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ABSTRACT. As the price of asphalt binder continues to rise, state agencies are looking for 

sustainable ways to reduce the cost of asphalt pavements without compromising performance. 

One such alternative is the use of crumb rubber, derived from waste tires, in binders of 

asphalt mixtures.  Blending virgin asphalt binder with ambient or cryogenic ground crumb 

rubbers along with additional modifiers to produce sustainable asphalt mixtures was studied. 

The modifiers evaluated include E-rubber (free flowing rubber pellets), SBS, sulfur, and R-

polymer (reactive polymer polyolefin blend coated micronized rubber particles). 

Thermogravimetric analysis was used to determine the natural rubber to synthetic rubber 

ratio in the ground tire rubbers. Gel permeation chromatography was used to investigate the 

molecular structure and changes occurring in the asphalt binder on blending with 

rubber/modifier. Scanning electron microscopy was used to examine the physical nature of 

the binder blends. All of the binder blends were evaluated using the multiple stress creep 

recovery test. Mixtures prepared from modified binders were characterized using semi-

circular bend (SCB) test at intermediate temperature and Hamburg wheel-tracking (LWT) 

test. Correlation of physical properties of crumb rubber modified asphalt binder with 

apparent molecular weight of binder components was examined. Asphalt mixtures containing 

ambient or cryogenic ground crumb rubber additives did not exhibit improved mixture 

intermediate temperature cracking performance as compared to conventional mixture as 

measured by SCB test Jc value.  Addition of elastomeric high molecular weight polymer 

additives improved MSCR test results of binder blends when compared to rubber blends with 

no additional polymer additives.  Addition of E-rubber or R-polymer to the asphalt binder 

improved SCB intermediate temperature test results of the corresponding mixtures. It was 

noted that the presence of high molecular weight elastomeric species in asphalt binder blends 

is necessary to obtain acceptable intermediate temperature cracking performance.  Presence 

of crumb rubber in asphalt binder contributed to the increase in percent high molecular 

weight species that provided an enhanced mixture rut resistance. 
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1.0 Introduction 

1.1 Background 

Today, modification of asphalt binder is a common practice to improve physical 

properties and performance. Modification of asphalt binder decreases temperature 

susceptibility enabling asphalt to withstand more load and more severe 

environments (Bahia, 1995). Primarily styrene-butadiene polymers, styrene-

butadiene rubber (SBR), styrene-butadiene block copolymers (SB) and styrene-

butadiene-styrene block copolymers (SBS), have been used to modify asphalt binder 

to improve pavements in the United States for more than four decades.  It is 

estimated that styrene-butadiene polymers account for over 90% of the polymers 

used in asphalt binder in the United States (Baumgardner et al., 2014). 

Use of synthetic polymers is limited by cost and commercial availability, with 

recent shortages in supply and increased costs prompting use of alternative 

modifiers.  Blending ground tire rubber (crumb rubber, CR) with asphalt binder is an 

economical and environmentally friendly method of recycling waste tires while 

improving the asphalt’s physical and mechanical properties (Bahia and Davies, 

1994; Billiter et al., 1997; Heitzman, 1992). Waste tires are generated by all types of 

vehicles; the number of waste tires is increasing as the population grows. Disposal 

of waste tires in an environmentally friendly manner has led to the search for 

meaningful ways to use these tires. Incorporation of recycled tire rubber in asphalt 

pavement is a promising application, which eliminates landfilling of solid waste. 

The resultant asphalt concrete exhibits increased skid resistance under icy 

conditions, improved flexibility and crack resistance, and reduced traffic noise 

(LoPresti, 2013). Blending natural rubber with asphalt binder was practiced as early 

as 1843.  During the 1960s, researchers and road engineers started blending crumb 

rubber with asphalt binder (for pavement applications) to reduce the environmental 

burden of their disposal. McQuillen et al. (1988) reported a life-cycle economic 

analysis that showed that a rubber modified asphalt mix is more cost effective than a 

conventional mix. In the early 1990s the Federal Highway Administration (FHWA) 

identified crumb rubber, obtained from waste tires, as a priority additive for use in 

highway pavements (Albritton et al., 1999).   

Using eight different CR incorporation processes, eight crumb asphalt pavements 

were constructed in five state highway projects in Louisiana (Cooper Jr. et al., 

2007). The pavement sections constructed with crumb asphalt mixtures yielded an 

overall better performance than the corresponding control sections after five years of 

412



Crumb Rubber Modifications on Binder and Mix Properties 

trafficking.  These results confirm that crumb rubber is a cost-effective additive, 

which can produce improved paving material while reducing environmental 

pollution.  

The interaction between the rubber particles and asphalt binder is dependent on 

CR loading levels and the CR physical characteristics, such as particle size and 

distribution. The processing conditions, such as temperature and reaction time, are 

critical parameters (Bahia and Davies, 1995; Huang 2008; Huang and Pauli 2008).  

CR production methods, viz., ambient vs. cryogenic grinding, and particle size 

impact the asphalt binder properties. The techniques used to blend CR with asphalt 

binder viz. wet vs. dry, and field viz. terminal blending have been investigated 

extensively (Bahia and Davies, 1995; Baumgardner and Anderson, 2008; 

Baumgardner et al., 2012; Heitzman, 1992; Huang 2008; Lee et al., 2008; Shen and 

Amirkhanian, 2009).   

Ambient grinding of scrap tires typically produces irregularly shaped torn rubber 

particles with relatively large surface areas, which promote interaction with the 

liquid asphalt binder.  In contrast, cryogenic grinding uses liquid nitrogen to freeze 

the scrap tire before it is shattered with a hammer mill. The resultant smooth rubber 

particles have a lower surface area than ambient ground crumb rubber.  During the 

wet blending of CR with asphalt, the CR absorbs components of the asphalt binder 

and swells as the mixture is heated at 165°C for 45 minutes to an hour to maximize 

the mix viscosity. This technique, called the “wet process,” yields a rubber modified 

binder that captures the positive engineering properties of both the base asphalt 

binder and the crumb rubber additive.  It was also reported that CR modifies an 

asphalt binder’s resistance to oxidation (Bahia and Davies, 1994).  Decomposition 

and depolymerization may occur if the mixing temperature exceeds 175°C. 

Ghavibazoo et al. (2013) have studied the interaction and dissolution of CR in 

asphalt using thermogravimetric analysis (TGA) and other techniques. 

After removal of synthetic fibers and steel wire in the ground tires, the remaining 

CR is generally comprised of natural rubber (NR) and synthetic rubber (SBR) 

molecules which are crosslinked with sulfur and reinforced with carbon black. Other 

additives like aromatic hydrocarbons and antioxidants incorporated to improve 

rubber workability and prevent rubber aging, respectively, are also present.  NR and 

SBR polymers are like the virgin SB and SBS polymers currently used to modify 

asphalt binder. Since the chemical nature of CR is of primary importance, it is 

important to determine both the actual rubber content, as well as the ratio of natural 

(NR) vs. synthetic (SBR) components. Therefore, one of the objectives of this study 

was chemical characterization of ambient (AMB) and cryogenic (CRY) CR.  

