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ASTM designation Common name Chemical composition

NR Matural rubber cis-Polyisoprene

IR Synthetic rubber cis-Polyisoprene

BR Butadiene rubber cis-Polybutadiene

SBR SBR Poly (butadiene-styrene)

IR Butyl rubber Poly (isobutylene-isoprene)

CIIR Chlorobutyl rubber Chlorinated poly
(isobutylene-isoprene)

BIIR Bromobutyl rubber Brominated poly
(isobutylene-isoprene)

EPFM EP rubber Poly {ethylene-propylene)

EPFDM EPDM rubber Poly {ethylene-propylene-
diene)

Cs5M Hypalon Chloro-sulfonyl-polyethylene

CR MNeoprene Poly chloroprene

NER Mitrile rubber Poly (butadiene-acrylonitrile)

HMNER Hydrogenated nitrile rubber Hydrogenated poly
{butadiene-acrylonitrile)

ACM Polyacrylate Poly ethylacrylate

ANM Polyacrylate Poly (ethylacrylate-
acrylonitrile)

T Polysulfide Polysulfides

FEM Fluoroelastomer Poly fluoro compounds

FVMO) Fluorosilicone Fluoro-vinyl polysiloxane

MO Silicone rubber Poly (dimethylsiloxane)

VMO Silicone rubber Poly (methylphenyl-siloxane)

PMO) Silicone rubber Poly (oxydimethyl silylene)

PYMO) Silicone rubber Poly (polyoxymethylphenyl-
silylene)

AU Urethane Polyester urethane

EU Urethane Polyether urethane

GPO Polyether Poly (propylene oxide-allyl
glycidyl ether)

CO Epichlorohydrin homopolymer  Polyepichlorohydrin

ECO Epichlorohydrin copolymer Poly (epichlorohydrin-ethylene

oxide)
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EPM ACM
ASTM designation BR SBR CIIR EPDM CSM CR NEBR HNBR ANM
Durometer range 30-90 4090 40-80 4090 45100 30-95 40-95 3595 40-90
Tensile max, psi 3000 3500 2500 4000 4000 4500 2500
Elongation max.. % 650 600 a0 500 1l 650 450
Compression set B B B-A C-B B B-A B
Creep B B cC-B C B B C
Resilience High Med. Med. Low Med.-Low Med. Med.
Abrasion resistance A A B A A A A C-B
Tear resistance B C C B B B B D-C
Heat aging at 212°F C B B-A B-A B B A A
r,.°c -102  -A2 —65 -17 —43 26 -32 —24,-54
Weather resistance D D A A B D A A
Oxidation resistance B C A A A B A A
Ozone resistance NR NR A A A C A B
Solvent resistance
Water A B-A A B B B-A A D
Ketones B B B-A B C D D D
Chlorohydrocarbons NE NR NE D D C C B
Kerosene NR NR NE B B A A A
Benzol NE NR NER oD CD B B C-B
Alcohols B B B-A A A C-B C-B D
Water glycol B-A B A B B B A C-B
Lubricating oils NE NR NER A-B B-C A A A

A =excellent, B = good, C =fair, D = use with caution, NR = not recommended

20
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Butadiene Acrylonitrile
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CH, —CH=CH—CH, _CHz'_(l:
CN
Nitrile rubber unit
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CilfFuel Resistance —
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Abrasion Resistance —_—
Heat-Aging —_—
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- Compression Set
+— Resilience
- Low Temperature Flexibility
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PROPERTY UNITS VALUES

ACN % 40 33 33 33 33 27 20
Polymer Mooney 60 30 50 70 85 50 40

Tensile strength MPa 179 15.8 16.0 17.6 195 14.2 13.4
Ultimate elongation % 466 478 433 357 439 334 387
Modulus, 100% MPa 3.6 3.1 3.2 39 3.5 3.7 29
Modulus, 200% MPa 8.6 7.0 7.7 95 8.9 8.5 7.0
Modulus, 300% MPa 13.0 10.5 11.7 14.8 14.1 12.8 10.5
Hardness Shore A values 68 67 66 67 66 67 64
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Barium Sulfate
nm Magnesium Silicate
Non Calcium Carbonate (dry ground)
5000 = ) .
Reinforcing
Calcium Carbonate (wet ground)
Soft Clay
1000 —tf— — Hard Clay
500 e —
Semi
Reinforcing
100 = Precipitated: —
Calcium Carbonate
Aluminum Silicate N990
Calcium Silicate N765
50 —f— N550
o Precipitated Silica N330
Reinforcing Fumed Silica N220
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Composition and Properties of Carbon Black

1

.

Composition:
Hydrogen 05-10%
Nitrogen 0.02 - 0.09 %
Oxygen 25-7.0%
Sulfur 0.01-0.03 %
co, 01-1.5%
CO 02-40%
Carbon balance
Surface area: 25 - 150 m3/g
Particle size: 10 - 500 nm
Qil absorption: 0.5-1.5cm¥g
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Country or region Capacityl, 103 t

MNorth America 1815
Western Europe 1310
Eastern Europe 1545

Asia 2630
South America 480
Africa, Australia 185
Total T965
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Type ASTM designation | Particle size (nm)
SRF: semi reinforcing furnace N762 61-100
GPF: general purpose furnace N660 49-60
FEF: fine extrusion furnace N550 40-48
FF: fine furnace N475 31-39
HAF: high abrasive furnace N330 26-30
ISAF: intermediate super abrasive furnace N220 20-25
SAF: super abrasive furnace N110 11-19
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Synthetic silicas Fumed Electric arc Silica gel Precipitated
Surface area (m%/g) 50-400 150-200 300-1,000 60-300

Qil absorption (cc/g) 150-250 80-120 150-250 50-250
Bulk density (g/1) 90-120 120-150 90-160 160-200

5% pH 3.6-4.3 3.5-4.2 4.0-7.5 6.5-7.5

% moisture <15 <2.0 5.0 6.0

Silanol groups (/nm?) 2-4 2-3 4-8 8-10
Primary particle size (nm) 7-40 - - 10-30
Average particle size (pum) 0.8 4-8 4-10 1.5-10
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components external components abrasion resistance
Semi-highly Tire casing. Non-tire Tire treads Tire casings Tire treads
dispersible products external
componcnts
Highly Tire casings Tire treads  Tire treads High performance
dispersible tire treads

L “ 3\;)3 _ - S“,L, ,n &\)ﬂ :(9) (‘55) d}‘\.;

(Lssad)) A Cilali-4-1-2

Ade Apladil Al cilllad dagis slsell A iy mhaadl V) ama JDL seas Jual) G
o3 aladf Jiy AulS ) culladll o LT 325U oyl ol e Al giall A0S ) Jag)liall Jsa e 1) 2l s
J16] Aaalsall 3308 Al dnlay oay WlSy Tale) Dsl rasil Jag il suen e Liaaty) LS 500l

