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ABSTRACT: Dichlorocarbene-modified s ty ren e-b u tad ien e  rubber <SBR) prepared by 
th e  a lkaline  hydrolysis of chloroforni using cctyltrim ethylam m onium  bromide as a 
p hase-lran sfe r agent resu lted  in a product th a t  showed good mechanical properties, 
excellent flam e resistance, solvent resistance, and good therm al stability . The activation 
energy for th is  chemical reaction calculated from the tim e -tem p e ra tu re  data  on the 
chem ical reaction  by th e  m easurem ent of the percentage of chlorine indicated th a t 
th e  reaction  proceeded according to first-order k inetics. The molecular weight of the 
polym ers, de term ined by gel perm eation chrom atography, show'ed th a t chemical modi­
fication w as accom panied by an  increase in m olecular weight. The chemical modification 
w as characterized  by proton NMR, FTIR studies, therm ogravim etric analysis, and 
flam m ability m easurem ent. Proton NMR and FTIR studies revealed the a ttachm ent 
o f chlorine th rough  cyclopropyl rings to the  double bond of butadiene. 1998 John 
Wiley & Sons. Inc. J  AppI Polym Sci 68: ir53-160. 1998
K e y  w o rd s : dichlorocarbene; modification; s ty ren e-b u tad ien e  rubber; therm al; 
fiam m abiiity

INTRODUCTION

Chemical modification of general-purpose rubbers 
plays an important role in imparting special proper­
ties to them. The properties of unsaturated elasto­
mers can be modified by reactions involving their 
double bonds.* It was found that the reaction of 
double bonds viith various reagents could result in 
improvement of flame retardancy, oil resistance, 
and other properties.^ The reaction of carbene with 
olefins to form a cyclopropane derivative had at­
tracted much attention during the past years.’"*’ 
I’he addition of halocarbenes to cis-l,4-polyisoprene 
(N R )’"'® and c?s-1,4-poly butadiene was reported by 
Pinazzi and Levesque" and Barentsvich et al.'  ̂
They found that carbene addition had a significant 
influence on the properties of polydienes. Various 
other modifications of natural rubber and polybuta-
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diene using pora-toluene sulfenyl chloride have 
been cai-ried out.'''"'  ̂ The studies revealed that a 
copolymer containing modified and unmodified 
blocks arranged in a sequential manner was formed 
as a result of the modification.

Styrene-butadiene rubber (SBR) is a versatile 
elastomer, which finds application in various 
products. However, it has poor heat, flame, and 
solvent resistance. In this article, an attempt was 
made to improve the resistance of SBR toward 
heat, fiame, and solvents by dichlorocarbene mod­
ification through the alkaline hydrolysis of chloro­
form using cetyltrimethylammonium bromide 
(CTAB) as a phase-transfer agent without de­
stroying the technical properties of SBR. The acti­
vation energy of the chemical reaction was calcu­
lated and the modification was characterized by 
proton NMR, FTIR, and chemical analysis. The 
thermal stability and fiammabiiity of modified 
products were evaluated by thermogravimetry 
(TGA) and the limiting oxygen index (LOI), re­
spectively.
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T a b le  I Composition of SB R -1500

C hem ical C o n stitu en ts (%) Min Max
S tyrene 
V olatile m a tte r  
O rganic acid 
Soap 
Ash
A ntioxidan t 
cis-1,4 
fra;is-l,4 
1 . 2  (vinyl)

EXPERrMENTAL

21.5

4.75

0.5

SBR (Synaprene 1500) w as obtained from Syn­
thetics and Chemicals Ltd., Bareilly, U.P., India, 
and its composition is given in Table I. All other 
chemicals were of analytical grade. The modifica­
tion of SBR was done by the alkaline hydrolysis 
of CHCI3 using a phase-transfer agent, according 
to the method first suggested by Makosza and 
W aw rzy n iew iczan d  later developed by Joshi et 
al.'“ SBR was dissolved in toluene, the phase- 
transfer catalyst was added to this, and the mix­
ture was allowed stir. To this, CHCI3 was added 
dropwise followed by an NaOH solution (50%). 
The reaction product was separated from the solu­
tion and washed with hot water and cold water, 
until free of chlorine. The product was coagulated 
with isopropyl alcohol and reprecipitated from the 
toluene solution. The concentration of reagents, 
the temperature, and the time of reaction are 
given in Table II. The modification was monitored 
by the determination of the chlorine percentage 
at different tim es using chemical analysis.