Limited attention has been given to CR composition (natural rubber and 

synthetic rubber) and its effect on corresponding asphalt binder blends 

(Baumgardner, 2015; Baumgardner et al., 2012; Willis et al., 2013). The studies 

focused primarily on bulk CR properties and total polymer content with only limited 

discussion of the properties of CR modified asphalt binders themselves.  A thorough 

evaluation of the effects of CR polymer content and chemical composition was 

reported by Geiger et al (2008). Using CR compositional data determined by ASTM 
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D297, “Chemical Analysis Test Procedures for Rubber Products,” Geiger et al. 

studied the relationship of rubber composition of 23 different CR sources to physical 

properties of corresponding CR modified asphalt binders including their softening 

point, dynamic viscosity and storage stability. Rubber compositional data was 

employed in development of a compatibility factor calculated from the polyisoprene 

(NR) content of CR. For asphalt blends containing 15% CR, a higher polyisoprene 

content (at least 25%) was preferred. Asphalt mixture test results confirm that the 

high isoprene containing modified asphalt binders formed mixtures that performed 

on a similar level to conventional polymer modified asphalt binders. 

Effective asphalt binder content is an important factor in volumetric design of 

asphalt mixtures. Excess asphalt binder content may lead to mixtures that are 

susceptible to permanent deformation. Insufficient asphalt binder content can be a 

cause of premature cracking, which has been a concern in pavements designed with 

CR modified asphalt binders.  Considering that the typical functional polymer 

content of CR is in the range of 40 - 55% (Florida DOT, 2013), a common practice 

in specification and design of asphalt mixtures containing CR modified asphalt 

binders is to arbitrarily increase design asphalt binder content by as much as 0.2 – 

0.3% to address concerns of lean mixtures and subsequent early cracking. For 

example, a design asphalt binder content of 5% utilizing CR modified asphalt binder 

with a 10% CR loading level would require an increase in asphalt binder content of 

0.3% to meet the volumetric demand (Baumgardner et al., 2012).  

Gel permeation chromatography (GPC) identifies changes that occur in virgin 

asphalt binder blends upon the addition of crumb rubber and other additives. The use 

of GPC is a well-established procedure for following these modifications (Daly et 

al., 2013; Shen et al., 2005; Shen et al., 2007; Yapp et al., 1991). GPC provides a 

relative distribution of three classes of species present in an asphalt binder: maltenes, 

asphaltenes, and polymers. Rather than estimate the actual molecular weight of the 

eluting fractions, the GPC chromatograms are divided into three regions: large 

molecular size (LMS), medium molecular size (MMS), and small molecular size 

(SMS). The LMS and SMS regions are significant with respect to predicting 

pavement performance (Elseifi et al., 2012; Hassan et al., 2013; Jennings et al., 

1993; Rostler and White, 1970; Wahhab et al., 1999). Efforts to predict the 

properties of asphalt binders using GPC have been reported (Wu 2003).  Using 

apparent molecular weight regions, it is possible to divide the LMS fraction into 

ranges which change when the asphalt binder ages or is modified. 

It is preferred to calibrate the GPC chromatograms and identify the maltenes, 

asphaltenes and polymer components based on their apparent molecular weight 

ranges. If the three fractions are based on the apparent molecular weight of the 

eluting species (when the calibration curve is made using polystyrene standards) 

(Daly et al., 2013; Wu, 2003), the three fractions are defined as: apparent molecular 

weights greater than 19,000 daltons (representing polymers and associated 

asphaltenes), apparent molecular weights from 19,000 to 3,000 (representing 

asphaltenes), and molecular weights less than 3000 (representing maltenes). Figure 

1a shows a GPC chromatogram of base asphalt binder divided in this way. 

Quantitative data can be obtained (using Origin software) by determining the area 
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under the curve (Daly et al., 2013). Alternatively, deconvolution of the GPC 

chromatogram more precisely determines the contributions of the asphalt binder 

components as deconvolution gives more information about the different molecular 

weight species embedded in the curve as shown in Figure 1b. Both types of 

quantification are used to understand various parameters. 

Earlier determinations by osmometry indicated that the average molecular 

weight of maltenes (in a heptane soluble binder fraction) is 700-900 daltons and that 

of asphaltenes (as heptane insoluble binder fraction) ranges between 2,000 and 

10,000 daltons (Zhou et al., 2013).  Since the molecular weights of polymers used in 

asphalt industry are higher than 10,000 daltons, the polymer and asphalt components 

of polymer modified asphalt binders can be separated completely (Figure 2). 

Currently, the GPC method is a routine technique in Louisiana for analysis of 

asphalt binders (Daly et al., 2013).   

Asphaltenes by their molecular size and volume are the bodying agents for the 

maltenes and exert a significant influence on asphalt binder performance (Rostler 

and White, 1970). The largest "molecules" are assemblies of smaller molecules held 

together by one or more intermolecular forces. The polarity of the solvent can be 

used in the GPC analysis to probe the ability of the samples to undergo self-

assembly by different interactive mechanisms (Jennings et al., 1993), but complete 

separation into monomeric unimolecular species has not been achieved.  

Figure 1. Determination of maltenes and asphaltenes content of 64-CO asphalt 

binder (a) based on the apparent molecular weight regions and  

(b) by deconvolution of the GPC curve. 

Scanning electron microscopy (SEM) reveals details of the rubber–asphalt binder 

interaction (Cui and Wang, 2011).  In this study, SEM was used to investigate the 

physical nature of the mixture and whether these crumb rubbers with and without 

modifiers effectively mix with the asphalt binder. 

 

(a)  (b) 
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Figure 2. Deconvoluted GPC elution curve of the 76CO control asphalt binder 

containing SBS polymer. 

2.0 Objectives and Scope 

The objective of this study was to correlate the molecular structure of asphalt 

binders of conventional asphalt mixtures and mixtures containing polymers or 

crumb rubber with their intermediate temperature cracking potential. Specific 

objectives included: (1) evaluating the impact of crumb rubber modification on 

asphalt binder and mixture properties, and (2) determining the impact of crumb 

rubber type (i.e., ambient and cryogenic) used in asphalt binder modification.   

Two experimental factorials were conducted to ascertain the impacts of different 

crumb rubber modification technologies on asphalt binder and mixture performance.  

Asphalt binder rheology was conducted to screen potential modification candidates.  

Fourteen asphalt binder blends, containing various proportions of polymer and 

crumb rubber additives, were used in the asphalt binder factorial.  To characterize 

the asphalt binder blends, a suite of chemical characterization procedures (gel 

permeation chromatography (GPC), scanning electron microscopy (SEM), and 

thermogravimetric analysis (TGA)) were combined with rheological evaluation 

(multiple stress creep recovery (MSCR)).  Concurrent with characterization of 

candidate asphalt binder blends, selective asphalt mixture evaluation was conducted. 

