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Abstract 
Along with the developing technology in the rubber industry, the use of 
natural and synthetic rubbers as well as liquid rubbers has increased signifi-
cantly in recent years. The formulation of the tread compound, which directly 
affects the performance of a tire, is generally produced from natural and syn-
thetic rubbers. Intensive scientific studies have been carried out on liquid 
rubbers because they reduce the consumption of process oils used in the tire 
production phase and increase dispersion. In this study, the rheological and 
physico-mechanical properties of rubbers developed using only liquid rubber 
(liquid isoprene and liquid SBR) with four different viscosities and without 
using process oil (Styrene Butadiene Rubber—SBR) were investigated. It has 
been observed that the rubber blends produced by adding four different liq-
uid rubbers to the same recipe caused changes in rheological and phys-
ico-mechanical properties compared to the reference sample. It was observed 
that the minimum torque/viscosity (ML), maximum torque/viscosity (MH) 
and curing time (t90) in some of the formulas tested decreased significantly 
due to the use of liquid rubber. 
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1. Introduction 

Natural rubber products are obtained from latex, a milky liquid obtained from 
Hevea brasiliensis trees growing in tropical climatic conditions, whose chemical 
structure is cis-1,4-polyisoprene [1] [2] [3]. Charles Goodyear discovered by 
chance in the 1800 s that natural rubber can be cross-linked with sulfur (vul-
canization) and this discovery led to a revolution in the rubber industry [4] [5]. 
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Tires, a product of this invention, are used in all motor vehicles today. The 
Innovations made in vehicle technology over time are also made in tire technol-
ogy [6]. 

Natural and synthetic rubber, carbon black, silica, oils and various chemicals 
are used in the production of standard tires [7]. Rubber materials are used suc-
cessfully in many sectors apart from the transportation sector due to their abra-
sion resistance, high flexibility, excellent strength, easy processing, low deforma-
tion, good tearing and good dynamic properties [6] [8]. 

Liquid rubbers are divided into three groups as natural, styrene butadiene 
(SB) and butadiene liquid rubbers in viscous form with low molecular weight. 
Commercially, Japan-based Kuraray Co. Ltd. [9] produces liquid rubber in three 
different groups, namely isoprene (LIR), butadiene (LBR) and styrene-butadiene 
(LSBR). Due to the glass transition temperature (Tg) value, the products pro-
duced from these raw materials can maintain their properties at low tempera-
tures [10] [11]. Industrially produced “Liquid Polymers”; It is widely used as a 
covulcanizable plasticizer in tires, mechanical rubber compounds, plastic prod-
ucts, printing inks, paints and coatings, or sealants [12]. Figure 1 shows the 
chemical structures of the most commonly used types of liquid rubber in industry. 

There are studies on the dispersion of SiO2 as a plasticizer additive [13] [14] 
and increasing the Tg value [15] of liquid rubbers. In addition, studies have been 
conducted to improve abrasion resistance and low temperature properties in 
winter tires and wet and dry grip properties in racing tires [16]. In this study, the 

 

 
Figure 1. Chemical structures of some of the most commonly used liquid rubbers. 
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rheological and physico-mechanical properties of the rubbers developed using 
only liquid rubber (liquid isoprene-liquid SBR) type with four different viscosi-
ties and without using process oil with the reference recipe SBR created with 
process oil were investigated. 

2. Material and Method 
2.1. Sample Preparation 

Synthetic rubber, liquid rubber, carbon black as filler, process oil, activator, ac-
celerator, preservative, cooker and resin were used in the recipes. The raw mate-
rials used are the chemicals currently used in motorcycle tires at Anlas Tyre 
Company [17]. Apart from the reference mixture used, a total of 5 recipes were 
created using liquid rubber with 4 different properties. The liquid rubbers are 
coded as A, B, C and D in Table 1 and were supplied by Kuraray Co., Ltd. [9]. 

The raw materials used in the recipes and their quantities in phr (Parts Per 
Hundred Rubber) are given in Table 2. The reference blend (containing process  

 
Table 1. Features of liquid rubbers. 

