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Abstract — Polyurethane (PU) films were synthesized from toluene 2,4-diisocyanate (TDI) and polyol. After introducing
peroxides on the PU films through oxygen plasma treatment, PAA-grafted PU films were synthesimgd ttiecsolution
reaction of acrylic acid monomer with peroxides which are used as initiators. The maximum concentration of peroxides
obtained by 1,1-diphenyl-2-picrylhydrazyl (DPPH) method was 2.0 nmbléomd we investigated the effect of reaction tem-
perature on the change of grafting degree. The surface properties of the surface-modified PU films were characterized by the
Attenuated Total Reflection-Fourier Transformed Infrared (ATR-FTIR) and Electron Spectroscopy for Chemical Analysis
(ESCA). We measured the quantity of @attuced -COOH groups using baiitkation method. As results of this study, the
amount of PAA grafted on PU film was increased with increasing reaction temperature and the apparent activation emesgy of this
tion was 39.5 kJ/mol. After comparing this result with other previous results, we could conclude that the activation énergy of t
reaction strongly depended on the type and the structure of substrate materials. Finally, since the dried PAA-grafted PU film
showed locally-agglomerated non-uniform structure as the result of observations through ESCA and SEM, the PAA chain
grafted on PU film certainly had locally different lengths due to the complex reaction paths.
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Fig. 2. Schematic diagram of graft copolymerization on a PU surface.
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Fig. 3. Effect of reaction temperature on the grafting of AA onto PU film
(plasma treatment; 100w, 250 mTorr, 30 s, grafting; 30%, 1.5 h).
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Fig. 4. Arrhenius plot of the grafting reaction of AA onto polymer sur-
face.
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Materials Treatment method AA-Reaction condition Activation energy(kJ/mol) Ref.
in N, 30%AA, no additive 95.6
PP Fabric y-ray irradiation |‘n Air 30%AA, no additive 104.8 22
(40 kGy) in N, 30%AA, 0.2M-H,S0,/2.5 mM-FeSQ 54.3
in Air 30%AA, 0.2M-H,S0,/2.5 mM-FeSQ 57.2
TE y-ray irradiation(25-100 kGy) 20%AA, 0.11 mM-Mohr’s salt 30.1 14
9/3 81.8
EVA 1188/{;5 y-ray irradiation(0-50 kGy) 25%AA, 5.6 d/dhreSQ 22451 16
18/150 59.3
Polyethylene corona discharge 20%AA, 0.03 mM-Mohr’s salt 85.9 21
Polyurethane Qplasma 30%AA, no additive 39.5 This study

HWAHAK KONGHAK Vol. 41, No. 2, April, 2003



228 HeA -

10 - 7L

LB - A5

Table 2. Change of the average length of PAA grafted with respect to temperature

Temperature’C 20 30 40

50 60 70 80 90

(experiment), nm 12.6 19.4 38.9
(model), nm 11.8 20.1 33.2

56.2 77.8 141 572 739
53.1 82.6 125.3 185.5 268.8
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Fig. 6. ATR-FTIR spectra of (a) PU-AA, (b) Plasma-treated PU, (c
Untreated PU.
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Fig. 7. Effect of reaction temperature on the contact angle to wat
(plasma treatment; 100 W, 250 mTorr, 30 s, grafting; 30%, 1.5 h).
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Table 3. Peak area of ESCA Cls core level spectra of PU and surface-

modified PU; (a) Untreated PU, (b) Plasma-treated PU, (c) PU-AA

Sample Cc-C Cc-O0 Cc=0 COO
a 49.8 40.7 5.8 3.7
b 42.6 47.0 6.5 3.9
c 60.7 25.3 3.1 109

Table 4. Chemical composition of surface-modified PU films calculated
from ESCA spectra

Atomic percent(%o)

Tee) C (6] N
20 72.98 22.02 5.00
30 71.58 23.41 5.01
40 71.49 23.43 5.08
50 71.48 23.50 5.02
60 70.60 24.70 4.70
70 72.13 25.89 1.98
80 72.67 25.18 1.15
90 70.14 29.05 0.81
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Fig. 8. Grafted polymer length vs. dry film thickness.

u}, PUAREZ o]Fold 7Y Bgd BHolnz Axd e 7
L-olli= EEAE] wAW b AE 7k grafted-PARIEE©] HEsH

A Szt AEET

3-5. SEM &4
A o]8-5t T SEMARLE Fig. ¢l =A8H . Fig. ¥
(ay= ATsA 22 ZE9ds 259 ¥US e, (b)e DF5H

(b)
Fig. 9. Scanning electron microscopy picutres of surface for the PU fili

(@) no treatment PU film, (b) oxygen plasma+grafting PU filr
(30%, 1.5 h, 80°C).
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BE : Binding energy
Caa  : Concentration of the acrylic acid
Cano : Concentration of the initial acrylic acid
Cs : Concentration of the grafted acrylic acid
Cua  : Concentration of HCI
Cnaon - Concentration of NaOH
Ea . Activation energy
GD  : Grafting degreepig/cnt]
k : Rate constant, per unit time
ko : Pre-exponential factor

KE : Kinetic energy

Lpap : Grafted polymer length of PAA [nm]
M.aa  : Molecular weight of acrylic acidqup/mol]
S . Area of the film

t : Time

: Reaction time
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Vyaon : Volume of NaOH
Vya  : Volume of HCI
Jz2|o|A 2Xt

A : Attenuation length [A]
0 : Point density
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