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Abstract: Silicone RTV-based engineering rubber composite products have been widely used for 

several applications in various fields as a major component such as structure, automotive, and 

medical. In its application, the rubber composite product is placed in an open area that is directly 

exposed to sunlight and rain. It has a significant negative impact on changes in chemical and 

rheological properties, making the product life of rubber composite products shorter. Therefore, in 

this study, changes in the chemical and rheological properties of both isotropic and anisotropic 

magnetorheological elastomer (MRE) treated with accelerated weathering were studied compared 

to untreated specimens with specimens that had been treated. MRE specimens with 40% by weight 

CIP were prepared with no current excitation and another sample were made under 1.5 T of 

magnetic flux density. Each specimen was treated in an accelerated weathering machine Q-Sun Xe-

1 Xenon Test Chamber with a UV light exposure cycle for 102 minutes and 18 minutes of UV light 

combined with water spray for 24 hours followed by a condensation cycle of 4 hours in a dark 

period. Material characterization was carried out using FTIR and Rheometer to determine the 

changes in chemical and rheological properties. The morphological analysis results showed that the 

surface was rough and more cavities occurred after being given weather treatment. Rheometer test 

results showed a decrease in storage modulus in each MRE specimen that had been treated 

compared to untreated MRE specimens. Meanwhile, FTIR testing showed a change in wave peak 

between untreated and treated MRE specimens. Based on overal results, the artificial weather was 

proven to be giving serious impact on silicon RTV based MRE. This finding might be used as 

quantitative consideration for whom designing semi-active devices based on silicon RTV matrix. 

Keywords: magnetorheological, elastomer, magnetorheological elastomer, MRE, weather, 
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1. Introduction 

In its development, rubber products have progressed quite rapidly. One of them is an 

engineered rubber product which has now been widely applied in various engineering fields. This is 

because engineered rubber products have excellent physical properties and durability as well as their 

ability to deform strength. Rubber composites are one of the engineered rubber products that are 

widely applied in various fields such as marine [1], structural, automotive [2, 3], aerospace [4]. Several 

studies have shown that rubber composite products have vital environmental sensitivity compared 

to metal structures, especially in their space sector application. However, on the other hand, 

engineered rubber products such as composites are very susceptible to the conditions of ambient 

temperature, humidity, heat, and chemicals that hit them. In general, the aging of rubber composites 

is caused by chemicals [5, 6], thermal, heat [7, 8], oxidative destructive [9-11], and moisture [12]. These 
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conditions are conditions that depend on the weather. Thus, the weather conditions around rubber 

composite products' application negatively affect their physical properties [13], especially the 

degradation or aging stability of rubber composites. In rubber composites, the aging phenomenon is 

an irreversible process and can significantly change its physical, mechanical, and rheological 

properties [13, 14]. The change in interface adhesion in reinforcement and rubber causes hardening 

of the rubber composite, resulting in embrittlement and reduced rubber life.  

In addition to general rubber products applied in the automotive sector, such as tires or other 

specialty rubber products, rubber composites in the form of sensors, magnetic and electromagnetic 

field protection materials have been proposed in recent decades. For this kind of requirement, a new 

type of rubber composite with non-conventional filler as an integrated active component is required 

[15]. One way that this can be done for this purpose is to prepare a new material with a specific filler 

such as magnetic particles. Magnetorheological elastomers (MRE) are the new generation materials 

that have been widely explored for their excellent flexibility, easy to form, and good sensitivity to 

magnetic fields [15, 16]. However, despite its excellent capabilities, MRE as one of the composite 

materials is still very vulnerable to damage due to the influence from the environment or the 

surrounding weather [17]. It is generally recognized that the mechanical properties and durability of 

MRE are greatly affected by the MRE aging, resulting in damage. One example is the study conducted 

by Kruzelak et al [10], which showed an increase in the cross-link density of magnetic composites 

due to the formation of rubber chain oxidation during oxidative aging. His observations on the 

mechanical properties associated with the rubber magnetic composites' modulus and hardness were 

increased compared to the samples without aging. Thermo-oxidative aging has also been studied in 

MRE samples by Masbowski et al [18]. On MRE samples with fillers of carbonyl iron particles (CIP) 

and carbon black which were treated by being put in a drying oven at 70 ° C for two weeks [19]. The 

result was that the mechanical properties of MRE slightly deteriorated due to the oxidative aging 

process. Other researchers made similar conclusions that tensile strength, tear strength, and hardness 

decreased significantly up to 72% due to an increase in temperature and aging time. This is due to 

molecular configuration changes accompanied by hydrothermal deterioration that causes micro-gaps 

to develop from the matrix and the fill/matrix interface. 

