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STUDIES OF CHEMICAL INTERACTIONS
BETWEEN CHLOROSULPHONATED
POLYETHYLENE AND NITRILE RUBBER

Highly polar rubbers interact with each other through their active functional
groups via condensation or substitution reactions at high temperature. Chloro-
sulphonated polyethylene (CSM) rubber is a highly reactive rubber, the reacti-
vity of whith is due to the —SO2C/ groups. When CSM reacts with nitrile rubber
(NBR), a chemical reaction takes place between the two rubbers at high tem-
perature. Fourier transform infrared (FTIR) studies support that CSM/NBR
(50/50 wjw) isothermally induces a self cross-linking blend, when
cross—linking takes place via the acrylonitrile groups of NBR and the SO2C/
groups or the in-situ generated allyl chloride moieties of CSM. There is a loss
of some —CN groups during cross—linking. This may be due to an attack on the
—CN groups by HCI (produced during the heating of CSM) in the presence of
inherent moisture in the polymers. Amid type of linkage is formed due to

cross-linking.
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Improvements in the properties of conventional
polymers can be achieved by chemically modifying
them. Functionalization of the polymers results in new
materials with a wide spectrum of properties not avail-
able in the parent polymers. Chemical modification of
the polymer backbone, grafting onto a polymer chain,
interchain reactions, and the formation of interpenetrat-
ing networks are the subject of a number of reviews [1-
4]. The introduction of chlorine and sulfur dioxide into
polyethylene reduces the crystallinity, thereby changing
the thermoplastic material into an amorphous polymer,
commercially known as chlorosulphonated polyethylene
(CSM), which contains 25 to 43 wt.% of chlorine and 1 to
1.5 wt.% of sulfur as —-SO2Cl units.

In recent years, De and associates [5] reported a
series of self-crosslinkable polymer blends—mixtures of
two or more functionally reactive polymers that are ca-
pable of undergoing mutual cross— linking via conden-
sation or substitution reactions at high temperatures.
Such self-cross-linkable rubber-rubber blends include
epoxidised natural rubber (ENR) and carboxylated nitrile
rubber (XNBR), CSM and ENR.

According to Mukhopadhyay et al. [6], the sul-
phonyl chloride groups of CSM combine with the acrylo-
nitrile group in NBR to give linkages between the two
elastomers. The principal objection against this mecha-
nism is obviously the thermal instability of the sulfonyl
chloride groups of CSM. At very high reactive tempera-
tures CSM loses all of its -SO2Cl groups. The main ob-
jective of this investigation was to study the chemical
interaction between CSM and NBR in detail.
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EXPERIMENTAL

Materials

The CSM used in the present study was Hypalon—
40, which contained 35 wt.% chlorine and 1 wt.% sulfur
and was obtained from E.l. duPont de Nemours and
Co,, Inc., US.A.

The NBR used was Krynac-3345 (Polysar Can-
ada), which contained 33 wt% acrylonitrile. CSM/NBR
blends (50/50 w/w), were prepared on a laboratory size
(800x600 mm) two—roll mixing mill. The elastomers were
separately milled for about 1 min each, keeping a tight
nip gap (0.8 mm), and subsequently blended for 3 min.
After mixing, different test pieces for rubber testing were
cured under 10 MPa pressure at 160°C for 60 min in a
Teflon TM —coated mold. The molded samples were
taken out only after cooling them to room temperature
under pressure by circulating cold water through the
plates of the press.

Fourier transform infrared spectra (FTIR) were re-
corded on a Bruker IFS-66 spectrometer with an attenu-
ated total reflection (ATR) attachment. A minimum of 500
scans was signal-averaged at a resolution of 4 em™.
The spectrometer was equipped with a liquid-nitrogen—
cooled mercury cadmium telluride (MCT) detector for
FTIR-ATR measurements. The internal reflection ele-
ment (IRE) chosen was a 45 degree KRS-5. Samples for
FTIR-ATR measurements were approximately 0.3 mm
thick sheets, prepared by compression molding be-
tween two teflon films at 100°C (for the uncross—linked
blend). The melting times were 2 min for cross-linked
blends.

RESULTS AND DISCUSSION

Chemical Interaction Studies by Infrared
Spectroscopy

Figure 1 shows the chemical reaction between in—
situ generated primary amides and allyl chlorides.
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Figure 1. Chemical reaction between in-situ generated primary
amides and allyl chlorides

Figures 2(a) and (b) represent the FTIR-ATR spec-
tra of NBR and CSM, respectively. The assignment of
the principal bands are presented in Tables 1 and 2.

Figure 2(c) represents the FTIR- ATR spectra of a
NBR/CSM blend. The two characteristic bands of CSM
(the absorption bands at 1100 and 1292 cm_1) com-
pletely disappear in the spectrum of the self-cross—
linked material.

