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ABSTRACT

The purpose of this dissertation is to study some of the vulcanization charac-
teristics of rubber-bound antioxidants such as G-1, [N-(3-methacryloyloxy-2-hy-
droxypropyl)-N’-phenyl-p-phenylene diamine] and acryl, acrylamide & acrylester
substituted hindered phenols.

The influence of these antioxidants upon vulcanization characteristics in NR
and SBR componnds in the presence of vulcanizing accelerators such as MSA, TT,
DM, M & D was evaluated by means of Oscillationg Disk Cure Meter.

The comparison was also made between the influence of rubber-bound antioxi-
dants and that of conventional non-reactive antioxidants such as N-alkyl substit-
uted PADA series.

Regarding the influence of reactive type antioxidant G-~1 mixed with accelerator
TT upon vulcanization characteristics, rapid onset of vulcanization and higher
degree of cross-linking were discovered, whereas in the case of accelerator M and
DM, the result was slow onset of vulcanization and lesser degree of cross-linking.

The comgarison of vulcanizing characteristics among acrylic substituted hindered
phenols as antioxidants was made under several vulcanization accelerator systems.
Under such systems, MSA-S combined accelerator caused the onset of vulcaniza-
tion to slow down and lowered the degree of cross.linking.

Finally in the case of hindered phenol derivatives containing longer substituent,
the delayed onset of vulcanization and the lowered degree of cross-linking could be

discerned.
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Z{LBh LAl N-¢7 iR p-aminodiphenylamine(PADA)R ELBjibHole] mMBERE, Z4%
#E 5% NR 9 SBRelA fhigadstglom, o = {RiEHE MSAS R

A KEEY Glsb JEREEMES Z{LBiik#, N-phenyl-N'-isopropyl-p-phenylene
diamine(N-810-NA)¢] fnFipthe] mElEER =, TT, DM, D & M& 4% sla] NR
Q 7AS %9 BES derrE ODRE E#stg

Al# = ODRell o3t oz s EHER °P3%ﬂ}iﬁ§ﬁ%@m&%'ﬁ KRR
1A 8] InE ko] MERHER, MSA % S(tH), TT, MDB, DM % D(#tF)4 ez
gA d3gE detE e Aot

1) HEE U HH
D 1P U BAES
NR : RSS #1
SER : JSR 1500
GOt 2 ¢ TEMAHR 2nl oL 2, &8 52~57°C, Ffizh 204~208, 2.oE=zt 4 LT
HearH 1E
FRILEESR : =7 AHmshiE(=d 2y 155)
i) ZALphikH
8) G-1: REEMEZ(EB LR, KRFRLBR(EE)
{t84, N-(3-Methacryloyloxy-2-hydroxypropyl)-N’-phenyl-p-phenylenediamine
OH 0 CH,

7NN N N Ol —
L NH N NH—-CH,—CH—-CH,—0—C—C=CH,

M.W. 326, m.p. 115°C LIk, FKEHE
b) S-13 : Monsanto chem. fit#1(USA)
{84, N-(l.3-dimethylbutyl)-N’-phenyl-p-phenylenediamine
CH, CH,

2 T N e
NP NH N NH—CH—CH, éH CH,

M.W. 268, m.p. 42°C LIk, %#&E FR)
c) N-810-NA : kxAHHA{EE(HA)
{L&84, N-phenyl-N’-isopropyl-p-phenylenedianine
B4 M2 9 8-



CH,
<;>\—-NH——<;>\—NH—(I3H——CH3
M.W. 226, m.p. 70°C Ak, &BEHR
d) N-880 : KAy BYLEH(BA)
{24, N-phenyl-N’-1l-ethyl-3-methyl pentyl-p-phenylenediamine
C.H, CH,
<—>—NH—<_>—NH—(':H—CHZ—CI:H—CHz—CHa

— — M.W. 236
LT sleREb LBl ARHRLE AR,
e) ALL : I-allyl-3, 5-di-t-butyl-4-hydroxy benzene
t-Bu\_
H0—{ »—CH,—CH=CH, M.W. 246
t-Bu” m.p. (lig.)
f) AAOM : 3,5-di-t-butyl-4-hydroxybenzyl acrylaminomethyl ether
t-Bu\ 0
— |
H0—{ 3—CH,—0—CH,NH—C—CH=CH, M.W. 319
t-Bu” m.p. 110.5~111.5°C
g) AAM : 3,5-di-t-butyl-4-hydroxybenzyl acrylamide
t-Bu\ 0]
HO—\ —CH,—NH—C—CH=CH, MW. 289
t-Bu” m.p. 110.5~112.5°C
h) MAM : 3, 5-di-t-butyl-4-hydroxybenzyl methacrylamide
t-Bu\ (llH3
Ho—{ >—CH2—NH—(H)—~C——*=CH2 M.W. 303
t-Bu” 0 m.p. 116.5~119,5°C
i) AEM: 3, 5—di—t—butyI-4—hydfoxybenzylacrylate
t-BU\\ O
77\ I
HO—\ /—CHZ—O—C——CH—CHZ M.W. 290
t-Bu” m.p. 68.4~69.2°C
» BHT: 2,_6—di—t—buty1 cresol
t-Bu>*\
t-Bu” m.p. >69

