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ABSTRACT MG-6600 and citric acid were used as a water and oil repellent and as an anti-wrinkle agent,
respectively. Cotton fabrics were subjected to one of the following three processes: (1) the pad-dry-cure process, (2)
electron beam irradiation grafting, and (3) plasma pretreatment, followed by electron beam irradiation grafting.
Fourier transform infrared spectroscopy (FTIR) proved that MG-6600 and citric acid were successfully grafted onto
the cotton fiber. Scanning electron microscopy showed that the surfaces of the three types of treated cotton fabrics

were covered by layers. Further, longitudinal stripes appeared on the surface of the fabric subjected to plasma
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pre-treatment. The change in the cotton fabric properties was characterized by measuring the wrinkle recovery angle

(WRA), the contact angle (WCA), and the contact angle to oil (n-hexadecane) (OCA). The results showed that the

wrinkle resistance and the water and oil repellency were optimized when the fabric was subjected to plasma

pretreatment and electron beam irradiation: the WRA, WCA, and OCA were 185.9°, 158.9°, and 129.1°. Further, the

breaking strength and whiteness of the cotton fabric met the requirements of the apparel standards, and the washing

durability of cotton fabric was significantly enhanced.

KEYWORDS Cotton fabric, Electron beam irradiation grafting, Plasma pre-treatment, Anti-wrinkle finishing,

Water and oil repellent finishing
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Table 2 Experimental results of orthogonal design

45 No A B C D WRA/(°) WCA/(°) OCA/(°)
1 1 1 3 2 146.3 144.5 118.1
2 2 1 1 1 158.3 145.4 120.5
3 3 1 2 3 141.2 146.6 118.8
4 1 2 2 1 149.4 149.7 117.2
5 2 2 3 3 164.0 150.3 117.0
6 3 2 1 2 155.4 147.9 116.0
7 1 3 1 3 158.0 143.8 112.9
8 2 3 2 2 155.0 146.6 124.1
9 3 3 3 1 171.8 153.8 122.2
WRA K, 151.2 148.6 157.2 160.0

K, 159.1 156.3 148.6 152.2

Ks 156.1 161.6 160.7 154.4

R 7.9 13.0 12.1 7.8

&I TZ A, B; G D,

Optimal process
WCA K, 146.0 145.5 145.7 149.6

K, 147.4 149.3 147.7 146.3

Ks 149.4 148.1 149.5 146.9

R 3.6 3.8 3.8 33

&L Ay B, G D,

Optimal process
OCA K| 116.1 119.1 116.5 120.0

K, 129.5 116.8 120.0 119.4

Ks 119.0 119.7 119.1 116.2

R 13.4 29 35 38

RIRTZ A, B; C, D,

Optimal process
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Fig.2 FTIR spectra of cotton fabrics finished by different
treatments: (a) original cotton fabric; (b) pad-dry-cure; (c) EB
irradiation grafting; (d) plasma-EB irradiation grafting
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Fig.3 SEM images of cotton fabrics finished by different
treatments: (a) original cotton fabric; (b) pad-dry-cure; (c) EB
irradiation grafting; (d) plasma-EB irradiation grafting
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Table 3 Effects of different technological conditions on the wrinkle resistance of cotton fabrics

TR WRA WCA/ () OCA/(°)
Sample WRA/ (°) a2

Growth rate / %
J5# Original cotton fabric 110.8 - 0 0
FLHLRE Pad-dry-cure 177.5 60.2 150.8 123.7
ML FRAERE A BB irradiation grafting 175.2 58.1 150.0 125.6
GRS TR- H T R R A 185.9 67.8 158.9 129.1
Plasma-EB irradiation grafting
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Fig.4 Reaction between fluorinated acrylate, citric acid and cellulose
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Fig.5 Contact angles to water of cotton fabrics: (a) pad-dry-cure; (b) EB irradiation grafting; (c) plasma-EB irradiation grafting
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Fig.6 Contact angles to oil (n-Hexadecane) of cotton fabrics: (a) pad-dry-cure; (b) EB irradiation grafting;
(c) plasma-EB irradiation grafting
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Table 4 Effects of different technological conditions on washing resistance of cotton fabrics

v WRA WCA OCA
Sample T %2 Decrease rate / % T %2 Decrease rate / % T F%2% Decrease rate / %
0k 5 15 & 0k 5k 15 % 0k 5 15 %
0 times 5 times 15 times 0 times 5 times 15times Otimes 5 times 15 times
FLHLRS 177.5 1585 136.8 150.8 129.2 109.6 1237 1044 953
Pad-dry-cure (-10.7%)  (—23.0%) (—14.3%) (-27.3%) (—15.5%)  (—22.9%)
L AR R A 1752 165.8 155.1 150.0 141.0 132.5 1256 115.1 108.0
EB irradiation grafting (—5.4%) (—11.4%) (—6.0%) (—11.7%) (—8.3%) (—14.0%)
SRR 1859 180.1 169.5 158.9 147.0 139.0 129.1  119.1 112.7
Bt Plasma-EB (3.1%)  (—8.9%) (-7.5%)  (-12.5%) (-7.8%)  (—12.7%)
irradiation grafting
RS ARTZFMXNEY IR HERE R
Table 5 Effects of different technological conditions on the wearability of cotton fabrics
Ve 377 Strength A Whiteness
Sample Z [ (ENFES Y] fRE 2 A TR 2
Warp strength ~ Strength reten- ~ Weft strength ~ Strength reten- ~ Whiteness =~ Whiteness reten-
/N tion rate / % /N tion rate / % tion rate / %

JRAE 757.1 - 396.9 - 72.4 -

Original cotton fabric

FUHLRS 417.5 55.1 223.9 56.4 62.9 86.9
Pad-dry-cure

L AR IR A, 601.5 79.5 304.8 76.8 66.8 92.3

EB irradiation grafting

R TR TR 5969 78.8 299.9 75.6 66.5 92.0

$k;  Plasma-EB

irradiation grafting
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1
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