Liquid 
Rubbers 

Viscosity at 38˚C 
(Pa·s) 

Viscosity at 60˚C 
(Pa·s) 

Molecular 
Weight 

Tg 
(˚C) 

A 500 - 54.000 −63 

B 350 - 8.500 −14 

C - 100 10.000 −6 

D 250 - 6.000 −18 

 
Table 2. Rubber compound recipes. 

Raw Materials 
Reference 

(phr) 
K1 

(phr) 
K2 

(phr) 
K3 

(phr) 
K4 

(phr) 

Synthetic Rubber 137.5 137.5 137.5 137.5 137.5 

A (Liquid Rubber) 
  

10.5 
  

B (Liquid Rubber) 
   

10.5 
 

C (Liquid Rubber) 
 

10.5 
   

D (Liquid Rubber) 
    

10.5 

Carbon Black 70.0 70.0 70.0 70.0 70.0 

Process Oil 5.00 
    

Activator (ZnO + Stearic Acid) 4.5 4.5 4.5 4.5 4.5 

Accelerator 1.5 1.5 1.5 1.5 1.5 

Antidegradants and Antiozonants 5.0 5.0 5.0 5.0 5.0 

Sulfur 1.5 1.5 1.5 1.5 1.5 

Resin 10.0 10.0 10.0 10.0 10.0 

*S-SBR: Solution Polymerized Styrene Butadiene Rubber; The designed mixtures were 
produced using a Banbury mixer [18]. 
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oil) and the blends using different liquid rubber were named as K1, K2, K3 and 
K4. 

2.2. Physico-Mechanical Tests 

Physico-mechanical tests; After being cured in a press at 170˚C for 15 minutes, 
they were cut into bow tie specimens in accordance with ASTM D412-06 stan-
dards and tensile, elongation and 300% modulus values were measured with 
EKTRON-TS-2000 brand Tensile Testing Machine in accordance with ASTM 
D412 (Figure 2). 

2.3. Rheological Tests 

Rheological tests (Moving Die Rheometer, MDR) were performed with EKTRON 
MDR 2000S according to ASTM D5289 standard at 191˚C for 15 minutes 
(Figure 3). 

Mooney Scorch (SC) tests were performed with EKTRON MV 2001M device 
at 135˚C according to ASTM D1646 standard (Figure 4). 

3. Findings and Discussion 
Physico-Mechanical and Rheological Tests 

A total of 10 tests were carried out on 3 different devices (MDR, phys-
ico-mechanics and Mooney) on the reference (containing process oil) mixture and 

 

 
Figure 2. EKTRON TS 2000. 
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Figure 3. EKTRON MDR 2000S. 

 

 
Figure 4. EKTRON MV 2001M. 
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the mixtures in which different liquid rubbers were used. The obtained results 
are given in Table 3. 

In the MDR test (Table 3), the rheological properties of all mixtures measured 
at 191˚C were evaluated. The purpose of this test is to determine the curing 
characteristics of the product with the data obtained from the yield properties of 
the mixture. The curing curve (Figure 5) is found by creating a time-dependent 
graph of the torque value increasing with an increase in crosslink density [19]. 

Since rheological properties are parameters that give information about the 
behavior of mixtures in production processes, optimum mixture selection can be 
made by considering ease of processing, scorch safety and curing times. 

The ML value indicated in Figure 5 refers to the minimum viscosity at the 
initial temperature of the test. This value is defined as the first point at which 
crosslinking begins. The MH value is the viscosity/torque value at the point 
where vulcanization and cooking are completed. 

 
Table 3. Results of rubber compound. 