A ) g ‘_,A (S cilal) aalgi-1-4-1-2
A i) b Alils cileSys e Bl e ) Calall Claaag
A gial) dahtal) -1
Clialsally e gl (g Byaivnall Bhliall pal (o iy 1 (syged)— Ligd Abhie) Glagd g3
Ay oe Wbt s iy e Lpelue 3 R8s AL Jloy el 2SS, Ayl
Hlate g )il OB aaling ¢l V) e oS5l S sl e QI gha aagy Al Aalay
75729 o Aaabasdlls Yans [ £ 1.57-0.72 c anall sl 7ol « Sy Jassia s i
iy Aaglya Ay Aubll ey (1983 ale sl B.C 35,8 8 o adsall Ay sl
f Sl alall e AUl cladial) aiall dpelia Chual oylad Sladly Ayt Jdlad el ae b
(Db Cpa ®
(sl A aiall Aipas 1l @
(sl Aia Aejie Sl
cdyes Ang ddal dlse ®
castiall Vysd) CuianY) =
B s Lilialse 3 uling sl 151 e s o(dandl Bty Aelill) (a0 adlge & Lad salsiy
el Jleel 8 aadiuds olagd
Loy Glialse 2 say Ciend) delial L) Jol€ adiugs @ (Gded Ciy)) 583 S5 pdge

-

NREEN

g




iSall 3 oSS i dikie 3 osalin G (AR ASwall) AByd) Aledd) Aikid) -2

116

161 1 b ully 500 sl

el G al-2-4-1-2
Oast B 3 3smpall (LpsSadl) Sl Galall el S5l (10) o35 Jsand) G
colasd 05— GG Gl el S £(10) 58 Jsas

Total

K,O

Na20 CaO MgO F6203 FeO A|203 T|02 S|02

100

1.90

2.99 | 9.78 | 8.30 | 4.98 | 9.95 | 17.04 | 3.09 | 41.97

i) layi-3-4-1-2
.[16] :\.D_gu gﬁ ‘;ﬂsﬂ‘ alll 3ala (e JM\ ‘;LI:C\A\}“ (11) eﬁJ dj&;j\ C..mj.\

(O Cssla) Byaiional) cilaldl
alad) cluagl) gl abiay) ALK Aiay! hgall
Sl 8 paiisall Slafiady Jala g all Jgalall
J B Ay
83 2 87.76 121.6 300 o=
BEFCETRTS
Slasd ¢ gud)
35 7 32 40 qo | O
B — dalal
B - - - 15 saalial) — 48y
- - - - 20 oSS — A4Sl

.(Plasticizers/Oils) Salal) Agall-2-2

e o ) ALl e s (s <3 (gaae il ) Jil) AdlasS S 02 Ble (A
iy wesill BLE B0l A e Jigasiy TG 3 gl Jlaall (adadl dlllaall L2l

17 GAY) dsall clila) 3asa o o luy Las Jalaall e 2 IS0 Lea il

¢ aalall Jary S —1-2-2

Cand) lean e Judladl o3 aelis clgre gl Ladyy A padsall Judls e call) il i
comadl lemny ) Gl L85 LiSn Jess et Lo il (oilly Abalaal ) Jly Leo

TG A s b Jalall o3 23S aalicy




aailly zWY) alles oy Al sdl Galpddl o clialal) ,il-2-2-2

Uiy gl daglaag GL;N\ ualid Jaaxi g Ls_ul\ Qi C_\.\A\ e a9 ALY 30L) 5 Bsbudl) (an8dn
FalauV) iy £ ) PR sl phall paats cadill Jiendy Bl saldl g35 aapmdy dagll
17] Qandl ol QLS A (g adsy Jales TQ (iaidls 43 yal) 503 g

Aal) cald) alialgs —3-2-2
oy il Galiadly Jaleill gy dasanlly jralls 3)85lls (ohall Cpalill 4lads e sall aa (38)530)
vl Aagling Sgaally glall JhEY s dpandl aae g Aa3hll alaxs)

bl glgi-4-2-2
Agmia cliale 5l LS pne Gy IS8 e Wl oes ) ikl ads
P [A] ) Dlesane S0 o disnSssnell sl Jaids
3 238 55% s Axig S snel) Judldl (e Alle A goai :(paraffinic) 4ad)l cigy o
o Leelatinly i Wy amidie gyl (gine g 3auSYly sl il Bam Aaslia ey
kel Gl yaa gl
Y oale US55 0aS 30% Lo Apphall lilal) ¢ sane il :(Naphthenic) 4udis g o
Al dlaugie Glad sl ae ledlexinl (Says dpdadll Cilyrad sl ae Laladinly maay
(o 228 T0% Aniiye dnpd b Aplaall il sgine ily :(aromatic) djke gy e
led gLty ate (g Aadipal) Zoil) Jigis Akl dangially Zuladll Cadsdl Jal e aadiass
32 dagliay opslll dpls e
[8] eae Aailsiall il yad ol g sill 030 liialsa aaf (12) iy Jsaall sy
A el Gl Gliialse 1(12) o8 Jsan

Property Paraffinic Naphthenic Aromatic
Specific gravity 0.85-10.89 0.91 -0.94 0.95-1
Pour point (F°) 0.0 to +10 -40 to +20 +40 to +90
Refractive index 1.48 1.51 1.55

Aniline point 200 - 260 150 - 210 95.0 - 150
Molecular weight 320 - 650 300 - 460 300 - 700
Aromatic content 15.0 44.0 68.0

NR-polyisoprene— EPDM- NR-SBR-

Polymer butyl-SBR- polychloroprene— polybutadiene

polychloroprene SBR-PBD
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Elastomer Plasticizer
HIGH
NBR, very high nitrile
Phosphates

AL EU
NBE., high nitrile

MNBE, medium nitrile
ACM, AEM

CO, ECO
Cs5M

CR
MNBER, low nitrike
(|
HMNBER
SBR
BR
NE
Halo-1TR
EPIyh
EPmM
IR
FKM
Q

LOW

Dialkylether aromatic esters
Dialkylether diesters

Tricarboxylic esters
Polymeric plasticizers
Polyglycol diesters
Alkyl alkylether diesters
Aromatic diesters
Aromatic triesters

Aliphatic diesters
Epoxidized esters

Alkylether monoesters

Alkyl monoesters
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Elastomers

Effect Of Degradation

Natural Rubber ( NR )

Scission ( Softens )

Poly Isoprene (IR )

Scission ( Softens )

Pelychloroprene ( CR )

Cross linking & Scission ( Harden )

Styrene Butadiene Rubber ( SBR )

Cross linking & Scission ( Harden )

Acrylo Nitrile Butadiene Rubber ( NBR )

Cross linking ( Harden )

Polybutadiene Rubber ( BR )

Cross linking ( Harden )

Isobutylene Isoprene Rubber ( IIR )

Scission ( Softens )

Ethylene Propylene Rubber ( EPM )

Cross linking & Scission ( Harden )

Ethylene Propylene Ter-polymer ( EPDM )

Cross linking & Scission ( Harden )

Chlorosulfonated Polyethylene ( CSM )

Cross linking ( Harden

Polyacrylic Rubber ( ACM )

Fluorinated Hydrocarbon Rubbers ( FPM )

(
Cross linking ( Harden
(

Cross linking

Polysulfide Rubbers ( T )

Cross linking ( Harden

Chloro Isobutylene Isoprene Rubber ( CIIR )

)
)
Harden )
)
)

Cross linking ( Harden

.?émﬂ @3_1_3_2

talye SO (385 Gaaatg yall psdall el pe st 4815 (S5 adall e Lallall a3 37 ¢

1. Initiation

2, light

RH (elastomer) ——— R_HOO  (free radical).

