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NBR Llas ali (o (4-1) Jsaal

Copolymer of butadiene
Representative Polymer C4Hg
Symbol NBR
Tensile strength 1.5-25 Mpa
Elongation 350 - 650% at failure
Specific gravity 1
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Polydimethylsiloxane
Representative Polymer y y

(Si0(CH3)2)n
Symbol VMO
Tensile strength 10 Mpa

Elongation

700% at failure

Specific gravity

0.98

2
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Representative Polymer Polybutadiene (C,Hg),
Symbol BR
Tensile strength 15 Mpa
Elongation 500% at failure
Specific gravity 0.93
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ASTM _allall alail) 385 Tallaall Caiocs (7-1) Janl

De'sA;Z:alt\t/lion Common name Chemical Componation

NR Natural 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 Chlorinate(_zl poly (isobutylene-

Rubber isoprene)
BIIR Bromobutyl Brominate(_j poly (isobutylene-
Rubber isoprene)

EPM EP Rubber Poly (ethylene-propylene)

EPDM EPDM Rubber Poly (ethylene-propylene-diene)
CSM Hypalon Chloro-sulfonyl-polyethvelene
CR Neoprene Poly chloroprene

NBR Nitrile Rubber Poly (butadiene-acrylonitrile)

HNBR Hydrogenated Hydrogenated poly (butadiene-

Nitrile Rubber acrylonitrile)

ACM Polyacrylate Poly ethylacrylate

ANM Polyacrylate Poly (ethylacrylate-acrylonitrile)
T Polysulfide Polysulfides

FKM Fluoroetastomer Poly fluoro compounds

FVMQ Fluorosilicone Fluoro-vinyl polysiloxane
MQ Silicone Rubber Poly (dimethylsiloxane)




21

VMQ Silicone Rubber Poly (methylphenyl-siloxane)
PMQ Silicone Rubber Poly (oxydimethyl silylene)
PVMQ Silicone Rubber | Poly (polyoxymethylphenyl-silylene)
AU Urethane Polyester urethane
EU Urethane Polyether urethane
GPO Polyether Poly (propylene oxide-allylglycidyl
ether)
Epichlorohydrin : i
homapolymer Polyepichorohydrin
Epichlorohydrin . : :
ECO copolymer Poly (epichorohydrin-ethylene oxide)

Llhadl ¢ 15 (s paibad (8=1) dsaadl Caus

Llhdl )5 G pailbad (8-1) Jsaal

ASTM Designation IR EPM ACM
9 NR BR SBR | CIIR | EPDM | CSM | CR NBR | HNBR | ANM
30- 40- 4- 30- 40-
Durometer range 40-90 | 40-80 90 40-90 100 95 40-95 | 35-95 90
Tensile Max,psi 4500 3000 3500 | 3000 | 2500 | 4000 | 4000 | 4000 4500 | 2500
Elongation Max% 650 650 600 850 600 500 600 650 650 450
Compression set B B B B-A C-B B B B-A B
Creep B B B C-B C B B B C
Resilience High High Med low Med Low | High I\ﬁg\?v' Med | Med
Abrasion resilience A A C B A A A A C-B
Tear resilience B C B C B B B B D-C
Heat aging at 212°F | C-B C B A B-A B-A B B A A
TroC -102 -62 -73 -65 -17 -43 -26 -32 -24
Weather resistance D-B D D A A A B D A A
Oxidatiion resistance B C A A A A B A A
Ozon resistance NR- NR NR A A A A C A B
solvent resistance
Water A B-A A A B B B-A A D
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Ketones B B B A B-A B C D D D
Chlorohydrocarbons NR NR NR NR NR D D C C B
kerosene NR NR NR NR NR B B A A A
Benzol NR NR NR NR NR C-D | C-D B B C-B
Alcoholes B-A B B B-A B-A A A C-B C-B D
Water glycol B-A B-A B B-A A B B B A C-B
Lubricating oils NR NR NR NR NR B-A | B-C A A A

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

ddhlaal) claiiall qussi B ALA1a) lgal) a2 4-1
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Raw Rubber aall Ll o (1) Jsi

