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Waste tire rubber provides a 
great potential to reduce usage of 
the virgin natural and synthetic 
rubber. It is driven by the more 
stringent environmental regula-
tions and increasing price of raw 
rubbers.

However, rubber recycling is a 
difficult task due to the presence 
a crosslink network, which needs 
to be undone to create a flowable 
elastomeric material. Over many 
years, many approaches were 
developed to deal with recycling 
of used tire rubber. The earliest 
approach utilizes a grinding pro-
cess reducing bulk rubber into 
particles of small sizes with in-
significant rupture of the cross-
link bonds.

In addition, many reclamation 
methods have been developed, 
including mechanical1-4, chemi-
cal5-7, mechanochemical 8-10, mi-
crowave11-14, biological15-19, and 
continuous ultrasonic20 and su-
percritical carbon dioxide21 meth-
ods. Several articles provided re-
views on various mechanical, 
chemical, physical and biological 
processes developed to break the 

three-dimensional crosslink net-
work.6,22-24 Also, an extensive 
comparative study of different 
devulcanization technologies, in-
cluding supercritical fluid, ultra-
sonic and biological methods at 
their optimal conditions, was 
carried out.25

Various devulcanized samples 
were analyzed and compounded 
with virgin NR at 10 phr to pro-
vide a direct comparison of these 
optimized techniques. The rheo-
logical and mechanical proper-

ties of these vulcanizates along 
with virgin NR were investigated 
and compared to find out the 
rubber providing the highest 
compatibility for compounding 
and revulcanization.

It was stated that the continu-
ous ultrasonic method, which 
does not use any chemicals, is the 
most useful technique to control 
the investigated properties of the 
vulcanizates with a possibility of 
achieving good performance 
characteristics of vulcanizates. In 
the process of ultrasonic devulca-
nization, ultrasonic horn can in-
duce in rubber high frequency 
compression and extension waves, 
generating bubbles in the vicinity 

of voids and impurities in the 
rubber.22 The process provides 
high acoustic energy, which 
leads to the rupture of crosslinks 
along with some carbon-carbon 
bonds. After ultrasonic devulca-
nization, GTR can be reprocessed 
alone, as a typical rubber, or 
possibly incorporated into new 
tires or other rubber products 
through compounding with vir-
gin rubber and  subsequent vulca-
nization. Such a blending is a 
common way to improve usage of 
devulcanized rubbers.

Among these blends, the blend 
containing ultrasonically devul-
canized GTR showed the highest 
tensile strength (34 MPa), but 

still being below that of virgin 
NR vulcanizate (37 MPa).25 Many 
other studies on blending of 
devulcanized rubber with virgin 
NR were carried out.8,26-29 In 
particular, study8 dealt with the 
devulcanized GTR (dGTR) ob-
tained using a pan-milled type 
mechanochemical reactor with 
its subsequent blending with 
virgin NR.

A comparison was made be-
tween the GTR/NR and dGTR/
NR blends. It was shown that at 
the GTR content of 10 percent 
the tensile strength of the dGTR/
NR blend was 23.2 MPa com-
pared with 13.7 MPa of the GTR/
NR blend. Investigation26 de-
scribed results of devulcaniza-
tion of NR from used truck tires 
by thermochemical method using 
diphenyl disulfide as a devulca-
nization agent. The devulcanized 
rubber was compounded with 
virgin NR. It was stated that the 
prepared blends with content of 
up to 40 percent of devulcanized 
rubber provided blends with ac-
ceptable mechanical properties 
when curing system and com-
pounding recipes for the blends 
were optimized.

Moreover, mechanochemical re-
claiming of GTR was carried out 
by using tetra methyl thiuram di-
sulfide in the presence of spindle 
oil at ambient temperature.27

The measurement of cure char-
acteristics and dynamic mechan-
ical properties of the virgin NR/
reclaim GTR blend indicated a 
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Executive summary
Continuous ultrasonic devulcanization of 40 mesh ground tire rubber (GTR) powder at a frequency 

of 40 kHz and ultrasonic amplitudes at 0 µm (without ultrasonic treatment) and 8 µm was carried out 
using an ultrasonically assisted twin-screw extruder.

Blends of GTR and devulcanized GTR with virgin natural rubber (NR) containing 60 phr of carbon 
black (CB) were prepared at GTR concentrations of 10, 20, 35 and 50 wt percent. The gel fraction, 
crosslink density, vulcanization and rheological behavior of these blends and NR/CB were investigated.

In general, gel fraction and crosslink density of vulcanized blends decreased in comparison with 
those of NR/CB, while their dynamic properties showed little differences until 50 wt percent. During 
vulcanization of blends, minimum torque was continuously increased and maximum torque was de-
creased only at 50 wt percent in comparison with those of NR/CB. The stress-strain behavior and 
abrasion loss of vulcanized blends and NR/CB were also measured.

Modulus at 100-percent elongation, tensile strength and elongation at break of blends was above 3.4 
MPa, 20 MPa and 350 percent, respectively, while NR/CB vulcanizate exhibited modulus at 100-percent 
elongation, tensile strength and elongation at break of 3.3 MPa, 28 MPa and 470 v, respectively.

Abrasion loss of vulcanized blends containing CB was generally good, but higher than that of NR/
CB vulcanizate. Comparison of abrasion loss of current blends with our earlier study of GTR/NR 
blends without an addition of CB indicated that the current blends showed significant improvements 
in level of abrasion loss. The obtained results indicated a suitability of the utilization of ultrasonical-
ly devulcanized GTR for incorporation into new tire and rubber product formulations.

Fig. 1: Crosslink density vs. weight content of GTR of revulcanized
untreated and devulcanized GTR/NR/CB blends.
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Fig. 2: Gel fraction vs. weight content of GTR without and with ultrasonic 
treatment and revulcanized untreated and devulcanized GTR/NR/CB blends.

Weight Content of GTR 0% 10% 20% 35% 50% 100%

Rubber (phr) 100 100 100 100 100 100

Sulfur (phr)  2.0  1.9  1.8  1.65  1.5  1.0

CBTS (phr)  1.0  1.0  1.0  1.0  1.0  1.0

ZnO (phr)  5.0  4.63  4.25  3.69  3.13  1.25

Stearic Acid (phr)  1.0  0.93  0.85  0.74  0.63  0.25

Table 1: Compounding recipe of GTR/NR and GTR/NR/CB blends.
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the rolls was set at 40°C and the 
rotation speed was set at 15 rpm. 
The blend passed the two-roll 
mill 40 times in total. The curing 
recipe is 1 phr sulfur, 1 phr 
CBTS, 1.25 ZnO and 0.25 phr 
stearic acid for dGTR. The curing 
recipe is 2 phr sulfur, 1 phr 
CBTS, 5 phr ZnO and 1 phr stea-
ric acid for NR.

