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&£ o PVCel| g FEAEIMAAI Zn/Ca stearate HFFAS] aHE F1A1717] QsiA A
BojA HYslzAI = A] oxyethylene729] 84 9@ HYFY3PES PVCol Hriste] doty3l 53
£ A B AFddAe Eer3slanst 23 Poly(ethylene glycol)o] PVCy DOP$}
F870l $A RSER «2{7}%] Poly(ethylene glycol) 54 52 AUAFTAE A}881
PVCe detxslang A ¢ wWAaxe] Az E4stod HEsHT. Poly(ethylene glycol)
FEAE T3lAe Poly(ethylene glycol) distearate9} Poly(ethylene glycol) alkyl phenyl
etherf7} 840l Fdow AT E ¢8lgrt. E3) Poly(ethylene glycol) alkyl
phenyl etheri= 7} 2R ZM T AME71E3le] A44de] i 2 Ao g Hrign.

Abstract : To improve the stabilization effect of PVC in non-toxic stabilizer system, zinc stea-
rate and calcium stearate, co-stabilizers such as cyclic and noncyclic oxyethylene compounds
were purposely added into PVC compounds in our previous paper, and thermal stabilization
of PVC was markedly improved. In this study, the thermal stabilization effects of poly( ethyl-
ene glycol)( PEG) derivatives were investigated by measuring the degrees of coloration. The
thermal stabilization effects of PEG distearates and PEG alkyl phenyl ether, which is more
compatible with PVC and DOP, among PEG derivatives were superior to the others. It was
also shown that PEG alkyl phenyl ether can be commercially used as not only a costabilizer
for PVC but also a plasticizer in the Za/Ca stearate stabilizer system.

Keywords : PVC, thermal stabilization, PEG derivatives, costabilizer.
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AR7 o A= Zn/Ca stearated] SHY =)o) A =&
M F}ZA 2 A poly(ethylene glycol)(o]5} PEG
Z@3h)F 2 poly (propylene glycol) & H7}3}
of FYA A A== ZnCl ot AES FA 60
A} ZnCl, o] |Es|=2Ax PVCUHo)| BA4E poly-
eneo] AEYPYE TEF UL o2 Zn/
Ca E3IPAS) g8 3T ANeH o)
w AR&E = oxyethylene®] WHETHS|= 40]/4do]o]
o];r‘ﬂ_o_ B33k v} it}

AToMe AT AZA L3 a7}
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1. PVCA] & 7] A} A& LS-100(F§=1000)

2. 7}4A) : 2-Ethyl hexyl phthalate(DOP) :
4714, B8

3. ¢FGA) : Zinc stearate : Y& WakoAH A]eF
£), Calcium stearate : Y& Hayashi Pure
Chemical AF(A)2kL)

4. M3 2H

PEG200 distearate : PolyscienceA}l, PEG400

2|0 A18d A63 19943 114

by 3ol e A+

distearate: PolyscienceAt, PEG1540 distearate :
PolyscienceA}, PEG900 sorbitan monolaurate
(Tween 20) : AldrichA}l, PEG900 sorbitan
monopalmitate(Tween 40):AldrichA}, PEG900
sorbitan monostearate(Tween 60) : AldrichA},
PEG200 lauryl ether(Brij 30) : AldrichA},
PEG1000 lauryl ether(Brij 35) : AldrichA},
PEG900 cetyl ether(Brij 58) : AldrichA},
PEG900 stearyl ether(Brij 78) : AldrichA},
PEGS00 oleyl ether(Brij 99) : AldrichA},
PEG150 t-octyl phenyl ether(Triton X35) :
Rhom and HaasAl, PEG200 t-octyl phenyl
ether(Triton X45) : FlukaAl, PEG400 t-octyl
phenyl ether(Triton X100) : FlukaA}, PEG500 t
-octyl phenyl ether(Triton X114) : FlukaA},
PEG1800 t-octyl phenyl ether(Triton X405) :
FlukaA}.

PVC# 2 SheetAz}. A1’ 9} 28

A Y. AR 9} 7.

Mrzyg Hy’ o 72

ZhaAle) i AR ZAL FE9E5F. ThaA
A3 e A 0] FEAHEHS VARG ¢F
SlzAE Zg] 1:182 Z§3t] 100°ColA] 28
T8 YWAAH BHY Aol
FIAoz Jehl=RdS §oz

