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

The remarkable stabilization effects of ethers involving oxy-ethylene or 0Xy-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 ynits and synergetic soaps.

The synergetic effect between ethers and synergetic metal soap is 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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Table 1.

non-cyclic ether

Additive® da &b 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 giycol)

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.¥=1000 0.1 1.3 0.5 1.3 9
n=34, M.¥=2000 (0.0 1.3 0.2 1.6 11
n=51, M.¥=3000 (0.0 8.4 6.8 8.6 57
n=69, M.¥=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 0.00.0 0

‘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); Ja represents
the difference of redness; &b represents the
difference of yellowness:; &W represents the
difference of whiteness;sE represents the to
tal colour difference.

I" = [§E/SE (PVC)] x 100
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Table 2. Radiation stabilization effect

of cyclic ethers®

Additive da &b 6W SE I’

PVC 0.1 14.911.7 15.2 100
3.6 14.6 13.215.4 101

12-Crown-4-ether (0.0 0.0 0.0 0.0 O

1,3,5-Trioxane

15-Crown-5-ether |0.0 0.0 0.0 0.0 O
18-Crown-G-~ether [0.1 0.6 0.1 0.6 4

‘Refer footnotes given in Table 1.
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& 3. Poly(ethylene glycol) wgaro) B ApM
XF
Tahle 3. Radiation stabilization effect of
the poly(ethylene glycol)®

Additive phr) sa &b W SE I
PVC 0.1 14.9 11.7 15.2 100
Poly(e‘tlg%lene glycol) 0.5 0.0 5.9 2.5 5.9 39
1.0 0.1 5.8 3.7 59 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)&] wHg=Z 3 phr2 3tUE W
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Table 4. Radiation stabilization effect of the
stabilizer in poly (ethyleme glycol)
400°

Stabilizer (phr) sa &b W SE 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 1.0 04 1.3 9
2.5 0.0 2.2 0.8 2.2 U4
3.0 0.0 2.2 0.8 2.2 14

‘Refer footnotes given in Table 1.

ZnCl, + (-0-CHLH;), ——» C1[Zn (-0-CHLCH,

)J* C1

L

sk24] (1)oll 4 ZnCLol th¥F oxy-ethylenesd 2
Har g2 oxy-ethylene ¥HE @S (n)ol wlast
of pedolM  HuE Uehte chEd 22 A
grgaloz @Yy & Urh

o

CH.-CH
~CH- CH, -0- > —CHy CH: 0 0
A4
¢1-Zn-C1 /Zn\
c1 c1
n=1 n=,
H ﬁl(R) \CH, —CHe
\
N 0

cuz \ / CHz Icﬁz\ / \CHz
cuz \ CHz C{iz /ZI\ /(l,Hz

0 0

\ \ o/

CH, CHz CH:—-CH,
n=3, R=alkyl n=4, crown ether type

—249 -



A71AANE A A 54 A 25, 1992 64

Zn o] 2ol th¥ oxy-ethylened 11213} 752 Lewis
Ao 3ol A ethylene oxide = %-rlcrown ether& 3}
gete AFUR P KN Roz MztEch B
3} n=3oil4 TEGY OHE alkylZ 2] 84j71 TEG mono
alkyl ether& ZIn ol izt 2|3 AF &
2.7 =49} crown etherP o] 2HE o]2= Aoz
A zrgict, n=49] crown ether@ol ZnCl,ol thak 2
ME"ol & AL crown ether?) £33 (cavity)9)
AB(~1L50)3 In ol HB(1.48 Aol A 2
of HE zZHg3ld 2AME olF =Fo] T AR
2l E=Y A4y delzg sl AFos 4
dE 2y oHEs, ¥olM JdFY ey 2
AAH2AMY Fz2H adg ZIALDE, WAL
PR o= Ax 7Y Hez gzHch
oxy-ethylene®l a-$4F C(H2 2BVAT oxy-
propylene [ CH-CH(CH-0 In F= ZHYE 33
717e GolA =243 oxy-ethylenes) FH 2} 717}

Aol g oz MzHTh

4. 3 &

olxe Adet TURYE I FES v Pk
1) odjei2 A¥EY ¢ 2§ oxy-ethylene
FREAST 4 ol AHY g2 e I
¥ ojelE2 2 oxy-propylene T+REHS 7A 3
8% dgz A He $5¢ AeE F5FH
Ach
2) oxy-ethylene S+  oxy-propylene Tx¢
olel29] WAM <y 3E In/Ca-stearatedd
A BEEE InCl,a dei2e PR oxy-
ethylene E oxy-propylene®) 2bMwt-3of of

—250—

T YRS g A AN Lol ooy MHT
AHgo] WA BIAZH A3 HEd W

249} Wit FHE JAEHI] HEY Rz 33
gt

e

1. Proceedings of International Symposi-
un of Radiation Degradation of Pol-
ymers and the Radiation Resistant Ma-
terials, JAERI, July 24.25 1990.

2 T V. Hoang AND A, Guyot: “The role of
polyols as secondary stabilizers for
PVC”, Polym, Degr, Stab,, Vol.12, pp.
29, 1985,

3. J Wypych: “Polyvinylchloride Stabil-
ization”, Elsevier, pp, 101, 1986,

4, K Y Kim; “Study on the radiation st-
abilization of poly poly(vinyl chlo-
ride) (1) ", J. Korean Inst, Electro, Mat
.Eng., Vol. 5, pp. 233, 1992

5. R Nagatomi and Y. Saeki; “ Studies on
poly(vinyl chloride) stabilizers”, Ko-
gyo Kagaku Zasshi., Vol. 65, pp. 393,
1962,

6, R V. Albarino and E, P,Otocka: “ Color
stabilization of PVC against high-e-
nergy electron irradiaton”, J. Appl.
Polym, Sci,, Vol, 16, pp. 61, 1972

7. J.E Wilson ; “ Radiation Chemistry of
Monomers, Polymers, and Plastics”, pp.
409, Marcel, Dekker, Inc., New York,
1974

8. T. Ichikawa and Z Hagiwara, “Effect of
gamma-irradiation on cation exchange
resin”, J Nucl, Sci, Tech., Vol. 10, pp.
746, 1973,

9. M Cesari, G Perego and W Marconi; “Cr-
ystal structure of isotatic poly(prop
-ylene oxide”, Makromol, Chem , Vol.
94, pp. 194, 1966,

10. U S Federal Register, Vol, 33, No, 14,
Jan, 20, 1968,

11. K Kojima, H Kumafuji and K Ueno: “Dis-
coloration of plasticized PVC by irr-
adiation”, Radiat. Phys, Chem, , Vol, 18
,bp. 858, 1981,



PVCS) A A BE AT Q)

12. G W Gokel and H, D, Durst ; “Principles
and synthetic application in crown
ether chemistry”, Synthesis, Vol, 3,
pp. 168, 1976,

2714

1194933 Y3Y A, 1972429 o
Stehdt dE e &9 1974
249 At oigtd shebF
83}, 441,1990'd2€ Astel e}
et TERFIL uba)
1992 dA FLAFATE, U7

- 251 -



