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%= 1. Effect of Accelerators on pre-vulcanization of NR mixtures

Time Elapsed Prior to Critical
Vulcanization Min, Temperature

At 100°C At 120°C At 140°C “C
Isopropyl Xanthate 4.5 2.5 1.5 60
Piperidine Pentamethylene Dithiocarbamate 5.0 3.0 2.5 —
Zinc Diethyldithiocarbamate 9.0 4.5 3.5 —
Tetramethylthiuram Disulfide 31.0 9.0 3.5 100
Mercaptobenzothiazole 3.0 10.0 5.0 125
Diphenylguanidne 40.0 9.0 5.0 141
Hexamthylene Tetramine 37.0 15.0 7.5 130
Aldehyde- Ammonia 45.0 11.0 7.0 —
Dibenzothiazolyl Disulfide 60.0 40.0 7.5 130

G.A. Blokh; Organic Accelerators in the Vulcanization of Rubber p.349 (1968)
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Dibenzothiazolyl disulfide(DM)sl)
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% 3. Scorch Retarders(I)
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A. Sulfur Vulcanization for diene Rubbers
a. Organic Acid

Phthalic Anhydride (Sconoc No. 5)

Salicylic Acid(Retarder W)

Acetyl Salicylic Acid(Retarder ASA)

Benzoic Acid(Retarder BA)

. Malic Acid

. Terpene-Resin Acid Blend(Turgum S)

b. Nitroso Compound

S N =

N-Nitroso Diphenylamine (Sconoc)
¢. Sulfenamide Compounds
1. N-(Cyclohexylthio) Phthalimide (Santogard
PVD) _
2. Sulfoneamide Compound(Vulkalent E)
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% 4. Effect of each Retarder to each
Accelerator
Recipe
NR No.1 100
Zinc Oxide 5
Stearic Acid 1
Sulfur 3.2
Accelerator 1/200mol.
Retarder 1/200mol.
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% 5. Inorganic accelerators

Litharge
Magnesia -
Calcium oxide
Zinc oxide
Ammonia

Sodium hydroxide
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# 6. Acceleration Mechanism of Nocceler D

‘_CHZ“‘C-CHz— CeHs—NH
2( | )+2( > C—NH)
CH: C:H;—NH
(Rubber Molecule) (Nocceler D)
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(—CH— (l: —CH—CHz——) CH,
2 |
CH;, — (Nocceler D)® Sgqy—y© —CH— lC —CH—CH,—
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G.A. Blokh; Organic Accelerators in the Vulcanization of Rubber. p.257 (1969).
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% 8. Each Scorch Retarder and Mgr at 140°C

Recipe
RSS #1 100
HAF Black 50
Zinc Oxide 5
Stearic Acid 3
Sulfur 2.5
NOCCELER MSA 0.5
mol/200 mol/500 mol/1000
SCONOC 0.99 0.40 0.20
SCONOC #7 0.74 0.30 0.15
PVI 1.31 0.52 . 0.26
Blank 40.1 40.1 40.1
SCONOC 38.2 39.8 39.6
SCONOC #7 37.1 38.5 38.7
PVI 37.4 39.3 39.5
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% 10. Anti-Age Effect of SCONOC

Pale Clape 100 100
Zinc Oxide 5 5
Stearic Acid 1 1
Sulfur
Nocceler Mix No. 1 0.8 0.8
HAF Carbon Black 50 50
SCONOC — 0.5
Vulcanization At 140°C X 15min,
Ts(kg/cm?) 144 - 186
Eg(%) 374 403
Hd 71 70
After 100°Cx 48 hrs. Aged
Ts 76 134
Eg 187 232
Hd 69 69
After 100° X 168hrs. Aged
Ts 25 36
Eg 43 66
Hd 64 62

121e 100
. 1ofSCONOC  CONTROL SCONOC CONTROL
Z
s w

% 10 o

cure time (min,)
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% 11. Effect of 2-Thio-chloro-benzothiazole
as Scorch Retarder

