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Fig. 1 Schematic diagram of ADBD plasma discharge device

120 °C, 90 min

90°C,~" 20 min

Dye Liquor Fibers / 25 min

Dispersant NNO

1.3 %t

JH TBB100-A £ 40 3% L XS il FE 547w IR iR
YU (o, 28 TS0 E AN R Y 6o R PR G T
W1 FR, e i fe b A 2.

Table 1 Dyeing recipe and soaping formula

Dyeing recipe Soaping formula

Dye(o. w.f) 4% Soap powder 2.0 g/L
pH=4~5 CH,COOH Na, CO, 2.0 g/L
Dispersant NNO 1.0 g/L Bath ratio 1:100
Bath ratio 1:100 Temperature 70 C
Time 10 min
Cooling

Take out—Washing— Soaping
—Washing — Drying

Fig. 2 Dyeing process of UHMWPE fibers
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Fig. 3 SEM photographs of (a) the control and (b) ADBD plasma treated UHMWPE fibers
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Fig. 4 FTIR spectra of (a) the control and (b) ADBD plasma
treated UHMWPE fibers
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Fig. 5  Effect of input power, treatment time on the

strength of UHMWPE fibers
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Table 2 Strength retention rate of ADBD plasma treatment of UHMWPE fibers

Sample Retention (% Sample Retention (% Sample Retention (%

9s rate (%) (%) 27 s rate (%) (%) 45 s rate (%) (%)
60 W 97. 10 5.88 60 W 95.90 7.18 60 W 94.52 5.21
70 W 96. 78 3.94 70 W 94.98 6.23 70 W 93.58 1.48
80 W 96. 49 1.94 80 W 93. 31 4.71 80 W 91.74 5.70
90 W 93.98 3.88 90 W 90. 14 4.08 90 W 88.73 3.57
100 W 90. 67 7.55 100 W 87.74 3.94 100 W 78. 82 6.85
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Table 3 Chromatism of UHMWPE fibers treated under different plasma input power and treatment time

t(s) P (W) L a b AL Aa Ab AE
Control 0 85.59 -7.94 34.70

60 85.04 -7.93 35.23 -0.55 0.01 0.53 0.76

70 83.46 -7.38 34.67 -2.13 0.56 -0.03 2.20

9 80 83. 49 -6.37 35.95 -2.10 1.57 1.25 2.90

90 84.21 -6.81 38.09 -1.38 1.13 3.39 3.83

100 82.68 -6.22 37.57 -2.91 1.72 2.87 4.43

60 82.04 -6.21 36. 00 -3.55 1.73 1.30 4.16

70 82.52 -6.17 38. 12 -3.07 1.77 3.42 4.92

27 80 83.97 -6.86 40.76 -1.62 1.08 6.06 6.37

90 83.51 -5.73 40. 15 -2.08 2.21 5.45 6.24

100 82.31 -6.04 40.97 -3.28 1.90 6.27 7.33

60 83.28 -6.43 41.39 -2.31 1.51 6. 69 7.24

45 70 83.31 -6.43 41.89 -2.28 1.51 7.19 7.69

80 82.68 -6.86 41.97 -2.91 1.08 7.27 7.90

90 82.57 -6.56 41.30 -3.02 1.38 6. 60 7.39

Note ;: The strength loss of treated fiber at 45 s and 100 W was larger and thus dye experiment did not been taken.
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Fig. 6 K/S values of UHMWPE fibers treated with

different input power and treatment time

OBt B E B 3 A AR A R
M BEFLRE 701 5 Bk 3 5 R T O £ 4 A 7
YeRHTE A AR 1 5 AR ) A 51 ) A AR A
Wl . 21 HE 22 25 3 7 R Ab RS R B — L8
okt U1 370 0 5 S A 1P 2 AT i 2 4 3 v 22 A ML HL
SETRAESG I, DATID ol 4Rk B4 I8 65 389 0, ek 1) Py
PR A S A L B RTINS S Rt
oy T Z B A AR (0 G A [ 3 et s

e BN, S 2 2 v KRS B R 0, {2 4
NG 1) 4 S ST W AR, 7 V8 i S 3 o, 7 A TR
B A5 . DRI 45 2 R A B RE bE oA Ak 3R L
A U G P BE.

UHMWPE £F 4 3= 950 A9 2 & Y & o B v
Rl A kb B UHMWPE £F 45 1 42 £8
PEfE 4 v (0 5 B A T R I AR i UHMWPE £
A 5 2807 X G o 4 e 5 R 1 BB A LSRR ]
A PR RSB T R AL B SR AR LG 28 A AR
R R T R A M R R A B Y € BE 1 A9 2K
RLIEH 80 W Ab3H 27 s AL IS ST MY A A
T35

3 #ig

iz KA ADBD 45 2§ 1 {& %I UHMWPE 4
24k FEAT AL FE S, UHMWPE 21 4 1) 2% T #% 20 ik
T AT, I 5k C—0.C = 0 .0—H 24 &
PEEE AT i R B BE 3 0 K 3R T Ak A 1 P R
ADBD £ 55 7 {K 4b B X%f UHMWPE £F 4 19 58 J& 5%
M) 48 A, A 3R %6 3k e i [ o 4, 2 il 4 4 1)
JEE R RS i b I B AL b I A A o Ak 3 S A, AE Ak
PRI AR 60 ~ 90 W, IF[H] g 45 s DL, £F 4E /)
R IR AE 10% DL SE R TR AL B S,
UHMWPE ZF 4 53 5 44 Rk () 4% (o M e 15 20 9 B 1
G BAT 03 R OO0 5 255 75 B i A 1 A5 S
FAFESHOE 80 W 27 s.



