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rubbers with saturated chains of the polymethylene type
rubbers containing nitrogen in the polymer chain

rubbers containing oxygen in the polymer chain

rubbers with unsaturated carbon chain

rubbers containing the —Si—O— group In the polymer chain
rubbers containing sulphur in the polymer chain

rubbers containing carbon, oxygen, and nitrogen in the polymer chain
(polyurethane rubbers)
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ACM  rubber with saturated chain based on acrylate copolymer

ANM  copolymer of acrylate and acrylonitrile

CFM  rubber with saturated chain based on copolymers of trifluoroethylene
(Polychlorotrifluorethylene)

CM chlorinated polyethylene

CSM  chlorosulphonated polyethylene

EPDM ethylene-propylene-diene terpolymer

EPM  ethylene-propylene copolymer

FKM  copolymer of perfluoropropylene with vinylidene fluoride
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IR Isobutylene-isoprene rubber, butyl rubber
BIIR brominated isobutylene-isoprene rubber
CIIR  chlorinated isobutylene-isoprene rubber

BR butadiene rubber

CR chloroprene rubber

IR Isoprene rubber, synthetic polyisoprene

NBR acrylonitrile-butadiene rubber, nitrile rubber
NR natural isoprene rubber

SBR styrene-butadiene rubber
XNBR carboxylic-butadiene-acrylonitrile rubber
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MFQ  methyl fluoro silicone rubber

MPQ  methyl phenyl silicone rubber
MPVQ methyl phenyl vinyl silicone rubber
MQ dimethyl silicone rubber

MVQ methyl vinyl silicone rubber
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Molar proportion (%)

Catalyst
" e wans | uny (Hlgsod (6 39 dginlyd) (s b LSl
Neodymium | 98 1 1
Cobalt 9% |2 2 (05 Lo 5o gy Sllanil) (o guudan 42y —VVe dgu> TG
Nickel 36 3 1 PYEUA | EAg Cold flow oole o Lid X
Titanium 93 3 4 _ _ ) .
Lithium 10-30 | 2060 | 10-70 Qb) “;W/NS @‘)Lo; 3 ww ”
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1JPC 1,4-Cis 1,4-Trans 1,2-Vinyl
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Technically Classified Rubbers Defined in ISO 2000

Property

Grade

TSR CV TSR L TSRS

TSR 10 TSR 20 TSR 50

Dirt content,
max, wt%
Ash content,
max, wt%
Nitrogen content,
max, wt%
Volatile matter,
max, wt%
Initial Wallace
plasticity Py, min
Plasticity retention
index (min)
Color, max, lovibond
units
Mooney viscosity

0.05

0.6

0.6

0.8

60

60 + 5

0.05

0.6

0.6

0.8

0.05

0.5

0.5

0.8

30

60

0.1

0.75

0.6

0.8

30

50

0.2

1

0.6

0.8

40

0.5

1.5

0.6
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Scheme of the chain structure: PBR )' )"’°S QSSA*P/PBR )‘ & gs“)l"’; b “"L"‘“"’ Ko
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CH=CH CH=CH
CHZ—CH._.—EH—CHE—CH—
H
|
CH,
addition: cis-1,4- trans-14- 1,2

[ Ve/aY |




ey |

Structure and properties of styrene-butadiene rubbers

(SBR) ylsoligs — oy pliwt (592 95

Property Emulsion type Solution
hot cold butyllithium type

optimum content of styrene

for tyres (%) 231025 18 to 23

distribution of styrene

in polymer chains random random random, blocks

ash content (%) 0.7 0.1

organic acids content (%) 5to7 0to0 0.5

rubber hydrocarbon content (%) about 92 98 to 99

macrostructure:

long branches content considerable low very low

gel considerable without gel, completely
amount of or only little gel without gel
microgel

molecular weight

distribution wide wide narrow, but it

may be widened
if necessary
polydispersity,
M,M, 3to5 1.5 to 2 or more
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The numbering system of Emulsion SBR and latices