A A

Recipe .
RSS #3 100 100
Zn0O 5 5
Sulfur 3 3
Stearic Acid 1 1
Nocceler M 0.5 0.5
NOcceler H 0.5 0.5
[ {[ /c s—cl - 0.5
141°C X cure min.
Ts(kg/cm?) 7 230 220
10 261 241
15 253 - 250
T-g(%) 7 800 807
10 794 770
15 788 745
Hs(Shore) 7 37 37
10 39 48
15 43 46
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# 12. Classification of radical acceptor
type scorch retarder
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% 13. Reaction Mechanism of Sulfenamide Accelerators
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% 14. Exchange Reaction With Mbt of Pvi
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¥ 16.
Smoked Sheets 86.7
SBR 1502 13.3
FEF Carbon Black 40.0
Zinc Oxide 50
Whiting 13.3
Hard Clay 6.7
Stearic Acid 1.3
Flectol H 0.7
Process Oil 8.0
Thiofide (MBTS) 0.8
DPG 0.3
Sulfur 2.4
As Indicated

Retarder

Santogard PVI and Other Retarders
Rubber Digest 23 No.2 121 (1971)

% 17. Effect of Each Scorch Retarders (1)

Recipe
NR 100
Whtite Carbon 30
Zinc Qxide 5
Stearic Acid 1
Sulfur 2.5
Accelerator MBT 1.0
Accelerator TMTM 0.4
Accelerator ZnMDC 0.4
PA (Phtharic Anhydride) 0.5
NDPA 0.5
Santogard PVI 0.5
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Scorch Test

MBT, TMTM, ZaMDC,
ML-125°C. ML-125°C ML-120°C
ts  tas ts t4ao ts taz0

— 6.3 15 9.0 1.1 3.7 1.0
PA - 7.8 1.2 10.2 1.2 4.4 1.0
NDPA 84 2.9 11.1 2.1 7.6 1.9

Cure Test
Mao Ts Ep Hs
— 71 211 740 36

MBT PV 59 179 750 33
(10min.) NDPA 76 214 740 36
PVI 75 218 740 36

— 139 290 690 47

TMTM PA 130 290 700 46
(10min.) NDPA 173 306 660 50
PVI 143 295 710 46

— 127 311 730 44

ZnMDC PA 100 271 730 42
(5min.) NDPA 148 340 720 43
PVI 126 313 720 44

J.S.R.IL, Japan. 50 684 (1977)
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¥ 18. Effect of Retarders and Accelerators

Recipe

NR 1 100 100 100 100
Zinc Oxide 5 5 5 5
Stearic Acid 1 1 1 1
Sulfur 3.2 3.2 3.2 3.2
Nocceler C(mol/200) 1.14 — — —
Nocceler D(mol/200) — 1.11 0 —
Nocceler M(mol/200) — — 0.8¢ —
Nocceler TT (mol/200)— — — 1.20

Sconoc 7(mol/200) 0.74

Sconoc (mol/200) 0.99

Santogard PVI (mol/200) 1.31

Moonéy Scorch Test at125°C

MV Ts t430

- 20.3 645" 310"

C  Sconoc 7 19.3 812" 510"
" Sconoc 20.5 6'49"” 8'00”
PVI 13.2 33'15" 89'54"

— 20.3 908" 701"

D  Sconoc 7 13.5 15'06" 16'52"
Sconoc 17.0 1434”7 10'22"

PVI 12.3 37°02” 1823

— 20.4 7'58" 158"

M Sconoc 7 14.0 2010 3'57""
Sconoc 10.0 2003 508"

PVI 10.0 49'28" 715"

— 14.9 950" 2'58"

TT Sconoc 7 12.9 1307”7 3427
Sconoc 13.8 10740 252"