For blends of GTR/NR, the 
curing recipes were adjusted 
based on their weight ratio. For 
compounds of GTR/NR/CB, reci-
pes based on GTR/NR ratios were 
used. Curing recipes for com-
pounds are shown in Table 1. 

After compounding polymer 
blends with curatives, the curing 
curves were obtained using the 
Advanced Polymer Analyzer 
(APA 2000, Alpha Technologies, 
Akron) at 160°C. The frequency 
was 1.67 Hz, and the strain am-
plitude was 4.2 percent.

According to curing curves, 
curing time was set at T95. Then 
polymer blends were molded by a 
compression-molding press (Carv-
er, Wabash, Ind.) at a temperature 
of 160°C. The revulcanized RUTR/
NR/CB and RTR0µm/NR/CB and 
RTR8µm/NR/CB sheets with di-
mensions of 152 mm × 152 mm × 
1.5 mm were obtained.

Characterization method
Advanced Polymer Analyzer 

(APA 2000) was used to measure 
the dynamic properties of un-
treated and ultrasonically treat-
ed devulcanized GTR/NR blends 
at a temperature of 90°C, and a 
strain amplitude of 4.2 percent 
within a frequency range from 
0.00318 Hz to 31.8 Hz. To deter-
mine dynamic properties of the 
revulcanizates, the untreated and 
devulcanized GTR/NR blends and 
GTR/NR/CB blends with curatives 
were vulcanized at 160°C in APA 
2000, and then tested by APA 
2000 at a temperature of 90°C and 
a strain amplitude of 4.2 percent 
within a frequency range from 
0.00318 Hz to 31.8 Hz.

Swelling tests were used to 
measure the crosslink density 
and gel fraction by the Soxhlet 
extraction apparatus. The weight 
of each sample was 0.5-1.0 g. The 
sol part was extracted from rub-
bers by benzene. The sample was 
swollen for 24 hours. Then it was 
taken out and weighed, followed by 
placing it in a vacuum oven for an-
other 24 hours to dry at 60°C. The 
crosslink density was calculated 
using Flory-Rehner equation34: 

e= - ln 1-Vr+Vr+χVr2 V1(Vr13-
0.5Vr)  (1)

where ve is the crosslink densi-
ty, Vr is the volume fraction of 
rubber in the swollen sample, 
and χ is the polymer-solvent in-
teraction parameter. The χ is 
0.42, 0.4 and 0.4 for NR/benzene, 
BR/benzene and SBR/benzene, 
respectively.35

Because GTR mainly contains 
NR, BR and SBR, the χ of ground 
tire rubber 0.4 is used. The χ of 
the compounds of GTR and NR is 
assumed to be 0.41. The molar 
volume of benzene V1 is 8.834×10-5

m3/mol.
The Kraus correction36 was 

used to correct crosslink density 
for the presence of CB filler:

VroVr=1-ϕ[3C1-Vro13+Vro-
1]1-ϕ  (2)

where Vro is the volume frac-
tion of rubber for the unfilled 
swollen sample, and Vr is the 

decrease of the optimum cure 
time without affecting the scorch 
time. Also, an increase in the 
storage modulus was observed 
with the addition of reclaimed 
GTR into virgin NR.

In the study28, devulcanized 
GTR powder, obtained using a 
counter-rotating twin-screw ex-
truder, was compounded with 
virgin NR. It was found that an 
increase of NR content increased 
tensile strength and elongation 
at break of blends. Recent re-
view29 summarized results ob-
tained by using supercritical 
carbon dioxide (scCO2) in combi-
nation with common organic 
agents used in devulcanization of 
tire rubber. It was shown that 
vulcanized compounds of the 
devulcanized rubber with virgin 
NR exhibited curing and mechan-
ical properties closely matching 
those of virgin NR.

A study also was conducted on 
blending of microwave devulca-
nized GTR obtained in batch 
process with virgin NR com-
pound containing 60 phr of CB.30

It was shown that blending im-
proved tear strength of blend 

vulcanizates but not the tensile 
strength and elongation at break.

Recently, the GTR powder of 
40 mesh and GTR ultrasonically 
devulcanized in the twin-screw 
extruder was compounded with 
the virgin NR in various propor-
tions.31 Rheological behavior of 
these compounds and their vulca-
nizates, mechanical performance 
and abrasion loss of vulcanizates 
was measured and compared.

At all blending ratios, revulca-
nized blends of virgin NR with 
tire rubber devulcanized at an 
ultrasonic amplitude of 8 µm ex-
hibited better mechanical prop-
erties and lower abrasion loss 
than revulcanized blends of NR 
with untreated tire rubber. 

In view of earlier findings on 
blends of virgin unfilled NR with 
GTR powder and ultrasonically 
devulcanized GTR powder31, to 
make their full utilization and 
improve their properties, the 
present study is devoted to blend-
ing of virgin NR/CB compound 
containing 60 phr of CB with the 
original GTR and ultrasonically 
devulcanized GTR powder in 
various proportion.

Rheological behavior of these 
blends and their vulcanizates is 
measured and compared with 
earlier findings for blends with 
unfilled NR.31 In addition, the 

stress-strain behavior and abra-
sion loss of various blend vulca-
nizates are studied and com-
pared. This study is an important 
step toward the possibility of in-
corporation of ultrasonically 
devulcanized GTR into manu-
facturing process of new tires 
and other rubber products.

Experimental
Materials

Micronized GTR powder of 40 
mesh obtained from used truck 
tires under the trade name 40TR, 
manufactured by Lehigh Tech-
nologies Inc. (Tucker, Ga.) was 
used. Since GTR was produced 
from used tires, its exact composi-
tion is unknown. Apparently, 
GTR mainly consists of natural 
rubber (NR) with some styrene–
butadiene rubber (SBR) and buta-
diene rubber (BR). Other ingredi-
ents are CB, inorganic additives, 
and process oil. The natural rub-
ber (SMR CV60) was supplied by 
Akrochem Corp. (Akron). Carbon 
black N330 was from Sid Rich-
ardson (Fort Worth, Texas). The 
vulcanization system includes 
sulfur, accelerator (N-cyclohex-
yl-2-benzothiazole sulfonamide, 
CBTS), zinc oxide (ZnO) and 
stearic acid. These ingredients 
were courtesy of Akrochem. 

