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ABSTRACT 

 

The production of rubber bitumen by blending of bitumen with crumb rubber from scrap tires is not just a 
waste treating method, but a possible solution for improving the durability of asphalt pavements 
compared to roads made of conventional bitumen. The following advantages are usually emphasized: 
improved durability, longer life time, lower life cycle / maintenance cost, noise reduction effect, etc. 
The application of rubber bitumen is widely spread in the USA, where the production of the rubber 
bitumen is generally in situ, close to the asphalt mixing plant. 
MOL Hungarian Oil and Gas Plc. together with University of Pannonia developed a new, patented 

production method (WO/2007/068990), which is capable to produce the Chemically Stabilized Rubber 
Bitumen (CSRB) in an oil refinery bitumen modifier units.  
The effect of chemical composition of crumb rubber on CSRB properties was investigated. Its quality 

requirement was elaborated for suitable quality of CSRB. 
CSRB can be transported, stored and applied as the generally used conventional modified bitumens. The 
unfavourable high viscosity of the classic rubber bitumen can be reduced to the level of the general 
produced polymer modified bitumen binders. Settling tendency of undissolved particles is dramatically 

reduced as well. 
Asphalt tests have proved that the performance of CSRB is comparable to high quality polymer modified 
bitumen. Experiences of paving tests using CSRB attract the attention to the fact that the appearance of 
a binder of such quality is required in the future; it significantly supports the sustainability. 
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1. INTRODUCTION 
 

In industrially advanced countries 9 kg of waste tyres are generated yearly counting to a single person [1]. In the United 

States 2-3 billion illegally deposed scrap tyres exist, while the estimate for these historic stockpiles in the European 

Union stands at 5.5 million tons [2]. In Hungary 2.7 million cars are running, and yearly 40-50000 tons of scrap tyres 

are generated [3]. Producing crumb rubbers and blend with bitumens for paving purposes is a possible utilization 

method of scrap tyres.  

Since the beginning of crumb rubber application for road construction and maintenance two groups of processes have 

developed: the dry and the wet process [4, 5]. The dry processes use the technology of adding coarse particles of crumb 

rubber directly into asphalt mix during bitumen and aggregate mixing [4, 5, 6]. During the wet process the crumb 

rubber is reacted with bitumen at elevated temperature and certain duration to obtain improved engineering properties 

[4, 5]. What occurs during wet process is the swelling and partial dissolution of the rubber but, mainly, absorption of the 

oils from bitumen into rubber matrix [5, 7]. The next step of wet process produces chemically modified rubber bitumens 

applying activation method of crumb rubber surface or using special compatibility improver additive [8, 9, 10]. These 

binders are more stable and the crumb rubber acts as an active modification agent in the rubber-bitumen disperse 

system.   

The application of rubber bitumen is most widely spread in the USA, where the production of the rubber modified 

binder is in situ, close to the road construction. Normally the rubber bitumen binder needs to be mixed with aggregates 

within a few hours because of it has ability for phase separation [11]. The benefits of rubber bitumens and pavements 

constructed by their use in Europe are increasingly recognized. For example, in Portugal, in a government order of 2007 

recognized the environmental and quality advantages promoted certification and acceptance of the product [12]. 

 

After the first trials it was quickly proved that the producing rubber bitumen means much more than just a utilization 

method of waste tyres. By using rubber bitumen in pavements it was proved that the quality and durability was 

enhanced compared to roads built with regular bitumen binders [4, 13]. The following advantages are usually 

emphasized regarding the rubber bitumen pavements: longer life, lower life cycle cost, wider utilization temperature 

range, noise reduction effect, less deformation and improved skid resistance, [4, 14, 15, 16, 17, 18]. Rubber bitumen 

production with suitable parameters of wet process can reach, in some properties even better values (e.g. cold cracking 

properties) than that of polymer modified bitumen [19].  

