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ABSTRACT: The effects of solvent, temperature, rime, weight percent of catalyst on the
rate and mechanism of cyclization of natural rubber (NR) was studied in toluene and
xylene solutions having tin tetra chloride catalyst (SnCly). Iodometric fitration show,
with 8% SnCl, (based on polymer weight) cyclization occurs, leaving 27.4% of the total
unsaturation. Infrared spectra of cyclized NR show decreased absorption intensity ar 840
and 780 cm™' which are characteristic bands of the linear polymer and the appearance
of absorption band at 890 cm™ as cycles were formed. By using this chemical modifica-
ton, NR is transformed into a resinous thermopiastic, hard, non rubbery cyclized
material with much less unsaturation than the original rubber, which could find
commercial applications as adhesives, printing inks, industrial and ship paints.
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polyisoprene.

INTRODUCTION

Cyclization reaction can occur when there are two
neighboring units that can react together to yeld
cycles in the presence of appropriate reagents. The
intramolecular cyclization of polyisoptene, involving
two monomer units of the same kind, caused by vari-
ous acids or Friedel-Crafts catalysts has been the
subject of extensive investigation of many authors.
[1-3}.

Upon reaction with strong or Lewis acids such as
BF; , TiCl, , SnCl, , FeCl, or variety of reagents
such as sulfonyl chloride, NR can be transformed in
to resinous thermoplastics, non rubbery hard mate-
rials with much less unsaturation than the original
rubber and have found commercial applications as
adhesives, inks and paints. The transformation from a

rubber to a resin is accompanied by a partial loss of
the original unsaturation without any change in iso-
prene’s empirical formula C;H; . While the molecu-
lar weight remains high, the product is still soluble in
rubber solvents so that cross-linking of the chains is
rare. [t has been concluded that intramolecular bonds
are formed leading to ring structures within the chain
and hence these products are called cyclized rubber
or cyclorubber [4-11]. It has been proposed that pairs
of adjacent isoprene units form six membered rings
by a carbonium ion mechanism. In support of this
structure the following changes on cyclization were
observed, loss of about one half of the original
unsaturation, complete disappearance of trialkyl
substituted double bonds, R;R,C=CHR, according
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o spectroscopic measurements [1,12].

Then, has been a controversy as to whether the
product consists of monocyclic or polycyclic ring
structures, suggesting the formation of polycyclic
condensed ring structures by continuation of cycli-
zation reaction after formation of the cyclic carbo-
nium ion with successive addition to the double bonds
of the adjacent isoprene units. However recent, evi-
dence support the existance of an average tricyclic
structure for cyclized rubber [13,14].

In the present work, NR was dissolved in solvent
and the viscous cement was charged in to a jacketed
reactor equipped with a reflux condensor and to it is
added a catalyst such as SnCl, . In the course of reac-
tion the viscosity is diminished and the degree of cyc-
lization is controlled by the time and reaction condi-
tions. Reaction is terminated by the action of alcohol
which decomposes the addition compound to yield
the final cyclorubber. We considered the effect of
time, temperature, solvent and catalyst concentration
on the remaining unsaturation.

This cyclized NR withstands water and exhibit
resistance to weak and strong acids, alkalines, salts
and other corrosive chemicals. Outstanding applica-
tions of cyclized NR are found in papercoatings.
These products allow extremely low water-vapor
trapsmission rates while providing good heatsealing
compositions. The growth of usage of this product in
the ink fields has been large primarily since it can be
employed for production of instantaneously drying
inks. An other application of cyclo NR is in rein-
forcement of natural and symthetic rubber composi-
tions and in such uses it increases the tensile
strength, elongation, hardness and abrasion resis-
tance and improve resistance to impact. Paints pro-
duced from cyclorubber are used in applications
requiring high resistance to chemicals like industrial
and ship paints.

The aim of this work was chemical modification
of NR for producing ship paints [21].

EXPERIMENTAL
Materials

Deproteinized NR [17] with Mn = 2.73 x 10° was
used. SnCl, was synthesized producing Cl, by
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reacting HC| with KMnQ, and passing the produced
gas through H,SO, , and then reacting it with Sn.
All chemicals were analytical grade obtained from
Fluka (Diesenhofen, Germany) or Aldrich (Milwaukee,
WI, USA) and used without further purification.

Instruments

IR-Spectra were obtained on a Jamasco (Japan)
model spectrometer on purified thin polymer films
casted on to NaCl plates.