8
CER e

PEGE A3TEZ4 PVCY DOP%e] 4
g4o) £ s, 28y (CH,CH,0)ne 2
&, A0 wguzel vlo| ey AWBEA 4
$o0z o851 o] DOPol TREW FUN &
A WAL BAT FYT LAAL WEF 9
o] PVCUo|49] $£412 oh$ $& Holch. o]
o PEGREAS w@ste we PVC Aol &
WAelA FolE 4 9tk F, PVCel DOPEHe
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PVCel 44 &3xo] PVCeY gt zHeg
FAAZ F7F A& Aelth

ol9} Z2 BHolA EFo PEGHEAE A
stod HESGTh. Table 1o Uehd upe} o)
PEG2] ester= 2% dagAo]l 2 Zae ¢
< 7 AU} SorbitanAlE ] PEGHE4= PEG
distearateol| BlajA Y aHIF A= BA
2 293 Z9E Jeha 9Jer PEG distea-

ratef= PEGY-E9 x| HE&F4E 243
8 #g& shar ot

ol M3l zAY DOPee) 4gdoz A9
T 2t Table 20 vehd vie} o) PEG
200 distearate®} PEG 400 distearate:= DOP$}
F840] $& whd, 1 o]4F2] oxyethylene HHE-
2Rl B%-= DOPS}F A84d0] £ %7) wjEo
PEG distearate &4 oxyethylene2] wWH2t19]7}
4845 JUHy aRE £ oz Yawct.
Table 39 Yebd PEG alkyl ether &l ths]A
= PEG200 lauryl ether7} €<143sl a7 £&
ol o] A3 4] A3 Z2A 2 DOPge] A4S
ZARIEH PEG200 lauryl ether7} Abg4dol

=
o
o} ArgAJo] £ 9L T}E ether &9 Aot 3}

g

Table 1. Stabilization Effect of Poly(ethylene gly-
col) Distearates®

Co-stabilizer® Na Ab AW AES

none 2.1 0.0 297 301
PEG 200 distearate 1.7 09 11 24
PEG 400 distearate 15 07 33 33
PEG 1540 distearate 35 45 47 67
PEG 900 Sorbitan monolaurate 0.0 74 7.9 58
PEG 900 Sorbitan monopalmitate 0.0 7.1 7.9 6.2
PEG 900 Sorbitan monostearate 0.0 3.0 3.1 2.2

a Heated at 150°C for 120min.

b Each sheet contained DOP(20 phr), Zn/Ca(2/1)-stearate(3
phr) and costabilizer (3 phr).

¢ Ha - difference of redness; b : difference of yellowness;
A W difference of whiteness; -~ E : color difference.

1032

=

tﬂ-%

€ - w0l
WL zpo)7} & BESIA

Table 4o HE nle}l o] PEG t-octyl
phenyl ether§= PEGS] Bxjgfo)| 2aalA Fot
43 &7t )¢ 5381k o] Table 29 48
d AEZTA YERE viel Zo] DOPole] A48
Ho F/1dgel YUY EHL 2 Aoz Be
2tk PEG400 distearate?] 79 &
ol e TP HE4E
Aol F F dFAH Y F& WA
£ el e 29E
ERARACE.

Table 50|41 Zn/Ca stearate ¢FAA|9] kg
3phr2 1AHAZI1 PEG400 distearate®] 4&
Iphrof| 4] 3phr7AA] HEAAIZAE %% 1.5phr o4
A FeHg3 a7 GAE A=t o= oxyethy-
lene2] ko] PEG400 distearateolAl= 41%0)
ug Ar’ ol ge 279 3¢ PEG4000] 0.
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Table 2. The Miscibility of PEG Derivatieves to
Plasticizer (DOP)?

PEG derivatives Miscibility®
PEG 200~6000 1
PEG 200 distearate
PEG 400 distearate
PEG 1540 disteare
PEG 900 Sorbitan monolaurate
PEG 900 Sorbitan monostearate
PEG 900 Sorbitan monostearate
PEG 200 lauryl ether
PEG 1000 lauryl ether
PEG 900 cetyl ether
PEG 150 t-octyl phenyl ether
PEG 200 t-octyl phenyl ether
PEG 400 t-octyl phenyl ether
PEG 500 t-octyl phenyl ether
PEG 1800 t-octyl phenyl ether

a The miscibility of the mixture of DOP/additive {weight ratio
=1:1) was checked at room temp. after heating 2 min. at
100TC.

b I:Immiscible M:Miscible.
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Table 69A4= PEG400 distearate?] &
3phr2 T A7 SFPA ) 9% 1phrol4] 3phr

Table 3. Stabilization Effect of Poly(ethylene gly-
col)-alkyl ethers?

Co-stabilizer® Ha Ab AW AE
none 21 0.0 29.7 301
PEG 200 lauryl ether 00 00 0.0 0.0
PEG 1000 lauryl ether 0.0 87 6.8 89
PEG 900 cety! ehter 0.0 87 68 89
PEG 900 stearyl ether 0.0 44 19 44
PEG 900 oleyl ther 0.0 64 45 6.7

a Heated at 150°C for 120min.

b Each sheet contained DOP(20 phr), Zn/Ca(2/1)-stearate(3
phr) and costabilizer (3 phr).