Ultrasonically aided 
devulcanization reactor

The continuous ultrasonic 
devulcanization of GTR was car-
ried out by a co-rotating twin-
screw extruder (Prism USALAB 
16, Thermo Electron Co., United 
Kingdom) having a diameter (d) 
of 16 mm and L/d ratio of 25. 
This extruder was modified to 
install an ultrasonic horn into 
the barrel. The schematic of the 
ultrasonic twin-screw extruder 
was shown earlier.31 The 40 mesh 
GTR particles were fed into the 
heated barrel by the feeder 
(K2V-T20, K-Tron Soder, USA). 
The function of twin screws is to 
convey and mix rubbers.

Devulcanization occurred in 
the ultrasonic treatment zone 
where the ultrasonic waves at a 
frequency of 40 kHz was imposed 
into rubbers through the horn. 
The horn is a 28 mm × 28 mm 
square cross section, which  was 
mounted in the barrel and con-
nected to a booster. The gap be-
tween screws and the horn tip 
was 2.5 mm. The volume of ultra-
sonic treatment zone was 1.9 
cm3. The diameter of the die of 
the extruder was 4 mm with its 
length of 11 mm.

A pressure transducer (PT460E-
5M-6, Dynisco Instruments, Sha-
ron, MA) was installed in the die. 
The barrel temperature of each 
section was monitored by thermo-

couples inserted in the barrel. The 
ultrasonic horn was cooled by wa-
ter set at 45°C using a thermostat 
(GP-100, NESLAB Instruments 
Inc., Newington, N.H.).

Extrusion process
Devulcanization of GTR of 40 

meshes was carried out using the 
ultrasonic twin-screw extruder, 
which was mentioned earlier in the 
paper. The ultrasonic devulcaniza-
tion method was previously studied 
and optimized.32 It was found that 
the best condition for devulcaniza-
tion was at an ultrasonic amplitude 
of 8 µm. Thus, the ultrasonic am-
plitude of 8 µm was used.

For comparative purposes, an 
experiment also was conducted 
without imposition of ultrasound 
(0 µm). The GTR powder was put 
into a feeder (K-Tron Co., Glass-
boro, NJ), which connected to the 
extruder. The flow rate of rub-
bers was set at 6 g/min. The bar-
rel temperatures of each section 
from entrance of extruder to the 
die were set at 170°C, 170°C, 
170°C, 170°C, 170°C and 170°C. 
The rotation speed of the screws 
was 250 rpm. During ultrasonic 
treatment, the die pressure, pow-
er consumption, torque and barrel 
temperatures were recorded.

Blending, compounding and molding
After extrusion, original GTR 

and devulcanized GTR (dGTR) at 
0 µm and 8 µm were blended 
with virgin NR at the ratios of 
0/100, 10/90, 20/80, 35/65, 50/50 
and 100/0 using a Brabender 
mixer manufactured by C.W 
Brabender Instruments, Inc. (85 
mL, Model Plasti-corder, S. 
Hackensack, N.J.). The rotor 
speed was 55 rpm, the setup 
temperature was 60°C and the 
filling factor was 70 percent. The 
content of CB in the TR40 was 
found to be 29.9 percent.33

To keep GTR/NR ratios and CB 
content in NR equals to that of 
GTR, the blending ratios of GTR/
NR/CB were 0/100/43, 10/90/38, 
20/80/34, 35/65/28, 50/50/21. NR 
was first mixed for 1 minute, then 
GTR was added for 2 minutes, 
and, finally, CB was added. The 
total mixing time was 8 min.

After compounding, blends 
were mixed with curatives on a 
two-roll mill (Reliable Rubber & 
Plastic Machinery Co., North 
Bergen, NJ). The temperature of 

Fig. 3: Complex viscosity of untreated and devulcanized GTR/NR/CB blends and revulcanized untreated and 
devulcanized GTR/NR/CB blends at 10% and 20% GTR (a) and at 35% and at 50% GTR (b) vs. frequency.

Fig. 4: Storage modulus of untreated and devulcanized GTR/NR/CB blends and revulcanized untreated and 
devulcanized GTR/NR/CB blends at 10% and 20% GTR (a) and at 35% and at 50% GTR (b) vs. frequency.

Fig. 5: Loss modulus (a) and (b) of untreated and devulcanized GTR/NR/CB blends and revulcanized untreated 
and devulcanized GTR/NR/CB blends at 10% and 20% GTR (a) and at 35% and at 50% GTR (b) vs. frequency.
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the rolls was set at 40°C and the 
rotation speed was set at 15 rpm. 
The blend passed the two-roll 
mill 40 times in total. The curing 
recipe is 1 phr sulfur, 1 phr 
CBTS, 1.25 ZnO and 0.25 phr 
stearic acid for dGTR. The curing 
recipe is 2 phr sulfur, 1 phr 
CBTS, 5 phr ZnO and 1 phr stea-
ric acid for NR.

For blends of GTR/NR, the 
curing recipes were adjusted 
based on their weight ratio. For 
compounds of GTR/NR/CB, reci-
pes based on GTR/NR ratios were 
used. Curing recipes for com-
pounds are shown in Table 1. 

After compounding polymer 
blends with curatives, the curing 
curves were obtained using the 
Advanced Polymer Analyzer 
(APA 2000, Alpha Technologies, 
Akron) at 160°C. The frequency 
was 1.67 Hz, and the strain am-
plitude was 4.2 percent.

According to curing curves, 
curing time was set at T95. Then 
polymer blends were molded by a 
compression-molding press (Carv-
er, Wabash, Ind.) at a temperature 
of 160°C. The revulcanized RUTR/
NR/CB and RTR0µm/NR/CB and 
RTR8µm/NR/CB sheets with di-
mensions of 152 mm × 152 mm × 
1.5 mm were obtained.

Characterization method
Advanced Polymer Analyzer 

(APA 2000) was used to measure 
the dynamic properties of un-
treated and ultrasonically treat-
ed devulcanized GTR/NR blends 
at a temperature of 90°C, and a 
strain amplitude of 4.2 percent 
within a frequency range from 
0.00318 Hz to 31.8 Hz. To deter-
mine dynamic properties of the 
revulcanizates, the untreated and 
devulcanized GTR/NR blends and 
GTR/NR/CB blends with curatives 
were vulcanized at 160°C in APA 
2000, and then tested by APA 
2000 at a temperature of 90°C and 
a strain amplitude of 4.2 percent 
within a frequency range from 
0.00318 Hz to 31.8 Hz.