PVI 8.3 25'31"° 437”7




2303 ByILA

SRR R FREHEAYCl S R
NOCe¢} F—at fff-& vebdeh

PVIel #3lel = HimEe] wr] sf&el 2323 By
IFHRE 2"k Hikel KTk HEgel ek

sle] SCO

7. MBe| AR x| Bhibt

£33 9 BilEEE obhd —WEARIL 232X
3 3k2 w2 & Aol ek

EAEBFIERE] MBe Mo 2 BEARERE Fre
A 2303 GE#H=A (FHIE

Z, R 19049} o] ME Fov 22 e tMFHE
BEAZ 22 D, CZ8 A$+e 23235 w2
Al kA=l MBS BEKEFES 201 et

o] EEhol osld MBE ZLIHIEFIZE EHE <19
EHEMMAE 0.5phr7t Aaks] & Jg w4 HE A
ol e}

=g FALEH IR NS-10-N-2 ] o -f-al o} iidiol 7] o
Toll 25l el JakE vy 23948 doglch

% 19. Effect of MB as Scorch Retarder

Recipe

RSS 3 100
Noctizer SZ 0.25
HAF Black 50
Pine tar 3
Stearic Acid 4
Zinc Oxide 5
Sulfur 2.5
Nocceler M 1.0
Nocceler D 1.0
Nocceler CZ 0.6

Mooney 5 PT. UP mim,

— MB 0.5 MB 1.0
M 830" 11'30” 13'00”"
D 19°00" 14’00 13°00”"
CzZ 14’30 11'30” 12'30”
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# 20. Scorch Retarders (II)

B. Retarder for Synthetic Rubbers
a. Oxim Vulcanization for IIR
1. Octadecylamine
2. Dibenzylamine
3. Thiocarbanilide (Nocceler C)
4. Ni-Dibutyl Dithiocarbamate (Nocrac NBC)
b. Retarder for CR
1. Sodium Acetate
2. Nocceler M, DM, TS.
c. Retarder for Viton A
Cu-inhibitor-65

Bt 2395 pHbRSY dv LéWEE S
vldotnl, oW elnlF9 otulFist 9l=t(J.P. Hawor-
th; LE.C., 40, 2314 (1948)]
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% 21. Effect of each Nocrac as Scorch
Retarder in IIR GM Cure System

% 23. Effect of Nocceler TT and M as Scorch
Retarder in CR Thiourea Cure System

Recipe
Polysar Butyl 400 100
Zine Oxide 5
Stearic Acid 1
HAF Black 50
VULNOC GM 2
Nocceler DM

Mooney Scorch Test at 125°C

phr. ts tas0
Blank 522" 2'13”
Sconoc 0.91 125" 047"
Nocrac C 0.97 822" 338"
Nocrac 224 1,00 6’07 3’35
Hocrac 810-NA 1.03 5'58" 235"
Nocrac MB 0.69 6'23" 344"
Nocrac 200 1.00 5'23" 219”7
Nocrac NS-6 1.55 812" 5'58"

# 22. Effect of each Nocrac as Scorch
Retarder in IIR DGM Cure System

Recipe
Polysar Butyl 400 100
Zinc Oxide 5
Stearic Acid
Vulnoc DGM 6
Pb;0, 10

Mooney Scorch Test at 125°C

phr. ts tas0
Blank 730" 2'46"
Nocrac 224 1. 00 800" 2'45""
Nocrac D 1.00 807" 2’47
Nocrac 200 1.00 9'06” 2'39”
Nocrac MB 0.69 8'56" 2'36""
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Recipe
Neoprene W 100 100 100
MgO 4 4 4
Zn0O 5 5 5
Stearic Acid 0.5 0.5 0.5
HAF Black 50 50 50
Light Process Oil 10 10 10
Nocrac D 2 2 2
NA-22 1 — —
Nocceler EUR — 1 —
NA-101 — — 1

Mooney Scorch Test at 125°C

ts tas0
— 507" 4'35"
NA-22 +TT (0.5) 6'50"" 545"
+ M (0.5) 7'34" 500"
— 3'58" 2'08"
EUR +TT (0.5) 535" 127"
+ M (0.5) 511" 152"
— 834" 17'41”
NA-101 +TT (0.5) 1727 7'36"
+M (0.5) 12°00” 5'36"
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