1000-1099
1100-1199
1500-1599
1600-1699
1700-1799
1800-1899
1900-1999
2000-2099
2100-2199

hot nonpigmented rubbers

hot black masterbatch, contains less than 14 phr of oil
cold nonpigmented rubbers

cold black masterbatch, contains less than 14 phr of oil
cold oil masterbatch

cold oil-black masterbatch, oil content higher than 14 phr
styrene-butadiene resin masterbatch

hot latex
cold latex
TJPC 1500/TJPC 1502/TJPC 1507 . _.SBR1500/SBR1502
SBR1712

(y¥jay | V' TIPC 1712/ TIPC 1705/TIPC 1723 il (e
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Mooney ENB Ethylene | Volatile
Type Viscosity | Content | Content | Content | Stabilizer
ML1+4,100°C) | (Wi (W %} (Wi %6}

Specific
Gravity

GJLC ‘533)| C.‘a.ogtﬁ.o o

KEPO20P 25 - 27 005 NS 086
59555 (SWbrpis s ity 6 5ol
KEPOTOP 49 - 71 005 NS 086
KEPIO 40 - 52 07 NS 086 (|3H3
CH,—CHs %——CHQ—CH——;
KEP2060 ?1:]3 - 54 04 NS 086 - n
JSR EP11

EPT 0045
Kid
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Properties / Grades Butyl 065 Butyl 068 Butyl 268  Butyl 365
ML (1+8) @ 125°C 32+3 51+5 51+5 33+3
Average Molecular Weight 350000 450000 450000 350000
Antioxidants (wt %o) 0.03 min 0.03 min 0.03 min 0.03 min
Volatiles (wt %) 0.3 max 0.3 max 0.3 max 0.3 max
[ \&/AY J Unsaturation (mol%) 1.05+0.20 | 1.15+0.20 | 1.7+0.20 | 2.3+ 0.30
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1066 1068
Mooney Viscosity

ML 148 @ 125°C MU | 38%5 50+5 Sl gz gls b ity b Colsls
Antioxidant wt% | 0.02 min | 0.02 min

Chlorine wt% | 1.26 £ 0.08| 1.26 = 0.08

Water wt% | 0.3 max 0.3 max IR 31 gkt CIlIR 9 BIIR sui 7] o}.g,oT wele> X

CHR 5l Giw BIR ey s puo

e 2oy Coglio ¢ pidian 2 beowild Cuoglio ¢y (592 9 (H93] Cuoglio « poS 19l Iyl BIIR o juol %

IR 6 ol 4 cons

Grades Units 2222 2235 2253 2211 2244
Mooney Viscosity

ML 1+8 @ 125°C

MU 32+5 39+5 46+5 32+5 46+5

Antioxidant wt% | 0.02 min | 0.02 min | 0.02 min | 0.02 min | 0.02 min
Bromine wt% | 2.0£0.2 | 2.0£0.2 | 2.0£0.2 | 2.1+0.2 | 2.1+0.2
Stabilizer wt% | 1.3+0.3 | 1.3+0.3 | 1.3+0.3 | 1.3+0.3 | 1.3+0.3

[ V¢ OY J Water wt% | 0.3max | 0.3max | 0.3max | 0.3 max | 0.3 max
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fCH, H
! ’
F='~’i trams-1.4 polymer G E9 yi (S (Sl ¢ il Coglin X
Cl CH,+ _
W gg s diloms ¢ 2 bo )5 Conglio « it olSouin]
fCH, CH,F
Wi = = . . . oy o o
I,Ir:=|:a,ll cis-1.4 polymer 6&;95 u.z; Mz.b‘ls FM/‘S}lﬁ ‘SLQM‘ le hﬁ%‘: J{lﬁ **
c = 5 S g i g5y s Ay Sl S oS!
Cl . ) . . c e - .
—ECHE—C: 3 12 polymer L9y 50 w50 Coglio/ alads Cuoglio/ J93l Coglin/ Sud ym g 2l )5 Cwoglio
CH=CH, @5 Ll 9 L3l ply 50 (o1 b Caoglilo
B CR 244 (Type-G)
TCH, L:|H+ 34 polymer bdle Joxo sbraw!l plp jo o load Cwglio puc X
Cl-c =cH, CR 232 (Type-W)
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MFQ | methyl fluoro silicone rubber 2 aiadly le S s
MPQ | methyl phenyl silicone rubber S (F9)l ceoglio %
MPVQ methyl phenyl vinyl silicone rubber 3yl jo by 2lglyy %
MQ dimethyl silicone rubber oS lod 15 e gy dybllanil
MVQ | methyl vinyl silicone rubber gz 55 3le & Coma Jciand (i plgs
- +50 P . . .. - o e . 2 o
Tg:-120£5°C GoLd (2Ubo (ples dgn oo a4 (oSS cy Jloel g (gunSTp oy
R i Tk 41 05 (S diuny
Si—D—S1I— 0D CHs— © HCI3=CH2 (‘3“2CH20F3
R R methyl phenyl vinyl triflucropropyl
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(VDF) (AF 8 s 9 A i3 ) (LS 9 (goimunsS | 3 Sy, i 4°
oleily 9998l 5 Sl gl Ceoglio
(TFE) 9 .
s g1 95550l0 135 Sl gz P 5l e (Sl (plg> %
(HFP) S g 31 e (2 g o5 s 2195
f‘ JMS Jw 3)9-'9“){. Monomers with Bulky Monomers in Straight Chain Segments
(PMVE) Side Groups VDF TFE E Example
HFP Viton A
Viton B
PMVE Viton GLT
Viton ETP
Kalrez Perfluoroelastomer
P Aflas 100
[ Ye/OY J Aflas 200
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1000-10000  1-10 Non-reinforcing ¢ o,
fillers
PPy Sk
I-rel I ¢ <o
100-1000 0.1-1 Semi r_emforcmg S5 Ly ‘ 155
fillers Coow wy S

