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# 1 Rubber consumption in world at 1979
& = (1000t)

Bt Bl Sl S R I Lol @ NR SR TOTAL
7o) o5& BWsln g AFERSE Hiselel B Total 3,850 9,000 12, 850
4 Iﬂ%kﬁ'—@ A& iREEelvy. 29 B {H USA 740 2,425 3,165
LLEIN o2 Wigiska. Qo] BLEFRLE] ° USSR 215 1,935 2,150
9 ¢ ?&vﬂL BERE JlAox &l A Japan 390 810 1,200
o] 2} 7k-2 HREES K& FRo BB TRstnA 3t Korea 118 132 250
REE &8s 3 EEY BITHE e H% EEC 658 1,502 2,160
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1. D9 A% Y RER && DT BER

19794 10 Aol ke BEEBRLFHEE ARSG) 9
T FHE Lo ARTTTEE/L 43 &8 i
RY FnF WRES 1, 285800 Eee)

AT REES & 1o vebd ule} god] Bow
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Ffell 4 2w EEC/E 9l
B, FEHE, oz % v

A7l e =&, B
SR =s GEsd deh

6] 1980%Fel| &= 1,320810, 19854 = 1, 60015
i, 1990ge] = 1, 9205l ZE Ao H4sHe o
oh oo #ele] = F 20 FEMS] vehda vk

S8 10 Bkl & Rk, BREEY f9EDEe) &
Ao Hol vl Mshd] EH, HA, WY Solde
fhige) 18] Zx g A= BiEsx gl

% 2 Estimation of rubber consumption in
world (1000t)

year 1980 1985 1990
total 13, 200 16, 000 19, 200
USA 3, 750 4,250 4,750
Asia Oceania 2, 200 2,775 3,375
West Europe 2,975 3,400 3, 850
East Europe 3,200 4,000 5,000
#F Asia Oceania HA, ®|E, i1k, shuid}, &

%, A%, A%, ety @K/ @aHn I
o}
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West-Europeo] & EECHR, wvnlel=z, 244,
S 2Eg|c}Fo] @EEa i East-Europed = #
B, AZEmutslel, grlE], ATl T2 Y
}.

BARLTTHEE/ BEG 19785, 197958 B
A4 FraTHEE-L K 39 vebd vhel 2k

Elo o] BAfR, TEAHHA HEEFLHE S =
Bl Aol HEEERY HY FoTER: 5%
LES SHEe Esta g

% 3 Rubber consumption in Japan (t)

other 126,700 137,200 -
other rubber articles 85, 500 91,000
footwear 35, 100 36, 200
coated eabric 9, 200 9, 350
other 41,200 35, 450
non-rubber industry 170,000 192, 000

total 1,096, 600 1, 220, 000

o) e FDFTER FLTHERS 198FAA &
1785, 19794 & 193 2ol sEdtg o £ 2 80,
MM, BEEW, B, BRG] A=

W78 W gel Ayt e afes BiEla Aok THACE
tire tube 667,200 749,500  JRelE EPISsL 2443 Qe
motor 644,500 724, 350 ohgoll HARNAY HLFTHERS) FMTER &
bicycle 7,000 7,870 EEY RE 10£H #BE K 4 debigd=h
other 15,700 17,280 FaTmEEe Mg el sl ZEpERY
industrial rubber BEo| Hopms] Avh. o] AL el Tl AT + A
articles 173,300 187,500 5 B, LY B 5o EREtE Ao Er.
belt 27, 000 29000 74 HBEEES fLT TTTHEY AEEES
hose 19, 600 21,100 WS sttt 29 BRE %k 59 JER ¢ B
% 4 Organic rubber chemicals production in Japan (toms)
year rubber consumption accelerator antioxidant total
1970 779,000 10, 983 21,129 33,409
1975 870, 000 9,318 20, 839 31,879
1976 960, 000 12,292 20, 436 34,613
1977 1,010, 000 14,688 21,070 38,086
1978 1, 096, 000 16, 985 22,526 41,911
1879 1, 229, 000 18, 227 23,213 44, 307
% 5 Production index of rubber industrial in Japan
year motor cars tires carbon black organic rubber accelerators
1970 100 100 100 100
1971 107-9 106-1 104-5 93-6
1972 119-8 120-3 115-7 110-3
1973 128-3 141.4 136-8 122-4
1974 120-1 1360 127-5 109-5
1975 127-3 136-5 124-7 84.8
1976 143-8 145.0 138-7 111-9
1977 156-1 154.5 148-9 133-7
1978 175-3 170-0 172-7 154-6
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#* 6 Discovery of rubber

