
2011 International Nuclear Atlantic Conference - INAC 2011 

Belo Horizonte, MG, Brazil, October 24-28, 2011 

ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 

ISBN: 978-85-99141-04-5 

 

EFFECT OF GAMMA IRRADIATION ON SULFUR-CURED 

CHLOROBUTYL RUBBER 

 

Sandra R. Scagliusi, Elisabeth E. L. Cardoso, Lilian S. Ono and Ademar B. Lugão 

 
  Instituto de Pesquisas Energéticas e Nucleares (IPEN / CNEN - SP) 

Av. Professor Lineu Prestes 2242 

05508-000 São Paulo, SP/Brazil 

srscagliusi@ipen.br 

 

 

 

ABSTRACT 

 
Chlorobutyl rubber (CIIR) is similarly manufactured to butyl rubber (IIR). The insertion of chlorine atom in 

isoprene group represents an improvement in its properties, such as: high vulcanizing speed, low permanent 

stress and compatibility with other types of rubber. The presence of reactive chlorine in butyl chlorate allows a 

variety of vulcanizing techniques, being the cure via sulfur, the most conventional. In these compounds carbon-

halogen bonds are weaker than carbon-carbon and carbon-hydrogen bonds, and the main effect of radiation is to 

break the carbon-halogen bond to give an organic free radical. Irradiations of certain alkyl chlorides can bring 

about isomerism in which the location of the halogen atom is changed, the carbon skeleton of molecule 

remaining unaltered. Irradiation of n-butyl chlorides gives high yields of tertiary carbon. The major effect of 

high energy photon, such as gamma rays, in organic polymers is the generation of free radicals, along changes in 

mechanical properties. This work aims to the study of irradiation effect on mechanical properties of a sulfur 

cured chlorobutyl rubber compound, gamma irradiated within 25, 50, 100, 150 e 200 kGy doses range. The 

techniques used in their characterization were: strength – stress analysis and elasticity modulus. Results obtained 

were investigated, demonstrated and discussed. 
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1. INTRODUCTION 

 
 

Chlorobutyl rubber (CIIR) is manufactured similarly to Butyl rubber (IIR) (isobutylene and 

isoprene copolymer) and is obtained from its chlorination, by varying chlorine contents 

within 1.1% to 1.3% range [1], by inserting chlorine in isoprene group. Rubber properties 

show various advantages, such as: high vulcanization speed, low permanent deformation and 

compatibility with other rubbers [2], making feasible the combination between an excellent 

ozone resistance and permeability to gases besides a good thermal stability and elevated 

resistance under oxygen action. It has been used in a lot of applications such as tires spare-

parts (air chambers, tires internal coatings, etc.) and various artifacts (lids, gaskets, etc.) [3]. 

 

Elemental sulfur and organic accelerators are widely used to cross-link butyl rubber for many 

applications. The vulcanization proceeds at the isoprene site with the polysulfidic crosslinks 

attached at allylic positions, displacing the allylic hydrogen. The number of sulfur atoms per 

cross-link is more than one to four [4]. 

 

Compounds used to manufacture rubber products should be provided with high elasticity and 

good mechanical properties and in order to comply with these requirements rubbers are 
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vulcanized into different conditions. Physical properties exhibited by rubber compounds are 

influenced by the acceleration system used to perform their crosslinking. Usually, rubbers are 

crosslinked with sulfur or peroxide systems, at high temperatures, within 150-180°C [5]. 

Sulfur vulcanization reactivity and physical properties are affected by elastomers chemical 

structure and molecular weight [6]. Figure 1 illustrates the main effects of vulcanization on 

use-related properties [7]. 

 

 

 
 

 Figure 1.  Properties versus crosslinks 

 

 

 

Sulfur vulcanization with unsaturated rubbers takes place through complicated radical 

substitution in forms of mono, di, or polysulfide bridges (Fig. 2) and sulfur containing 

intracyclization with polymer molecules. Crosslink density and distribution affect their 

physical properties and the stability under aging process are dependent on accelerator type, 

ratio of accelerator to sulfur, reaction temperature and time [8]. 

