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ABSTRACT

The purpose of this dissertation is to compare bound
andtioxidant, MHPPD with the ordinary one, IPPD,
when high polymers are used like NR and SBR.

The effect of rubber bound antioxidant and ordinary
antioxidant on the Mooney scorch time has been stu-
died by means of the Mooney viscometer.

The ageing properties of vulcanizates containing
rubber-bound antioxidant and ordinary antioxidant
have been studied in terms of hardness, tensile’stren-

gth and elongation.
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The results of the Mooney scorch time and ageing
properties are as follows:

When MHPPD was mixed with NR or SBR compo-
unds, the Mooney scorch time was faster than the
IPPD compounds. Also the ageing properties of the
vulcanizates containing MHPPD were much superior
to the IPPD compounds. Furthermore, the vulcaniza-
tes comporised of MHPPD have taken andvantage of

and resistance in the ozone test.
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1) NR(RR=2¥)
Wal) o] A o} B, RSS#3, FoVI¥hE :68 I
& :0.92

2) SBR (Styrene Butadiene Rubber)
BEAK T, KOSYN#1502, 5o i :

14

48, HE :0,93

3) SRF (Semi—Reinforcing Furnace Black)
) el sty WE, HE: 180,
T35 F : 56—80mpy, pH:7—10 B :
0.72—0.92cc/gr, EMEKE : 20—m*/gr

4) BAMEEESE (Zinc Oxide)
BiRLER B, HESREESNE, MT1X:0.5—1. 0p
H®# 5.5 pH:8.8

5) #(Sulfur)
ARER, 17/ 18 HKeRFR, WE:2—
2.1, X% :0.21% LT

6) £l EE
KXuhig B4, R 56—60°C, K5 :0.5%
LAF, drfngh @ 193—203

7) DM (Dibenzothiazol disulfide)

VAVAAN PEAVAN
| Il C—S—Ss—C i |
NNy NN/ N

BR AAHA 35, BEAGEHR, MW:332.49
o : 1,48, BREL : 170°CLL L, MKE : 149,

8) CZ (N—cyclohexyl—2—benzothiazol sufenami-
de)

~ S H _
Y - —N—CH<CH2 I en
AN CH:—CH,”

BA KRHA BE, REAHR, MW : 264,41
BURS : 94°CLLE, BEE : 149
9) MHPPD (N—(3—Methacryloyloxy—2—hydro-
xypropyl) N’ —phenyl—p—phenylenediamine]
OH

Y NI o N I
\z/ NH \=/ NH—CH:—CH—CH:

OCIH3
0—-C—C=CH:

HA KAFH ®aH, G—1, FREHEK, MW:
360.4 BuEL - 115°CLLE
10) IPPD (N—phenyl—N’ —isopropyl-—p—phe-
nylene diamine)
CH:
<_~>—NH—< >——NH—CIH—-CH3
HA KAFHAR 5%, 810—NA, RBEHIRK,
MW : 226.32 Bi®S : 70°CLLE
11) Process oil
XEfAn 315, sheis R 18
HHE :0.58—0.90, 5|:XE;: 140°CLLE
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Table 1. Standard recipes Unit ; phr
Recipe No.
\ N—0 | N6G1—1 | NG1—2 | NG 1—-3 | N3C—1 N3 C—2 N3 C—3
Compd. Ing.
RSS#3 100 100 100 100 100 100 100
SRF 60 60 60 60 60 60 60
Zn0 5 5 5 5 5 5 5
Stearic acid 1.5 1.5 1.5 1.5 1.5 L5 1.5
Sulfur 2.5 2.5 2.5 2.5 2.5 2.5 2.5
DM 0.5 0.5 0.5 0.5 0.5 0.5 0.5
CZ 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Process oil 10 10 10 10 10 10 10
Antioxidants 0 |1.0(MHPPD)2.0(MHPPD)3.0(MHPPD); 1.0(IPPD) 2.0(IPPD) 3.0(1IPPD)
Recipe No.
\ SB—0 { SBG 1—1 | SBG 1—2 | SBG 1-3 SB3 C—1 SB3 C—2 SB3 C—3
Compd, Ing,
SBR # 1502 100 100 100 100 100 100 100
SRF 60 60 60 60 60 60 60
Zn0 5 5 5 5 5 5 5
Stearic acid 1.5 L5 1.5 1.5 1.5 1.5 1.5
Sulfur 2.5 2.5 2.5 2.5 2.5 2.5 2.5
DM 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Ccz 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Process oil 10 10 10 10 10 10 10
Antjoxidants 0 l.0(MHPPD)|2.0(MHPPD) 3.0(MHPPD){ 1.0(IPPD) 2.0(1IPPD) 3.0(IPPD)