11th century mayan in Mexico played with
elestic ball
1493-1496 C.Columbus
first Uropean who ever handled rubber
1615 J.De Torquemada
waterproofing clothes
1736-1774 C.D.La Condaming and F. Fresneau

the Paris Academy of Science

1761 L. Herissant and P.Macquer rubber
solvents
1770 J. Priestley

English scientist

rub out pencil marks “Rubber”

2% Torquemada ¥ Condaming F°] i1FE I
ety o, Herissant 58 %5 FEnol wBgst
n2A a8 ol FEASlY ALon e ubE
9th. 18] Priestleys X|$AE RIS oA
Rubberztz o} & E4eh. ]2 Y& 157} Rubbe
sha Eeld gom FERA Y “7h¢RTRSE —‘ﬁﬁ
it =z glet

=7
English rubber
Latin gummi elasticum
Japanese e
Korean IR
German gummi
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French gomme
Brazil cautchu
Cah tree

Utchu weeping
English caoutchouc
German kautschuk
French caoutchouc

Herissant5-4 ol HiEsl 5lo] Macintosh 315
e THekel stk

4%, Goodyear, Hancock®9] el 23
EH, Parkes®] ®pniEe #E-E v
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C.Macintosh b.p., 4,804(1823)

Industrial production of rubber coated fabric
C.Goodyear usp., 3,633(1844)
discover vulcanization method
T.Hancock b.p., 9,952 (1844)
vulcanization method by sulfur
A.Parkes b.p., 11, 147(1846)
vulcanization by SiCla

S. Moulton b.p., 13,721(1851)
vulcanization by inorganic polysulfide
Marcy usp., 11,897(1854)
vulcanization by Sh., Te.
G.Bouchaldat Bull. Soc. Chim., 24
108(1875)

polymerization of isopren

Sir Henry A.Wickham

Smuggle seed of Hevea Braziliensis from

1823

1839

1843

1864

1851

1854

1875

1876

Amazon to London.
John Boyd Dunlop b.p., 10, 607(1888)

Pseumatic tyre in for bicycle.

1888

19{:fge] Goodyears] mEHIEER Lizk 2044t 7+
A8 REERR HBE R 9 ekl gsh
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# 9 Vulcanising agents

Date Inventor Vulcanising Agent

1839 Goodyear «+Sulphur

1842 Hancock +»Sulphur

1846 Parkes -- +«Sulphur chloride

1847 Burke - .+ Antimony pentasulphides

1913 Klopstock -»Halogens of of Se and Te

1915 Ostromislensky - -+ Polynitrobenzenes

1915 Ostromislensky -- «+Benzoyl peroxide

1918 Peachey --S0,+H;S

1918 Boggs -+Selenium

1921 Buizov -+ Diazoaminobenzene and derivatives

1921 Romani -+ Disulphides of tetra-alkylthiurams

1925 Le Blanc and Kroger -+Sulphur thiocyanates

1931 Fisher -- +»Quinone halogens

1932 Edland-- -+ Tellurium

1933 Fisher -- -+Phenols or amines+ oxidising agents

1934 Midgley, Henne and Shepard -+Organic metal compounds

1936 Fisher .- -«Quinone amines

1939 Rubber-Stichting -+ Active phenol formaldehyde resins

1940 Dufraisse and Compagnon -+ Vulcanisation by active resin formation
o]} 7ko) bu% LY é’éﬁ%ﬁﬁiﬂ RS LK mE 1913 F.Kirchhof (Koll. Zeit., 13 49(1913)
Higell Bl = o 5] slgTh Stable state through scisson of molecule
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#* 10 Evolution of vulcanization theory

