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Highlights 

What is the problem? The non-fusible and large-sized GTR, whose strength and elasticity exceed 

those of the molten matrix, induces surface roughness, interphase voids, and high viscosity of polymer 

blends. 

What are the findings? The relationship was established between the viscosity, surface roughness, 

voids, and inter-phase adhesion, as well as the link between the above indicators and the 

fragmentation extent. 

What are the implications of the main findings? Direct recycling was achieved using 67 wt% of GTR 

in the blend. 

Abstract 

The novel concept was used to upcycle GTR via cleavage of a cross-linked network 

with subsequent conversion into macro-composite. The pre-blend, which comprised 

loose 74 wt% GTR, was compacted with the matrix fusing under ram pressure. The 

final master step ensured the better bulk properties (interfacial adhesion, removal of 

macro-voids, viscosity) and the regular surface of the D2 blend, comprised of 20 phr 

SEBS. The extent of fragmentation could not be directly appraised, where traditional 

testing had failed to identify them. The regular surface quality and reduced viscosity 

of blend D2 evidence the decrease in size particles, accompanied by improving bulk 

properties (interfacial adhesion, removal of macro voids). The interactions were 

quantified using an analysis of peel strength; elastic recovery, tear, and tensile 

strength. Direct reprocessing via two-staged mixing governed the conversion of GTR 

to thermoplastic macro-composite., excluding the reclaim step. 

 

Keywords: recycling; rubber; thermoplastic; fragmentation; surface roughness; 

macro-voids; viscosity; interphase;  

 

1. Introduction 

Recycled thermoplastic rubber (TPR). The ground tire rubber (GTR) feedstock varies depending on the 

composition, grinding type and shape, surface area, cross-linking extent, and aging times. Poor 

interfacial adhesion in thermoplastic blends filled with low-energy GTR (usually up to 50 wt%) is 

related to the inhomogeneity of dispersed GTR, and the lack of compatibility between GTR and 

thermoplastics. The highly GTR-filled blends in a ratio of 70/30 showed drastically decreased tensile 

strength. Notably, no flow was observed for 80/20 blends [Prut, et al., 2017] . 

Surface and bulk quality. Surface appearance, among other factors, even if this property may not be 

functional, defines the perceived quality. GTR of more than 3 wt% impairs the surface fracture 

morphology in terms of roughness, enclosed cavities, and flaws [L’Ábbee et al., 2010]. These fractures 

arise from the shear stretching of elastic GTR during mixing [Kissi et al., 1997; Lefevre et al., 2014].  

The morphology of the surface fracture is correlated with crack growth rates in dependence on crack 

velocity and GTR content [Mashita et al., 2023].  Melt fracture is characterized by two distinct 
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phenomena: a rough surface and high viscosity. Cavitation is another deformation-induced damage 

process that forms voids at interphase and causes interfacial failure [Henzel et al., 2022]. 

Melt Viscoelasticity Effect. Dynamic vulcanization of thermoplastic vulcanizates (TPV) increases the 

EPDM viscosity, which promotes phase inversion [Coran, Patel, 1990; Van Duin, 2006]. The molten 

ethylene-1-octene copolymer also demonstrates phase inversion during dynamic cross-linking via the 

increase in melt elasticity induced by dual cross-linking by the peroxide and silane as coagent with 

hydrolysis of methylol groups and condensation [US Patent, 2009]. Carbon black [Taguet et al., 2014; 

LeHel et al., 2020], SEBS [Sengupta et al., 2004], and blend GTR/EVA [Saeb et al., 2022] may also 

increase the melt strength of the composite. The dispersed solid crosslinked phase must be above 64 

wt% to provide a reasonable compression set [LeHel et al., 2020]. The large rubber domains above the 

critical size of 40 µm are not dispersed efficiently. A coarse morphology acts as strong imperfections, 

ruining the macroscopic properties of the blends [Martin et al., 2009]. 

TPR matrix. Processing of GTR-filled PP-based matrix requires temperatures well above 200oC. 

