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2 9% PVCY 54 wigol PgA 2 B3] AHe5E Znd Call stearater 3% AlF<el Cd,
Ba, Pb, SnA| eHA Bt QY3 a7} "HolAth, E o Fo Al zine stearate®} calcium  stea-
rate?] 2:1 EgotAH e aHE ZFZA717] Y3l ethylene oxidett$]E 712 = polyether F& ¢t
HEAZ AHgsle] 2875 AEsSIHTh HHRAE FS PVC sheet®} BRI -E sheet & 715l
of G3lg EXA7IL Gl o] FAEE A5 WAL g Zsle] v @EATE. AR
ethylene oxide ©9E g -#3t= crown ether, poly(ethylene glycol), poly(propylene glycol) %
3 2& polyether&& AHEIR oM, o] 5& Zn/Ca-stearatet G Aol H7igu) PVCe EHA
ol aA =Rt 53, -CH,CH,0-9) HHETH9|7E 3014091 polyether &7F E47} F9how
ol Zn-stearateol| 4] 4= ZnCl, 7} polyethere} 2&& 433ty AAH L2 Zine burning &
BRI = Q7] Wil Aoz YzhE

Abstract : The Zn/Ca stearate are non-toxic stabilizer for PVC, but the stabilization effect of
these stabilizers is inferior to those of Cd, Ba, Pb, Sn stahilizer systems. In this study,
polyethers were added to PVC sheets containing Zn/Ca stearate to improve the thermal stabi-
lization effect. PVC. sheets containing stabilizers and additives were heated, and then the de-
grees of coloration were measured. Thermal stabilization effects of Zn/Ca soap stabilizers
were investigated under the adding with cyclic or linear polyethers containing ethylene oxide
unit, such as crown ether, poly( ethylene glycol) and poly( propylene glycol). Thermal stabili-
zation of PVC was markedly improved, especially when the linear polyethers containing more
than 3 repeating units of ethylene oxide were used as co-stabilizers. The mechanism for the
synergistic effects might be based on the complexing effects of polyethers with zinc chloride
released from zinc stearate.

Keywords | PVC, thermal stabilization, PEG, costabilizer.
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D) PVCx] - 8714 A% LS-100 (F¥=
1000)

2) 7}4A : 2-ethyl hexyl phthalate (DOP) :
H7)AL 3UE

3) QFAA| : zinc stearate: YE WakoAl (Al
©F4) calcium stearate : Y& Hayashi Pure

Chemical AH(A]2FE)
4) sl =A
(a) 84 oEl2%F ; 12-Crown-4-ether :
richA}(98 %), 15-Crown-5-ether : AldrichA}(98
%), 18-Crown-6-ethe : AldrichAFH(99%), 1,3,5
-Trioxane : FlukaAH(>99%).
(b) Z221& 2 A4 e 257 ; ethylene gly-
ol : MerckA} (99% )[ o3} EGe} §H], diethylene
MerckAH98 % )[ ©|3IDEGe}F 3],
: MerckAH98% )[ ©13t TEGE} & ],
MerckAl (98 %)[ )5t
TTEGz}+ %], triethylene glycol monomethyl
ether and higher homologs : Dow ChemicalA}
[)3} TEGMz} §H], triethylene glycol monoethyl
ether and higher homologs : Dow ChemicalA}
[©13}TEGE®} & ], triethylene glycol monobutyl

Ald-

glycol : trie-
thylene glycol

tetraethylene  glycol :
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ether and higher homologs ;: Dow ChemicalA}H o)
SITEGB2F %], dipropylene glycol] ©|8tDPGze}
3+] : AldrichAH(99% ), poly(ethylene glycol)[ o)
8tPEGe} 3] : PEG 200, PEG 400, PEG 600,
PEG 1000, PEG 1500, PEG 2000, PEG 4000,
PEG 6000 : MerckA}, poly(propylene glycol)[ o]
SIPPGe} &) : PPG 425, PPG 725:AldrichA},
poly (tetrahydrofuran)[ ¢} 3}PTHFg} & ):PTHF
650, PTHF 1000, PTHF 2000 :PolysciencesA}t

5) 7|EpA]F
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furan : MerckAH(99% ).
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Fig. 1. Degradation of PVC film at 120C in the
presence of PVC(10g), ZnCl, and polyethers ; PVC
(D), PVC+7ZnCl,(0.47m mol)(A), PVC+ZnClL,(0.
24m mol)(4), PVC+7ZnCL(0.47m mol) +PEG 400
(0.75m mol) (M), and PVC+7ZnCl,(0.24m mol) +
PEG 400(0.75m mol) ().
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Fig. 2. Degradation of PVC compounded with DOP
(20phr), Zn/Ca(2/1)-stearate(3phr) and diols
(3phr) at 150°C : none(@), EG(Q), DEG(ID),
TEG(A), and TTEG(V).

Table 1. Stabilization Effect of Cyclic Ethers?

