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ABSTRACT: Devulcanized ground tire rubber (DGTR) samples were produced using an independently developed industrially sized

single-screw extruder. The DGTR was further revulcanized to produce revulcanized DGTR (RDGTR) samples. The structure and proper-

ties of the produced samples were investigated via tests and characterization of sol fraction, crosslink density, Fourier transform infrared

spectroscopy spectra, X-ray photoelectron spectroscopy spectra, Mooney viscosity, curing characteristics, dynamic rheology, tensile prop-

erties, and surface morphology. The results demonstrate that the extruder can effectively break up crosslinked structure of ground tire

rubber to achieve high devulcanization level (characterized by sol fraction and crosslink density), which is mainly associated with its

moderate shear strength. The balance between mechanical properties and processability for the DGTR samples was analyzed. Lower

ratios of main-chain to crosslink scission and good processability (mainly characterized by modest Mooney viscosity) for the DGTR

samples, and high tensile strengths and elongations at break for the RDGTR samples are obtained via appropriately combining the barrel

temperature and screw speed. High quality DGTR sample with tensile strength and elongations at break of up to 11 MPa and 370%,

respectively, is prepared under the conditions used in this work. VC 2016 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2016, 133, 43761.
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INTRODUCTION

Significantly grown amounts of waste rubbers are produced

worldwide, which mainly results from fast development of auto-

motive industry. Recycling waste rubbers can settle environmen-

tal problem and provide reclaimed rubber, and so has attracted

much attention from both industry and academia. Rubber

recovery, however, is not an easy matter because vulcanized rub-

bers have three-dimensional crosslinked structure.1

Enormous efforts have been made to develop a number of

techniques to devulcanize waste rubbers especially ground tire

rubber (GTR). These techniques mainly include thermomechni-

cal,2,3 mechanochemical,4,5 microwave,6–8 ultrasonic,9–11 micro-

bial,12–14 and solid state shear pulverization15,16 methods.

Among these devulcanization methods, thermomechnical con-

tinuous devulcanization via shearing has a largely industrialized

potential.17 Thermomechnical continuous devulcanization is

mainly realized by using twin-screw extruders.17–30 In most of

these works, effects of extruder screw configuration and process-

ing conditions (screw speed, barrel temperature, feeding rate)

on the devulcanization efficiency and the structure and per-

formance of devulcanized rubber were investigated, and possible

devulcanizing mechanism was analyzed. The results demonstrate

that higher devulcanization efficiency can be achieved under

appropriate conditions.

Recently, Zhang et al.1 investigated and compared the structure

and properties of the reclaimed rubbers prepared by using four

different reclaiming methods. The results showed that the

reclaiming process by twin-screw extruder is dominated by

main chain scission due to strong shear force and high tempera-

ture, which results in very low Mooney viscosities for the

reclaimed rubbers and lower mechanical properties for the

revulcanized reclaimed rubbers. Moreover, the recommended

reclaiming method would be a process under oxygen-free

atmosphere, without severe shear force and at relative low tem-

perature. As well-known that single-screw extruder exerts lower

shear force on the materials than twin-screw extruder. Actually,

single-screw extruders were employed in ultrasonic devulcaniza-

tion by Isayev et al.9,10 and in solid state shear pulverization by

Bilgili et al.15 Recently, an industrially sized single-screw

extruder specially used for devulcanizing waste rubbers was

developed in our research group.
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For the aforementioned reasons, the developed single-screw

extruder was used to devulcanize GTR in this work. Shear, tem-

perature, and residence time are main processing parameters

affecting the devulcanization degree in devulcanization process

using an extruder. So the influences of barrel temperature and

screw speed of the single-screw extruder on the structure and

properties of the devulcanize GTR (DGTR) were investigated

via systematic tests and characterization. The balance between

mechanical properties and processability for the DGTR was

analyzed.