1903 C.0.Weber (Koll.Zeit., 1 33 65(1906)
Chemical Reaction Theory '

1910 W.0.Ostwald (Koll.Zeit., 6 136(1910)
Adsorption Theory

1914 Skellon (Koll. Zeit., 14 96(1914)
Solid Solution Theory
E.Wohlisch(Bio. Z., 35 406(1927)
Micro-Brownian Motion Theory
H.P.Stevens(J.S.C.L, 51 44T(1932))
Dispersion Theory

W.Kuhn(Koll. Zeit., 76 258(1936))
Statistic Treatment of Elasticity
E.H.Farmer(R.C.T., 15 765(1942))

a-methylene group

1927

1932

1936

1942

oo ¥f3tel Whelishe 74T HaAES A
Flfe] vk 4 FEBe] e} g BEE s et
A MR TRl A e R §AAEHE vt 2280t
$H#ES st ety A7stg z, Kuhng EEH
HEHBMW Fd Metd BB s mirstdch

19424840 —€01 714 Farmer: —EHiE& 9] a-methylene
2% AFEL Be B Aewsld i B
of frfid & 2AMES A4 EHaAE
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3 11 Evolution of organic accelerators 1

1906  Aniline I//\].NH2 Thiocarbanilide (/}—NHCNH-(}
I 1}
A4 X/ N/

G.Oensleger LE.C., 25 232(1933)

1908  Pyridine @ Quinoline /j Dimethylaniline ”/\ <CHs
©\N N o

W. Ostwald g.p., 221,310(1908)

1912  Piperidine O
SN

Bayer Co. g.p., 265,221(1912)
1912  Piperidinedithiocarbamate

(Nocceler PPD) CN(ESH.HND

Bayer Co. g.p., 266,619(1912) S
1913  Dimethyldithiocarbamate CH3> NCSH HN <CH3

Bayer Co. g.p., 269,512(1913)

% 12 Evolution of organic accelerators 2
1914  Acetaldehydeammonia OH Hexamethylenetetramine CHz'a, T N
(CH:CH-NH,); (Nocceler H) NZCH, 5N CH,

Bayer C. g.p, 280,198(1914) \CH ci.

1914 P-Nitroso dimethylaniline CHa\N— /=\_NO
CH;,/ N

S.].Peachey b.p., 4,263(1914)
1914 Butyraldehydeaniline Acetaldehydeaniline

(Nocceler 8)

S.]. Peachey b.p.,7,370(1914)
1914 N.N-Dimethyl-P-Phenylenediamine /CHs

S.J.Peachey b.p., 10, 833(1914)

N
N—7""\CH,
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% 13 Evolution of organic accelerators 3

1915 Zinc alkylxanthate (ROSJS) Ly
(Nocceler ZIX, Nocceler ZBZ)
J.Ostromislensky J.Russ.Phys.Chem.Soc., 47 1441(1915)
1916  P-Nitrosophenol 7T
HO ) NO
S.J.Peachey b.p., 101, 819(1916)
1918 Metal dlalkyldithiocabamate ( 1}% >NCS) -Me
(Nocceler PZ, Nocceler EZ) g
G.Bruni usp., 1,386,153(1918)
1919 P-Nitrosodiphenylamine / :\NH / =\NO
S.].Peachey b.p., 136,716(1919) =7 N7
1919  Methylene blue Methyl violet
CH, \@/N@/ CH; CH; /@ NHCH,
N < N C
CH3>N ~ 52 CH, CH5> @ N(;Hx
Cl CICH

L. Gaisman, J.L.Rosebaum b.p., 141412(1919)

3

Ostromislenskys ZRETE /HA3 A &= & o A3 Wit $& HRE

Vel B2 elol o] H

Azl o] B (ZIX, ZBX) o) MEREDET BRAA
19184%, Brunitx 5] e] o7luldl o) E(PZ, EZ)Y In
HIREHRES 5 sk

1919%e) o) 2 o Bk e -fate g ste] =(TT,
TET)Y BREDRE Brstd=h

=3 Kratz -2 INE{RERY SEFRE Tl HEHE= =
HEE BT AR ToHINFERE Hsid
#3 Hsld Tord(D)Y iR R Hetod 8
B3 kg et

19214 %9 Bedforde}l Sebrell, z&|x Brunish
Romanie %% Eirfe 2 2-¢ 2ateslzel ot E (M,
4+ BRIAY R AFTAA Y IERENEG AT 2

8 EERES FEHT 4 A4 HeE

= AdamsT& FHAEA |4l =] MEEE
HREE BRAGA.