2. Propagation

0.1
he

at

R, + 0; — ROO,,

ROO, + R'H —> ROOH + R/,

ROOH — RO, + ,OH,

RO, + R"H — ROH +R”,

3. Termination

R, + R,

JOH+R" — R” + H,0.

R, + ROO, — Nonradical products,

ROO, 4+ ,00R.

3al3 A5 3 &) g% ¢ Sl 3 ALl LR i) dc L8 ¢ A & 5‘
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RDDPf + Mzt — ROO e+ M ®1l++He
ROOH + M (=1 —» ROe + M=+ 0OHe
He +- OHe —» HO
2ZROOH —» ROQe +ROs +H;0
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//fD
R—C__
& H
0 7N H,0
R—CH=CH—R — R—HC\ /CH—R—»‘ +
0—0
V4
Unsaturated Oixiiide R—C
elastomer ) \OH
Decomposition
products
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AH+ O — Ae+HOOD »
AH+EOO » —* A«+FRO0OH
AH+FOw —® REOH-+Aw

]
As+ERH — AOQOH+EROO s«
A +ROO —* ADQOR
ZAw. — ATA
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(CH,),C C(CH.,), OH
C(CH,),CH,CH,
XDy eneninse
CH, CH,
4,4'-Thiobis(6-t-butyl-m-cresol) 2.5-di-tert-amylhydroquinone
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CH,

—{ —NH—{ ' —R
__'CH3 R

TR
H - Diphenylamine class

antioxidants
Polymerized 1,2-dihydro-2,2.4-
trimethylquinoline
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Unvulcanized

/\]N R
r iy 2,__ Rubber Molecules ="
N
|

&

Sulfur

=~ Crosslinks
-"‘--..____‘ Sx

Wulcanized
Network
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Un-vulcanized Polymer

Vulcanization
Process

Vulcanized (Cross linked
Polymer)

= Low Viscosity
= Low Meodulus
(static & dynamic)
= Low Tensile Strength
= High Elongation
= Low Hardness
= High Compression &
Tension Set
= Low Rebound Resilience
Low Abrasion Resistance
= Low Flex-Fatigue
Low/ No Elasticity
Dissolves / High Swelling
in Solvent

Vulcanizing Agent +
Accelerator +
Activator +

Heat / Pressure

Vulcanization

» High Viscosity

= High Modulus

» High Tensile Strength

* Low Elongation

= High Hardness

= Low 'Set’

= High Resilience

» High Abrasion Resistance

» High Flex-Fatigue

= High Elasticity

= Only Swelling
(% Swelling depends on
Base Polymer)
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CH, CH
| -S - - |
M-CH—C—CHW ~mCH—C=CH~~ + HS,*
i
H
Rubber
5
=
AmaCH ——C e CH
~ //
_C=C_
=
....\(l;H_C_CH*
S,
~N i
CcC—C
> S ~ CH,
——(}:H—é—cn-—
=
i
anCH—C=—CH -~
Crosslink S‘, CH,

S s |
_CH—C + ~~CH —C=CH~~
7 ~N -
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Year

Vulcanizi
Ly — \— Sulfur vulcanization ague:tmlzlng
1850 —
Unaccelerated
vulcanization
1900 - _ Aniline
- — Thiocarbanilide
Acccle;nwd .— Dithiocarbamates
vulcanization — Diphenylguanidine |_Organic chemical
K~ Acclerators
B S \, 2-Mercaptobenzothiazole
2-Benzothiazolyl disulfide
2-Alkylaminothiobenzothiazoles
1950 — (sulfenamides)
Delayed action
accelerated Premature
vulcanization ~— N-Cyclohexylthiophthalimide } vulcanization
l inhibitor

K e e sl Judus 1(18) o8, J<)
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25 -(EPDM,NBR,SBR,....)  cliall Llhdl glsl Clefy aphll bl e lealadiul & WS
sl 3an) dAliaia
doalaidl
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Lk 100 phr
iy 1Sl 2-10 phr
¢(palll) awa smes 1-4 phr
«g e 0.5-2 phr
.cuy< 0.5-4 phr
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Types Examples Remarks
N » Moderately test
RN > Primary accelerator
CH, cH, CH: for NR and synthetic
. N rubbers
Aldehyde —amines / '\ » Occasionally used as
N - ~ secongiary plasti_cizer
~~ cH, > Used in self curing
adhesive
Hexamethylene Tetramine (HMT)
> Moderately fast
» Secondary
NH accelerator for
Guanidines @ AN C=NH thiazoles,
@ N sulfenamides and
thiurams
1,3 Diphenyl Guanidine (DPG)
> Fast accelerator
» Apt to be scorchy
~N\ > General purpose
O C—SH > Primary accelerators
~s ./ :
. for NR & synthetic
Benzothiazoles
_ rubber
Mercaptobenzothiazole (MBT)
-~ N AN o /N
< T :O > Delayed action
S > Safe processing
_ _ o > Moderate cure rate
leenzothlazyl disulfide (MBTS) > Primary accelerator
for NR & SBR
Ny > Dela}yed action,
C—S— NHO semiultra
~s ./ » Safe processing
N-CyCthexbeenZOthiazyI > Moderate cure
Sulfenamides sulfenamide (CBCS|_)| > For NR and synthetic
N o rubbers
C—S—NH— |C—CH3
~s 7 CHs
» Delayed action
N-t-butyl-2- > primary accelerator

benzothiazylsulfenamide(TBBS)

for NR and synthetic
rubbers




Types Examples Remarks
> Delayed action
» Safe processing
CoHs S » Primary accelerator
Nl —_— for NR & synthetic
CH N=¢=s rubbers
2115 2
L o > Ultra accelerator
Dithocarbamates Zinc diethyldithiocarbamate (ZDC) | » Low temperature use
C2H5\ ﬁ
N—C—S- Na* » Water soluble ultra
/ accelerator used for
CoHs
latex
Sodium diethyldithiocarbamate (SDC)
S » Ultra accelerator
CHs (7 TG > Safe, especially good
/N—C—S—S—C—N\ for IR & CR
CH; CHs > Excellent for fast
Tetramethylthiuram disulfide (TMTD) press cure
Thiurams
S S
CHs N i . g Y CHs
N—-C—S—C—
CHs ~ N ch, i LBJItratacieletrFaljtor |
Tetramethyl thiurum monosulfide Ooster Tor thiazo'es
especially for nitrile
(TMTM)
rubber
ﬁ > Low temperature
CHo —O0 —C—§ Lzn*™ ultra accelerator
2
Zinc butyl xanthate (ZBX)
Xanthates
S
hh \CH O |c|: S Na*
CHs ~ T > Water soluble ultra
accelerator for latex
Sodium isopropyl xanthate (SIX) work
> Used principally as
vulcanizing agent for
/N /N da9
N—S—S—N 0 NR & synthetic
Morpholines / N/ rubbers
4,4 - dithiobismorpholine > Provides excellent
heat ageing
properties
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T™MTD (CHy) J_\)]\ }

4 4" dithiodimorpholine f '- K !