Swelling tests were used to 
measure the crosslink density 
and gel fraction by the Soxhlet 
extraction apparatus. The weight 
of each sample was 0.5-1.0 g. The 
sol part was extracted from rub-
bers by benzene. The sample was 
swollen for 24 hours. Then it was 
taken out and weighed, followed by 
placing it in a vacuum oven for an-
other 24 hours to dry at 60°C. The 
crosslink density was calculated 
using Flory-Rehner equation34: 

e= - ln 1-Vr+Vr+χVr2 V1(Vr13-
0.5Vr)  (1)

where ve is the crosslink densi-
ty, Vr is the volume fraction of 
rubber in the swollen sample, 
and χ is the polymer-solvent in-
teraction parameter. The χ is 
0.42, 0.4 and 0.4 for NR/benzene, 
BR/benzene and SBR/benzene, 
respectively.35

Because GTR mainly contains 
NR, BR and SBR, the χ of ground 
tire rubber 0.4 is used. The χ of 
the compounds of GTR and NR is 
assumed to be 0.41. The molar 
volume of benzene V1 is 8.834×10-5 
m3/mol.

The Kraus correction36 was 
used to correct crosslink density 
for the presence of CB filler:

VroVr=1-ϕ[3C1-Vro13+Vro-
1]1-ϕ  (2)

where Vro is the volume frac-
tion of rubber for the unfilled 
swollen sample, and Vr is the 

volume fraction of rubber for the 
filled swollen sample. ϕ is the 
volume fraction of filler for the 
filled sample after drying. C is a 
constant that depends on the type 
of CB. High abrasion furnace CB 
in GTR is assumed. So the value 
of C is 1.17. The solid content of 
rubbers required in the Kraus 
correction is 35.1 percent.33 

The gel fraction, ξ, of various 
vulcanizates was determined us-
ing the following equation:

ξ=weight of rubber after dry-
ing-weight of solid-weight of rubber 
before swelling-weight of solid (3).

The gel fraction of tire rubber 
of 40 mesh was measured to be 
85.2 percent.37,38 

The cured sheets were cut into 
dumbbell shape specimens by 
Die C according to ASTM D412. 
Mechanical properties of samples 
were tested using an Instron 
tensile tester (Model 5567, In-
stron, Canton, MA) at an elonga-
tion rate of 500 mm/min.  

UTR/NR, DTR/NR, UTR/NR/
CB and DTR/NR/CB with cura-
tives were cured and compression 
molded in cylindrical molds with 
a height of 12 mm and a diameter 
of 16 mm. Abrasion loss was 
measured using a Deutsches In-
stitut für Normung Abrader 
(Zwick Abrasion Tester 6102) ac-
cording to DIN 53516 at a load of 
10 N and a pathway of 40 m. 

Results and discussion
Crosslink density and gel fraction

Fig. 1 shows the crosslink 
density of revulcanized untreat-
ed and devulcanized GTR/NR/
CB blends as a function of weight 
content of GTR. The crosslink 
density values of GTR/NR/CB 
blends slightly increased com-
pared with GTR/NR blends.31 

This is due to the presence of CB 
filler in NR providing rubber-fill-
er interaction restricting the mo-
bility of rubber chains in the vi-
cinity of CB particles. The latter 
is limiting the swelling of these 
molecules, resulting in a higher 
apparent crosslink density.

Generally, crosslink density of 
GTR/NR/CB blends is seen to 
decrease with an increase of the 
weight content of GTR. This be-
havior is similar to crosslink 
density behavior of GTR/NR 
blend studied earlier.31 When the 
weight content of GTR was less 
than 20 percent, the crosslink 
density of RTR0µm/NR/CB was 
higher than that of RUTR/NR/
CB and RTR8µm/NR/CB leading 
to the better mechanical proper-
ties, as shown later. 

Fig. 2 shows the gel fraction of 
GTR without and with ultrasonic 
treatment (DTR) and revulca-
nized untreated and devulca-
nized GTR/NR/CB blends as a 
function of weight content of 
GTR. Gel fraction of GTR/NR/
CB blends is seen to decrease 
with GTR content. These depen-
dencies with respect to their val-
ues and tendency are similar to 
those of GTR/NR blends not con-
taining CB, studied earlier.31

Rheology
Figs. 3, 4, 5 and 6, respective-

ly, show the complex dynamic 
viscosity, storage modulus, loss 
modulus and loss tangent of un-
treated and devulcanized GTR/
NR/CB blends and revulcanized 
untreated and devulcanized 
GTR/NR/CB blends as a function 

of frequency at 10 percent and 20 
percent GTR (a), and 35 percent 
and 50 percent GTR (b). 

Overall, the complex viscosity, 
storage modulus and loss modu-
lus of GTR/NR/CB blends sig-
nificantly increased compared 
with those of GTR/NR blends, 
studied earlier.31 This is due to 
the increased resistance to flow 
due to the presence of CB in NR. 

Accordingly, the values of loss 
tangent of untreated and devul-
canized GTR/NR/CB blends de-
creased compared with untreat-
ed and devulcanized GTR/NR 
blends. However, the loss tangent 
of RTR/NR/CB blends increased 
compared with RTR/NR blends.31 
This is attributed to the fact that 
the rubber-filler and filler-filler 
interactions increased in the 

case of RTR/NR/CB blends.
It should be noted that values 

of the loss modulus of untreated 
and devulcanized GTR/NR blends 
became lower after revulcaniza-
tion, as shown in reference 31, 
while the loss modulus of untreat-
ed and devulcanized GTR/NR/CB 
blends after revulcanization be-
came higher, as seen from Fig. 5. 

couples inserted in the barrel. The 
ultrasonic horn was cooled by wa-
ter set at 45°C using a thermostat 
(GP-100, NESLAB Instruments 
Inc., Newington, N.H.).

Extrusion process
Devulcanization of GTR of 40 

meshes was carried out using the 
ultrasonic twin-screw extruder, 
which was mentioned earlier in the 
paper. The ultrasonic devulcaniza-
tion method was previously studied 
and optimized.32 It was found that 
the best condition for devulcaniza-
tion was at an ultrasonic amplitude 
of 8 µm. Thus, the ultrasonic am-
plitude of 8 µm was used.