10-100 0.01-0.1 Reinforcing fillers 29w Sdlew 0890
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PRODUCT

SURFACE
AREA
BET/
(m*/ g)

ULTRASIL 880*
white powder

ULTRASIL® 360
white powder

ULTRASIL* AS 7**
white powder

ULTRASIL* 4000 GR
white granules

ULTRASIL* 5000 GR
white granules

ULTRASIL' 5500 GR
white granules

ULTRASIL* VN 2
white powder

ULTRASIL* VN 2 GR
white granules

ULTRASIL' 6100 GR
white granules

ULTRASIL* 7000 GR
white granules

ULTRASIL' VN 3
white powder

ULTRASIL* VN 3 GR
white granules

ULTRASIL® 7800 GR
white granules

ULTRASIL* 7500 GR
white granules

35 oo
Sl PRODUCT  STRUCTURE TIRES MRG
R T v vt e oo : + Silica Silica RUDDEF o er
surface coupling coupling
85 p— (C3H;50)55i(CH;)55,(CH,);Si(0C; Hs);
Si7s Bis(triethoxysilylpropyl)disulfide N " OH RO
s
s e (Ca H:0):Si(CH):5:(CH,):Si(0C; Ha), . . OH R |
Bis(triethoxysilylpropyl)disulfide S -
125 :
i 264 (C, Hs0),5i(CH,),5CN . OH RO
3-Thiocyanatopropyltriethoxysilane
130 Si 363" Proprietary mercaptosilane - +
130
PRODUCT PRECIP. SILICA /SILANE TIRES MRG
160
COUPSIL® 8113 ULTRASIL® VN 3/Si 69 + t  gj 69°@: x = 3.70 Okt OEt
R o : cqe . I |
175 COUPSIL® 8113 GR ULTRASIL® VN 3/57 69 + +  gj 75®- x =2.35 mﬁW%M:gg
COUPSIL® 6109 ULTRASIL® VN 2/Si 69 + - 8j266®: x=245 EO
180 coupsIL® VP 6411 ULTRASIL® VN 2/ Si 264™ +
180
Si69 < 155 °C < Si75, Si266 &@
205

ULTRASIL* 9500 GR
white granules

335 PRODUCT SILANE/CARBON BLACK

ULTRASIL* 2100 GR
white granules

YY/OY

X 50-§° Si 69°/ Carbon Black COFILL 11

X 266-5° Si 266°/ Carbon Black

235

PRODUCT COMPONENTS

Silica/ Resorcinol



Super abrasion furnace

Intermediate super
abrasion furnace

High-abrasion furnace
Fine furnace
Fast-extruding furnace
General purpose furnace
Semi reinforcing furnace

| YF/oY |

SAF
ISAF

HAF
FF
FEF
GPF
SRF

11-19
20-25

26-30
31-39
40-48
49-60
61-100

N

BR>SBR>CR>NBR>NR>EPDM>IIR 0949
Industry ASTM Iodine Nitrogen CTAB DBP
Name No. No.(mg/g) (mg/g) (mg/g) (cc/100 g)
SAF N110 145 143 126 113
ISAF LS N210 118 120 113 78
ISAF N220 121 119 111 114
ISAF LM N231 121 117 108 92
ISAF HS N234 120 126 119 125
HAF LS N326 82 84 83 72
HAF N330 82 83 83 102
HAF HS N339 90 96 95 120
HAF HS N347 90 90 88 124
FEF N550 43 42 42 121
GPF HS N650 36 38 38 122
GPF N660 36 35 35 90
SRF LS N762 27 28 27 65
SRF HS N765 31 31 33 115
SRF HM N774 29 29 29 72
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Struktol RP 28 Struktol 40 MS «ilb (Hemogenizer) jlw yKon %

