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To improve the antioxidative effect of polyolefin (PP or PE) resin, two types of antioxidants with structures sim-
ilar to vitamin E (S-13 and S-19) were synthesized. The antioxidative activity of the compounds added to poly-

propylene as 0.005 wt% was examined by the melt-index and yellow index methods.

The compounds had only

antioxidative activity. The antioxidative activity significantly increased mixing with phenolic and phosphoric anti-

oxidants.

Investigation of the mechanism of the antioxidative activity revealed that hydrocarbon radicals pro-

duced by the thermal decomposition of polypropylene or polyethylene immediately reacted with the antioxidant to

form stable product.
radicals, and phenolic and phosphoric antioxidants.
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Fig. 1 Structure of the S-13 and S-19 Antioxidants
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Table 1 Effect of Antioxidant Addition on MI Index for Polypropylene Resin with Different Heat Treatment

Compound No. Antioxidant Congem Mlindex
[wt%] MI 1 MI 2 MI 3 MI 4 MI 5
1 None 0.1 8.2 15.0 — — —
2 1010 0.1 6.3 9.4 18.0 — —
3 BHT 0.1 6.1 — — — —
4 S-17 0.1 42 5.7 72 9.1 —
5 S-13 0.1 2.8 3.1 3.6 42 5.5

Calcium stearate (0.075 wt%) was added to the polypropylene resin.

AO-1: Tetrakis[methylene-3-(3’,5’-di-#-butyl-4-hydroxyphenyl)propionateJmethane

(CH9,C
HO CH,CH,COOCH,

(CH,),C
L —Ji4

C73H108012
Molecular weight = 1176
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Wz, BIRHSOHILICE 250 LY L 7 2/ — VREELES
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AO-2: 2,6-di-t-butyl-4-methylphenol

H

(CH,),C C(CH,),

CH,

C15H24o
Molecular weight = 220

K1) 7L BRI S-13 Bld B v idE oo EE{LEA IR
EHFHLTIINL, MIME%EI%E L7z, Table 11213, ERALR;IL
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AO-1 (1010) ZHEINL7zE EOMIEZR L7, FAES 31X
Ko FEmD AO-2 (BHT) ZBML7ZEETHY, BEHF T4
EH7ZICBAR L7 S-1TERRIML72E ZOERTH D, S-1713
S-I3DIMOKER AV 7O ENKETEIRL72(LEWTH D,
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DOMIEZRHR L2 ANV M Y F 7 =% T, #YE Ll
ELMe TTC, MI LG LM L LRI -8 E 2V b
AT =L@ ST ZOMIMEEZ RS, L7 PP
O MIBEIZ BT TERALD LA OB AR B LML 24 LT L
BRI 72D WTHET L, S SR oZERICOW
THEGET L 720

WO MIRERICB W C L #EB o NE & b 12 MIE
PHRLTnd, Thbb, BEENSRE 22120, 1#
FEOBLHHEST L, FTFEAWDT 5720, MUEDPEARL 72,
RIFERTIE, MILICBWTH B8 SHMLL, 20
R RECETL, S-BZRMLAEED 28R 572,
F72 AO2Z MLz & ED ML S-13D 2115, AO-1TlE2.2
Bl o720 S-13DOMED—FEE 272 S-17TIE 15/ TH -
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o, S-13A5THROBEILE; IR #12 ik U CRtERE 7 M LB 1k
HlThbeEZLNL,
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Table 2 Effect of S-13 Addition on MI and YT Indices for Polypropylene

Antioxidant S-19 content in S-19 content in MI index YT index
Compound No. .. N o