The 'H-NMR spectrum of SBR and modified 
SBR in CDCI3 (10% w /v  solution) was recorded 
wiUi a 90-MHz JEOL EX90 FT NMR spectrome­
ter with tetramethylsilane as the internal refer­
ence. IR spectra of samples were recorded with

T a b le  I I  C o n c e n tr a t i o n  o f  R e a g e n ts  
fo r  D ic h io r o c a rb e n e  M o d if ic a tio n

SBR (g) 10
Toluene (mL) 2 0 0
CHCI3 (mL) 30
N aO H  50% (mL) 35
CTAB 0.85
Tim e (h) 1 -3 6
T em peratu re  (®C) 28/40/60

25,5
0.75
7
0.5
1.5
1.5

18 
65 
17

T I ME  { h r s . l

F ig u r e  1 P lots o f p ercentage of chlorine versus time, 
a t  tem p e ra tu re s  o f 28, 40, and  60*C.

a Shimadzu-8101 M Fourier transform infrared 
spectrophotometer, using thin films of polymer. 
The thin films were prepared by dissolving the 
polymer in chloroform and then the concentrated

TIME (hfs.)
F ig u re  2 Plots of log(C . -  c,) versus time 
dichlorocarbene-m odified SBR.
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F ig u r e  3 M olecular w eight d istribu tion  curves of SBR and dichlorocarbene-modilied
SBR.

solution ( 5%) was directly cast onto a leveled 
glass plate.'® Molecular weight determination 
was carried out by a Waters 510 gel permeation 
chromatography (GPC) instrument attached to a 
410 diffraction refractometer. HPLC-grade tolu­
ene was used as a solvent with a flow rate set to

1 mlVmin. The GPC columns were cahbrated with 
polystyrene standards. TGA was carried out with 
a Shimadzu-50 thermogravimetric analyzer at a 
heating rate of 10°C/min in a dry nitrogen atmo- 
sphere.The flame resistance was measured with a

T ab le  I I I  M o lecu lar W eights o f  M odified SBR

M aterials (Daltons) (Daltons) (Daltons) Polydispersity

SBR 125,550 359,502 996,026 2.8634
6 % Cl 142,260 421,251 1,225,600 2.9611
209r Cl 164.980 525,782 1,241.151 3.1869
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Figure 4 FT 'H-NMR spectra of (1) pure SBR and 12) dichlorocarbene-modified SBR (representative polymer) Cl.

Stanton Redcroft FTA flammability unit as per 
ASTMD-2863-77. Samples for tensile tests were 
prepared by pressing the modified rubber at 
180°C for 5 min with a pressure of 50 kg/cm^ in a 
hydrauUc press so as to obtain sheets of 3 mm 
thickness. The tensile strength of the samples was 
tested with a Zwick universal testing machine 
(Model 1474) at a temperature of 25 ± 2°C and 
at a crosshead speed of 50 mm/min, according to 
ASTM D-412-80 using dumbbell-shaped test 
pieces. All other physical tests were carried as per 
relevant ASTM standards.

RESULTS AND DISCUSSION

Effect of Tfme and Temperature on Chlorination

Figure 1 shows the percentage of chlorine versus 
time at temperatures of 28, 40, and 60"C. The 
dichlorocarbene addition is fast in the initial 
stages but decreases at later stages of the reac­
tion. The rate reaction almost levels off after 12

h of reaction. The rate of reaction and the chlonne 
content increases with the temperature of the re­
action. As far as the first 15 min of the reaction 
are concerned, the reaction is extremely fast at 
60°C.

Figure 2 shows the change in percentage of | 
chlorine log(C:, -  c,) versus time, where c. is the 
maximum chlorine percentage obtained at a par­
ticular temperature and c, is the percentage of 
chlorine at any time t .  Linearity of the plots 
shows that the modification reaction proceeds ac- 
cordiQg to first-order kinetics. Rate constants (A) • 
of the reactions calculated are 3.24 x  10 ’  ̂ s -
2.05 X 10 " s and 1.23 X 10 "s'"  at 28,40.
and 60°C, respectively. The activation energy of
the reaction calculated from the linear plot of log 
k  versus H T  (where k  is the rate constant and 
T is the temperature in K) is found to be 35.89 
kJ/moI.
Ce l Permeation Chromatography

The molecular weight distribution curves 
and modified SBR (<20% ) determined by GPt
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WRVENUMBER (cm )