Therefore, polyolefins EVA, LDPE, and LLDPE are preferable matrices to avoid GTR degradation 

during injection molding below 200oC [Koning et al, 1998]. Since EVA shows a better affinity to GTR, 

it was selected as a main matrix component. 

GTR functionalization strategy is based on the oxidation of electron-deficient unsaturated backbone 

[Baldwin et al, 2008] and the erosion that assisted the restoration of double bonds [Datta et al, 2007]. 

This process overcomes poor compatibility with thermoplastics and improves the homogeneity of the 

system [Fazli, Rodrigue, 2023]. Improvement of the mechanical properties is assumed by the interaction 

between GTR and the thermoplastic matrix [Sonnier et al., 2008].  A low interfacial adhesion of GTR 

to the substrate is confirmed by the easy removal of rubber from the EVA matrix [Mujal-Rosas et al., 

2011]. The mixing temperature depends on the concentration of functionalized groups in SEBS 

[Rodriguez-Guadarrama, 2020] and polyolefins [Azimi, 2021]. Unfortunately, most research efforts 

end as soon as successful degradation is shown, and no attention is given to functional parameters with 

this concept. A disadvantage is that an absence of homogeneous modification of the GTR is not ensured, 

and, as a result, stable reproducibility of properties is not guaranteed. Besides the processing parameters, 

the macrostructure of the composite is dependent on the composition ratio, viscoelasticity of the matrix, 

dispersion, and distribution.  Previous studies reported that the surface roughness of the GTR compound 

correlated to the extent of dispersion of GTR, and unsaturation of rubber [Rakhman, 2023].  This study 

focused on direct reprocessing of GTR in the thermoplastic composite. The first approach is the 

functionalization of GTR in situ, which is assumed to offer the desired level of interactions between 

GTR and matrix. A second conceptual approach involved a comparative study of the evolution of bulk, 

inter-phase, and surface properties of the thermoplastic composite during staged mixing and GTR 

fragmentation . 

 

Abbreviations 

GTR - ground tire rubber; 

SEBS styrene-ethylene-co-butylene-styrene 

copolymer 

EVA – ethylene-vinyl acetate copolymer 

TPR - Thermoplastic macro-composite 

Descriptions 

The interface is the boundary between two layers of different chemistry [Jesson, Watts, 2012] 

The interphase is the activated interface of the ground rubber and adherend [Jesson, Watts, 2012] 

 

2.Experimental 

2.1. Compounding ingredients. GTR grade 40B is an ambient-milled truck tread, size below 40 mesh 

or 425 μm (Tyrec, Israel). SEBS is a Calprene H6174 (Dynasol). EVA is a copolymer comprising 

19% of VA - Greenflex FF 55 (Versalis). 

xidative oAerobic  394 produced by Tyrec Recycling Industries.-Rfunctionalizing promoter -Rubber

t eYuan, US Patent, 2021; desulfurization removed the sulfides and thiophens at the mild conditions [

al., 2022]. 
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Antidegradants 6PPD (Vulkanox R 4020), and TMQ (Vulkanox HS/LB) are both LANXESS. 

Compositions also contain oligomers C5/C9, C9; flow improver; and carbon black SRF 772. 

Formulation design. The matrix is a minor continuous phase, and GTR is a major discrete phase. The 

distinguishing feature of the macro-composite is that the controlled ratio of GTR to SEBS and EVA 

with the oxygen-containing pendant groups could affect the processing of the blend. Preliminary trials 

showed that at an excessive GTR-matrix ratio above fourfold, wetting and uptake in the mixer chamber 

were hindered, and the batch was powdered. The approximate hydrocarbon content was estimated at 

100 parts by weight for 200 wt% by weight of ground rubber. The blend, furthermore, comprised an 

elastomer SEBS (content of 20, 30, and 40 wt% on 200 wt% of GTR) and a copolymer EVA (60 wt%).  

Carbon black SRF 772 was used at 12 wt% loading. 