The high and intermediate temperature properties of asphalt mixtures were evaluated 
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using the Hamburg loaded wheel-tracking (LWT) test and the semi-circular bending 

(SCB) test, respectively. 

3.0 Methodology 

3.1 Materials 

The base asphalt binder used in this study met the performance grade for PG 67-22 

(unmodified). Four types of elastomeric asphalt binder modifiers were evaluated in 

various percentages, namely, E-rubber, R-polymer, crumb rubber, and SBS.  The 

binders were crosslinked in situ with sulfur. E-rubber (Figure 3 (a)) is a round free 

flowing rubber pellet from Full Circle Technologies, Inc. (Pepper Pike, OH) 

produced by chemical-mechanical processing of waste tire rubber. R-polymer, 

obtained from Lehigh Technologies (Tucker, GA), is a blend of reactive polymers, 

polyolefins and other additives, Figure 3(b), which coats micronized crumb rubber 

to improve the particle dispersibility.  A typical cryogenically ground crumb rubber 

is shown in Figure 3(c).  Block styrene-butadiene-styrene copolymer (SBS) has a 

bimodal molecular weight distribution with an average MW of 94,000 daltons. 

(a) (b) © 

Figure 3.  Additives used in this study (a) E-rubber (b) R-polymer, 

(c) crumb rubber. 

 

3.2 Asphalt Binder Experimental Factorial 

This study examined several combinations of base asphalt binder, crumb rubber type 

and additives. Some of these samples were prepared in the lab (high shear mixing, 

per manufacturers’ protocols) and the others were obtained from manufactures. The 

factors that were varied in this study include crumb rubber type and composition, 

percent of crumb rubber and different additives. Table 1 presents a summary of the 

fourteen asphalt binder blends used in the binder factorial. Asphalt binder rheology 
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was evaluated using the multiple stress creep recovery (MSCR) test, to assure that 

the modified binders candidates passed LADOTD specifications (Louisiana, 2016). 

GPC analysis ascertained differences among asphalt binder components (maltenes, 

asphaltenes and polymers) found in each blend. The composition of crumb rubbers 

was determined using TGA and soluble fractions were analyzed utilizing GPC.   

Table 1. Asphalt cement binder sample description. 

Sample 

No. 

  

Sample ID 

  

PG 

Grade 

  

Description 

Production 

Source 

CRM 

Type/% 
Additives/%  

1* 67-CO 67-22 Terminal NA NA 

2* 67-S-T 67-22 Terminal NA NA 

3* 67-S-SR 67-22 Terminal NA NA 

4 82-HYB 82-22 Terminal Amb** SBS** 

5* 82-CRM-AMB 82-22 Plant Amb/12 NA 

6 76-AMB-R-0.6 76-22 Plant Trial Amb/10 R/0.60 

7* 76-AMB-R-0.65 76-22 Plant Amb/10 R/0.65 

8 82-AMB-R-0.75 82-22 Plant Amb/10 R/0.75 

9* 76-E-M5 76-22 Lab E-rub/5 
Sulfur/0.4; 

SBS/2 

10 82-E-H7 82-22 Lab E-rub/7 
Sulfur/0.4; 

SBS/2 

11 82-E-M7 82-22 Lab E-rub/7 
Sulfur/0.4; 

SBS/2 

12 82-E-M7(NS) 82-22 Lab E-rub/7 SBS/2 

13* 82-CRY-R 82-22 Lab Cry/10 R/0.65 

14* 76CO 76-22 Terminal NA SBS** 

*: blend was used for mixture performance evaluation; ** Proprietary; Terminal Blend: 

Binder produced at distribution facility; Plant: Binder produced at mixture production 

facility; Plant Trial: Binder produced at mixture production laboratory; Lab: Binder 

produced at LTRC laboratory; AMB-R: Ambient ground CRM; CO: Control; CRM: Crumb 

Rubber; CRY; Cryogenic ground CRM; E: “E-rubber”; HYB: Hybrid; M: Supplier “M”; NS: 

No Sulfur; R: “R-polymer”; S: Supplier “S”; SR: Terminal “SR”; T: Terminal “T’; SBS: 

Styrene Butadiene Styrene copolymer. 

3.3 Asphalt Binder Evaluation 

One gram of the prepared asphalt binder samples noted in Table 1 were slurried in 

200 mL of tetrahydrofuran (THF) and stored at room temperature overnight to 

maximize dissolution of the soluble components.  The resultant slurry was filtered 

using a pre-weighed 0.45µ PTFE filter. The insoluble components that were 
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collected in the filter were washed with THF until the filtrate was colorless. The 

filter was dried in a vacuum oven and weighed to determine the mass of the 

insoluble component. The soluble components were estimated by the difference in 

weight. This process yields the THF soluble parts in the mixture, which include 

asphalt binder, soluble polymers and additives present in the crumb rubber, and 

soluble polymers like SBS added to the mixture. 

3.3.1 Gel Permeation Chromatography (GPC) 

The relative distributions of maltenes, asphaltenes and polymeric components in 

each blend were determined using GPC (ASTM D6579, Standard Practice 

for Molecular Weight Averages and Molecular Weight Distribution of Hydrocarbon, 

Rosin and Terpene Resins by Size-Exclusion Chromatography).  In this method, the 

molecules are separated based on their size in a solution, in a column made of 

porous polymer gel. Through calibration (using polystyrene standards of known 

molecular weights), sizes are converted to apparent molecular weights to obtain the 

distribution of different molecular weights of the sample components. GPC was 

performed using an EcoSEC high performance GPC system (HLC-8320GPC) from 

Tosoh Corporation, equipped with a differential refractive index detector (RI) and 

UV detector. A set of four microstyragel columns of pore sizes 200 Å, 75 Å (2 

columns) and 30 Å from Tosoh Bioscience was used for the analysis.  THF at a flow 

rate of 0.35 mL/min. was used as the solvent. Columns were calibrated using 

polystyrene standard mixtures PStQuick B (MW= 5480000, 706000, 96400, 10200, 

and 1000 daltons), PStQuick E (MW= 355000, 37900, 5970, and 1000 daltons), and 

PStQuick F (MW= 190000, 18100, 2500, and 500 daltons) from Tosoh Bioscience. 

The asphalt binders in the mix samples were extracted using THF solvent and the 

solution was filtered using 0.45 micron Teflon filters. The concentration of asphalt 

solution was 0.5%.  