ohd®l B:70°CLl L, ENES : —10°CLATF
2, HERE

1) && o : @ 1:2.0, 87x16"
Rollfit$(H %)

2) Fo] ¥uBEE : Model SMY—200
Shimadzu Seisakusho pt#(H &)

3) & A
HEE{CEi(EER)
S ZTEE 2 : Model 727—2A
Mast Development ftS4(3%)

4) BERESt : Shore A
Teclock #tB(H)

5) 5IRAERMES ©
30kg, Shin Peong Work's WLSS(&ED)

3. WBAE
1) B&%

ARBA A 2F KA oH& Table L 3} 2l

2) B U mE
B#e A5 8, o] 16", HEk 1:2.09
2 EEL HERAAH,

2742 2.5mmz 23 5lx EHEE 65-70°
Cz 3to aF-of shol R, DgHEE, Lslolz4l,
Process oil & B3 o} 3l {REHS He
2 figeld vt2eWAE wbEx olAE 1T
2 lkgs Al FEIRE o} EALBILBE BEed
gt
o] A AlolER FolA 2447 FHAIA
b BRA) 2FE FoEel A3 ¢ AK
HAERAes REBHE wbEe AT v
2 Aolef BRMEK =Lz 2= 150°C
o] 4 NR-& 12%7, SBR-E 1537 A A 4
ERERS st
3D REFHE
() BEERAR
KSM 6518 (N 25 HEAR T =
2} =YK Shore A BEH= AEs b
(2) BIRBEAR
KSM 65184 =2} 35REl RERK, 5IREE
500+ 25mm/min, 47 # 20mm&s 3s}e 5|
IREREE, {hiEZS, 300% HEH LT REsd
o},
(3) Z{RBR
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KSM 65180} =t} mgm#Et R
REREEE 70°C, 100°Co) 4 708%R1 ELRER
+ 173l SIRBE B, MRE BMLE,
BE BLE BiEsso.
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B s madolvlo] 24B5R st 2 ¥ o}
Al 100°Cell 4 70B:R E/LAB S 173t 5[E
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st et
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o wel FRIBE ML, MEE BLE, B
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(5) L THUAR .

KSM 65180 w2} REREE 40+1°C, o
B 50+3pphmoll A ABRAE 20% g
t}&- chamberdl 4 BHYAK S 108509 E-okst
o LZHRIRBT HERABS

(6) ¥ KERR

KSM 6605 CGRmE 5 HEREITH)
el 298 LB BEESH 1min, rotor fEH
Ff dmine 2 3lo] AREE 120+1°Coll 4
t5 t35 to& 30, ML aw ML max,
ML ming #IEsH4 o},

Table 2. the Mooney viscosity cure curve values for comparison of dependence on

. "R o #%

& HRdAE RRZF(NR) ¥ 4RF SBRel K
fEM: ZLB5 i MHPPDS} 483K #E{Li5i-# 1PPD
S BAst] METR 8L vlae Fou Mg
230 A B 2 HEM BES Rustd
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Fig. 1. Comparision of the Mooney scorch time
at 120+1°C

the vulcanization of

MHPPD and IPPD antioxidants in NR and SBR compounds.

