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ABSTRACT

ypothesis: In recent years, some modern techniques such as plasma, ultraviolet

irradiation and ozone treatment have been used in surface modification of

polymers. Surface modification of polymeric fibers is aimed to improve dying
and to achieve desirable physical properties like high moisture absorption and lower
anti-static. In this study in an attempt to modify the surface of polyester fibers, a new
complex method through ultraviolet/ozone treatment in two wet and dry forms has
been applied.
Methods: Surface modification of polyester fibers was performed by ultraviolet/ozone
treatment on dry samples, as well as on samples impregnated with water, hydrogen
peroxide and hydrogen peroxide/sodium silicate solutions. In order to study and
compare the functional groups and morphology of the polyester fibers with those of
Keywords: control sample, Fourier-transform infrared spectroscopy (FTIR) and scanning electron
microscopy (SEM) were used. Also, the moisture absorption and static electricity of
the samples were studied.
Findings: The results of FTIR spectra revealed that by ultraviolet/ozone treatment
the number of oxygen-containing functional groups has increased considerably. Also,
nanoscale surface roughness of the treated samples was revealed by SEM images.
Additionally, the results indicated that moisture absorption of the treated polyester
fibers has risen and consequently their static electricity has decreased. According
to the results, the impregnation of polyester fibers can remarkably enhance surface
oxidation process.
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Fig. 1. Schematic image of radical formation in PET during UV irradiation [5].
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Table 1. Identification code and treatment condition of the

samples by UV-ozone irradiation.

PET ; ; Irradiation
Sample Pre-impregnation fime (min)
1(Virgin) - -
2 - 5
3 - 10
4 - 20
5 - 40
6 Distilled water 40
7 Hydrogen peroxide (4 mL/L) 40
8 Hydrogen peroxide (4 mL/L) 40
+ Sodium silicate (7 g/L)
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Fig. 2. Schematic image of UV/ozone irradiation set up.
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Table 2. Comparative characteristics of aromatic ring vibration peak and stretching vibration peak of O-H bonds.

Stretching vibrations of O-H Aromatic ring stretching Aromatic ring stretching
PET Sample (3390-3477 cm") (908-1027 cm™) Reference peak (1431-1384 cm™)
Peak intensity Peak area Peak intensity Peak area Peak intensity Peak area

1 (Virgin) 3425.32 2.10 1014.48 9.96 1409.86 4.98
2 3434.97 1.99 1014.48 9.52 1409.86 4.76

3 3415.68 0.47 1016.41 2.14 1409.86 1.07

4 3427.25 1.32 1014.48 6.32 1409.86 3.16

5 3427.25 1.66 1016.41 5.90 1409.86 295

6 3431.11 1.11 1016.41 532 1409.86 2.66

7 343497 1.50 1014.48 3.46 1409.86 1.73

8 3436.9 1.05 1014.48 4.76 1409.86 2.38
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Table 3. Comparative characteristics of stretching vibration peaks of C-O and C=0 bonds.

Stretching vibrations of C=O Stretching vibrations of C-O Stretching vibrations of C-O
PET Sample (1591-1789 cm™) (1027-1166 cm™) (1161-1324 cm™)

Peak intensity Peak area Peak intensity Peak area Peak intensity Peak area

1 (Virgin) 1716.52 46.79 48.45 22.63 1249.78 48.45

2 1712.66 46.44 47.92 27.03 1245.92 47.92

3 1718.45 11.85 11.32 8.43 1245.92 11.13

4 1718.45 34.82 39.39 23.24 1238.21 39.39

5 1712.66 33.23 31.41 22.73 1242.07 31.41

6 1716.52 31.04 30.28 23.55 1242.07 30.28

7 1716.52 21.16 20.42 15.04 1240.14 20.42

8 1718.45 29.45 29.97 9.26 1242.07 29.97
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Table 4. Normalized absorbance intensity of oxygen-containing bonds of polyester samples.

Stretching vibrations
PET Sample O-H C-0 C-0 C=0 Aromatic ring
(3390-3477 cm™) (1027-1166 cm™) | (1161-1324 cm™) | (1591-1789 cm™) | (908-1027 cm?)
1(Virgin) 0.42 4.54 9.72 9.39 2
2 0.42 5.68 10.06 9.75 2
3 0.42 7.87 10.4 10.99 2
4 0.42 7.35 12.46 11.01 2
5 0.42 7.70 10.64 11.26 2
6 0.56 8.85 11.38 11.66 2
7 0.86 8.69 11.08 12.23 2
8 0.44 9.26 12.59 12.37 2
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Table 5. Increase percentage of normalized absorbance
intensity of carbonyl bond in treated samples compared to the

control sample.

PET Sample C=0 (1591-1789 cm™)
1(Virgin) -
2 3.8
3 17
4 17.2
5 19.9
6 24.2
7 30.2
8 31.7

WAA Ssawl-gpoig F 0 olosds (0939 Jw posls 539)9iS5 9 p9le ok dlxo Z??



(d)

O3l =il 5 () L Fr min Sodews sl g5 o ladisad 5 (YO + X)) odis(g)s] s € 5as (@) zel L BUISEM slas -0 IS

(YO X Sl S 5 05k il #H,0,/Na,SiO; (e) 5 (Y0++ X) 3k iiul #H,0, (d) (Vr v X) O3 iiol 5/H,0 (c) YO+ + X)
Fig. 5. SEM images of polyester fibers: (a) untreated sample (2500 X) and treated samples for 40 minutes by (b) ultraviolet/ozone
(2500 X), (c) H,O/ultraviolet/ozone (1000 X), (d) H,O /ultraviolet/ozone (2500 X), and (e) H,O,/Na,SiO /ultraviolet/ozone (magnification

2500X).
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Fig. 6. SEM images of treated polyester fibers for 40 minutes
by: (a) ultraviolet/ozone in dry method, (b) H,O/ultraviolet/
ozone, and (c) H,0,/Na,SiO,/ultraviolet/ozone (magnification
3000 X).
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Table 6. Moisture content of control and ultraviolet/ozone
treated samples.
PET Sample Moisture content (%)
1 (Virgin) 0.32
2 0.32
3 0.37
4 0.39
5 0.47
6 0.50
7
8

0.51
0.54
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Table 7. Electric resistance and surface resistance of the samples.