Test Parameters 
 

Reference K1 K2 K3 K4 

Moving Die Reometer, 
191˚C, 15 min 

ML (dNm) 3.09 2.15 2.13 2.30 2.08 

MH (dNm) 13.21 9.18 8.84 9.06 10.83 

ts2 (min) 01:09 01:13 01:13 01:18 01:21 

t90 (min) 08:32 06:41 05:18 07:07 08:39 

Mooney Viscosity, 135˚C 
ML1 + 4 59.51 45.32 44.10 45.37 55.31 

T5 (min) 16:46 17:59 21:25 18:07 14:19 

Physico-Mechanical, 170˚C 
15 min 

Tensile Strength (kg/cm2) 160.78 148.95 168.78 157.9 159.06 

Elongation, % 612.14 604.87 699.32 703.26 510.44 

%300 Modulus (kg/cm2) 61.12 51.52 43.41 41.55 79.77 

 Hardness (Shore A) 62.80 56.20 54.10 57.60 64.20 

 

 
Figure 5. Rheometer curve parameters. 
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ts2 value is the scorch time defined as the first start time of curing. The ts2 value 
is very important to be able to observe the process. The t90 value is the time it 
takes to reach 90% of the maximum torque. The t90 value gives the optimal cur-
ing time. 

When the results of rheological and physico-mechanical tests were analyzed in 
the mixture recipes given in Table 3, the following results were obtained. 

It was observed that ML and MH values decreased significantly in K1, K2, K3, 
and K4 blends. This finding shows that the fact that the viscosity of liquid rub-
bers is quite low compared to normal rubbers is effective in the low viscosity of 
the blends. Thus, the ease of processing of the blends in the processes will in-
crease and less energy will be used. An increase in the ts2 values of the other 4 
different blends was observed compared to the reference blend. This increase in-
dicates that the blends have a longer scorch time and therefore provide safer 
processing ease in the production process. 

In the obtained t90 values; it was observed that the values of K1, K2 and K3 
mixtures were lower compared to the reference mixture. The closest t90 value to 
the reference mixture belongs to the K4 mixture. K1, K2 and K3 mixtures will be 
cured in a shorter time, which will provide the advantage of obtaining more 
products and saving energy per product. 

It was determined that there was a decrease in the ML1 + 4 values due to the 
use of liquid rubber, as in the ML value. The closest value to the reference recipe 
belongs to the K4 mixture; it is seen that K1, K2 and K3 values are lower. 

The tensile strength of the liquid rubber used in K2 was found to increase 
compared to the reference sample, while the lowest value was measured in the 
K1 blend. In K3 and K4 recipes, values close to the reference were obtained. In 
terms of elongation percentages, while K2 and K3 recipes gave the highest val-
ues, K4 gave the lowest values. K1, on the other hand, gave a result close to the 
reference. K4 gave the highest modulus value, while K2 and K3 gave the closest 
and lowest values to the reference sample, respectively. 

Hardness value; decreased with the use of liquid rubber, except for the K4 
recipe. While the lowest result was obtained in the K2 sample, the hardness val-
ues of K1 and K3 gave close results. 

The mixtures prepared for physico-mechanical tests are cured in plates at 
170˚C for 15 minutes. A bow tie (Figure 6) sample in accordance with ASTM 
D412 Die C standard is cut from the plates and the thickness is measured from 3 
different points and entered into the system of the device where the test will be 
performed manually. A certain force is applied to the bow tie specimen placed in 
the jaws of the tensometer, causing the specimen to break. 

Physico-mechanical tests are used to determine the amount of elongation at 
break in % of the material and to measure the mechanical strength of the mate-
rial. Physico-mechanical properties provide important information for the suit-
ability of mixtures for the purpose under the ambient conditions in which they 
are used. For example, higher rupture and elongation values may be desired  
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Figure 6. Test specimen used in tensile-rupture test. 

 
for moving products, while lower values may be desired for stationary products. 
Thus, after determining the working conditions, the mixture can be selected by 
focusing on the performance criteria expected from the product. 

The Mooney test determines the viscosity value of the mixture. The data ob-
tained with this test determines the flow, movement and shaping properties of 
the rubber. Thus, information about the behavior of the product during produc-
tion can be obtained in advance. 

4. Conclusions 

In this study, the potential of using liquid rubbers, which have recently become 
widespread, instead of process oils used in rubber compounds was investigated. 
For this purpose, 4 different liquid rubbers with different viscosity values were 
included in a reference blend formed with process oil. 
• This study proved that with the addition of liquid rubbers in the appropriate 

amount to the mix recipe, the process oils previously traditionally used are 
no longer required. 