Table 1. Assignment of the infrared bands of acrylonitrile—bu-
tadiene rubber

Wav(ir:lj?ber Group Assignment
2932 CHs, —CHp-, >CH- v (C-H)
2860 CHs, -CHp-, >CH- v (C-H)
2038 —CN v (-C=N)
1647 ~CH=CH- v (C=0)
1440 —CHx— 8 (C-H)
1287 ~CHz- y (CH2)

969 Trans -CH=CH- 6 (=C-H)
967 CHz=CH- 8 (CHa)

v — valence deformation; & — in plain deformation; y — out—of-
plane deformation.

Table 2. Assignment of the infrared bands of chlorosulfon-
ated polyethylene

Wav(ir:li?ber Group Assignment
2935 CHz, -CHo—, >CH- | v (-C-H)
2862 CHz, -CHo—, >CH- | v (-C-H)
1435 —CHo— 0 (C-H)

1292 -S0OCl v (SO asym.
1192 —CHz>- v (CHy)

1100 -S0OCl v (SO2) sym.
815 —CHo— y (CH2)
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Figure 2. FTIR-ATR spectrum of NBR (a); FTIR-ATR spectrum of
CSM (b); FTIR-ATR spectrum of NBR/CSM (c)

The absorption band at 2238 cm_1, attributed to
the C=N stretching mode [5-7], is strongly attenuated
by self-cross-linking of the blend. This indicates a sig-
nificant loss or conversion of cyanide groups, which may
be due to the cyanide/cyanide reaction [8] or even to
the hydrolysis of cyanide groups. Hence, it is logical to
infer that CSM/NBR does not contain any side products
due to the cyanide/cyanide reactions. The decrease of
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the —CN concentration in the blends is therefore attrib-
uted to the partial hydrolysis of cyanide groups by the
action of HCI gas evolved from CSM during high-tem-
perature heating in the presence of inherent moisture in
the polymers.

Similar observations were made by Manoj et al.
with reference r to the thermally induced self-cross—link-
ing of PVC/NBR [9-10], as well as PVC/HNBR [20]
blends. The controlled liberation of HCI from PVC favors
self-cross-linking by causing the hydrolysis of cyanide
groups to amides and acids. In-situ generated amides
and carboxylic acids are capable of reacting with the al-
lylic sites of the degraded PVC [10,11].

The absorption bands at 1100 and 1292 em™ in
the CSM rubber were assigned to the symmetric and
asymmetric stretching modes of SOz of —SO2Cl groups,
respectively. These two characteristic bands of CSM
completely disappear in the spectrum of the self-cross—
linked material. The difference spectrum (spectrum c,
Fig. 2) also illustrates the loss of -SO2Cl groups.

An inspection of spectrum ¢ (Figure 2) reveals a
new absorption band centered at 1539 cm™'. The new
absorption could be assigned to the amide Il band,
which is due to a motion combining both the N-H bend-
ing and C-N stretching vibrations of —-CONH groups
[11]. The amide | band, which is ascribed to the C=0
stretching mode of the amide group, generally occurs in
region the 1680-1630 cm™ [12]. In the present system,
the amide | band cannot be detected because of the in-
terference from C=C stretching in the same region. It is
also noteworthy that the amide present in the NBR/CSM
self-cross—linked blend is likely to be a secondary am-
ide because the amide Il band of the primary amide (in

1ZVvOD

the condensed phase) occurs at 1650-1620 cm™, while
the corresponding absorption due to a secondary amide
(solid) appears at 1570-1515 cm™. This indicates a
chemical reaction between in-situ generated primary

amides and allyl chlorides.

CONCLUSIONS

Infrared studies show that cross-linking takes
places wia the allyl chloride and amide produced by hy-
drolysis of the -C=N group.
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PROUCAVANJE HEMIJSKE INTERAKCIJE HLOROSULFONOVANOG POLIETILENA

I NITRILNOG KAUCUKA

(Nauéni rad)

Gordana Markovié1, Milena Marinovié—Cincoviéz, Blaga Radovanoviés, Jaroslava Budinski-Simendi¢*
1Tigar, Pirot, Srbija i Crna Gora, 2| nstitut VINCA, Beograd, Srbija i Crna Gora,
3 Tehniéki fakultet, Nis, Srbija i Crna Gora, *Technologki fakultet, Novi Sad, Srbija i Crna Gora

Visokopolarni kauc¢uci reaguju medusobno aktivnim funkcionalnim grupama
kondenzacionim ili supstitucionim reakcijama na visokim temperaturama. Hlo-
rosulfonovani polietilenski kaucuk (CSM) je visokoreaktivni kauCuk, zahvalju-
juéi —SO2CI grupi. Reakcija CSM kaucuka sa nitrilnim kaucukom (NBR) odvija
se na visokim temperaturama. Fourier Transform infraracrvena spektroskopija
(FTIR), pokazuje da su CSM/NBR (50:50) blende samoumrezavajuce, pri Ce-
mu se umrezenje odvija putem akrilonitriine grupe iz NBR i —~SO2CI grupe iz
CSM kaucuka. U toku umrezavanja -CN grupa reaguje sa HCl iz CSM-a i

obrazuje amid.
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