Sebnell 52 19234Fo)] 914 vl zE] o} ] dsto] =
(DM), €l 2ulzelotES ZnEi(MZ) 59 ME fin—
fg s Rl 23 o the] F& NEEEEY R
WIhstg 2, Pirellifts 2.2 5-Ed 0] ol =l (BG)
& INERERE HFE odglel

olaf Yol vl& 23 2xiS WBLEH FolA
A 2.4-t] B 25| ~E) o ol 2 E] o} & (DBM), 2-(N, N'-
el Bl eobetm g e )il ZE) o} E (64) 59 Hl ot &
HES)L BRI S

% 14 Evolution of organic accelerators 4

1919  Tetraalkyl thiuramdisulfide (%)NCS—-) \
(Nocceler TT, nocceler TET) I
S.B. Molony, W. Hells usp., 1,558, 707(1919)

1920  Diphenyl guanidine Diorthotolylguanidine CH.; CH,
(Nocceler D) |i/ \]—NHCNH-— { \" (Nocceler DT) ”/' \\I—NHCNH— ('\\\\I

7 N \/ / N N/

G.D. Kratz, A.H.Flower, C.Coolige L.E.C., 12 317(1920)

1921  2-Mercaptobenzothiazole

(Nocceler M)

Na oo
e

C.W. Bedford, L.B. Sebrell LE.C., 13 1034(1921)
G.Bruni.E. Romani India Rubber J., 62 63(1921)
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1923  Butylxanthogendisulfide (BuOl(FS—)z
H.S.Adams. L.M.Meuser can.p., 236,465(1923)
% 15 Evolution of organic accelerators 5
1923  Dibenzothiazyldisulfide Ne Zinc 2-Mercaptobenzothiazole
(Nocceler DM) ( - S: C-S—): (Nocceler MZ) Ne
<©:S>c—s—)zzn
L.B,Sebrell, C.W. Bedford usp., 1,591, 440(1923)
1924 Orthotolylbiguanide “ l,/CHs
(Nocceler BG) NH%‘NH(\;’NH’
Pirelli Co. b.p., 201, 885(1924) NH NH
1928  2,4-Dinitrophenyl-thiobenzo thiazole NO,
(Nocceler DBM) @N\ @
S.M. Cadwell usp., 1,724, 180(1928) g G5 y~NO
1929 2~(N,N-Diethyl thiocarbamoylthio) Benzothiazole 'N
(Nocceler 64) : I\I S/C S-C- N<C’H5
J. Teppema usp., 1, 838, 062(1929) oG
1932  Dibenzothiazolemonosulfide
S
H.M.Bunbury, L.Orthner b.p., 379, 683(1932) S
¥ 16 Evolution of organic accelerators 6
1932 N-Diethylamino-Zbenzothiazoly]l sulfenamide
Y Necosne
\/\ 5/ C Hs
E. Zaueker, L. Orthner b.p., 379, 683(1932)
1935  N-Oxydiethylene-2-benzothiazo Thiazoly! sulfenamide .
(Nocceler MSA) S~ G S
N-Piperidine-2-benzothiazolyl sulfenamide
E. Tschunkeker, H.Kohler g.p., 615,580(1935)
1937

N-Cyclohexyl-2-benzothiazolyl sulfenamide |
(Nocceler CZ) Lo ,\/C S-NH( )

M.W. Harman usp., 2,100, 692(1937)

