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Anovel method of introducing multifunctional groups onto butyl rubber (IIR) by 
carbonyl addition reaction was investigated in this work. The resulting polymers
(MFIIR) were characterized with FTIR, 1H NMR and GPC. The functional groups

C=O, CH=CH and -OH were introduced onto the butyl rubber backbone and the 
molecular weight of the resulting polymer was hardly any different from that of IIR. The
curing properties of MFIIR and natural rubber (NR) and adhesive strength of both 
systems were studied and compared together by dynamic vulcanized analysis and 
tensile testing. Curing efficiency of MFIIR was improved significantly. TD5, TD10 and
TD20 of MFIIR for 0.02/0.02 (mol/mol) of NaH/MAH increased by 157%, 51% and 34%,
respectively compared to that of IIR. Moreover, TD5, TD10, and TD20 of MFIIR
increased further with increasing the molar contents of NaH and MAH. The values of
TD5, TD10 and TD20 for 0.06/0.06 (mol/mol) of MFIIR reached their highest levels. The
tensile strength values of MFIIR samples were all between those of IIR and BIIR and
the stress at 300% elongation of MFIIR samples (6.1 MPa) were higher than those of
IIR (5.2 MPa) and BIIR (4.3 MPa). Peeling strength between MFIIR and NR reached
1.20 N/mm which was higher than the value of peeling strength between the 
brominated butyl rubber (BIIR) and NR. Dynamic mechanical properties and thermal
behaviour were also investigated by dynamic mechanical analysis and thermogravi-
metric analysis. The decomposition temperature of MFIIR (404.6°C) was slightly lower
than those of IIR (412.8°C) and BIIR (406.0°C) and thus, the modification process
seems to have made insignificant effect on the thermal stability of IIR. Butyl rubber was 
modified successfully and a kind of modified IIR with much improved curing efficiency
was achieved through this method.

INTRODUCTION

Butyl rubber (IIR) is a generic
name for a family of isobutylene-
isoprene copolymers generally
containing under 3% isoprene
groups. IIR is commonly used for
inner tubes and air conditioner
hoses because of its low gas perme-
ability, good thermal-oxidative 
stability, and excellent moisture
and chemical resistance [1]. Being
non-polar in nature, IIR has poor

compatibility with polar elas-
tomers, plastics, and carbon black.
Research works are underway to
improve the interfacial adhesion of
IIR with various materials.
Commercially, halogenation of the
butyl rubber is carried out in a
hydrocarbon medium such as 
hexane using elemental chlorine or
bromine [2,3]. However, chlorinat-
ing or brominating usually brings
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severe corrosion to devices. 
Ashiura et al. [4] have conducted studies on 

modification of butyl rubber by reaction of a com-
pound having 1,3-bis-(t-butylperoxyisopropyl) 
benzene and OH-TEMPO under ordinary 
temperature. Compared with IIR, the cross-linking
reaction of the modified butyl rubber proceeded with
no problem and the cross-linked product showed high
tensile properties. Ikeda and his coworkers [5-7] 
synthesized poly(ethylene oxide)-g-butyl rubber
(IIR-g-PEO) which was found to be an amphiphilic
thermoplastic elastomer possessing excellent emulsi-
fication ability. All the chemical modifications of IIR
have been performed by free radical reaction which
made the molecular weight of IIR drop, considerably.

In this work, we adopted a novel modified
approach on IIR by anionic reaction which did not
change the molecular weight of IIR. Moreover, the
modification process of IIR is a non-corrosive
process. 

By modifying isobutylene-isoprene rubber
(MFIIR) three types of functional groups, i.e., -C=O,
-COO- and C=C are produced simultaneously.

The synthesis was accomplished by the following
reaction sequences:

(1) According to the principle of organic 
chemistry, sodium hydride (NaH) reacts with carbon-
carbon double bonds in IIR and generates carbanions,
which work as active sites; (2) maleic anhydride
(MAH) molecules are attached to polymer chains by
reacting with the active sites. By introducing polar
functional groups and carbon-carbon double bonds
MFIIR can greatly improve compatibility with other
rubber systems and achieve fine vulcanization 
performance. This research has two aims: (i) prepara-
tion of an IIR system containing multifunctional
groups and (ii) examining the curing properties, 
adhesive actions to natural rubber, mechanical 
properties and thermal properties of the end product
(MFIIR). 

