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Abstract:-

This research is aimed to study the effect addiabBorax on Vulcanization  properties of

Rubber. which is represented by Viscosity , Elastielasticity which is defined as Rheology

where suitable Quantities from Borax powder withdmg level (0,5,10,15,20 pphr) were added
to suitable type of Rubber (styrene- Butadiene Rubblitrile Rubber ,and poly Chloroprene

type (WRT)) and notice the change in Scorch timm dhis perioed time which is limited the

Resistance of Rubber Compounds to Vulcaniztion@ocurrence at Min. point of Viscosity and

Curing time which is Limited the Perioed time f&nding the Vulcaniztion Process and
Occurrence at atopmost point for Viscosity aftediadn of Borax to Rubber Compounds and
which has been check that the addition Boraxdsswvhich is discrease the Viscosity of (SBR
) Rubber and Increase the Viscosity of (NBR) Rubbmed Increase the viscosity of (WRT)

Rubber for point (10pphr)

Key words : Borax ,Scorch time ,Curing time , Curing Curwéiscosity
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LSl Gl Lpazmny ae ligiall Jayy e Jany Gum (50)lS0) 350) Jie (reinforcing fillers)
oS ] ey Gy Jall Gulall Jie (AY) @lpdall N ALYl Ball el Al
[(1992) s
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38 ues Cua (Rheology)obusy) abey &g jeally &sallly digsally dagilll (alsd Lasads
oo (1) A&y JS& ey Alally AL ALY G el e Gl e Ul mlhaad)
o Ay zlay) e)5 (Rheometer) zlaaiy) Slead (Ibf-in)lasss (hsall aje (AL
C bty o L) Adallaal) Aalal) se s Sy 43581 (MiN) g pal) Jalaa (pa:

sodthie JSAI A aagg



Y sl ¥oalaal) Aautigh) aglall puastall Aae

Aagill Aad 0BV Lise g5 (ML)obsll ade J81 L Chaayy ol yue Jalladll L ()5S diaie =)
a3l 55l (e (Scorch Resistance) zlaadyl of (3yadl daglie Cuaas dakiall 53 dg
(Processing Safety Region) » i (ts,;)

¢ &,¥L (Modulus of Elasticity) &5 yal Jaelas led layy zlaty) led chany ) dakaial) Y
oais (O0)iall S5l i Aikaiddl oda Sy ballaall RS Galdll Guals
. [(1981) CM Blow ](Vulcanizing Region)-

Ualsd e Sl (Bsnia (g Ama aalie dil) Ll Al o Caaddl 13 Cangs t duagl) Ciaa
A5l 5 A3 yalls A g3l Aliaially Aadianall Jaldaall & 153y 23Sl

—chlay) delial daled) A5a0 U8 (e Cjen Aediiiuall (asidll sigaly o) slse paen o) )
ad) Jgaadly Zudlall (Dunlop) 38,5 (s saciaal) Clioalsall (385 401 Mgall and L5 Canill
lgiliaalge g Conl 8 Faaiiiunall 05V 2gal) maasy (1)

. [(1989) Dunlop« (2009) sl wlla ¢ (2004) Spe el

[Frederick ASTM D1418 Designation iialsall caws Slef Lkl gl aladis) &5 =Y
. R.Eirich,1978]

Dnlieyy Aeadiud) L) gl I Shsd) ddlaly daalall dalhadl cldaldll apess & -
+(2) a8 dsaad) s Baie Abens

(500gm) (s ciline sl (1kg) daw (Two roll Mill) dpdise sjuae e Jeall (g)a —¢
[(2008) ASTM D15 Zaalsdll crum Cijn banall oda o =5alls caall cllee
dulids (50% 5)°c deall 3)ha da)y et Al Mayyadah ,(1971)Annual Book]
Gilinal) £ 15 aaaly Bale I dn <805 Guilaill AU dia3l) 55idll 5yleand) ) sall A8l
Slasaill Lo Ayl ikl glaily A & dend) duilaie Gl o Jpaal) say
@iva S Al