• It has been observed that basic rheological and physico-mechanical properties 
of the mixtures produced can be improved thanks to the liquid rubbers used. 

• The potential of using liquid rubbers for further development of the proper-
ties expected from the tire, especially in cases where tire performance is spe-
cifically sought, has been revealed by this study. 

• Liquid rubbers should be investigated in different recipes and usage quantities. 

Acknowledgements 

This scientific study was conducted at the R&D Center of the Anlas Tire Com-
pany. We thank all R&D personnel for their support. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

https://doi.org/10.4236/msce.2023.119002


E. Demir et al. 
 

 

DOI: 10.4236/msce.2023.119002 29 Journal of Materials Science and Chemical Engineering 
 

References 
[1] Yip, E. and Cacioli, P. (2002) The Manufacture of Gloves from Natural Rubber La-

tex. Journal of Allergy and Clinical Immunology, 110, S3-S14.  
https://doi.org/10.1067/mai.2002.124499.  

[2] Njom, A., Mewoli, A., Ndengue, M., Ebanda, F., Nitidem, A., Otiti, S., Bang, Y., 
Belinga, L., Noah, P. and Ateba, A. (2022) Hybrid Composite Based on Natural 
Rubber Reinforced with Short Fibers of the Triumfetta cordifolia/Saccharum offici-
narum L.: Performance Evaluation. Journal of Minerals and Materials Characteriza-
tion and Engineering, 10, 385-399.  
https://doi.org/10.4236/jmmce.2022.105027  

[3] Hermann Ohouo, D., Honoré Kouakou, C., Olivier Boffoue, M., Eméruwa, E. and 
Traoré, B. (2022) Incorporation of Clay into Natural Rubber (Hevea) for the Pro-
duction of Tile Adhesive. Open Journal of Composite Materials, 12, 30-40. 
https://doi.org/10.4236/ojcm.2022.121003  

[4] Coran, A.Y. (1994) Vulcanization. Science and Technology of Rubber. Academic 
Press, New York, 339-385.  
https://doi.org/10.1016/B978-0-08-051667-7.50012-3. 

[5] Kaewsakul, W., Sahakaro, K., Dierkes, W.K. and Noordermeer, J.W. (2012) Opti-
mization of Mixing Conditions for Silica-Reinforced Natural Rubber Tire Tread 
Compounds. Rubber Chemistry and Technology, 85, 277-294.  
https://doi.org/10.5254/rct.12.88935. 

[6] Öztürk, E. (2008) The Effect Of Accelerators On Vulcanization Of Different Rubber 
Compounds. Ph.D. Thesis, Sakarya University Institute of Science, Sakarya. 

[7] Erol, D. (2011) Vehicle Tires. Journal of Vehicle Technologies, 3, 37-50.  

[8] Akyüz, S. (2020) Production and Test Methods of Natural Rubber (NR)/Styrene 
Butadiene Rubber (SBR) Based Bushings. Master Thesis, Bursa Technical University 
Institute of Science, Bursa. https://www.kuraray.com/products/liquid-rubber 

[9] Çeltik, F. (2020) Effect of Liquid Rubbers on The Thermal, Mechanical and Adhe-
sion Properties of The Tire Skim Compound. Master Thesis, Kocaeli University In-
stitute of Science, Kocaeli. 

[10] Gruendken, M., Velencoso, M.M., Hirata, K. and Blume, A. (2020) Structure-Property 
Relationship of Low Molecular Weight “Liquid” Polymers in Blends of Sulphur 
Cured SSBR-Rich Compounds. Polymer Testing, 87, Article No. 106558. 
https://doi.org/10.1016/j.polymertesting.2020.106558 

[11] Luxton, A. R. (1981) The Preparation, Modification and Applications of Nonfunc-
tional Liquid Polybutadienes. Rubber Chemistry and Technology, 54, 596-626.  
https://doi.org/10.5254/1.3535822. 