Cun e ll) Lalaal) (py @ JSEN of G (sl asms Ao calilaill J<i) Sl dlee (pay (2) S

i ye Gl da 0 Gua cliall Llaal) e b AN ey daidiie calilaill da g0
hibal) Gal@d Jo A dlee il 3-2

L) alall o 5l e L Lee dibiaall dplalladl) cilatiall aiesl cillee 3 L)y Ty 2SI Caaly

Al Alee 3ayg J Jaladl) Galsa s (1-3) Jl Jeaaldl g 5 hlaal

ZSH Alae 2y U Lallaall (alsa s (1-2) Jsaal)

Un-vulcanized Polymer Vulcanization Vulcanized (Cross linked
Process Polymer)
* Low Viscosity * High Viscosity
* LowModulus Vulcanizing Agent + |+ High Modulus
(static & dynamic) Accelerator + * High Tensile Strength
* Low Tensile Strength Activator  +  LowElongation
* HighElongation Heat / Pressure * High Hardness
* Low Hardness v Low'Set'
* High Compression & Vulcanization * High Resllience
Tension Set > |+ HighAbrasion Resistance
* LowRebound Resilience ' High Flex-Fatigue
* LowAbrasion Resistance + High Elasticity
* Low Flex-Fatigue * Only Swelling
* Low/ No Elasticity (% Swelling depends on
* Dissolves | High Swelling Base Polymer)
In Solvent
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HEHEéHHIHE |'|H2H2
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5.
s CHy 8 C||'|3
i\ XH Hﬁc\ XH J A
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i SH
| CH BT O
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(=(—C—-C—-C—C—C—C—C=0
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Charles gl sk (e 4 21 a2y 6 1906 ale a4 pmall EluesSl) Cile ) padins ol

oY) 56 Oenslager allal Caii€) ¢ua e e 35a5 (550 435Kl Thomas Hancok s Goodyear
Al byl delia gl ol 2 a1 ey, QL A e

O CupS A Gy Jelil) &l 1919 ale b el & (Thiocarbailide ek 1907 .o b
deyu lehlo)Y ddld clejpuddl ST e Loa kel Dithiocarbamates i aslady) ey

AU e jne ysels Judss (4-2) a8y JSal i grs LIS lialy allsil

Year
+— Sulfur vulcanization Vulcanizing
' agent
1850 —
Unaccelerated
vulcanization
1900 - _ Aniline i
g i Thiocarbanilide
Accelerated — Dithiocarbamates
vulcanization *~ Diphenylguanidine __Organic chemical
Acclerators
i i & 2-Mercaptobenzothiazole
\\ 2-Benzothiazolyl disulfide
2-Alkylaminothiobenzothiazoles
1950 — (sulfenamides)
Delayed action |
accelerated I Premature
vulcanization +— N-Cyclohexylthiophthalimide vulcanization
| inhibitor

[2] Laaal
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. okl ey Cald T 3
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iyl Al 2-10 phr
(gadll) g Gaes 1-4 phr
¢ »e 0.5-2 phr

cuyS 0.5-4 phr
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Semi-EV (semiefficient EV (cfficient
Conventional vulcanization vuleanization
Material cure system, phr system, phr system), phr
Natural rubber 100 100 100
N330 Carbon Black 50 50 50
£n0 4 4 4
Stearic acid 1 1 1
APPDY’ I I 1
Sulfar 2.5 1.5 0.15
CBS* 0.5 1 2
T™MTDr 2.5

A5<an 49 5-2
XSgZnSyX 2yl A e IS ¢ psall ae e liial) Sl =Sl e U Jelis 2 cagladl b

RH Lladl) o el 138 Jeliiys (Mie Jgiliisin sl ilallS i de sans) g el (ho 2ida desana : X Cum

: ) Je i)
XS;Zn§; X+ RH ——> X S, R +2ZnS + HS, X

Ca goma eggin sy Wlat Jad RH S5 w Llhe egin ge XS)R assl) S5al) Jeliyg
: Sl Jela

XS,R+RH — RS, ;R +XSH

t D il e S ) Jallaall & clillasll 5,
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CH; G
M CH,— C=EH—?H” —* w CH;-[l.‘—CH-L‘H“'
R 5 ?‘
wi i'; 2 R
e i