Basic operational parameters. The internal mixer exhibits an optimal reactor, ensuring the balance 

between temperature, ram pressure, and timing during staged mixing. The coarseness of the elastic and 

infusible GTR hindered its occlusion by a binary blend. Operational parameters can readily be observed 

and may be modified during mixing to somewhat control how the process is going on; there are ram 

position, temperature and time (of sequences of the procedure), and mixer peak torque.  

Mixing design. The model compositions were prepared in a Banbury mixer [Rakhman, 2023]. The 

process is limited by “time to mix” or a “temperature limit” as fail-safe criteria. The molding cycle for 

viscosity, peel strength, and mechanical properties included 3 mins of pressure-less preheating, 30 secs 

of venting; holding pressure for 2 mins at 160°C, and cooling under 6 bars of pressure.  

2.2. Methodology. The quality of recycled GTR blends is usually below that of raw elastomer. 

Comparative methods of lower- and higher-quality composite characteristics should help to make a fast 

evaluation and further decisions to improve its proper utilization as raw material [Ishimura et al., 2021; 

Ruiz‑Hernandez et al., 2018], Comparison could predict the evaluation of mixing steps by exploiting 

the extent of macroscopic roughness and viscoelasticity.   

The analysis of GTR fragmentation. Industrial quality control of filler dispersion uses methods, that are 

usually not measured directly. The macro-dispersion can be categorized along a spectrum and quantified 

by reproducible ranging according to the size of the particles. The preferred approach to indirect 

estimation of GTR fragmentation should be simple and quick. The extent of fragmentation could be 

directly appraised, yet the impact of both bulk and surface properties may not be evaluated completely, 

where traditional testing had failed to identify them. The evolution of macro-dispersion, fragment size, 

and bulk properties could be characterized by viscosity, inter-phase adhesion, surface roughness, and 

cavitation. 

Surface macro-roughness is characterized semi-quantitatively by direct observation. To ensure the 

relevant roughness estimation, provision should be made for a suitable roughness set of variables—

images formed by a 5X light glass magnifier. A score of 10 indicates a regular surface with invisible 

particles to the naked eye in size below 40 µm [Rose, 1948], while lower scoring values indicate 

different degrees of roughness and fragmentation indirectly.  

Viscoelastic torque. The direct measurement of shear viscoelasticity of GTR composites was hampered 

because of a low gap between the large GTR size and the small diameter of the rheometer channel. The 

minimum viscoelastic torque ML was comparatively measured A moving die rheometer roughly, where 

its variations could assess the changes in flow [MonTech MDR; Ramini, Agnelli, 2020].  The MDR 

test at 150°C used a pre-molded disc. Wetting time characterizes the achievement of GTR uptake at the 

maximum mixer peak torque. The void content was determined using the ASTM D2734 and the density 

was by the dry/wet weight method ASTM D792 [Montagna et al., 2012]. The composite peel test was 

used to estimate the interphase adhesion between the GTR pre-blends and the polyolefin matrix.  Peel 

strength is related to surface roughness, therefore, the pre-blends were extra re-milled in Banbury to 

ensure better uniformity.  Matrix adherend – 1.5 mm LLDPE/EVA (1:1) sheet was etched in chromic 

acid for 2 hrs [Wang et al, 2009]. The specimens of sheets with 1.5 mm thickness were cut with a razor 

blade using the frame. The matrix adherend and pre-blend were reinforced by fabric and separated with 

25 mm wide mylar. T-peel testing of the composite ribbon was performed according to the modified 

ASTM D6892/D903 at a rate of 25 mm/min for the 127 mm length of the bond line. 
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3. Results and Discussion.  

3.1. Staged mixing. There is no simple way to incorporate large quantities of loose and elastic GTR into 

a matrix and uniformly disperse it. Composites were prepared using two-stage mixing to ensure that 

any changes in the GTR-SEBS ratio could be attributed to morphology and controlled fragmentation of 

GTR. The one-step mixing is accompanied by uncontrolled heating and degradation of the GTR. Staged 

melt-mixing can overcome this problem. Firstly, the GTR should be compacted and consolidated in a 

batch without overheating. Next, the pre-blend is returned to the mixer, and the remaining components 

are added. The weight and volume ratios of the polymer phases and GTR in staged compositions are 

shown in Table I . 