Treatment related to MRE degredation has been carried out in several forms such as thermal 

treatment, but some of these treatments cannot represent weather behavior. It is well known that 

environmental impact during application of MRE based devices cannot be represented by thermal 

only. Moreover, based on previous studies, the rubber composite/MRE studies were limited to 

specific rubber matrices and mainly focused on mechanical properties and cross-linking [20]. 

Intensive studies on MRE resistance based on silicon RTV matrices to natural conditions such as 

sunlight and heat, and rainfall have not received attention [21, 22]. Meanwhile, the application of 

rubber composite products such as MRE is mostly made in open environments that are directly 

exposed to sunlight and rain [23, 24]. Therefore, this article contributes to the effect of weathering 

using an accelerated weathering machine on MRE specimens based on silicon RTV, both isotropic 

and anisotropic types. The novel finding would be realized by examining the rheological properties 

and material deterioration under infrared testing. The main finding could be important for 

researchers or designer which will decide silicon as the MRE matrix. 

2. Materials and Methods  

2.1 Samples Preparation 

In this study, MRE based on silicone RTV consisted of 40% wt% CIPs and silicon RTV as a 

suspending medium was prepared. The preparation sample of MRE is shown in Figure 2.1. 
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Figure 2.1 MRE sample preparation 

The samples were made in both isotropic and anisotropic types using the same equipment. For 

the anisotropic MRE samples, the mixed silicon RTV and CIP were cured under the influence of an 

magnetic flux density of 0.5 T. This flux magnetic value was obtained by applying 1 A DC current. 

To convice the value, before the molding was filled with the mixture, the flux density was measured 

using gauss meter. The MRE sample was stirred conventionally for about 10 minutes at room 

temperature (25 ° C) until it looked homogenous. Then, 1% curing agent, NS 625 B (Nippon Steel) 

was added to the MRE sample that had been stirred before pouring it into the mold. To remove small 

bubbles, the mixtures were palced in vacuum chamber fo degassing purposes [15]. 

2.2 Sample Characterization 

The test method followed the standard test method for rubber deterioration using artificial 

weathering apparatus. This method was conducted in an accelerated weathering machine Q-SUN 

Xe-1 Xenon Test Chamber and ASTM D750. The Q-SUN Xe-1 Xenon Test Chamber is a tabletop 

chamber that reproduces the damage caused by full-spectrum UV light using a single xenon arc lamp 

with optional water spray and chiller. 

As mentioned in ASTM D750, the specimens should have a maximum thickness of 0.75 mm and 

a minimum thickness of 0.60 mm (0.025 in), and the wide of specimens are not critical. Along with 

the ASTM standard thickness, the samples with thickness of 1 mm were also treated for the needs of 

rheology testing which requires minimum thickness of 1 mm. The default exposure shall be 102 min 

light only followed by 18 min light plus either water spray on the front surface or immersion in water. 

The black panel temperature (BPT) for this test is using 63˚C during the dry period of exposure to 

light with relative humidity 60% during this exposure. The irradiance level shall be controlled at 340 

nm. This test shall be running with the cycle in 8 hours of UV exposure in an un-insulated black panel 

with a temperature of 60˚C and followed by condensation cycle in 4 hours dark period with wetting 

un-insulated black panel temperature of 50˚C. The samples obtained were MRE samples that had 

been treated and without treatment for both isotropic and anisotropic samples.  

The prepared sample was then characterized under several testing such as morphology, 

rheology and fourier transform infrared (FTIR). To check the surface of treated and untreated 
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samples, image capture for micrograph analysis using a euromex microscope model "F" range, 

Holland was performed at ten magnification (M10). This enlargement is clear enough to see the 

difference between the treated and untreated samples. Micrograph analysis is carried out on the 

surface of the sample, because during the treatment with an accelerated weathering machine the 

surface of the sample is directly exposed to both UV rays and water. The MRE sample for rheometer 

testing was cut to a diameter of 20 mm. This test was performed using a Rheometer MCR 302 Anton 

Paar Companies machine. The amount of the MRE sample between CIPs and silicon rubber medium 

in this study was based on the weight ratio. The two ingredients were stirred manually at room 

temperature for 10 minutes until homogeneous. After the homogeneous, sample was poured on the 

molding and leveled before clotting. The sample was tested with a rheometer at 25˚C. In addition to 

rheometer testing, FTIR testing is also carried out on samples to determine changes or differences in 

chemical compound between untreated and treated MRE samples. The MRE samples to be tested by 

FTIR were crushed until smooth using a mortar stamper and they were mixed thoroughly with 

kalium bromide (KBr). The FTIR testing used Shimadzu Prestige 21 IR, Japan with a wavelength 

specification of 12500-240 cm-1 and an accuracy level of ± 0.125 cm-1. Spectrum resolution on this 

machine ranges from 0.5 - 2 cm-1.  