 

 

 

 
Figure 2.  Schematic representation showing forms 

of mono, di and polysulphidic linkages 

(predominantly polysulphidic x > 3). 

 

 

 

The irradiation causes effects in vulcanized butyl rubber properties, especially shown in 

mechanical analyses [9]. The major effect of ionizing radiations on butyl rubber is chain 

scission accompanied with a significant reduction in molar mass [10].  The energy transfer 

sulfur 
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from the radiation to the matter does not take place selectively, but the lower the bond 

energy, the faster the bond scission [11]. Radiation chemical behaviors are determined by the 

presence of tertiary butyl chlorides [12] [13]. The isomerizations are attributed to free radical 

chain reactions [14]. 

 

This work aims to show effects of gamma radiation in properties of chlorobutyl rubbers 

vulcanized with sulfur. Compounds were subjected to 25, 50, 100, 150 and 200 kGy radiation 

doses. Irradiation effects in properties of rubber compounds were investigated.  

 

 

 

2. MATERIALS AND METHODS 

 

2.1. Sample Preparation  

 

Chlorobutyl rubber used in this study was clorobutyl Ht 1066 from Exxon Mobil Chemical, 

having as reference commonly formulations in tires and automotive spare-parts industry 

(Table 1). Admixtures were prepared in an open roll-mill (Copê), 40 kg capacity, according 

to ASTM D-3182 [15]. 

 

 

 

Table 1. Formulation of chlorobutyl rubber. 

 

 

 

 

 

 

 

 

 

 

Samples were cured in an electrically heated HIDRAUL-MAQ at 5 MPa pressure and 165
°
C 

temperature to their optimum cure times (determined from a rheometer Monsanto R-100).   

 

2.2. Methods        

 

Cure sheets in 11,5 x 11,5 x 0,1 cm³ dimension, 250g total weight, were irradiated in 

Embrarad/CBE, gamma rays Cobalt 60 (
60

Co) in air, at 5 kGy/h rate, within a 25, 50, 100, 

150 and 200 kGy doses range. 

 

For the characterization of triplicate samples, there were assessed following properties, 

before and after radiations: 

Ingredients Sample  

(phr) 

Chlorobutyl Rubber 100 

Zinc Oxide 5 

Stearic  Acid 1 

Magnesium Oxide 0,5 

Naphthenic oil 28 

Carbon Black GPF 660 75 

Sulfur 0,5 

ZBEC 2 
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2.2.1 Rupture tensile 

It is defined as the applied force by initial area unit of a specimen, at the rupture point 

(ASTM D 412) [16]. Tests were accomplished in an EMIC dynamometer; model DL 300, 

300 kN maximum capacity. 

 

 

2.2.2  Elongation or elastic stress 

Generally it is expressed as the percentage between two marks in uniform cross section. 

Ultimate elongation is the elongation at which rupture occurs in the application of continued 

tensile stress (ASTM D 412) [16]. 

 

Tests were accomplished in an EMIC dynamometer, model DL 300, 300 kN maximum 

capacity. 

 

 

2.2.3 Modulus of elasticity 

 

Modulus of elasticity is a measure of how a material or structure will deform and strain when 

placed under stress. This property is often determined in a laboratory, using an experimental 

technique known as tensile testing, which is usually conducted on a sample with specific 

shape and dimensions.  

Tests were accomplished in an EMIC dynamometer; model DL 300, 300 kN maximum 

capacity. 

 

2.2.4 Hardness 

Hardness numerical indexes represent the deepness of penetration or adequate arbitrary 

values, derived from ASTM D 2240 [17]. Hardness is one of the properties the most 

evaluated in rubbers, being the Shore A, Instrutemp, portable digital model Dp-100 the 

durometer used herein. This instrument is provided with a conical needle emerging from the 

apparatus, kept at zero level by means of a spring. 