Struktol WB 212 Struktol WB 42 Struktol WB 16 @ik (Plasticizer) cucs sy
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IPPD, 6PPD, 77PD, DTPD

T,
ADPA (acetonated) (el Lo 559 ;50
TMQ 15
Styrenated phenol (SP)
BHT, BPH, MBI Salal

cyclic acetals, enol ethers

[ YV/OY ] IPPD, DPPD, ODPA, BHT, SP, and BPH are all approved by FDA.
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Antidegradant I I1 III Flex IV Ozone
Type Autoxidation  Heat Cracking Cracking
IPPD 2 2-3 1 1-2
6FPTD 2 2-3 1-2 2
77PD 34 34 2 1
Drro 2 2-3 2 3
ODFPA 2=3 2 4+ 6
TMOQ 2 1-2 4-5 6

SP - - 4 6
BPH 2-3 3 6 6
BHT 34 4-5 6 6
MBI - 3 6 6

MMBI - 3 6 6

1= best and 6 = worst;
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DCP

BIPB

DBPH
(Liquid)

DCBP

TBPB
(Liquid)

vy |

178 157 137 154- 130 0.8- 0.7- 5 4-54 09- 2.2- 04- )

199 1.6 15 1.7 42 0.8
181 157 139 o> 130 ov % oaesa 0 . 02 08
Bl 157 M0y, M5 G 0o 1734 T T GY 05
110 89 72 113%_ 75 . : . (161 i
170.8 144 125 1172?3;3 125 i i i . %%- i
*Bis(tert-butyldioxyisopropyl) benzene (BIPB) *Di-(2,4 dichlorobenzoyl) peroxide (DCBP)

*2,5-dimethyl-2,5-Di- (t-butylperoxy) hexane (DBPH) *t-butyl Perbenzoate (TBPB)
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Accelerators Chemical Group Vulcanization Speed
BA, HMT Aldehyde Amine Slow

DPG, DOTG Guanidine Slow

MBT, MBTS, ZMBT Thiazole Semi Ultra fast
ZBDP Thiophosphate Ultra fast

CBS, TBBS, MBS, DCBS

Sulfenamides

Fast-Delayed action

ETU, DPTU, DBTU Thiourea Ultra fast
TMTM, TMTD, DPTT, TBzTD |Thiuram Ultra fast
ZDMC, ZDEC, ZDBC, ZBEC Dithiocarbamate Ultra fast
ZIX Xanthates Ultra fast




-IMI1D
ZDMC

TBES

MBIS

- DPG

Torque

Time (minutes)

| YEiaY |

Scorch safety » Longer
FDOMC « FDEC « ZDBC « ZBEC
TMTD < TETD = TMTH = TBZTD
MEBT < MBTS < ZMBT
CES < TBBS < MBS < DCBS
Longer
Cure Rate > Faster
ZMBET < MBTS < MEBT
DCES <= MBS <« CBS < TBBS
TMTM = TETD = TMTD
ZBEC =< ZDBC = ZDBC = ZDMC
Faster

Cross link density

Higher

*Higher
ZMBT < MBT =« MBTS

DCEBS <= MBS = CBS < TEBS

ZFBEC == ZDBC = ZDEC < ZDMC
TMTH = TETD = TMTD

‘
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« Conventional Vulcanization (CV)
<l

Accelerator

Sulfur

« Semi Efficient Vulcanization (SEV)

Accelerator

Sulfur

=1

« Efficient Vulcanization (EV)

Accelerator
> 1
Sulfur

Cure System Conventional Semi-EV EV
Poly + Disulfidic cross links, % 95 50 20
Monosulfidic cross links, % 5 50 80

TN TN T o A
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Properties Crosslinks Bond energy [kJ/mol] ﬂf S )L.:;é ‘SQ‘ULo ®
C—C 346