193246 9} A& ZaukerFol] N—SEE 4FsE 4 29z olz P Al elnlo] = (MSA),

N-#o] 323

slotukol =9 EEHES BRI LK N-vloldoteje-  4A-2-Wzelotzddsllelrlel =(C2)8 #HE TR

2~z elolz g A olvte] =(AZ), N-SAlcielleldfl-  3Fgieh.
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el e BUIEER gz ol Clpmate)l 2o Hike]
S AR @R A = CRA g
Fol #22% B MIEE I 9l

% Fikolelm A=k ' 194) l: 48 A9

FHitol Ao 4% LB KBS At

19 HHER

=HEE (LDsof)
BaESEE CEss piE)
MBS (Ze8E]
=31k {90 H fa)
BieEE (24H)
BN (2 %M
EEnEn (5
ERBREREN (EERT)
R Ut
HAfth '

=g 2B REE LDofErt A= Es
[REHA < F 20e] vebl gt

¥* 20 LD;, of accelerators

Chemical structure Nocceler mg/Kg animal  FDA
Hexamethylenetetramine H 200 rat yes
Diethylthiourea EUR 2,150 rat ves
Diphenylguanidine D 520 mouse yes
Orthotolylbiguanide BG 300 rat  none
Mercaptobenzothiazole M 2,000 mouse yes
Dibenzothiazyldisulfide DM 7,000 rat yes
Zinc Mercaptobenzothiazole MZ 5, 000 rat yes
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Diethylthiocarbamoylmercaptobenzothiazole
Cyclohexylbenz(fithiazylsulfenamide
N-Oxydiethylenzothiazylsufenamide
Dicyclohexylbenzothiazylsulfenamide
Tetramethylthiuramdisulfide
Tetraethylthiuramdisulfide
Tetramethylthiurammonosulfide

Piperidine pentamethylenedithiocarbamate
Zinc Dimethyldithiocarbamate

Zinc Diethyldithiocarbamate

64 6, 000 rat yes
CZ 7,500 rat yes
MSA 7,500 rat yes
DZ 1, 000 rat none
TT 1,250 rat yes
TET 2, 050 R.B. yes
TS 1,150 rat yes
PPD 2, 500 rat yes
PZ 1,400 rat yes
EZ 2, 500 rat ves
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¥ 22 Critical temperature of accelerators

Name ey Beint 50) Fomp (-C) e

H 1.30 sublimate 130 145
No.8 0.95 liquid 120 130
C 1.30 145 80 125
D 1.13 144 141 138
DT 1.10 170 141 138
M 1.42 173 125 125
DM 1.45 170 130 130
MZ 1.63 200 110 125
TT 1.40 140 100 100
TS 1.35 103 105 121
PZ 2.00 245 100 100

ZIX 2.11 145 60 room temp.
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# 23 Typical properties of accelerators

Name Vu%??g:ftion gter I;Sni;h Hardness 1;1:?;22;1 Antiaging Colouring
H Slow Low Low No No None
No. 8 Rapid High Low Yes Yes Colourd
C Moderate Low Low No No Colourd
D Moderate High High No No Colourd
DT Moderate High High No No Slightly
BC Moderate High High No No Slightly
M Rapid High High Yes Yes None
DM Rapid High High Yes Yes None
MZ Rapid High High Yes Yes None
CZ Rapid High High Yes Yes Slightly
MSA Rapid High High Yes Yes None
TT Ultra High High No Yes None
TS Ulira High High No Yes None
P Ultra High High No No None
PZ Ultra High High No No None
EZ Ultra High High No No None
BZ Ultra High High No No Slightly

PX Ultra High High No No None

F 24 Classification of organo-vulcanization accelerators

(A) Classification According to Chemical Structure

a) Aldehyde-ammonia compounds b) Aldehyde-amine compounds

¢) Guanidine compounds d) Thiazole compounds

e) Thiuramsulfide compounds f) Dithiocarbamate compounds

g) Xanthate compounds h) Thiourea compounds

(B) Classification According to Acceleration Effect

a) Ultra vulcanization accelerators b) Rapid vulcanization accelerators
¢) Moderate vulcanization accelerators d) Slow vulcanization accelerators
(C) Classification According to Vulcanization Effect

a) Sharp curing accelerators b) Platue effect accelerators

¢) Delayed action accelerators
(D) Classification According to Acidic and Basic Character
a) Acidic accelerators b) Basic accelerators