[12] Li, W., Peng, W., Ren, S. and He, A. (2019) Synthesis and Characterization of 
Trans-1, 4-Poly (Butadiene-Co-Isoprene) Rubbers (TBIR) with Different Fraction 
and Chain Sequence Distribution and Its Influence on the Properties of Natural 
rubber/TBIR/Carbon Black Composites. Industrial & Engineering Chemistry Re-
search, 58, 10609-10617. https://doi.org/10.1021/acs.iecr.9b01447. 

[13] Sprenger, S., Kothmann, M.H. and Altstaedt, V. (2014) Carbon Fiber-Reinforced 
Composites Using an Epoxy Resin Matrix Modified with Reactive Liquid Rubber 
and Silica Nanoparticles. Composites Science and Technology, 105, 86-95.  
https://doi.org/10.1016/j.compscitech.2014.10.003. 

[14] Akbari, R., Beheshty, M.H. and Shervin, M. (2013) Toughening of Dicyandia-
mide-Cured DGEBA-Based Epoxy Resins by CTBN Liquid Rubber. Iranian Poly-

https://doi.org/10.4236/msce.2023.119002
https://doi.org/10.1067/mai.2002.124499
https://doi.org/10.4236/jmmce.2022.105027
https://doi.org/10.4236/ojcm.2022.121003
https://doi.org/10.1016/B978-0-08-051667-7.50012-3
https://doi.org/10.5254/rct.12.88935
https://www.kuraray.com/products/liquid-rubber
https://doi.org/10.1016/j.polymertesting.2020.106558
https://doi.org/10.5254/1.3535822
https://doi.org/10.1021/acs.iecr.9b01447
https://doi.org/10.1016/j.compscitech.2014.10.003


E. Demir et al. 
 

 

DOI: 10.4236/msce.2023.119002 30 Journal of Materials Science and Chemical Engineering 
 

mer Journal, 22, 313-324. https://doi.org/10.1007/s13726-013-0130-x. 

[15] Gruendken, M. and Blume, A. (2020) Use of Liquid Polymers: Understanding the 
Structure-Property Relationship of Low-Molecular-Weight Liquid Polymers in Ad-
justed Blends of Sulphur-Cured S-SBR-Rich/Silica Formulations. Polymer Testing, 
87, Article No. 106558.  
https://doi.org/10.1016/j.polymertesting.2020.106558. 
https://anlas.com/tr/ 

[16] Altundal, G., Uygur, İ., Görmüşer, T., Gerengi, H., Metin, K. and Çetin, E. (2022) 
Lastik Karışımlarında Klasik ZnO Yerine Aktif ZnO Kullanımının Bazı Fiziko-
mekanik Özelliklere Etkilerinin Araştırılması. Düzce Üniversitesi Bilim ve Teknoloji 
Dergisi, 10, 107-113. https://doi.org/10.29130/dubited.1116820. 

[17] Altundal, G., Gerengi, H., Çetin, E., Kapcak, U. and Kaymaz, K. (2020) Performans 
Bisiklet Lastiği Sırt Karışımının Geliştirilmesi ve Özelliklerinin İncelenmesi. Düzce 
Üniversitesi Bilim ve Teknoloji Dergisi, 8, 1661-1675.  
https://doi.org/10.29130/dubited.698101. 

[18] Cetin, E., Gerengi, H. and Altundal G. (2019) Development of Puncture Resistant 
High Performance Bicycle Tire. International Academic Research Congress, Bolu, 
430-440. https://icarcongress.org/icar1/  

 
 

https://doi.org/10.4236/msce.2023.119002
https://doi.org/10.1007/s13726-013-0130-x
https://doi.org/10.1016/j.polymertesting.2020.106558
https://anlas.com/tr/
https://doi.org/10.29130/dubited.1116820
https://doi.org/10.29130/dubited.698101
https://icarcongress.org/icar1/

	Investigation of the Potential of Using Liquid Rubbers in Rubber Industry
	Abstract
	Keywords
	1. Introduction
	2. Material and Method
	2.1. Sample Preparation
	2.2. Physico-Mechanical Tests
	2.3. Rheological Tests

	3. Findings and Discussion
	Physico-Mechanical and Rheological Tests

	4. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