core v Recipe Mol N— | NG1-1 | NG1~2 | NG1—3 | N 3C—1 | N<ac—2 |N3 C—3
5 10307 | 712 66" 5 36" 9 00" 836" | 818
£35 11/ 547 86" 6 547 6 24" 107187 948" | 930"
t A30 1 247 547 48" 487 1187 i | viz
Vmin 38.6 31.7 37.0 36. 2 36.4 35.5 33.8
Vmax 73.2 72.2 7.5 70.5 70.9 69.8 68.4

cure vaircipe No.| s~ | SBG 1—1 | SBG 1—2 | SBG 1—3 | SB 3C—1 | SB 3C—2 | SB3C—3
t5 19247 | 11367 96" 8307 | 1742 | 15748 | 13736
35 o542 | w12 | e | 1027 | 2036" | 18247 | 157547
t A30 618" 2 36" 242" 1547 2 547 236" | 218
Vmin 35.6 3.1 33.6 33.2 32.5 32,0 29.2
Vmax 73.2 69.8 68. 1 68.7 67.1 66.9 63.9
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Mooney scorch time (min)

Mooney scorch time (min)
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Fig. 2. Comparison of the Mooney scorch time
at 120+1°C,

€ =¥ BARe] wol A4F o4 wekaldl,

X SBR EAdlA€ Aykdor NREANY wd
230 A BEfe] Hov IPPDE HHEFE = wol:
MHPPDS @Al S oo 23 0 3\mERe] FH2s o}
29 27 BAREC] Bol A4F welAE HHpd 2
qiet,

SBR Ee&el 1A N—BEHEdAE] z7¢ =&
#E<: ¥n IPPDe oJ4£Z2IEE Az Yz
—O— heat ageing at 70C X 70hrs
+15F —x— heat ageing at 100 X 70hrs
«~A— heat ageing at 100C X 70hrs after
dipping in acetone for 168hrs
JA —[]- water resistance at B.P.for 70hrs
+10+ A
x\ __— A
\Q/—B\&A\x/x
+5f o O © o
\O O/ \o
ok
| ~
—5+ / D/‘D — 'D
O

__10 L L ] 1 J. 1 1
N-O NG1-1NG1-2 NG1-3 N3C-1 N3C-2 N3C-3

Fig. 3. Comparison of hardness change.

Hardness change(shora A)

~O~ heat ageing at 70T X 70hrs

~x— heat ageing at 100C X 70hrs

~A- heat ageing at 100C X 70hrs after
dipping in acetone for 168hrs

—{J~ water resistance at B.P. for 70hrs

A\A

X

o\o /O\ °

+10

X

+5 o

1 1 t

$BG1-2 SBG1-3  S$B3C-1

—-10 L
SB-0

1 I 1
$BG1-1 SBiC-2  SB3C-3

Fig. 4. Comparison of hardness change.

MHPPDE N—R##s Kol —EEAE 7HA =lEt
AYFel 26 29 el E£E Fd v MR
2 BiHavl e Rfstn 230 2| E5He] wEAHo
2 Mo} o]k 2Z oA MM BRES 2719w Wk
7t o e KEgt sl Bt S Aol REEHR .

2. BE

NRELR olA Bugfbghsl oME BRE#E #E
1t 2 Wwk: ABRolAS BE 8kt Fig.3. % Table
3.3 zgul 70°C, 100°Cell 4 704] 2 #hE{btk BERERE

—O— heat ageing at 70T X 70hrs

—x~— heat ageing at 100T X 70hrs

—A— heat ageing at 100C X 70hrs after
dipping in acetone for 168hrs

0 —[]— water resistance at B.P.for 70hrs
O/O\ fe)
o O
— 10t o ) ©
—~ o
S B
Y o A
] O-—0
a —30F X
= P\
5 —40F / X
g / X?A
= —50F X
& 0 X~ N
= ~60F /
< X Jay pay
& —70f /
_80 o X
) .