EXPERIMENTAL

Materials
IIR (1751) was purchased from Yanshan
Petrochemical Co., China. BIIR (2255 Exxon Co.

USA) was used in this study. Maleic anhydride
(MAH, Tianjin Bodi Chemical Co., Tianjin, China)
and sodium hydride (NaH, Tianjin Hainachuan
Technology Co., Tianjin, China) were commercially
obtained. 

Preparation of MFIIR
The synthetic reactions were performed in 2 L
reaction vessel under the protection of N2
atmosphere. A quantity of 50 g IIR was sufficiently
dissolved in cyclohexane (1000 mL) through stirring,
and then NaH (0.02 mol) was added as a modifying
agent. The reaction mixture was heated to 90°C for
60 min followed by addition of maleic anhydride
(MAH, 0.02 mol) into the vessel. The reaction was
kept still for 30 min and terminated by H2O to 
eliminate the unreacted modifying agent. After the
system was cooled down to room temperature, the
resulting polymer was precipitated with industrial
ethanol, and then oven-dried to constant weight at
50°C.

Mixing and Cure Characterization
Mixing of MFIIR and the blend composition were
carried out in a laboratory size two-roll mixing mill
having friction ratio 1/1.14, as per ASTM D 15-627.
The recipe of the mix is given in Table 1. The curing
behaviour was then characterized at 170°C by using a
Monsanto moving die rheometer (GT-M2000) 
manufactured by Gaotie, Taiwan. The scorch and
cure time were calculated based on cure curves.
Furthermore, the minimum and maximum torques of
the curing curves were determined. A general list of
ingredients [8,9] is presented in Table 1. 

Measurement of Peeling Strength
MFIIR and NR compounds were pressed into sheets
of about 1.3±0.1 mm thickness by a two-roll mill, and
were then protected from dust or vapour by using PE
film. The peeling sample is shown in Figure 1. The
composites were compression-moulded with the
force of 10 MPa using a hot press at 160°C for 
20 min. The MFIIR and NR formulations are shown
in Tables 1 and 2, respectively. The peeling strength
is defined as follows:

Peeling strength (N/mm) = F/b
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Figure 1. The peeling sample of MFIIR and NR sheets.

where, F is the peeling force and b is the width of the
strip serving as a measurement of peeling strength
[10].

The peeling test was performed at 25±2°C at a
speed of 50 mm/min on samples of MFIIR with
100×20 mm dimension from MFIIR posited sheets
(115×85 mm). Three separate measurements were
performed and averages were obtained as the values
of peeling strength. The testing instrument was a 
tensometer (TS-1000), manufactured by Yuken,
Taiwan.  

Measurement of Mechanical Properties
Tensile properties were evaluated as a mechanical 
feature of MFIIR. Tensile strength, elongation-
at-break, and stress at 300% elongation were 
measured at room temperature. The speed of the
crosshead was 500 mm/min and five separate 
measurements were recorded which were averaged to
obtain a value for tensile properties. A dumb-bell
specimen for the tensile test was stamped from a die
MFIIR posited sheet (115×85 mm) with a thickness of
2 mm [11].

Table 2. The formulation of NR compound.

NOBS: N-oxydiethylenebenzothiazole-2-sulphenamide.

Thermogravimetric Analysis
Thermogravimetry experiments were carried out
using a NETZSCH -TG209F1 (Germany) from 30°C
to 500°C at the heating rate of 10°C/min in nitrogen
atmosphere with the nitrogen flow rate of 
20 mL/min and sample weights ranged from 3.0 to 
9.0 mg.

Dynamic Mechanical Analysis
Storage modulus and tan δ were measured on 
injection-moulded specimens with each having a
dimension of 10.0×4.0×2.1 mm on a dynamic
mechanical analyzer (DMA Instrument, Germany) at
a frequency of 10 Hz and temperature range of -80
-100°C. The heating rate was 3°C/min and the 
amplitude was 0.5 mm/min. The Tg of the rubber was
obtained from the maximum of tan δ curve at low
temperature [1].