Beside the benefits difficulties have reported in connection with rubber bitumen production and application, like high 

initial cost of rubber bitumen producing unit, recyclability, environmental concerns through emission, modification 

necessity of hot mix asphalt plant, sometimes difficulty in asphalt compaction [15, 20, 21, 22]. From the product quality 

point of view the limitations of rubber bitumen application and reasons of slow spread of this type of binder are as 

follows: 

 application issues due to the generally high viscosity [15] 

 unsuitable storage stability (quick phase separation) [22] 

 impermanent product quality due to the altering quality of crumb rubber [23, 24].  

 

A new production method, called ’improved wet process’, developed by Hungarian Oil and Gas Plc together with 

University of Pannonia [25]. Applying the new process the so called Chemically Stabilized Rubber Bitumen (CSRB) 

can be produced. The elaboration of the crumb rubber quality requirement and the application of ‘improved wet 

process’, it is possible to eliminate or to mitigate significantly the above mentioned issues.  

The main objective of this work was to present the effect of composition of crumb rubber on the rubber bitumen quality. 

Test road construction using of CSRB was also evaluated. Performance comparison of CSRB to the polymer modified 

bitumen and 50/70 penetration grade bitumen is also presented. 

 

2. EXPERIMENTAL SECTION 
2.1 Materials 

 

The bitumens used in this study were the 70/100 penetration grade with a softening point (ring and ball) of 46 °C and 

the 50/70 penetration grade with a softening point (ring and ball) of 51 °C were produced from Russian Export Blend 

crude oil by air-blowing of the vacuum residue.  

For the experiments a wide range of crumb rubbers was applied, derived from passenger car tyres, truck tyres and 

technical waste rubbers, grounded at ambient temperature. The effect of crumb rubber particles’ size could be 

eliminated by using of crumb rubbers with nearly the same size distribution between 0-1.5 mm. The mean particle size 

of the particles, determined by screening, was between 0.5-1.0 mm. Their amount were 75 wt%. 

The rubber analysis was completed according to ASTM-D297-93 standard [26]. Adherent water content, ash content, 

acetone and chloroform extract, polyisoprene content, total rubber polymer content and carbon black content were 

determined (Table 1). 

A multifunctional additive was developed and used for improving the bitumen-rubber compatibility and the storage 

stability [14]. During the process the additive acted as a network forming material and improved the stability in this 

way. Viscosity increasing due to crumb rubber swelling process in the hot bitumen is well known phenomenon [7]. 

Viscosity decreasing effect of the additive is highlighted because of pumpability and applicability of the end product. 
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This agent has a surface active effect which contributes dispersing and dissolving process of agglomerated rubber 

particles in bitumen at the same time.  

 

2.2 Methods and analysis 

 

The improved wet process is able to produce the Chemically Stabilized Rubber Bitumen (CSRB) [25]. Blends of 

bitumen and crumb rubber were prepared by mechanical stirring in a high-shear batch labour mixer using a Silverson 

L4R agitator equipped with Square Hole High Shear Screen. Firstly multifunctional additive was poured than crumb 

rubber particles were slowly added at the initial stages of the mixing process and samples were processed for 60 

minutes at 220 °C with a rotational speed of 400 rpm. The next step was cooling to 200
o
C and than additional mixing 

was used for 30 minutes with the same rotational speed. After the material was mixed, the resulting binder was poured 

into a small can and then investigated.  

The composition of 23 CSRB samples produced with the use of 23 different crumb rubbers were follows: 

 60.0 wt% 70/100 penetration grade bitumen,  

 24.7 wt% 50/70 penetration grade bitumen, 

 15.0 wt% crumb rubber and 

 0.3 wt% multifunctional additive. 