M CH,— C=CH~ CH,m

——» M CH,— C—CH—CH.ww
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M CH,—
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R
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|
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OH 0
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Ll maays i) dplal cldlas ) aim,S) s 5F S e cldlail) 360 ek dua rabdlalll o

&V o505 Jsis NBR-EPDM-SBR Llas Jsays s lun ST ey LS ccanill daslin il 5l 35l S
RERRE

(JSTlly A daglin b Lialiaily Talaal) 8 Ll Lsss el Al 3 ¢ Uil oy (ol 2 Judlaad) i) o

Lol )l Gy Ao anliil) 50 (3-2) Jsaad) gy adlil) e il 138 ) xsdall Lllaall Jias

Llaall 19 (oany e aalill 50 (3-2) Jsasl)

Elastomers Effect Of Degradation

Natural Rubber ( NR ) Scission ( Softens )

Poly Isoprene ( IR ) Scission ( Softens )
Polychloroprene ( 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 (IR ) 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 ) Cross linking ( Harden )
Fluorinated Hydrocarbon Rubbers ( FPM ) Cross linking ( Harden )
Polysulfide Rubbers ( T ) Cross linking ( Harden )

Chloro Isobutylene Isoprene Rubber ( CIIR ) Cross linking ( Harden )

aladiall 11-2
Allady 0ysa st gousall Janiti S (e (Aadleall) LU de o 303 Aglallad) ddalal)l 1) Ciliad dse o
toie sana (e g el il (585 ¢ I

s Sl sy o syl 2Ty Galiayll awst Jb 5 cligll aus :(Bale ddae sulsl) Lglae e clia (1

Lanall 2lSY) Qe (a5 Bllad) 8 Slaie Ugba JSG sl (ameall go dagyy 4l 3 Lolasin) <Yl
ol S8 Jalhal) 8 e S dallee deddill
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COMPRESSION
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Flash mold _==is (s

£ - = — & \1.\\
5 i e !
B B2 B .
\\\\ . e s / R

Flush Mold (1-3) J<al
Injection Molding (sl 44480 2-2-3

Cas o Gls IS8 e g Leia ah) Ballly Sley add (g ale U5 SCrEw type audsal Al calts
i) dahiall ) Gl o3 aday g3lall Ji agh s Ailgan) ) ddalaall salall Lgie el ol

ALl ohaad) I anglly i dikial odgs sy 81 i

dash DA (e dysie 4200 250150 Y deai 3 syhadl il e Al 065 ol Al dimall S 50l 2 AS
Lladl ol 1) calall dabiaad) ehal) I daulie cilad dauly o wlsi ) gyin (Nozzle) spwa
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Hopper

Two part spiit mould

Heating elements and cooling coils /

/ T

(lamp
holds
sould

2 shut

V4

Spiral screw

Nozzle
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bottle neck
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e

(ompressed ar

Extruder and die —

as above Mould closes at second
stage to nip end of
tube shut

Mandrel supported
at front end

I Tubular product
Spiral screw of varable eipands as it

diameter leaves die

Faade 3 401 (3-3) J<al)
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Aghlhall ALl il Sa (1-4) Jsaal

NBR 75 50 25

SBR 25 50 75

Stearic Acid 1.5 1.5 1.5
Zinc Oxide 5 5 5
IPPD 1.5 1.5 1.5

DOP Qil 8 8 8
CB-N330 50 50 50
CBS 0.7 0.7 0.7

TMTD 0.5 0.5 0.5

S 1.2 1.2 1.2

P o Aghalhadl 45l 8 ALl Sl o s
: NBRJslll blaa o

;) laalsall 4 INSA GPRO 4855 (e Lisd) e NBR Emuleril 3350 Las alaain)

a3l NBR Lilkas (4-4) Jsal

[4] saaall



s25uall NBR Ll (ailiad (2-4) Jsaall

Property Unit Specification Typical  [Test Method
MN  Max
Mooney viscosity ASTM-D1646
ML 1+4 @ 100C MU 45 55
Cure profile @ 160C * ASTM-D2084
ML rb-in 1.4 1.9
MH fo-in 138 174
ts1 min. 1.6 2.5
t50 min. D 4 3.7
90 min. 7.8 12.0
Total Volatile Matter jwt. So 1.0 ASTM-D5668
Total Ash jwt. So 03 ASTM-D5667
Bound ACN pwt. % 32 34 ASTM-LH-110-2
Specific gravity oricc 0.93 ASTM-D297

