DOI: 10.22068/JSTC.2018.68455.1350

264 -253 (o0 97 ss e 2 oplesis 5 Sla

o

LU GRSy ele 4y s

“H“}”w so9lis 5 ro}l.c

i http://jstc.iust.ac.ir

$9y ST g9l (p0lgs ¢y o Ll S aly p sy jaolT gl g 9 )50 iy Sigw

P

1 . 2% . 1 .

&b‘)f ‘Qt:....lf oKl s:o.;Ja (ewige ‘ks..;l.:_i))Lf -1
ST (LS oK sy i ¢ lolial =2
m.ghaffari@gu.ac.ir 4918888369 iy 5000 (55 *

oduSer

alio wleMb!

ST ISBR)G 5o ¢y bl S S jgmals’ Sy (255Ty St 5 936 5 5,500 Guliio ,o @S o3l i1 gl anlllas ;s

Ol cd S I8 w050 (20 Ol 5 ez 50 Lises e (DSC) Lolis (ping, (55500 JI (i) 5l o2l L (ZNO) (s,
Sl ol e St a5 aw slo ial)l g 28,5 )15 50T 0500 " e e 5 " Joe 5l eoliiul U oFus g0 e bsual cuns

96/05/12 :.él; o
96/06/26 : i

Julo 5 Oylse 5 S doligl sla g, 5l ol gl el sy oy 2aSTy dolas Sledly 5 led G Jole (jludla olidlysds
GalS 3 5l 90 5 69)0enST I, ol @3B bl Sy (2STy (oles e ole g (s3ldled (5531 o ol gl s S
ol b5 (ol 5 o5dle 910 oL 1y (53, 3T g s il b (g3l 551 j2ter alS Ny, ol ol izt bl o 2
Caols @ bgyye aiily o Gl (pl 0,5 a0l 1) (g5, wunST gl jpax e giludlad el b el 8 bows ee g, %;ii
L oS il (59,081 (55500 (285 5 ++ZN jea> 5l 36 U*M bl 5 el asl G jaa )0 (69 0mST (Faiis b le}:}&“jg

oolawl slo Jowo den a5 slo lis mls Huzed 053 o il o S eled mhe G138l 9059, ST O3 ojlasl als
STy 58, wile o o9 A g iyl ye5 s oo b ool 5 Sl sl e 0 ol Gy o35 il b oo @illad ool

Anled S G |y S5y

Curing Kinetic of micro and nano composites based on styrenine butadiene
rubber contains zinc oxide

Neda Habibit, Mahdi Ghaffari!*, Malihe Hoseynil

1- Faclty of Technical and engineering, Golestan university, Gorgan, Iran
*P.0.B. 491888369 Gorgan, Iran, m.ghaffari@gu.ac.ir

Keywords Abstract

Curing kinetic In the present study, the effect of particle size in micro and nano scale on curing reaction kinetic of Styrene
Zincoxide Butadiene Rubber (SBR)/Zinc oxide (ZnO) composite was investigated using non-isothermal differential
Ezg;’;&ﬁgﬁg scanning calorimetry (DSC) at four heating rate. The experimental results were analyzed by both “model
Vulcanization free” and “model fitting” approaches and curing kinetic triplet, i.e., Pre-exponantioal factor [A], activation

energy [Ea] and reaction orders [n,m] were determined. The results of Ozawa, Kissinger, Borchard and
Daniel modified methods revealed that activation energy and pre-exponantioal factor of the curing reaction
of SBR/ZnO decrease in the presence of nano particles. Meanwhile, these results indicated to more
decrease in activation energy with increasing of nano-ZnO percent. Similarly, the results of isoconversional
method confirmed the activation energy reduction in presesence of ZnO too. This reduction can be
attributed to activation properties and catalytic effect of ZnO in presence of a saturation acid by forming a
complex that exhibited more efficiency with increasing the surface by decreasing the particle size of zinc
oxide. Additionally, a good agreement between experimental data and auto-catalytic model is found for all
heating rates and the models can predict the behaviour of curing reaction of this composite.
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Fig.1 The graph of the temperature conversion factor for the control sample (a), the sample with 0.5 phr ZnO (b), the sample with 1.5 phr ZnO (c) and
the sample with 2.5 phr ZnO (d) at the heating rates of 2.5, 5, 10 and 20 degrees Celsius per minute
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Fig. 2 The plot of the enthalpy variation in terms of heating rate in the
four studied systems
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Fig. 3 Plot of convertion rate vs. convertion for the control sample (a), the sample with 0.5 phr ZnO (b), the sample with 1.5 phr ZnO (c) and the
sample with 2.5 phr ZnO (d) at different heating rates
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Table 2 Kinetic parameters calculated by Ozawa method

InA Ea s
Y m n (kJ/mol) >
22.53 0.29 1.64 103.19 mZnO
21.16 0.24 1.55 97.99 0.5nZn0O
20.01 0.37 1.58 93.47 1.5nZn0O
18.00 0.33 1.30 86.79 2.5nZn0O
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Fig. 6 Kissinger plot for pure sample (a), sample with 0.5 phr ZnO (b), sample with 1.5 phr ZnO (c) and sample with 2.5 phr ZnO (d)
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Table 3 Kinetic parameters calculated by Kissinger method

InA M n Ea s
(s (kd/mol) >
21.90 0.31 1.62 100.77 mZnO
20.53 0.25 1.54 95.54 0.5nZn0O
19.32 0.38 1.56 90.69 1.5nZn0O
16.26 0.36 1.29 80.03 2.5nZn0O

o 2ol sl 5 ©)lzy2 gy 4 0sd dnlie (St slo el )b 4 Jgu
Table4 shows the kinetic parameters calculated by the Borchard and
Daniel methods
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(sh (kJ/mol) "”
2272 0.26 1.64 104.00 mZnO
21.59 0.20 1.60 100.00 0.5nZn0
20.33 0.42 1.68 94.00 1.5nZn0
17.96 0.33 1.30 86.63 2.5nZn0
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Fig. 7 Comparison of experimental results with Ozawa, Kissinger and MBD models for reaction rate in four studied systems
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Fig. 8 Plot of In(do/dt) vs. 1/T for control system (a), sample with 0.5 phr ZnO (b), sample with 1.5 phr ZnO (c) and sample with 2.5 phr ZnO (d)
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Fig. 9 Plot of activation energy vs. convertion for control systems (a), sample with 0.5 phr ZnO (b), sample with 1.5 phr ZnO (c) and sample with 2.5
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Table 5 The values for am and ap related to the order of the maximum
value of the functions y (o) and z (a) for different kinetic models [11]
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