 

Table 1: Composition of crumb rubbers, CR-01 – CR-23 

Crumb 

rubber 

 

 

Composition, wt% Compati-

bility 

factor 

 

Adherent 

water 

content 

Aceton 

extract 

 

Chloro- 

form 

extract 

Ash 

Content 

 

Polyi-

soprene 

content 

Carbon 

black 

content 

Total rubber 

hydrocarbon 

 

CR-01 0.6 10.8 1.1 7.6 26.7 28.1 51.8 1.45 

CR-02 0.7 18.2 0.2 11.4 19.4 22.9 46.6 0.66 

CR-03 0.5 11.7 0.2 5.1 19.0 32.3 50.2 1.13 

CR-04 0.3 11.5 0.7 7.7 24.8 27.0 52.8 1.29 

CR-05 0.6 20.9 0.5 10.5 9.1 30.0 37.5 0.29 

CR-06 0.6 22.9 1.1 12.5 12.4 32.4 30.5 0.35 

CR-07 0.7 26.1 0.8 15.3 6.7 23.4 33.7 0.16 

CR-08 0.4 14.0 0.2 14.0 11.6 22.7 48.7 0.41 

CR-09 0.6 6.6 0.1 5.0 44.1 27.8 59.9 3.80 

CR-10 0.7 7.7 0.1 5.4 31.4 26.1 60.0 2.40 

CR-11 0.2 8.1 1.2 7.1 29.8 27.3 56.1 1.96 

CR-12 0.5 8.9 0.9 6.8 31.7 27.7 55.2 2.02 

CR-13 0.3 10.7 0.3 6.1 26.8 28.3 54.3 1.60 

CR-14 0.5 9.1 0.1 3.3 36.1 29.1 57.9 2.91 

CR-15 0.3 7.1 0.1 4.1 42.8 31.4 57.0 3.82 

CR-16 0.5 8.3 0.2 5.1 33.7 29.7 56.2 2.51 

CR-17 0.4 7.6 0.2 5.4 30.0 28.1 58.3 2.31 

CR-18 0.6 5.6 0.1 7.4 42.7 26.4 59.9 3.28 

CR-19 0.3 8.9 0.1 8.4 31.5 27.3 55.0 1.82 

CR-20 0.4 8.8 1.3 6.5 26.0 27.1 55.9 1.70 

CR-21 0.4 8.9 0.2 11.4 31.5 23.9 55.2 1.55 

CR-22 0.3 11.5 1.2 4.7 29.4 24.2 58.1 1.81 

CR-23 0.3 7.4 0.6 6.8 34.6 26.7 58.2 2.44 

 

Softening point, dynamic viscosity at 135 and 180
o
C were measured according to related standards like as EN 1427 and 

EN 13702-2. Storage stabilities of CSRBs have a great importance because of the intensive settling tendency of 

undissolved particles is one of the main problems of the conventional rubber bitumens. A tube with 2.5 cm diameter and 

20 cm height was filled with CSRB sample, and then it was stored vertically at 180
o
C for 72 hours in an oven according 

to EN13399 standard. Then this tube was cooled in a refrigerator at about -20
o
C. Subsequently, the tube was cut into 

three equal sections. The samples taken from the top and bottom of the tube were used to evaluate storage stability by 

the measurement of the softening points. If the difference between upper and lower part is less than 5.0
o
C, the sample 

can be regarded as having good storage stability according to modified bitumen requirements in Hungary. 
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3. THE EFFECT OF CRUMB RUBBER COMPOSITION ON CSRB 
 

Based on the data it was found that beside the technological parameters and the application of multifunctional additive 

for the production of CSRB a great importance is attributed to the quality of used crumb rubber. According to our 

laboratorial experiments a notable difference in the quality of rubber bitumens produced in the same conditions can be 

noticed even if the size distributions of crumb rubbers were the same. In certain cases intensive phase separation has 

been experienced due to settling rubber particles and any other undissolved particles derived from crumb rubber. In 

these cases softening point’s differences above 10
o
C were experienced between the top and bottom of the samples. In 

other cases, however, only 1-2
o
C differences in softening point could be measured. Therefore crumb rubbers (Table 1.) 

were investigated in detail. 

A strong relationship was observed between the investigated properties of the CSRBs and chemical composition of 

crumb rubbers. Linear or exponential correlations were found between their acetone extract, ash and polyisoprene 

content determined by ASTM D 297-93 method and above mentioned properties of CSRBs. 