RESULTS AND DISCUSSION 

Characterization of MFIIR
FTIR
Fourier transform infrared spectroscopy (FTIR) for
MFIIR was recorded on Bio-Radfts-135 infrared
spectrometer (Germany) as shown in Figure 2. Table
3 presents the assignments [12] of the characteristic
peaks of IIR and MFIIR in Figure 2. The spectrum of
MFIIR is essentially different from that of IIR. The
most significant difference between them has
appeared at 1666 and 1594 cm-1, where two new
absorption peaks have appeared at the spectrum of
MFIIR. The peak at 1666 cm-1 is attributed to C=O
bonds of the -COO- groups of MAH and the peak
detected at 1594 cm-1 corresponds to CH=CH bonds
of the -CO-CH=CH- groups of MAH. Another broad
peak observed at 3200~3400 cm-1 is attributed to the 
-OH stretch vibration. The FTIR results indicate to
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MFIIR
(phr)

SA
(phr)

ZnO
(phr)

TMTD
(phr)

DM
(phr)

MgO
(phr)

N330
(phr)

S
(phr)

100 1 5 1 0.6 6 60 1

Table 1. The formulation of MFIIR compound.

NR
(phr)

SA
(phr)

ZnO
(phr)

NOBS
(phr)

N330
(phr)

S
(phr)

100 1 5 1 60 1.5

 



Figure 2. FTIR Spectra of MFIIR and IIR.

Table 3. Analysis of some wavenumbers of IIR and MFIIR.

C=O, CH=CH and -OH groups having all been 
successfully introduced on the butyl rubber back-
bone.

1H NMR
Figure 3 shows the 1H NMR spectra of IIR and
MFIIR (NaH/MAH = 0.02/0.02). The chemical 
structure of IIR is shown in Scheme II, and its amount
of isoprene is about 0.02 mol% of IIR. On both 
spectra [13] three peaks are detected at 1.33, 1.66 and
5.28 ppm (Figure 3) which may be attributed to -CH3,
-CH2, -CH= groups of isobutylene, respectively.
Comparing with pure IIR, no new peak is shown at 
1H NMR spectrum of MFIIR which may possibly be
due to a very small quantity of functional groups 

Figure 3. 1H NMR Spectra of MFIIR and IIR.
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Scheme I. The schematic of modifying isobutylene-isoprene rubber.
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Scheme II. The chemical structure of IIR.

that are introduced onto IIR backbone. However, the
ratio of peaks area could characterize the molar 
quantities of the polymer components. The area ratio
of A5.2 (peak at 5.2 ppm) and A1.3 (peak at 1.3 ppm)
on MFIIR spectrum is a significant magnitude 
compared to IIR spectrum. The ratio of A5.2 and A1.3
is 1/380 for IIR sample, while for MFIIR sample the
ratio of A5.2 to A1.3 is 1/637. Thus, the percentage of
C=C in MFIIR can be determined by the ratio of A5.2
and A1.3, indirectly. Degree of C=C in MFIIR can be
calculated as follows:

C=C (%) in MFIIR = [380×1/637] ×100

The double bonds in IIR have decreased by about
40% after modification. The results indicate that the
functional groups have been introduced onto the IIR
backbone and the amount of carboxyl group is about
1.45 wt%.  

GPC
To obtain a high molecular weight IIR the synthesis
was conducted by cationic polymerization at 
extremely low temperature (-100°C). Thus, the most
important aspect during modification was to avoid the
drop IIR molecular weight. Table 4 shows the Mn, Mw
of IIR and MFIIR samples. MFIIR has almost the
same Mn and Mw compared with IIR. Thus, there
seems to be almost no cross-linking or degradation of 

Table 4. Average molecular weight and distribution of 
polymers.

IIR occurring during the modified reaction process of
the system.

Reaction Conditions in Relation to Curing and
Mechanical Properties of MFIIR
Curing efficiency of rubbers can be characterized by
the difference of torques between the minimum torque
and any torque on vulcanization curve after induction
period. The torque differences of all MFIIR samples
are larger than those of IIR samples and those values
of MFIIR samples are related to the molar amounts of
NaH and MAH according to Figure 4. TD5, TD10 and
TD20 can be regarded to characterize curing 

Figure 4. Curing properties of MFIIR samples and pure IIR.

Preparation and Properties of Isobutylene-isoprene ...Dong XC et al.