P-1 AO-2 S-19 antioxidant [wt%]  polypropylene [wt%] My 1 MI 2 Y11 Y12

6 0.066 0.033 0.001 1.0 0.001 5.0 10.0 1.7 4.5

7 0.0653 0.0327 0.002 2.0 0.002 4.2 7.5 1.5 43

8 0.0633 0.0317 0.005 5.0 0.005 3.5 5.0 1.7 4.6

9 0.0620 0.0319 0.007 7.0 0.007 3.2 4.8 1.8 6.2

10 0.0667 0.0333 — 0.0 0.000 5.5 18.0 1.7 5.7

P-1: Tris(2,4-di-t-butylphenyl)phosphite
_‘+—< ;éO%P
3

3.2, MIfEICRIFTRAEOEZR O > RE{EBHIEH (S-19)
DERMFHE

B i & A1 0.075 wit% D AT 7 1) YEEH VT 7 AHRINE
N7-7o L AR T2 SETS-19% 12, MIOHlE
#7070 Larl, TZCTHEMALZS-19EHEIMTH 5720,
ZFOMHEZ LSS5 AT, BEHFEOBRLE LA & Masb
T L7720 22 THM L BEAEDOERLE 1IE#IZ PP O BRAL
FFIEICZHEND ) Y RDP-1, BLXUFAO-1THb, 2T
=0 IEHI O HE LT, PPIIA LT S-190%E&%
075 0.007 £ TEALE ¥ 72, ZDFER% Table 21IRL72, F
7z, SOFBHIIOWTIE, YIEOWE D B TIT > 720 S-19
AN (EFHS10) ©& EI12E MIITERENRSNLE Do
7275, MI2 TIEZMIMEAYKE CHINL7z, $74bb, BER%E
LIA4T 9 720 CERMOBA, PP OREMA;TINI S hiz, Zh
WA LT, S-19Z2 R L 22 CliE OB R E & b I2Hd
L, AEZFIHRETIIMILE MI2OENSBEINZL 2o
72o Table 217" 3 £ 912, 1A HOBLECIE YIHEIZAIM -
RINZ2 2 53, T —EDMEEZ R L7275, 20 HOEE
FEMN RO YI21E S-19D 7M=& & b I8In5 % a2
BENTZ, Thbb, S-I9ORMEL & OITEOWENIS &
BT A EERRL TS, MUES X O YI i 2 A1 H Bk L
T, PPIZx L C0.005 wt% FEEED S-19 DFMAT# Y & E 2 5
n7z.
S-19DIFMENRATE D L9 7 BEAF OFRALB; 1L #] & M A G b
BE L VA2 RET5HNT, ZRZENP-1, AO-1B XV
S-19%MZ TN L 2B 2B L, 2o MIZHIE L7,
S-19F WML VR ZHRWT, S-1I9DRMEIZPPICH LT
0.0020 wt% 2% 5 LI ICHEIL7ze ANV A ¥ T 7% —TMI
fEZ Y K LBEIE L7724 E % Table 31278 L72s S-19% 7ML
Wk (BAEES12) TIE, 2B8[HO MIIETI8.01C7% 57,
F7:, P-LEMIC S-19 2 ML 72854 (RA%ES 13), MI2iE
S-1I9MERME D &b ICtHmEE Nz, AO-THAIZ S-19 & 7%
MLz (FEE514) Ha, MI2OMEA15.0127% ), P-1Hh
WS-19&FML7Ha L) A LETSHES N, Tt
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LT, P-1BLUTAO-1120.002wt% D S-19 % HmINT 5 (Aie
Fr11) & MI2MEDN10FIZR Y, ILEEkicERTw 5
ZENG P oTe TDEINZ, S19F ) Y RBHDHLNIET =) —
WARERAEBE LR i AGbE THHT A LICL D, KEL%
RxHB,

S-19DMEALBE L& R 2 B IRKEERY =5 L ik
(LLDPE) 12X LCHMEIL7ze S E, HILOREIZON
T bV 7 SR BGEEI CHIE L ze —EiREICHR - 7285 %
WA AN, REEORERD bV 7 LR OGP S v
7 FABGEEM 2 KD 72, ZOKR, Table 41273 &9 (2,
VY RBALP IEF P-2 (0.005 wt%) B LU T =/ — VAREEL
By 1% AO-3 (0.005 wt%) 12 S-19 % 0.005 wt% ¥l (FRa7
515 $AHIELICEY, BGBEMEERNO255 (BREES
17) PO BSFIHETLIENTEZ, Thbh, SERE
DEGEENBE Sz,