It was experienced that the acetone extract and the ash content had a reverse effect on the properties of CSRBs to the 

polyisoprene content. The effect of these rubber components have been also investigated together, therefore the so 

called compatibility factor (cf) has been defined as follows:  

cf= 
ashcontentractacetoneext

contentnepolyisopre


.  

Compatibility factors of crumb rubbers are shown in Table 1. According to the measurements the higher value of 

compatibility factor resulted better storage stability of CSRBs which shown by lower difference in softening points 

(Figure 1a). Exponential relationship was found between storage stability and compatibility factor which correlation 

coefficient was 0.96. Between the softening point and the compatibility factor a linear correlation was observed (Figure 

1b). 
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Figure 1 a-b: Effect of compatibility factor on storage stability (a) and softening point (b). 

 

Similarly, higher compatibility factor (in other words higher polyisoprene content and smaller acetone extract and ash 

content) resulted higher viscosity (Figure 2 a-b).  
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Figure 2 a-b: Effect of compatibility factor on dynamic viscosity measured at 135

o
C (a) and 180

o
C (b). 

 

Suitable storage stability can be achieved without multifunctional additive using only crumb rubbers having the two 

highest value of compatibility factor (CR-09 and CR-15). Although difference in softening points during storage 

a 
 

b 
 

a 
 

b 
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stability investigation achieved the limit value; the measured difference between top and bottom was 5
o
C. It can be 

stated that storage stability was not adequate by using crumb rubber having compatibility factor less than 1.5 (crumb 

rubber samples of CR-01, CR-02, CR-03, CR-04, CR-05, CR-06, CR-07, CR-08). In these cases stability can not be 

improved significantly even if using multifunctional additive in higher content up to 2 wt%. These CSRBs contained so 

high content of undissolved crumb rubber particles and inorganic filler derived from dissolved rubber particles which 

could not be dispersed and stabilized by additive used in the bitumen-rubber system. At the same time the polyisoprene 

content of these crumb rubbers were low therefore only a limited content of polyisoprene could be dissolved by 

bitumen. This is the reason why only a weak elastic network could originate although it would be suitable for stable 

bitumen-rubber system. 

Beside the poor storage stability it was found that these samples had relatively small softening point values compared to 

original bitumen 50/70 (actual crumb rubber samples: CR-02, CR-03, CR-05, CR-06, CR-07, CR-08). The reason is the 

relatively high content of extender oil causing softening effect in the bitumen-rubber system. Viscosity values also 

proved the softening effect compared to CSRB samples containing crumb rubbers having compatibility factor above 

1.5. Summarized it was determined that higher polyisoprene content (least 25 wt%) and compatibility factor (least 1.5 

wt%) can result better quality of CSRB.  

Correlation was not observed between carbon black, total rubber hydrocarbons, chloroform extract of crumb rubbers 

and investigated properties of CSRB. This study does not deal with aging resistance of CSRBs although it has important 

positive effect on it because of carbon black derived from dissolved rubber particles. 

  

4. PLANT PRODUCTION OF CSRB AND USING FOR ASPHALT MIXING AND ROAD CONSTRUCTION  
 

The chemically stabilized rubber bitumen (CSRB) can be produced in the existing bitumen modifier units in the crude 

oil refinery using the newly developed improved wet process together with the multifunctional additive [25]. (Generally 

the conventional production method of rubber bitumen needs special equipments).  

In these plants during the blending process intensive dissolution of the crumb rubber can be achieved in the bitumen, 

and by applying multifunctional additive the phase separation of the disperse system can be minimized. The high 

viscosity of the classic rubber bitumens [27], which causes issues quite often, can be reduced to the level of existing 

polymer modified binders by applying suitable technological parameters.  