¢) Neutral accelerators

L1E HERNRRERE SHEE stoaA BRE LBl 9T ¥ WRRERNE LBz

BRAZEE 3 A& chgell A WAV 28 EES Gobl =l EFEe
(L E2HEGA 43 58 ERERFS Kohell &8t S8 iR ¥
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(3) InFEEhRR Mikel A 53 A $-=ul EAEE.
(4) B, w3l <% S B Bl 9% s¥EE RigHS FROR =2
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#F 25 Organic accelerators

(B--1) Aldehyde-Ammonia-compounds

Acetaldehyde-Ammonia Nocceler AC

Hexamethylene tetramine Nocceler H
Butyladehyde-Ammonia Vulkamel
Crotonaldehyde-Ammonia Vulkaoit CT
Hydrobenzamide Vulcazol
Hydrofuramide Vulcazol A

Ethylchloride-Formaldehyde- Ammonia Trimene Base

(2) Yisl=—otei{L &M

feR vl sl o) RRAR EE HEEIL S MEL
el = At Bk =t iRz S etk
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#& 26 Organic accelerators

(B—2) Aldehyde-Amine compounds

Butylaldehyde-Dibutylamine Nocceler 8
Acetaldehyde~Aniline Nocceler K
Crotonaldehyde-Aniline Cranax

Formaldehyde-Ethylamine Vulcaid 777b

Anhydroformaldehyde-Aniline Formaniline

(3) FOILICHEAY

BEEY L MEL TN B 27 ngke] whst

vhoEEME] dor FEbE, BB o HEE
R A Ad 92 elotEely Bl $ataly grme
2 N (RERY REN Rl

% 2 3 AL dehigeh

% 27 Organic accelerators

(B-3) Guanidine compounds

Nocceler D
Nocceler DT
Nocceler BG

Diphenylguanidire
N,N'-Di-ortho-tolylguanidine
Ortho-tolylbiguanide
Di-ortho~tolylguanidine-

dicatecholborate Nocceler PR
N,N’, N’ ’~Triphenylguanidine Vulcafor TPG
Diphenylguanidine-phthalate Guantal

N-phenyl N’-ortho-tolylguanidine POTG

Phenyl-tolyl-xylylguanidine PTX

@) EleRE(L M

2o o) Paka £2 K [BEME AL D
gt CRAI prE{RigMEE TMU EURs} gt}

% 289 TERAE Yehagsh

3k 28 Organic accelerators

(B—4) Thiourea compounds
Nocceler C
Nocceler DOTU

Diphenylthiourea
Di-ortho~tolylthiourea

Diethylthiourea Nocceler EUR
Trimethylthiourea Nocceler TMU
Dibutylthiourea Pennzone B
Dimethyl-ethylthiourea Thiate B
Tetramethylthiourea » NA-101

(5) ElOtE{LEY

ol %8 (TigMlc B FED mES &=l i
o mEAEE SAE}. =3 5REE Y B2Eels
7t B 5 B FiERE A gl BE AN K
HEsHA FHEE T ek SA=iME BERERY )
FEd el
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8 Jgel et
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% 29 Organic accelerators

(B—5) Thiazole compounde
2-Mercaptobenzothiazole
Dibenzothiazyl disulfide
4-Morpholinyl benzothiazyl
disulfide
N-Cyclohexyl-benzothiazyl
sulphenamide
N-Oxydiethylene-benzothiazyl
sulphenamide
N,N’-Dicyclohexyl-benzothiazyl
sulphenamide
N,N’~Diethyl-benzothiazyl
sulphenamide
N-tert-butyl Benzothiazyl
sulphenamide
N,N’-Diethylthiocarbamoyl
mercaptobenzothiazole
2, 4-Dinitrophenyl
mercaptobenzothiazole
Cyclohexylamine salt of
mercaptobenzothiazole
Zinc mercaptobenzothiazole
Cupper mercaptobenzothiazole
Sodium mercaptobenzothiazole
1, 3-Bis(benzothiazyl
mercaptomethyl) urea
2-Benzothiazyl thiobenzoate

