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Abstraet ; Two-step grafting of methyl mezthacrylate(MMA) and methacrylic acid
(MAA) onto commercial poly(ethylene terephthalate) (PET) film drawn biaxially has
been carried out with benzoyl peroxide(BPO) as an initiator. The lst step was thz
pretreatment of PET with the emulsion of BPO and a swelling agent, and the 2nd step
was the graft copolymerization of the monomers onto the pretreated PET in the emulsion
or aqueous solution. Thez surface free energy of grafted PET films was determined by
the two-liquid contact-angle msthod. From the results of contact angle measurement,
thz dispsrsion force component(y*’;) of surface free ensrgy and the nondispersive inter-
action energy (I%,) between the PET film and water have been determined by the
following equation:

Ity =70 —7a+Tupc089+20 ) *Lra) ' — (E)/"]

The dispersion component of surface free energy of MMA-g-PET increased drastically
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with graft yield, but the non-dispersive interaction energy between MMA-g-PET and
water decreased linearly with graft yield. For MAA-g-PET film, 7,4 values slightly
decreased with graft yield, and I, values increased with graft yizsld at the lower
wt. % of MAA, but levelled off at the graft yield higher than 8%. The polar comp-
onent of surface free energy was calculated from I?, values, using the following

equation.

po_U50)?
7= a7

Total surface free energy(7,) of MMA-g-PET was affected more dominantly by the

dispersion force component than by polar force component,

but that of MAA-g-PET

was vice versa. This was in accordance with the chemical structure of each monomer

grafted.
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Table [. The proparties of PET film
Dimensions 50¢ thick
32mm wide
Density (g/cm?) "1.3951
Crystallinity (%) 53.0
Tg(deg. C) 81
Tm(deg. C) 255
Tensilz Strength(kgf/cm?) 1734.6
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Fig. 2. The plots of contact angle vs. graft yield
in MMA-g-PET (at 20°C).

Table . The surface free energies of MMA-g-PET(20°C)*

Contact Angles

Sample Gx Demsity . (deg.) . Ire i Tf ....... s
(g/cm?) c-Hex. i-Oct (erg/cm?)
#C 0 1. 396 101.2 100. 9 40.02 24.72 8.06 32.78
#1 2.92 1. 386 104.0 103.6 37.67 25.60 7.14 32.74
#2 8.98 1.373 108.6 106.9 34.16 34.58 5.87 40. 45
¥3 13.11 1. 355 111.8 107.4 32.25 57.22 5.23 62.45
¥4 16.71 1.350 115.1 108.9 30.04 74.76 4,54 79. 30
PMMA? * 1.188 118.8 112.5 27.40 75.2) 3.78 78.93

a. Surface and interfacial tensions for liquids at 20°C; 7..y.x.=25.0,

Ta-0u.=18. 9: Tc-Hex. /w=50- 01 Ti-0ct. /w=49~ 37 Tw=72- 7’ de

b. Contact angle data from ref. 2.
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=23.0, 7,°=49.7 dynes/cm.

Polymer (Korea) Vol. 5, No. 6, December 1981



292E FEYL FANLL AAZPA)E G AE B A% A ¥4

w
g

w
S

(erg/cm?)

[
+»

sw

It
w
0

o

0 3 6 9 12 15 18 21
Graft yield (%)

Fig. 3. The plot of I?, vs. graft yield in MMA-g-

w
=3

[8)
3. ]

PET.
80 07
. ‘::.rrl
% 60
=
&
,:, 40
A
L
20
0 3 6 9 12 1‘5 1‘8 2.1 7

Graft yield (%)
Fig. 4. The plots of 7,9 and 7, vs. graft yield in
MMA-g-PET.

£ = OhguchiZ11#e] w32 dolGH7 < 17%
U 5= Add = 4G5 o] $eg  graft
%3¢ PETY Zdis W4 Fd3A 4o
G Aoz ¥E o] elwsielel 4 A=,
G%ol =2 rée W3ts Fgdel vehiigdod

ageA 3w rizhe graftgo] A« =el4
F7438 F/kn &4 & 4 dvh. PETS
MMA?®] 3t&FZo 4 2 o PETEF $440]
Y4 7 MMA graftZgs 7} S74EFE rigkel
FA3) E7hele AL dS¥n wpe) e A
2 oAl

3. MAA-g-PET2| EH XtRoiX|2] HE

MAAz= graftZ¥A 7 PETE & =gt A&
# &3 Ad 9 24 JAFf iz 24 A3
= Table]] ¥ Fig.5o] 4310, 3 %2 Fig5
ol EAg ukel o] Gk wmA e AEF
o d e G 2T wet FAE A&
st o) Gu7b oF 6% Eoll A 38 T 49