(DTIM) N——5F—58—N -

N/ NS

2-morpholino-dithio-benzothiazole
(MBSS)

caprolactam disulfide

(CLI})
5 5
Dipentamethylencthivram tetrasulfide J\ )J\ .
MPTTY ] =1 M
5
N-oxydicthylene thiocarbamyl-¥ - J\ i 1)
RN :nlil:lh;». lenvesullicnamide fﬁh‘-" N b T + ] (a]
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Semi-EV (semiefficient EV (efficient
Conventional vulcanization vulcanization
Material cure system, phr system, phr system), phr
Natural rubber 100 100 100
N330 Carbon Black 50 50 50
Zn0 4 4 4
Stearic acid 1 1 1
6PPD"” 1 1 1
Sulfur 2.5 1.5 0.15
CBSb 0.5 1 2
TMTD* 2.5
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CH; CH
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M CH,— C= CH—tle— CH, — C= CH— CH, ¥
Sx
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E

[|2H5 il tliH
# CH,— C= CH—CH= CH — C=CH— CH,M*+ R5.H
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Chemical Name & Formula

Remarks

0=C—0—-—0 — C=0

0 C

Benzoyl peroxide

> Used for silicone rubber
> Not suitable for olefin rubbers

0O=C—-0-0 — cl::o
CI\ I : e
| |
Cl cl

2,4 Dichlorobenzoyl peroxide

» Used for silicone rubber
> Not suitable for olefin rubbers

CH3 C|:H3
I
CH3—|C—O—O— ?— CHs
Dicumyl peroxide

» Used for natural and synthetic olefin rubbers
» Also used for silicone rubber

|CH3 C|3H3
CH3_ (|: - CHz_CHz_ (l: - CHS

Q 7
I
0] (0]
I I
CHs; — Cl: — CHs CHs— (|: — CHs

CHs CHs

2,5-Di-(t-butyl peroxy)-2,5-dimethyl hexane

» Used for natural and synthetic olefin rubbers
» Also used for silicone rubber

?Ha (|3H3
m=¢ =)= gom
0 0
5 0
CHs; — (::—CHg CHs — (% —CHjs

CH3 CHs

Di- (t- butyl peroxy)-p- diisopropyl benzene

» Used for natural and synthetic olefin rubbers
» Also used for silicone rubbers
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CH- CH-
1.2 unit (III

isomerized 1_2 unit

Wy CE & T W CHa— © —papang
I

CH CH

|

CH- (I:H-

(Ijl Fni ,;_Ij + Znla

> |

1 CH-

I |

CH- CE

| 1

ﬁH v CHz — © —pnaig
vy — CTHz — © —ypnnng Crosslinked neoprene

chl; L I\-j:go —_— FnO + I\-'j:g CIJ
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Acid Catalyzed
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www— CH=C—C =y www— CH

|
T Nemm ' ‘f
e A H
CH;
H C‘C —HX, Rubber
AP R Syt e
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CH;-X CH;

X — CH.—- A |

Wiy CH=C=Cpy
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Accelerator Class Elastomer Advantages Dizadvantages
Sulfur Dienes Versatile Heat and compression
set resistance
Sulfur donors
Peroxides Saturated polymers Heat and compression Cure rate control
set resistance
Dienes
Resins Primarily butyl-based Heat resistance Slow cure rate
polymers
Metal oxides Halogenated polymers Preferred for CR, CSM Water resistance

A3 Ay S Adaadgs NBR Jy idl) Jallaa 43St —6-4-2
:[22] ‘;Jtd\ delall Cua NBR LaUadl) A€t e

X S5g +Y In0 ———» 0O5.7nS,0

0S5InS;0 +  wmCHz—C=C—CHy—CHp—CHauw
H H CN

#/CHy—CH=CH—CH—CH,—CHaw + ZnS + HS,
S CN
o)

aCHy—CH=CH—CH—CHz—CHuw +  s4CH2—C=C—CHz—CHy—CHamw

SI3 CN H H CHM
i l
wCH—CH=C H—CI,H—CHQ—CI:HM# + OSH
57 CHM CH

|
ewvCH—CH=CH—CHa—CHy—CHonv
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Composition (phr) Bl B2 B3 B4 BS
NER 100 100 100 100 100
Zinc oxide 5 5 5 5 5
Stearic acid 1 1 1 1 1
Anti oxidant irganox 1010 1 1 1 1 1
Carbon black (HAF) 45 45 45 45 45
Processing oil (37) 5 5 s s s
Sulphur 2.5 2.5 2.5 2.5 2.5
TMTD - 1 -
TMTM - - 1 -
DOTG - - 1 -
NPV/C - - 1
s
TMTD: Tetra methyl thiuram disulphide, TMTM: Tetra methyl thiuram mono sulphide,

DOTG: Di-o-tolyl guanidine, NPV/C: Ethylene thiourea of 2— mercapto imidazoline
23] (NBR) Jysll Lalaal 1€0lS0all (alsall e sl 53 0 (19) a8y IS

Physico - mechanical properties

00—

500 —

400+

300

200 —

100 —

| Tensile strength (Kgfcm2)
E Elongation at break %

A Modulus at 200%
ElHardness (Shore)

= Elasticity%s

B1 B2 B3
Types of accelerators

NBR Llaall 1,318l (alsall o gyl 53 550 :(19) &) S0
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(NBR) Jysull Lalaal 5l xie AlUsi) Juadl NPV/C ¢ jusally i aslia Judl DOTG § yusdl)

(NBR) (malisy — Jy i Jallaal) alsd o anil) il gsi il -2
axdll b e RN L0 (s Auhny 2010 ale b asdll Clgd dxiadll cancrab 38,45 culs
[24] (22) 48 Jsaadl 3 53INBR Lllas cillald (alia e N550 5 N99O

a2l andl) s i ity NBR Lalaall A€00S0all alsall i :(22) &) Jsos

*NBR (JSR230SL) 100 100 100 100 100 100 -
**NBR(JSR N 220S) - - - - - - 100
MC sulpur 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Stearic acid 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Zinc Oxide 5 5 5 5 5 5 5

