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Although the conveyor systems are 
mostly used for transportatiodn of goods 
in mines, depositories of bulk material, 
their use in production lines and indoor 
application is also frequent. They usual-
ly operate under severe operating condi-
tions like heavy loading, impacts, ele-
vated temperatures and dust.

Because conveyors are typically oper-
ating continuously during long periods of 
time, even a small increase in energy ef-

ficiency leads toward considerable energy 
savings and therefore improved sustain-
ability. There are a number of ways to 
accomplish high level of sustainability of 
conveyor systems, which normally reduc-
es overall operation costs too.

The concept of sustainability has var-
ious perspectives. From the environ-
mental point of view, sustainability rep-
resents the system capacity (in this case 
the Earth) to support the impact of 
mankind activity upon the environment 
without putting under risk the future of 
the human race. From the designer 
point of view, sustainable development 
is about designing tools and materials 
that use safe, efficient and renewable 
resources; it also is about social respon-
sibility and ethics.

According to future challenges, the 
focus of the current and forthcoming re-
search involves sustainability and ener-
gy efficiency of material handling and 
conveying equipment, with the aim of 
developing a more complete lifecycle as-
sessment, to obtain a more detailed re-
view of environmental properties and 
possible efficiency improvement.1,2

Green tires already have proven to 
have a significant impact on a vehicle’s 
total fuel consumption, through the de-
velopment of rubber treads based on sil-
ica/silane and solution SBR in compari-
son to those based on carbon black and 
emulsion SBR. According to raw materi-
al suppliers, silica/silane/SSBR technol-
ogy is able to significantly reduce emis-
sions and environmental impacts in the 
basic scenario, in any analyzed impact 
category considered relevant.

Consequently, the global warming po-
tential can be reduced over the whole 
lifecycle, for example, by replacing car-
bon black and ESBR with silica/silane 
and SSBR. The use of SSBR instead of 
ESBR provides a further benefit in 
terms of environmental quality, in par-
ticular, for indoor applications, due to a 
strongly reduced total volatile organic 

compound content of about one order of 
magnitude.

The next logical step is to take into ac-
count the potential impact of other widely 
used rubber goods, like belts, examining 
the environmental effects throughout the 
whole lifecycle. Then, a new formulation 
for a more sustainable rubber belt can be 
developed according to the green tire 
concept, cutting power consumption, re-
ducing volatile emissions and still offer-
ing comparable characteristics as tradi-
tional conventional belts.

Part of this major challenge for the 
rubber industry is further represented by 
the replacement of process oils following 
the groundbreaking legislation to ban 
polycyclic aromatic hydrocarbons, which 
are toxic. Referring to the tire business, it 
has been reported  that sustainable oils in 
SSBR tread compounds show promising 
results for both physical and dynamic 
mechanical properties, in comparison 
with petroleum oils.3-7

Accordingly, a recent patent describes 
the replacement of aromatic oil with 
soybean oil for producing an environ-
mentally friendly rubber composition for 
conveyor belts, applied to at least one 
surface of the fabric base.8 This go-green 
approach can be enriched by introducing 
renewable, biodegradable materials for 
producing sustainable conveyor and pro-
cessing belts able to reduce the ecological 
footprint. In this frame, an important 
LCA improvement can be achieved by us-
ing not a traditional vegetable oil, but a 
bio-refinery vegetable derivative obtained 
through a bio-to-bio conversion technology.

A new generation of bio-sourced plas-
ticizers obtained from vegetable feed-
stock and commercialized under the 
name Matrilox-brand, is reported in this 
paper.9 This bio-sourced oil, produced 
through a bio-refining process by Matri-
ca, a joint venture between Versalis and 
Novamont, a major player in the bio-plas-
tics market, offers the possibility to 
conveyor operators to consistently opti-
mize their sustainability concept.

Experimental
Natural rubber was a commercial 

CV60. Synthetic rubbers used for produc-
ing compounds were Europrene-brand 
commercial grades from Versalis. Using 
different polymerization techniques, vari-
ous SSBRs can be obtained with different 
molecular architecture and different abil-
ity in terms of processing or performance.

The easy processing SOL R C2525 EP 
is produced by continuous polymeriza-
tion and contains a controlled amount of 
random branching. SOL R 72616 is a 
silica functionalized high performance 
grade originally designed for reduced 
rolling resistance in tire applications 
and obtained by batch polymerization.