 

Table I - Effect of polymer ratio on compositions of two-step mixing. 

 

D1 C1 B1 A1 Pre-blending step 

200:30:40 200:30:30 200:30:20 200:60:0 Ratio GTR-EVA-SEBS, wt% 

74 77 80 77 Thermoset rubber fraction, wt% 

semi-dense large pieces pieces lumps Form factor of batch-off 

Master step – EVA, wax, fatty acid added to pre-blend phase 

D2 C2 B2 A2 TPR master step 

200:60:40 200:60:30 200:60:20 200:60:0 Ratio GTR-polyolefin-SEBS, wt% 

175:65:44 175:65:33 175:65:22 175:65:0 Ratio GTR-polyolefin-SEBS, vol% 

67 69 71.1 77 Thermoset rubber weight fraction, wt% 

61.6 64 66.7 76 Effective rubber volume fraction, vol% 

Dense batch batch large pieces lumps Form factor of batch-off 

 

3.2. Pre-blending. Compaction was intended to consolidate a 74 wt% GTR mix into a batch (Table I). 

At the beginning of mixing, GTR is essentially elastic aggregates with a low bulk density of 345 kg/m3. 

Pre-blends comprised half of the thermoplastic and completely the neat elastomer, carbon black, resin, 

fatty acid, and rubber-functionalizing promoter. The polymers and half of the GTR were added first, 

and after 30 secs, the remaining GTR was added. The compaction of GTR was estimated by a series of 

semi-quantitative tests, including the mixer peak torque, wetting time, and qualitative test 'form factor' 

of the batch.  The extent of interaction of GTR with the matrix was evaluated for mixer peak torque, 

wetting time and voids content. A mixer peak torque characterizes the extent of melt strength 

[Abeykoon et al., 2020] and the quality of the interface boundary of molten polymer blends [Gotten, 

1987; Klie et al., 2015]. The form factor of discharged batch-offs as slabs, pieces, or lumps is implied 

as a function of the melt strength during mixing. During mixing, the mixer's torque was reduced after 

the addition of GTR because of partial batch breakdown in the case of binary pre-blend. The effect of 

the SEBS on the evolution of mixer peak torque and wetting time in the pre-blending stage is depicted 

in Figs. 1 and 2. 

 

 
 

Figure 1. Effect of SEBS content on mixer peak torque of pre-blends 
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The uptake of GTR by the molten phase is related to the mixer torque passing through a maximum of 

60–140 secs due to the polymer/resin fusing. The binary pre-blends A1/A2 (GTR/EVA), were poorly 

dispersed, and extremely crumbly, since the low values of mixer torque were related to poor dispersion 

of GTR, which was incapable of producing sufficient mixer torque, and shear force, as shown in Fig. 

1. By contrast to the coarse textured binary blends, the ternary blends SEBS promoted the uptake of the 

GTR with decreasing wetting time (Fig. 2) and increasing the overall compaction rate.  

 

 
 

Figure 2. Effect of SEBS content on wetting time of pre-blends 

 

The ram pressure and short-term fusion of the matrix/resin were sufficient to generate GTR wettability. 

The ternary D1 blend was consolidated, with a denser form factor (Table I), a higher mixing peak torque 

of 64% versus the binary A1 blend. It is related to rising melt strength (melt elasticity) [Munstedt, 2018], 

which promotes melt elasticity at high shear stresses.  

Cooling impact. The blend processing is limited by its low heat transfer capability. Hence, intermediate 

cooling is needed to improve dispersion. Firstly, an extra GTR step improves dispersion in the matrix. 

Secondly, in each pass, the batch is remixed at an elevated temperature for a short time, which ensures 

the thermal stabilization of GTR due to the prevention of overheating of a blend. Prepared pre-blends 

were cooled for at least 180 mins to increase the melt viscosity, which is well known to be critically 

dependent on temperature. 