EXPERIMENTAL

Equipment and Materials

A large-sized single-screw extruder was developed to be specially

used for devulcanization of ground rubbers continuously and

industrially in our research group. The extruder is equipped

with a screw (schematically depicted in Figure 1) having a

diameter of 120 mm, length-to-diameter ratio of 40, and com-

pression ratio of 1.7. The screw is divided into six zones,

namely, one feeding, two conveying, two shearing, and one

pumping zones. Flights in conveying zones 1 especially 2 have a

smaller helix angle than that in the feeding zone. A barrier flight

is introduced in shearing zones 1 and 2. The barrier flight has a

larger helix angle and clearance than the main flight. The shear

strength of the extruder screw is mainly dominated by the clear-

ance of the barrier flight. Compounded stocks can be exposed

to moderate shear force and more uniform temperature field

when flowing across the barrier flight. Alternately arranged con-

veying and shearing zones are beneficial for simultaneous

improvement of conveying and devulcanizing of the com-

pounded stocks.

The GTR powder used in this work was prepared from recycled

truck tires. Its average particle size was about 1 mm. Reclaiming

agents, including aromatic oil, rosin and activator (B450), and

curing agents, including accelerator (NS), zinc oxide (ZnO), sul-

fur and stearic acid, all were commercially available.

Sample Preparation

The GTR powder (100 phr) and reclaiming agents (aromatic oil

10 phr, rosin 1.2 phr, and activator 0.3 phr) were dry-mixed,

and the mixture was then fed into the hopper of the single-

screw extruder. DGTR samples were prepared under five differ-

ent barrel temperatures (230–270 8C in step of 10 8C) at 30 rpm

screw speed and different five screw speeds (15–35 rpm in step

of 5 rpm) at 250 8C barrel temperature.

The as-extruded DGTR samples were collected for further

revulcanizing to produce revulcanized DGTR (RDGTR) samples

according to the formulation suggested by Standard GB/T

13460–2008 (China) (DGTR 300 g, accelerator 2.4 g, ZnO

7.5 g, sulfur 3.5 g, and stearic acid 1.0 g). Specifically, the

DGTR sample and curing agents were compounded in a two

roll mill. The compounded stock was then placed in a mold

and pressed by using a platen press at 16 MPa and 145 8C to

prepare RDGTR samples with a thickness of about 2 mm.

Dumbbell-shaped specimens were punched out from the

RDGTR samples.

Tests and Characterization

Sol Fraction Measurements. The sol fraction of the DGTR

samples was measured using Soxhlet extraction method. The

sample wrapped with wire mesh was put into Soxhlet extractor

to be extracted with acetone for 12 h. The residue was dried for

6 h at 60 8C in a vacuum oven to a constant weight m1. The

dried residue was further extracted with toluene for 24 h, and

the residue was dried for 8 h at 60 8C in a vacuum oven to a

constant weight m2. The sol fraction was calculated using the

following equation:

Sol f raction5
m12m2

m1

(1)

Crosslink Density Measurements. The crosslink density of the

DGTR samples was determined by a swelling technique using

toluene as a solvent. Small pieces of specimens cut from the

DGTR samples were immersed in toluene for 72 h at room

temperature. The Flory–Rehner equation31 with Kraus correc-

tion32 was used to calculate the crosslink density.

Fourier Transform Infrared Spectroscopy (FTIR). FTIR

absorption spectra of the DGTR samples were recorded with a

FTIR spectrometer (Vertex 70, Bruker, Germany). The scanning

range was 4000–400 cm21 with a resolution of 4 cm21.

X-ray Photoelectron Spectroscopy (XPS). XPS spectra of the

DGTR samples were recorded with an XPS spectrometer

(ESCALAB250, Thermo Scientific, USA). Binding energies were

corrected to the carbon 1s peak locating at 285.0 eV.

Mooney Viscosity Measurements. The Mooney viscosity of the

DGTR samples was measured using a Mooney viscometer

(JMN-III, Yangzhou Jingyi Test Machine, China) according to

Standard GB/T 1232.1–2000 (China).

Curing Characteristic and Dynamic Rheological Measurements.

The DGTR sample and curing agents were compounded in a

two roll mill using the same formulation to that in preparing

the aforementioned RDGTR samples. A disk specimen cut from

the compounded stock was placed in a rubber process analyzer

(RPA2000, Alpha, USA). The measurements were preformed

first at a temperature of 60 8C to give the dynamic rheological

properties for the DGTR sample and subsequently at 160 8C to

give the curing characteristics for the DGTR sample and the

dynamic rheological properties for the RDGTR sample. The fre-

quency was set at 1.7 Hz in the measurement process.