METHOD
Cyclization procedure

Solutions of 10% NR in either xylene or toluene
containing 5,8,10% by weight of SnCl, (based on NR
weight) were heated in a 500ml, 3-necked flask
equiped with a coiled condensor, stirrer and ther-
mometer. Representative samples of each solution
was kept at 80, 100, 120°C respectively (Table 1).
After 3, 5, 8, 10, 12, 15, 20 hours, about 20-30 mL
sample were taken from each reaction medium. The
cyclized NR was isolated from the rest of solution by
pouring the solution into tethanol. Purifed cyclized
NR was obtained by washing it carefully with metha-
nol during filteration. Finally purified cyclized NR
was dried in vacuum at 40°C and kept for further
analyses.

RESULTS AND DISCUSSION
The iodine value of the starting NR and each

Table 1: Conditions of each experiment

/Numbcr Weight Temperatua
of catalyst (%) of reaction (°C}
1 5
2 8 80
3 10
4 5
5 8 100
6 1o
7 5
8 8 120
\ 9 10 /
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cyclized sample was determined via iodometric titra- of unsaturation in the NR and the cyclized samples,
tion (Heap method) in order to assess the percentage Figs. (1-6).
100 ~. 100
80 80
& —
1
= 60 = 60
=} =
= =]
£ £ 40
= E ® 5% 5nCl
W w 4
2 * 5%snCl, b4
20 20 m 8% SnCl,
=] B 3% SnCl, = A 16% $ncl,
4 10% sSnCl,
0 0"
6 3 6 9 12 15 18 21 o 3 5 8 10 12 15 20
Time(h) Time(h)

Fig. 1: Percentage of unsaturation in the NR cyclized with Fig. 4: Percentage of unsaturation in the NR cyclized with
5,8,10% 5nCl, at 80°C in Xylene 5,8,10% SnCl; at 80°C in Toluene
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Fig. 2: Perceniage of unsaturation in the NR cyclized with Fig. 5: Percentage of unsaturation in the NR cyclized with
58,10% SnCl, at 100°C in Xylene 5,8,10% SnCly at 100°C in Toluene
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Fig. 3: Percentage of unsaturation in the NR cyclized with Fig. 6: Percentage of unsaturation in the NR cyclized with
5,810% SnCl, at 120°C in Xylene 5,8,10% SnCly at 120°C in Toluene
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The results at 80°C show that the concentration
of SnCl, catalyst does not affect the cyclization
process, and at the same time the cyclization reaction
is incomplete. However, at 100°C under the same con-
ditions as above, the concentration of catalyst has a
very strong influence on the rate of cyclization; i.e.,
the cyclization proceeded very well and at 8% cala-
lyst, an unsaturation of 36% and 27% can be achieved
in xylene and toluene respectively. In other words at
this temperature, the concentration of catalyst not
only affects the process rate, but also changes the
nature of the double bonds. The results at 120°C are
indicative of the fact that ar this temperature the rate
of cyclization, is affected without any strong effect on
the reaction mechanism. As for the influence of sol-
vent, medium, a comparison of the results shown in
Figs. 1-3, to those of 4-6, demonstrated that tocluene
is more effective than xylene, which may be due to
better dissolution of NR in toluene; ie. providing
better conditions for the cyclization reactions.

A comparison of the IR spectra of NR before and
after cyclization, Figs. 7 and 8, show the IR changes
that occur during cyclization of NR. The major
change being the disappearance of the 840 and 780
em™! of trialkyl substituted double bond and the
appearance of an absorption band at 890 cm™' which
is indicative of the formation of cyclic entities. It is
difficult to decide whether monocyclic, bicyclic, or
polycyclic structures are formed simply on the basis
of the determination of -C=C- double bond because
of the unreliability of chemical methods of analysis
and very meager data on absorptivities of -C=C-
stretching vibrations in infrared analysis. Based on
the results of cyclization of NR by SnCl, it appears
that the type of cyclic structures formed depends on
reaction conditions and the nature of the solvent.

According to Gordon and Bloonfield [12), Golub
and Heller [1], the cyclization mechanism involves the
protonation of the double bond in the chain, Eq. 1:

SnCl, + H,0 = [H]* + [SnCl,OH]" (1)

The addition of the proton probably proceeds in
the Markownikoff sense to give an intermediate to
which two or at least one hydrogen atom is attached,
and the positive charge is localized on the carbon with
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Fig. 7: IR spectra of NR
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Fig. 8: IR spectra of NR after cyclization

no hydrogen [18,19]. The adjoining double bond in
the chain is then polarized and a new bond, closing
the ring, is formed. The positive charge then trans-
fers to the carbon atom on this next double bond

(Fig. 9).