F ig u r e  5 FTIR  spectra of th in  films of (1) pure SBR. (2 ) dichlorocarbene-modified 
SBR of 16%, (3 ) 26%, and  (4 ) 36% chlorine.

are given in Figure 3. From the figure, it is evident 
that high molecular weight fractions are formed 
in modified SBR as a result of the modification. 
The molecular weight ranges from 2.5 x  10  ̂ to 
5.01 X 10® in both modified and pure SBR. The 
high molecular weight fraction above a molecular 
weight of 10 ® is higher for the modified samples 
( as seen from the area under the molecular weight 
distribution curve). The increase in (number- 
average molecular w eight). (weight-average 
molecular w eight). and M , (2-average or sedimen­
tation-average molecular weight) with very little

change in the polydispersity given in Table III 
shows that dichlorocarbene modification is accom­
panied by an increase in molecular weight due to 
the addition of chlorine through the cyclopropyl 
ring as a side chain.

FT 'H-NMR CharacJerizalion 
FT ‘H-NMR spectra recorded for SBR and dichlo­
rocarbene-modified SBR are given in Figure 4. 
SBR and representative modified SBR exhibit sig­
nals for the hydrogen region of benzene at 7 .3 -7
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Tim e ih i

1

12
24

Chlorine (%)

16
26
36

0.307 
0.115 

1653 ab sen t

1.199 
0.957 

968 absen t

T
910/S06cm

0.631
0.620
0.619

_ 698/806 ea
1.78
1.75
1.73

ppm. Pure SBR displays signaJs at 2 and 1.4 ppm 
due to the methylene hydrogens (— CH2— ) and 
at 5.6 ppm (s )  due to the unsaturated m ethine 
hydrogen ( — CH— ) of butadiene. Modified SBR 
displays a triplet for methylene hydrogens, in the 
region of 1 .1 -2  ppm. These additionaJ signals can 
be attributed to the cyclopropyl ring. The doublet 
in the region 5.8 to 5.2 ppm shown by the modified 
SBR can be due to the hydrogen of the carbene 
bearing carbon and the hydrogen of the carbon 
attached to the benzene ring.

FTIR Characterization

Figure 5 shows the IR spectra of the thin films 
(cast from CHCI3) of SBR I Fig. 5 (1 ) ] and modified 
SBR at 1 h IFig. 5 (2 ) ] ,  12 h [Fig. 5 (3 )] , and 24 
h (Fig. 5 (4 ) ] . The modified SBR shows character­
istic C— Cl absorption peaks at 806 and 1059 
cm ^ due to the cyclopropane ring.’̂® It is likely 
that the cis-butadine takes part in the reaction 
initially, as ;CCl2 more readily attacks the cis dou­
ble bond. As the reaction time increases, there is 
a reduction in the intensity of the absorption at 
968 cm ' which is due to the trans — C H =  and 
at 1653 cm ' which is due to cis — C H = . The 
absorption at 698 cm ^ is due to the presence of 
an aromatic ring, whose concentration remains 
unaffected with modification. The absorption at 
910 cm *  (vinyl 1,2 content) remains almost unaf­
fected after modification. There is a shift of 698 
cm * absorption to 702 cm * due to the increase 
in chlorination; this may be attributed to steric 
hindrance of the cyclopropane ring. The peak ratio 
of absorption at 1653/806 cm"*, 968/806 cm ’ , 
910/806 cm \  and 698/806 cm ‘ is shown in Ta­
ble IV. With increase in the duration of the chemi­
cal reaction, there is a progressive reduction in 
the double-bond concentration and corresponding 
increase in the concentration of C— Cl bonds, 
whereas the styrene concentration remains al­
most unchanged. Hence, it can be inferred that it 
is the double bond '̂^*’̂ '̂  of butadiene that takes

part in the chemical reaction. The proposed reac­
tion is shown in Scheme 1.

Thermogravimetric Analysis

The thermograms of SBR, modified SBR, and 
chloroprene rubber (Neoprene W) are given in 
Figure 6. The decomposition pattern is compared 
with a commercial chloroprene rubber. Pure SBR 
( curve 1 ) shows a single-stage decomposition at 
a temperature of initiation of 454“C. As the chlori­
nation increases, there is a considerable change 
in the decomposition pattern. The decomposition 
of chlorinated SBR (at a higher percentage of Cl) 
takes place in two steps (curves 2 and 3): The first 
decomposition begins at 286®C, and the second, at 
454°C. The time taken for a 50% weight drop for 
chloroprene rubber and chlorinated SBR are pre­
sented in Table V. It is clear from the table tliat 
the time taken for a commercial chloroprene rub­
ber for a 509( weight drop is lower than that of 
dichlorocarbene-modified SBR. This indicates 
that the chlorinated SBR has a superior thermal 
stability to that of commercial chloroprene rubber.

