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Study on the Radiation Stabilization of Poly(vinyl chloride) (II)

Synergetic Effects of Ethers with Zinc-Stearate/
Calcium-Stearate Synergetic Soap on the Radiation
Stabilization of Poly(vinyl chloride)
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Abstract

Effects of various ethers invelving various structures of oxy-methylene, oxy-ethylene, and
oxy-propylene on the zinc-stearate/calcium-stearate soap induced radiation stabilization of poly
(vinyl chloride)(PV() were investigated by colorimetry.

The remarkable stabilization effects of ethers involving oxy-ethylene or oxy-propylene could
not be observed on the PVC films without synergetic spaps, while the stabilization of PVC was
markedly enhanced by combined use of ethers with more than four oxy-ethylene units or seven
oxy-propylene units and synergetic soaps.

The synergetic effect between ethers and synergetic metal soap 1is ascribed to the ac
tion that the ethers serve as a chelator for the zinc chloride produced from zinc-stearate
/calcium-stearate soap to retard the abrupt discoloration of stabilized PVC.
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1) PVC 2] : B¢ $%E 1000(PVC-LS 1000) [
3 7] A}

2) 7¥&Al : dioctyl phthalate(DOP) [£RAQ

A

3) ?F8 A : zinc-stearate(Zn-St), calcium-s -
tearate(Ca-St) (Hayashi Pure Chem. A}]

ethylene glycol(EG) ;5 [Merck

Ab, WAE),  diethylene gly col(DEG)

i [Merck A}, ¥i44], triethylene glycol
(TEG) : [Merck A}, ¥43-§], tetraethy-

lene glycol(TTEG) ; [Merck A}, TA-21,

polyethylene glycol(PEG) ; PEG 400, PEG
600, PEG 1000, PEG 2000, PEG 4000, PEG

6000 ; ([Merck A}, ¥A8], ; [Dow Che

AH, dipropylene glycol ;[Aldrich A},
¥x-8],  poly(propylene glycol) (PPG)
i PPG 425, PPG 725, PPG 1000, PPG 2000,
PPG 3000, PPG 4000 ; (Aldrich A}, g4
€], triethylene glycol methyl ether ;
(Dow Chem. At], triethylene glycol
buthl ether; [Dow Chem. A}, 1,3,5-
trioxane (Fluka A}, ¥4-81,12-Crown-4
; [Aldrich A}, X 98%), 15-Crown-5 ;
(Aldrich Ah €% 9871, 18-Crown-6 ;
[Aldrich A}, &% 99%).
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Table 1. Radiation stabilization effect of

non-cyclic ether

Additive® sa 8h W SE T
pVC 0.1 14.9 11.7 15.2 100
Ethylene glycol 3.6 15.7 9.2 16.1 106
Diethylene glycol 0.1 7.5 1.8 7.8 51

Triethylene glycol 0.1 5.3 4.3 6.0 39

Tetraethylene glycol | 0.0 2.2 1.1 2.2 14

Poly(ethylene glycol)

n= 9, M.W= 400 0.0 2.2 1.1 2.2 14
n=23, M.W=1000 0.0 2.3 0.8 2.3 15
n=90, M.W=4000 0.2 2.5 0.8 2.5 16
Dipropylene glycol 0.0 10.6 7.4 10.7 70
Poly(propylene glycol)
n= 7, M.W=425 0.1 0.9 0.3 0.9 6
n=17, M.W=1000 (0.1 1.3 0.5 1.3 9
n=34, M.W=2000 (0.0 1.3 0.2 1.6 11
n=51, M.W=3000 0.0 8.4 6.8 8.6 57
n=69, M.W=4000 |3.3 9.4 9.8 10.3 68

Triethylene glycol

methyl ether 0.0 0.0 0.0 0.0 O

Triethylene glycol

butyl ether 0.0 0.0 0.0 0.0 O

‘Gamma irradiated in air at room temperature upto
the total dose of 5 Mrad.
'Each sheet contained DOP(20 phr), Zn/Ca(2/1) -

St(3 phr) and additive (3 phr); &a represents
the difference of redness; &b represents the
difference of yellowness; JW represents the
difference of whiteness;sE represents the to
tal colour difference.

[ = [ 8E/E (PVC)] x 100
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Table 2. Radiation stabilization effect

of cyclic ethers®

Additive da &b oW SE T

pvC 0.1 14.911.715.2 100
1,3,5-Trioxane (3.6 14.6 13.215.4 101
12-Crown-4-ether 0.0 0.0 0.0 0.0 O
15-Crown-5-ether (0.0 0.0 0.0 0.0 0

18-Crown-6-ether (0.1 0.6 0.1 0.6 4

*‘Refer footnotes given in Table 1.

PEGSF Zn/Ca Ao vyl wWslo] ubE PYCS]
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£ 3. Poly(ethylene glycol) wjbere} whapm
*HY A
Table 3. Radiation stabilization effect of
the poly(ethylene glycol)®

Additive phr) sa &b oW &E T’
PVC 0.1 14.911.715.2 100
Poly(ezg%lene glycol 0.5 0.0 5.9 2.5 5.9
1.0 0.1 5.8 3.7 5.9 39
1.5 0.0 2.4 1.0 2.4 16
3.0 0.0 2.2 1.1 2.2 14

*Refer footnotes given in Table 1.

PEG(MW. 4000, n=9) %
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¥ 4. Poly(ethvlene glvcol) 4009 U8 wigk
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Table 4. Radiation stabilization effect of the
stabilizer in poly (ethylene glycol)

400°
Stabilizer (phr) &a &b oW oSE T
1.0 8.5 2.2 15.6 25.1 165

1.5 3.9 7.9 15.4 15.9 105

2.0 0.0 .0 0.4 1.3 g

2.5 0.0 2.2 0.8 2.2 14

3.0 0.0 22 0.8 2.2 14

‘Refer footnotes given in Table 1.
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