CONCLUSION

It was shown that at 100°C in toluene solution,
not only the rate, but also the mechanism of cycliza-
tion changes and that in the presence of 8% SnCl, at
100°C in toluene 27.4% of the total unsaturation
remains in the cyclized NR which is a remarkable
degree of unsaturation.
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The degree of cyclization and the formation of
mona-, bi-, ar polycyclic structures can be estimated
from the decrease of intensity of absorption bands
characteristic of the original double bonds and from
the decrease of the total amount of unsaturation.

ACKNOWLEDGMENT

1 would like to express my deep appreciation to
supervisor of this research work, Prof. Dr. Ngo Duy
Cuong Vice-Dean of Faculty of Chemistry at Hanoi
University in Vietnam.

Received, 27th July 1999 ; Accepred, 6th March 2000

The Cyclization of Natural Rubber

Vol 19, No. 2, 2000

REFERENCES

(1]

Golub, M. A and Heller, J., Can. J. Chem, 41,
937(1963).

Rao, N.V.C., Macromol. Chem., 16, 1198(1955}.
Ramakrishnan, C.S., Dagupta, S. and Rao, N. V.
C., Macromol. Chem., 20, 46(1956).

Stolka, M., Vodehnal, J. and Kossler, 1., J Polym.
Sci., 42, 3987(1964).

Whelan, A, "Developments in Rubber Techno-
logy", Applied Science, London, (1979).
Salamone, J. C. "Polymeric Materials Encyclo-
pedia®, Vol. 2., CRC press, USA, (1996).
Yuxing, P., Juhong, W. et al, Pohym. Int, 39(1),

-

CHa Hs = —H: —CHy CHa w
l . \ \
—(H2—C CHz— —(Ha—C THi— [} CHi— c CHym—
1 / . 7 / /N . /N 7
M ™ +H <l:‘az ol ti:'ﬂ: CH -K clm c
= I N = I
(ij'h (!‘. Ciz c CHa c CHa c
NSO NN \ VAN \ VAR
CHa CHa (o b CHs CHz CHa CH3 CHi
Mono cyclic ring structure
2) —Hs Hs —; G
N N/
C Cl c CHa
/o Nep/ \ /o Ng /N
L N
H2C c’ —Hy HzC c C—CH3
ASERVARN Tl NN s
CHa CH CH-CHa— Ha Gl Cl}i
CHa—
-with a final deprotonation reaction giving one double bond to each ring system
—Cl:  Cis
NS
—CHa ok ~CHz s cC B i
7/ 7 /N7
[of CHa C Ha —H H3 e
— HC T CHa -H -HC C CHa 2 c H C d 4
oA = b | NV N VAN BN
HiC C C-CHs HzC c C—CHs 2 CHs C cH
sy g AR | T |
Oy Gy A Chh G2 € CHa [ C
\ l N/ Nve s
Cli— CHz— Gy CGia © Ha
CHi—
Polycyclic ring structure

Fig 9: The cyclization mechanism



Iran. J. Chem. & Chem. Eng.

63(1996).

{8] Galin, M., Eur. Polym. I, 7(2), 1455(1971).

(9] Kaszas, G.,J. AppL Polym. Sci, 39(1), 119(1990).

[10] Lee, D. F. and Scanlan, J., Rubber Chem. and
Tech., 36(4), 1005(1963).

[11] Goonotillek, P., et al, "Rubber Research In-
stitute of Malaysia®, K. L., pp. 429-439(1993).

[12] Gordon, M., Ind. Eng. Chem., 43, 386(1951).

(13] Guido, A., Macromol. Chem. and Phys., 195(11),
3701(1994).

{14] Bhowmick, A K., "Handbook of Elastomers",
Marcel Dekker Inc, USA. {1988).

[15] Grayson, M., "Encyclopedia of Chemical Techno-
logy", Vol. 11, John Wiley, U.S.A. (1972).

926

Mirzataheri, M.

Vol 19, No. 2, 2000

[16] Koleske, J. V., "Paints and Coating Testing
Manuals", ASTM Publication, U.5.A (1995).

[17] Fred, W. B., "Rubber Compounding", Marcel
Dekker, U.S.A (1988).

[18] Salamone, J. C, "Polymeric Materials Encyclo-
pedia’, Vol. 2., CRC press, U.S.A., (1996).

[19] Blackley, D. C., "High Polymer Latices", Vol. 1,
Garden City press, Great Britain (1999},

[20] Stolka, M., Vodehnal, J, Pofym. Sci, 2(A),
3987(1964).

[21] Mirzataheri, M., Cuong, N. D,, M.Sc. Thesis,
"Chemical Modification of NR", Hanoi Univer-
sity, Vietnam, {1993).



