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Abstract: To improve the adhesive strength of natural rubber (NR) for a seismic isolation damper, citraconic acid-g-NR

(CCA-g-NR) was synthesized via the melt grafting of citraconic acid (CCA) onto NR using an azobisisnomerobutyronitrile

(AIBN) initiator. Subsequently, the influence of CCA and AIBN concentrations on the graft ratio G/R (%) and graft effi-

ciency G/E (%) of the CCA-g-NR was investigated. The optimum CCA and AIBN concentrations required to achieve the

desired G/R (3.49%) and G/E (49.8%) were found to be 7 phr and 0.13 phr, respectively. Additionally, we studied the influ-

ence of CCA-g-NR concentration on the mechanical properties (tensile strength, elongation at break, and modulus at 300%),

adhesive strength, and cure characteristics of the rubber compound in the seismic isolation damper. As the concentration

of CCA-g-NR increased, the elongation at break and adhesive strength of the compound increased, whereas its tensile

strength and modulus at 300% decreased. Moreover, as the concentration increased, the maximum torque decreased and the

scorch time was delayed to obtain an optimal vulcanization time.
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Introduction

The number of earthquakes in Korea has steadily increased

since 1978, when analog observations were made in Korea.

According to the 2022 Seismological Annual Report pub-

lished by the Korea Meteorological Administration, an aver-

age of 70.6 earthquakes occurred annually during the digital

observation period from 1999 to 2021. In 2022, a total of 77

earthquakes of magnitude 2.0 or greater occurred 10% (7

times) from the previous year. In particular, a total of 10

earthquakes with a magnitude of 5.0 or greater occurred from

1978 to 2022.1 When a large-scale earthquake occurs, many

earthquake-resistant designs are applied to prevent damage to

urban structures, internal facilities, and power facilities,

resulting in human and economic damage. As shown in Fig-

ure 1, seismic design structures are largely divided into earth-

quake resistance, vibration control, and seismic isolation

structures. Seismic isolation structure is a technology that has

been applied worldwide to protect building structures, non-

structural components, and contents from earthquake-

induced damage. The seismic isolation damper used in the

seismic isolation structure is composed of a laminated struc-

ture of steel plate and rubber as shown in Figure 2.2 There-

fore, the adhesive strength between different materials is an

important factor.

Natural rubber (NR) is an excellent elastomer with a well-

balanced set of properties. For this reason, it is used in a wide

range of applications, including seismic isolation structures,

but NR is non-polar, and has poor adhesion to rubber-metal

or rubber-fiber, therefore many modification studies are

being conducted to improve the adhesive strength. Many

types of polymers have been studied for modification by var-

ious methods depending on their use, and modified polymers

can supplement the physical properties of existing polymers

by imparting new properties while maintaining basic intrinsic

properties.3,4
 Polymer modification methods can be largely

divided into three types: first, a method of introducing a func-

tional group into a polymer chain; second, a method of cross-

linking polymer chains; and, finally, a method of mixing and

bonding with heterogeneous polymers.5

In this study, NR/citraconic acid-g-natural rubber (CCA-g-

NR) compounds applied to seismic isolation damper rubber,

we provide data as basic research to obtain the optimal ratio

of adhesive strength and mechanical properties, and process-

ability characteristics.
†Corresponding author E-mail: jskim@kiflt.re.kr



Preparation and Characterization of Modified Natural Rubber Applied to Seismic Isolation Damper Rubber 129

Experimental

1. Materials

Natural rubber (NR, SVR-3L, VAN NANG ST, Vietnam),

reactive monomer citraconic acid (CCA, ACROS), initiator

azobisisobutyronitrile (AIBN, Sigma-Aldrich) were used

without further purification. vulcanization activator zinc

oxide (ZnO, KS-1, Hanil Chemical Ind Co., Korea), pro-

cessing aid for rubber aromatic process oil (A-2, Michang

Petroleum Co., Korea), filler Carbon Black ISAF (N220,

Orion Engineered Carbons GmbH), other additive stearic

acid, antioxidant, cross-linking agent sulfur (S, Siam Chem-

ical Industry, Thailand), vulcanization accelerator n-cyclo-

hexyl-2-benzothiazole sulfonamide (CBS, Yaoduo Industrial,

China) were used as received. 

2. Melt grafting

CCA-g-NR was prepared by melt grafting from CCA/NR/

initiator AIBN using an inter mixer (Brabender GmbH & Co.