Tensile Testing. Tensile tests were carried out on the dumbbell-

shaped RDGTR specimens using a testing machine (JDL-5000,

Yangzhou Jingyi Test Machine, China) at room temperature and

Figure 1. Schematics for screw of industrially sized single-screw extruder used in this work.
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a crosshead speed of 500 mm/min according to Standard GB/T

528–2009 (China). Each experiment was repeated for five times.

Scanning Electron Microscopy (SEM) Observation. The surfa-

ces of the GTR powder and DGTR samples and the cryofrac-

tured surface of the RDGTR samples were sputtered with gold

and then observed by using an SEM (JSM-6700F, JEOL, Japan).

RESULTS AND DISCUSSION

Effect of Barrel Temperature

The effect of the barrel temperature (230–270 8C) used in

devulcanizing the GTR by the extruder on the structure and

properties of the DGTR samples was investigated at a fixed

screw speed of 30 rpm.

Devulcanization Level

The devulcanization level for devulcanizates can be character-

ized by sol fraction or crosslink density. They can reflect the

characteristics of the structure in devulcanizates indirectly. Fig-

ure 2 illustrates the sol fraction and crosslink density curves for

the DGTR samples versus the barrel temperature. It is apparent

that as raising the barrel temperature from 230 to 270 8C, the

sol fraction increases slightly at first and then obviously,

whereas the crosslink density decreases monotonously.

Scission of crosslink bonds is usually accompanied by main-

chain scission during devulcanization of ground rubbers. Here

Horikx’s theory33 was used to determine the ratio of main-

chain to crosslink scissions in the prepared DGTR samples.

According to Horikx’s theory, a theoretical relationship between

the sol fraction and the relative decrease in the crosslink density

for the DGTR samples prepared under different barrel tempera-

tures is obtained and shown in Figure 3, in which Vi and Vf are

the crosslink densities of the GTR powder and DGTR samples.

The devulcanization process is more dominated by scission of

the crosslink bonds [mainly sulfur–sulfur (SAS) and carbon–

sulfur (CAS) bonds] when data points are located near the

crosslink scission curve.

The fraction of sol component existing in devulcanizates can be

used to characterize devulcanization efficiency or rubber net-

work scission degree.17 Generally, the higher the sol fraction is,

the more efficient the devulcanization is. The sol fraction for

the GTR powder used in this work is measured to be about

5.1%. Increased sol fractions are obtained for the prepared

DGTR samples (shown in Figure 2), which confirms that the

crosslinked structure in the GTR is effectively broken by using

the single-screw extruder developed in this work. As raising the

barrel temperature, on the one hand, the sol fraction increases

and the crosslink density decreases, suggesting the scission of

more crosslink bonds and also main chains in devulcanizing the

GTR; on the other hand, the data points shown in Figure 3

move away from the crosslink scission towards main-chain scis-

sion curves gradually, meaning increased ratio of main-chain to

crosslink scission. That is, higher sol fractions in the DGTR

samples at higher barrel temperatures are gained at the expense

of severer main-chain scission. This is attributed to more heat

absorption for the GTR powder when it is conveyed and

sheared along the screw at higher barrel temperatures.

Figure 2. Sol fraction and crosslink density curves for DGTR samples ver-

sus barrel temperature.

Figure 3. Sol fraction versus relative decrease in crosslink density for

DGTR samples prepared at different barrel temperatures. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 4. FTIR spectra for GTR powder and DGTR sample prepared at

barrel temperature of 250 8C. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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Characterization of Devulcanization

Figure 4 shows the FTIR absorbance spectra for the GTR pow-

der used in this work and the DGTR sample prepared at a bar-

rel temperature of 250 8C. Both of them exhibit absorption

peaks at 1446, 1663, 2845, and 2913 cm21, which are all charac-

teristic absorption peaks of nature rubber (cis-polyisoprene).

The absorption peaks at 1446 and 1663 cm21 are assigned to

the bending vibration of methylene group (–CH2–) and the

stretching vibration of carbon–carbon double bond (C@C),

respectively. The peaks at 2845 and 2913 cm21 are assigned to

the saturated carbon–hydrogen bond (CAH). As can be seen in

Figure 4, both DGTR sample and GTR powder exhibit similar

FTIR spectra. The main difference lies in somewhat strength-

ened absorption peaks at 1446 and 1663 cm21 for the former.