 

 

2.2.5 Scanning electron microscopy (SEM) 

This analysis aimed to study rubber morphology at different enlargements. It was used a 

PHILIPS XR-30 scanning electron microscope, located in Centro de Ciência e Tecnologia de 

Materiais (CCTM), IPEN-CNEN/SP. All samples were investigated by using enlargements of 

1,000 times. 
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3. RESULTS  

 

Chorobutyl rubber shows a significant degradation under ionizing radiation. The major and 

practically single effect of ionizing radiation on this type of rubber is the chain scission with a 

significant reduction in molar mass. The presence of halogens in butyl rubber induces a 

diminishing in material resistance to radiation action, due to different dissociation energies. 

 

Results for tensile, ultimate elongation (elongation at break) and hardness at different 

radiation doses are presented in Fig. 3 and Fig. 4, respectively. 
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                           Figure 3. Tensile strength and Elongation at break values  

                           for  irradiated and non-irradiated rubber. 

 

 

 

According to Figure 3 it can be concluded that a raise in irradiation dose imparts a significant 

loss in properties of vulcanized compounds; a loss in rupture tensile is proportional to a 

reduction in elongation, indicating a less elastic and more rigid material, once the lower the 

elongation the higher the rigidity.  A sharp decline even at low doses, some of them 

proportional to the applied dose, points at a relatively high flexibility of tridimensional 

network structure, due to the presence of polysulfides (C-S-Sn-C), being “n” value higher 

than one [18].  
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                                  Figure 4. Effects of radiation doses on hardness of                                                     

chorobutyl rubber. 

 

 

Figure 4 shows hardness variation in function of radiation dose, with no significant changes 

in compound hardness when raising radiation dose. It was verified that for doses higher than 

150 kGy takes place a softening in rubber, probably caused by polymeric chain flexibility, 

due to the presence of poli-sulfide bonds. 
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                                 Figure 5. Radiation effects on elasticity modulus 

 

 

Figure 5 shows that the variation in elasticity modulus is proportional to dose, that is, the 

higher the dose the lower the modulus. 

 

It was observed too effects caused by irradiation in rubber morphology, from investigations   

performed by SEM (Scanning Electron Microscopy), within 1,000 times. Micrographies 

obtained are presented in Fig. 6.  
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                               Figure 6. Micrographies for irradiated and non-irradiated 

                               samples (1000 times enlargement). 

 

 

Fig. 6 indicates the occurrence of failures in surface of irradiated samples and a certain 

rugosity caused by irregular dispersion of fillers in mixtures. Fractures and wrinkles in 

material surface for high doses indicate that radiation can damage polymer surface. Fractures 

observed in micrographies give a clue of polymer degradation in function of gamma rays. 

Apparently the application of radiation does not produce morphological modifications in the 

material, but makes it fragile, causing wrinkles on the surface. 

 

 

4. CONCLUSIONS  

 

The highest degradation occurred in chlorobutyl rubber cured with sulfur. For low doses it 

was kept the crosslinking and at high doses occurred degradation. It was observed that for 

doses higher than 100 kGy there was a prejudice in assessed properties  

 

It can be concluded that radiation can change the mechanical properties of rubber by 

destroying the cross-links that keep together rubber molecules. By affecting this cross-

linkage, radiation can change the tensile strength and the hardness of the rubber. 

 

Rubber cured with sulfur when exposed to higher doses of radiation showed a decreasing in 

tensile strength and elongation at break tests results, consequently reducing the distance that 

the rubber can stretch before breaking. Low doses of radiation can just impart a few changes 

in rubber structure. 

 
 
 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

 
 

ACKNOWLEDGMENTS 

 

The authors thank Embrarad/CBE for irradiation process, Pirelli for elastomers, and Basile 

Chemistry for raw materials, Schenectady Chemical’s for resin, IPEN/CNEN-SP and CNPQ 

Process n ° 140175/2010 agencies for financial support.  

 

 

 

REFERENCES 

 

1. M. Morton, Rubber Technology, 2
nd

 Edition, Van Nostrand Reinhold, New York - USA , 

(1989). 

2.  N.  Khairi, Manuale della Gomma, Libreria Universitaria, Tecniche Nuove, Limena-

Itália, (1987). 

3. D.J.T Hill, J.H. O’donnel, M.C.S.  P. J Perera, Pomery, “Determination of Scission and 

Crosslinking in Gamma Irradiated Butyl Rubber”, Radiation Phys. Chem, 40, pp. 127-138 

(1992). 