For comparative purposes, an 
experiment also was conducted 
without imposition of ultrasound 
(0 µm). The GTR powder was put 
into a feeder (K-Tron Co., Glass-
boro, NJ), which connected to the 
extruder. The flow rate of rub-
bers was set at 6 g/min. The bar-
rel temperatures of each section 
from entrance of extruder to the 
die were set at 170°C, 170°C, 
170°C, 170°C, 170°C and 170°C. 
The rotation speed of the screws 
was 250 rpm. During ultrasonic 
treatment, the die pressure, pow-
er consumption, torque and barrel 
temperatures were recorded.

Blending, compounding and molding
After extrusion, original GTR 

and devulcanized GTR (dGTR) at 
0 µm and 8 µm were blended 
with virgin NR at the ratios of 
0/100, 10/90, 20/80, 35/65, 50/50 
and 100/0 using a Brabender 
mixer manufactured by C.W 
Brabender Instruments, Inc. (85 
mL, Model Plasti-corder, S. 
Hackensack, N.J.). The rotor 
speed was 55 rpm, the setup 
temperature was 60°C and the 
filling factor was 70 percent. The 
content of CB in the TR40 was 
found to be 29.9 percent.33

To keep GTR/NR ratios and CB 
content in NR equals to that of 
GTR, the blending ratios of GTR/
NR/CB were 0/100/43, 10/90/38, 
20/80/34, 35/65/28, 50/50/21. NR 
was first mixed for 1 minute, then 
GTR was added for 2 minutes, 
and, finally, CB was added. The 
total mixing time was 8 min.

After compounding, blends 
were mixed with curatives on a 
two-roll mill (Reliable Rubber & 
Plastic Machinery Co., North 
Bergen, NJ). The temperature of 

Fig. 6: Loss tangent of untreated and devulcanized GTR/NR/CB blends and revulcanized untreated and devulca-
nized GTR/NR/CB blends at 10% and 20% GTR (a) and at 35% and at 50% GTR (b) vs. frequency.

Fig. 7: Curing curves of untreated and devulcanized GTR/NR/CB blends at 10% and 20% GTR (a) and at 35% and 
50% GTR (b). For comparison purposes curing curves of NR/CB (a) and GTR0μm and GTR8μm (b) are also shown.

See Tire, page 18

fer, compression and gas-assisted 
injection molding; processing of 
self-reinforced or in-situ compos-
ites based on blends of flexible 
and thermotropic liquid crystal-
line polymers; decrosslinking of 
thermosets, devulcanization of 
rubbers and in-situ copolymer 
formation in immiscible blends in 
extruders with the aid of ultra-
sonic waves; replacement of petro-
leum oils in rubbers by modified 
soybean oils; high temperature 
and high performance composites 
and nanocomposites. 

Isayev has co-authored four 
editions of one monograph on 
rheology, edited or co-edited eight 
books, published 279 papers in 
refereed journals, 37 chapters in 
books, eight papers in encyclope-
dias and 181 papers in conference 
proceedings. He holds 30 patents, 
has advised 49 doctorate, 42 
master’s students and 31 post-
docs and visiting scientists. 
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This is due to the increase of fric-
tion forces between rubber and 
filler. At the same time the differ-
ence of dynamic properties at dif-
ferent blending ratios became 
smaller due to the prevailing rein-
forcement effect of added CB filler. 

Curing behavior
Fig. 7 shows torque of untreat-

ed and devulcanized GTR/NR/
CB blends at 10 percent and 20 
percent GTR (a), and at 35 per-
cent and at 50 percent GTR (b) as 
a function of curing time. Fig. 8 
shows minimum torque (a), max-
imum torque (b) and difference 
between maximum and mini-
mum torque (c) of untreated and 
devulcanized GTR/NR/CB blends 
as a function of weight content of 
GTR. Comparison of curing 
torque curves of GTR/NR/CB 
blends, depicted in Fig.  7, with 
those reported earlier on GTR/
NR blends31, shows that the cur-
ing torque of CB-filled blends in-
creased significantly compared 
with blends without CB. This is 
caused by the increase of viscosi-
ty and modulus after adding CB 
filler to the blends.

This is consistent with rheolo-
gy data discussed above. It is 
also noted that adding CB filler 
to GTR/NR blends caused a large 
decrease in the induction time in 
comparison with induction time 
reported earlier for GTR/NR 
blends.31 The latter is due to the 
fact that CB filler acts as a cata-
lyst in vulcanization.39

Furthermore, as seen from 
Fig. 8, UTR/NR/CB blends still 
had the highest minimum and 
maximum torque compared with 
GTR0µm/NR/CB and GTR8µm/
NR/CB blends. The minimum and 
maximum torque of GTR8µm/
NR/CB blends are also higher 
than those of GTR0µm/NR/CB 
blends.

With the increase of weight 
content of GTR, the minimum 
torque of GTR/NR/CB blends also 
increased, but the maximum 
torque and difference between 
maximum and minimum torque 
decreased. The latter is due to 
the fact that the maximum 
torque and difference between 
maximum and minimum torque 
of NR/CB sample were much 
higher than those of GTR0µm 
and GTR8µm samples. The torque 
of blends at different blending ra-
tios is between values of NR/CB, 
GTR0µm and GTR8µm samples. 

Stress-strain behavior
The stress-strain curves of 

NR/CB vulcanizate and revulca-
nized untreated and devulca-
nized GTR/NR/CB blends at dif-
ferent blending ratios are shown 
in Fig. 9.

Fig. 10 shows the modulus at 
100 percent elongation (a), tensile 
strength (b), and elongation at 
break (c) of revulcanized untreat-
ed and devulcanized GTR/NR/
CB blends as a function of weight 
content of GTR. 

The modulus at 100 percent 
elongation varied from 2.82 MPa 
to 3.71 MPa, the tensile strength 
varied from 6.49 MPa to 28.68 
MPa, and the elongation at break 
varied from 171.1 percent to 469.1 
percent. Stress-strain curves of 
CB-filled blends are very close to 
each other compared with blends 
without CB reported earlier31, due 
to the fact that the CB provided a 
substantial reinforcement.