3.3. The effect of SEBS on master mixing step. The master blend consisted of a pre-blend and added 

EVA as a diluent, which was charged into the mixer first. Then a flow improver and surface aids 

(graphite or wax) helped keep the blend from sticking and minimize the mixing time. The thermal 

mixing weakens the cross-linked network, assisting selective bond-breaking. A master blend was 

processed into a mixture that is as uniform as possible. Mixing a binary masterbatch was difficult due 

to its low melt strength. Added surface aids prevent the blend from sticking and minimize the mixing 

time. 

Processing stabilization implied that GTR fragmentation was achieved with retention of the backbone 

chains. The temperature stabilization was achieved via fill factor, ram pressure, and shear-force mixing 

[Manas-Zloczower et al., 1984].  Oxidative shear mixing generated free radicals on GTR chains which 

could be recombined, if not stabilized. Therefore, at the end of the mixing cycle, adding antioxidants 

inhibited free radicals to prevent further degradation of the GTR chains and improve their thermal 

stability.  

Heat work history. Work input (energy) is the combined effect of power, temperature, and time during 

mixing [Van Buskirk et al., 1975]. As can be seen, a limited work heat history was applied during the 

first step, so the viscosity and surface roughness were poor. The mixing work equivalents operated more 

rationally at higher temperatures during a master step, the process is mostly governed by SEBS loading, 

which builds up a discharging temperature of more than 15°C to 25°C comparably to binary blends. It 

is suggested that cleavage of the cross-links in GTR can be achieved using a range of external stimuli 

(promoter, shear, temperature) for propagating the fractures and fragmentation of GTR aggregates. 
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Unsuitable mixing conditions could cause melt fractures due to an inadequate matrix-GTR interaction. 

In this case, the real duration of mixing could include the added step of re-milling. The master step 

demonstrated the fragmentation of large aggregates and the suppression of macro-voids. Although it 

was impossible to assess the extent of fragmentation, the effect on the bulk and surface properties could 

be estimated. 

3.4. Macro-voids. It is suggested that entrapped air, moisture, and volatiles formed in a mixing process 

play a significant role in void nucleation as a function of the shear mixing-related time. The stretching 

and shear mixing processes generate macro-voids between unmodified phases that cannot stick 

together. Macro-voids in the grain-boundary structure result in inter-phase irregularities, stemming 

from the excessive elastic recovery of GTR [Henzel et al., 2022]. The effect of the SEBS content on the 

comparative macro-void content evolution is depicted in Figure 3. 

 

 
 

Figure 3.  Effect of SEBS on macro-void content in composites 

 

The binary blends A1 and A2 comprised a higher void amount (Fig. 3). Denser form factor related to 

reduced void content of ternary SEBS pre-blend (Table I and Fig. 3). The power curve of mixing was 

flattened as evidence of suppression macro-voids and reduced batch volume.  The SEBS-promoted 

consolidation of composite D2 is notably governed by the reduction of the viscosity of the composite 

and the subsequent dissolution of voids up to a level 0.5%, as assumed due to the disintegration of GTR. 

The master step demonstrated the fragmentation of large aggregates and the suppression of macro-

voids. 

3.5. Surface roughness is the most common tool for measuring the morphology of materials [Lonardo 

et al., 2002] and has been proposed as an indirect indicator of filler dispersion [Putman, 2002]. The non-

fusible and large-sized GTR particles induce surface roughness, inter-phase voids, and high viscosity 

of polymer blends. The observed evolution of surface texture is a function of GTR disruption. The 

relevant control of surface texture requires a suitable set of roughness variables. The controlled regular 

surface could be ensured via the size reduction of non-fusible cores up to their invisibility below 40 μm. 

On the one hand, the comparative surface roughness method ensured the semi-quantitative estimation 

of macro-void content (Fig. 3), during staged mixing, which was undetected by typical testing.  On the 

other hand, the surface roughness indicated the evolution of the disordered morphology and the gross 

irregularities of the GTR macro-composite. The measure of surface roughness can be used as an indirect 

indicator to evaluate bulk properties as a function of fragmentation extent. Observations of surface 

roughness should become dominant in heterogeneous blends to predict the extent of GTR 

fragmentation. 