3. Results and Discussion 

3.1 Micrograph Analysis 

Micrograph studies on the surface of treated and untreated MRE samples are essential for 

analyzing the degree of degradation. Figure 3.1 (a) shows an untreated micrograph sample, and 

Figure 3.1 (b) shows a micrograph sample with weather treatment using an accelerated weathering 

machine. The effects of surface degradation can be observed from these images [25, 26]. The results 

show an apparent difference. 

After treatment of the MRE sample, the surface of the sample was found to be more irregular 

than that of the virgin sample. 

  

(a)           (b) 

Figure 3.1 Micrograph analysis of anisotropic MRE (a) untreated (1.5 T) and (b) treated (1.5 T) 

On the other hand, the change in roughness of the treated samples looks obviously, even using 

a regular microscope. Surface defects is possibly due to the evolution of low molecular degradation 

products, allow the penetration of water and possible decomposing agents (e.g, enzymes) into the 

bulk of the polymer and facilitate further environmental degradation. This phenomenon was also 

found by other researcher which tested MRE with thermal aging [27]. 

3.2 Rheological Properties 

The storage modulus of all samples with and without weather treatment is depicted in Figure 

3.2. As shown in Figure 3.2 it is clear that the storage modulus at each MRE sample flow strength, 
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both anisotropic and isotropic, has decreased. In Figure 3.2 (c) the treated anisotropic MRE sample 

shows a storage modulus value that is almost the same as the storage modulus of an isotropic MRE 

sample without treatment. This indicates that weather treatment can damage the particle chains' 

arrangement that occurs in anisotropic MRE samples [28-31]. The breakdown of the particle chain 

arrangement occurred in all anisotropic MRE specimens and brought all storage modulus values 

close to the storage modulus of the isotropic MRE samples.   

Figure 3.2 shows that the anisotropic MRE sample without treatment has a peak storage 

modulus value of 1.9 MPa at the current input of 4 A. Simultaneously, the peak storage modulus 

value of the anisotropic MRE sample treated at the same current input (4 A) is 0.37 MPa. 

 

(a) 

 

(b) 
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(c) 

Figure 3.2 Result of rheometer characterization (a) anisotropic; (b) isotropic; and (c) comparison of 

anisotropic and isotropic under ramp frequency test 

This shows that the storage modulus value has decreased by 80.5% due to the influence of 

weather (exposure to UV rays and water spraying), which is carried out in a cycle. A decrease in the 

storage modulus value occurred in all current input in the rheometer test. The decrease in the storage 

modulus value with currents of 0, 1, 2, and 3 Amperes was 66.67%, 78.9%, 85.2%, and 80.5%, 

respectively. This reduction is very significant compared to the isotropic MRE sample, as shown in 

Figure 3.3. This is because the anisotropic MRE sample has a high storage modulus value due to the 

arrangement of the particle chains formed due to the input of electric current given during the curing 

process of making MRE samples. 

Figure 3.3 shows the results of the isotropic MRE sample rheometer test treated and untreated. 

The peak value of storage modulus to isotropic MRE without treatment only reaches 0.37 MPa at 4 A 

current input when testing. This value is almost the same as the storage modulus value of the 

anisotropic MRE sample treated. Meanwhile, the isotropic treated MRE sample's storage modulus 

value only reached a peak value of 0.28 MPa. This shows a decrease in the value of the isotropic MRE 

sample's storage modulus at the 4 A current input is 24.3%. This reduction value is not comparable 

to the anisotropic MRE sample, which achieved a mean reduction of up to 78.3%. This occurs because 

the arrangement of the particle chains in the isotropic MRE sample is irregular, so that the weather 

treatment given to the sample does not damage the arrangement but only makes its rheological 

properties degraded [32, 33]. 
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Figure 3.3 Results of the isotropic MRE sample rheometer test for treated and untreated 

3.3 FTIR Testing 

FTIR testing that has been carried out on the test samples produces data in the form of a graph 

of wavelength (cm1) vs % Transmission, as shown in Figure 3.4. The graph shows the existence of a 

transmission in the form of a peak to be interpreted. The interpretation results show the bonds formed 

in the test specimens due to weathering treatment with the accelerated weathering machine and the 

specimens without treatment. 