Emission problems and potential effects on health of originating gases have emerged in association with rubber bitumen 

production and paving application [20, 21, 28]. Certain measurements proved that concentration of gases emerging in 

asphalt mixing have not exceeded the one during normal asphalt mixing [21, 28]. Other studies, although, have reported 

higher emission rates compared to normal asphalt mixing [20]. It can be stated that the lowest temperature possible is 

recommended for minimizing the emission. However, in most cases it is complicated because of high binder viscosity.  

Contrary to this fact the developed new process uses high temperature in the refinery, which temperature can reach 

220
o
C. Gases emerging during crumb rubber and bitumen blending at high temperature are sucked and treated 

(repealed) by refinery. As a result this environmental issue can be solved by the refinery and does not rise at asphalt 

mixing and paving. The plant production process can be followed up by continuously viscosity measuring. When the 

viscosity is on the required level blending process should be stopped and product pumped to the product tank. 

 

In Hungary and Slovakia several tests wearing courses were constructed using asphalt mixture containing CSRB. 

Crumb rubbers applied for plant production were selected by rubber analytical results presented in Chapter 3. Crumb 

rubbers used for production have compatibility factor between 2.0-2.5 signed by CR-12, CR-17 and CR-23 in Table 1. 

It is important to emphasize that every batch contained 25 tons had very similar performance and properties compared 

to samples prepared in laboratory. Figure 3 a-d presents AC-11 wearing courses paving at four different places in 

Hungary. 
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Figure 3 a-d: Asphalt wearing courses paving with AC-11 mixture containing CSRB 

 

By using the conventional equipments no engineering problems were observed during asphalt mixing, transportation, 

spreading, compaction and rolling. It was also highlighted by the pavers that despite the low ambient temperature (6-

7
o
C) of paving tests section shown in Figure 3c, the asphalt mixture was easy to handle.  

Asphalt mechanical tests were also carried out using CSRB derived from plant production. The aim was to compare the 

performance of asphalt sample containing CSRB with asphalts containing 50/70 penetration grade bitumen and 25/55-

65 polymer modified bitumen separately. Binder properties applied for asphalt tests are shown in Table2. 

 

Table 2: Properties of binder used for asphalt tests 

Property Test Method CSRB  50/70 25/55-65  

Softening Point, 
o
C  EN 1427 59.0 51.0 74.0 

Penetration at 25
o
C, 0.1mm EN 1426 65 58 45 

Fraass breaking point, 
o
C EN 12593 -24 -12 -14 

 

Substantially better performance was observed in all measured parameters on asphalt samples produced with the use of 

CSRB compared to asphalts containing 50/70 neat bitumen (Table 3). It can be concluded that CSRB performed on the 

similar level than that of polymer modified bitumen (Table 3). Measured values of permanent deformation were on the 

same level. Its low temperature performance proved better although fatigue characteristic and water sensitivity was 

slightly weaker than asphalt containing polymer modified binder. 

 

Table 3: Comparison of three AC-11 type of asphalts produced with different binders 

 Requirement 

in Hungary 

CSRB 50/70 25/55-65 

Binder content, wt%  5.1 5.1 5.1 

Water sensitivity (EN 12697-12) 

%100
____

____


specimendryofsterngthTensile

specimenwetofsterngthTensile
 min. 80 93 86 95 

Permanent deformation /Wheel tracking (EN 12697-22) 

Relative deformation, % max. 5.0 1.0 3.6 1.0 

Asphalt cracking* 

Cracking temperature, 
o
C max. -18.0 -31.0 -18.0 -24.8 

Resistance to fatigue (EN 12697-24) 

Εhhmax, (N=10
6
), microstrain to be reported 188 143 201 

* Thermal Stress Restrained Specimen Test (TSRST) [28] 

 

Following the successful plant production together with paving experiences and the favourable asphalt mechanical tests 

CSRB application would be an effective way for road construction and pavement maintenance. Production and 

application of CSRB significantly supports the sustainability because used tyres utilization will be realized avoiding the 

stockpiling and burning of tyres.  