 SOL B 1205 is a particular SSBR in 
which part of the styrene content is 
non-randomly distributed, but present in 
block form. Polymer properties are sum-
marized in Table 1. The reference pro-
cess oil is Clematis TD produced by ENI 
and classified as TDAE (Treated Distil-
late Aromatic Extract). It is a safe oil 
with a low content of PAHs, produced by 
solvent extraction from distillate aro-

SPECIAL REPORT Belting

The authors
Renewable and sustainable resources can help lighten the ecological foot-

print, even more when combined with reducing overall energy usage.
Conveyor belts are commonly used for transporting a wide variety of materials. 

However, market drivers are progressively demanding larger size, higher strength 
and total length up to several kilometers, to increase transport volume and en-
hance transport efficiency. As a result, equipment costs and power consumption 
tend to increase, and investigations improving the characteristics of raw rubber 
are of great importance, with particular focus on the replacement of emulsion SBR 
with tailored SSBR at low total volatile organic compound content (TVOC).

To optimize formulations for this application, several types of SSBR are in-
vestigated, produced with batch or continuous technology, characterized by 
different molecular architecture and also containing functional groups. SSBR 
grades of different structure are compounded in binary blends for performance 
optimization. Processability in terms of mixing and extrusion is further dis-
cussed to provide an optimum compromise between performance (hysteresis, 
wear), compounding and shaping.

Besides the discussion in terms of raw polymers at reduced TVOC content, 
conveyor sustainability is further addressed through the replacement of fossil 
process oil with a bio-sourced plasticizer. A highly sustainable bio-refinery 
process oil is introduced, offering improved environmental footprint and a low 
unsaturation level to strongly reduce the interaction with the compounding in-
gredients, which typically affects traditional vegetable oils. The drop-in re-
placement of fossil reference oil is then tuned with only minor adjustments to 
the cure package.
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Fig. 1: Normalized Mooney indicator of the investigated compounds. Fig. 2: Garvey extrusion at 90°C and 100 rpm of the investigated compounds.
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family has been engineered to offer, when 
properly formulated, a high performance, 
non-toxic, eco-sustainable alternative to 
traditional plasticizers. The PF801 grade 
used in this work has been specifically de-
signed for the rubber industry with the 
aim of replacing process oils of fossil origin.

Matrilox bio-plasticizer derivatives 
are based on complex mixture of tri-
glycerides and esters of polyols, compris-
ing oligomeric structures of the type 
R4-[OC(O)-R1-C(O)-O-CH2-CH(OR2)-
CH2]n-OR3, where R substitutes are 
C2-C22 alkylenes, C6-C24 carboxylic acid 
residues and alkyl groups. Part of the 
residual carboxylic acid component is 
esterified with monoalcohols, according 
to the final application.9-11

Rubber compounds were prepared in 
three steps by dry mixing using a labo-
ratory internal mixer (1,200 cc) with Ban-
bury-brand rotors. Physical and mechani-
cal data of rubber compounds were 
measured according to ASTM or ISO 
standards. Dynamic-mechanical mea-
surements on vulcanized specimens were 
performed using a torsional rheometer. 
The rolling resistance index was calcu-
lated from loss tangent of the compound 
at 30°C, 10Hz, 5 percent strain. Tem-
perature sweeps were performed at 1 Hz, 
0.1 percent strain.

Results and discussion
Emulsion polymerized SBR are widely 

used in rubber mixing, because of a good 
filler incorporation and efficient process-
ing of the compound. In the emulsion co-
polymerization of butadiene and styrene 
with a free-radical initiator there is an 

inherent mechanism of chain transfer, 
which results in the formation of branched 
molecular structures. This polymeriza-
tion mechanism shows very poor flexibil-
ity in terms of molecular architecture, 
however a combination of broad molecu-
lar weight distribution together with an 
appropriate degree of branching helps 
promote filler incorporation as well as 
compound processability.

On the contrary, it is well known that 
solution polymerization allows a better 
control of microstructure for optimum 
performance of the vulcanizates (low 
hysteresis together with good mechani-
cal properties). However, the resulting 
nearly linear structure and narrower 
molecular weight distribution are often 
not beneficial to compound processabili-
ty (higher Mooney compound, earlier 
onset of extrudate distortion, etc.)