It is also found that the modu-
lus at 100 percent elongation and 
the tensile strength significantly 
increased after adding CB filler, 
but the elongation at break de-
creased, as evident from compar-
ison of the present data with re-
sults obtained on blends GTR/
NR blends without addition CB 
filler reported earlier.31

The enhancement of modulus is 
explained by the presence rub-
ber-CB bonds increasing the 
number of crosslinks per unit vol-

ume40, which is associated with 
the increase of crosslink density 
values. Rubber-filler interactions 
limit the motion of rubber molecu-
lar chains. Friction forces in-
creased between the surface of 
rubber and CB leading to the im-
provement of tensile strength.

In addition, rubber can be con-
sidered a soft matrix material 
compared to the rigid filler parti-
cles, and thus CB does not partic-
ipate in the deformation.41  There-
fore, higher strain is experienced 
by rubber causing the reduction 
of the elongation at break. NR/
CB sample had higher M100 
than that of RTR0µm and 
RTR8µm samples, so decreasing 
trend of M100 with increasing 
weight content of GTR is general-
ly observed.

The tensile strength still de-
creases with the increasing GTR 
content, but RUTR/NR/CB blends 
clearly showed the higher values 
of the tensile strength. This is 
possibly due to the fact that the 
portion of untreated tire rubber 
cannot absorb curative leading to 
more curatives transfer into the 
natural rubber enhancing the 
tensile strength. Besides, values of 
the tensile strength of RTR8µm/
NR/CB blends are higher than 
those of RTR0µm/NR/CB blends.

The elongation at break also re-
duced with increasing concentra-

tion of GTR. Among various blends, 
RTR0µm/NR/CB blends show the 
best elongation at break, while 
RUTR/NR/CB and RTR8µm/NR/
CB blends exhibit very close values 
of the elongation at break.

 
Abrasion loss

Abrasion loss of revulcanized 
untreated and devulcanized 
GTR/NR/CB blends as a function 
of weight content of GTR is 
shown in Fig. 11. Comparison of 
the present data on abrasion loss 
of GTR/NR/CB blends with those 
obtained on GTR/NR blends, 
studied earlier31, indicates that 
the GTR/NR/CB-filled blends 
had lower abrasion loss. This can 
be explained by the reinforce-
ment effect of CB.

This is also correlated with the 
values of crosslink density. NR/
CB vulcanizates show the lowest 
abrasion loss. It is much lower 
than those of RTR0µm/NR/CB 
and RTR8µm/NR/CB vulcaniza-
tes. It is also seen that the abra-
sion loss shows an increase with 
weight content of GTR. RTR0µm/
NR/CB blends exhibiting the high-
est abrasion loss at each blending 
ratio, while RUTR/NR/CB blends 
exhibit the lowest abrasion loss. 

Conclusion
Crosslink density, complex dy-

namic viscosity, storage modulus 

and loss modulus of GTR/NR/CB 
blends is increased compared to 
GTR/NR blends reported earli-
er.31 At the same time, gel frac-
tion of GTR/NR/CB and GTR/
NR blends is similar.

Comparison of curing torque 
curves of GTR/NR/CB blends with 
those reported for GTR/NR blends31 
shows that the curing torque of 
CB-filled blends increased signifi-
cantly compared with blends with-
out CB. The addition of CB in-
creased the modulus at 100-percent 
elongation and tensile strength 
significantly but decreased the 
elongation at break. Generally, 
abrasion loss of vulcanizates of 
GTR/NR/CB blends decreased in 
comparison with those of GTR/NR 
blends reported earlier.31

The obtained results show a 
possibility of utilization of ultra-
sonically devulcanized tire rubber 
powder for possible incorporation 
into new tire rubber formulation

.
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COLUMBUS, Ohio—Joe Walker isn’t 
holding back. Particularly when it comes 
to the rubber industry.

Because rubber, he said, holds the 
world together. 

The parts and goods that the rubber 
industry manufactures may not always 
be apparent to consumers, but those 
parts are critical to their everyday lives.

“When you buy an automobile, the only 
thing you see that’s rubber are the tires,” 
Walker, president of Elastomer Technolo-
gies, said during his presentation at the 
ACS Rubber Division’s Spring Technical 
Meeting. “You don’t see the other 2,000 
rubber parts that go into making that 
engine function. And it is the same with 
most of the parts that our industry pro-
duces. We create non-obvious, silent, in-
visible technology.”

Invisible? Maybe. But critical? Most 
certainly.

That’s why Walker continues to sound 
the alarm about looming shortages of key 
rubber chemicals, essential ingredients 
to the compounds for the parts that keep 
the world moving, healthy, fed and enter-
tained.

By Erin Pustay Beaven
Rubber News Staff

Joe Walker: Dwindling supply of U.S.-made 
rubber chemicals a national security risk
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and loss modulus of GTR/NR/CB 
blends is increased compared to 
GTR/NR blends reported earli-
er.31 At the same time, gel frac-
tion of GTR/NR/CB and GTR/
NR blends is similar.

Comparison of curing torque 
curves of GTR/NR/CB blends with 
those reported for GTR/NR blends31 
shows that the curing torque of 
CB-filled blends increased signifi-
cantly compared with blends with-
out CB. The addition of CB in-
creased the modulus at 100-percent 
elongation and tensile strength 
significantly but decreased the 
elongation at break. Generally, 
abrasion loss of vulcanizates of 
GTR/NR/CB blends decreased in 
comparison with those of GTR/NR 
blends reported earlier.31

The obtained results show a 
possibility of utilization of ultra-
sonically devulcanized tire rubber 
powder for possible incorporation 
into new tire rubber formulation

.
Acknowledgments

Authors wish to thank Lehigh 
Technologies for providing GTR, 
Akrochem for supplying NR, sulfur, 
CBTS, zinc oxide and stearic acid.