lelisad & (Master Batch) dlaja (and Sl (4) o) 580 3 dodalladll cillaldl) JLaS) ey -0
Jie daaaiall Asally (MBTS,ETU,Mg0) alsall Mgl dila) g o5 Cum (Batch) dlaye )
oand oy o ey (2) ad) Jetadl 4 LS pasiid) Lalladll ¢ 43 Cass (Sulphur,Zine Oxide)
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Al el i pladl pallad asbles Aauly blas dine JS (e gl
Pla Lhallaall 4inall el val (Monsanto) g5 o« (Oscillating dick Rheometer)
[(1971)Annual (ASTM D1646-68) ialsall Caun dinall dag)) and Jiys & Lail) 5538
On ABlall sy P (e s (Large- Rotor) dsgilll pasd jlea Jleinls  Book]
b die g g Laill) (Ga)y g bad) daci AU Cillagl (3580 an Aag3lll b Jualaldl g jY)
) g gl 5 G el BNl gy o3 (2) 6y JRAD b LSy 0lh Ba A
g5 i PA e oy byl o) allaall dalal) @lgle paas Ll L gandl) 3)ha 4oy Pl
Chlie Gaf Jlaxisly ASTM D2705 dialsell crung dalal) Sl 2l zlaiy) st
Cua.(3)Js&d 4 WSy (Mansanto) gs: (Rheometer) jleall Jala (Oscillating dick )
sl Jery Sleadl Bl diey il Gail 35 Lpmad all AL (e dyn LS s
arll (g8 ad Maj (Cross links) bl Ul gl Al xay pajll ot Ao caiall
<us (Shear Modulus) ahladll Zalall il 4 pal) Jelrae oo Layha cauliciy (Torque)
Glaslea figue  (Rheometer) N Sleas Ladijng (6min) 35l 185°C 3)ha dapn 7Ly
ey o onie K& e (min)zla) Gegs (Ibf-in) - aiall (598 Cm AR aniys a8
g5 uns Aadsalll zlal)) Gliais gl muas (4) a8 JS&lly .(Cure Curve) zla)

il 8 (4A) Ay JSa alasin) 5y ardia) Jalaal

:A58\ial)g gkl

Gl o cypal ) pasd) #50 muag (Se (3) s Jeally (5) o Jedl) Pa e

OSar gLyl pailiad (& sl Ol aags Badiie dlead paliars Sl 3ol Adlia) day Lkalladl)
Obsall ase J8 ad)d AU gl ) Caliae ( Scorch Time) Liimy sdlly (ts)) jss A (e Lgilaadle
el Causi 32 ae (ts;) Ak Cum ¢ (3°) zlal¥) Jsie Jue 22y Lavie 2 (Ibf-in) oyldie W (ML)
bl Ll daesill i 3343 ge (NBR) 3hls ) Gl ts, dad (miaiiy (SBR) akalal dually
D e glgie ol I dea o ) ape JS8s Al G mids (tsy) ded old (WRT)
Laldae ol dudady A5k Cand Clpalsal) e iy (SBR) alae o () sl 35035 a3 o5 (10pphr)
Ols Agysllly Adadl) Chpad gl (e 438 (WRT) Laldas Wl (gl Gl (<1 Apdadl) clyaaddll (0 (NBR)
Chpadl sl ligiall o cdlalall 28l Gileal o dgdadll Glypadall & Glipall n il Q6
(tsy) om ADAall mungy (5) ady JS&llg [ (1981) C M Blow , (1992) 50 oXT] . Ak )
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(Ibf-in) sl aie s DDA (e leale IV (Saib Aag il Gnald yuas Ll LS oall Jaaal) juolia
gl aids Sus (6) ad) JSAN) P (e lgihadle (S lly paShsll Abieaill yuldal) 3045 ae
olie o) e Jan JSAag A3y (SBR) dalaal dilly Jaeadll joalia 3L aa hsall aimy dliaall
oaial & 10pphr Ay 25 dagll Gl (WRT) Lbhe la & W (NBR) Lalaal dully Jeal)
OB Rl b 4] Gyl 5 gl (1) ady Jeal U Taliady <3 L s e odlel ) Gl
il s lealinil (ts;) 4ad 324y Jle aaixi (Processing Safety Region) — dahic ¢ L)
ddhic gLl gl (SBR) Llhe &5 salyy ) ol dale 3ypemy hladl cliaedl ) (Sl
Vulcanizing )g L) ! (WRT)s (NBR) Llae & laxlisils (Processing Safety Region)

Ay yall 324 e Jy 135 (Region

s alalitnuy)

D oble Gl 13 8 calabiny) Jlea) (S

Uais e Jony (SBR) Jie Akl ualls Ayl aall Talladl) g )il I (uSlysall diLs) -
gl ST Ledany Al Leilialse Ao g dualaall cilatiall dag )]

das )l 33L) (Ao Jary (NBR) ie dppsly juadly daadadl) Lallaal) 150 I puS))ll 2] -Y
Gaa Sl e (Sl aliiie Sy