Thanks to its proprietary technology, 
Versalis  is able to develop various fami-
lies of batch and continuous SSBR, rang-
ing from star polymers to partial block 
materials. In particular, easy processing 
grades, containing a controlled amount 
of chain branching, are especially de-
signed to optimize processing and perfor-
mance at the same time. To correctly re-
place ESBR in belting applications, the 
requested technical requirements can be 
found in the combination of various 
SSBR with different molecular architec-
tures, as described in Table 2. Therein, 
the adopted formulation is also reported. 

The introduction of commonly used 
high performing functionalized SSBR, 
typically developed for the tire market 
(especially, passenger car radial tire 
tread segment, for which a trade-off be-
tween high grip and low hysteresis is re-
quired), implies higher glass transition 
temperature of the final compound. In 
order to reduce the gap with the tradi-

tional ESBR recipe, low Tg SSBR were 
included in the experimental framework.

Because of their well-known difficul-
ties in mixing, silica/silane recipes usu-
ally require a higher concentration of 
process oil than carbon black based for-
mulations. In this sense, the replacement 
of TDAE oil (Tg about -50°C) with a 
bio-refinery plasticizer with very low Tg 
(Matrilox, -90°C) turns this formulation 
requirement into a positive issue for what 
is concerning the final glass transition 
temperature of the compound.

Herein a normalized Mooney parame-
ter is used as processability indicator of 
the compounding stage, as it can be af-
fected by filler dispersion in the elasto-
meric phase. Typically, a finely dispersed 
filler load can lead to lower Mooney 
compound. It is calculated as (Compound 
Mooney – Polymer Mooney)/(Polymer 
Mooney)*100. This parameter represents 
the percentage increase of the compound 
viscosity with respect to the polymer 
initial viscosity (only SBR component, 
NR content being constant). 

To be duly noted that a simultaneous 
minor effect on the indicator is possible 
when adopting polymers featuring sig-
nificant branching content, because they 
are prone to undergo a mastication-like 
effect during the mixing stage, especially 
in the case of highly filled recipes and 
prolonged mixing duration time. 

This indicator is calculated for both 
the first mixing step and the final com-
pound (which comprises the addition of 
curatives). Results (summarized in Fig. 
1) clearly show the good performance of 
emulsion SBR (control compound) and 
the expected lack of processability of the 
high molecular weight functionalized 
SSBR (fn-SSBR compound).

Successful results are observed by in-
troducing the easy processing SSBR 
grade (fn+EP-SSBR compound). Also the 
partial block SSBR reveals a beneficial 

effect to compounding, due to the soften-
ing of polystyrene block at mixing tem-
perature (fn+block-SSBR compound) and, 
in general, any time that compound 
reaches temperatures approaching the 
polystyrene glass transition temperature 
(softening of PS block begins at around 
80°C, Tg around 100°C). 

An advantage in terms of mixing effi-
ciency is further observed by replacing 
TDAE oil with the Matrilox bio-refinery 
plasticizer (fn+EP-SSBR/BIO compound), 
with a significant decrease of the nor-
malized Mooney compound variation in 
both first mixing steps and final com-
pound. In this case, values lower down 
to those of the control compound based 
on ESBR.

To further explore the processing be-
havior of compounds, measurements ac-
cording to Garvey extrusion procedure 
were performed. Results are summa-
rized in Fig. 2 and Table 3. As expected, 
swelling is more pronounced for ESBR, 
whereas corner quality is worst for fn- 
SSBR compound. The best index is observed 
for the composition containing the partial 
block SSBR (fn+block-SSBR compound). 
Such combination of SSBR grades can rep-
resent a very good alternative to convention-
al processing aids, with the advantage of 
being a fully vulcanizable system.

In industrial practice, reduced swell-
ing behavior is highly desired, as it im-
plies dimensional stability for the ex-
truded compound. In addition, extrudate 
with perfectly smooth surface (featuring 
thus zero or very low surface defects) 
can help increase compound extrusion 
rates (higher productivity), meanwhile 
limiting production scraps. 

No particular issues are observed 
when replacing TDAE oil with Matrilox, 
accounting for a good overall compatibil-
ity of the polar bio-plasticizer with the 
NR/SBR polymer matrix.