¢ Definitions of abbreviations are the same as in Table 1.

Table 4. Stabilization Effect of Poly(ethylene gly-
col)-alkyl phenyl ethers®

Co-stabilizer® NHa Ab AW AES
none 2.1 0.0 297 30.1
PEG 150 t-octyl phenyl ether 16 16 08 24
PEG 200 t-octyl phenyl ether 00 1.6 09 1.6
PEG 400 t-octyl phenyl ether 1.8 L1 01 21
PEG 500 t-octyl phenyl ether 35 14 12 40
PEG 1800 t-octyl phenyl ether 1.8 35 1.0 3.9

1
1
1
1

a Heated at 150°C for 120 min.

b Each sheet contained DOP(20 phr), Zn/Ca(2/1)-stearate(3
phr) and costabilizer (3 phr).

¢ Definitions of abbreviations are the same as in Table 1.

Table 5. Stabilization Effect of Poly(ethylene gly-
col) Distearates®

Co-stabilizer® (phr) 2a Ab AW AE®

PEG 400 distearate 1.0 6.6 88 23.3 23.8
1.5 19 27 24 36
20 1.9 46 29 51
25 54 30 22 6.3
3.0 15 07 33 3.3

a Heated at 150°C for 120min.

b Each sheet contained DOP(20 phr), Zn/Ca(2/1)-stearate(3
phr} and co-stabilizer.

¢ Definitions of abbreviations are the same as in Table 1.
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AL HEl A7l Axjoltt, o] AxjelA] B HF
Ao &g 2phryt Yot 17} $438 8= o]
AL AR oA gezoA PEG4002] 39 ¢t
3AE dphrge A9el AMel g ERzA
PEG400 distearate?} Hu}l =3+ ob4 )29
& @+ ek

2 Ao A A23E alkyl pheny!l etherfe
DOP 9 PVCee] F&A4o] F&¥ut ope} 2
Ay 7| PVCY 7taxlgA $83] A
487 USAoz 7|dEn. PVCol DOPE ¢
Z¢¢il PEG t-octyl phenyl ether& DOPUjA
20phr 7}8}11 Zn/Ca stearateQt A 3phr& 4
Hjesk PVCHEe e84 AdZHE Table
70l JeEbdAtt, of7)A PEGI1800 t-octyl phenyl

ether& A|9lstie B5F AdBA] iy F& A

Table 6. Stabilization Effect of Poly(ethylene gly-
col) Distearates®

Co-stabilizer® Stabilizer b AW AE
(phr)

PEG 400 1.0 83 25 267 273

distearate 1.5 1.6 89 152 157

2.0 1.9 34 17 40

2.5 36 05 23 48

3.0 1.5 07 33 33

a Heated at 150°C for 120min.

b Each sheet contained DOP(20 phr), co-stabilizer (3 phr)
and Zn/Ca(2/1)-stearate.

¢ Definitions of abbreviations are the same as in Table 1.

Table 7. Stabilization Effect of Poly(ethylene gly-
col) -alkyl phenyl ether used as a Plasticizer®

Plasticizer® Na Ab AW AE
DOP 2.1 0.0 29.7 30.1
PEG 150 t-octyl phenyl ether 1.7 20 04 30
PEG 200 t-octyl phenyl ether 00 11 04 11
PEG 500 t-octyl phenyl ether 04 15 11 17
PEG 1800 t-octyl phenyl ether 7.3 1.8 289 427

a Heated at 150°C for 120 min.

b PVC compounds contained PEG-t-octyl phenyl ether (20
phr), Zn/Ca (2/1) -stearate (3 phr).

¢ Definitions of abbreaviations are the same as in Table 1.
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o8 vehta gtk gy PEGE) Exlgo) &
PEG1800 t-octyl phenyl ether?] 7% A3 g
B4S Yehila) Eahe AS Table 20 484
el A BEo] DOPele] A-&4jo] FXjgot 2
PVCRE 484ol gle Aoz Azdd. dAlz
PVCuli @A (roll mixing) 150°ColA] PVCY) gela-
tiono] dojux] = Aoz wol PVCEY Mz
Holx] 937] Wl APgAol gl Aoz of,
a2y Table 404 Hi=nvlel o] PEG1800 t-
octyl phenyl ether & 3phryt DOP 20 phroil ths)
HA7igue DOPel o PVCH 7h4slyt 5%
MZ A9lH oz 4o7] el detyAol Fo

2as vehla uka & 5 Qo
4 &

1. PVCol that F=4 Zn/Ca B3 eHYA1A Q)
HY3 A 2A 4ol M= PEGET DOP ¢
PVCe} Arg4lo] £& PEG alkyl ester, alkyl

ether, alkyl aryl ether & A} &3} 7Zlo] &t}
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