 

Fig. 3.4 FTIR result characterization 

The functional groups of the sample were elucidated with Fourier Transformation Infrared 

(FTIR) spectroscopy and the result is presented in Figure 3.4. The peak at around 2958 and 1260 cm-

1 attributed to stretching and bending vibration of Si-(CH3)2 [34]. Meanwhile, two absorption band 

at 1090 and 1018 cm-1 assigned to characteristic of silicone rubber for -Si-CH2-CH3 [35]. Then, the 

peak at around 800 cm-1 corresponds to silanol groups that could be deconvoluted to three peaks as 

illustrated in Figure 3.6 using equation 1. The peaks at 795, 800 and 810 are Si-O-Si, terminal Si-OH 

and unbonded Si-O [36]. FTIR deconvolution is a method to estimate quantitative interaction in a 

certain functional group [37]. The intensity of the bond formation in each specimen looks the same. 

However, there is a difference at a wavelength of 3451 cm-1, the untreated specimens show the 

formation of a peak with a reasonably comprehensive intensity, compared to specimens treated both 

for anisotropic specimens and isotropic specimens. There was almost no peak appearance in the 
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treated specimens, as shown in the results of the treated anisotropic specimens. This indicates that 

the OH group formed before the specimen was treated faded due to the influence of UV exposure. 

Of all tested MRE specimens, no absorption was found at 560-570 cm-1 which should be the iron 

oxide or Fe-O absorption region [38, 39]. This behavior is called a Binder bond [40]. The binder bond 

occurs due to the neutralization of the carbonyl charge so that it cannot interact with infrared 

wavelengths. Then, by using deconvolution method, the Gaussian peak area is presented in Figure 

3.5 The peak area of treated sample shows decreasing trends may be due to detaching of the iron 

filler from silicon rubber. Finally, it is also evidenced that the iron carbonyl as a filler has no chemical 

interaction with silicon rubber as a result of rubber coated the iron filler as also reported in another 

reference [41]. 

Y= 
𝐴

𝑤
 √

4 ln 2

𝜋
 

1

4 ln 2

 (𝑥−𝑥𝑐)2

𝑤2          (1) 

Where A and w are area and fullwidth of the graph, respectively with xc as the center. 

 

Figure 3.5 Gaussian peak area at 800 cm-1 
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Figure 3.6 FTIR deconvolution of peak 800 cm-1 

5. Conclusions 

MRE sample characterization of both treated and untreated has been carried out to determine 

the quantitative impact of artificial environment on their performance degradation. The 

characterization test results with the analysis micrograph showed a significant difference between 

the samples given treatment and the samples without treatment. Degradation of the treated sample 

is evident in the samples increased roughness and the sample particle arrangement's irregularity on 

the surface. The results of the characterization test using rheology showed a very significant 

reduction in storage modulus. This decrease occurred up to 80.5%. This occurs due to the aging of 

the samples treated using an accelerated weathering machine. Exposure to UV light and continuous 
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and repeated spraying of water on the sample is indicated to accelerate the sample aging process. 

This process occurs by breaking the chain of particle bonds arranged in the MRE sample so that the 

MRE particle chain formed in the anisotropic sample is damaged and becomes like an isotropic 

sample. In FTIR testing, each sample does not have much difference. All samples show the 

appearance of a peak at the same wavelength with almost the same intensity. Nevertheless, what 

distinguishes it is at a wavelength of 3451 cm-1, the intensity of the untreated sample in forming OH 

groups is very low, even in anisotropic samples, it hardly forms a peak at that wavelength. Thus, 

based on the results of the MRE characterization by being given weather treatment using an 

accelerated weathering machine and without treatment, the samples' aging was faster so that a 

decrease in sample performance occurs. Exposure to UV light and spraying water greatly affected 

MRE's performance, which is widely applied in open environments. This decrease in performance 

was evident in the rheological characterization test, which showed that the sample's storage modulus 

decreased significantly compared to untreated virgin samples. It is a new challenge for developing 

research in the field of advanced materials, magnetorheological elastomers in particular. 
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Appendix A 

The appendix is an optional section that can contain details and data supplemental to the main 

text. For example, explanations of experimental details that would disrupt the flow of the main text, 

but nonetheless remain crucial to understanding and reproducing the research shown; figures of 

replicates for experiments of which representative data is shown in the main text can be added here 

if brief, or as Supplementary data. Mathematical proofs of results not central to the paper can be 

added as an appendix. 

Appendix B 

All appendix sections must be cited in the main text. In the appendixes, Figures, Tables, etc. 

should be labeled starting with ‘A’, e.g., Figure A1, Figure A2, etc.  
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