This may be attributed to partial breakage of CAS crosslink

bond and so formation of the –CH2– group and the C@C

Figure 5. (a) C1s, (b) O1s, and (c) S2p core spectra and (d) structural changes in sulfide bonds on surfaces for GTR powder and DGTR sample pre-

pared at barrel temperature of 250 8C. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Table I. Surface Element Contents for GTR Powder and DGTR Sample

Prepared at Barrel Temperature of 250 8C

Element C (%) O (%) S (%)

GTR 93.65 5.75 0.60

DGTR 94.39 5.34 0.27
Figure 6. Mooney viscosity curve for DGTR samples versus barrel

temperature.
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bonds at the main chain under the coupling effects of the shear

force, heat and reclaiming agents during devulcanization in the

developed single-screw extruder. The SAS bond is lower than

the CAS bond in bond energy, so it may be expected that par-

tial SAS bonds are also broken in the case of the CAS bond

breakage.

XPS analyses were employed to determine the contents and

bonding states of C, O, and S elements for the GTR powder

and the DGTR sample prepared at a barrel temperature of

250 8C. Figure 5 shows the C1s, O1s, and S2p core spectra and

the structural changes in sulfide bonds on the surfaces for the

GTR powder and the DGTR sample, whereas Table I lists the

surface element contents. As can be seen, the DGTR sample

exhibits almost unchanged C and O peaks as compared to the

GTR powder [Figure 5(a,b)]. The S2p core spectra demonstrate

that S peak is shifted about 0.5 eV to a high binding energy

[Figure 5(c)] and both SAC bond at 162.3 eV and SAS bond at

163.7 eV are obviously reduced [Figure 5(d)] for the DGTR

sample. It is obvious from Table I, the C and O contents almost

remain unchanged, whereas the S content is substantially low-

ered. From the foregoing, partial SAC and SAS bonds in the

GTR are broken by the extruder.

Mooney Viscosity

Mooney viscosity of devulcanizate is related to its structure. Fig-

ure 6 displays the Mooney viscosity curve of the DGTR samples

versus the barrel temperature. As can be seen, the Mooney vis-

cosity decreases gradually with raising barrel temperature, which

exhibits opposite tendency of the sol fraction with the barrel

temperature (Figure 2). This is associated with the plasticization

effect of the sol fractions with low molecular weight.

Curing Characteristics

The curing characteristics of the DGTR samples, determined at

160 8C, are presented in Table II. As can be seen, both mini-

mum and maximum torques (Mmin and Mmax) of the DGTR

samples decrease with raising barrel temperature. Comparing

Table II and Figure 6 demonstrates that both Mmin and Mooney

viscosity exhibit very similar tendency with the barrel tempera-

ture, which is because the Mmin is a measure of the stock vis-

cosity of devulcanizate.1 The DM, which is the difference

between values of the Mmax and Mmin, is related to the crosslink

density. The curing agents are more apt to disperse in the sol

part than to pass into the crosslinked gel part during devulcani-

zation.1 Accordingly, higher contents of sol parts with short

molecular chains result in more difficult revulcanization for the

DGTR samples containing sol and gel parts. Thus, the decrease

in the DM with raising barrel temperature is attributed to the

decreased crosslinking density (as shown in Figure 2). It can be

also seen from Table II that all the DGTR samples exhibit

almost the same values of the scorch time (t10) and optimum

cure time (t90).

Mechanical and Rheological Properties

Figure 7 illustrates the tensile strength and elongation at break

curves determined for the RDGTR samples versus the barrel tem-

perature. It is clear that both of them first reduce modestly and

then largely with raising barrel temperature. In fact, the mechani-

cal properties of devulcanizate are determined principally by its

devulcanization level or structure. Largely reduced mechanical

properties for the RDGTR samples prepared at the barrel temper-

atures higher than 250 8C are explained as follows. Devulcanizate

is mainly composed of the sol part resulting from main-chain and

crosslink scissions and the gel part with a crosslink network. For

the DGTR samples prepared at higher barrel temperatures, higher

sol fractions suggest some severer main-chain scission (Figures 2

and 3); moreover, the main chains in the gel parts are more

severely broken (Figure 2), which results in weaker gel structure

with higher amounts of short molecular chains and so more inef-

ficient revulcanization in preparing the RDGTR samples.

