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ABSTRACT
Cold retreading technique dominates retreaded tire manufacturing process. The technique applies rubber 

cushion gum compound as adhesion medium to bond new tread with a worn old tire. High-quality cushion gum 
compound mainly requires good adhesive strength. Tackiness of the rubber compound can be improved by addition 
of tackifier resin and rubber processing oil (RPO). The research was aimed to evaluate the performance of various 
types and dosages of tackifier resin and bio-based RPO to physic-mechanical properties of cushion gum. A method 
in the manufacture of natural rubber-based cushion gum compound was in accordance with ASTM D3182. Cushion 
gum rubber compound formula was designed by using bio-based RPO such as pine tar oil at 5 and 12 phr and 
three types of tackifier resin such as rosin resin, phenolic resin, and hydrocarbon resin at 3 and 7 phr. Petroleum-
based RPO and commercial cushion gum were selected as reference material. Curing characteristic and physic-
mechanical properties test results were used as a reference to determine cushion gum quality. The observation 
during experiment indicated that natural rubber-based cushion gum compound formulated with addition of 5 phr 
rosin resin and 5 phr pine tar oil (code ZH4) has the closest curing characteristic and physic-mechanical properties 
to commercial cushion gum. 
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INTRODUCTION 
The global tire market segment can be 

categorized into original equipment manufacturer 
(OEM)  and replacement segments. Replacement 
of used tire with the new ones will generate 
hazardous waste to the environment due to their 
complex structure and varied composition (Niza et 
al., 2014; Thomas & Gupta, 2016). Tire retreading 
technology offers an alternate solution that 
concerns to this issue. Retreading is well-known 
as beneficial process in the terms of economy and 
environment in an effort to extend service life 
of tire (Sasikumar et al., 2010; Simic & Dabic-
Ostojic, 2016). It is a technological process in 
which a used tire’s tread is removed and a new 
tread is positioned on the undamaged tire casing 
(Banerjee, 2019). In Indonesia, tire retreading 

industry plays important role in promoting the 
national downstream rubber agro-industry. The 
market share of tire retreading industry attains 
about 25% of total natural rubber domestic 
consumption (Dewan Karet Indonesia, 2018). 
Therefore, by strengthening tire retreading industry 
by means of providing good quality material 
needed for retreading tire manufacturing, it is 
believed can support especially the performance 
of the micro-scale tire retreading industry in 
preparation for the implementation of retread tire 
Good Manufacturing Practice programmed by the 
Ministry of Industry of the Republic Indonesia.

Commonly, it is known that two tire retreading 
techniques are being applied, cold and hot cure. 
Cold cure retreading is the process used for tires 
of commercial vehicles. It is applied by 80% of 
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retreading manufacturer (Abdul-Kader & Haque, 
2011). While, hot retreading process is suitable 
for passenger vehicles. Cold cure has advantages 
as can be repeated several times because it does 
not influence on the structure of a retreaded tire 
(Dabic-Ostojic et al., 2014). Cold cure is done 
by setting up a new tread on a prepared tire in 
the form of ring or strip, and then such a tire is 
placed in autoclave where the pasting procedure 
of a new tread is done. Application of moulded 
and cured new tread to the outer surface of the 
tire is facilitated by cushion gum (Abdul-Kader & 
Haque, 2011).

Cushion gum is a thin intermediate rubber 
compound layer that is applied on the casing outer 
surface to bond the pre-cured tread as adhesion 
medium (Ayres et al., 1997). The primary 
requirement of a cushion gum is to have good 
adhesive strength and a fast cure mechanism in 
order to improve the bonding of the new tread 
with the worn old tire (Banerjee, 2019). High-
quality cushion gum will contribute on safe riding. 
It prevents new tread damage. Basak et al. (2012) 
stated that the tack of rubber compounds depends 
on various factors such as polymer characteristic-
like structure and molecular weight, type and 
amount of rubber chemicals used, mainly fillers, 
tackifiers, plasticizers or rubber processing oil 
(RPO).

The content of plasticizers also affect the 
viscoelastic property of rubber (Oh et al., 2014). 
A special type of plasticizer can build tack or 
autohesion. Pine tar oil is regarded as alternative 

bio-based RPO which can improve tackiness 
into rubber compound to substitute conventional 
petroleum-based RPO such as paraffinic oil and 
aromatic oil (Ciesielski, 1999). Aromatic oils have 
substantially toxic potential due to the presence of 
polycyclic aromatic hydrocarbons (PAH) content 
(Oter et al., 2011). In accordance to carcinogenic 
property of aromatic oil, researcher are intensively 
investigate natural source of bio-based RPO.