N 550 45 30 65 40 90 60 60
N990 - 35 - 55 - 65 -
DOP 10 10 10 10 20 20 10
TDQ 1 1 1 1 1 1 1
CBS 2 2 2 2 2 2 2
TMTD 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Hardness, Shore A 62 61 70 71 80 79 71
100% modulus(Kg/cm?) 33 27 46 a1 77 55 49
200% modulus (Kg/cm?) 75 68 121 115 168 157 129
300% modulus (Kg/cm?) 140 132 186 174 212 - 205
Tensile Strength {Kg/cm?) 191 232 227 182 220 187 233
EB% 480 540 400 380 310 260 390
Tear Strength (Kg/cm) 43 43 49 45 a5 45 57

Ciliaall N550 5 N99O anill (il g3y Jasiyy Jallaall A80lSaall (alsad) 55 of Ayl 228 il (i

(NBR) (maliss —Jasii blhaall Ldaliiay) dobug g Lidy) o anil) il s 80 -3
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Carbon black loading, phr
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Carbon black loading, phr
SBR s NBR Llbhall anill olis st i e LlaliailVl i 1(21) o8y JSal)

(NBR) (yaligs — Juyilll Jallas alsd o (Aaslill) Aadlead) dadas) 50 -4
dele (35 ae 23S ym daesS (50 iyl AW Aadail 556 2010 e Khaled F. El-Nemr Jsls
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Code formulation (phr)

Ly
LA
wn

LA

P, Pis P P-PFM P, s-PFM  P5-PFM

MBR 100 100 100 100 100 100 100 100 100
Zn0 5 5 5 5 5 5 5 5 5
Stearic add 2 2 2 2 2 2 2
TMO 1 1 1 1 1 1 1 1 1
DOP G 6 G 6 ] G G G 6
MBTS 1 1 1 - - - - - -
TMTD 05 0.5 0.5 - - - - - -
Sulfur 1 1.5 2 - - - - - -
HAF 30 30 30 30 30 30 30 30 30
Peroxide (DCP) - - - 1 1.5 2 1 1.5 2
PETRA - - - - - - 5 5 5

.penta erythritol triacrylate acliw Jule :PETRA :&ua
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Formulation Formulation Formulation

S, Sy s S, P, Ps P, Py~-PFM Pys-PFM P, - PPM
Mechanical properties A 415 482 5.90
Modulus at 100% elongation (M,q0), MPa 212 2.30 242 2.18 253 3.22 11.89 1273 384
Tensile strength (TS), MPa 1744 1600 1585 1341 1609 1357  5p 190 133
Elongation at break (E, ), % 1070 739 659 541 481 331 33 376 488
Young s modulus (E,) 092 1.24 137 123 1.56 229 70 72 75
Hardness, shore A 58 60 60 60 63 65
Physico-chemical properties 0066 0064 0.06
Soluble fraction (SF) 0093 0081 007 0089 0079 0072 0365 039 0.42
Volume fraction of rubber in swollen gel (V,) 024 0.28 031 027 0.31 0.34 . 256
Swelling ratio (Q) 417 3.56 3.24 373 3.26 294 :3,(;55 ;54 17 g::“
Molecular weight between crosslink's (M,), 11545 79433 63604 88501 64682 50007 X

g/mol ' ! 1189 1422 1725

Cross-link density x 10 (v=1/2M), moljcm® 437 6.3 7.86 5.62 7.73 9.98

Cu Sl Aslall Jale goiae LG alap (NBR) Qopll bdae callalal (allanl) 486< A Al sda it
2 ll) @sine L3k Ay ( ol . O Ay Ol
clalal) o3l A8l palsall o ety (2 (2S5 pm JaesS (535

.(NBR) (L !l alaall 4, )),ad) 450AY dafpa -5
Ayl Aol Gawsdy duhy 2015 .l Mohammed Almaamori ; Mohaimen Alneamah .l
([27] Adul dpdalaal) Aalall A6l e oty day)  Joall Adlialy ellhg candll Ol Janall Jyil) Jalal

.:\.u}_)dd\ :\:\LM\ allaldl &_\:\S_)S (25) V’EJ d}d,a

Ingredients Phr’
NBR 100
Polyimide 0,25, 50, 100
Zine oxide 5
stearic acid 2
TMQ 2
MBTS 1.5
TMTD 0.5
Sulfor 1.5
Carbon black(N320) 40
Castor o1l 10

Saelndl) (Sl (lall sl Sleay (TGA) 050 @lall dilaill Slea aladinly Al
dayds Aysie Aapd 368 L 360 (e iyl 38 clSally bllaall badie lay ) 5all 4 of (DMTA)

x

s dan 11.6 N -5 e ey 8 Tg
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\HNBR g ugl) Ja Al
Slo Jlaall sasie 4yl Sl il 86 duly 2010 Hle Zoltan Majory Bla'z Likozar .l
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Materials Amounts {phr?)
Nitrile and hydrogenated nitrile rubber (MBR and HNBR) 100
Cross-linking agent: dicumyl peroxide (DCP)P 15
Filler: multi-walled carbon nanotubes (MWCNT) 30

s Y1 s iy NBR llas (alid i (26) oy Jyasl) Loy

L JaSY) A ity NBR ke (a5 1(26) od; Jsas

AN content (wt%)
00 19.0 285 29.0 330 390 210(H) 340(H) 362(H) 39.0(H)
Hardness (shore, type A) 97 9 87 87 89 87 76 79 80 80
Hardness (IHRD) 99 N )| 87 9 0 84 83 85 83
Elastic modulus at 0.1% elongation 080.8° 90.92 439 LERE 6242 7.8 13.72 2012 246° 16.5°
(MPa) 107420 13150 736 61.17 107.08 12518 1430 22490 27.1b 17.90
Elastic modulus at 100% and 200% = = = - - - - 18- 1509 83
elongation (MPa) = = = = - - - - 129 -
Tenstile strength (MPa) 173 17.2 135 192 204 147 70 210 271 9.6
Elongation at break (%) 17 19 48 71 57 79 81 187 216 125
Permament set (%) 2 1 1 1 1 0 1 1 0 1
Average molecular weight between ¥ 93 174¢ 194° 132 118 572 408° 331 485°
cross-links (g/mal) 57d 219¢ 6631 911d 6768 73 384 310 2554 2651
Cross-link density (x1 0%m3 ) 794.2¢ T136° 396° 340° 53¢ 58.2° 11.1° 16.3° 19.9° 133
1188 Ny 104° 74¢ 103 184¢ 16.6° 208 2581 245
Loss tangent at the glass transition 0.067¢ 03427 0529°  0545° 0497 0535 0591 0633  06%°  0.601°
temperature 0.074f 0.367° 0536 0551 0.4867 0587 0623 0617 0.6841 0.6531
Density (gcm 3) 1131 1.134 1.144 1.126 1.158 1142 1.057 1.102 1.095 1.075
Tear strength (K m ) 41 82 8.1 14 105 112 11 86 112 9.0

