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ABSTRACT: Dichlorocarbene-modified styrene-butadiene rubber <SBR) prepared by
the alkaline hydrolysis of chloroforni using cctyltrimethylammonjum "bromide as a
phase-lIransfer-agent resulted in a product that'showed good mechanical properties,

excellent flame resistance, solvent resistance, and good thermal stabilit{. The'activation

energy for this chemical reaction calculated from the time-tempera

ure data on the

chenical reaction by the measurement of the Eercema ¢ of chlorine indicated that

the reaction proceeded according to first-order

inetics. The molecular weight of the

Poly,mers‘ determined by %el permeation_chromatography, show'ed that chemical modi-

ication was accompanied

( y an increase in molecular weight. The chemical modification
was characterized by profon NMR, FTIR studies

thermogravimetric analysis, and

flammability measurement. Proton NMR and FTIR studies revealed the aI{achment

of chlarine throu?h cyclopropgl,ring.s to the double bond of butadiene.
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INTRODUCTION

Chemical modification of general-purpose rubbers
?_Iays an important role in imparting special proper-
ies to them. The properties of unsaturated elasto-
mers can be modified by reactions mvolvm? their
double honds.* 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 atterition during the past years."*
I'he addition of halocarbenes to_C|s-I,4-pon|soPrene
&N R)™®and ¢?s-1,4-polybutadigne was réported bX
inazzi and Levesque™ and Barentsvich et al."
They found that carbene addition had a significant
infltence on the proPernes 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 ina se_(?_uen_tlal 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 tfoward
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 ener%y of the chemical reaction was calcu-
lated and the modification was characterized by
Froton NMR, FTIR, and chemical analysis. The
hermal stability and fiammabiiity of modified
roducts were évaluated by thermogravimetry
FTGA_) and the limiting oxygen index (LOI), re-
spectively.
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Table I composition of SBR-1500

Chemical Constituents (%) Min Max
Styrene
Vgllatil_e matter as 28'?5
Organic acid 4.75 7
Soap 05
Ash 15
Antioxidant 05 15
cis-1,4 18
frajis-1,4 65
1.2 (vinyl) i

EXPERrMENTAL

SBR (Synaprene 1500}_%315 obtained from Syn-

thetics and Chemicals Ltd., Bareilly, U.P., India,
and its composition is given in Table I. Al other

chemicals were ofanaI}t/)tlcaI grade. The modifica-

tion of SBR was done by the alkaline hydrolysis
of CHCl3 using a phase-transfer agent, accordin
to the method first suggested by Makosza an
Wawrz&nlewmzand lafer developed by Joshi et
al."™ SBR was dissolved in toluene, thie phase-
transfer catalyst was added to this, and the mix-
ture was allowed stir. To this, CHCls was added
dropwise followed by an NaOH solution (50%).
The reaction Rroduc_twas separated from the solu-
tion and washed with hot water and cold water
until free of chlorine. The product was coagulate
with |soprop¥_l alcohol and reprecipitated from the
toluene 'solution. The concentration of reagents,
the temperature, and the time of reaction are
gwen in Table |I. The modification was monitored
Ythe determination of the chlorine percentage
at different times using chemical analysis.
The 'H-NMR sBectrum of SBR and modified
SBR in cociz (10% wiv solution) was recorded
wili a 90-MHz JEOL EX90 FT NMR spectrome-
ter with tetramethe/lsnane as the internal refer-
ence. IR spectra of samples were recorded with

Table Il Concentration of Reagents
for Dichiorocarbene Modification

10
Tolue(r?% (mL) 200
CHCls gmL)
NaOH 50% (mL) 3%
TAB 0.85
Time (h) 1-36

Temperature (8C) 28/40/60

TIME {hrs.|

ure 1 Plots of percentage ofgh

F iq g lorine versus time,
at temperatures of 28, 40, and 60*C.

a Shimadzu-8101 M Fourier. transform infrared
spectrophatometer, using thin films of polymer.

he thin_films were prepared by dissolving the
polymer in chloroform and then the concentrated

TIVE (hfs.)