Aol sl e demy (WRT) Jie 45l 5 dpadaill Balaall g5 () (eS) ) sall ALl ) -¥
i) 38 Jie ASulSual) Cliial gall 30l ) (Ao Jany 3550 1 5 (10pphr) sl bsale S
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(1992) ¢ Joasall dasla "lalll ¢ LS cdann Gpie oS @

Al alSiey saall hallaadl 4Sulually dhall galadl 4wy’ (ube e oo
(2004) 4l dnalall/ Hiinale

gl daglia Ay dsballae dge pailad duhyy gl ($dall Cus ule mllae
b Aaala ¢ el Aia pud ¢ il Al (alaall B Addlad) claiiall ABLY Lol

(Y9
lgilialgay Lasiiioeal) A05Y1 Algal) aaf uagy (1) ad) Jgand
[(1989) Dunlop: (2009) (ube glla « (2004) e o]
N Material Properties Value T. Composition
0 metho
d
1-Sp. Gravity 0.95 _
2-volatile matter 75% max D149 Copolymer of
1 | SBRisw 3-Ash 1.0%max D18 styrene
- . (23.5%) and
4-Viacosity 52+3 D155 Biitadiene
ML(1+4)100°c
1-SP.gravity 1.25 _
2-voiatile matter 0.75% max D149
3- ash 1.0% max D18 Copolymer of
4-chlorine content 35 — 40% D161 chloroprene
2 | WRT 5-Viscosity 4645 D155 ~and 2,3-
ML(1+4)100°C dlCthl’q-l ,3-
2-voiatile matte 0.5% max D216 butadiene
3-Ash 1.0% max D18
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4-Nitrogen content

1-Sp.gravity
2-Glass transition (Tg)
NBR

3-Continuous use Temp.

4-Abrasion resistance

1-SP.gravity (typical)

2-iodine adsorption

Carbon
Black

N660

3-Ash content

4-pour density
5-DBP absor.no
1-SP.gravity (typical)
2-zinc oxide content

3-volatile matter at
105ce
4-Manganese content

Zno

5-particle shape

1-SP.gravity
2-iodine value

3-acid value

4-Ash at 550°c
5-volatile matter at
65°c
1-SP.gravity

Stearic acid

2-sulfure content

Insolable 3-oil content

sulfer 4-Ash at 550°c

5-volatile matter at
80°c
1-SP.gravity
2-sulfure content
3- Ash at 550°c
4-volatile matter at
65°c
5-foregen matter
1-Molar Mass
2-SP.gravity
3-Melting Point
4-Boiling Point

™Q

Borax

0.5% max

1.00
-30

100
Excellent

1.8
365 mg/g

0.75% max
425+30 g/L
91+5 ml/100g
5.5
99 min
0.25% max

20mg/kg max

Micron predominan-
tly below
0.85

8gl2/100g

195-213 mgkoH/g

0.1% max
0.5% max

1.57
80+2%
20+2%

0.2% max
0.5% max

1.08
(82-92)°c
0.4% max
0.5%max

0.05% max
381.37
1.73
741¢c
1575°c

D217

D135
D18

D137
D136

D22

D23
D70

D45

D33

D18
D22

D191

D18
D22

D13
D18
D22

Copolymer of
Butadiene and
Acrylonitrile

Carbon black
produced by
the furnace
process

Zinc oxide

Fatty acids of
carbon chain
length
predominantly
c16 to c18

Stabilized
polymeric
isotrope of

sulfer 80% and
naphtenic oil
20%

Poly merised
2,2,4-trimethl-
1,2 dihydroq
uinoline

Na2B407.5H20
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5- Flash Point Non-Flammable -
1-SP.gravity 1.00 - N-(1,3-
2-Melting Point 44-509@ c D17 dimethylbuty!l)
o] 6PPD 3-Ash at 552c 0.3%Max. D18 -
4-Volatile matter at 0.5% Max D22 N-Phenyl-P-
652c D116 Phenylenedia
mine
1- Sp.gravity 0.87-0.89 -
_ 2- Viscosityat 202c 320-480 secs D173 Processing
10 | Process oil 3- Total Suphur 0.5% Max. D184 aid/softener
4- Ash at 552c 0.01 %Max. D18

hlhaal) £9i qun g Ual) Cig iy adiicall blhaal) £ 15 ¢ 53 S8 Abliaal) algall yalha geidasy (2) a8y Jgaad)