Oscillatory shear measurements with the rubber process ana-

lyzer at 60 8C and subsequently at 160 8C give the dynamic

rheological properties for the DGTR samples and corresponding

RDGTR samples, respectively. Figure 8 displays the storage

modulus (G0) and loss tangent (tan d) curves versus strain for

both samples. The results demonstrate that both samples exhibit

gradually decreased G0 with raising barrel temperature. The

crosslink rubber network structure and carbon black–rubber

network structure in devulcanizate play an important role on

the values of its G0. Raising barrel temperature causes enhanced

broken extent of the crosslinked structure in the GTR and

decreased crosslink densities for the DGTR samples (shown in

Figure 2), leading to the aforementioned gradual decrease of the

G0. The tan d exhibits a small increase with raising barrel

Figure 7. Tensile strength and elongation at break curves for RDGTR

samples versus barrel temperature. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

Table II. Curing Characteristics for DGTR Samples Prepared at Different

Barrel Temperatures

Barrel
temperature
(8C)

Mmin

(dNm)
Mmax

(dNm) DM
t10

(min)
t90

(min)

230 1.58 10.89 9.31 1.9 4.0

240 1.43 10.72 9.29 2.0 4.0

250 1.08 9.82 8.74 2.0 4.0

260 0.83 8.98 8.15 2.0 4.1

270 0.61 7.76 7.15 2.0 4.1
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temperature for both samples. As expected, the RDGTR samples

exhibit obviously higher G0 and lower tan d than corresponding

DGTR samples.

Balance between Mechanical Properties and Processability

Mechanical properties and processability are two important

indicators for devulcanizates. The tensile strengths and elonga-

tions at break for the RDGTR samples decrease with raising

barrel temperatures (Figure 7). The processability or flowability

of devulcanizate is usually determined by its Mooney viscosity

or Mmin measured during curing. Both Mooney viscosity

(Figure 6) and Mmin (Table II) decrease with raising barrel tem-

perature. That is, the mechanical properties and processability

exhibit contrary tendency with the barrel temperature. So for

balanced mechanical properties and processability of the DGTR

samples, appropriate barrel temperatures should be set to break

the crosslinked structure of the GTR to a certain extent but still

maintain sufficient macromolecular chains for a certain degree

of plasticity and deformability.

Figure 8. Strain dependence of (a) storage modulus (G0) and (b) loss factor (tan d) for (1) DGTR samples prepared at different barrel temperatures and

(2) corresponding RDGTR samples. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 9. SEM micrographs of surfaces of (a) GTR powder and (b) DGTR sample prepared at barrel temperature of 250 8C and (c) cryofractured surface

of corresponding RDGTR sample. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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According to Standard GB/T 13460–2008 (China), for high

quality devulcanizates reclaimed from truck tires, the tensile

strength should be higher than 9.0 MPa and the Mooney viscos-

ity should be lower than 80 ML 100 8C (1 1 4). Combining Fig-

ures 6 and 7 demonstrates that the barrel temperatures should

be set at 242–263 8C, at which the DGTR samples with balanced

tensile strength and processability or with satisfied quality can

be prepared.

Surface Morphology

Figure 9 displays the SEM micrographs of the surfaces of the

GTR powder and the DGTR sample prepared at a barrel tem-

perature of 250 8C and the cryofractured surface of the corre-

sponding RDGTR sample. As can be seen, obviously different

morphologies appear on the three surfaces, which further con-

firms the recovery of plasticity in the DGTR sample and the

distinctly vulcanized structure in the RDGTR sample.

Effect of Screw Speed

From the foregoing, barrel temperatures of 242–263 8C are

appropriate for balancing the mechanical properties and proc-

essability of the DGTR samples. So the following investigation

is carried out at a barrel temperature of 250 8C in terms of the

effect of the screw speed (15–35 rpm) on the structure and

properties of the DGTR samples.