References
1. B. Klingensmith, Recycling, production 
and use of reprocessed rubbers. Rubber 
World; 203 (6), 1991.
2. A. Phadke, S. De, Use of cryoground 
reclaimed rubber in natural rubber. Con-
servation & recycling 9 (3), 1986, 271-280.
3. A. Phadke, A. Bhattacharya, S. 
Chakraborty, S. De, Studies of vulcaniza-
tion of reclaimed rubber. Rubber Chemis-
try and Technology 56 (4), 1983, 726-736. 
4. E.M. Fesus, R.W. Eggleton, Recycling 
rubber products sensibly. Rubber World 
203 (6), 1991. 
5. R. Kohler, J. O’Neill, New technology for 
the devulcanization of sulfur-cured scrap 
elastomers. Rubber World  216 (2), 1997.
6. B. Adhikari, D. De, S. Maiti, Reclamation 
and recycling of waste rubber. Progress in 
Polymer Science  25 (7), 2000, 909-948.
7. P.P. Nicholas, The scission of polysulfide 
crosslinks in scrap rubber particles through 
phase transfer catalysis. Rubber Chemistry 
and Technology 55 (5), 1982, 1,499-1,515.
8. X. Zhang, C. Lu, M. Liang, Properties 
of natural rubber vulcanizates containing 
mechanochemically devulcanized ground 
tire rubber. Journal of Polymer Research  
16 (4), 2009, 411-419.
9. F. Cavalieri, F. Padella, F. Cataldo, 
Mechanochemical surface activation of 
ground tire rubber by solid‐state devulca-
nization and grafting. Journal of Applied 
Polymer Science  90 (6), 2003, 1,631-1,638.
10. Z. Lu, X. Zhang, D. Tian, H. Li, C. Lu, 
Mechanochemical preparation of devul-
canized ground fluoroelastomers for the 
enhancement of the thermal stability of 
nitrile–butadiene rubber vulcanizates. 
Journal of Applied Polymer Science  126 
(4), 2012, 1,351-1,358.
11. S. Fix, Microwave devulcanization of 
rubber. Elastomerics  112 (6), 1980, 38-40.
12. C.H. Scuracchio, D.A. Waki, M.L.C.P. 
da Silva, Thermal analysis of ground 
tire rubber devulcanized by microwaves. 
Journal of Thermal Analysis and Calo-
rimetry, 87, 2007, 893–897 (2007).
13. F.D.B. de Sousa, C.H Scuracchio, 
G.-H. Hu, S. Hoppe, Devulcanization of 
waste tire rubber by microwaves. Polym. 
Degrad. Stab 138, 2017, 169−181.
14. P. S. Garcia1, F.D.B. de Sousa, J.A. de 
Lima, S.A. Cruz, C.H. Scuracchio, Devul-
canization of ground tire rubber: Physical 
and chemical changes after different mi-
crowave exposure times. eXPRESS Poly-
mer Letters 9 (11), 2015, 1,015–1,026
15. G. Jiang, S. Zhao, J. Luo, Y. Wang, W. 
Yu, C. Zhang, Microbial desulfurization 
for NR ground rubber by Thiobacillus 
ferrooxidans. Journal of Applied Polymer 
Science 116 (5), 2010, 2,768-2,774.
16. G. Jiang, S. Zhao, W. Li, J. Luo, Y. 
Wang, Q. Zhou, C. Zhang, Microbial desul-
furization of SBR ground rubber by Sphin-
gomonas sp. and its utilization as filler in 
NR compounds. Polymers for Advanced 
Technologies 22 (12), 2011, 2,344-2,351.
17. Y. Li, S. Zhao, Y. Wang, Microbial desul-
furization of ground tire rubber by Thioba-
cillus ferrooxidans. Polymer Degradation 
and Stability 96 (9), 2011, 1,662-1,668.
18. Y. Li, S. Zhao, Y. Wang, Improvement 

Fig. 11: Abrasion loss vs. weight content of GTR of revulcanized untreat-
ed and devulcanized GTR/NR/CB blends.

of the properties of natural rubber/ground 
tire rubber composites through biological 
desulfurization of GTR. Journal of Poly-
mer Research 19 (5), 2012, 1-7..
19.  Y. Li, S. Zhao, Y. Wang, Microbial desul-
furization of ground tire rubber by Sphin-
gomonas sp.: a novel technology for crumb 
rubber composites. Journal of Polymers and 
the Environment 20 (2), 2012, 372-380.
20.  A.I. Isayev, J. Chen, A. Tukachinsky, 
Novel ultrasonic technology for devulcani-
zation of waste rubbers. Rubber Chemis-
try and Technology 68 (2), 1995, 267-280.
21. M. Meysami, C. Tzoganakis, P. Mutya-
la, S.H. Zhu, M. Bulsari, Devulcanization 
of Scrap Tire Rubber with Supercritical 
CO2: A Study of the Effects of Process 
Parameters on the Properties of Devulca-
nized Rubber. Intern. Polym. Process. 32 
(2) , 2017, 183-193.
22. A.I. Isayev. in The Science and Tech-
nology of Rubber, eds. J.E. Mark, B. Er-
man and M. Roland, Elsevier Academic 
Press, 4th ed., 2014, 697-764.
23. T. Amari, N.J. Themelis and I.K. Wer-
nick, Resource recovery from used rubber 
tire. Resour. Policy, 25, 1999, 179-188.
24. V.V. Rajan, W.K. Dierkes, R. Joseph 
and J.W.M. Noordermeer, Science and 
technology of rubber reclamation with 
special attention to NR- based waste la-
tex products. Prog. Polym. Sci., 31, 2006, 
811-834.
25. I. Mangili, M. Lasagni, M. Anzano, 
E. Collina, V. Tatangelo, A. Franzetti, 
P. Caracino, A.I. Isayev, Mechanical and 
rheological properties of natural rub-
ber compounds containing devulcanized 

ground tire rubber from several methods. 
Polymer Degradation and Stability, 121, 
2015, 369-377.
26. S. Saiwari, K. Waesateh, N. Lopat-
tananon, A. Thititammawong, A. Kaes-
aman,  Study on reuse of diphenyl disul-
fide-devulcanized natural rubber from 
truck tires. Macromolecular Symposia  
354 (1), 2015, 155-162.
27. D. De, D. De, G.M. Singharoy, Re-
claiming of ground rubber tire by a novel 
reclaiming agent. I. Virgin natural rub-
ber/reclaimed GRT vulcanizates. Polymer 
Engineering and Science 47 (2), 2007, 
1,091-1,100.
28. M. Balasubramanian, Cure modeling 
and mechanical properties of counter ro-
tating twin screw extruder devulcanized 
ground rubber tire-natural rubber blends. 
Journal of Polymer Research 16, 2009, 
133–141.
29. J.I. Gumede, B.G. Hlangothi, C.D. 
Woolard, S.P. Hlangothi, Organic chem-
ical devulcanization of rubber vulcaniza-
tes in supercritical carbon dioxide and as-
sociated less eco-unfriendly approaches: a 
review. Waste Management & Research: 
The Journal for a Sustainable Circular 
Economy 40 (5), 2022, 490-503.
30. D.A. Abel, T. Barany, Microwave 
devulcanization of ground tire rubber and 
its improved utilization in natural rubber 
compounds. ACS Sustainable Chem. Eng. 
11, 2023, 1,797−1,808 
31. Y. Guo, A.I. Isayev, Properties of ultra-
sonically devulcanized and revulcanized 
used tire rubber and their blends with 
virgin natural rubber. Kautschuk Gummi 
Kunststoffe, 4, 2023, 58-67.
32. I. Mangili, M. Lasagni, K. Huang and 
A.I. Isayev, Modeling and optimization 
of ultrasonic devulcanization using the 
response surface methodology based on 
central composite face-centered design, 
Chemometrics and Intelligent Laboratory 