Eighi e

i)

A9l &a3E Br) {3 A48 ZAFHE Table 3,
Table 4, Table 50 VeERARACE

PEGY] Z$= Exgo] 1000 o|4te| =W <t
el & A Jelis PPGe = R
o] 1000 ojAelAM A& <HdE aHE JeRR
23} Polyetheroll 4] methylene”)7} 47) A2 H
PTHF2] Z¢= 4§ <3 anE “ebiz] %
s,

A 2ARAMY At 7Pt & A2 PEGY
AL Bzlek 200(n=4-5)7 400(n=9-10)%1 A
ol PPG2] A$ &xzieF 425(n=7)%} 725(n=
12)Q1 Aojtt.

PEGW PPGoll oAl &zajedo] 1000 o]t
A 88 gatE Jehl Al Esh=tl theiMe &
23 S uigly] Zety o5 2ol 4%
T7F Atk &, PEGE 254 sgEzA PVCH

Co-stabilizer® Ada 4b W, W, W,-W, AEs

none 2.1 0.0 87.1 57.4 29.7 30.15
1,3,5-Trioxane 2.4 1.0 87.5 57.7 29.8 30.54
12-Crown-4-ether 1.7 1.1 88.2 86.9 1.2 2.30
15-Crown-5-ether 1.7 3.6 88.2 86.0 1.2 413
18-Crown-6-ether 1.9 3.2 87.2 86.7 0.5 3.73

“Heated at 150°C for 120min.

*Each sheet contained DOP(20 phr), Zn/Ca(2/1)-stearate(3 phr) and co-stabilizer(3 phr).
/b difference of redness; 4b:difference of yellowness; W,:W(Lab) of unheated sheet; W,:W(Lab) of heated sheet; 4E:color

difference.

Table 2. Stabilization Effect of Ethers®

Co-stabilizer® Aa 4b W, W, W.-W, 4B
none 2.1 0.0 87.1 57.4 29.7 30.15
EG 2.7 7.8 88.3 69.7 18.6 18.80
DEG 1.2 7.5 88.8 73.2 15.6 15.67
TEG 2.3 6.0 89.3 83.2 6.1 7.83
TTEG 3.6 4.8 89.0 85.1 3.9 6.95
TEGM 1.9 3.9 87.2 85.1 2.1 4.36
TEGE 1.8 3.0 85.3 84.9 0.4 3.56
TEGB 0.1 14 87.5 85.6 2.0 2.08

*Heated at 150°C for 120min.

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

Definitions of abbreviations are same as in Table 1.
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Table 3. Stabilization Effect of Poly(ethylene glycol)®

BT WFS - w4y

=

Co-stabilizer® da 4b W, W, W.-W, AEs
none 2.1 0.0 87.1 57.4 29.7 30.15
PEG 200 1.5 0.7 91.0 87.7 3.3 3.32
PEG 400 0.1 0.9 89.4 86.1 3.3 3.49
PEG 600 1.7 8.3 90.8 84.9 5.9 8.81
PEG 1000 0.4 9.6 90.5 81.8 8.7 10.55
PEG 1500 1.5 13.9 89.9 77.9 11.9 14.54
PEG 2000 1.3 10.8 90.1 79.6 10.5 12.09
PEG 4000 3.0 14.2 914 78.2 13.3 15.46
PEG 6000 1.9 14.9 87.4 78.2 9.2 15.09
“Heated at 150°C for 120min.
*Each sheet contained DOP(20 phr), Zn/Ca(2/1)-stearate(3 phr) and co-stabilizer(3 phr).
‘Definitions of abbreviations are same as in Table 1.
Table 4. Stabilization Effect of Poly(propylene glycol)®
Co-stabilizer® da 4b W, W, W,-W, 4E-
none 2.1 0.0 87.1 57.4 29.7 30.15
DPG 2.7 9.2 90. 4 67.3 23.1 23.15
PPG 425 1.8 1.6 88.8 87.4 1.3 247
PPG 725 0.0 4.8 88.8 86.3 2.5 4.77
PPG 1000 2.3 2.1 89.4 69.9 29.6 29.91
PPG 2000 9.0 8.4 92.6 62.1 30.5 30.86
PPG 3000 1.9 4.5 94.2 61.1 32.7 34.12
PPG 4000 4.5 3.5 94.2 60.5 33.7 34.97
“Heated at 150°C for 120min.
*Each sheet contained DOP(20 phr), Zn/Ca(2/1)-stearate(3 phr) and co-stabilizer(3 phr).
‘Definitions of abbreviations are same as in Table 1.
Table 5. Stabilization Effect of Polytetrahydrofurans®
Co-stabilizer® da 4b W, W, W,-W, AEs
none 2.1 0.0 87.1 57.4 29.7 30.15
PTHF 650 1.0 1.2 87.5 58.7 28.8 29.69
PTHF 1000 4.2 0.2 86.4 56.8 29.6 29.92
PTHF 2000 4.0 0.6 89.1 56.8 32.2 32.79

“Heated at 150°C for 120min.