ciasyued) Jyill blaes (NBR) Jysill Jalae ¢l v a0l ¢ps0Sl canlil o Auhall oda iy
(27.7 MPa 23 da5lias 981 MPa iy Jaley 97 shore A s5ludll) cdagalay yS JSi (HNBR)
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:SI 69) bl syl St A e 2013 ale Darshan Shah ; Sunil padhiyar Jac il
cclllianl) 486S) Sl ol Lyl Laadll (alsa e Bis(triethoxysilylpropyl)terasulfide)
1297 1Skl nill Sl e (320 Aaslin LY 5,01
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5-1 5-2 5-3 S-4 S-5 5-6
NITRILE 3445 100 100 100 100 100 100
Sulphur 1.5 15 1.5 1.5 1.5 1.5
Zn0 5 5 3 5 5 5
St. ACID 1 1 1 1 1 1
HAF carbon 50 50 50 0 0 0
Silica 0 0 0 30 50 50
DOP 5 5 3 5 5 5
DEG 0 0 0 2 2 2
51-69 0 2 4 0 2 4
SP 1068 4 4 4 4 4 4
MBTS 1.5 1.5 1.5 1.5 1.5 1.5

e

o el B 8oLl e Je i

0.02
0.018
0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

Cua (Al aca Al 3alall £565 (pa LS jall 028 Adlia) Gpualy
LAaslel) dglee 8 aa by lliad JalaS 4 e gal) ALl

dglad) culllal) 8 cilillal G8ES 5 (22) o8y J<al) o

S1 S2

S3 54

55 56

B Crosslink density

mole/ce
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formulation
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Tensile strength Kg/cm2
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7055 100 °C sl sie ala) Llaal) dag3!
Mooney (ML 1+4) (ulda 3y
33+1.0 (%) Jasss JasSY) A
Max 0.5 (Wt) 3laial) 3aLal)
0.97 (g/cm?) el o580
Max 0.7 (Wt) alayh 4
Emulsion, Cold (5-15) (C°) skl By g
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A g 3 gall hua gl
, . . o Al g alga A d g
I DOP & DPG & s ol = il IPPD Faws! L) v .
= - &= S = = Fumed silica |Carbon M330 | Volcanic Tuff
Al Bl | € H,0, CH N, CH..0, 5 CoH M, o Si0, c -
N-isopropyl- N'-
- - Di | Diphenyl . . - \ \ Sl .
Raslhill Anaacl) locty n r_*r!v Stearic Acid Sulfer phenyl-p Zinc Oxide I Dc,m Carbon Black |Voleanic Tuff
phthalate guanidine phenylene- Dioxide
Diamine-
o i ol - gala sl sl g sl i g ey
il 390 2113 284 48 32 226.3 814 - - -
ar/mol
g/cm3 A0 | 0.980-0.986 1.13-1.23 0.94 1.96 1.1 5 - - 0.72-1.57
ada
of Zjuid 231 170 232{15mmHg) 444 166 - - - -
Bl aaa ade AT
oC i) - 145 o 13 ” 1075°C ha - : i
s | AR srlbally Jad vn i1
eladl (Edam | T o A Fdan e rean otes
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A nie Al AL Gjlall das Abpeal (5)lEs (e piben g EL e allly (ga puse -
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LAghlha) ALl ae 3(35) A8, J<A
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gdaladl) Ahlall 2ilaall gl causi 1(31) o) Jsan

(phr) duu Gl gSall
100 NBR Krynac 3370F
0,10,20,30,40,50,75,100 Carbon Black N330 (groupl)
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0,10,30, 50,75 Volcanic tuff (group3)
3 ZnO
2 Stearic acid
10 DOP
1 IPPD
1 DPG
2.5 S (98%)
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o agll Baw alli i oolally Al sale e JolS Al ia gaad) Bl Ggraas Ll
120 °C 5)lall dayn aie Guiladlly cpalil) ddee ) el

Ssil osl —2-3

Anbllad) Al aas o () s At PlA (e Ablladl) Ll clial o gl )5l Gl 2y
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o) g aadl) Gl e Al 3ale Aoty 93 AV Lylas NBR Ll e sl o35l i 0%
5ale 48US Py 5 Lsenal) 4 V5 Ballaall 435S py G (p = pVi+paVa ) el silé e sl
Apeaall Wi Vo 5 a8l

L&) lad) -3-3

A sl ) Aall cdlabeall JWa) ) jlas Cus [34] ASTM D412 dacalsa) 385 23l jlodl) o
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o) Alae VA Lbalaal) AaldY) ol -1
QU3 a5 ecmlsll hsdy o) ha Juds Lingya Tallaall aady ¢ aall Byan ) NBR Lallas i) xie
Aag3ll) 2k gl o ge Adlia) die s ccale JSE 4alitsl ol o)y 30 NM Jlsa s Judll aje a3
hall da)y Gailad Jady 4l 5 ey 60 NM oagas ) Judll aje 8ol ey Gilyg WA dandag
gl Allal) cilig€a (b Alay il gl 050 30-40 Nm agan s Zplallaal) 2Ll palall d8Lal;
O 03] dalladl) bty il pje b daaaly 505 pe Lasas a5 3 AU dilee Tas cAdaiil) o2 yie
pe Adhe maud (bl Gasall daulsy Jsll QlE ) dplladll ddalall Jiy aall ddee ala) Sy
30 s e s 406 5)ha dapo die Ayl sole daws AV Allhad) Gl Gulads gae A il
Glyinie (43 42 A1) &) KA Jaxi .zl alai 3 Gl aje a8 yaiun g il daslieg A8d [ 350
(S Calally Sluad) s candll L) 50 phr g ddalas cullals SO Jidl o5e
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Torque
[Nm]

AV

0.0 24 4.8 7.2 9.6 12.0
Time[min’

S alall e 50 phr s dahlae dhlal Jidll aje Jaie 1(43) &8y JKA
Al 3ale A ANy aadl Asje DA Jll) el dad el 50 (44) 8y IS8 axy

—=— Carbon Black
) —— Fumed Silica
1 —&— Volcanic Tuff
80 |
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Lt
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Filler Loading(phr)

Ganll b aie e dygid) Ll salall ggis das 5k 1(44) B8, J<a)

40 ) s dglalaall Aha) 3 AL Salall A 2bo)) ae il ple ad (il (44) a8y JSEN )
alay ayall alayy @l aay L aldll e Ul Akl As g Glall Cu (Sl Glaag aadll i) phr
iaal) iy Gaall Alee Lygmaa ao beloa ST Al mual Cum a3l a5 Al salal) A
Sl Gl (1e 75 Phr dps e Cadgll ol JS i Aleal) ol 5T aje ) Aalally 4 daladl)
Calall Ll LSl il 75 Phr e ST A pe Aalad) a3l (asss Jal e galall 4 30l Jalail
= mdanally L 5l ssd) sl Carnsy AR 8 i 5305 e adall (il paind ¢ LS