N-0 NGI-1 NOLZ NGI-3 NC-1 NiCz Nic3
Fig. 5. Comparison of tensile strength change.
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Table 3. Physical properties of vulcanizates.

s Recipe No _o| NG [ NG [ NG | N3 | N3 | N3
Test condition Test item N0 i1l 1= ] i-3|c—2|c—2|c=3
Hardness (Hs) 63 63 63 63 63 63 63
Basic state Tensile strength (kg/cn) 194] 2021 200] 185 209 205 202
Ultimate elongation (%) 460] 470; 470 490, 450 480 500
Heat ageing Hardness change (Hs) +5 +5 +4 +4 +5 +5 +4
. Tensile strength change (%) -9 —-6 —4 —2f —6 —8 —3
at 70°Cx70hrs Elongation change (%) —20 —19| -18 —16| —14 -11] —16
Heat ageing Hardness change (Hs) +9 +7 +8 +7 +8 +7 +8
Tensile strength change (%) —64] —49) —38 —30[ —52 —46/ —39
at 100°C x 70hrs .
Elongation change (%) ~73 —62; —47] —35] —70| —55 —46
Heat ageing Hardness change (Hs) +120 +8 +8 + 7 + 9 +10f +10
at 100 C X 70hrs Tensile strength change (%) —78 —65| —46 —32 —69| —51 —41
after dipping in nsile strength change (%
acetone for 168hrs Elongation change (%) —81| —62| —44 -—36] —68 —56 —44
Water resistance Hardness change (Hs) -7 -3 ~2 ~3 —5 —4 -4
Tensile strength change (%) —24 —18 -—15 —11 —22| ~-17[ 17
at B.P. for 70 hrs Elongation change (%) —26| —211 —17] —8| —24f —21] —19
Table 4. Physical properties of vulcanizates.
- Reciee No, ol SBG [ SBG | SBG { CB3 { SB3 | SB3
Test condition Test item 58— | 725 | 155 |25 |51 [ g | o
Hardness (Hs) 64 64| 64 64 64 64 64
Basic state Tensile strength (kg/cnf) 1158( 121} 120{ 117| 122} 120 117
Ultimate elongation (%) 270, 3200 3200 3200 310 310 300
Heat ageing Hardness change (Hs) +6 +5 +5 +4 +6 +5 +5
. Tensile strength change (%) -3 —9 —7 —-13 —-15 — 8§ —7
at 70°Cx70hrs Elongation change (%) —25| —23 —19 —17| —24/ —16 -2t
Heat ageing Hardness change (Hs) +8 +7 +7 +7 +7 +7 +7
. Tensile strength change (%) ~59) —52| —43] -39 —51 —49 -—42
at 100°Cx70hrs Elongation change (%) —70| —55 —49| —46] —62 —53 —45
Heat ageing Hardness change (Hs) +100 +9 + 7 +8 +9 + 9 -+ 8
at 100°Cx70hrs : —60| —63 —41] —35 —720 —64 -
after dipping in Tensile strength change (%) 69 —63 —41 -—35 —72] —64] —43
acetone for 168hrs Elongation change (%) ~75 —67] —53 —37] —66 —58 -—46
Water resistance at Hardness change (Hs) ~7 -3 -2 -2 -5 —4 —4
Tensile strength change (%) —22 —15 ~12| —13| —18 ~—19j —17
B.P. for 70hrs : — - - - - - -
Elongation change (%) 19 16 16 12} —23 17 21
1t MHPPDY] EL&&o| #mdt +5 Fokxl= IPPD SBR BtAell A8 BEEBEMke Fig. 49} Table 4.9l
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—O~heat ageing at 70T X 70hrs

—x— héat ageing at 100 x 70hrs

-A~ heat ageing at 100C X 70hrs after
dipping in acetone for 168hrs

0F —O— water resistance at B.P.for 70hrs
o o—->0
—~10F o—
< O/D/D>u§o/ .
‘:'; —20F 0 U0
&0
=
2 —3o0r
: AN
% —10f —
g 50 x——x/ﬁ
2 —s0}
L3
G —60f e A/
yay
° .
= —70t A/ A/
_80_
| 1 1 i

1 1 ‘)
SB-0 SBGI-1 SBG1-2 SBGI1-3 SB3C-1 SB3C-2 SB3C-3

Fig. 6. Comparson of tensile strength change.