a 
 b 

 

c 
 

d 
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5. SUMMARY 
 

A new rubber bitumen process has been elaborated by which Chemically Stabilized Rubber Bitumen (CSRB) can be 

produced in the crude oil refinery. As a result of this research a quality requirement of crumb rubber was developed to 

determine which type of waste rubbers and crumb rubber can be used for rubber bitumen production having constant 

quality and suitable characteristics, primarily storage stable, suitable viscosity and softening point. It was found that 

higher polyisoprene content (least 25 wt%) and compatibility factor (least 1.5 wt%) of crumb rubber having particle 

size between 0-1.5mm can result suitable quality of CSRB. According to asphalt mechanical test results it can be 

concluded that CSRB performed on the similar level than that of polymer modified bitumen. Hot mix asphalt was 

produced using of CSRB and wearing courses paved in Hungary and Slovakia without any difficulties. In the near 

future further road section will be constructed and other asphalt mixture type will be tested on field to get more 

information about CSRB performance.   

These experiences proved that CSRB means a valuable binder for pavement construction. A binder of such quality may 

promote general use of rubber bitumens for road construction and maintenance and may contribute to the improvement 

of the road systems. 

 

 

6. REFERENCES 
 

[1] Reschner, K.: Scrap Tire Recycling, 2006., http://www.entire-engineering.de/str/Scrap_Tire_Recycling.pdf 

[2] European Tyre and Rubber Manufacturer Association: End of life tyres - valuable resource with growing potential, 

2007, http://www.etrma.org/pdf/ETRMA_ELTs_management_Edition_2007.pdf 

[3] Sinka, G.: The tyre and environmental regulations. Thoughts and Questions, in July 2005, Plastics&Rubber, 42 

(7), 2005 

[4] Zareh, A., Way, G. B.: 35 Years of Asphalt-Rubber Use in Arizona, Proceedings of Asphalt Rubber 2006 

Conference, Palm Springs, California, ISBN: 962-405-091-0, p. 17-37, 2006 

[5] Zanzotto, L., Kennepohl, G. J.: Development of rubber and asphalt binders by depolymerization and 

devulcanization of scrap tires in asphalt, Transportation Research Record, Materials and Construction, Vol. 1530, 

p. 51-58, 1996 

[6] Pinheiro, J., Soares, J.: The effect of crumb rubber and binder-rubber interaction time on the mechanical properties 

of asphalt-rubber mixtures (Dry process), Proceedings Asphalt Rubber 2003 Conference, Brasilia, Brazil, ISBN: 

85-903997-1-0, p. 707-718, 2003 

[7] Gawel, I., Stepkowski R., Czechowski, F.: Molecular interactions between rubber and asphalt, Ind. Eng. Chem. 

Res., 45, 3044-3049, 2006 

[8] US 5762700, Memon, M., Ghulam, M.: Catalytic process for producing free radicals on crumb rubber, 1997 

[9] US 5704971, Memon, M.: Homogeneous crumb rubber modified asphalt, 1998 

[10] Geiger, A., Bíró, Sz., Gergó, P.: Utilization of waste tyres, production and application of crumb rubber modified 

asphalts, Hungarian Chemist Journal, Vol. 63., p. 11-18, 2008 

[11] Shatnawi, S: Asphalt rubber maintenance treatments in California, Proceedings Asphalt Rubber 2003 Conference, 

Brasilia, Brazil, ISBN: 85-903997-1-0, p. 35-48, 2003 

[12] Portugee Government Order: Ministries of the Environment, Planning and Regional Development and of Public 

Works, Transportation and Communitations, Number 4015/2007, January 30, 2007 

[13] Takallou, M. B., Takallou, H. B.: Benefits of Recycling Waste Tires in Rubber Asphalt Paving, Transportation 

Research Record, Vol. 1310, p. 87-92,  ISSN: 0361-1981, 1991  

[14] Carlson, D. D.,  Zhu, H., Xiao, C.: Analysis of traffic noise before and after paving with asphalt-rubber, 