Tackifier resin is added to rubber compound 
to create tackiness between the layers of the 
rubber compound during the processing stage 
(Ramcharan, 2014). In general, the tackifier used 
in rubber compound formulation can be generated 
from synthetic material such as hydrocarbon 
resin, coumarone-indene resin, allyl phenol/
formaldehyde condensate, or natural source as 
rosin and gums (Basak et al., 2012). Rosin resin 
in combination with pine tar oil is biodegradable 
bio-based rubber chemical that can be used to 
develop promising green rubber product. The 
research aimed to investigate the experimental 
performance of natural rubber-based cushion gum 
compound formulated with tackifier resin and 
bio-based RPO. The combination of various types 
and dosages of tackifier resin and bio-based RPO 
were found to promote anchoring of good quality 
cushion gum for retreading tire process. 

MATERIALS AND METHODS
High-grade natural rubber type such as Ribbed 

Smoke Sheet (RSS) 1 was used as an elastomer. 
RSS 1 was provided by The Indonesian Rubber 

Table 1.  Cushion gum rubber formulation at various type and dosage of RPO plasticizer.

Materials Dosage (phr)
ZH 1 ZH 2 ZH 4 ZH 5 ZH 7 ZH 8

Natural rubber, RSS 1 100.0 100.0 100.0 100.0 100.0 100.0
Zinc oxide 5.0 5.0 5.0 5.0 5.0 5.0
Stearic acid 2.0 2.0 2.0 2.0 2.0 2.0
TMQ 2.0 2.0 2.0 2.0 2.0 2.0
6PPD 2.0 2.0 2.0 2.0 2.0 2.0
Paraffin wax 3.5 3.5 3.5 3.5 3.5 3.5
Carbon Black N330 50.0 50.0 50.0 50.0 50.0 50.0
CBS 1.6 1.6 1.6 1.6 1.6 1.6
Sulfur 2.2 2.2 2.2 2.2 2.2 2.2
Rosin resin 5.0 5.0 5.0 5.0 5.0 5.0
Paraffinic oil 5.0 12.0 - - - -
Pine Tar Oil - - 5.0 12.0 - -
Aromatic Oil - - - - 5.0 12.0
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Research Institute. Thus, rubber chemicals that 
were involved in the manufacture of cushion 
gum consisted as an activator (zinc oxide and 
stearic acid), antioxidant (2,2,4-Trimethyl-1,2-
dihydroquinoline, and N-(1,3-dimethylbutyl)-
N’-phenyl-p-phenylenediamine, 6PPD), anti-
ozonant (paraffin wax), reinforcing filler (carbon 
black N330), accelerator (N-Cyclohexyl-2-
benzothiazole sulfenamide CBS), vulcanizing 
agent (sulfur), tackifier resin, and rubber 
processing oil (RPO). Resin was used in the 
experiment consisted of rosin resin, phenolic resin, 
and hydrocarbon resin. While, RPO which was 
functioned as a plasticizer consisted of petroleum-
based RPO, such as aromatic oil and paraffinic 
oil, and bio-based RPO, such as pine tar oil. All of 
the rubber compounds ingredients were industrial 
grade and used without further purification. The 
rubber chemicals except RPO were purchased 
from PT Multi Citra Chemindonusa. Meanwhile, 
the RPO was supplied by PT Organik Inti 
Indonesia. Rubber compound formulas for natural 
rubber-based cushion gum were designed as 
given in Table 1 and Table 2 for various types and 
dosages of RPO and tackifier resin, respectively. 
The dosage of RPO was arranged as 5 and 12 
per hundred rubber (phr), while the dosage of 
resin was 3 and 7 phr. Furthermore, the rubber 
compound formulation which was designed by 
combining 5 phr of rosin resin and 12 phr pine 
tar oil was already presented in the previous 
publication (Puspitasari et al., 2020). Thus, in the 
research, this formula (5 phr of rosin resin and 12 
phr of pine tar oil) was used as a comparison for 

other rubber compound formulations that were 
designed in this research. 