Flammability Behavior

The lim iting oxygen index (LOI) (which is a direct 
measure of the flame resistance of the materials) 
of pure SBR, modified SBR, and commercial chlo­
roprene rubber are given in Table VI, When halo- 
gen-containing elastomers are ignited, they could

CHCI, + NaOH + -  U cH -C H j-C H r-C H -C H -C H ,-

b
0 Cl Cl

S c h e m e  1 Proposed p a tte rn  of dichlorocarbene mod­
ification.
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E ( ° C )

F ig u r e  6  Therm ogi'am s of (1 ) pure  SBR, (2) modified SBR of 16% chlorine, (3) modi­
fied SBR of 36% chlorine, and  (4 ) commercial chloroprene rubber.

exhibit an intumescence effect, due to which the 
char formed thermally insulates the polymer from 
the flame and thus inhibits combustion. From the 
table, it is clear that modified SBR shows better 
flame resistance than does unmodified SBR. 
Moreover, the LOI value for SBR with a chlorine 
content of 36% is almost the same as that of com­
mercial chloroprene rubber. Thus, modified SBR 
can be recommended as a substitute for building 
materials, since materials with an LOI value 
greater than 20.8 are considered to be safe for

T able V T im e fo r 50% W eight D rop

M aterial Curve
Time for 50% 

W eight Drop (min)

Chloroprene 1 39.8
Modified SBR (16% Cl) 2 44.8
Modified SBR (26% Cl) 3 43.3
Modified SBR (36% Cl) 4 43.3

indoor appHcations, because these materials will 
be self-extinguishing even if  ignited.

Physical Properties

Chemical modification changes SBR firom a soft 
elastomeric material to a hard thermoplastic ma­
terial. Modified SBRs with high percentage of 
chlorine (>20% ) were insoluble in solvents in­
cluding DMF and THE. Thus, at higher levels of 
chlorination, it is possible that there are side reac­
tions involving crosstinking. The physical proper-

T able VI L im iting  Oxygen Index  (LOI) Values
LOI {%)M aterials Chlorine (%)

SBR
Modified SBR 
Modified SBR 
Chloroprene

16
26
40

19
24
28
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T ab le  VII P h y sic a l P r o p e r tie s
Tensile  Elongation 

S tren g th  a t  B reak  Shore D 
M ate ria ls  (M Pa) (%) H ardness

Modified SBR 
(16%  Cl) 

Modified SBR 
(26% Cl) 

Modified SBR 
(36% Cl)

106.6

1.3

0.9

15

45
60

ties are shown in Table VII. At levels of chlorina­
tion of <  16%. the material shows comparatively 
low tensile strength and elongation. As chlorina­
tion increases, tensile strength increases to a 
maximum and then decreases at still higher levels 
of chlorination. The elongation at break decreases 
progressively, and at very high levels of chlorina­
tion, it behaves like a thermoplastic polymer.

CONCLUSIONS

The dichlorocarbene modification of SBR can be 
carried out by the alkaline hydrolysis of CHCl , 
using CTAB as a phase-transfer catalyst. The 
chlorine content increases with temperature of 
the reaction and the reaction follows first-order 
kinetics. The basic decomposition pattern and 
thermal stability of the samples are superior to 
those of commercial chloroprene rubber. The pres­
ence of chlorine in the samples enables them to 
be safely used as a flame-resistant material for 
indoor applications. The modified materials are 
thermoplastics with higher tensile strength and 
hardness than those of unmodified SBR. The mod­
ified SBRs have excellent solvent resistance com­
pared to other chlorine-containing elastomers like 
chloroprene, even at low levels of chlorination 
(16-20% ), where they exhibit rubbery properties. 
Further studies on more efficient chemical modi­
fications of SBR are in progress.
The au th o rs  a re  than k fu l to Dr. M. R. S e th u r^ , Direc­
tor, and Dr. N. M. M athew , Jo in t Director, Rubber Re­
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