Shown in Figure 10 are the sol fraction and crosslink density

curves for the DGTR samples versus the screw speed. One finds

that the sol fraction decreases and the crosslink density increases

with increasing screw speed. Figure 11 is the sol fraction versus

the relative decrease in the crosslink density for the DGTR sam-

ples prepared under different screw speeds. As can be seen, the

data points move away from the main-chain scission towards

crosslink scission curves gradually with increasing screw speed.

Figure 12 illustrates the Mooney viscosity against the screw

speed for the DGTR samples. Table III lists the curing charac-

teristics of the DGTR samples determined at 160 8C. Figure 13

displays the tensile strength and elongation at break curves ver-

sus the screw speed for the RDGTR samples. Figure 14 illus-

trates the strain dependence of the G0 and tan d for both DGTR

and RDGTR samples. As can be seen, there is not much differ-

ence among the values of the tan d for the samples prepared at

different screw speeds.

Figure 10. Sol fraction and crosslink density curves for DGTR samples

versus screw speed.

Figure 11. Sol fraction versus relative decrease in crosslink density for

DGTR samples prepared at different screw speeds. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 12. Mooney viscosity curve for DGTR samples versus screw speed.

Figure 13. Tensile strength and elongation at break curves for RDGTR

samples versus screw speed. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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It can be found from comparatively analyzing Figures 10–14

and Table III that the sol fraction decreases modestly and so the

Mooney viscosity, Mmin, tensile strength, and G0 increase mod-

estly as increasing the screw speed from 15 to 25 rpm, whereas

the variation tendencies are relatively large as increasing the

screw speed from 25 to 35 rpm. This can be explained as fol-

lows. Generally, increasing the screw speed plays a dual role in

devulcanizing waste rubbers via increasing the shear force and

shortening the residence time of stocks in an extruder.26 The

former effect increases the sol fraction of devulcanizate, whereas

the latter effect decreases the sol fraction. Considering that the

extruder used is the single-screw one and the screw speeds are

lower in this work, the residence time instead of shear force

dominates the devulcanization process. Thus, the sol fraction

decreases with increasing screw speed. At low screw speeds (15–

25 rpm), the viscosity of the compounded stocks in the

extruder is high due to lower shear force exerted on the stocks,

which additionally extends their residence time. So modest

decreasing tendency appears for the sol fraction (Figure 10).

Moreover, longer residence time increases the heat absorption

for the stocks at higher barrel temperature (250 8C), which

results in higher ratio of main-chain to crosslink scission (Fig-

ure 11) and so corresponding properties (Figures 12–14). In

order to achieve the aforementioned high quality DGTR sam-

ples, that is, tensile strengths of above 9.0 MPa and Mooney vis-

cosities of below 80 ML 100 8C (1 1 4), the screw speeds should

be above 25 rpm in this work.

CONCLUSIONS

Large-sized single-screw extruder developed in our group was

applied for devulcanizing the GTR in the current work. The

GTR is effectively devulcanized by using the extruder, which is

confirmed by the increased sol fractions and decreased cross-

linking density in the prepared DGTR samples. The FTIR and

XPS analyses and the relationship between the sol fraction and

the relative decrease in the crosslink density reveal that partial

Figure 14. Strain dependence of (a) storage modulus (G0) and (b) loss factor (tan d) for (1) DGTR samples prepared at different screw speeds and (2)

corresponding RDGTR samples. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Table III. Curing Characteristics for DGTR Samples Prepared at Different

Screw Speeds

Screw
speed (rpm)

Mmin

(dNm)
Mmax

(dNm) DM
t10

(min)
t90

(min)

15 0.66 7.88 7.22 2.1 4.1

20 0.72 8.34 7.62 2.1 4.1

25 0.86 9.03 8.17 2.1 4.1

30 1.08 9.82 8.74 2.0 4.0

35 1.25 10.37 9.12 2.0 4.0
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crosslink bonds (mainly S–S and C–S bonds) in the GTR are

broken. The devulcanization process can be more dominated by

scission of the crosslink bonds through adjusting the barrel

temperature and/or screw speed of the extruder. Measuring and

analyzing the Mooney viscosity, curing characteristics, and

dynamic rheological properties for the DGTR samples and the

dynamic rheological properties, tensile strength, and elongation

at break for the RDGTR samples demonstrates that the DGTR

samples having both high quality and good processability can

be produced via appropriately combining the barrel temperature

and screw speed.
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