Systems, 144, 2015, 1-10.
33. A.T. Ravi, P. Frank, P., Evaluation 
of micronized rubber powders with cost/
performance benefits. Rubber World, 245, 
2012, 25-29.
34. P. J Flory, J. Rehner Jr., J., Statistical 
Mechanics of Crosslinked Polymer Net-
works I. Rubberlike Elasticity. The Jour-
nal of Chemical Physics  11 (11), 1943, 
512-520.
35. A.F. Barton, Handbook of polymer-liq-
uid interaction parameters and solubility 

parameters. CRC press, Boca Raton, 1990.
36. G. Kraus, Swelling of filler-reinforced 
vulcanizates. Journal of Applied Polymer 
Science  7 (3), 1963, 861-871.
37. R. Ayyer, F. Papp, Evaluation of mi-
cronized rubber powders with cost/per-
formance benefits. Rubber World 2012, 
25-29.
38. A.I. Isayev, T. Liang, T.M. Lewis, Ef-
fect of particle size on ultrasonic devul-
canization of tire rubber in twin-screw 
extruder. Rubber Chemistry and Technol-

ogy 87 (1), 2014, 86-102.
39. Wampler, W.; Gerspacher, M.; Yang, H., 
Carbon black’s role in compound cure be-
havior. Rubber World  210 (1), 1994, 39-43.
40. Studebaker, M.L., The chemistry of 
carbon black and reinforcement. Rubber 
Chemistry and Technology 30 (5), 1957, 
1,400-1,483.
41. Meinecke, E.A.; Taftaf, M.I., Effect of 
carbon black on the mechanical proper-
ties of elastomers. Rubber Chemistry and 
Technology 61 (3), 1988, 534-547.

Tire
Continued from page 18

wirecomusa.com

Tire Cutting Diamond Wire
From Stadiums  |  Bridges  |  Dams

Booth #624 ITEC 2024

See Tire, page 19

Tire InnovationRubber News SPECIAL REPORT

COLUMBUS, Ohio—Joe Walker isn’t 
holding back. Particularly when it comes 
to the rubber industry.

Because rubber, he said, holds the 
world together. 

The parts and goods that the rubber 
industry manufactures may not always 
be apparent to consumers, but those 
parts are critical to their everyday lives.

“When you buy an automobile, the only 
thing you see that’s rubber are the tires,” 
Walker, president of Elastomer Technolo-
gies, said during his presentation at the 
ACS Rubber Division’s Spring Technical 
Meeting. “You don’t see the other 2,000 
rubber parts that go into making that 
engine function. And it is the same with 
most of the parts that our industry pro-
duces. We create non-obvious, silent, in-
visible technology.”

Invisible? Maybe. But critical? Most 
certainly.

That’s why Walker continues to sound 
the alarm about looming shortages of key 
rubber chemicals, essential ingredients 
to the compounds for the parts that keep 
the world moving, healthy, fed and enter-
tained.

“Think about what it would be like if 
you couldn’t move goods from coast-to-
coast,” he said. “That would be truck 
tires, aircraft tires, seals, O-rings, gas-
kets.

“Think about not being able to have a 
procedure done because there is no IV 
tubing or there are no catheters.”

Those, he contends, are the things at 
risk if nothing is done to boost manufac-
turing of those chemicals in the U.S., 
where demand for them is growing at a 

rate of more than 16 percent per year.
And the chemical supplies most con-

cerning to Walker are cure chemicals 
and antidegradants. 

“These chemicals improve quality, 
they are really an indispensable part,” 
Walker said. “You cannot have the rub-
ber article without them. 

“In the rubber industry, although the 
amount of these additives are small in 
the overall formulation ... you may only 
have one part of this or two parts of that. 
But they play a decisive role because 
without that one or three (parts), you are 
not able to cure rubber.”

At present, U.S. demand for the chem-
icals is around 345,000 tons. And U.S.-
based supply of those chemicals is about 
25 percent shy of its demand for the rubber 
chemicals at 288,000 tons. And given the 
growth rate of that demand, Walker said 
the problem will only compound.

“This lack of domestic manufacturing 
capability places the entire U.S. rubber 
industry at risk and consequently, our 
nation is at risk,” Walker said.

The supply of the imported chemicals 
the industry relies on is also at great 
risk, Walker contends, particularly when 
you consider geopolitical concerns.

Walker said the solution to the looming 
chemicals shortage is a build-up of U.S. 
manufacturing for those chemicals, 
which allows the U.S. to become less reli-
ant on off-shore production—particularly 
production in China.

But the rubber industry also needs to 
be its own advocate. Companies must 
work with customers to stabilize and 
shorten their supply chains.

“Involve your customers and engage 
them in risk mitigation activities,” Walk-
er said. “Let them know ... raise aware-
ness. Build compounds and compositions 
using as much dual-sourced and U.S.-
based products as you can.” 

He also encouraged everyone to write 
their representatives to make them aware 
of the importance of rubber goods. Because 
rubber products are essential to daily life 
in the U.S., Walker said any significant 
disruptions to the production of rubber 
products raise national security risks—
think: exam gloves during the pandemic. 

“Contact your people in Congress, 
make sure they understand the serious-
ness of the supply issue and make sure 
they understand the risk of doing noth-
ing,” Walker said. “Help them recognize 
that it’s a national security problem.”

By Erin Pustay Beaven
Rubber News Staff

Joe Walker: Dwindling supply of U.S.-made 
rubber chemicals a national security risk

Rubber News photo by Erin Pustay Beaven

Industry veteran Joe Walker continues to 
sound the alarm on a looming shortage of 
essential chemicals for rubber products.

P015_P019_RPN_20240513.indd   19P015_P019_RPN_20240513.indd   19 5/8/24   5:59 PM5/8/24   5:59 PM