EeiH A 54 A 63 1981 1249

AE7 B35l on o 10%44 A9 HF3
o] Eddte g Bl

g, s T3k Gl 38 plotdt A,
Fig.6ol A 3ol upe} o] Gu7F % FEd
Ae F43 FAstet A2 350 el 3
Halo] o]23 glv}, o]k AZ3ENE MAAY
graft3¢-¢ PETY Zdzl Wie A4 zm27)
°1<>1~+z1 Fhes ¢ + ek

twgkel graftg oF 10% o] 4kl A HH e =

%s}ﬂl e o o4 graftFgel Qejuriz
E o3t £ Aol AL w44 A
vzl 2A F7hekA ¢em e PETIHY A
TAdE H2 Jdq35A] £ Aol

o] g & o] 24, PETEol4 MAA graft3
A 7F gobxled S Gl A Fristy F4
Azl £ Fe] Lol nz, & FA
2] &} Surface Spreading Pressure(r,)7} i
2 VA E FLA7E el E 5
HYRE o]FE Gy ol AN AE PETY =

© ; cHex.
4§ iOct.

9
3}
R

:2 nlzi

s &
%o
]
it

3
=]
T

Contact angle (deg.)
@ oo
o w

{
|

|
|

6 8
Graft yield (%)

Fig. 5. The plots of contact angle vs. graft yield
in MAA-g-PET (at 20°C).

70

i T

(erg)em?)
o
o <

n al
w ey
~,

= <o F
s /
Y S i
S
0 1 2 3 4 5 6 7 8 9 10 1

“Graft yield (%)
Fig. 6. The plot of I, vs. graft yield in MAA-g-
PET.

455



S - HIUE WEH
Table [. The surface free energies of MAA-g-PET (20°C)

Contact Angles

sample Gz W (degy it no..n T
(g/cm®) c-Hex i-Oct. (erg/cm?)
%#C 0 1.396 102.0 100, 4 39.68 33.87  7.92  41.79
#1 1.69 1.393 101. 4 99.7 40.16 35.36 811  43.47
#2 2.44 * 90. 4 88.8 49.69 32.85 12.42  45.28
#3 2.63 * 88.5 87.1 51.11 33.43  13.14  46.57
34 2.80 1.394 87.9 86.4 53.00 31.83  14.13  45.95
45 4.29 1.392 77.6 76.9 6. 48 25.09 18.40  43.49
46 4.69 1.391 76.8 75.7 61.25 27.62 18.88  46.50
#7 6.91 1.389 75.2 74.0 62. 64 28.08 19.74  47.82
#8 7.36 1.390 72.8 71.4 64.69 29.09 2105 50,14
#9 8.87 1.387 70. 4 69.0 66. 66 28.72  22.35  51.07
#10 10.63 1.386 71.5 70.4 65. 68 26.92 2170 48.62
PMAA * 1. 306 40.5 38.6 87.79 25.64  38.77  64.41
o WiellA o g graftFgast 4449 ¢+ 3
debe A4E € 4 Aok, 2y Table[ o4 g, 799 2+ FigZol A 2t ups} o] 4
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Fig. 7. The plot of 74 vs. graft yield in MAA-g-
PET.
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‘Table . The Work of adhesion in MMA-g-PET.

19 20frY It wg
Sample G%

ELTER

(erg/cm?®)
#C 0 24.72 47.69 40.02 87.71
#1 2.92 25.60 48.53 37.67 86.20
#2 8.98 34.58 56.40 34.16 90.56
#3 13.11 57.22 72.56  32.25 104.81
¥4 16.71 74.76 82.93 30.04 112.97
PMMA * 75.20 83.18 27.40 110.58

Z3H A 54 A 63 19314 129

QB A% B A AAY 24
Table V. The work of adhesion in MAA-g-PET
4 2Gfrddr It W
Sample G%
(erg/cm?)
#C 0 33.87 55.82 39.68 95.50

#1 1.69 35.36 57.04 40.16 9.20
#2 2.44 32.86 54.98 49.69 104.67

#3 2.63 33.43 55. 46 51,11 106.57
#4 2.80 31.83 54.11 53,00 107.11
#5 4.29 25.09 48.04 60.48 108.52
#6 4.69 27.62 50. 41 61.26 111.67
#7 6.91 28.08 50. 83 62.64 113.47
#8 7.36  29.09 51.73 64.69 116.42
#9 8.87 28.72 51.40 66.66 118.06

#10 10.63 25.92  49.77  65.68 115.45
PMAA * 25.64  48.57 87.79 136.36
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Fig. 11. Work of adhzsion in MMA-g-PET.
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Fig. 12. Work of adhesion in MAA-g-PET.
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