4.  “Butyl Rubber: Properties and Applications”, 

http://www.iisrp.com/WebPolymers/02ButylRubberIIR.pdf (2009) 

5. G. Marcović, M. M. Cincović, V. Jovanović, S. S.Jovanović, J.B. Simendić, “ The Effect 

of Gamma Radiation on  the Ageing of Sulfur Cured NR/CSM and NBR/CSM  Rubber 

blends Reinforced by Carbon Black,” Chemical Industry & Chemical Engineering 

Quarterly, 15, pp.291-298 (2009).  

6. S. H. Chough, D. H. Chang, “Kinetics of Sulfur Vulcanization of NR, BR, SBR, and Their 

Blends Using a Rheometer and DSC”, Journal of Applied Polymer Science, 61, pp. 449-

454 (1996). 

7. A. Y. Coran, “Chemistry of the vulcanization and protection of elastomers: A review of 

the achievements”, Journal of Applied Polymer Science, 87, pp. 24–30 (2003). 

8. M. Nasiar, G.K. Teh, “The effect of various types of cross-links on the physical 

properties of natural rubber”, Eur. Polym. J., 24, pp. 733-736 (1988). 

9. S. R. Scagliusi, E.C.L. Cardoso, D.F. Parra, L.S.C.E.Lima. A.B Lugão, “Evaluation of   

“Payne Effect” in Radiation-Induced Modification of Chlorobutyl Rubber”. Rad. Phys 

and Chem. In Press (2010). 

10. R.Chandra, V.  Subhash, A. K Verma, “Changes in physical properties and molecular 

structure of butyl rubber during γ radiation”. Polymer, 23,  pp.1457-1460 (1982). 

11.  T. Zaharescu, C. Cazac, S. Jipa, R. Setnescu, “Assessment on Radiochemical Recycling 

of Butyl Rubber”, Nuclear Instruments and Methods in Physics Research Section B: 

Beam Interactions with Materials and Atoms, 185, pp. 360-364 ( 2001). 

12. A. Chapiro, Radiation Chemistry of Polymeric Systems. 1
and

  Ed. Encyclopedia of 

Polymer Science and Engineering, (John Wiley and Sons, Inc). New York- USA (1962). 

13. K. Pielichowski, J. Njuguna, “Thermal degradation of polymeric materials”. Rapra 

Technology Limited. (Shawbury, Shrewsbury, Shropshire, SY4 4NR, UK), 11, pp.31 

(2005). 

14. D.J.T. Hill, .H. O’Donnel,  M.C.S. Perera, P. J Pomery, “High Energy Radiation Effects 

on Halogenated Butyl Rubbers”. Polymer. 36, pp. 4185-4192 (1995). 

http://www.iisrp.com/WebPolymers/02ButylRubberIIR.pdf
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1097-4628
http://www.ingentaconnect.com/content/els/0168583x;jsessionid=81c8obo8co8h0.alice
http://www.ingentaconnect.com/content/els/0168583x;jsessionid=81c8obo8co8h0.alice


INAC 2011, Belo Horizonte, MG, Brazil. 

 

15. ANNUAL BOOK OF ASTM STANDARDS. Standard Practice for Rubber- Materials,  

Equipment, and Procedures for Mixing Standart Compounds and Preparing Standard 

Vulcanized Sheets . v. 09.01, 2008 (ASTM D-3182). 

16. ANNUAL BOOK OF ASTM STANDARDS. Standard Test Methods for Vulcanized 

Rubber and Thermoplastic Rubber and Thermoplastic Elastomers – Tension, v. 09.01, 

1996 (ASTM D-412). 

17. ANNUAL BOOK OF ASTM STANDARDS. Standard Test Method for Rubber 

Property –  Durometer Hardness, v. 09.01, 1996 (ASTM D-2240). 

18. N. Sombatsompop, “Investigation of swelling Behavior of NR vulcanisates”. Polymer 

lastics Technology and Engineering. 37, pp. 19-39 (1998). 


