60 1.5958 1. 3454 0.2344 3.43
PPS-N-7 170 120 1. 6001 1. 3461 0. 2407 3.45
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Table 2 Structure parameters and tenacity of PPS as-spun fiber

Density Sonic velocity E Tenacity
Sample X, f
(g/cms) (km/s) (GPa) (e¢N/dtex)
As-spun fiber 1.329 0.09 1.52 3.10 0.08 0. 88
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Fig. 2 The curves of azimuthal scans of PPS fibers (a) DR =4, different temperatures and (b) temperature = 90°C , different DR
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Table 3 The effect of drawing temperatures on structure parameters and tenacity of PPS fiber

Drawing Density Sonic E Tenacity
Sample X, f i S
temperature (°C) ( g/cm3 ) velocity (km/s) (GPa) (eN/dtex)
PPS-0-70 70 1. 3439 0.22 2.38 7.61 0. 85 0.88 0.84 4.6
PPS-0-80 80 1. 3455 0.24 2.42 7.88 0. 86 0.88 0. 85 4.7
PPS-0-90 90 1.3502 0.28 2.47 8.24 0.87 0.91 0.85 4.8
PPS-0-100 100 1.3513 0.29 2.38 7.65 0. 85 0.89 0.83 4.5
PPS-0-110 110 1.3532 0.30 2.31 7.22 0. 83 0.89 0. 80 3.7
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Fig. 3 The effect of drawing temperatures on crystallinity
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Table 4 The effect of drawing ratio on structure parameters and tenacity of PPS fiber

Draw Density Sonic E Tenacity
Sample X, f S Sfim

ratio (g/cm®) velocity (km/s) (GPa) (cN/dtex)
PPS-D-3.0 3.0 1. 3420 0. 20 2.16 6.26 0.77 0.79 0.77 1.5
PPS-D-3.3 3.3 1. 3421 0.20 2.26 6. 85 0. 81 0. 88 0.79 3.6
PPS-D-3. 6 3.6 1. 3415 0.20 2.29 7.03 0. 82 0. 84 0. 82 4.1
PPS-D-3.9 3.9 1.3414 0. 20 2.39 7. 66 0. 85 0. 88 0. 84 4.2
PPS-D4.2 4.2 1. 3416 0.20 2.44 7.99 0. 86 0. 87 0. 86 4.6
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Fig. 5 The dependence of f,, and tenacity on draw ratio
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Table 5 The effect of heat-setting temperatures on the structure parameters and tenacity of PPS fibers

Setting Density Sonic velocity E Tenacity
Sample . X, . f fe Sfam
temperature ( °C ) (g/cm®) (km/s) (GPa) (cN/dtex)
PPS-T-160 160 1.3416 0.20 2.42 7.86 0. 86 0.88 0.85 4.43
PPS-T-170 170 1.3423 0.21 2.43 7.93 0. 86 0.94 0. 84 4.58
PPS-T-180 180 1. 3467 0.25 2.45 8.08 0. 86 0.95 0. 84 4.72
PPS-T-190 190 1.3502 0.28 2.48 8.30 0.87 0.96 0. 84 4.80
PPS-T-200 200 1.3539 0.31 2.48 8.33 0.87 0.96 0.83 4.175
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Fig. 6  The curves of azimuthal scans of PPS fibers at

S T8RN ITE T = S = QT BT = R et 4R )i
T A A A I AR R B A AR A B i — 2B R
XA E S8/ 0.88 B % 0.96, ] 4 &%
ik HGE TS TG ¢ Bl E 2R R T AT Ak .
6 J i KAk e B LF 2 (% (110) & 18 (4 5 3 £
FRZE R, 5 2(b) ek, ol LI B & 378 Kk
e S i X ) i 4

different heat setting temperature

e Bk OE B R b R RE BB e L H
A i DX BRI A2 3 K = ORI 22 o, Tk i — 2P
B W) b e AR R, TR Bl 0 R T i BT
S FE R A H T Z A T E T i )
FEA B, i 7 fras.



332 R S I 2012 4F
0.95 6 3 éﬁi/g
0.901 _15
o ° T_*' ° ° o (1) & 3# Samules [ P AH A 5 B 36 | 5256 7
_osst oo . 145 PSRRI A A 1 R LR B, ~ 199
= 0,801 ‘T ¢ 15 ; GPa; M AAE i 1) 5 Ak ', ~4.40 GPa.
(2) 1EH 45 PPS LR 4k (19 T v, T4 fib sk i o
0751 12 7 TV FRE 14 A ELA o T DRI T 2578 A X gt DX R ]
ool , , , g FEE 14 5 S B ., 0o X 2T 4647 36 54 B 14 5% W ]
16O IO S0 e 2w 20 0 B AF A — 7 31 B DAY 2T 2k 7 K T B2 B 45
Heat setting temperature (°C)
JE (1 T 10 . B PPS 14k fi 2 (i LR R Bk
Fig. 7 The dependence of f,, and tenacity on heat setting R TR B TT L B I 4T A G 4 S —E T N

temperatures

L L3R  DORIAR & X7 Bk PO B A o
2 A AR Ak, BT LA A 470 5K 5 BE 1) A2 A2 3 2 A
SR S0 45 R DR A -l DX 4 i B R )
(0 I ol K 52 B R 5 AR o XA AR BT 1 3T
S B . DRI T K 50 R Y B 1 O O T L
TR P P AR A P B AE TR s 7 i,
e B 5K E BUIE B 160 ~ 190°C [X 8] Y, $iT ik 38 )i
Pt 5% I R TR IR R R T 4, Xk Rz ) R 4 i
S AH N A 5 BBk A E B 5 190°C ),
PR IR B TTLG T B, % I 4 2 A i DA 3BT o 2
FHMHER.