1524 [T S R I 2013 4

REFERENCES

1 Xin C L,He Y D,Li Q C,Huang Y Z,Yan B R,Wang X D.J Appl Polym Sci,2011,119.1275 ~ 1286

2 Yu Junrong( T25%) ,Luan Xiuna(ZEF ) , Hu Zuming( 540 B ) , Liu Zhaofeng( Xl JE 1% ) . Acta Polymerica Sinica ( 4> 724 ) ,2005 ,
(5):764 ~768

3 Gu Ruxi(JANPE) , Yu Junrong( F & 5 ) , Chen Lei ( 5% ) , Zhu Jing (1% ¥ ) , Hu Zuming ( # #1 B ). Polymer Bulletin ( & 4> Fi# ik ) ,

2011, (8) ;96 ~ 102

Geyter N De,Morent R, Leys C,Gengembre L, Payen E, Vlierberghe SV, Schacht E. Surf Coat Technol ,2008 ,202 ;3000 ~ 3010

Morent R, Geyter N De, Verschuren J, Clerck K De, Kiekens P, Leys C. Surfl Coat Technol ;2008 ,202 ;3427 ~ 3449

Nahed S E, Ahmed R M, Shishtawy E. ] Mater Sci,2010,45 ;1143 ~ 1153

Teodoru S, Kusano Y, Rozlosnik N, Michelsen P K. Plasma Process Polym ,2009 6 : 5375 ~ S381

Shahidi S, Ghoranneviss M, Moazzenchi B, Rashidi A, Dorranian D. Fiber Polym,2007,8(1) ;123 ~ 129

Souto A P,Olireira F R,Femandes M, Carneiro N. J Text Eng,2012,19(85) :20 ~26

10 Kamel M M,Zawahry M M EI,Helmy H,Eid M A.J Text 1,2011,102(3) :220 ~231

11 Tang Xiaoliang( JE %% ) , Ren Zhongfu (T 525 ) , Qiu Gao( BB ) , Yan Zhiren(/™J41~) . Dyeing and Finishing( E1 %) ,2004,19:1 ~3

12 Zhang Ying( 3%0) . Textile Dyeing and finishing Journal (YR 4 A ) ,2010,32(12) ;1 ~7

13 Park Y,Koo K,Kim S,Choe J. J Appl Polym Sci,2008,109 :160 ~ 166

14 Necla Y,Esen O, Necdet S. Fiber Polym,2011,12(1) ;35 ~41

15 Tarek S,Steffi U, Mirko N, Alfredo C,Rolf D H,Frank S. Prog Org Coat,2011,72:168 ~ 174

16 Tu Tianmin(J& K E) . Modern Deying and Finishing Experimental Tutorial ( i ft 443 5235 %2 ) . Beijing( JL50) : China Textile Press( 1 [
i1 L) ,2009. 19 ~21

17 Liu H J,Xie D, Qian L M,Deng X R,Leng Y X, Huang N. Surf Coat Technol ,2011,205 :2697 ~2701

18 Kaklamani G, Mehrban N, Chen I, Bowen J,Dong H, Grover L, Stamboulis A. Biomed Master,2010,(5) :1 ~ 10

19 Wang Ying( £l ) , Wang Zhen( £ 4 ) . Journal of Dalian Polytechnic University ( Ji Tl K244 ) ,2009,28 (1) .76 ~78

20 Kim T,Jeon S,Kwak D,Chae Y. Fiber Polym,2012,13(2) :212 ~216

21  Kim T,Jeon S. Fiber Polym,2013,14(1) ;105 ~ 109

M=l e Y

STUDY ON THE STRENGTH AND DYEING PROPERTIES OF UHMWPE
FIBERS BY ADBD PLASMA TREATMENT

Xin-can Xu, Shun-hua Zhang
(Key Laboratory of Advanced Textile Material & Manufacturing Technology , Minisiry of Education
Zhejiang Sci-Tech University , Hangzhou 310018)

Abstract Ultra-high molecular weight polyethylene ( UHMWPE) fibers were modified by an air dielectric
barrier discharge (ADBD) plasma generating device to improve the dyeing properties. The treatment process
was carried out with various operating parameters such as input power and treatment time. Then the treated and
untreated fibers were dyed with disperse dye to study the treatment effect. Surface topography, chemical
construction , tensile strength and dyeing properties of the modified fibers were studied. It was found that the
surface roughness of the fibers was improved by plasma etching which was confirmed by scanning electron
microscopy ( SEM) results. Fourier transform infrared spectroscopy ( FTIR) analysis revealed a significant
increase of oxygen-based functional groups (C—O0,C = 0,0—H  etc. ) on the surfaces of UHMWPE fibers,
which indicated that the chemical polarity of the modified fibers was improved after ADBD plasma treatment.
Meanwhile , the plasma treatment had a strong effect on the strength of UHMWPE fibers , the strength showed a
very drastic decrease at high input power and long treatment time. When the input power was 60 ~90 W and
treatment time was less than 45 s, the strength loss was generally less than 10% . Moreover, the dyeing
properties of the fibers were improved after plasma treatment ,the K/S values of the fibers increased from 0. 902
to 1. 625 ,and the optimum processing parameters were 27 s and 80 W.

Keywords UHMWPE fiber, ADBD plasma, Dye, Modification



