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Introduction                           

For producing highly effective magnetic polymer 
we should raise the level of magnetic properties in 
addition to improving their work ability [1]. The 
mechanical properties of polymer bonded magnets 
are strongly influenced by the size, shape, type, 
loading, and dispersion of the magnetic filler, as 
well as the matrix properties and the interfacial 
adhesion between the filler and the polymer 
matrix [2-4].

Natural rubber degradation can be caused 
by many factors, such as elevated temperature, 
irradiation, humidity, impurities, mechanical load, 
and chemicals [5-7].

A number of general classes of chemical 
mechanisms are very important in thermal 
decomposition of polymer such as,  a) random 
chain scission, in which chain scissionscission 
occurs at apparently random location in the 
polymer chain, b) end-chain scission, in which 
individual monomer units are successively 
removed at the chain end [8-10]. Tensile testing is 
the main test which can be used for assessing the 
effect of different degrading agents on the polymer 
or polymer-composites.  This is because of the 
simplicity of the test with a uni-axially applied 
load and the determination of several useful 
parameters such as tensile strength, elongation, 
and modulus [11].
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In our previous works, most of the physical 
properties of natural rubber –BaFe12O19 composites 
were characterized in details at different ferrite 
loading (preparation, magnetically, mechanically, 
dynamically, electrically and thermal stability)
[12-15]. Our results reflect good adhesion 
between the ferrite particles and NR matrix, even 
at high ferrite loading.  These singular properties 
of the composites encouraged us to study the 
consistency of the composite under some external 
destructive aging, such as heat resistance and 
radiation. 

 The present manuscript is an attempt to 
understand the thermal stability of the NR- 
BaFe12O19 composites for long aging time. 

Experimental                                                            

Hexagonal barium ferrite BaFe12O19 (BaF) 
phase was prepared by the co-precipitated method 
according to Makled et al. [12]. Powder having 
a coercive force 5 kOe and 65 emu/g saturation 
magnetization with 45–200 µm  particles size 
was selected to mix with smoked rubber sheet 
at various BaF loading up to 120 phr (part per 
hundred rubber) to form rubber ferrite composites 
(RFC). The recipe and mixing procedures were 
reported in a previous work [13].

Scanning electron micrographs (SEM) for 
RFC were obtained from a fractured and polished 
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surface under liquid nitrogen. The polished 
fractured surface was coated with carbon prior 
to the SEM investigation.  The IR analysis was 
per-formed using a PYE spectrophotometer over 
the range 500 - 4000 cm–1.

   Swelling test
 Swelling of the NR-Ferrite vulcanized 

composites   was carried out on a test piece 
weighing about 2 g cut from the compression 
molded RFC samples. The samples were 
immersed in pure toluene at room temperature for 
two days to allow the swelling to reach diffusion 
equilibrium. Then, the test pieces were taken out 
and the adhered liquid was rapidly removed by 
blotting with filter paper [16, 17]. The swelling 
ratio was estimated according to the equation  

where, m0 is the weight of test piece before 
swelling and mt is the weight of the swelling test 
piece after time t of immersion.

The specimens for mechanical measurements 
were prepared by molding the RFC into the thin 
sheets with 2 mm thickness at 150oC under 140 
kg/ cm2 hydraulic pressures. The vulcanization 
was carried out up to the respective cure times of 
the samples. The cure time of maximum torque 
t90was obtained from dynamic tester model ( DMS 
200 SII Seiko)

To measure the thermal ageing , the used 
samples were heated for 15, 30 and 45 days at 80 
°C according to ASTM 572. The aged specimens 
were left at room temperature for at least 10 hr 
before the mechanical properties are tested.

The tensile stress was measured according to 
ASTM D-412, using Shimadzu Tensile System 
(AG-1000D)..The Hardness (shore) of the molded 
samples were tested using Durometer Hardness 
(Asker type a) according to ASTM D-2240. 

Results and Discussion                                               

Figure 1 (a and b) show the ferrite particles 
morphology and its distribution in rubber matrix 
at 120 phr. It is clear that the particles are 
disaggregated and have sharp edges and irregular 
shapes, which may assist good adhesion between 
these types of particles and rubber matrix. In 
Figure 1b, the homogeneous and the broad 
particle distribution can be noticed   also, there 
is no tendency of agglomeration formation or 
percolation at the present RFC,even at high ferrite 
loading. 

Figure 2 a and b, describes the effect of 
aging time on both of tensile strain and stress.
Slightly variation in mechanical parameters is 
observed in the first two weeks, followed by 
a remarkable. After 30 days the composites 
reached the asymptotic values. On the other 
hand, the decrease in stress and strain was more 
drastically at low ferrite content,while at high 
ferrite loading about 60 Phr, the dependence 
of both strain and stress on the ferrite loading 
becomes insensitive by increasing ferrite content 
in a rubber matrix. On the other hand, no increase 
in the mechanical behavior with aging time was 
noticed, which reflects the optimum vulcanization 
of the composites. Normally, by heating rubber 
compounds, two competing reactions generate, 
namely the crosslink formation and chain 
scission. In the present composites only the chain 
scission is initiated at about 15 days. The degree 
of chain scission is manly depends on the amount 
of vulcanized rubber in the composites.  This is 
decreased by increasing filler content in the rubber 
matrix. So the high decrease in the mechanical 
properties was recorded at low ferrite content. 