F.i%ure 2 Plots of .Iodqgc. - ¢,) versus time
dichlorocarbene-modified SBR



SBR.

solution ﬂsl)/g was directly cast onto a leveled
glass plate.’® Molecular weight determination
was carried out hy a Waters 510 gel permeation
chromatography (GPC) instrument attached to a
410 diffrdction ‘refractometer. HPLC-grade tolu-
ene was used as a solvent with a flow rate set to
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Figure 3 Molecular weight distribution curves of SBR and dichlorocarbene-modilied

ImIVmin. The GPC columns were cahbrated with
p0|¥]s_tyrene 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. . )
phrehe flame resistance was measured with a

Table [l Molecular Weights of Modified SBR

Materials (Daltons)
SBR 125,550
6% Cl 142,260
209r CI 164.980

(Daltons)

359,502
421,251
525,782

(Daltons) Polydispersity
996,026 2.8634

1,225,600 2.9611

1,241.151 31869
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Fri ured FT'HNMR 3pectrac?f(1) pure SBR and :2) dichlorocarbene-modified SBR

gpresentative polymer

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 of50 kg/em” in a
hydrauUc press so as to obtain sheets of 3 mm
thickness, The tensile strength ofthe samples was
tested with a Zwick univérsal testing machine
(Model 1474) at a temperature of 25 + 2°C and
at a crosshead sgeed 0f 50 mm/min, accordln? (0]
ASTM  D-412-8 us,mgi dumbbell-shaped {fest
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
dichlorocarhene 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
aégcconcerned, the reaction is extremely fast a

Figure 2 shows the change in percentage of
chlorine iog(c:, - €,) versus time, where c. is the
maximum chlorine percentage obtained at a par-
ticular temperature and ¢, is the percentage of
chlorine at any time t. Linearity of theJ)Iots
shows that the modification reaction proceeds ac-
cordiQg to first-order kinetics. Rate constants (4)
of the reactions calculated are 3.24 x 10'"s -

05 X10 "s and 1.23 X 10 "s™" at 28,40,
and 60°C, respectively. The activation energ of
the reaction calculated from the linear plot Oalr%
k versus HT (where k is the rate constant
E‘];S tqe temperature in K) is found to be 3589

mol.

Cel Permeation Chlromat(_)grgphy_
The molecular weight distribution curves
and modified SBR™(<20%) determined by GPt
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WRVENUMBER ~ (cm )

Figure 5 FTIR spectra of thin films of (1) pure SBR. (2) dichlorocarbene-modified

SBR of 16%, (3) 26%, and (4) 36% chlorine.

aregiven in Figure 3. From thefi%ure, itis evident
thaf high malecular weight fractions are formed
in modified SBR as a result of the modification.
The molecular weight ranges from 2.5 x 10" to
501 X 108 in both modified and pure SBR. The
high molecular wejght fraction above a molecular
weight of 1o®is higher for the modified samples
(as Seen from the area under the molecular weight
distribution curve). The increase in énumber-
average molecular weight). — (weight-average
molecular weight). and M, (2-average or sedimen-
tation-average molecular weight) with very little

change in the Polydisgersity iven in Table 111
shows that dichloracarpene modification is accom-
anied by an increase in molecular weight due to
he 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-
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Table IR Absorption Peak Height Ratios
Time ihi Chlorine (%)
1 16 0.307
12 26 0.115
24 36 1653 absent