KG, Germany) with a chamber volume of 300 cc. In order

to prevent the thermal aging of natural rubber, kneading at

a kneading temperature of 100°C for (1) 5 minutes, and (2)

reacting at 30 rpm for 15 minutes by adding a reactive mono-

mer and an initiator to prepare CCA-g-NR. The reaction

mechanism of CCA-g-NR is shown in Figure 3.

Figure 1. Concept of earthquake resistance, vibration control, and seismic isolation.

Figure 2. Structure of seismic isolation damper: (a) Illustration of elastomeric bearing in the horizontally deformed configuration, (b)

Photograph of elastomeric bearing cross-section.
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3. The preparation of seismic isolation damper rubber

compounds 

The formulation of the seismic isolation damper rubber

compounds with sample designations is displayed in Table 1.

All the compounds were prepared using an inter mixer (Bra-

bender GmbH & Co. KG, Germany) with a chamber volume

of 300 cc. Carbon masterbatch was prepared, after, the final

masterbatch (FMB) was prepared by mixing sulfur and accel-

erator for 5 minutes using an 8 inch two roll mill, and the

seismic isolation damper rubber compounds were prepared at

the optimal vulcanization time (T90) derived through analysis

of cure characteristics at 160°C. 

Figure 3. Melt grafting reaction: (a) CCA-NR graft formation and (b) NR-NR gel formation.
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4. Characterization

Attenuated total reflectance (ATR)-Fourier transform infra-

red (FTIR 6200, Jasco, Japan) spectroscopy was used to con-

firm the chemical components of the pristine NR, CCA, and

CCA-g-NR. For each sample, 32 scans at a 4 cm-1 resolution

were collected in transmittance mode and recorded in the

2000-600 cm-1 range. 

The graft ratio G/R (%) is the mass of grafted CCA per

unit mass of backbone polymer (NR). The grafting efficiency

G/E (%) is readily defined as the mass of the grafted CCA

divided by the total CCA produced. G/R (%) and G/E (%)

were calculated from the following equations:

Graft ratio (G/R) =  × 100 (1)

Grafting efficiency (G/E) =  × 100

(2)

Mechanical properties (tensile strength, elongation, mod-

ulus at 300%) were measured using dumbbell-shaped spec-

imen number 3 according to KS M6518 using a universal

testing machine (UTM, UTM 3345, Instron, USA) at a cross-

head speed of 500 mm/min. 

The adhesive strength was measured using the universal

testing machine (UTM, UTM 3345, Instron, USA) according

to ASTM D1876 operated at a crosshead speed of 254 mm/

min. 

Seismic isolation damper rubber compounds rheology was

measured using a rubber process analyzer (RPA, RPA elite

Rubber Process Analyzer, TA Instruments, USA) according

to ISO 6502-1, ISO 6502-3 at 160°C for 20 min with ±1°.

The curing characteristics such as maximum torque MH,

minimum torque ML, the difference between maximum and

minimum torque ∆M, scorch time (the time to incipient cure)

TS2, optimum cure time: T90 (the time required for the torque

to reach 90% of the maximum torque), and cure rate index

(CRI) can be determined. The CRI, a measure of the rate of

curing, was calculated from the following equation:

 

Cure rate index (CRI) = (3)

where T90 is the time required for the torque to reach 90%

of the maximum torque and TS2 is scorch time, respectively.

Results and Discussion

1. Identification of pristine NR, CCA, and CCA-g-NR 

Figure 4 shows the FTIR spectra of pristine NR, CCA, and

CCA-g-NR. The CCA-g-NR sample had two characteristic

peaks for NR (Trisub. C=C stretch peak at 1664 cm-1, Trisub.

C-H Wag at 830 cm-1)6,7
 and citraconic acid (the C=O stretch

peak at 1704 cm-1, C-O stretch peak at 1270 cm-1)8,9 for the

carboxylic acid group of citraconic acid component), indi-

cating the presence of citraconic acid in NR.

2. Effects of CCA and AIBN content (phr) on the G/R (%)

and G/E (%) of CCA-g-NR

Weight of grafted CCA

Weight of used NR
--------------------------------------------------------

Weight of grafted CCA

Weight of used CCA
--------------------------------------------------------

100

T90 TS2–
-------------------

Table 1. Formulation of Seismic Isolation Damper Rubber Compound (phr) 