Xt £T e B 5K 58 5 1 38 A 2 11 .

(3) £ 4 1) JC 8 B B ) RS X R RE iR &
SEmE WM, W TF PPS 4 4k, Ak 5 X B KT
FIPT 5K 5 3 22 ) 22 0E AH G OG22 A% 8500 54
A DAAT R 5 PPS 2T 4k 0 Al & DX I 72, Btk
SHR 85 A I 1 A Ay BB 4R R PPS £F 4R S
X I a) i R 2R B0 R X G S T i B s Bl Y AR
) O A B A D v T 2 e O R R e A
SETUVREE ) ¥R S5 PPS ZF- L T ok 8 B T I

(4) PPS £F- 2 (1 f5c A% 22 i Ik o % 5 ok AR Y
Vi BE 43 S AE 90°C FT 190°C it if .

Brigt A SCAs B b 27 SR A T 5T B S ST A BT 5T I i
LA, 7 AR R

REFERENCES

1 Xiao Weiwei( | J4E) ,Xu Xi( #4218 ). Polymer Materials Science & Engineering( = 2> T # BBl % 5 T ) ,1993,(2) :103 ~ 108
2 Ye Guangdou( M %3} ), Liu Pengqing ( XI| i 3 ) , Li Shouqun ( 2557 #£) , Xu Jianjun ( %% @ %% ). Journal of Beijing Institute of Clothing

Technology ( b 5 R %% 2 B 22 i)k ) ,2007, (4) :52 ~59

3 Ma Dezhu( & f#4}: ) , He Pingsheng( fi[>F-%4£) , Xu Zhongde (4 F1 ) , Zhou Yiqin ( J&#i3E) . Structure and Performance of Polymer ( {5 5 4

4 S5 EhE) 2"
Ballou J] W, Silverman S. Textile Res J,1944 /14 .282 ~ 282

ed. (55— j0) . Beijing(db 5 ) : Science Press( Bl2% Hi i #l) ,1995. 144 ~ 145

Memura E,Cakmak M, White J L. Intern Polymer Processing,1988,2.79 ~85

4

5

6  Carr P L,Ward I M. Polymer,1987,28.:2070 ~2081

7 GuptaV B,Ramesh C. Polym Commun,1987,28:43 ~49
8  Clauss B,Salem D R. Polymer,1992,33:3193 ~3198

9  Moseley W W. ] Appl Polym Sci, 1960,3:266 ~279

10 Ward I M. Proc Phys Soc London,1962,80:1176 ~ 1185
11 Ward I M. Textile Res J,1964,34.805 ~812

12 Hermans J J,Hermans P H, Vermaas D, Weidinger A. Rec Trav Chim,1946,65 :427 ~ 436

13 Samules R J. Structure and Polymer Properties. New York:John Wiley & Sons,1974. 197 ~ 198
14 Cui Ning( £ 7°) ,Li Jie(Z=4%) , Wu Pengfei ( % Il§ &), Wang Ying( E i) . Hi-Tech Fiber & Application ( = F}35 £F 4 5 1 Ji ) ,2008,(6) ;

23 ~27

15 Huo P,Cebe P. Colloid and Polymer Science,1992,270.840 ~ 852

16 Tabor B J,Magre E P,Boon J. European Polymer Journal ,1968,7 :1127 ~ 1133



33 TR AR ORI 2T AE A HUSK SR B 5 T Z M A Y S & 333

17  Lopez L. C,Wilkes G L. Polymer,1988,29:106 ~ 113
18 Brady D G.J Appl Polym Sci,1976,20.:2541 ~2551
19  Tabor B J,Magre E P,Boon J. Eur Polym J,1971,7:1127 ~ 1133

THE RELATIONSHIP AMONG TENACITY, PROCESSING AND
STRUCTURE OF POLY (PHENYLENE SULFIDE) FIBERS

Qing Huang''?, Peng-fei Wu’, Ning Cui’, Hua-shuai Cui’, Li-ming Shen’, Xu-shan Gao'
(" Textile College, Sichuan University, Chengdu 610065 )

(* Research and Development Centre, China Textile Academy Centre, China Textile Academy, Beijing 100025)

Abstract Non-oriented poly ( phenylene sulfide) fibers with different crystallinity were prepared by melt
spinning and heat treating. Based on the measurement of density and sonic velocity, intrinsic horizontal sonic
modulus of amorphous and crystalline phases of PPS fibers was determined to be 1.99 GPa and 4. 40 GPa,
respectively. Based on Samules’ s model and measured crystallinity and X-ray azimuth scanning,the Hermans
orientation factor of amorphous phase of PPS fibers made at different drawing and heat-setting conditions was
determined. The relationship between tenacity and processing conditions was discussed based on the above
structure parameters. The work shows that the optimum stretching and setting temperature of PPS fiber is near
90°C and 190°C separately. The increasing of stretching and tense setting temperature is beneficial to the
improvement of the fiber’ s crystallinity and is helpful to the promotion of fiber’ s tenacity within certain range.
But the over rising of the processing temperature will be disadvantageous to fiber’ s amorphous orientation and
thus reduce the tenacity. The increasing of stretching multiples will improve the amorphous orientation of the
fiber and furthermore improve the tenacity of the fiber.

Keywords Poly( phenylene sulfide) (PPS), Sonic velocity, Intrinsic transverse sonic modulus, f,