ITEak



i) hnE{RER
LU s e KAFRLER(ER)Y.
a) MSA : N-Oxydiethylene-2-benzothiazolylsulfenamide

[ C—S—N 0 m.p. 80°C LIk
NN \CH,—CH,” B R
b) MDB : 2-(4’-Morpholinodithio) benzothiazole
S M.W. 284,42
VAN
|l I C—8—S8S—N O m.p. 123°C
\/\N/ - BREEBHR
¢) TT : Tetramethyl thiuram disulfide
cH ; cH M.W. 240
3 I s neC
NN—C—8§—8—C—N< m.p. 140°C Ll k
CH,” \CH, SLCRIES
d) DM : Benzothiazolyl disulfide
M.W. 332.5
VAV VAIVAN
I C—8—8—C . m.p. 170°C LIk
\/\N/ \N/\/ BEBBHK
e) M : 2-Mercaptobenzothiazole
/\/S M.W. 167.25
I C—SH m.p. 173°C Lk
NN VS RSN AN
f) D: 1. 3-Diphenyl guanidine
0
D= M.W. 211.27
N °
P /c—_-NH m.p. 144°C LIk
Z _
L/ $ HEnR
H
2) B

i) ER=ReiHe
8" z-gel, EEEE 2420.5rpm
2 EHglL 1: 1.4

ii) Cure meter (Rheometer)

HER##(B4) ODR Model 1
&3 & 30mmexX5. 8mm

HE F2H
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tlo] 2 & 40mm¢><8..0mm
IREHE 6 cpm, REAE 3°(X1.5°)
BEREERE 100~200°C
3) BBHE
D Eak
FEENAY LFEEL it Ao
Recipe 1 (NR compound)

_phr _phr_
RSS #1 100 Sulfur 2.5
Stearic acid 1 MSA 1
Zinc oxide 5 antioxidant* 1/100 mol./100g of rubber

* antioxidant: G-1, S-13, N-810-NA and N-880
Recipe 2 (SBR compound)

_phr_ _phr_

- JSR 1500 100 sulfur 2
Steraic acid 1 MSA 1
Zinc oxide 5 antioxidant* 1/100 mol./100g of rubber

* antioxidant: Recipe 13} Z-2&.
Recipe 3

RSS #1 100 sulfur 2.5
Stearic acid 1 Accelerator* 1.0
Zinc oxide 5 antioxidant** 1/100 mol./100g of rubber

* accelerator: TT, DM, M & D
** antioxidant: G-1 and N-810-NA

Recipe 4

A) (B) © D) (E) (F) (unit. phr)
RSS #1 100 ” " " ” ”-
Stearic acid -1 " ” " ” "
Zinc oxide 5. " " " " "
Curatives MSA TT MSA MSA MDB DM

1.0 4.0 3.55 3.55 4.0 2.3

S S S D

2.5 2.5 0.45 1.7

antioxidant* 1/100 mol./100g of rubber

* antioxidant: ALL, AAOM, AAM, MAM, AEM and BHT



i) RERES
RKLF # 700gL(fl4(phr), RSS #1 100. ZnO 35, xw|el2f% 7, #% 17.5 MSA 7]
FRE ¥ '40°Cﬂ 8" zgelel4, Aol & Smmst HEE . 2TE SOH FHEAZD
S, EHGRE, zulotE2ER, ¥, (MY Moz EASY mAERAE wEn oA
ILFE #9 100ge] HA HT ohF AE2 =2 E{LPEA 1/100 mol./100g of rubbers
Eadet
SBR4 well& FHsA Fevt
iii) Cure meter EjfE
DiskZ REBREEAR ol EFitel & FolEd Zero BRI ffel] TErt. Holx
5 93 REEFREME F22 Ho F& obf 5ol vol&aF ek Disks
RE2 vho] 271 &3l F4] my HoE 14 o] Well AFstefoF ket o] wol {EFEste oF
T AL A E A ERS Vel Q2 Fosfoiok Uk o] HfFe ASTM D208d—
1T =2 BRLTHEEERE, SRIS 31021977 wErt.