The experiment was conducted at a laboratory 
scale by using two rolled open mill model 
Berstorf. The rubber compounding procedure 
was in accordance with ASTM D3182 (ASTM, 
2016). Firstly, RSS1 was masticated and milled 
into softened mass in order to facilitate the mixing 
of rubber and chemicals. Rubber chemicals were 
added into softened rubber by the following order 
tackifier resin, activator, antioxidant, antiozonant, 
filler, RPO plasticizer, accelerator, and vulcanizing 
agent, respectively. Rubber mixture was blended 
and re-milled into homogenized rubber cushion 
gum compound. The rubber compound was 
matured for at least 24 hours at room temperature. 
Homogenized rubber cushion gum was taken for 
around 50 g as a curing characteristic sample. 
Curing time was analyzed by using Moving 
Die Rheometer (MDR) Alpha 2000R by Alpha 
Technologies. The result of curing time as 
optimum curing time (tc90) was defined as the time 
for the rubber cushion gum curing process at 150 
oC.

Cured rubber cushion gum (vulcanizate) was 
tested the physic-mechanical properties, referred 
to the following parameters hardness, tensile 
strength, elongation at breaks, and adhesive 
strength. Hardness testing procedure referred to 
ASTM D2240-05 (ASTM, 2010) was performed 
by Frank Durometer Shore A. Universal Testing 
Machine (UTM) 2000R Llyod Tensometer 
was used to evaluate the tensile properties in 
accordance to ASTM D412-06ae2 (ASTM, 2013). 

Table 2. Cushion gum rubber formulation at various type and dosage of resin tackifier.

Materials 
Dosage (phr)

NT 1 NT 3 NT 4 NT 6 NT 7 NT 9
Natural rubber, RSS 1 100.0 100.0 100.0 100.0 100.0 100.0
Zinc oxide 5.0 5.0 5.0 5.0 5.0 5.0
Stearic acid 2.0 2.0 2.0 2.0 2.0 2.0
TMQ 2.0 2.0 2.0 2.0 2.0 2.0
6PPD 2.0 2.0 2.0 2.0 2.0 2.0
Paraffin wax 3.5 3.5 3.5 3.5 3.5 3.5
Carbon Black N 330 50.0 50.0 50.0 50.0 50.0 50.0
CBS 1.6 1.6 1.6 1.6 1.6 1.6
Sulfur 2.2 2.2 2.2 2.2 2.2 2.2
Pine Tar Oil 12.0 12.0 12.0 12.0 12.0 12.0
Rosin resin 3.0 7.0 - - - -
Phenolic resin - - 3.0 7.0 - -
Hydrocarbon resin - - - - 3.0 7.0
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The tensometer was operated at 500±50 mm/
minute crosshead speed. The sample specimen was 
shaped as dumbells with a thickness of 2 mm, and 
the test was repeated three times for each tensile 
test parameter. The adhesive strength of cushion 
gum was measured by using UTM INSTRON in 
accordance with ASTM D413-98 (ASTM, 2017). 
The result of the physic-mechanical properties 
was evaluated to determine the most optimum 
cushion gum compound formula.

RESULTS AND DISCUSSION
Oh et al. (2014) proposed that the curing 

curve can be used to describe the microstructural 
characteristic of cured rubber compound. Several 
important parameters are extracted such as 

torque (M), scorch time (ts2), and optimum cure 
time (tc90). In the research, curing characteristics 
was analyzed in regards to ts2 and tc90. Scroch 
time gives an indication about the duration 
needed until the cross-linking process starts 
(Bergmann & Trimbach, 2014). While, tc90 is 
illustrated as the time required for reaching 
90% of maximum torque (Khimi & Pickering, 
2014). Both parameters are regarded as the main 
requirement during the application of cushion 
gum on retreading tire manufacturing process. 
Short tc90 will be followed with short moulding 
time and high manufacturing efficiency, which can 
also reduce energy consumption (Xu et al., 2020). 
High amount of heat energy during tire production 
is consumed during the vulcanization process 

Figure 1.  Curing characteristic of cushion gum compound.

Figure 2. Hardness test result of cushion gum vulcanizate.
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(Zhang et al., 2019). On the contrary, longer ts2 is 
preferred since it enables the safer processing of 
rubber compounds (Formela et al., 2015). Figure 
1 illustrates ts2 and tc90 values of each rubber 
cushion gum compound.