Fig. 4: Dynamic response of TDAE based compounds.

Table 1: Polymer properties. Synthetic rubbers are industrial Europrene grades from 
Versalis. For SOL B 1205, block PS is 18%, vinyl 10%, Tg (random phase) = -90°C.

Table 2: Conveyor belt formulation. Matrilox PF801 is an industrial bio-refinery plasticizer.

Table 3: Selected properties of the investigated compounds. Tg is calculated from 
loss tangent plot.

Fig. 3: Summary of main properties for selected compounds (higher is better).
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The physical and mechanical proper-
ties of the investigated compounds are 
reported in Table 3. As expected, tensile 
properties show higher stiffness for the 
compounds based on solution SBR, due 
to the combination of narrow polydisper-
sity and high molecular weight of these 
grades vs. emulsion SBR.

Shore A Hardness, lower for the con-
trol compound, accounts for a more pro-
nounced effect of viscosity reduction 
during mixing, typical of highly branched 
material like emulsion SBR12-13. The re-
duced maximum torque (MH) of the vul-
canization curve also supports this fact. 
By considering physical and mechanical 
properties ranging from compound viscos-
ity to tensile strength and tear resistance, 
in a direct comparison between ESBR and 
SSBR (control vs. fn-SSBR compound) 
without a proper calibration of the prima-
ry-chain molecular weight, emulsion rub-
ber usually shows a more advantageous 
trade-off, as reported in previous works.14

Hysteresis will be discussed later on.
The two different SSBR grades (easy 

processing, partial block) blended with 
the high performance functionalized 
rubber in order to optimize the property 
trade-off, show interesting differences, 
as reported in Fig. 3, where a higher in-
dexed value means better performance.

It is noticed that improved abrasion re-
sistance comes with partial block SSBR, 
being abrasion measured at room tem-
perature, thus far below polystyrene glass 
transition temperature. Apart from the 
reduced Mooney compound, tear resis-
tance is significantly improved when using 
SSBR with partial styrene block. Accord-
ing to the authors, such compound is bene-

fiting of the plasticizing effect because of 
SOL B 1205. This latter also is playing a 
role in achieving an optimal broadening of 
the polydispersity of the SSBR component. 
Moreover, the partial block SSBR helps 
increase the cured compound resilience at 
room temperature, enhancing the rebound 
property. In parallel, the presence of the 
polystyrene blocks causes an increase in 
the compound hysteresis, thus negatively 
affecting compound heat build-up.

Figs. 4 and 5 describe the dynamic 
response of compounds based on TDAE 
process oil. Loss tangent, commonly re-
ferred to as tanδ in the literature, is de-
fined as the ratio of the rubber hysteresis 
to the elastic modulus or, stated in anoth-
er way, as the delay between the stress 
applied and the resultant strain. In Fig. 
4, the principal tanδ peak is located at 
different temperatures, depending on the 
specific SBR used in the compound reci-
pe. It is recalled that, in the present 
study, SBR with different glass transition 
temperatures are considered (Table 1). 
More precisely, the tanδ major peak is 
strictly depending on SBR Tg. The ex-
tremes of temperatures for which the 
major peak occurs are ESBR and fn- 
SSBR cases (Fig. 4). 

Furthermore, when the amount of 
fn-SSBR is partially replaced with EP -
SSBR or block-SSBR, the position of the 
major tanδ peak progressively moves to 
lower temperature values.

The contribution of NR to the tanδ
curve is visible at approximately -50°C, 
where a minor peak is common to all the 
curves, as NR content (phr) is constant 
for all those considered compounds.

Interestingly, if we limit the compari-
son to the cases fn-SSBR, fn+EP-SSBR 
and fn+block-SSBR, we observe that the 
prominence of the major tanδ peak pro-
gressively reduces (lower height of the 
peak) in the exact mentioned sequence 

in favor of the minor tanδ peak (-50°C). 
All of the above comments support a 

not complete miscibility of the NR phase 
with the SBR ones. 

Fig. 5 clearly indicates that storage 
modulus drops down very differently from 
the compound glassy region, depending on 
the used SBR type. As already anticipated 
when discussing the resilience (rebound) 
of cured compounds, higher storage modu-
lus is found for the compound based on 
fn+block-SSBR in a wide temperature 
range (-10°C to 70°C). As expected, in Fig. 
5 we observe lower values of the storage 
modulus for the fn-SSBR case vs. control 
compound, because of a combination of 
SSBR design (molecular weight distribu-
tion as well as chemically active functional 
groups) and the achieved enhanced filler 
dispersion.