Effect of SEBS on web surface texture and viscosity. Although it was not possible to directly assess the 

fragmentation, the effect of the cleavage of the cross-linked network on the change of viscosity [Clarke, 

Freakley, 1994] and surface roughness could be used. The surface roughness shows evidence of the 

changes in the final morphology of disrupted GTR in an elastomer matrix. The effect of the SEBS 

content on the viscoelastic torque and surface roughness is depicted in Figs. 4 and 5. 
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Figure 4. Effect of SEBS content on viscoelastic torque of two steps composites 

 

Figures 4 and 5 illustrate the strong macro-roughness and high viscoelastic torque of binary A1/A2 

blends, caused by melt failures. The effect of mixer torque on rheological properties appears to be the 

opposite of increasing mixing energy, as shown in Fig. 1. 

 

 
 

Figure 5. Effect of SEBS content on surface roughness rate of pre-blends and master blends. 

 

Two different methods —surface roughness and viscosity—confirm that the optimal extent of 

fragmentation is indeed achieved in blend D2. The increase in the SEBS content of blend D2 minimized 

the surface roughness, and void content, reducing viscoelastic torque, as depicted in Figs. 3-5 compared 

with the pre-blend step.  

3.6. Effect of the molding temperature on the interphase adhesion. Studies claimed [Candal et al., 2008; 

Le Mouellic et al., 2021] that increasing the injection temperature of the overmolded TPVs from 190°C 

up to 260°C raises the peel strength. The effect of molding temperature on adhesion between GTR pre-

blends and polyolefin sheets was studied with samples obtained at 160°C and 190°C, as shown in Figure 

6. 
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Figure 6. Effect of SEBS and molding temperature on macro-composite peel strength 

 

The rise in peel strength between the PE/EVA sheet and the GTR-based pre-blend, as depicted in Figure 

6, is consistent with the SEBS content. The molding temperature at 190°C raised the peel strength 

compared to 160°C by 58% through the presumed sintering of a thermoset network as a promising 

approach to overcome the limitation of lower temperatures [Tsuruoka, 2020]. The increase in SEBS in 

the ternary blend enhanced peel strength, due to the improved viscosity of GTR fragments. The 

evolution in interphase, presumed to be ruled by the interlocking between restored domains and matrix, 

also plays an active role in the final morphology stabilization.  

3.7. The proposed model of GTR conversion in macro-composite. The subsequent fragmentation of 

weakened aggregates was governed by mild oxidative cleavage of the sulfidic network below 200°C 

promoted. In summary, this scission helped to regain the adhesion and unsaturation of main chains 

[Rakhman, 2023; US Patent, 2021]. A conceptual “onion peeling model" was proposed to explain the 

erosion mechanism [Shiga & Furuta, 1982]. Evaluation of viscosity, roughness, and an inter-phase 

adhesion of matrix/rubber (Figs. 3–6) presumes the pattern of GTR disintegration, that is illustrated in 

Figure 7. 

 
Figure 7. The assumed model of consecutive steps of the GTR conversion to macro-composite [adapted 

from Fazli, Rodrigue, 2022]. The proposed structure of the macro-composite comprises thermoset 

cores, which, are surrounded by a gel-like shell (interphase) and carbon black dispersions in the matrix.  

 

The sequential pattern of GTR conversion proposed in Figure 7. The borders among the particles break 

down, expectedly enough (because GTR turns into finely divided macro-gels). Macro-composites are 

composites in which non-fusible cores have been partially surrounded by an oxidized gel-like shell 

(inter-phase). Even the relatively moderate functionalization of GTR and matrix polymers, this can 

achieve good adhesive strength [Chen et al., 2021]. Comparing evolution of surface roughness and 

viscosity (Figs. 3 and 4) suggested that macro-gels immobilized in the matrix demonstrated uniform 

bulk and surface, as implied via a thicker interfacial region in the GTR/EVA blend [Saeb et al., 2022]. 