Proceedings Asphalt Rubber 2003 Conference, Brasilia, Brazil, ISBN: 85-903997-1-0, p. 413-428, 2003 

[15] State of California Department of Transportation, Materials Engineering and Testing Services: Aspahlt Rubber 

Usage Guide, 2006  

[16] Choubane, B., Sholar, G. A., Musselman, J. A., Page G. C.: Ten –Year Performance Evaluation of Asphalt-Rubber 

Surface Mixes, Transportation Research Record, Vol.1681, p. 10-18, , ISSN:0361-1981, 1999 

[17] Artamendi, I.,  Khalid, H.: Fracture characteristics of crumb rubber modified asphalt mixtures, 3rd
 Euroasphalt & 

Eurobitume Congress, Vienna, Austria, 12-14 May, 2004 

[18] Malpass, G. A., Khosla, N. P.: Use of Ground Tire Rubber in Asphalt Concrete Pavements - A Design and 

Performance Evaluation, Transportation Research Record, ISSN: 0361-1981, Vol. 1515, p. 11-17, 1995 

[19] Martínez, G., Caicedo, B., González, D., Celis, L.: Performance of a test truck using crumb rubber asphalt and 

other modifiers, Proceedings of Asphalt Rubber 2006 Conference, Palm Springs, California, ISBN: 962-405-091-

0, p. 863-884, 2006 

[20] Burr, G., Tepper, A., Feng, A., Olsen, L., Miller, A.: Crumb-Rubber Modified Asphalt Paving: Occupational 

Exposures and Acute Health Effects, National Institute for Occupational Safety and Health (NIOSH), Health 

Hazard Evaluation Report No. 2001-0536-2864, 2001 

[21] Carlson, D., Zhu, H.: Asphalt-Rubber - An Anchor to Crumb Rubber Markets, Third Joint UNCTAD/IRSG 

Workshop on Rubber and the Environment, International Rubber Forum Veracruz, Mexico, October 7, 1999  

http://trb.metapress.com/content/120399/
http://trb.metapress.com/content/x920665x2301/


 

5th Eurasphalt & Eurobitume Congress, 13-15th June 2012, Istanbul 

[22] Kandhal, P. S.: Quality control requirements for using crumb rubber modified bitumen (CRMB) in bituminous 

mixtures, Journal of the Indian Roads Congress, No. 522,, Vol. 67-1, April-June 2006  

[23] Hicks, R. G., Epps, J. A.: Quality Control for Asphalt Rubber Binders and Mixes, Proceedings, Asphalt Rubber 

2000, Portugal, 13-17, November, 2000. 

[24] Fontes, L., Pereira, P., Pais, J., Triches, G.: Behaviour of Asphalt Rubber Mixtures with Different Crumb Rubber 

and Asphalt Binder Sources, Proceedings of Asphalt Rubber 2006 Conference, Palm Springs, California, ISBN: 

962-405-091-0, p. 619-639, 2006 

[25] WO/2007/068990, Bíró, Sz., Bartha, L., Deák, Gy., Geiger, A.: Chemically stabilized asphalt rubber compositions 

and a mechanochemical method for preparing the same, 2007 

[26] American Society for Testing and Materials (ASTM) standard: ASTM D297-93(2006) Standard Test Methods for 

Rubber Products - Chemical Analysis 

[27] American Society for Testing and Materials (ASTM) standard: D 6114 – 09 Standard Specification for Asphalt-

Rubber Binder 

[28] Gunkel, K.: Evaluation of Exhaust Gas Emissions and Worker Exposure from Asphalt Rubber Binders in Hot Mix 

Asphalt, Wildwood Environmental Engineering Consultants, Inc., Michigan Department of Transportation, March 

1994 

[29] Kanerva, H. K., Vinson, T. S., Zeng H.: SHRP-A-401 Low-Temperature Cracking: Field Validation of the 

Thermal Stress Restrained Specimen Test, Department of Civil Engineering Oregon State University, Strategic 

Highway Research Program National Research Council, Washington DC, 1994 
 