: SBR (paligy — i) blhaa @

gl claalsall 8 KHUMO' 3855 (e L) 5558 SBR 1712 Llas alasiul &

a2l SBR Lillas (5-4) J<al

[5] Laaall
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axtiuall SBR ke ailias (3-4) Jsaall

AMNALYSIS ITEMS SPECIFICATION TEST METHOD

Min. Max.

VOLATILE MATTER (%) 0.50 ASTM D5668

ASH CONTENT (%) 0.80 ASTM D5667

OIL CONTENT (%) 25.8 28.8 ASTM D5774

ORGANIC ACID (%) 3.90 5.70

SOAP CONTENT (%) 0.50

BOUND STYRENE (%) 22.5 24.5 ASTM D5775

:It:t:ﬂ:::‘?lzs; viscosiTy, 44.0 54.0 ASTM D1646

COMPOUND MV VISCOSITY, 71.0

ML1+4 at 100°C

;E:ﬂLE STRENGTH, 35" 215 ASTM D3185

ELONGATION, % 35" 500 & D412

300% MODULUS, kgf/onf 35" as 125

((Cupl) ) LiStial 5alal) @

Gsaase a5 Oriental Carbon & Chemicals 4$a oo Liwdl o 505 JSG e € aladinl
5 (80£1%) Ay canS e (gsing 5 Gfilil) ) pa sl BB ad) CaySH (g gumna (slll sl pels
(MAX 0.05 %) 2Ll ssinas (MAX 20£1%) Aoy cuy Je gsing

e

axxiosall Il (6-4) J<al
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StearicAcid &) (aea

Henan Sinowin Chemical Industry Co 4<)é (e Liadl

axdieaall el men (7-4) J<al)

A Clialsall 4l

Specification:
Terms specification
Grade triple pressed(200)  double pressed(400)  single pressed(800)
Appearance  white flake, granular =~ white flake, granular ~ white flake, granular
Iodine value  2.0max 4.0max 8.0max
Sapon value = 206-211 203- 214 193-220
Acid value  205-210 202-212 192-218
Hazen 200max 400max 800max
Titer, . .
Centigrade 54-57 54min 52min
Moisture,%  0.2max 0.2max 0.3max
Inorganic,% 0.001max 0.001max 0.001max




57

Zinc Oxide i}l awusi

Intermediate Chemicals Co. Arabian Zinc Oxide Factor (e il (g25em

paaiaall dlijll st (8-4) Jsa)

[8] Jradll

LA il gall )

el gl sl Gliialse (5-4) Jsaall

Test Parameters

Specifications

Zinc Oxide Content as ZnO (dry basis) | 99.5% Min.
Colour & Appearance White Powder
“olatile Matters on dry basis 0.10% Max.
LOI @850 °C 0.20% Max.
Insoluble in Dil HCI acid 0.040% Max.
Lead Content as Pb 0.05% Max.

Iron Content as Fe

0.005% Max.

Cadmium Content as Cd

0.001% Max.

Total Sulphur Content Nil

Specific Gravity 5.6

Bulk Density (tapped) 0.75 gm/cc
Surface Area (BET) 4 - 6 m?/gm
Residue on 350 mesh (wet Sieving) 0.1%
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Antioxidant IPPD

Taizhou Huangyan Donghai Chemical Co.,Ltd 35 oo Lisd) s

paindll IPPD 50081 aliaa (9-4) J<il)

[9] Jaadll

aaiisal) 5auSY sliae Clivalse (6-4) Jsaal

L lial el )

Exterior

content(%)
Melting point °C (C)
Heating loss% (%)

A | Aearntant [ :.'
AsSh content | %)

-

Grayisn-purple to purple
brown flake or granular

>Ry,

]