Nocceler M
Nocceler DM

Nocceler MDB
Nocceler CZ
Nocceler MSA
Nocceler DZ
Vulkacit AZ
Santocure NS
Nocceler 64
Nocceler DBM
Nocceler M-60
Nocceler MZ
Nocceler MCU

Picnoc 1

El-Sixty
Ureca C

(6) Elfardnioi=({taih
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ZHY, FHEBS

£ wHEs
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% 30 Organic accelerators

(B—6) Thiuramsulphide compounds

Tetramethyl-thinram disulphide
Tetraethyl-thiuram disulphide
Tetrabutyl-thiuram disulphide
Dipentamethylene-thiuram
disulphide
Dipentamethy[ene—thiuram
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Nocceler TT
Nocceler TET
Nocceler TBT

Robac PTD

tetrasulphide
Dipentamethylene-thiuram
hexasulphide
Dimethy!-diphenyl-thiuram
disulphide

Nocceler TRA

Tetron A

Vulkacit J

Tetramethyl-thiuram monosulphide Nocceler TS

Tetrabutyl-thiuram monosulphide

Dipentamethylene~-thiuram

monosulphide

Pentex

Robac PTM

(7) clEI2ItH 0l E{kE
ATEELR Zxed 2 B9
& Ik

F5-el

He) e

RS- At HEsto elobEat GistAY AR

mEMeZ HET.
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# 31 Organic Accelerators

(B—7) Dithiocarbamate compounds

Sodium dimethyldithiocarbamate

Sodium diethyldithiocarbamate

Nocceler S
Nocceler SDC

Sodium di-n-butyldithiocarbamate Nocceler TP

Zine dimethyldithiocarbamate
Zinc diethyldithiocarbamate
Zinc di-n-butyldithiocarbamate

Nocceler PZ
Nocceler EZ
Nocceler BZ

Zinc N-ethylphenyldithiocarbamate Nocceler PX

Zinc N-pentamethylenedithiocar—

bamate
Zinc dibenzyldithiocarbamate
Zinc dimethyl-pentamethylene~
dithiocarbamate
Zinc pentamethylenedithiocar-
bamate piperidine complex
Zine dibutyldithiocarbamate
dibutylamine complex
Piperidium pentamethylene-

dithiocarbamate

Nocceler ZP
Robac ZBED

Robac ZL

Robac ZPDX

Robac ZBUDX

Nocceler PPD

Pipecoline methyl-pentamethylene-

dithiocarhamate
Dimethylammonium-~dimethyl-

dithiocarbamate
Diethylammonium-diethyl-

dithiocarbamate
Dibutylammonium-dibutyl-

dithiocarbamate

Nocceler P

Pennac DDD

Vulcafor DDCN

Robac DBUD
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2, 4-Dinitrophenyl dimethyl-

dithiocarbamate Safex

Nocceler TTCU
Nocceler TFFE
Nocceler TTTE

Copper dimethyldithiocarbamate
Ferric dimethyldithiocarbamate
Tellurium diethyldithiocarbamate

8) THOIEEY

o el e 7bale] o) 2% (RiEHE ) (Bigdrel st A
8 =5 BAMER LTHR fR=H.

5% 320 FERES epi g

# 32 Organic accelerators

(B—8) Xanthate compounds -

Eveite XZ
Nocceler ZIX
Nocceler SPX

Zinc ethyl xanthate
Zinc isopropyl xanthate
Sodium isopropyl xanthate

Potassium isopropyl xanthate Enax
Zinc butyl xanthate Nocceler ZBX
Butylxanthic disulphide CPB