Now, the Tg gap between emulsion 
and solution rubber can be partially 
bridged by introducing the low Tg bio-
sourced plasticizer, as depicted in Figs.  
6 and 7, where the Tg shift caused by the 
oil replacement is clearly observed. The 
authors find Fig. 6 particularly relevant, 
as it suggests a different distribution of 
filler in NR and SSBR phases, when 
changing the type of plasticizer.

More precisely, switching from TDAE 
oil to Matrilox causes the major tanδ 
peak to decrease in favor of the minor 
tanδ peak. As discussed, this minor 
peak is relating to the NR phase. In ac-
cordance to Robertson and co-workers, 
increasing the filler content brings 
about the lowering of tanδ peak.16 If we 
extend this finding from a mono-compo-
nent to a bi-component elastomeric sys-
tem (NR/fn-sSBR), the enrichment of 
filler content of the SSBR phase is 
counterbalanced by the depletion of fill-
er content in the NR phase. Despite be-
ing very plausible to the authors, this 
hypothesis requires additional tests to 
be consistently proven. 

It has been previously reported that the 
unsaturation level of a bio-sourced plasti-
cizer may negatively affect curing.5-7,11 The 
bio-refinery originated Matrilox is charac-
terized by a low unsaturation level for a 
minor impact on existing formulations 
and an easier drop-in replacement of fossil 
oil. In the present work, with a low process 
oil concentration of only 10 phr, this effect 
is reduced but, as reported in Table 3, the 
curing parameters and the tensile proper-
ties of the bio-based compound (fn+EP-SS-
BR/BIO) are quite close to those of the 
corresponding TDAE reference (fn+EP- 
SSBR), or even better. For what is con-
cerning other compound properties, some 
advantages in using the bio-refinery 
plasticizer are observed in terms of tear 
resistance, confirming a better plasti-
cizing power vs. fossil oil.

For making laboratory comparisons, the 
loss tangent (tanδ) test is widely accepted 
to screen rubber compounds for hysteresis. 
A lower tanδ value is expected to provide 
lower rolling losses on a field conveyor and 
therefore less horsepower consumed. Lab-
oratory results have been reported to cor-
relate with tests measuring the indention 
of a single roller into the belt cover as the 
force per idler per unit width by isolating 
the pulley cover hysteresis, confirming 
that lower tanδ values provide lower power 
reduction under dynamic conditions.15

Hysteretic properties are reported in 
Fig. 8 in terms of rolling resistance index 
(tanδ@30°C), heat build-up and rebound 
at room temperature. The expected ad-
vantage of using SSBR in a silica/silane 
formulation is clearly observed, together 
with a significant benefit related to the 
replacement of the fossil oil with the bio-
based one. In silica-based compositions 
containing bio-sourced oils, the increase 
of sulfur level17 or the addition of a sulfur 
donor11 to compensate the interaction of 
curatives with the oil double bonds, is a 
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Fig. 5: Dynamic storage modulus of TDAE based compounds.

Fig. 6: Dynamic response of compounds with different oil.

Fig. 7: Dynamic storage modulus of compounds with different oil.

Fig. 8: Hysteretic properties of the investigated compounds.
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possible strategy for tuning the overall 
performance trade-off.

As a further demonstration of the re-
duced impact of Matrilox on cure package, 
a slight excess of sulfur containing silane 
(20 percent) was added to the reference 
bio-compound (fn+EP-SSBR/BIO), pro-
ducing a minor effect (Fig. 9). Heat aging 
results are summarized in Fig. 10. No 
significant differences are observed be-
tween compound containing TDAE oil 
and the one with the bio-refinery plasti-
cizer, accounting for a good compatibility 
of the bio-sourced ingredient.

Conclusions
In the frame of reducing carbon foot-

print and increasing the sustainability of 
conveyor belts, high performance func-

tionalized SSBR and highly processable 
SSBR grades were successfully combined 
for replacing ESBR in green silica/silane 
formulations. This approach represents 
an excellent compromise between me-
chanical properties, processability and 
enhanced hysteretic properties for reduc-
ing energy consumption.