Tensile modulus Y was also estimated from 
the stress-strain curves for the present samples 
and illustrated in Fig. 3 versus aging time. In 
general Y increases with increasing filler content 
due to the increasing composite hardness, due 
to the addition of hard fillers. But by curing 
the composites tensile models reflects similar 
behaviors as tensile test. It decreases drastically 
after 15 days of aging time and the decreasing 
slow down after 30 days.

 Hardiness (shore) is considered  as one of 
the important factors in polymer degradation [18] 
Because it reflects the degree of the crosslinking 
of polymer composites .Hardness was measured 
for the samples under investigation and illustrated 
in Fig. 4 with different aging time. Shore hardness 
was found to decrease with increasing aging time 
recording about 25% decrease in the composites 
hardness at 45 aging days. 

From the previous discussion, one can notice 
that all the measured mechanical parameters 
reflect high thermal stability of the present  
composites up to 15 days of aging at 80 oC. 

   An attempt was done to clarify the change 
in the mechanical characteristics, stress-strain, 
tensile modulus, and shore hardness with 
increasing aging time for the present composites, 
using FTIR investigation and  swelling test . 
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Fig. 1a. SEM image for barium ferrite  

 Fig. 2a. Effect of Cure time on the Tensile stress  of RFC.

 Fig. 2b. Effect of Cure time on the Tensile strain   of RFC. 

Fig. 1b. SEM image for RFC at 120 phr
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Figure 5 shows the FTIR spectrum for the 
sample with 90 phr as an example at different 
curing time. From this figure, one can notice a 
none-significant change in the position of the 
beaks recorded which reflects the thermal stability 
of the composites. 

The samples swelled due to the penetration of 
toluene solvent in the vulcanized rubber matrix. 
The losses percentage in composite weight 
corresponding to the extracted linear portion of 
the rubber composite, and or the degraded chains 
at different aging times for the present samples are 
illustrated in Fig. 6.  The results demonstrated that, 
thermal degradation occurred in rubber matrix 

due to the aging of RFC composites up to 15 days, 
which appears as a dissolved of rubber matrix in 
the solvent leading to losses in composite weight. 
The weight losses increase after 15 days reaching 
asymptotic values beyond 30 days aging at 80 oC.

The stability of the mechanical properties 
for the present RFC after 30 aging days as seen 
in all figures is an evidence for the stability, 
homogeneity and the optimum preparation 
condition of the composites. Only small amount 
of the rubber chains   were scission in a long 
period of aging time.  

Fig. 3. Effect of Cure time on the tensile  modules of  RFC.

Fig. 4. Effect of Cure time on the Shore hardness of RFC.
 



5

Egypt. J. Phys. 47, No. 1 (2019) 

THERMO-MECHANICAL DEGRADATION FOR HARD BARIUM ...

Fig. 5. Ft-IR for BFC at 90 phr.

Fig. 6. Swelling index percentages of RFC.

Conclusion                                                                          

All the obtained results reflected a high 
thermal stability of the present BaFe12O19- NR 
composites. The composite tensile strength, strain 
at break and Young moduli were influenced by the 
aging time and the volume fraction of ferrite. The 
swelling test indicates the homogeneity and the 
optimum preparation condition of the composites. 
The degradation increased after 15 days, whereas 
a stability of the mechanical properties started 
beyond 30 days of aging.
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الانحلال  الميكانيكي الحراري لمركب حديدات الباريوم عالى المغناطيسية و المطاط الطبيعي
محمود حسنى موسى مقلد

قسم الفيزياء – كلية العلوم – جامعة بنها – مصر

الهدف من هذا العمل هو تقييم الثبات الحراري لمركبات حديدات الباريوم المطاطية الصلبة عند محتوى مختلف 
من جزيئات الفريت. تم اختبار الشد والصلابة والتورم قبل وبعد الشيخوخة لمدة 51 و 03 و 54 يومًا عند 08 
درجة مئوية. أعدت المركبات بواسطة طريقةالخلط الأسطوانية. في هذه الدراسة تمتالمعالجة الحراريةللمركبات 
المفلكنة حتى الوقت المناسب لكل عينة. تشير اشكال الماسح الالكترونى إلى عدم وجود تجميع لجزيئات الفريت 
قبل وبعد المزج مع المطاط. يلاحظ الثبات الحراري للمركبات خلال أول أسبوعين. بعد 51 يومًا من المعالجة 
الحرارية، انخفضت جميع المعاملات الميكانيكية بشكل كبير مع زيادة زمن الشيخوخة حتى 03 يومًا. يعكس 
المثلى  الفلكنة  معاملات  و  حراري  ثبات  التورم  اظهراختبار  للمركبات.  الحراري  الاستقرار   RITF تحليل  

للمركب. بالنسبة لجميع العينات ، ازداد الانحلال الحراري بعد 51 يومًا.