Ite Materials Loading level Loading level Loading level
m (pphr) (pphr) (pphr)
1 SBR1502 100 = =
2 NBR - 100 -
3 WRT = = 100
Carbon
4 Black(N660) 50.0 50.0 50.0
Borax(flame
5 Retardant) (0,5,10,15,20) (0,5,10,15,20) (0,5,10,15,20)
Stearic acid
6 (Activator) 1.5 1.0 1.0
Zinc oxide
7 (Activator) 5.0 3.0 5.0
3 I\/Iagr?esmm _ 3 4.0
oxide
MBTS
(Accelerator) L5 .5
ETU
(Accelerator) 0.5
11 Process oil 7.0 8.0 12.0
T™MQ
12 (Antioxidant) 0.4 0.4 0.3
13 6PPD 0.8 0.8 0.7

(Antiozonant)
14 Sulphur 1.5 1.5 -
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Time =15,30,60

Time = 20,40,80

Time =15,30,60

Curing condition min min temp = min temp =
temp = 150c® 150c? 150c?
Cayl) il gy (3) ady Jyaad
Loading | ts2(min)| ts2 Ts2 Torque Torque Torque
ltem Level of for (min) (min) (Ib-in) | (Ib-in) for | (Ib-in) for
Borax (SBR) for for for (SBR)| (NBR) (WRT)
(pphr) (NBR) | (WRT)
1 0.0 1.71 1.95 1.916 32.69 23.24 20.36
2 5.0 1.73 1.43 1.466 26.9 24.61 20.97
3 10.0 1.76 1.42 1.33 26.13 24.71 23.83
4 15.0 1.8 1.41 1.78 22.15 24.8 23.29
S 20.0 1.82 1.39 1.90 20.05 25.1 22.31
Marching g &
— _,_/ Plateal
= ///—"—‘—‘*%ﬁ
1*%"‘\\ i ..
wt ;  Reuvi
é // \\‘ evisior
— t:(90)
>
o SR S
|9 /' Vulcanising
/ Rennn MHR MHP MHM
Processing J o
\———/_‘les 2 ;&
L MTL T i -
Time (min)

. [(1981) CM Blow ] zlaiy! Jlead ahsdll ajeg glady) () Gm ABlall g (1) ad) Jsil)
ML=Min. Torque (Ibf-in), MHA=Max. Torque (lbf-in) at specified time of marching
modulus cure, MHR=Max. Torque (Ibf-in) of reversion cure
MHP=Max. Torque (Ibf-in) of plateau cure
Ts,=time for two (Ibf-in) rise above (ML) used with 32 arc of Max. Torque
t.(90)=time to 90 percent of Max. Torque
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MWV : Minimum WViscosity
tg = Time To Scorch at MV + S

tas : Time To Cure at MWV ¢+ 3AS
at,_ * Gure index = s - 1g
§
e
§ 5 UNITS
, - - T MiIN, VISCOSITY
i -
1
3s -+ =
c ’ 3

TIAeE  (rmims./

[(1971)Annual Book] zbaiy) (1 s da s 5l G daad saill A8Nall i 59 (2) A8 JS)

Mv= Min. Viscosity , t5=Scorch time at (Mv+5)35=Cure time at (Mv+35)
ti= Cure Index at! ti= t35 —t5

(Rheometer) Jlea s (3) A8, Jil)
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. I ‘ 20 30
Time - Min. Time - Min. Time - Min. /

A B C
[(1971)Annual Book ] 4l seill gLty cliniae g5l e 5o (4) o8, IS

A= cure to equilibrium Torque , B= cure to max. Torque with Revision.
C= Cure to no equilibrium to max. Torque , ML=Minimum Torque(lbf-in) ,
MHF=equilibrium Torque(lbf-in) ,MHR=Max. Torque (revering curve)(lbf-in)

MH=highest Torque(lbf-in) , ts,=mints to 2(Ibf-in) rise above ML used with 3%arc,
T90=cure time(90 percent)

\/

T
10 1s

Loading Level of Borax (pphr)
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(pphr) Shysall Aabassll yolaal) 4 ts2 (min) O A s (5) a8 JG

T T
=1 10

Loading Level of Borax (pphr)

OS)sll ALl Aglyanl yualially (Ib-in) ohsall wie o AR s (6) oy JS
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