Figure 1 indicates that RPO evidently 
influenced ts2 and tc90 of rubber cushion gum 
compound than tackifier resin. Values of ts2 and 
tc90 on the variation of tackifier resin content were 
relatively stable due to higher loading. This result 
was in line with research findings by Pajarito 
(2015), which stated that the curing characteristic 
of rubber compounds was a function of ingredient 
loading. RPO to be the main ingredient affecting the 
curing of the natural rubber compound, followed 
by vulcanizing agent and accelerator.  At the same 
tackifier resin dosage, increasing of petroleum-
based RPO plasticizer resulted reduction of ts2 and 
tc90. Petroleum-based RPO consists of aromatic 

compound (Mohamed et al., 2013). Increasing 
on aromaticity content of petroleum-based RPO 
plasticizer caused a significant reduction on ts2 
time as confirmed by addition of 5 phr to 12 phr 
of aromatic oil. The composition of aromatic 
content in aromatic oil is in the range of 70%. This 
aromatic content is compatible with semi polar 
and polar polymer (Pakhathirathien et al., 2016). 
Higher compatibility caused higher plasticization 
effect.

On the other hand, more pine tar oil contained 
in natural rubber-based cushion gum compound 
induced raise on ts2 and tc90 values. Longer ts2 and 
tc90 might due to the high acid compound contained 
in pine tar inhibiting the curing mechanism 
of NR. The chemical composition of pine tar 
oil is extremely complex, containing aromatic 
hydrocarbon, tar acid, and tar bases (Braun-Falco 
et al., 1991). Acidic constituents such as tricyclic 

Figure 3. Tensile strength test result of cushion gum vulcanizate.

Figure 4. Elongation at breaks test result of cushion gum vulcanizate.
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diterpenoid resin acids, fatty acids, and phenolic 
compounds (Ahmed et al., 2017). The higher 
content of rosin resin has no effect to curing time 
(ts2 and tc90) of rubber cushion gum compound. 
In the case of the usage of phenolic resin and 
hydrocarbon resin, it shows a tendency on the 
acceleration of ts2 and tc90 at higher resin loading. 
The addition of 12 phr of pine tar oil (ZH5) and 5 
phr (ZH7) of aromatic oil at 5 phr rosin resin gave 
slightly better processing safety ie longer scorch 
time that other dosages or types of RPO plasticizer. 
However, due to its toxicology property, aromatic 
oil is not further recommended. Furthermore, 12 
phr of pine tar oil with addition of 3 phr (NT1), 5 
phr (ZH5), and 7 phr (NT3) of rosin resin show the 
most stable curing time. 

Hardness value of rubber cushion gum 
vulcanizate is given in Figure 2. From Figure 2, 
it is obviously seen that variation of RPO has a 
greater effect to the hardness value compared to 
tackifier resin. Rubber cushion gum vulcanizate 
hardness were remain constant almost in all 
types of tackifier resin. Except on rosin resin 
application, it showed slightly higher hardness at 
higher loadings. Increasing of conventional petro-
based RPO plasticizer such as paraffinic oil and 
aromatic oil loading tend to reduce the hardness 
value of rubber cushion gum vulcanizate. The 
hardness decrease with an increasing quantity 
of petro-based RPO since the plasticizing and 
swelling effects were more effective (Syamin 
et al., 2017). The plasticization effect of petro-
based RPO plasticizer at the carbon black/rubber 

interface corresponds to the compatibility of 
rubber with its RPO (Pechurai et al., 2015). The 
sharpest hardness reduction (up to 8 points) was 
shown by addition of aromatic oil since this type 
of extender oil has the highest compatibility to 
natural rubber. Otherwise, the higher content of 
pine tar oil precisely raised the hardness value. It 
was found that natural rubber-based cushion gum 
vulcanizate containing pine tar oil gave a higher 
hardness value up to 65 Shore A.

The elasticity properties of natural rubber-
based cushion gum vulcanizates as a function of 
RPO and tackifier resin are plotted in Figure 3 and 
4, respectively. Refer to Figure 3, it was found 
that RPO plasticizer which was produced from 
petroleum at 12 phr resulted lower tensile strength, 
while pine tar oil at the same dosage slightly 
increases the tensile strength. It was indicated that 
pine tar oil had opposite performance to petroleum-
based RPO plasticizer on tensile strength parameter. 
The high viscosity character of pine tar oil might 
contribute on increasing of tensile strength on 
rubber cushion gum vulcanizate. High viscosity 
is related to high molecular weight. Therefore the 
addition of high viscous pine tar inhibited natural 
rubber molecular chain mobility since it decreases 
the free volume of NR molecular structure. As 
same with petroleum-based RPO plasticizer, all 
types and dosages of tackifier resin also show 
a tendency reduction of tensile strength value. 
Tackifier resin could be functioned as a processing 
aid in the rubber industry by reducing rubber 
compound viscosity. A significant reduction of 

Figure 5. Adhesive strength test result of cushion gum vulcanizate.
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tensile strength value was shown by the addition 
of 12 phr aromatic oil (ZH8) and 7 phr phenolic 
tackifier resin (NT6).