Sl Cliag aadll Cligs A3)lie il




¢Slial) Jallaall A8l sally Ayilylll (alsal) Cipuasi —2
ot Al i (Sliall NBR Krynac 3370F el 4SulSually a5l Galsall (33) o) Jsanll ol
(sSadl) A alally (@erosil 200) Kbl b ((N330) asdll Cla e ddlidse

.NBR Krynac 3370F Ll cialal S0l 4558l (aleal) 1(33) a8, Jsoa

alsl Qg s Jalaa iss Jalaa "
il s | el | sl Aaglie | el opdall | apdd Ne o9l sis B |
i g/em® | g/em’ MPa % (100%) (300%) J )
(Rt | (L) MPa MPa

NBR 107 | 107 | 2.250.71) | 182(67) | 1.36(0.17) 0 050(031) | 53
NBR10C 111 111 4.83(0.45) 366 (25) | 1.42(0.07) | 1.25(0.07) | 1.82(0.25) 35
NBR2(C 1.14 1.15 7.03(2.48) 412(153) | 1.74(0.20) | 1.63(0.14) | 3.08(2.19) 61
NBR3(0C 1.14 1.19 12.58(3.15) | 452(122) | 2.96(0.67) | 2.77(0.45) | 6.31(3.50) 65
NBR4(C 1.19 1.22 19.21(2.99) | 479 (70) | 3.81(0.63) | 3.86(0.41) | 10.06(2.85) 67
NBR50C 121 1.24 20.48(3.45) | 484(148) | 3.58(1.02) | 4.09(0.85) | 9.94(4.05) 75
NBR75C 1.30 131 18.02(5.77) | 274 (68) | 6.79(1.51) | 6.42(3.58) | 6.69(3.05) 85
NBR100C 1.37 1.36 14.08(1.46) | 109 (14) | 13.37 (6) 0 2.51(0.63) 26
NBR10S 111 112 5.02(0.63) 434 (55) | 1.45(0.09) | 1.16(0.10) | 2.43(0.55) 57
NBR2(0S 1.15 117 8.12(1.84) 490 (85) | 2.04(0.17) | 1.68(0.11) | 4.60(1.66) 63
NBR30S 1.19 121 18.05(1.53) | 797 (59) | 2.23(0.10) | 1.90(0.17) | 13.89(1.74) 67
NBR40S 121 1.25 22.12(4.31) | 817(182) | 2.28(0.52) | 2.26(0.45) | 18.76(6.42) 73
NBR5(0S 1.27 1.29 25.40(2.66) | 755(85) | 3.57(1.29) | 3.18(0.70) | 19.88(3.08) 87
NBR75S 1.35 1.37 24.98(4.70) | 478 (60) | 6.07(0.41) | 5.31(0.65) | 16.31(4.82) ]7
NBR10VT 1.25 - 3.62(0.77) | 263 (53) | 1.85(0.36) 0 1.09(0.31) 53
NBR3(OVT 1.15 - 3.28 (0.46) 257 (35) | 1.69(0.23) 0 0.97(0.20) 38
NBR50OVT 1.25 - 3.49 (0.25) | 339 (63) | 1.51(0.16) | 1.05(0.48) | 1.34(0.31) 64
NBR75VT 1.36 - 4.21 (0.60) | 303 (37) | 2.12(0.32) | 1.33(0.75) | 1.45(0.32) 65

NBR C: NBR Carbon

(Standard Deviation).

black, NBR S:NBR Silica, NBR VT:NBR Volcanic tuff, (SD):

LSl Jalaall Lo gil) (59l —1-2
O +(9:5%15.5%0.2 cm? ) djlalad) Ll aaa e (9) sl A DA e ol 35l a2y
.(10,20,30,40,50,75 phr) caull xie 23 salall g 55 CEA) wa esill sl) ki (45) o3y ISl
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X
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a 20 40 &0 80 100

Filler Loading (phr)

Lolaall esil) sl e dysial) AL Sgal) g 535 dp i 1(45) &8 JSal

(S il (Sl ol ([35] padll i) Aysiall AL 50l Ao 5005 e Lasae il 3l alay
Calally Skl by andll Cilaa 3583 (e JS AES (58 ) Dl salal) s qe gosil) M) 80l (35
oaliil) Galudl o3gd el Gisl) i o of (asiys 2NBR Krynac 3370F Lilas 486 (e el
Gl < 1Skl Gl < SIS Calall (S5l e Y1 digaal) ssiue e Dpabudll aae 1S540 bl
sl sl salyy Laadly AL saldll dpds g5 ae osill sl R il ae sy 3ag . anill
gl Lanillys L Jal) esil) asygd Tl ludl iy pndl) lin ae A3jlae SIS0 Calall g Jallaall
bl Gl (3580 AES o] Cum Gialal) Gla (g0 S sy Galsin Jadiy elld (b caadll Gl 1Shul)
Ablad) 3Ll (alid usy 8 e S0 Gl slel et Bajd dllia Laadl) Gl b e S

Aplatl) s Ly atll ail e Lalaasd) e sil) 5ol il (i A8 5 50 ada Al by Glld (I

gy Ay ghall Adllal) Sgall 98 AV Jallaall AlCial) algdd) -3
LAl alsd —1-3

Ay g5t AN bllaall GUlAl) Gaed osiimaleayl Gliaie (46,47,48,49) A8 <y JIKEY) as
sl 2L sald)




= carbon Black(10phr)
—&— Fumed Silica(10phr)
—— VVolcanic Tuff(10phr)

stress(mpa)
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Aggie Al sale 10 phr dus e s o5 = lea)) aia 1(46) o8, JSA
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=7 —&— Y aolcanic Tuff(30phr)

stressimpa
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T
0 100 200 300 400 500 600 TOO 800 500
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Aggie Adlle sale 30 phr 4w xie 00l — aleaY) Jaie 1(47) 8 JS)



= Carbon Black(50phr)
—&— Fumed Silica(50phr)
—&— Y olcanic Tuff(50phr)

stress(mpa)

T T e B i B s m p e e e e ISR B
0 100 200 00 400 500 800 T00 800 900 1000

strain(%)

g Al sale 50 phr da die s 00l — aleaY) Saie 1(48) 8 JS)

—=— Carban Black(75phr)
—&— Fumed Silica(7 5phr)
—i— Y olcanic Tuff(75phr)

stress(mpa)

T T — T T T T T T T
0 50 100 150 200 250 300 350 400 450 500 550 @600
strain(%)

Aggie Adlle sale 75 phr daw die s 00 — algaY) aie 3(49) 8 JS)

) Adaglia o Ayghall Aallal) Salal) dpwig pod il -1-1-3

st Jalaa ¢ oansill opil) 2] Haslia) (Shiall Bladl) cle panal ASlSaall (alsall 45y Al el 4

ASTM D412 :\M\jﬂ\ LBSJ (300%) E) 100% b)ﬁﬁ :\_mu Qe
gl ale gy danst e 28 Raslia i3 (50) oy JSA Jay
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Filler Loading{phr)
(adally bl il cand b)) Aggiall Spal) Lo e 250 Aaglie s A3)lae 1(50) a8y JS)