3. BIRMBEE

NR B0l QoA #izfbegel ol E Bk B
1t o THEHERBR A9 FIRBE BLELS Fig. 5.
s} Table 3.3 Z-&u] 70°Coll A 70BSR] B{ciksl
W AR RHRE EL1LH MHPPD RARel
gl wel F& KRS 29FY IPPDE 239
kA& SRS Bodaleh, 28y 100°Cel A 708
B Ltkol 16880 ob4l £ BEE 100°Col A 70RR
sk ABAEREE Z(BiL® MHPPD, IPPDS)
Fadel #imdol =ek EEsl Tt HES va
—O— heat ageing at 70T X 70hrs

—x— heat ageing at 100C X 70hrs
~A— heat ageing at 100T X 70hrs after

of dipping in acetone for 168hrs
-} water resistance at B, P.for 70hrs
—10F -
/D O/o\o
___074C|/O
—~ —20f o 0 © /D/D
g o
% —30F
E by
°o —40r /
c Jas A
2 X
e —50r /
®
5 X
i —60f A /
—~70 X/
—80 Py
1 H L L

I 1 i
N-0 NGI-1 NG1-2 NG1-3 N3C-1 N3C-2 N3C-3

Flg. 7. Comparison of elongation change.

Elongation change{%)

~O- heat ageing at 70T X 70hrs

—x— heat ageing at 100 X 70hrs

~A- heat ageing at 100T X 70hrs after
ol dipping in acetone for 168hrs

—-[}- water resistance at B. P.for 70hrs

—10f O
/D'—-—D/ B\G
_20 - D

o /O\o——‘o'_"o

1 NS

N
—70} AX/

t L 1 H 1 1 L
SB-0 SBGI-1 SBG1-2 SBG1-3 SB3C-1 SB3C-2 SB3C-3

Fig. 8. Comparison of elongation change.

c},
SBREZ A 90l 4+& Fig. 6.3 Table 4.3 7Zt-&d|
70°Cell 4 70857 #cEibigiol Miwl: R KR #Ei
B iklel ol #nstel Hek AF FobAs 100°Cel
A TORERS Bh{vikel 168MFRY of4l & BEHE 100°C
ol 4 TORERS ZhEibike] REBASHFEE NR FGolA et
uhabsbA 2 AR5 LES) BA R #ingell =zt B
s FobAx Blgelch

4. {RRE

NR E&oll glolAl Btk oli& BER #E
1t 2 TR Ao iR #kdke Fig. 7.3
Table 3.3 7224 70°Coll A 70B§R  #EibA 71k
ERY Z{epyik# MHPPDE S = E&Ro
Wyl del A3 FL FRS wolh BBHLER
IPPDE #HA S = RARo] Bingol =} F£
HEE wolvhyl 3phrd AT BBAAE 284 v
wha] = ERE wolvul ol ELBFEMS Bl vF
pro} mFAbell kol ol HA g BFEF HR
o] doj vty wl-Fo ' Wzl A,

100°Cell A 70RsR #{btkel ol E BEE #H%E
it U Wl RER&EEs MHPPD, IPPDELA 25 B
Z3) FolAle KRS JEhdd

SBR &l glel M= Fig. 8.3} Table 4,3 22wl
NR E&ol A9t vhxbzbAl 2 70°C, 70H§R] ZhEfbel @i
W R &R A IPPDE 3phr AT AS$v 23
o ] gERE wold 100°Cell A 7085R EEML
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Table 5. Ozone cracking for the influence on
the vulcanization of MHPPD and IPPD
antioxidants in NR compounds,

Recipe|

No, NG | NG | NG, [ N3 | N3 | N3
Time N0 1-1{1—-2|1-3|C—1|C—-2|C-3
(min) .