Iranian Polymer Journal / Volume 19 Number 10 (2010) 775

CH2 C

CH3

CH3

CH2 CH C

CH3

CH2
yx

Isobutylene                   Isoprene   x = 0.98   
                                                         y = 0.02

Samples Mn Mw Mw/Mn

IIR
MFIIR

195000
246000

529000
515000

2.71
2.10

NaH/MAH
(mol/mol)

Minimum torque
(kg·cm)

Scorch time
(min)

TD5

(kg·cm)
TD10

(kg·cm)
TD20

(kg·cm)
t90

(min)

None
0.02/0.02
0.04/0.04
0.06/0.06

2.688
2.383
2.093
2.890

3.28
1.52
1.67
1.27

2.886
7.425
6.997
8.823

6.611
9.989
9.427

11.386

8.846
11.866
11.013
13.105

15.30
11.56
11.22
11.20

Table 5. Vulcanization parameters of pure IIR and MFIIR.

TD: Torque difference

 



efficiency of 5 min, 10 min and 20 min curing 
reactions, respectively. 

Table 5 shows the values of TD5, TD10 and TD20
in various amounts of NaH/MAH from 0.02/0.02
(mol/mol), 0.04/0.04 (mol/mol) to 0.06/0.06
(mol/mol). The values of TD5, TD10 and TD20 for
0.02/0.02 (mol/mol) of NaH/MAH are increased by
157%, 51% and 34%, respectively relative to those of
IIR samples. By increasing the molar amounts of NaH
and MAH proportionally, TD5, TD10 and TD20 of
MFIIR samples are increased further, and the 
values reach their maximum when the modifier ratio
of NaH/MAH is taken as 0.06/0.06 (mol/mol).
Moreover, t90 of MFIIR samples (11.22 min) is 
shorter than those of IIR samples (15.30 min), and t90
of MFIIR samples shows much difference when the
quantity of the modifiers is changed. These results
have revealed that curing efficiency of MFIIR 
samples with highest multi-functional groups is 
higher than that of IIR sample. 

According to Figure 5 and Table 6, at 0.02 mol
NaH, by changing MAH concentration from 0.02 mol
to 0.04 mol, the values of TD5, TD10 and TD20 are
increased from 7.425, 9.989, and 11.866 kg·cm to
9.070, 11.590, and 13.587 kg·cm, respectively. The
results indicate that curing efficiency of MFIIR 
samples is improved with greater amount of MAH.

Figure 5. Curing properties of MFIIR samples with two 
different MAH contents.

The improvement of curing efficiency could be
due to the existence of the carboxyl groups, carbonyl
groups and carbon-carbon double bonds which are
present in MAH. Polar carboxyl groups and carbonyl
groups might promote the dispersion of the curing
compounds of S, TMTD, SA, ZnO and MgO in 
rubber and carbon-carbon double bonds participate in
curing reaction. These factors have all contributed to
higher curing efficiency of MFIIR. Other possible
reasons may be that the participation of carbonyl
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NAH/MAH
(mol/mol)

Minimum torque
(kg·cm)

Scorch time
(min)

TD5

(kg·cm)
TD10

(kg·cm)
TD20

(kg·cm)
t90

(min)

0.02/0.02
0.02/0.04

2.383
2.958

1.52
1.30

7.425
9.070

9.989
11.590

11.866
13.587

11.56
11.70

Table 6. Vulcanization parameters of MFIIR samples in Figure 4.

 

MFIIR

NaH/MAH
(mol/mol)

Tensile strength
(MPa)

Stress at 300% 
(MPa)

Elongation-at-break
(%)

Shore hardness
(A)

0.02/0.02
0.04/0.04
0.06/0.06

12.8

12.9

13.5

14.2

11.7

6.1

5.3

7.4

5.2

4.3

571

630

550

650

626

-

62

-

56

55
IIR
BIIR

Table 7. The mechanical properties of MFIIR samples, IIR, and BIIR.



groups could help zinc and magnesium oxides to
behave as vulcanizing agents, which in turn also
improve vulcanizing efficiency of MFIIR samples.
The mechanical properties of MFIIR samples 
modified by different amounts of NaH/MAH, IIR and
BIIR are shown in Table 7. The tensile behaviour [14]
of these polymers is a different case. The stresses at
300% elongation of MFIIR samples at 6.1, 5.3 and
7.4 MPa are slightly higher than those of IIR samples
at 5.2 MPa and BIIR samples at 4.3 MPa. An
increased amount of NaH/MAH led to an increase in
300% stress for MFIIR samples, which could be
related to stronger intermolecular interaction by con-
necting polar groups and double bonds on butyl rub-
ber backbone chains. The tensile strengths of MFIIR
samples of 12.8, 12.9 and 13.5 MPa lie between the
values of IIR at 14.2 MPa and BIIR at 11.7 MPa.