3.3.2 Scanning Electron Microscopy (SEM) 

The purpose of this method is to study the exterior morphology of the crumb rubber 

modified asphalt.  SEM requires a microscope which uses a focused beam of high-

energy electrons to generate a magnified image of a sample. When high energy 

electrons hit the surface of a sample, they knock out electrons (secondary electrons, 

backscattered electrons and X-ray photons) from the surface. These electrons are 

collected by a detector that amplifies the signal and sends it to a monitor. As the 

electron beam scans back and forth across the sample an image is built from the 

number of electrons emitted from each spot of the sample. Magnification ranging 

from 20X to approximately 30,000X, and spatial resolution of 50 to 100 nm can be 

obtained. Samples that are not conductive are sputter-coated with gold before the 

analysis. 

In this study, asphalt binder samples were examined using a focused beam 

ionized scanning electron microscopy (FIB/SEM) model FET Quanta 3D FEG). A 

drop of asphalt binder was placed on an adhesive tape attached to the sample holder. 

It was then sputter-coated with gold and was used for the analysis. 
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3.3.3 Thermogravimetric Analysis (TGA) 

TGA measures the weight change of a material as a function of increasing 

temperature, in an atmosphere of nitrogen or air. This method can be used to find the 

composition of crumb rubber, based on the decomposition pattern, as each 

component decomposes at a different temperature. Thermogravimetric analysis of 

the crumb rubber samples was performed on a TA Instruments 2950 

thermogravimetric analyzer using 30-50 mg samples (enough sample to eliminate 

any sample size effect, considering either the fine powder nature of ground rubbers, 

30 mesh, or the uniformity in composition of the additive (E-rubber). The method 

protocol, adapted from earlier publications (Baumgardner, 2015; Baumgardner et al., 

2014) for determination of natural rubber (NR) and synthetic rubber (SBR) content 

of ground tire rubbers (CR), was as follows: 1) select gas (nitrogen); 2) equilibrate at 

40°C; 3) data storage: off; 4) isothermal for 3.00 min.; 5) data storage: on; 6) ramp 

20°C/min to 300°C.; 7) isothermal for 20.00 min.; 8) ramp 20°C/min to 550°C.; 9) 

isothermal for 5.00 min.; and 10) ramp 20°C/min to 600°C. The output from the 

thermal degradation analysis method was presented graphically by plotting the 

change in mass versus change in time to produce the stepwise TGA thermal 

degradation curve, TG.  A curve representing the derivative (DTG) of the stepwise 

TG was also plotted.  The weight change in steps 6 and 7 (to and at 300°C) was 

labeled as acetone extracts. In steps 8 and 9, the region of 550°C, thermal 

degradation of rubber hydrocarbon content (HRC), viz., NR and SBR, occurred, and 

was labeled as such. The weight change to 600°C (step 10) was labeled as carbon 

black and ash. Deconvolution of DTA curves recorded in steps 8 and 9 allowed the 

determination of NR and SBR content of GTR. 

3.3.4 Asphalt Binder Rheology (MSCR)  

The multiple stress creep recovery test was conducted in accordance with AASHTO 

TP 70-09, “Standard Method of Test for Multiple Stress Creep Recovery (MSCR) 

Test of Asphalt Binder Using a Dynamic Shear Rheometer (DSR),” to evaluate the 

high temperature performance of asphalt binders. Samples containing CR additives 

were compared to the control asphalt binder.  The MSCR test method ascertains the 

elastic response in an asphalt binder in addition to the change in elastic response 

under two different stress levels while being subjected to ten cycles of creep stress 

and recovery.  The non-recoverable creep compliance is an indicator of an asphalt 

binder’s resistance to permanent deformation under a repeated load. Base asphalt 

binders utilized in this study were first conditioned in accordance with AASHTO T 

240-08, “Standard Method of Test for Effect of Heat and Air on a Moving Film of 

Asphalt Binder (Rolling Thin-Film Oven Test).” The testing temperature for this 

study was the PG high temperature grade utilized in Louisiana, which is 67°C.  In 

this test, a dynamic shear rheometer was utilized in accordance with AASHTO T 

315-09, “Standard Method of Test for Determining the Rheological Properties of 

Asphalt Binder Using a Dynamic Shear Rheometer (DSR)” with a 25-mm parallel 

plate and a 1-mm gap to apply a haversine load for 1-sec followed by a 9-sec rest 

period in each cycle.  
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Two parameters were utilized to evaluate the asphalt binder performance at high 

temperatures.  The first parameter is the non-recoverable creep compliance, Jnr, 

which normalizes the strain response of an asphalt binder to stress. The second 

parameter is percent recovery, which is determined at the end of the recovery period 

for each applied constant stress. The percent recovery was determined by dividing 

the difference between the peak strain and the final strain by the peak strain for each 

individual loading cycle, Figure 4. 

Figure 4. Details of MSCR loading cycle. 

For acceptable performance, it is desirable to utilize a binder that has a low non-

recoverable creep compliance, Jnr, and a high percent recovery.  AASHTO TP 70-09 

introduced the graphical presentation presented in Figure 5 to evaluate the delayed 

elastic response of a binder at high temperature and it was suggested to use the 

boundary line, defined by the equation y = 29.371(x)
-0.2633

,
 
as an indicator of the 

presence of elastomeric modification.  The equation was used in this study to 

evaluate the effects of crumb rubber modifiers on the asphalt binder rutting 

performance and on its elastomeric modification. 
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Figure 5. Elastic response curve (AASHTO TP 70-09). 

3.4 Mixture Design 

Candidate asphalt binder blends were selected for mixture preparation based on 

whether the blend passed LADOTD specifications (Louisiana, 2016). The selected 

asphalt binders were blended into a 12.5mm Level 2 mixture design.  Gravel and 

natural sand aggregates commonly used in Louisiana were utilized.  Eight candidate 

asphalt binder blends were incorporated into the mixture at a constant percentage. 

The control asphalt mixture was prepared using an SBS polymer modified asphalt 

binder meeting Louisiana specifications for PG 76-22M (Louisiana, 2016).   A Level 

2 design (Ninitial = 8, Ndesign = 100, Nmax = 160 gyrations) was performed in 

accordance with AASHTO R 35, “Standard Practice for Superpave Volumetric 

Design for Hot Mix Asphalt (HMA),” AASHTO M 323, “Standard Specification for 

Superpave Volumetric Mix Design” and Section 502 of the 2006 Louisiana 

Standard Specifications for Roads and Bridges. Specifically, the optimum asphalt 

cement content was determined based on volumetric properties (VTM = 3.0-5.0%, 

VMA ≥ 13%, VFA = 68-78%) and densification requirements (%Gmm at Ninitial ≤ 

89%, %Gmm at Nfinal ≤ 98).  A similar aggregate structure was used for all mixtures 

evaluated.    Table 2 represents the job mix formula for the mixtures evaluated. 

 

 

 

 

 

y = 29.37x
-0.263
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Table 2. Job mix formula. 

