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ABSTRACT : The surface energy and the effect of functional groups on the surface of the ozone-treated low-
density polyethylene (LDPE) film were studied. Treatment conditions were treatment time, total amount of
transferred ozone, and ozone concentration. The introduction of polar groups on the surface of LDPE film after
ozone treatment was confirmed by FTIR-ATR and XPS analyses. Surface free energy of the LDPE film was
examined by a contact angle method. The ozone treated-LDPE film showed a decreased water contact angles
about 15° mainly due to the increased concentration of oxygen-containing functional groups, which was
attributed to the increased surface free energy or O,5/Cis. Also, the concentrations of the oxygen-containing
functional groups on the surface of LDPE film increased with ozone treatment time and concentration, whereas
no significant effects were found for the total amount of transferred ozone. From the dyeability test using
Kubelka-Munk equation, it was found that the ozone treatment plays an important role in the growth of oxygen-
containing functional groups of LDPE film, resulting in the improvement of dyeability for basic dyeing agent.

Keywords ' ozone treatment, low-density polyethylene, contact angle, surface free energy, dyeability.
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Table 1. Ozone Treatment Conditions

treatment time ozone total transferred
samples concentration ozone amount
(h) (mg/L) (/)
05-05,1,2,3,4 05,1,2,3,4 23 6.8
AO:-4.0,5.3,88 3 30 40,53,88
C0;-20, 35, 47 3 20, 35,47 6.0
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Figure 1. FTIR-ATR spectra as a function of ozone treatment
time.
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Figure 2. XPS survey scan spectra as a function of ozone
treatment time.
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Figure 4. Dependence of O,5/C,s ratio with ozone treatment time
(R = coefficient of regression).
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Figure 5. FTIR-ATR spectra as a function of total transferred
ozone amount.
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Figure 6. XPS survey scan spectra as a function of total
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Figure 8. XPS survey scan spectra as a function of ozone con-
centration.
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Table 2. London Dispersive (y;) and Specific (")
Components of Surface Free Energy (y,) of Wetting
Liquids Measured at 20 C

wetting liquids () [mI'm?] @b [mIm?] 5% [mim?)
water 72.8 21.8 51
diiodomethane 50.8 50.42 0.38

Table 3. Contact Angle Determination of Modified LDPE
Films

sample water diiodomethane
untreated 70.5 43
0;-0.5 70.4 42
0s-1 64.5 42.7
0;-2 61.4 42.1
0;-3 60.2 42.5
0;-4 525 423
AO0s-4.0 58.4 39.6
AO;-5.3 58.7 413
AOs-8.8 59.0 41.7
C0s-20 61.5 39.7
C0s-35 57.8 43.0
CO;-47 56.0 40.8

Table 4. Variation of Surface Free Energies and Their
Components of Modified LDPE Films

sample (o mm®]  h [mm*] (7" [mim’]
untreated 455 38.1 7.4
05-0.5 45.9 38.6 7.3
0s-1 48.5 38.2 10.3
0;-2 50.4 38.6 11.8
053 50.9 383 12.6
054 55.3 38.4 16.9
AO;3-4.0 52.8 39.8 13.0
AO;-5.3 52.1 39.0 13.1
AO;-8.8 51.8 38.7 13.1
CO;-20 50.7 39.2 11.5
C0;-35 52.0 38.1 14.0
CO;-47 54.1 39.8 143
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