Adhesive Properties of MFIIR and Natural
Rubber
The innerliner is a thin layer of rubber laminated [15]
to the natural rubber inside the tubeless tire. Due to
being attached to bromine groups, the resulting
brominated butyl rubber (BIIR) shows faster curing
rates with higher polarity, therefore the innerliner is
the first major use of BIIR. 

Table 8 compares the peeling force and peeling
strength between MFIIR and NR pair and the BIIR
and NR pair. The peeling force and peeling strength
between MFIIR and NR are about 30 N and 
1.20 N/mm, and the peeling force and peeling
strength between BIIR and NR are 28 N and 
1.12 N/mm, respectively. Because of the increased
curing rates and polarity, MFIIR also leads to higher
peeling strength compared with BIIR.

Table 8. Peeling properties between MFIIR and NR.

(*) MFIIR: NaH/cinnamaldehyde/MAH=0.04 mol/0.02 mol/0.02 mol;
(**) MFIIR: NaH/NOBS/MAH=0.04 mol/2.5 g/0.02 mol; NOBS:

N-oxydiethylenebenzothiazole-2-sulphenamide

Figure 6. Plots of (a) TG and (b) DTG of MFIIR, IIR, and
BIIR samples.

Thermogravimetric Analysis
TG and DTG curves of MFIIR, IIR and BIIR are
shown in Figures 6a and 6b. The decomposition 
temperature of MFIIR is 404.6°C which is slightly
lower than that of IIR (412.8°C) but not much 
difference compared to that of BIIR (406.0°C). The
DTG curve of BIIR shows an additional small peak at
238.8°C, which is due to dehydrobromination of
BIIR. Thus, the thermal stability of MFIIR is 
superior to that of BIIR, and the modification process
has little effect on the thermal stability of IIR.

Dynamic Mechanical Properties
The temperature dependence of storage modulus 
(E') and the loss tangent (tan δ) for IIR and MFIIR 

Preparation and Properties of Isobutylene-isoprene ...Dong XC et al.

Iranian Polymer Journal / Volume 19 Number 10 (2010) 777

Samples Peeling strength
(N/mm)

Tensile force
(N)

MFIIR/NR 1*

2**

1.20

1.24

1.12

30

31

28BIIR/NR

 

 
(a)

(b)



Figure 7. Curves of tan δ vs. temperature: (a) pure IIR, 
(b) MFIIR-1 (NaH/MAH=0.04/0.04), and (c) MFIIR-2
(NaH/MAH = 0.06/0.06).

samples are shown in Figure 7. The temperatures 
corresponding to the maximum value of the tan δ peak
are -3.5°C for MFIIR, -3.1°C and -10.2°C for IIR.
These temperatures can be regarded as Tg of poly-
mers, and the results demonstrate that the Tg obtained
for MFIIR is lower than that of IIR. The decreased Tg
of MFIIR is attributed to the introduction of huge 
substitutional groups which increase the free volume
between the main polymer chains. The maximum 
values of tan δ peak for both MFIIR are 0.8 and 0.7
which are slightly lower than that of IIR (1.0) and the
maximum value is decreased a little with increased
amounts of NaH and MAH. Between 40°C and 100°C
the value of tan δ for MFIIR is higher and broader
than that of IIR. 

CONCLUSION 

A modified butyl rubber was prepared by a modified
carbonyl addition method and FTIR and 1H NMR
results indicated the existence of -COO- and -CO-
CH=CH- functional groups on IIR backbones. The
molecular weight of MFIIR can be maintained as that
of IIR which was confirmed by GPC. The intro-
duction of multi-functional groups favoured direct
improvement of the properties of IIR. TD5, TD10 and
TD20 of MFIIR are all higher than those of IIR, and
TD increased with molar amounts of NaH and MAH.

This is an indication of cross-linking reaction and 
curing efficiency of MFIIR which have much
improved compared with IIR. The mechanical 
properties of MFIIR has improved compared to those
of IIR and peeling strength between NR and MFIIR
films has reached 1.20 N/mm, a level higher than that
between NR and BIIR films (1.12 N/mm). The 
thermal stability of MFIIR is found to be superior to
that of BIIR analyzed by TG. Between 40°C and
100°C, tan δ of MFIIR shows higher value and 
broader range relative to those of IIR. 
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