The use of specially designed easy pro-
cessing SSBR in blend with functionalized 
grades successfully expands the SSBR 
application range from tire to non-tire 
formulations. Moreover, a partial block 
SSBR reveals to act as an excellent vulca-
nizable processing aid with interesting 
property trade-off. With a further effort in 
terms of go-green strategy, the drop-in 
replacement of fossil oil with a bio-refinery 
plasticizer (Matrilox) provides perfor-
mance and sustainability benefits at the 
same time for belting applications.
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Fig. 9: Effect of the silane increase on compound properties (higher is better).

Fig. 10: Heat aging of the selected compounds with different oil.
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Reveyron partners with Beltservice for distribution
WASHINGTON—Beltservice Corp. is partnering 

with Reveyron to distribute its products in North Amer-
ica and provide factory level service in Canada, Mexico 
and the U.S. for Reveyron slabs and fabricated products. 

The move is part of an effort to expand on Beltser-
vice’s lightweight conveyor belting, Paul Hirschmann, 
director of lightweight products, said at the NIBA an-
nual meeting, held recently at the Gaylord National 
Hotel in Washington.

“We’ve always had that part of our business, but in 
the last three or four years, we’ve put a lot of emphasis 
into trying to grow that,” Hirschmann said. “Revey-
ron’s been one of our partners for over 10 years.”

In the past, Beltservice has been looking to partner with 
and “fly the flag of a brand or company” specifically based 
in Europe, Hirschmann said. What makes the partner-
ship work is Beltservice’s focus on servicing and being 
dedicated to being a partner to distribution in the market-
place, rather than selling to end-users. As the market has 
been changing with how larger manufacturers approach 
it, there’s an opportunity to grow the business.

“It’s a great partnership. We’ve put together a team 
of people to go out and promote these products,” he said. 
“We’ve worked with Reveyron for years, and we just 
think it’s going to be something that the market will 
embrace and take advantage of.”

The partnership will work in a similar function to 
Beltservice’s agreement with Movex, where Beltservice 
is the direct factory representative and will promote 
the brand in North America for Reveyron, he said. As 
part of the development of Beltservice’s lightweight 
program, the company has invested in hiring, bringing 
on about four new salespeople with industry experience, 
some based on the West Coast. It also is educating and 
training its current sales staff on the new products. 
The team will cover the entire North American region. 

Reveyron is bringing on a new manufacturing line at 
its Lyon, France, facility. The company had been pro-

ducing polyurethane conveyor belts with powder coat 
with the capability to make very short runs, Reveyron 
President Pierre Reveyron said. The belts can be pro-
duced in slabs about 330 feet long by about 6.5 feet wide 
with multiple possible colors and thickness.

Production for the powder coat line is full, and Revey-
ron invested in a new extrusion/calender conveyor belt 
manufacturing line in the same facility, he said. The 
line, also producing at about 6.5 feet wide, has been 
installed and the first test was run recently. The two 
lines give Reveyron the flexibility to do long-run manu-
facturing with customized short runs. Polyurethane 
belts have applications in the food industry, but are 
expanding to include other markets, he said.

“More and more we are selling PU belting in indus-
trial applications,” he said. “Polyurethane belts are 

more abrasion resistant than regular, so for some appli-
cations we can shift to that type of belt. They are much 
more easy to customize. … It’s tighter, it’s very strong, 
it can go wide and fast.”

As Reveyron has worked on the new manufacturing 
line, it brought on four more employees, bringing the 
company total to about 60, he said. 

The Beltservice partnership is a natural extension of 
Reveyron’s ongoing relationship, and it made sense to 
move forward with it as the company was bringing on 
the new manufacturing line, he said.

“We tried to find the best way to get closer,” Reveyron 
said. “This is important for us, not to consider Beltser-
vice as a distributor, but this is the arm of Reveyron in 
the U.S. We are producing the belt, they are selling it. 
… We consider that they are part of our company.”

By Kyle Brown
Rubber & Plastics News Staff
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At Beltservice’s NIBA booth, from left: Pierre Reveyron of Reveyron and Joe Haen, Paul Hirschmann, Ralph 
Breest, Brian Klick, Tom Acker, Chris May, George Sullivan and Kerry Mosher of Beltservice.