Sample 

Designation
NR CCA-g-NR ZnO Addactives ISAF A-2 Sulfur CBS

NgC-0 100 0 5 9 70 5 2 1

NgC-20 80 20 5 9 70 5 2 1

NgC-40 60 40 5 9 70 5 2 1

NgC-60 40 60 5 9 70 5 2 1

Figure 4. FTIR spectra of pristine-NR, CCA, and CCA-g-NR.
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Table 2 shows the G/R (%) and G/E (%) of CCA-g-NR

according to CCA and AIBN content (phr). As the content

of reactive monomer CCA increased, G/R (%) of CCA-g-NR

increased, G/E (%) of CCA-g-NR decreased. As the reactive

monomer CCA content increases, the CCA concentration

increases and more reactions proceed, therefore, G/R (%)

improves, but G/E (%) decreases because the initiator content

is the same as 0.10 phr. As the content of initiator AIBN

increased, G/R (%) and G/E (%) of CCA-g-NR increased. It

was shown that a critical point exists based on specific con-

tent. These results are thought to be the result of the reactive

monomer CCA acting as a limiting reactant by fixing the

content of the reactive monomer CCA. Therefore, the excess

initiator AIBN proceeds with a crosslinking reaction between

natural rubber chains, which is a side reaction of the CCA-

g-NR production reaction, to form a gel. In order to improve

both G/R (%) and G/E (%), it is determined that the optimal

G/R (%) and G/E (%) can be derived only when the contents

of the reactive monomer and the initiator are simultaneously

controlled. In the scope of this study, sample NC7A0.13

(CCA: 7 phr, AIBN: 0.13 phr) was determined to be the opti-

mal condition to apply for seismic isolation rubber. 

3. Effects of CCA-g-NR content on the cure characteristics

In the rubber industry is of elementary importance to know

the way of crosslinking of rubber, in order to define its pro-

cessability, curing time, and final characteristics. The rheo-

metric curve obtained is a fingerprint of the vulcanizing

process and its processability characteristics. The torque

(force) plot against the actual cure time is called the rheo-

metric curve, all vulcanization characteristics of rubber com-

pound can be determined directly. In general, this rheometric

curve is divided into 3 stages. Phase 1, gives an indication

of the processing behavior of rubber compound. The next

phase 2, describes the curing characteristics of the rubber

compound. The next phase 3 gives a good indication of the

physical properties of the rubber compound. There are three

types of rheometric curves, curve to equilibrium torque, cure

to a maximum torque with reversion, and cure to no equi-

librium in maximum torque. Depending on the type of com-

pounds, the slope of increasing torsion varies. After a while,

the pair normally reaches the maximum value. If the test con-

tinues for sufficient time, curing reversal occurs and the

torque tends to decrease. This type of reversal curve is called

the reversion curve.10-12

Figure 5 shows the rheometric curves of NgC-0, NgC-20,

NgC-40, and NgC-60 samples. It was found that NgC-0,

NgC-20, NgC-40, and NgC-60 samples showed the reversion

cure curve. Cure characteristics, as well as maximum torque

MH, minimum torque ML, the difference between maximum

and minimum torque ∆M, incipient cure time scorch time

TS2, optimum cure time T90 (the time required for the torque

to reach 90% of the maximum torque), and cure rate index

(CRI) of the seismic isolation damper rubber compounds, are

shown Table 3. The cure rate index (curing speed ratio or

cure rate) is essentially a measure of the linear slope of the

upward cure curve. Curing speed is an important vulcani-

zation parameter, since it determines the time required to cre-

ate the crosslink, that is, cure time. As shown in Table 3 the

scorch time (Ts2) and optimum time (T90) of compounds

increased, however, the maximum elastic torque (MH) and

Table 2. Effects of CCA and AIBN Content (phr) on the G/R (%)

and G/E (%) of CCA-g-NR

Sample 

Designation
NR CCA AIBN

G/R

(%)

G/E

(%)

NC3A0.10 100 3 0.10 1.65 55.1

NC3A0.13 100 3 0.13 1.67 55.7

NC3A0.16 100 3 0.16 1.68 55.9

NC5A0.10 100 5 0.10 2.57 51.3

NC5A0.13 100 5 0.13 2.62 52.4

NC5A0.16 100 5 0.16 2.56 51.2

NC7A0.10 100 7 0.10 3.37 48.1

NC7A0.13 100 7 0.13 3.49 49.8

NC7A0.16 100 7 0.16 3.47 49.5

Figure 5. Rheometric curves of seismic isolation damper rubber

compounds according to CCA-g-NR content.
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cure rate index (CRI) of compounds decreased, with increas-

ing CCA-g-NR content. These results mean that as the con-

tent of CCA-g-NR increases, the optimal vulcanization time

increases. It means as the CCA-g-NR content increases, the

maximum torque value decreases, and the scorch time is

delayed equal to the optimal vulcanization time. 