0. &R % 2%

FHoee A ERe RRLTNR) 2 G F(SBR) Recipe 1 9 29} 22 Aol 3ol
A REEZLHIEER G-13 ERE#RS N-¢2 Biftslelsld gl elobal R ZLphilBel s
¥ B NEEE, ZWEE $¢ Oscillating Disk Cure Meter (Rheometer)& 44 4283
Aolth. eiAdE =3 UML) £R 2t MEHEY BLE FR] BHT F7 9
SiR=R

Recipe 1o wiz} NR(RSS #1) 2ulo} 2, FEi{LEngh, %, MSA o antioxidantE ®A&SH
o o] % EL&H] BE = MERHESE WwEE] $ske 130°C 9 150°CelA BIERE K
ghgi(cure curve)d Fig. 1 9 20] vebdch. iR 130°Col A & FEREEE 1A %zt
o #RES Holxm Yo} 150°Co A e A 2 BREE Yz Jdod o AP K
WEMEQ) G-1¢ JERMEM:Q) 810-NA 9 880¢] fhale] mmigBifash whaA velygon BE=E=23
= A 2l

SBR Ei&el gleiA 150 @ 170°Cel| A 8] @b =2 mEee HHe BRE Fig. 3
% 4o Yebdeh. o] A4t WHEE 170°CY A 150°Cs] a4 mHEBIESL wHE Bl m
Muroll A9 REHEE ABRMoR 22 AFSE vebix geb. =T o] F% 94 G-19
HEtAoE oL 8 ZBHILHE il Y58 #hEE & Aok EeBFEAER(blank)d =
st it#shd N-g2E# PADARE HEiatd < #vh o wad oluns G-1& Hmssls
w7k o wEg vebi o gle
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Eig. 1. Cure curve for the comparison of dependence on vulcanization of G-1 and
N-alkyl substituted PADA series antioxidants in NR, accelerator MSA,
curing temp. 130°C,

Recipe: RSS #1 100, stearic acid 1,
Zn0 5, Sulfur 2.5,
MSA 0.5, antioxidant 1/100 mol./100g of rubber
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Fig. 2. Cure curve for the comparison of dependence on vulcanization of G-1 and
N-alkyl substituted PADA series antioxidants in NR, accelerator MSA,
curing temp. 150°C.

Recipe: RSS #1 100, stearic acid 1,
Zn0O 5, Sulfur 2.5,
MSA 0.5, antioxidant = 1/100 mol./100g of rubber
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Fig. 3. Cure curve for the comparison of dependence on vulcanization of G-1 and
N-alkyl substituted PADA series antioxidants in SBR, accelerator MSA,
curing temp. 150°C,

Recipe: JSR 100,  stearic acid 1,
Zn0 5, sulfur 2,
MSA 1, antioxidant 1/100 mol./100g of rubber
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Fig. 4. Cure curve for the comparison of dependence on vulcanization of G-1 and
N-alkyl substituted PADA series antioxidants in SBR, accelerator MSA,
curing temp. 170°C,

Recipe: JSR 100, stearic acid 1,
Zn0 5, sulfur 2,
MSA 1, antioxidant 1/100 mol./100g of rubber
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o] 5 cure curved slx]a ASTM D2084—71T* =¥ SRIS 3102—1977'%¢ whe} K -
% Table 1o viep e},
714 M& min. torque, Mure max. torqueelw Ef7y [kg-f-cm)o)ti.

Table 1. Cure curve values for the comparison of dependence on vulcanization of G-1

and N-alkyl substituted PADA series antioxidants in NR and SBR compounds:

2 No. 1 2 3 4 :
o . .
antloxi- |- . :
s U G-1 S-13 810-NA | N-880 blank
& amount(g)|  3.26 2.68 2.26 2. 96 —
tio 1040”7 12/30” 11/50° 1500°
foo 3000’7 35700 36/00" 3940""
NR | 130°C |  tue 19°20" 22/30" 24710 24740
M, L2 L2 L1 1.3
M,.e 19.0 21.9 21.6 20.6
tro 510" 5'50° 530" 550" 550"
- 1200 1310 12/50° 1320 13°40°
NR | 150°C |  tus 650" 77207 77207 730" 7'50°
M, 1.4 L5 Lo 1.3 L5
Mo 19.6 20.0 20.1. 19.4 19.9
tio 1250”7 17750" 17730° 18/30" 3420
- 23/20" 28720 2800 2920"" 50720”
SBR | 150°C |  t.s 10°30" 10°30°7 10°30° 10°50” 1600""
M, 2.2 2.3 2.3 2.1 2.2
M 25.2 95.9 25.1 24.6 25.0
tio 5107 620" 620" 630" 920"
_ ton 8/50° 950" 100" 1020 14720"
SBR | 170°C | tus 340" 3307 350" 350" 500"
M, 2.3 2.3 2.2 2.1 2.5
Mie 23.5 24.5 24.9 24.3 24.5
SBR fgel doi4 N-Bifara#e] =6 w8 5<% xw 810-NAdj & isopropyl#,