2/0C

e
-.|'I Pl
W, L




Plasticizers DOP Oil

Shandong Aojin Chemical Technology Co.Ltd 4Syi ;e Ll Lisa

pxinall DOP (bl eyl (10-4) Js)
[10] Laadl)
LGN ilial o) 41

paiiall () Cuy Cildialse (7-4) Jsaall

Cartificate Of Analy=sis
Superior Inspection
Praject
Standards Result
Furiy, %= e 5 B e
Ackiity
\phthalate rmetar) 0.010 Q.00zyF
<
BAoisture, B 0100 Q&
Cooditor (platinum
cobalt) rumier, 30 12
=
Diensity (20T - i
uf LEA 0.082-0,088 0.0828
(o Tl el y G
Flash Poind, T2 196G o 0 ]
Wil
Resistivity 1.0 5.00
X100, Dkl=




Reinforced filler CB N330

Aditya Birla Group i i o Lid) s

i) (ysnySl gud (11-4) J<a)

[11] sadl
LA bl gall )

paiisall o KU dgud liialse (8-4) Jsaal

PROPERTY Target Tolerance ASTM test method
1. lodine adsorption, gfkg 82 + 6 D 1510
2. Dil absorption number, crm*100g 102 + 6 O 2414
3. Sieve regidue 45 pm (Mo_325), % = 0.05 D 1514
4 Sieve residue 500 pm (Mo _35), % = 0.001 O 1514
5. Heating loss, % = 1.0 O 1509
6. Ash content, 9% =0.7T5 D 1506
7. Pour density, kg/m™ 380 + 25 D 1513
&. Fines content, 2% =7 O 1508
9. pH wvalue T =10 D 1512
10. Sulfur content, % =1.1 D 1619
11. Individual peliet hardness (average of 20}, g =55 D 5230
12. Individual pelist hardness (max of 20), g =90 D 5230
13. Toluene discoloration, % =85 D 1618
14. BET surface area (M5A), m3fg Ta +5 D 6558
15. External surface area [(STSA), m3fg 75 +5 D 6556
16. Tint strength 104 +5 D 3285
;chg:if?:fnoﬁ%%; number of compressed 88 5 D 2403
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Accelerator CBS o
aull wlelsdl 4 Zhengzhou Yaoduo Industrial Development Co.Ltd 4<)é o0 Lindl i

melting point:> 96°C  Density:1.31-1.34

[12] jaadl o
Accelerator TMTD e

Rongcheng Chemical General Factory Co.Ltd 4Syi ¢ Lisdl isa

[13] Jaad

L Clial sall )
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Walue Units
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ABSTRACT

In this research, the preparation of different rubber mixtures of Acrylonitrile
Butadiene (NBR) and Styrene Butadiene (SBR) mixtures were studied for using in
manufacturing membranes of diaphragm pumps which used in pumping different
liquids (water, ink, glue used in the manufacture of cardboard boxes...etc) and the
physic-mechanical and chemical properties of the three rubber mixtures were studied.

Three rubber mixtures containing different ratio of Acrylonitrile Butadiene and
Styrene Butadiene rubber were prepared on the rubber rolling machine, then the
tensile strength and elongation tests were performed and the hardness and swelling
values were determined in different solvents.

The results showed that the life of the membranes manufactured from rubber blends
which containing a higher percentage of Acrylonitrile Butadiene (NBR) is longer
than those manufactured from blends which containing a higher percentage of
Styrene Butadiene (SBR).

The results showed an increase in tensile strength with increasing the ratio of
Acrylonitrile-Butadiene (NBR), and noted the low percentage of elongation at break
gradually with increasing the proportion of Acrylonitrile Butadiene (NBR), as for
the hardness values it has increased in extrusive with increase the percentage of
Acrylonitrile Butadiene (NBR).

The results of the study also showed that the samples swelling in hydraulic oil was
greater compared to each mineral oil, black ink and fuel but it was lower compared to
gasoline.

As for the density, it was higher in those mixtures that contained a higher percentage
of Acrylonitrile Butadiene (NBR).

Keywords: Rubber — Vulcanization — diaphragm pumps - Acrylonitrile Butadiene
(NBR) - Styrene Butadiene (SBR).
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