Mixture Type 12.5 mm (1/2”) NMAS 

% Gmm @ Nini 88.8 

% Gmm @ Nmax 97.0 

VTM, % 4.0 

VMA % 13.3 

VFA % 70 

Asphalt Content 5.4% 

Metric (U.S.) Sieve Gradation, Percent Passing 

19 mm (¾ in) 100 

12.5 mm (½ in) 97 

9.5 mm (⅜ in) 85 

4.75 mm (No.4) 63 

2.36 mm (No.8) 44 

1.18 mm (No.16) 32 

0.600 mm (No.30) 24 

0.300 mm (No.50) 17 

0.150 mm (No.100) 8 

0.075 mm (No.200) 5.3 

NMAS: Nominal maximum aggregate size; %AC: binder content; VTM: voids in the total mix; 

VMA: voids in the mineral aggregate; VFA: voids filled with asphalt; %Gmm @ Nini: percent 

Gmm at initial number of gyrations; %Gmm @ Nmax: percent Gmm at final number of gyrations. 

Table 3 presents the designation and description of the eight mixtures evaluated. 

The sample numbers in Table 3 are consistent with the sample numbers in Table 1. 

The high and intermediate temperature properties of eight mixtures were evaluated. 

High temperature properties were evaluated according to AASHTO T 324 by the 

Hamburg loaded wheel-tracking (LWT) test, whereas the intermediate temperature 

response was examined according to ASTM D8044 by the SCB test to obtain the 

critical strain energy release rate, Jc, which represents mixture’s crack resistance at 

intermediate temperature. 
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Table 3. Asphalt mixture sample description. 

No. 
Sample 

ID 

PG 

Grade 

% 

AC 
VTM VMA VFA 

% 

Gmm 

Nini 

% 

Gmm 

Nmax 

D:A 

1  64-CO 67-22 5.4 3.3 13 74.8 88.7 97.8 0.9 

2 64-S-T 67-22 5.4 3.3 13 74.8 88.7 97.8 0.9 

3 64-S-SR 67-22 5.4 3.3 13 74.8 88.7 97.8 0.9 

5 
82-CRM-

AMB 
82-22 5.4 3.9 13.4 71.2 88.4 97.1 0.9 

7 
76-AMB-

R-0.65 
76-22 5.4 4.5 13.8 67.1 87.9 96.5 0.9 

9 76-E-M5 76-22 5.4 4.4 14 68.6 87.6 96.7 0.9 

13 
82-CRY-

R 
82-22 5.4 5.5 14.9 63.5 86.7 95.6 0.9 

14 76CO 76-22 5.4 3.3 13 74.8 88.7 97.8 0.9 

%AC: binder content; VTM: voids in the total mix; VMA: voids in the mineral 

aggregate; VFA: voids filled with asphalt; %Gmm Nini: percent Gmm at initial number 

of gyrations; %Gmm Nmax: percent Gmm at final number of gyrations; D:A: dust to 

asphalt ratio; AMB: ambient; CO: control; CRM: crumb rubber; CRY; cryogenic; 

E: E-rubber; M: sSupplier “M”; R: R-polymer; S: supplier “S”; SR: terminal 

“SR”; T: terminal “T’ 

3.4 Asphalt Mixture Evaluation 

The loaded wheel-tracking test and semi-circular bending test were performed to 

evaluate the performance of the mixtures considered at high and intermediate 

temperatures, respectively.  The following describes the tests performed.   

3.4.1 High Temperature Mixture Testing 

The loaded-wheel test was conducted according to AASHTO T 324, “Standard 

Method of Test for Hamburg Wheel-Track Testing of Compacted Hot Mix Asphalt 

(HMA).” The device used was manufactured by PMW, Inc. of Salina, Kansas.  The 

test applies a repetitive load on gyratory specimens compacted to 7 ± 0.5% air voids 

that have a diameter of 150 mm and a thickness of 40 mm.  This test is considered a 

torture test that produces damage by rolling a 703-N stainless steel wheel across the 

surface of a compacted gyratory sample, which is submerged in 50°C water, for 

20,000 passes at 52 passes a minute.  The standard 50°C testing temperature was 

used for all mixtures evaluated.  
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3.4.2 Intermediate Temperature Mixture Testing 

Cracking potential was evaluated using the SCB test procedure according to ASTM 

D8044-16, “Standard Test Method for Evaluation of Asphalt Mixture Cracking 

Resistance Using the Semi-Circular Bend (SCB) Test at Intermediate 

Temperatures”.  The SCB test procedure is based on fracture mechanics (FM) 

principles (Anderson, 2005) and suggested by Wu et al. (2005) (Figure 6). The 

critical strain energy release rate, also called the critical value of J-integral (Jc), was 

used to describe the mixture’s resistance to fracture: 

𝐽𝑐 = −(
1

𝑏
)
𝑑𝑈

𝑑𝑎
    [1] 

Where: Jc= critical strain energy release rate (kJ/m
2
); 

b = sample thickness (m); 

a = notch depth (m);  

U = strain energy to failure (kJ); and 

dU/da = change of strain energy with notch depth (kJ/m). 

 

 

 

 

 

 

a 

2s 

2rd 

P 

notch 

P 

2 

P 

2 

b 

 

Figure 6. Set-up of semi-circular bending test. 

To determine the critical value of J-integral (Jc), semi-circular specimens with at 

least two different notch depths should be tested to obtain the change of strain 

energy with notch depth (dU/da). In this study, three notch depths of 25.4 mm, 31.8 

mm, and 38 mm were tested to increase the accuracy of slope calculation (dU/da) by 

fitting a regression line to the change of strain energy with notch depth.  

2rd = 152mm, 2s = 127mm, b = 57mm 
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The semi-circular specimen was loaded monotonically until fracture failure 

under a constant cross-head deformation rate of 0.5 mm/min. in a three-point 

bending load configuration. The load and deformation were continuously recorded. 

This test was performed at a temperature of 25°C.  The area under the loading 

portion of the load deflection curves, up to the maximum load, measured for each 

notch depth, represents the strain energy to failure, U.  The average values of U were 

then plotted versus the different notch depths to compute a regression line slope, 

which gives the value of dU/da. The Jc was computed by dividing dU/da value by 

the specimen thickness. 

The target air void for all specimens prepared in this study was 7.0 ± 0.5%. 

Specimens were long-term aged in accordance with AASHTO R 30-02, “Standard 

Practice for Mixture Conditioning of Hot Mix Asphalt (HMA)” by placing 

compacted specimens in a forced draft oven for five days at 85°C. It is noted that 

higher values of Jc are desirable for crack resistant mixtures. 

4.0 Results and Discussion 

4.1 Chemical Characterization of Crumb Rubber Additives 

The composition of the crumb rubber particles was determined using TGA.  A 

typical thermogram of an ambient ground crumb rubber (AMB-R) is presented in 

Figure 7.  The compositions of the CR used in this study are listed in Table 4 

together with data from GPC evaluation of molecular weight distribution and 

concentration of THF soluble extracts from the particles. A typical chromatogram 

(Figure 8) of one of the extracts shows that they are primarily composed of 

molecules in the maltene region of a binder. 
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Figure 7.  Typical TGA curve (TG) and its derivative (DTG) of ambient crumb 

rubber (AMB-R) showing the percentages of natural (NR) and SBR 

 components present.  
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Figure 8. GPC elution curve of soluble extract of ambient crumb rubber (AMB-R). 