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

Definitions of abbreviations are same as in Table 1.

DOPste] 4840 %4 Rtk a2t -(CH,
CH,0)n-& 2%, 249) #Yupo] ulo] &4 A
HEgAe] Q524 0§91 lof DOPe| &3
2o 2UY SAS NS YA FAY 24

Rl

Ag T 4 9lo} PVC elA 24e ojg &
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& sty Table 6, Table 70 YERAIE}. o] &
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T2 & 7T AN Y3 22X PEG400S
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FEHoZ AREEE 4 3phrEth A2 1.5phr
A YoAE kA3l ZAglol HPAT 3phr ¥
R R Ge8A8 A & ¢ 7 Utk
e 272 e 717, F54 AAHAJ] Zn
/Ca-stearate EI<HGA|Ao4] Zn-stearate7}
HCl& E&sle] AAISt= ZnCl, 9} Ca-stearate
ool &g o7 Zn-stearate’} A= CaCl,7}

der A sto] g AT (D)

= glo] gloy ZnCl e gdsles Wheg o)$
27471tk @EtA] ZnCl o)l AAE & dgtgsl
g 27& 7S 77 UH.

B AlF oA 12-crown-4-ether, 15-crown-5-
crown-6-ether ®5 E<HA3% &
ZnCl,%te] FEYAHSR /%47“?‘

A
an

18-
Ae
#%| PPGY) 79T szl HAE
PVCete] 4840l Boh meha, Rx4259
7252] PPGE #713+ PVC sheet= BlLZ

3 5
gol Fom AIYY P £& F F Uk
2

=) A~
24

Crown ether 04| 12-crown-4-ether+= &
9} R &(1.5A)°] ZnY o] XE(1.48A)=271%
743 Hidle] o]59 AoRgo] 2 Ao o4
b 53] 2] Eo| ¢kt & 15-crown-5-ethert}

18-crown-6-ether = H]5=3h ZHA A F3E L}

ARETE 22 ol de €A At 29 ERAE 9l ol Yanagida'™7h #i3lviel ol
2 AAEE CaCly = gdstera vheS 30X a7rg] 240 o] & 2|23 crown ethers Zo
Table 6. Stabilization Effect of Poly(ethylene glycol)®
Co-stabilizer® (phr) Ada 4b W, W, W-W, A4E¢
PEG 400 0.5 2.0 2.6 86.5 83.2 3.3 4.19
1.0 1.8 1.3 87.2 85.1 2.1 2.69
1.5 3.8 1.3 88.1 85.9 2.2 4.73
2.0 1.7 1.8 90.1 86.2 3.8 3.91
2.5 0.5 3.1 91.0 88.2 2.7 3.69
3.0 1.5 0.7 91.0 87.7 3.3 3.32
“Heated at 150°C for 120min.
*Each sheet contained DOP(20 phr), Zn/Ca(2/1)-stearate(3 phr) and co-stabilizer.
‘Definitions of abbreviations are same as in Table 1.
Table 7. Stabilization Effect of Poly(ethylene glycol)®
Co-stabilizer® Stabilizer (phr) da 4b W, W. W,-W, AE¢
PEG 400 1.0 3.3 8.9 91.0 78.0 13.0 13.57
1.5 5.3 4.8 92.4 84.6 7.9 9.62
2.0 1.8 3.1 92.4 90.8 5.5 5.67
2.5 3.8 5.0 950.4 84.7 5.7 8.04
3.0 1.5 0.9 91.0 87.7 3.3 3.32
*Heated at 150°C for 120min.
*Each sheet contained DOP (20 phr), Co-stabilizer(3phr) and Zn/Ca(2/1)-stearate.
Definitions of abbreviations are same as in Table 1.
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FEA GAHAA NN PVCY @t shell sk A7 1 (D

Z EO7} 47) ol 4 wr2slo} 1AW EO7} 374 ol
A% % wdo] ether AWE ST Yt A%l
Zn't 3] HE Y4o) folah o] FolPE )

g 7 A

2 &

1. PVCell thgt F54 Zn/CaB3t LA A
AF7A AL&3 HAY Lefzint gle M2 ¢
A3l ZA 24 oxyethylene HE= oxypropylenef]
FTEAE AT 7 USE HHstn dA 2835
ol Sl Zn/Cadl B AHA §7E Y5
FHND 4 AT ol AW w= FHA DA
483 A2 4 Ak

2. Oxyethylene X3i= oxypropylene &7}
Y3t aAE Uehls ZAE oxyethylene L=
oxypropylene®] WHELTH}=7} 4ol Jo|2tot S}
tP5 7lte Zn/CaAl A NA AR
ZnCl, 9} oxyethylene ©9| Tx7} 222 A3}
= AoE dddEn.
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