. 1 ®

Mono-sulfide s 285 O |jasd

Di-sulfide C-5-5-C 268
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Poly-sulfide C-Sx—C < 268
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ven el \Walking modulus or Marching:
M’9O — [(Mmax(60’) — Mmin) X 0. 9] + Mmin

S -
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CSM - NBR (up to 120 °C)
IR (cured with resins) - EPDM —EPM (up to 150°C _
( ) ~EPM (up )| ey cuogli
ACM (150-170 °C)
FKM — MQ (above 200 °C)
ﬁ'ﬁ )J u.ogLO.o
FKM-CO-ECO-ACM -CSM-NBR-CR :
CH S 99 9 xE9)
CR-HIIR-IIR-Q 69,5 -M 64,5 gz oils 93! Coglio
CSM-CR-FKM-1IR - EPDM 2 Lo Coo glito
BR-Q 05,5 slrszgls o5 slod 5o Ceoglio
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Elastomer

Highest Service Temperature (°C)

Styrene-butadiene rubber
Natural rubber
Polychloroprene rubber
Nitrile-butadiene rubber
Butyl rubber

EPDM

Chlorosulfonated polyethylene
HNBR

Polyacrylic rubber
Fluoroelastomer

Silicone rubber

Perfluoroelastomer

75

85
100
125
125
125
150
150
150
200
250
300
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(Solubility parameter) .ol Soop oo & il > o o
REWV) PIPC S A P SWIREWIV SR ) ' L | PR SUW] PR Ov) K3 LE IS g | IR

surface energy/tension o;, O0; — O'id + O'f)
(W9 Sy Ly oy e pur b Sy, s S 50) -aiils (CO-CUTE) ey o

ey

NR or IR 8.15
SBR (15-23%Sty) 8.35-8.42 .
EPLEl 8 v
IR 7.6

NBR (18-39%ACN) 8.7-10.3 é
[ff/a“’] CR 8.85 -
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Type °C °F Fluoroelastomer
H 250 482 [ - 100
m
- = Fluoroelastomer
G 225 437 F Silicone :5-!* ao b
=
~ ° sof
B 200 392 b Fluorosilicone =
= 7O
g E 175 347 [ é g0k
c
Polyacrylate = B
£ b 150 302 F Chlorinated yoey g 50
‘g polyethylene E 40 |
= c 125 257 r Epichlorohydrin 2 3o}
@ Neoprene W
2 B 100 212 | Butyl Nitrile T 20f
Styrene butadiene E 10 F
A 70 158 | natural rubber g
1 1 1 | | | | 1 1 0
Not req'd 170 120 100 80 60 40 20 10 100 1000 10000
Class A B C D E F G H K Hours @ 150°C
| OIl resistance T
70 h exposure % Swell in #3 OIl
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Ingredient Weight (kg) Specific Gravity Volume (L)
Rubber 100 0.92 108.696
Zn0O 5 5.57 0.898
St. acid 2 0.85 2.253
Carbon black 45 1.85 24.324
T™MQ 2 1.3 1.818
TBBS 0.6 1.28 0.469
Sulfur 2.9 2.0 1.250
Total 1571 139.808

Specific gravity of compound = 157.1/139.808 = 1.124.



For 100 Parts of Polymer Durometer (Shore A)

CR, NBR 44
NR, SBR 40
IR 35
37.5 parts oil extended cold SBR 26
N110 +1/2 part of loading + 4
N220, N234 +1/2 part of loading + 2
N330, N326, N347, N339, N550 +1/2 part of loading
N770, N774, N762, N765 +1/3 part of loading
Thermal blacks and hard clay +1/4 part of loading
Whiting (in natural rubber) +1/7 part of loading

[ £V/AY ] Most liquid softener —1/2 part of loading
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Industry Type ASTMNo. NR SBR IIR CR BR NBR EPDM
SAF N110 15 18 13 12 22 17 24
ISAF N220 17 20 15 13 25 19 27
HAFLS N326 21 26 19 17 32 24 34
HAF N330 19 23 17 15 28 21 30
HAFHS N347 17 21 16 14 26 20 28
FEF N550 23 28 21 18 34 26 37
GPF N660 25 31 23 20 38 29 41
SRF N774 28 25 25 22 42 32 45
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Batch Size (weight) =
(Net Chamber Volume) x (Fill Factor) x (Compound Specific Gravity)
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