 

Table 4. Results from TGA and GPC analysis of CR samples. 
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GPC Solubles 

MW, (%) MW, (%) 

AMB-R 19.0 41.8 58.6 41.4 39.2 8.8 23K 12.8 470 87.2 

CRY-R 11.9 54.8 62.9 37.1 33.3 10.1 34K 6.6  430 93.4 

E-

Rubber 
9.8 62.6 46.9 53.1 27.6 23 38K 42.2 

17.5

K 
57.8 

AMB-R: ambient ground rubber; CRY-R: cryogenic ground rubber; SBR: styrene butadiene 

rubber; THF: tetrahydrofuran; GPC: gel permeation chromatography; MW: molecular 

weight. 

Note that both the ambient and cryogenic CR particles contain higher 

percentages of natural rubber than SBR, which favors the compatibility of the rubber 

with the asphalt binder liquids.  The solubles in the rubber are less than 10 weight 

percent so the maltenes in the binder will be absorbed to swell the CR particles.  

Additional asphalt binder will be required to compensate for this redistribution of 

the maltene component.    
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4.2 Chemical Characterization of SBS Polymer and of E-Rubber Additive 

The GPC chromatogram of the THF soluble fraction of E rubber used in asphalt 

binder 76-E-M5, Table 1, is displayed in Figure 9. TGA analysis was performed 

according to the experimental protocol presented above for CR materials. The results 

are shown in Figure 10 and Table 4. The E-rubber does not contribute soluble 

maltenes (MW< 3K) to the asphalt binder but does add species with MW of 17.5K 

to the moderate (MMW) fraction.  The TGA analysis indicates that only 27.6% of 

the rubber components stem from natural rubber.  The high apparent concentration 

of synthetic polymers includes SBR and other polymer additives present in the E-

rubber additive. 
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Figure 9. GPC elution curve of the E-rubber additive (soluble part only). 
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Figure 10. TGA curve (TG) and its derivative (DTG) of the E-rubber additive. 
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4.3 Characterization of CRM Modified Asphalt Binders using SEM 

 Figure 11 presents SEM images of the top surface of CR modified asphalt binders. 

Examination of the microstructure of modified asphalt binders should help 

understand the dispersion of the CR particles in the binder. Figure 11a shows a 

surface with voids and irregularities in the microstructure of ambient crumb 

modified asphalt binder, 82-CRM-AMB.  Addition of 0.75 wt% R-polymer additive 

to AMB modified binder sample, 82-AMB-R-0.75, produces a striated surface with 

fewer irregularities, Figure 11b. Some particles within the bulk matrix can be 

observed.  R-polymer is reported to form networks with rubber particles which could 

contribute to the regular morphology. Figure 11c is the image of an 

SBS/cryogenically ground CRM blended in PG 76-22 asphalt binder to form a PG 

82-22 hybrid blend, 82-HYB.  The particles of the cryogenically ground CRM are 

apparent in the blend matrix. Figure 11d shows the top image of the asphalt binder 

sample modified with 7.0 wt% E-rubber, 2 wt% SBS polymer and 0.4 wt% sulfur 

(82-E-M7). The surface is homogeneous, and the E-rubber particles seem to be well 

dispersed in the asphalt binder. 

 

(a)  82-CRM-AMB (b)  82-AMB-R-0.75  

(c)     82-HYB (d) 82-E-M7 

 

 

Figure 11.   SEM image of CR modified asphalt binders (a) asphalt with AMB-R 

(82-CRM-AMB) (b) asphalt with AMB-R and R-polymer modifier (82-AMB-R) (c) 

82-HYB binder(d) asphalt binder with E-rubber, SBS &sulfur (82-E-M7). 
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4.4 Chemical Characterization of Asphalt Binder Blends 

4.4.1 Determination of Binder Components by GPC 

Figures 12-13 and Table 5 show the distribution of asphaltenes and maltenes species 

in neat PG 64-22 asphalt binders with different properties.  Table 5 also lists the 

critical strain energy intermediate cracking resistant parameter, Jc, for corresponding 

mixtures. Differences in the component distribution can be observed between a high 

ductility (>135cm) and a low ductility (<75cm) asphalt binder, i.e.  64-S-T and 64-

S-SR, Table 1.  Samples with lower MW asphaltenes, paired with lower MW 

maltenes, exhibit higher ductility. Asphalt binder 64-S-T, identified as high ductility 

material, has a mean asphaltenes MW of 4,600 daltons and maltenes MW of 700 

daltons.  The relative apparent molecular weights of asphaltenes and maltenes 

constituting the low ductility 64-S-SR asphalt binder were considerably larger, i.e. 

5,600 and 780 daltons, respectively. Therefore, individual average MW has been 

evaluated for each species (polymeric, asphaltenic or maltenic) by deconvolution of 

GPC traces of each binder and are compiled in Table 5. 
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Figure 12. GPC elution curve of asphalt binder 64-S-T, high ductility. 
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Figure 13. GPC elution curve of asphalt binder 64-S-SR, low ductility. 

4.5 Intermediate Temperature Cracking Performance of Asphalt Mixtures 

The critical strain energy release rate (Jc) values were compared with the content of 

asphaltene species and the maltenes/asphaltenes ratio (Table 5). Higher Jc values are 

desirable for fracture-resistant asphalt mixtures.  A minimum threshold Jc value of 

0.50 kJ/m
2
 is currently implemented in the 2016 Louisiana DOTD Specification for 

Roads and Bridges (Louisiana, 2016) as an acceptance criterion for mixture design.  

Data listed in Table 5 shows that low Jc values, less than the minimum threshold of 

0.5 kJ/m
2
, were observed for all mixtures containing CR, irrespective of their source 

(ambient or cryogenic). 