S-13¢ & 1,3-dimethyl butylf, =z2= N-880e]] &= 1-ethyl-3-methyl pentyl#E 7txlz gl
o} INEEAE 810-NASH S-13¢] A< zram N-880¢] wrh welw G-1& N-E#usist Kigol
CEEAS A v A B 2620 Feelm OHES 4fhw e s 2 BN
TS AR KA BE Blo = mol nEMtkdle wéel EMMEY ZslohE BREH
Q= Ee e BREE Aol mEEA

o] Sh7ro. HEL SIutA e WEEA L Cain'® Zo] BET KALTHTS pAddr o}
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Fig. 5. Cure curve for the influence of accelerators on NR compounds containing
antioxidants G-1 and N-810-NA, curing temp. 130°C.
Recipe: RSS #1 100, stearic acid 1, ZnO 5, S 1, accel. 1,
antioxidants 1/100 mol./100g of rubber
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Fig. 6. Cure curve for the influence of accelerators on NR compounds containing
antioxidants G-1 and N-810-NA, curing temp. 150°C.
Recipe: RSS #1 100, stearic acid 1, ZnO 5, sulfur 1, accel. 1,
antioxidants 1/100 mol./100g of rubber
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Fig. 7. Cure curve for the comparison of vulcanization effect against phenols as
antioxidants with MSA-S accelerator system in NR, curing temp. 150°C.
Recipe 4(A): RSS #1 100, stearic acid 1, ZnO 5, S 2.5, MSA 1,
antioxidants 1/100 mol./100g of rubber
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Table 2. Cure curve values for the influence of accelerators TT, DM, M & D in the
NR compounds containing antioxidants G-1 and N-810-NA

No. 1 2 3 4 5 6
Accel. TT (1.0) DM (1.0)
Antioxidant G-1 N-810-NA blank G-1 N-810-NA blank
Amount 3.26 2.26 —_ 3.26 2.26 —
130°C ty, - 3/50” 840 820" 500" 10740” 19700
teo 6’10 10'50” 1120 940" 26730 42700
taso 2'50” 2’107 | 300 14/40” . 15750” 25700
M, 1.5 1.3 1.4 1.4 1.6 L5
My 25.4 25.1 25.7 20.0 20.3 19.0
150 OC tlo 2/00// ) 3/50// ' 3150// 2/50// 4/20/1 6/30’/
a0 300" 440" 500" 800" 900" 1310”7
tAso 1/001/ 50/, 1[101[ 5/10/' 4/40// 6’40’/
M, 1.5 1.4 , 1.3 L5 1.6 1.3
Mur 24.1 24.5 24.1 19.3 20. 4 18.1
No. 7 8 9 10 11 12
Accel. M 1.0 D @0
Antioxidaut G-1 N-810-NA blank G-1 + N-810-NA blank
Amount 3.26 2.26 — 3.26 2.26 —
130°C ty 400" 5720”7 630"
teo 19°30" 23’.10" 27’50 )
t a0 1530”7 17/50" 21'20” — — —
M, 1.6 1.5 L1 :
Myr 19.7 20.3 18.3
150°C ty, 210" 2720 310" 400"’ 400" 3307
tso 7'20” 7'20" 910" 32720 31°30” 30°00”
taso 510" 500" 600" 28'20"" 27'30” 267307
M; 1.5 1.5 1.5 1.3 1.3 1.2
Myr 18.8 19.4 17.5 17. 2 19.0 18.3
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Fig. 8. Cure curve for the comparison of vulcanization effect against phenols as
antioxidants with TT accelerator in NR, curing temp. 150°C.
Recipe 4(B): RSS #1, 100, stearic acid 1, ZnO 5, accel. TT 4,
antioxidants, 1/100 mol./100g of rubber
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Fig. 9. Cure curve for the comparison of vulcanization effect against phenols as
antioxidants with high MSA-S accelerator system in NR, curing temp.

