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A Study on Radiation Crosslinking of PVC for
Preparation of Heat Shrinkable Tube
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Abstract

Radiation crosslinking of PVC was investigated with the aim of obtaining a suitable
formulation for heat-shrinkable tubes.

The gel percent of PVC was measured as a function of dose in formulations
containing various amounts of plasticizer, crosslinking agents, and PVC of different
degree of polymerization. The gel percent of PVC increased with the amount of
crosslinking agent, plasticizer, the degree of polymerization of PVC, and radiation dose.
The high gel percent of PVC was obtained when trifunctional monomer was used as
crosslinking agent. The heat-shrinkage percent of the crosslinked PVC films was
proportionally increased with stretch ratio and shrinking temperature, but not with the
amount of crosslinking agent and plasticizer.

The crosslinked PVC of low degree of polymerization showed poor shrinkage
property and not stretched over 200% ratio.
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130021 Z 71 AL AE (LS-700,

LS-1000, LS-1300)

1}, 7bA A : dioctylphthalate(DOP); %
ABAFAHF 28
t}, <¢tAAl:  zinc-stearate, calcium-
stearate; Hayashi Pure Chem.A}
(FT498)
2}, 7t aLA

° ethyleneglycol dimethacrylate(EGD
MA); PolyscienceAl (A eF&)

° diethyleneglycol dimethacrylate(DE
GDMA);Junsei Chem.Ab (A 2F&-)

° tetraethyleneglycol dimethacrylate(
TTEGDMA); Junsei Chem.AF (A]
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° polyethyleneglyco 400-dimethacry-
late (PEGDMA); PolyscienceAt (]
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° polypropyleneglycol dimethacrylate
(PPGDMA); Junsei Chem.A} (A 2F
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° trimethylolpropane trimethacrylate
(TMPTMA); Junsei Chem.A} (A <f
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o}, & o) tetrahydrofuan; MerckAHG
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7 22X g8 AedA 124 dEA
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Fig. 1 Gel percent with radiation dose
and various types of crosslinki-
ng agents at LS-100/DOP 50

phr.
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Fig. 2 Gel percent with radiation dose

and TMPTMA contents at LS-
100/DOP 50 phr.
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Fig. 3 Gel percent with radiation dose
and DOP contents at TMPTM
A 10 phr/LS-100
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Fig. 4 Gel percent with various degree

of polymerization and radiation
dose at TMPTMA 10 phr/LS-
100/DOP 50 phr.
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Table 1 Effect of the type of crosslinki-
ng agents and shrinking temp-
erature on the shrinkage(%) at
stretching ratio 3002, and radi-

B 2 TMPTMAY %o @& ddu&
3 EFEE(%)

Table 2 Effects of the content of TMP
TMA, the stretching ratio and
shrinking temperature on the
shrinkage(%) at radiation dose

ation dose 200 kGy. 200 kGy
Sheinking
Stretch
toep. 10 5 140 o¢ tretching ratle (%) 100 200 00
cross] inking Shrinking temp. | 110 oc| 140 «c| 110 «c] 140 o] 110 o 140 o]
agent Crosslinking agemt®

A 51 3 T 10 - DOP SO a a 50 ) 5 &

DEGDMA 52 [

T 5 % DETA 15 - D0P SO 7 | @ - - -

PEGIMA 50 7] .

PPEMA 51 [ n-mrs

W . st L & IVC compounds contalned DOM(30 phr), In/Ca(2/1)-stearate(3 ghr). trisethylol-

N R propans trisethacrylate(5-20 phr)

s P\ o inad DOP(50 phr), Zn/Ca(2/1)-stearate - ¢ non-sessursble data

{3 phr), and crosslinking agent(5 phr)

7t e 42 deE & BAE A
ol diste] AESZ] HEd st EEO|
$43% 7t2A TMPTMAE 10 phrelA 20
phr2 H3AA ® 19 2oz A3 @
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~300%)°] diste] FA3t E 20 HELW
}.
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Roy, dAMEe stunAe FE F7HA
Aol wat #AA2EE B3z A FhaA
15 phre]l Z$ 100% ©)3te] Qxujee
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8 3 TMP’I‘MA-@] F3 AL Z| o
A& H dTFER(%)

Table 3 Effect of the content of TMPT
MA and radiation dose on the
shrinkage(%) with 100% of str-
etching ratio at shrinking tem-

perature 110C.

Badiation Dese (M)
[ 8] 0.3 0.5 1 2

Crossinking agwm®
TR 1S - DOP S0 ] » » » »
™R 20 - DOF 9 = M - - -

* Refer footnote given in Table 2.

x 4 7HaAe]l Fol BE dFEE(%)

Table 4 Effect of the content of plastici-
zer, shrinking temperature and
radiation dose on the shrinkage
(%) at stretching of ratio 300%

Radiation dose (ki) » 00 200
Shrinklng teop | 110 «C| 140 oC] 110 oC| 140 *C| 110 oC| 140 oCi
PFlasticiner®
TEDA 10 - DOP B i~ -
DR 19 - DOP 30 s «
DA 10 - DOP 0 2

s Refer footnotes given in Table 2.

3 Fo] AMujE& L EFEEL FIT A
o] Jehlz &L ¥ F Ut olAL
23 e 70021 A EE 110C ol¥dAE &
$Hol dAugol YeRA] Fker} 200
kGy HAHA 2ALF = WEAde F717t
HA 140CAME 85X e ez <
Al &g JeplE AT

ol4e] Aol WAMY 7t PVCE @
$Z2gl 7haA = JlaAg gl BA

Ax FAANA ¥y" NP 1¥4ﬂ%
dstex ooz 71EEHE
Tl Ael2 Solrtels AR 71%}4
P owEly dstexdA BRHHoz WY
g HFAAY PVC BEAHME AN B3

W PVC 2A47 44 25588
ZA7Y, B 53 ERHY dER
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Table 5 Effect of the degree of polymeri-

zation of PVC and the stretching

ratio on the shrinkage(%) at 200

kGy and shrinking temperature.

Stretching retio {n) 200 X0
Sheinking Tesp, 119 ¢ 140 *C 0o« 0 C
e
DFPA IS - LS 10 s 0 L] ]

DI -1S N

* LS 130 : the degres of polyserization PVC is 1300
LS 100 : the degres of polymerization PVC is 1000
LS 70 : the degree of polyserization PVC is 700

~ : non-measursble data

PVC compounds containad DOP(S0 phr), Zn/Ca(2/1)-stearate(3 phr) snd trimethylol-

propane trissthacrylata (10 ghr).
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