RE EIGERE EHEY Al el A B
o) MEREDREE Jebde

2 826 FARTTol B £ MERERMS M
e bl

o8] 32
Recipe Accelerators
RSS 100 CZ 0.5
Zinc oxide 5 DM 0.8
CaCO, 60 T 0.12
M 0.8
Stearic acid 0.75 El-Sixty 0.8
Sulfur 2.5 D 1.0
20 psi. cure Mz 0.8
PLO 2.0
a0k
é T
N M
E ooof
* [
i;: D LT
’? 100 Pboy
/ o st

mBERER TSe) HEEEEst 0.35phrolw mlAlsbx
o] BREFHEE Vel = MO BEE HBAToE 1.50
phrad o] #ig3s] =gt
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& 33 Properties of vulcanizates by Nocceler

TS andM
Recipe
SBR 100 100
Carbon black 50 50
Stearic acid 2 2
Softener 5 5
Zinc oxide 5 5
Sulfur 2 2
Nocceler TS 0.35 -
Nocceler M — 1. 50

Vulcanization temperature at 145°C

aoo{ bk o d

cure time /min.}
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22} 34 Typical vulcanization curves
according to acceleration effect

# 35 Classification according to
acceleration effect

a) Ultra vulcanization accelerators .

TT, TET, TBT, TS, TRA, PPD, P, P4, EZ, BZ,
PX, §, SDC, TP, TTCU, TTFE, ZBX, EP-10,
EP-20, EP-20, EP-40, EP-50.

b) Rapid vulcanization accelerators

8, M, DM, MZ, M-60, 64, MDB, CZ, MSA,
DZ, EP-60, F, MIX-1, MIX-2, MIX-3.

c) Moderate vulcanization accelerators

C, D, DT, BG, DBM.

d) Slow vulcanization accelerators

H, AC, K.
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E# & 71 sich.
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3% 38 C(lassification according to
vulcanization effect

a) Sharp curing accelerators

H, C, EUR, TMU, D, DT, BG, PR, TT, TET,
TBT, TS, TRA, PPD, P, PZ, EZ, BZ, PX, S,
SDC, TP, TTCU, TTFE, TTTE, ZBX, ZIX.

b) Platue effect accelerators

8, M, DM, MZ, DBM, M-60, 64, MDB.

¢) Delayed action accelerators

DM, CZ, MSA, DZ.

2 2R Z e ohEL Aol S A olulst KfEste
He REH et M-60ol 3t Mk o= ehd 25
mERERS ek wetA 2wl 2 zeobE
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# 39 Classification according to acidic and
basic character

a) Acidic accele ators

M, DM, MZ, DBM, 64, MDB, TT, TET, TBT,
TS, TRA, PZ, EZ, BZ, PX, S, SDC, TP, TTCU,
TTFE, TTTE, ZBX, ZIX.

b) Aasic accelerators

H, 8, D, DT, BG.

c) Neutral accelerators

CZ, MSA, DZ, M-60, PPD, P, PR.
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3 40 Benzothiazoyl sulfenamides of
unbalanced [ -ry amine

USP., 3,190, 942(1965)
Nse gn< e
@[S/C'S“ CH,CH,-C=N
FR.P., 2,037,001 (1970)
S EC'S'N<CH3

G.P., 2,056, 762(1971) C.H,
oM <cnon,

CH,

% 41 Benzothiazoyl sulfenamides of
unsaturated amine
USP., 2,959, 573(1960)

N§ GaN= CH;
@g/c S N-C<CH3

USP., 2,986,554 (1961)

. .
@SEC—S-N:CH-@
USP., 2,992, 228(1961)

Ny .
C-S-N <CH2_CH:(IJ—CH3-

S ~
ol
USP., 3,020, 287(1962)
.
@1\ SC-S-NH-C-C=CH
S CH,
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A nEBAM, EEESE EEsld 2 RSy
2l Ze|obEL S 25 TFRAAT HEY w2z
olZd (k&Mel HHExT Ut

% 4241 £33 A& Jebiglch

& 42 Bisbenzothiazolyl-thioderivatives

o

USP., 2,930, 824(1960)

Ne o . :
(C[S,c—s-t\-cm*)z

J.Soc.Rub.Ind., Japan,35 171(1962)
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USP., 3,161, 639(1964)

G.P., 2,104, 288(1971)
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As vulcanization accelerators for EPDM-dien
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