150°C,
Recipe 4(C): RSS #1 100, stearic acid 1, ZnO 5, MSA 3.55, S 2.5,

antioxidants 1/100 mol./100g of rubber
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Fig. 10, Cure curve for the comparison of vulcanization effect against phenols as
antioxidants with MSA-low S accelerator system in NR, curing temp.
150°C. '

Recipe: 4(D): RSS #1 100, stearic acid 1, ZnO 5, MSA, 3.55, S 0.45,
antioxidants 1/100 mol./100g of rubber.
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Fig. 11. Cure curve for the comparison of vulcanization effect against phenols as
antioxidants with MDB accelerator system in NR, curing temp. 150°C.
Recipe 4(E): RSS #1 100, stearic acid 1, ZnO 5, accelerator MDB 4,
antioxidants 1/100 mol./109g of rubber



Fig. 7] A Fig. 1274244} cure curve valueZ Table ldl4] & 2o Hikoz HF AL

204
K e gas o
3 Moo
. 7 et 3
;‘6 /,;/ 1“/ B}}L AAS/A‘—’—
L] [ 4 ° 0 A
5 101 // - D/»/D AN
=
2 l/ ¢ l>/
7/
B b/
N o 2 ke . s A A-—/
T T T T T 1 T T T T T T T T T T T
0 10 20 : 30 40-

time(wmin.)

Fig. 12, Cure curve for the comparison of vulcanization effect against phenols as

antioxidants with DM-D accelerator system in NR, curing temp. 150°C,
Recipe 4(F): RSS #1 100, stearic acid 1. ZnO 5, DM 2.3, D 1.7,
antioxidants 1/100 mol./100 of rubber

Table 3o el gk,

Table 3. Cure curve values for the influence of antioxidant phenols containing allyl,

ester and amide groups in NR compounds with various accelerators

(A) MSA(.0)+S(2.5) (B) TTU.0)

No. | Sample tio tao taso My | Myr 1o too taso My | Mg
1] ALL 910" | 1400’ | 4’50’ | 0.7 | 20.9 | 3’50’ | 14’507 | 1100 | 0.6 | 17.8
2| AAOM| 127407 | 2220 | 940’ 1.1 18.4 1| 8740’7 | 13’50 | 10°10” | 0.7 | 17.8

‘g AAM 8007 | 13/30” 6’301 1.1 20.5 3740/ | 14’507 | 11’10/ | 0.8 ] 17.9
4 | MAM 8107 | 12°40” | 5’30’ | 1.1122.31 350 | 14’30’ | 10’40’ [ 0.6 | 17.5
5| AEM 30°00° | 41°30” | 11’30’ | 0.8 | 14.4 4207 | 147107 | 950”7 | "0.7 | 16. 4
6 | BHT 040’ | 147107 | 430”7 | 1.1 22.5{ 3740’7 ; 15’40 | 1200 | 0.7 | 18.2
7 | blank 810" | 12740 | 4’30’ 1.1|22.3 4’007’ | 14’207 | 10°20"' { 0.7 | 18.5

(C) MSA(3.55)+S(2.5) (D) MSA(B.55)+S5(0.45)
6 | BHT 13307 | 15°30', | 200 | 0.7 | 28.5 || 191¢” 28007 | 9730” 0.5115.7
5| AEM 27730’ | 30’50’ | 320 | 0.7 | 21.4 | 38°20" | 47°20”” { 900"’ | 0.5 | 9.8
2| AAOM| 17°10” | 20°50” 340”7 | 0.6 | 23.7 || 29°10’7 | 43’207 | 4’107 0.6 12.8
7 | blank | 13°00”" | 15°00" 2°00” | 0.7 129.6 || 18307 | 29’40’ | 11'10" | 0.6 | 16.7
(E) MDB(4. 0) | (F) DM(2.3)+D(1.7)
6 { BHT 14/50" '26'40" 11’5077 | 0.8 | 17.7 || 11/40”* | 23’1077 | 11'30” | 0.5 | 17.4
5| AEM 14407 | 25700’/ | 10’20’27 | 0.5 | 11.6 | 107507 | 20°10” 920”7 | 0.6 | 11.6
21 AAOM | 2171077 | 4230’7 | 21’20 | 0.6 | 14.5 || 157307 | 327407 | 1710”7 | 0.6 | 14.3
7 | blank | 1470077 | 25’30’ | 117307 | 0.7 | 18.2 | 107507 | 217007 | 1010”7 { 0.5 | 17.3

Curing measurement, 150°C, frequency 6 cpm, arc 1.5
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