Promoted immobilization of the rubber domains was possible by generating an 'effective' volume of 

restored rubber. 
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3.8. Effective volume fraction comprises restored rubber. Promoted oxidative functionalization of the 

rubber fragments was possible by generating an 'effective' volume of restored rubber.  The viscosity-

roughness relationship (Figs. 4–5) demonstrated the conversion of large-sized aggregates into the 

'effective' volume comprising the semi-crosslinked domains and carbon black dispersed in a matrix. 

Several variables that affect the morphology are identified, including the polyolefin type and thermoset 

nature of restored ‘effective’ rubber and its ratio; the ligament's thickness, and the continuous plastic 

phase [Abdou, Patel, 1991]. The smaller the thermoset core size, the less matrix volume fraction is 

required for such continuous inter-phase [Jesson, Watts, 2012; Wu et al., 2014]. Thus, the formation of 

uniform dispersion improves the integrity of the macro-composite. 

 

3.9. Mechanical properties. The macro-composites demonstrated in Table II significant improvements 

in the uniformity of static properties depending on SEBS content. 

 

Table II. Effect of polymer/elastomer matrix on TPR static properties 

 

D2 C2 B2 A2 Macro-composites 

62 65 69 81 Hardness Shore A 

2.4 2.6 2.7 3.2 Modulus 100%, MPa 

7.1±1.08 6.8±1.16 6.3±1.23 3.6±1.81 Tensile Strength, MPa 

265 248 231 127 Elongation at break, % 

36±1.04 30±1.15 26±1.26 18±1.54 Tear - Type C, N/mm 

33 28 26 ND Compression Set at 70oC /22hr, % 

 

The binary blend A2 demonstrated low tensile strength and tear with high standard deviation, as shown 

in Table II.  The declining inter-domain gap presumably in this mix leads to greater localization of 

plastic deformation. The increasing (impairing) compression set from B2 to D2 stems from the reducing 

semi-cross-linked effective rubber fraction content. The increasing SEBS content improved tensile 

strength, elongation, and tear resistance of ternary blends, and reduced hardness. The reduced standard 

deviation of the tensile strength and tear of the D2 blend is accompanied by an improvement in the 

uniformity of the composite.  Thus, the described process can overcome the effect of uncontrolled 

variations in the GTR feedstocks on the final composite characteristics. 

3.10. Structure-property relationship of the macro-composite versus commercial TPV. The EPDM 

phase was assessed as 70% crosslinked under TPV dynamic crosslinking [Martin et al., 2009]. Further, 

it also suggested two conceptual models: one is a gel-like lamellar structure up to 10 μm size [LeHel et 

al., 2020]; another model comprises co-continuous gel-like structures observed up to 200 μm size 

[Martin et al., 2009; Wu et al., 2014]. On the other hand, the presented macro-composite implies 

somewhat restored thermosetting gel-like structures up to 10 μm size within a matrix. 

 

4. Summary and recommendation.  

The novel concept was used to upcycle GTR via cleavage of a cross-linked network with conversion 

into macro-composite. The pre-blend, which comprised loose 74 wt% GTR, was compacted with the 

matrix under ram pressure. The master step assisted in the fragmentation of rubber aggregates and in 

the removal of the macro-voids due to the controlling shear forces, temperature, and residence time.  

Although the degree of fragmentation was not quantifiable, one could estimate its effects on both the 

bulk and surface properties. Two different methods —surface roughness and viscosity—confirm that 

the optimal degree of fragmentation is achieved in blend D2 with an added 20 phr of SEBS. The 

relationship established between viscosity, surface roughness, and inter-phase adhesion.  A series of 

tests, including peel strength, elastic recovery, tensile strength, and tear, quantified the interactions 

between the GTR and matrix. Direct GTR conversion to a malleable thermoplastic macro-composite is 

governed by two-staged mixing.  The reclaim step was excluded. 
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