A5l Aaglia 2% candll Gl A 30l e 4l (50) &8y JSal oy tadl) daglia o aadll cila Ll
Al daslia o say celld 20,50 phr il xie 20.48 MPa dedll ) Juall mualy JSGNBR Ll
LS paey aadll il GBY eaall Dl saly U A (i o oSas Bl sa s Sl s

[35]1 2015 »le Mohammad H.Al-maamori e 2l Al duhal) xe Gaile 1y ¢leiy Jag)ll Lalladll

A (alsal) Gy Kbl i o (50) (85 IS iy ad) Aaglia o bl il Ll
la 5 phr Jaess G aie 2013 Hle o9l KLRajkumar o0 L 1aag ¢ € J<5 NBR Lalaall
b Ll e Adled ST ISl il Ay ) G of L (50) o8y IS8 cpn LS - [36] S
Gy g Ak Aslid) bl 358 ) NBR Ll Zukad ) dlld sgny o oSty [37] pndl) il
chadl ge 56 Sl T Tadan IGL Gl 316 el (il den g Lo Bl ISLU Cla
(NBR Llae 1Sl il Aol sl ol salyy 8 L aaliy Lo 13ag condll il @6N el

Al Gl e NBR Ll £80lSal) sl cppmns ) alsall 038 S (5355

sy o (Sas s G 230 daglie e SIS0 Calall il o) radl) daglia o SIS0 cilal il
(Sl by padll Gl ilis ae Alis o lad) Bpuinay Lo 50S0 dyg Soal) il Sl lly
SN Galll Gl aas b dlee G adgidl ey L lgian gl Lalhad) Judle b Y Jalls

NBR Krynac 3370F Llaall 45 8 4iulled (oo Cpueniios 435 Spe ind ala

Jalhaall o) o) o Ay ghal) Adlal) Balal) Ay dagd il —2-3
NBR .Llball ,uS xie Alin¥) e 200 olgal) 4 il (51) &8 JSa0 i
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il alpall G AN ) die il ol 1(51) o, JA

& 50 phr s (s S0 Calally 11l Gl sl Clia e JS3 23N algall A 30l (0%
Gl A 30l ce ALLY) & faly Gl Jaadlh cclld 2ay ) yie NBR Llladl) 4l 50l
bl s andll Clin GHBA Gpanall sl 30l ) @ (g3 o (Sany [36] 1Skl g andl)
800% (355 o)) e Alind Jalaall o€y SL Cla o Laad iy \giy Japll bl 4 o
candll Gl 1e 500% Nsa Ui o3 3l Laiy colgal) 4] aic ALlS doe gays 530 o S
pands o Ll Gl Jainadl il badavs beas ol 383 danda () ) @lld s gay
Cua [37] 2014 sle 52 Ali Asghar Davoodi g o8 (Al Auhall ae 385 L sy callail) 36S
bl e genally hafiy Silidl Gla e gslall NBR Lladl) & calleail) G865 (mlassl of Isaung
cJaladll b callanll dus Jls5  Jullyy sl Jalse pabaiol agfi A Sl Gl mhas e 339254l
83g0aa (A sl die 4y (g58all NBR Krynac3370Fhtas Allainl ol ¢ S50 calally 3laty Lo
anill Cla (e JS il ge A3l 50 Ay pSall ailis 2l Al 3155 .200-300% Jsall (para

Agpadadl aidlad 40 s0ma s bl il

100% (oo ogdi die figy Jalaa o Ayghall Aillall alal) Ay dahs 150 -3-3
.300%.s

Jalas o (S0 Calally 1Sl i caadl) ) R Sl cans i (53,52) o) (PISA G
NBR Krynac3370F Lkl 2 300% 5 100% (o 05 die sy
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Filler Loading(phr)
el salell A s AV 100% o5 s die aisy Jalaa 1(52) a8, J<A

—=— Carbon Black

T —e— Fumed Silica
—&— YVolcanic Tuff

Filler Loadingiphr)

il salal A L AN 300% 035 dansi die &g Jalea 1(53) a8y JSa)

& 12y Bsale iy ) L) by [35¢38] andll Cla 4ans 3015 (6358 (100% s 055 e
20-80 phr c ISkl il e seaaly (S andl) il (358 300% oansd 0535 ie Ll sy Jolas
Ol ¢S50 Calally (3laty Led .300% o5 G pad ln 100 phr g NBR Liae iy ¥ ¢ua [37]
Caka (30-80 Phr) s xie 300% (susi 055 100% oonsd 0555 die an Cimam gy dale e o)l
el . S8y il (0-30 phr) s dal e 300% o5l Y Jseashl i aaits el o Cam (SIS,
Leiilia G Aol ey ililly ddalaal) Adalall 8 et dalse 5hey AAL salad) a0 3l (o e e
Lol calbias 23S e Lyl Jlaialy 43130 Lpalsig Ll Slasly Zadallaall Jududls




Sl A8l o A 68l Bale Ay dagl 50 —4-3
NBR Krynac3370F Llhall jus) Zila e dysill sale 15 A 5 580 (54) a8, JSal 0
—=— Carbon Black

23 - —&— Fumed 3ilica
—— Volcanic Tuff
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1

Filler Loading(phr)
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bl b A 33 o Jall Sy JUllys condll Gl Ay (3860 Jallaall (& Lgilie e mals JS0
ol OIS ¢ S0 Calall Apuailly . ) 8la 50y 8 50k anliy Les 1€ Lot la g NBR Lilas cuns
SO okl e o N opl) i ) lld dpas Shdl Gy padl) Gl g Al s T
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[36] Saluadl la ([35¢38] andl) b)) ADEN le sanall 8 dyiall R B2l dpusi 2l ie adl iy
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Study and development of Nitrile-Butadiene rubber (NBR)
formulations.

Abstract.

The present research aims at preparing and characterizing of different formulations of
NBR Krynac 3370F rubber with different contents loading amounts of three inorganic
reinforcing fillers: conventional N330 carbon black, new nanometric aerosil 200 silica
and micrometric volcanic tuff scoria. In compounding rubber batches, the content of
various additives (reaction activator; accelerator; plasticizer, anti-oxidant & vulcanizing
agents) were fixed at the optimum known proportions and the reinforcing filler content
has been varied between 10 and 100 phr. The study addressed, firstly, the determination
of appropriate processing conditions for batches and testing samples preparation, and
secondly the investigation of filler nature and content effects on the vulcanized rubber
mechanical properties, namely, tensile strength, tensile elongation at break, Young
modulus, toughness and Shore A hardness based on ASTM D412 and DIN 53505. The
present work showed the feasibility of changing reinforcing fillers content in NBR
Krynac 3370F rubber within large interval enabling varying and improving its
mechanical properties according to the requirement of various applications. The present
work allowed also the comparison of carbon black, fumed Silica and volcanic tuff
effects on NBR Krynac 3370F rubber formulations processing conditions and
mechanical properties.