Both ambient and cryogenic crumb rubbers used in the present investigation 

contained a high polyisoprene (NR) percentage (Table 4).  The failure of all CR 

mixtures to meet the required intermediate temperature cracking performance might 

be related to total CR content of 10 – 12%.   It may be necessary to increase the 

binder content of the mixtures to account for the CR content. The cracking 

performance of a mixture is related to the composition of its asphalt binder, i.e., the 

higher the amount of asphaltenes (expressed also by a low maltenes vs. asphaltenes 

ratio), the more rigid the mixture (Cooper et al., 2015). Consequently, the 

intermediate temperature cracking resistance of 82-CRM-AMB mixture might be 

lower than that of the other CR mixtures since the maltenes/asphaltenes ratio for this 

asphalt binder (1.90) is much lower than that of the other CR modified mixtures, 

namely 76-AMB-R-0.65 and 82-CRY-R, with ratios of 2.52 and 2.53, respectively. 
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Table 5. Molecular weight of components (obtained by the deconvolution of GPC 

curve) of neat asphalt binders and of asphalt binders modified with CR and SBS 

polymers in relation with their intermediate temperature cracking resistance 

expressed by Jc. 
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  MW % MW % MW %   

1* 
 

64-CO 

 

N/A N/A 5,700 30.8 890 

 

69.2 

 

 

2.25 

 

 

0.45 

 

2* 

 

64-S-T 

 

 

N/A 

 

 

N/A 

 

4,600 39.3 700 

 

60.7 

 

 

1.55 

 

 

0.45 

 

3* 
64-S-SR 

 
N/A N/A 5,600 29.9 780 

 

70.1 

 

 

2.34 

 

 

0.28 

 

14 
76-CO 

 

185K 

135K 

 

0.3 

3.4 

 

6,600 26.5 1,000 

 

73.6 

 

 

2.78 

 

 

0.67 

 

7* 76-AMB-R 

 
38K 

 

1.4 

 

6,000 28.0 930 

 

70.6 

 

 

2.53 

 

 

0.36 

 

5* 
82-CRM-

AMB 

 

130K 

 

0.4 

 

6,400 34.4 980 

 

65.2 

 

 

1.90 

 

 

0.24 

 

 

13* 82-CRY-R 

 
80K 1.8 7,400 27.9 980 70.2 2.52 

 

0.35 

 

9 

 

76-E-M5 

 

 

130K 

 

0.9 

 

7,200 27.0 990 

 

72.1 

 

 

2.67 

 

 

0.52 

 

*: indicates blend was used for mixture performance evaluation. a Mean MW = ∑ [(%Xi) / 

∑(%)Xi] (MWi) where “%Xi” represents GPC percentage of an asphaltenes species if more 

than one; N/A indicates not applicable. 

The two mixtures containing asphalt binders modified with SBS polymers, 76-E-

M5 (hybrid mixture) and 76-CO (control mixture), successfully met the criterion for 

crack resistance mixtures of Jc ≥ 0.50 kJ/m
2
.  The content of SBS elastomer of 

MW≥100K is high and readily visible in GPC chromatograms, as shown in Figures 

2 and 14 for 76-CO and 76-E-5, respectively. It should be mentioned that the asphalt 
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binder used for 76-E-5 mixture contained 2% SBS (MW≥100K) as well as the 

asphalt binder modified with type E-rubber, Table 5. Since the SBS polymer was 

reacted with sulfur during the preparation of the asphalt binder used in 76-E-5 

mixture, the soluble MW≥100K content was around 1% of the total binder 

composition, Figure 14, but an elastomeric gel is formed that is a contributor to the 

enhanced fracture resistance performance as measured by Jc parameter.  

The presence of the high molecular weight (HMW) SBS polymer (MW ≥ 105 

daltons) together with the moderate (MMW) soluble part of E-rubber additive (MW 

≥ 3x104 daltons) in mixture 76-E-M5, Table 3, contributes favorably to the cracking 

resistance as reflected in the critical strain energy release rate Jc parameter, Table 5.   

Further, it was observed that mixtures 76-CO and 76-E-5, that contain SBS 

additive, exhibited good crack resistance that may be attributed to high maltenes vs. 

asphaltenes ratios of 2.78 and 2.67, respectively, Table 5. 
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Figure 14. GPC elution curve of the binder containing sulfur crosslinked 

SBS used in the 76-E-M5 mixture.  

In summary, one can minimize asphalt mixture cracking at intermediate 

temperatures through the use of hybrid asphalt binder in mixtures containing crumb 

rubber modification.  This can be achieved by adding adequate amounts of 

elastomeric HMW polymers.   
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4.6 High Temperature Performance of Asphalt Mixtures 

4.6.1 Comparison of Asphalt Binder Multiple Stress Creep Recovery and Mixture 

Loaded-Wheel Test to High Molecular Weight Fraction of Asphalt Binder 

 

Table 6 shows GPC data and MSCR test results of base asphalt binders and crumb 

rubber modified asphalt binders.     

Table 6.  MSCR, LWT and GPC analysis results. 

S
a

m
p

le
 N

o
. 

S
a

m
p

le
 I

D
 

P
G

 G
ra

d
e 

 MSCR  GPC Fractions, % LWT 

J
n

r,
 k

P
a

-1
 

%
R

 

P
a

ss
/F

a
il

 

H
ig

h
 M

W
 

1
0

0
K

-1
9

K
 

1
9

K
-3

K
 

<
3

K
 

Rut Depth 

at 20,000 

passes, 

50°C, Wet, 

mm 

1* 64-CO 67-22 3.76 0 Fail 1.1 21.5 77.4 4.9 

2* 64-S-T 67-22 2.94 0.8 Fail 1.3 21.5 77.2 3.2 

3* 64-S-SR 67-22 2.61 1.6 Fail 1 21.7 77.2 3.4 

4 82-HYB 82-22 0.1 83 Pass 7.2 20.1 72.7 ** 

5* 
82-CRM-

AMB 
82-22 0.29 39 Fail 3.4 24.2 72.5 1.9 

6 
76-AMB-

R-0.6 
76-22 0.33 43 Pass 3.3 23.1 73.7 ** 

7* 
76-AMB-

R-0.65 
76-22 0.97 21 Fail 2.9 21.3 75.8 2.2 

8 
82-AMB-

R-0.75 
82-22 0.3 46 Pass 3.4 22.9 73.8 ** 

9* 76-E-M5 76-22 0.49 45 Pass 4 21 75 2.5 

10 82-E-H7 82-22 0.13 60 Pass 6 24.2 69.8 ** 

11 82-E-M7 82-22 0.37 52 Pass 3.4 21.8 74.9 ** 

12 
82-E-

M7(NS) 
82-22 0.96 12 Fail 3.8 21.4 74.8 ** 

13

* 

82-CRY-

R 
82-22 0.34 40 Pass 5.5 22.8 71.7 1.7 

14

* 
76CO 76-22 0.43 52 Pass 5.1 19.4 75.6 2.2 

* - indicates blend was used for mixture performance evaluation; **: not applicable for 

mixture testing; Jnr: non-recoverable creep compliance @3.2 kPa; %R: percent recovery 

@3.2 kPa; MW: molecular weight.  

In general, asphalt binders containing ≥ 3.4% high molecular weight species 

were associated with a passing Jnr value.  This relation is presented in Figure 15.  
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The addition of R-polymer additives at concentrations of 0.6% and 0.7% improved 

the MSCR performance of asphalt binder blends when compared to rubber blends 

with no additional polymer additives. However, the R-polymer did not improve the 

intermediate temperature performance of the mixture, Table 5.  This observation 

shows that plastomeric properties of the R-polymer, as expected, assist the blends 

ability to perform at high temperatures, yet the intermediate temperature properties 

are not enhanced. 