4. Effects of CCA-g-NR content on the mechanical

properties and adhesive strength of seismic isolation

rubber compound

Figure 6 shows the stress-strain curves of NgC-0, NgC-20,

NgC-40, and NgC-60 samples. The tensile strength, elon-

gation at break, modulus at 300%, and adhesive strength of

NgC-0, NgC-20, NgC-40, and NgC-60 samples are shown in

Table 4. As the content of CCA-g-NR increased, the elon-

gation at break of seismic isolation rubber compounds

increased, and tensile strength and modulus at 300% of seis-

mic isolation rubber compounds decreased. Generally, mod-

ulus at 300% is known to have a high correlation with

crosslinking density.13 This shows the same tendency as the

results of cure characteristics (see Table 3). The crosslinking

rate and crosslinking density decreased, it should be

attributed to the acid-base reaction between the carboxylic

acid of CCA-g-NR and CBS as an accelerator.14 In addition,

the adhesive strength of NgC-0, NgC-20, NgC-40, and NgC-

60 samples were 3.31, 3.54, 3.88, and 3.93 kgf/2 cm, respec-

tively. As the content of CCA-g-NR increased, and the adhe-

sive strength of the seismic isolation rubber compound

increased. Adhesive strength is known to be affected by sur-

face irregularities, tangles in polymer chains, chemical

bonds, and secondary bonds such as van der Waals forces or

hydrogen bonds.15 Because the natural rubber used in this

study had already been crosslinked, the effect of chain tan-

gling or chemical bonding was insignificant. However, as the

CCA-g-NR content increased, the hydrogen bond by the car-

boxyl group of CCA increased. Hydrogen bonds are about

10 times stronger than van der Waals forces and are known

to exhibit strong bonds similar to weak primary bonds.16

Therefore, as the CCA-g-NR content increased, the concen-

tration of hydrogen bonds increased, therefore, the adhesive

strength was improved by 18.7% of the NgC-60 sample com-

Table 3. Effects of CCA-g-NR Content on the Cure Characteristics of Seismic Isolation Damper Rubber Compounds

Sample

Designation

ML

(Nm)

MH

(Nm)

∆M

(Nm)

Ts2

(min)

T90

(min)

Cure Rate Index

 (min-1)

NgC-0 0.29 1.43 1.14 2.04 3.48 69.44

NgC-20 0.28 1.35 1.08 2.43 5.16 36.63

NgC-40 0.28 1.27 0.99 2.55 6.01 28.90

NgC-60 0.30 1.22 0.92 2.58 6.50 25.51

Table 4. Effects of CCA-g-NR Content on the Mechanical Properties and Adhesive Strength (kgf/2 cm) of Seismic Isolation Damper Rubber

Compounds

Sample 

Designation

Tensile Strength 

(kgf/cm2)

Elongation at Break 

(%)

Modulus at 300% 

(kgf/cm2)

Adhesive Strength 

(kgf/2cm)

NgC-0 286 495 163 3.31

NgC-20 271 490 160 3.54

NgC-40 263 515 154 3.88

NgC-60 257 500 149 3.93

Figure 6. Stress-Strain curves of seismic isolation damper rubber

compounds according to CCA-g-NR content.
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pared to the NgC-0 sample. 

Of course, it would be necessary, in order to apply it for

seismic isolation damp rubber, the optimal content of CCA-

g-NR should be applied by considering the processability

characteristics, adhesive strength, and mechanical properties

of the compounds.

Conclusions

CCA-g-NR was prepared from reactive monomer CCA,

NR, initiator AIBN using melt graft technique to modify nat-

ural rubber. Moreover, graft ratio G/R (%) and grafting effi-

ciency G/E (%) were investigated according to reactive

monomer CCA, and initiator AIBN content. It was found that

the sample NC7A0.13 (CCA: 7 phr, AIBN: 0.13 phr) was

determined to be the optimal G/R (3.49%) and G/E (49.8 %)

applying it to seismic isolation rubber compounds. In addi-

tion, the effect of CCA-g-NR content on the mechanical

properties (tensile strength, elongation at break, 300% mod-

ulus), adhesive strength, and curing characteristics of the

seismic isolation damper rubber compound was studied. It

was found that elongation at break of seismic isolation rubber

compounds increased, however, tensile strength and modulus

at 300% of seismic isolation rubber compounds decreased,

with increasing the content of CCA-g-NR. As CCA-g-NR

content increased, the adhesive strength of seismic isolation

rubber compounds was increased. From the cure character-

istic, the scorch time (Ts2) and optimum time (T90) of com-

pounds increased, however, the maximum elastic torque

(MH) and cure rate index (CRI) of compounds decreased,

with increasing CCA-g-NR content. As CCA-g-NR is

applied for seismic isolation rubber, the adhesive strength

improves, the crosslinking density decreases, and the

mechanical properties decrease. Therefore, the optimal con-

tent of CCA-g-NR should be applied by considering the pro-

cessability characteristics, adhesive strength, and mechanical

properties of the compounds. 