30 | A—1 0 0} 0 0 (¢) (¢)
60 | A—2 0—1 (o) 0} 0—1 (@) (¢)
90 | B—2[ A—1 0—1 Ol A—1} 0—1 0
120 | B—3| A—1} A—1}] 0—1] A—1] A—1] 0—1
150 | B—4 A—2 A—1| A—1] A—3] A—1| A—1
180 | C—4[ A—2 A—2] A—2 A—3| A—2l A—1
210 | C—5 A—4) A—3{ A—3 A—¢4 A—3 A—2
240 | C—5 B—3 A—3 A—4| B—3| B—3| B—3
270 | C—5 B—4] B—3] B—3| B—4| B—3| B—4
300 | C—5/ C—4] B—4 B—3| C—4] B—4{ B—4
600 | C—5 C—5 C—4) B—4] C—5] C—4] C—4

*In the ozone test table the letters and numbers
mean as follows.

O : no Crack

A : few cracks

B : many cracks

C : numerous cracks

1. Fine cracks unvisible by naked eye, but recogni-

zable through a magnify in-glass of ten-magifi-

cation,

Fine cracks visible by naked eye.

Fair deep and large cracks., (less 1lmm)

Deep and large cracks. (over 1mm, less 3mm)

Severe cracks over 3mm easy to cause rubber

cutting out.

el ob4lE B #MEM RBER MHPPD IPPD
A =5 BEs Fotxle MRE Leolx gl

Aol o

5 2F BRRER

NR EAel le]4 e o EHEUARK R Table 5.
9} z-2dl MHPPD7} IPPDYct £-2 ERE Jelyx
et

SBR W 3fell glejA o] #R+E Table 6.3 72wl
MHPPD7} IPPD 25 H =¥ #RE dejs MHPPD
IPPD 25 E&He] BE +F &3y Foll& £
& vshdch

V. % ®
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Table 6. Ozone cracking for the influence on
the vulcanization of MHPPD and IPPD
antioxidants in SBR compounds.

Recipe .

No. SB—0 SBG | SBG | SBG | SB3 | SB3 | SB3
Time 1—1(1—-2|1—3(C—1|C—2|C-3
(min)!

30 t A—1 0 0 0 0 0 (¢)

60 | A—2 0—1 0 0} 0—1 0 0]

9 | B—2 A—1] 0—1 ol A—1j 0—1 0}
120 | B—4| A—2| A—1| 0—1| A—2| A—1] 0—1
150 [ C—4] A—3| A—2| A—1| A—3 A—2| A—1
180 | C—5| A—4 A—2 A—1] A—4] A—3| A—2
210 [ C—5 B—3] A—4| A—2| B—3] A—4| A—3
240 | C—5 B—4] B—3] A—3] B—4] B—3l A—14
270 { C—5| C—4| B—4] B—¢ C—4] B—3] B—3
300 { C—5 C—5| C—4| B—4| C—4| B—4| B—4
600 | C—5 C—5 C—5 C—4| C—5'C—4] C—4

1, #ALBF1E® MHPPD7} IPPDX el 4.3 9 2] B¥ffol
whelal o HEL <dgton o) #4ke SBR W E
dl A Fea XA Jelytet

2. BEEES{bo) = Z{LBFiL# MHPPD IPPD ol 7
S vadt BHEE e 2 BERY Ehds
dobE st sigich

3. IR\, {HEZES NR, SBR 57} MHPPD7}
IPPDRE §& KRS J4H.

4, NR & 4= MHPPD7} IPPDEY it 2 Etko)
#BHs2 SBR Al A ddtE ERJ gde
A& mRsko o

5. [REEMZALEY -5 MHPPDE SBR % NRell A
bl Z{LBH LRI mbsEd EZERATTEM,
dl 24 ¥ edAd, dBF oL, 7K #&
sl REe F Bl FMRKEESE sl
& 4 vk B,

o] #I L WMEEIBIHE FERH

o}%, Aqvitt,

tratol o 3
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