It is noted that all of the mixtures evaluated in this study had exceptional high 

temperature performance as indicated by LWT rut depth at 20,000 passes. Each 

mixture evaluated had a rut depth of less than 6.0 mm at 20,000 passes, 50°C wet. 

Therefore, each mixture met the LADOTD specification (Louisiana, 2016) and can 

be considered rutting resistant.  It is noted that the presence of crumb rubber in 

asphalt binder contributed to the increase in percent high molecular weight species 

that provided enhanced mixture rut resistance, Table 6.   

 

 

Figure 15.  Plot of % high molecular weight species vs Jnr. 

5.0 Summary and Conclusion 

A comprehensive laboratory evaluation of asphalt binders modified with crumb 

rubber was performed. The evaluation included binder rheology, gel permeation 

chromatography (GPC), thermogravimetric analysis (TGA), and scanning electron 

microscopy (SEM).  A base asphalt binder PG 64-22 was modified with two types of 

crumb rubber (ambient and cryogenic).  Blending virgin asphalt binder with ambient 

or cryogenic ground crumb rubbers along with additional modifiers to produce 
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sustainable asphalt mixtures was studied.   Selected asphalt binder samples were 

further modified with E-rubber, R-polymer, SBS, and sulfur additives.  The 

chemical composition of ambient, cryogenic, and E-rubber were determined using 

TGA and solvent extraction.  In addition, selected asphalt binder blends were 

incorporated into a 12.5-mm NMAS Level 2 asphalt mixture.  High and intermediate 

temperature properties of the asphalt mixtures were evaluated using the Hamburg 

loaded-wheel tracking (LWT) test and the semi-circular bending (SCB) test, 

respectively.  

Based on the results of asphalt binders and corresponding mixtures evaluated in 

this study, the following conclusions can be drawn: 

 Ground crumb rubber particles (CR) were comprised of favorable 

polyisoprene contents (i.e. > 58% natural rubber) for blending with asphalt 

binder. 

 Soluble extracts from either ambient or cryogenic ground tires contained 

only 6-12% of species with a MW > 20,000 daltons; 

 Asphalt binders with a minimum content of 3.4% elastomeric high 

molecular weight species (apparent MW > 20,000 daltons), exhibited 

satisfactory Jnr values as determined by MSCR test; 

 Asphalt mixtures containing only ambient or cryogenic ground tires failed 

to meet the required intermediate temperature cracking performance criteria 

of Jc ≥ 0.5 kJ/m
2
; 

 Hybrid asphalt binder in mixtures containing both crumb rubber and SBS 

polymers successfully met the criterion of Jc ≥ 0.50 kJ/m
2
; 

 All mixtures evaluated in this study had exceptional high temperature 

performance as indicated by LWT rut depth at 20,000 passes; and 

 Presence of crumb rubber in asphalt binder contributed to the increase in 

percent high molecular weight species that provided an enhanced mixture 

rut resistance. 
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8.0 Discussion 

BARRY NUNEZ: I’ve worked in Louisiana for many years. I used to be with 

Donnabee Construction, doing a lot of crumb rubber. I could have used this 

presentation about ten years ago. I’ve got two questions for you. You said that you 

removed the rubber for your GBC testing?   

BILL DALY: Yes. 

BARRY NUNEZ: And how did you remove it? 

BILL DALY: We extracted the crumb rubber particles with THF. This is just taking 

the material out of the rubber particles. 

BARRY NUNEZ: THF? What is that? 

BILL DALY: THF is a solvent. Now, when we actually extracted the binder, we 

used TCE to actually extract the binder from the rubber particles and the aggregate, 

and we filtered off the rubber particles. 

BARRY NUNEZ: I’m asking this for another reason, too. I work with InfraTest, and 

we’ve got a machine that removes crumb rubber by scalping it out in the extraction 

process. Would that effectively do the same thing? With your binder that’s left in 

this tank, now you can actually do some testing with the binder without the crumb 

rubber, and would that be the same thing as what you're doing? 

BILL DALY: I don’t know. It probably would be, but I can’t make a judgment.  

BARRY NUNEZ: It is scalping it out. 

BILL DALY: Right, but there are going to be some solubles in there. 

BARRY NUNEZ: Right. My other question was, in Louisiana we’ve disallowed 

cryogenic for many years, and I’ve heard both sides of the argument, and I’ve talked 

to people that, of course, are selling cryogenic. How do you feel about the difference 

between ambient and cryogenic? 

BILL DALY: From what we’ve seen, I don’t see a significant difference between 

the two. 

BARRY NUNEZ: So, you think that either one is suitable? 

BILL DALY: Either one could be used successfully, but I don’t make the 

regulations. 

LOUAY MOHAMMAD: Maybe I can offer a comment to the question. The 

performance of asphalt mixtures containing ambient and cryogenic processed rubber 

is being evaluated in an on-going study at LTRC.  Specification recommendations 

will be made upon completion of the study.   

JOHN D'ANGELO: I do want to make a couple of comments in relation to some of 

the issues your work is showing about cracking and rubber.  I think it’s very 

important because we know that we’ve used materials like asphalt rubber with very, 
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very high percentages of large size rubber, and these materials perform extremely 

well in cracking. Mixes with no cracking after many, many years. And I think it’s 

very, very critical that when we talk about the use of rubber and rubber mixes 

looking at new rubbers and blends, in what we consider classical dense-graded 

mixes, we have to remember they are very, very different than many of the common 

rubber mixes people used to use in the past.  These are the gap graded mixes that 

have performed so well. And so there is a very distinct difference there. And so 

when we talk about the ability of the rubber mixes to prevent cracking or to resist 

cracking and some of the test results, it’s critical that we make some of those 

distinctions. I think because we don’t need to fight between the two industries…It is 

not just about polymer and rubber but also about geometry that we’re dealing with. 

The packing of particles and the space available for the rubber particles is key to 

how the mix goes together. It’s key in the overall performance. It’s very important, 

but, overall, I think your work is spectacular in what you're doing here. 

BILL DALY: We need to look at, obviously, more work, and we definitely need to 

look at different types of mixes in this system. 

RANDY WEST: One of the questions I had about the rubbers that you presented, 

you referred to them as cryogenic and ambient grind. Was it the same source of tires 

or the same source of material, or were there also differences in the raw waste 

materials that were used in those two different processes? 

BILL DALY: We used the same source of materials for all of this work. So we have 

not looked at the different sources. And I would anticipate differences, depending 

upon the source that you have for your rubber. So we would like to do some more 

analysis, obviously, of different sources, make a comparison of what the rubber 

looks like, in terms of its composition and also its properties.  

RANDY WEST: I was surprised to see that the composition was different just based 

on the grinding method or the processing method. Why would the…? 

BILL DALY: Ambient comes from one source, and cryogenic comes from another. 

I’m sorry. 

RANDY WEST: So they are different sources. 

BILL DALY: Two different sources. 
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