Acknowledgements

This research was supported by the Ministry of Trade,

Industry, and Energy Grant funded by the Korean Govern-

ment [Project Number 20011366].

Conflict of Interest: The authors declare that there is no

conflict of interest.

References

1. 2022 Seismological Annual Report, Korea Meteorological

Administration.

2. G. P. Warn and K. L. Ryan, “A review of seismic isolation for

buildings: historical development and research needs”, Build-

ings, 2, 300 (2012).

3.  C. Chovino and P. Gramain, “Influence of the Conformation

on Chemical Modification of Polymers: Study of the Quater-

nization of Poly(4-vinylpyridine)”, Macromolecules, 31,

7111 (1998).

4. E. J. Wang, J. S. Yoon, C. S. Yoo, and N. C. Paik, “Modifi-

cation of Styrene-Butadiene-Styrene Block Copolymer and

the Proper ties of Graft Products”, Elast. Compos., 25, 273

(1990).

5. S. I. Joo, H. C. Cho, S. H. Lee, and S. C. Hong, “Modifica-

tion of Rubbers through Chemical Reactions including Con-

trolled/"living" Radical Polymerization Techniques”, Elast.

Compos., 44, 122 (2009).

6. Smith, Brian. “The Infrared Spectra of Polymers IV: Rub-

bers”, Spectroscopy, 37, 1 (2022).

7. I. S. Kim, D. Y. Lee, K. S. Sohn, J. H. Lee, and J. W. Bae,

“Characterization on the Ozone Oxidation of Raw Natural

Rubber Thin Film using Image and FT-IR Analysis”, Elast.

Compos., 54, 110 (2019).

8. M. Jeria-Orell, G. del C. Pizarro, O. G. Marambio, K. E.

Geckeler, “Novel Hydrogels based on Itaconic Acid and

Citraconic Acid: Synthesis, Metal Ion Binding, and Swelling

Behavior”, J. Appl. Polym. Sci., 113, Issue1 104 (2009). 

9. J. S. Kim, J. W. Bae, J. H. Lee, G. N. Kim, S. T. Oh, Y. H.

Lee, and H. D. Kim, “Melt grafting of citraconic acid onto an

ethylene-propylene-diene terpolymer (EPDM) -Effect of

reaction conditions and initiator type on the melt grafting of

citraconic ccid onto EPDM”, Elast. Compos., 48, 39 (2013).

10. Poschl, S. G. Sathi, R. Stocek, and O. Kratina, “Rheometer

Evidences for the Co-Curing Effect of a Bismaleimide in

Conjunction with the Accelerated Sulfur on Natural Rubber/

Chloroprene Rubber Blends”, Polymers, 13, 1510 (2021).

11. M. Setyadewi1, I. N. Indrajati1, and N. Darmawan,

“Mechanical Properties and Curing Characteristics of Shape

Memory Natural Rubber”, International Seminar on Metal-

lurgy and Materials, IOP Conf. Series: Mater. Sci. Eng., 541

(2019). 

12. C. Choi, W. K. Lee, and C. Y. Park, “Cure Characteristics,

Mechanical Property and Ozone Resistance of Natural Rub-

ber/Bromo Isobutylene Isoprene Rubber Blend”, Elast. Com-

pos., 53, 168 (2018).

13. A. Ansarifar, L. Wang, R. J. Ellis, S. P. Kirtley, and N.

Riyazuddin, “Enhancing the mechanical properties of sty-



Preparation and Characterization of Modified Natural Rubber Applied to Seismic Isolation Damper Rubber 135

rene-butadiene rubber by optimizing the chemical bonding

between silanized silica nanofiller and the rubber”, J. Appl.

Polym. Sci., 105, 322 (2007).

14. S. Shin, et al. “Improved Silica Dispersibility in Silica-rubber

Compounds for a Tire Tread by Using an Itaconic Acid-based

Polymeric Dispersant”, Fibers Polym., 22, 196 (2021).

15. J. S. Yu and S. H. Lee, “Adhesion and Adhesion Mecha-

nism”, J. Adhes. Inter., 1, 63 (2000).

16. K. T. Han, “Adhesives on automobile”, Polym. Sci. Technol.,

6, 568 (1995).

Publisher’s Note The Rubber Society of Korea remains neutral with

regard to jurisdictional claims in published articles and institutional

affiliations.