PET Sample t(s) R (Q) Log (p,)
1 (Virgin) 5.3 5.3 x 10" 10.72
2 3.0 3.0 x 10" 10.47
3 2.9 2.9 x 10" 10.46
4 3.4 3.4 %101 10.53
5 2.8 2.8 x 10" 10.44
6 2.3 2.3 x 10" 10.36
7 24 2.4 x 10" 10.38
8 22 2.2 x 10" 10.34
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Fig. 7. SEM images of surface of PET film after irradiation:
(a) 596 h with UV [33] and (b) 10 h with argon lamp [34]
(magnification 3000 X).
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Table 8. Electric surface resistance of samples.

O hndisl 3 59T o b pianl (A Sl ghasw 53 5 piagili 6 2
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PET Sample N Mean Std. deviation | Std. error 9% Confidence Minimum | Maximum
interval for mean

1 (Virgin) 5 10.7140 0.05320 0.02379 10.6479 10.7801 10.64 10.77
2 5 10.4680 0.01095 0.00490 10.4544 10.4816 10.46 10.48

3 5 10.4600 0.03317 0.01483 10.4188 10.5012 10.41 10.49

4 5 10.4860 0.01517 0.00678 10.4672 10.5048 10.47 10.50

5 5 10.4340 0.04669 0.02088 10.3760 10.4920 10.38 10.50

6 5 10.3560 0.07733 0.03458 10.2600 10.4520 10.27 10.47

7 5 10.3800 0.03536 0.01581 10.3361 10.4239 10.33 10.42

8 5 10.3420 0.06261 0.02800 10.2643 10.4197 10.30 10.45
Total 40 10.4550 0.11927 0.01886 10.4169 10.4931 10.27 10.77

M}\ML&JJJ‘&})))\JQ}}}USLWMJ:Q\J&J&
3 Bl ey e ss OU o il 2 b oSLe e S
g;».w“yﬁ B g_;iij:g‘ ij.:: u.).,.zo.,\,Slﬂ A;.f«fw u.llﬂ‘ﬁ‘ f}b Uj’-})
J,{\)‘é\céb)b ﬁﬁ&%’j&;}\)‘uwch-ﬂfi‘)}jﬂk)sb
ojpt.m&@m)ug,ﬂL;u;,u;;.zuchw&qu
5odd kS a8 53 Wised o a5 ISS osb old cnl
S o o 5 5 g3 o ST ey 2SI 1 (305 lkie Ole pon
J:.‘..,\ﬁ&l.a&}ajc]awcw\‘s_}sbl-g&\j@\/d}.b_-g@jL.,
3 e gy o RS o gn O R 835 s
55 Sl pl il ol Lol (S Sl cnglie [ialS a5
S b eS|y 055540 ks L oddarisl i 4 ge

sl c)yuwwﬂu)‘&

$2lse $lp 07 Olabl mha Ll w5y SPSS 15816 5 )
22 eop ol @l sl Sl bl s 4 a8t Al o)
v@cd)b‘wﬁj‘cbﬁ&oilb.w‘obl\' UA glad so
03 ol (golsbas BV s liS (gl s el 4 s 3lis
S sl jlde o pd e ey Ve sl sl 05w
Stz gl L (0 6 ediigslfes G5e o
e L1550 350 (g labme OVl (A B Y & 505) 0 g 5] e
aS o oals ol Jadr Ll s aS Wledss ezl o)l
L gobsbme Mt (6l 415 407 Ol cb..u 03 Jlseslie alis
(ol ol 4 50
Sl (6 s bl &0 SO sl 5L ol ks asle Ulaoy sl s
Lla,b 513 sbay o led GBI a8 boT 51l 5 05 so 1 3l 5 5 0
gl 2 S5k Ol e sl eddobl (Sl a1 cdizis
Slr el o) 53 [TVI 255 JSte bl or o 5 oo B

Table 9. Analyze of variance (ANOVA) of electric surface resistance.

Sum of squares DF Mean square F value Sig.
Between groups Combined 0.484 7 0.069 31.434 0
Linear term Contrast 0.346 1 0.346 157.033 0
deviation 0.139 6 0.023 10.501 0
Within groups 0.070 32 0.002 - -
total 0.555 39 - - -
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Table 10. Post hoc test of electric surface resistance of samples.

u*wﬂéﬁ-ﬁ‘ o 5lie m\f.ha deslie =V v Ju

) J) Mean difference (I-J) Std. error Sig. 95% Confidence interval

2 0.24600* 0.02967 0 0.1856 0.3064

3 0.25400* 0.02967 0 0.1936 0.3144

4 0.22800%* 0.02967 0 0.1676 0.2884

1 (Virgin) 5 0.28000%* 0.02967 0 0.2196 0.3404

6 0.35800* 0.02967 0 0.2976 0.4184

7 0.33400* 0.02967 0 0.2736 0.3944

8 0.37200* 0.02967 0 0.3116 0.4324

* The mean difference is significant at the 0.05 level.
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