3.3. HRWMROEEBIIOVT

A¥BERAZu~v ALEMEBFO) Y RBHDHVET =) —
WRBBAL IEFCH T A EICE VRS H B s
Table 2 DF#EERD SN 572, Burton 51, AIBN % HWw
LAF VY OBEA TG IER 2RI L, EESOENL
75 Eq.(6) TRENDBGEH T AV (ROO ) LEE LB IE
# (AOH) DFIGHEZ KD/, ZDF%:, BHTIZ X 240
FIEHA14X104 TH L OIZxt L, ¥¥ I ¥ EOWEIERD
320%X10* (I/mol's) 2% Y, ©¥ I v EOWHIRIEIKE W
CEERLE. T2, KSR, souNRrBrEBEE LT
AIBN 2L 2 AT Ly OEAMISEIT, AF L Y OEEELE
WEERE 7 2 ) — VHKEEH % b OERERE LRI OFEE L O
HAWEEOBRERRZTY, 22 THESNMEIX, Burton 5
AHELAZES IV EOMBIZIRICHE L TS ol &
512, Lucanini 51, ¥¥ I Y E &5\ X BHT SIHFEET S
KEEHOK G ANVF -2, WiEOT AL F—1F
78 kcal/mol TH V), #%EDZNIL81 keal/mol THHZ & % H
SN, ZOOWEOBMNENDHZ) DT AN F -2
3kcal/mol TH 55, WMk L/ZLIICEFZIVEETVINLD
FUSHEIIR 2505 0% H 5 ¥F IV E &7/ — VL
B iAo FUSEE D ES R L Tnd, /2, AVTER
70w MALEWMTH D S-19 DA, F NV ML AR E R %
FTwiwnizd, SUNNVEDOREEDREL ZoTwb, T4
bhH, BALPIERIS T, HSEEOEV XY v 7 ALE=
AEBERZ O~ ALEWA, BIRICHEAE LT VAV &P
ENTVBEHALEIEH L ) FRRIGT 5, SN0 &
7z ) = VREEALB IR O R E Z Fig. 2 10BRWIRT
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Table 3 Effect of S-19 Addition on MI Index for Polypropylene Mixed with Other Additives

Antioxidant S-19 in antioxidant ~ S-19 in PP MI index
Compound No. o o
P-1 AO-2 S-19 [wt%o] [wt] MI 1 MI 2 Y11
11 0.0653 0.0327 0.0020 2.0 0.002 1.2 7.5 23.0
12 0.0670 0.0330 None 0 0 5.5 18.0 —
13 0.0980 None 0.0020 2.0 0.002 6.0 16.5 —
14 None 0.0980 0.0020 2.0 0.002 5.2 15.0 —
Table 4 Effect of S-19 Addition on Torque Increasing Initiation Time for LLDPE Mixed with Other Antioxidants
Antioxidant S-19 in antioxidant S-19 in LLDPE Torque increasing
Compound No. N o L .
P2 AO-2 S-19 [wt%] [wt%] initiation time [min]
15 0.0495 0.0495 0.0010 1.0 0.001 4.0
16 0.0475 0.0475 0.0050 5.0 0.005 13.5
17 0.0500 0.0500 None 0 0 2.5

P-2: Tetrakis(2,4-¢-butyl-5-methyl phenyl)-4,4’-biphenylene diphosphite

AO-2: 1076
t-Bu

CH. t-Bu P

3

CH,
C68H92 P2

Molecular weight = 1035

0,

HO. - 0
+R0O0. —> + ROOH
) (8]
®
o HO.
+AOH —> + AO-
[e] 0
©)
o] (o]
+AOH — + AO-

H (10)

Fig. 2 Reaction Mechanism for Retardation by Antioxidant
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AO-3: Octadecyl-3-(3,5-di-#-butyl-4-hydroxyphenyl)propionate

(CH,)C

HO CH,CH,COOC, H,,

(CH),C
CasHezos
Molecular weight = 531

Shbb, ERLRILKES VANV EG (D ICE YV BEE
RISL, N=FF T IV HUNBERT L. e SEDOFEW
Y% IV EBKE L OBALIIEA & Eq. (8) IR X ) IS
L, WN=FF2 I I A NEKRBAWIEAT B0 EB LA F
TIVAIVIZAO LG L THUE S I Y EFEE D ORIEA
X7 he SDEIHI, SMEDE S-13DH 5\ 1E S-191LEW
FEERLT TV E ST 578, SRR E N TV S
BRALBS LR O & THAESND EEZ bND, TD, V&
OFMIBNTOHEMES B SN b DEEZLND,

4. # B

V¥ IVEEETFAMVWEE LzxY 7 bEY (S-13) B
foavovAarzuav ALEY (s-19) &KL, €DK+
V74 PRTBEALBERIRE AV A 2Ty 7 A2 (MD
HHVIFATO—A Ty 7 A (YD) #HEE LCHE L7,
FORER, NS OLEWITHEMIIB N TLREIBE S L
B, U rFRBLOT 2 — VREALBIEFNCAERNT A 2 &
T—BOBAL ISR D > 720 KL THE L 72bE ok
LA 2R, U v RIEEWH L VIET =) —
SRERALRS 1 Ok R E%*IJJ:H LCEHEICHESINLEZAILDH
HEEZ LN,
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