ppm. Pure SBR displays signaJs at 2 and 1.4 ppm
due to the methylene hydrogens (—CHz—gand
at 5.6 ppm (s) due to the unsaturated methine
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 cyclopro yl ring. The doublet
in the region 5.8 to 5.7 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
gcast from CHCl3) of SBR IFig. 5(1)]5and modified
BRat Lh IFi .5(2)d]_,_12h Fig. (3)]n, and 24
h(Flg.S(z(lj)]. e modified SBR shows character-
istic C—CI 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 ;CClmore readily attacks the cis dou-
ble bond, As the reaction time increases, there is
a reduction in the |nten5|t?; of the absorption at
968 cm " which is due to the trans —CH = and
at 1653 cm ' which is due to cis —CH=. 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
¢m *absorption to 702 cm *due to the increase
in chlorination; this may be attributed to steric
hindrance ofthe cyclogro ane ring. Theé)eak ratio
of absorption at 1653/806 cm"*, 968/606 tm_°,
910/806 cm \ and 698/806 cm °is shown in Ta-
ble IV. With increase in the duration ofthe chemi-
cal reaction, there IS a progressive reduction in
the double-bond concentration and corresponding
increase in the concentration of C—CI bonds,
whereas the styrene concentration remains al-
most unchanged. Hence, it can be inferred that it
is the double” bond™*""of butadiene that takes

910/S06¢cm _ 698/806 ea
1.199 0.63
0.957 0.626 Hg
968 absent 0.619 i)

Part in the chemical reaction. The proposed reac-
ion is shown in Scheme 1

Thermogravimetric Analysis

The thermograms of SBR, modified SBR, and
chloroprene rubber (Neoprene W) are given in
Fl_%ure 6. The decomposition pattern is compared
with a commercial chloroprene rubber. Pure SBR
(curve 1) shows a .sln?_le-sta%e decomposition a
a temperature ofinitiation of254“C. As the chlori-
nation increases, there is a considerable change
in the decomposition Patte_rn. The decomposition
of chlorinated SBR (at a hlgherfercentagre of Cl
takes place in two steps (curves 2 and 3): Thefi

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. Itis 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 limitin oxy?en index SLOI)(Which is adirect
measure ofthe 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 +-UcH-CHj-CHr-CH-CH-CH -

b
0O o

Scheme 1 Proposed pattern ofdichlorocarbene mod-
ification.
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E(°C)

Figure s ThermO?i‘ams of(l)fure SBR, (2) modified SBR of 16% chlorine, (3) modi-

fied SBR of 36% chlorine, and (

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

Table V' Time for 50% Weight Drop

Time for 50%
Material Curve Weight Drop (min)
Chloropren 39.8

Modified SBR (26% CI 433

© 1
Modifiepd SBR (16% CI § 448
Modified SBR (36% ClI 4 433

) commercial chloroprene rubber.

indoor apP_Hcat_ions, because these materials will
he 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 hlph_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-

Table VI Limiting Oxygen Index (LOI) Values

Materials Chlorine (%) LOI o)
19
SBR
Modified SBR 16 %g
Modified SBR 2
Chloroprene 40
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Table VIl Physical Properties

Tensile  Elongation
) Strength  at Break Shore D
Materials (MPa) (%) Hardness
Modified SBR
(16% CI 106.6 15
Madified SBR
(26% CI 13 4
Modified SBR
(36% CI) 09 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, fensile strength increases to a
maximuym and then decreases at still higher levels
ofchlorination. The elongation at break decreases
P_rogr_esswely, and at very high levels of chlorina-
ion, it behaves like a thermoplastic polymer.

CONCLUSIONS

The dichlorocarbene modification of SBR can be
carried out by the alkaline hydrolysis of CHCI,
using CTAB “as a phase-tranisfer 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 aijpll_catmr_\s. The modified materials are
thermoplastics with higher tensile strength and
hardness than those ofunmodified SBR. The mod-
ified SBRs have excellent solvent resistance com-
pared to other chlorine-containing elastomers like
chloroprene, even at low levels of chlorination
96-2 %), where they exhibit rubbery properties.
-urther studies on more efficient chemical modi-
fications of SBR are in progress.

The authors are thankful to Dr. M. R. Sethur”®, Direc-
tor, and Dr, N. M. Mathew, Joint Director, Rubber Re-
search Institute of India, for their support and encour-
agement in this work.
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