Commonly, reduction of tensile strength on 
natural rubber vulcanizate due to the high content 
of RPO addition was because of raise in chain 
mobility followed with reduction on the rubber 
viscosity. Easier natural rubber molecular chain 
movement indicated that the molecular interaction 
between natural rubber chains were decreased since 
the rubber molecules were further apart due to the 
rubber particle was in the swollen state (Syamin 
et al., 2017). When the rubber particle contact 
to the RPO molecule, it becomes swollen. The 
reduction of rubber molecular interaction was also 
responsible for the rising in elongation at breaks as 
illustrated in Figure 4. The lubricating effect of the 
RPO, besides increasing chain mobility, was also 
decrease the entanglement of the natural rubber  
chain molecules. Shorten natural rubber molecular 
chains participatied in reducing elongation at 
breaks (Pakhathirathien et al., 2016).  

The primary function of tackifier resin is to 
improve the tackiness of the mixture especially 
for pressure-sensitive adhesive, but the presence 
of tackifier resin in rubber composite also slightly 
affected the physic-mechanical properties of the 
vulcanizate (Thaijaroen, 2011). Rubber viscosity 
and tack increased with tackifier resin content due 
to the concentration effect of tackifier resin and it 
was attributed to the wettability of substrate (Poh 
& Ong, 2007). The adhesive strength of natural  
rubber-based cushion gum vulcanizates as a 
function of RPO and tackifier resin are plotted in 
Figure 5. Phenolic resin loading in rubber cushion 
gum compound has the strongest effect on rubber 
adhesive strength at the same dosage of pine tar oil 
as shown by addition of 7 phr phenolic resin (NT6), 
but it has low tensile strength and elongation at 
breaks values. Thus, at the same level of tackifier 
resin, paraffinic oil and pine tar oil indicated better 

performance on rubber adhesiveness compared to 
aromatic oil. Better adhesive properties on rubber 
cushion gum vulcanizate containing pine tar oil 
since the oil is generally known as sticky materials 
and contains some resinous compound. 

Referred to the analysis result which had 
been mentioned in Figure 5, natural rubber-
based cushion gum with codification as ZH4 
was regarded has the closest characteristic to 
commercial cushion gum. As summarized in 
Table 3, natural rubber-based cushion gum ZH4 
has rather longer ts2 and tc90, equal hardness, and 
lower tensile strength and elongation at breaks. 
This type of rubber cushion gum compound was 
formulated by the addition of 5 phr rosin resin and 
5 phr of pine tar oil.

CONCLUSIONS
The effect of RPO and tackifier resin on physic-

mechanical characteristic of natural rubber-based 
cushion gum compound were investigated in this 
experiment. It exhibited that RPO plasticizer was 
proved to have stronger effect to natural rubber-
based cushion gum hardness, tensile strength, and 
elongation at breaks compared to tackifier resin. 
While on the adhesive strength property, between 
RPO and tackifier resin were regarded had an 
equal role. Referred to the quality of commercial 
cushion gum, rubber cushion gum formula coded 
with ZH4 which designed with addition of 5 phr 
rosin resin and 5 phr pine tar oil was selected to 
be the most optimum formula in the laboratory 
scale production of cushion gum. This formula 
resulted cushion gum with longer scorch time 
which corresponds with higher processing safety, 
although it had slightly lower physic-mechanical 
properties compared to the commercial cushion 
gum.

In the research, the test parameters to evaluate 
the performance of the tackifier resin and RPO 
on cushion gum quality were still very limited, 

Table 3. Comparison of cushion gum quality.

No Parameter Commercial cushion gum IRRI cushion gum
1 Scorch time (minute) 4.14 6.10
2 Optimum cure time (minute) 13.69 16.43
3 Hardness, Shore A 60.00 60.00
4 Tensile strength (N/mm2) 25.40 23.40
5 Elongation at breaks (%) 635.00 600.00
6 Adhesive strength (kN/m) NA 4.97
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therefore in future research the physical property 
test can be improved with an additional parameter 
such as Modulus 300%, tear strength, and 
density of the natural rubber-based cushion gum 
vulcanizate. 
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