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Synthesis of Graft Copolymers from Highly
Deproteinised Natural Rubber

YUICHI FUKUSHIMA", SEIICHI KAWAHARA "
AND YASUYUKI TANAKA™#

Highly deproteimised natural rubber (HDPNR) latex was prepared by wncubation of
commercial hgh-ammonta latex with a proteolytic enzyme n the presence of a surfactant,
Jollowed by repeated centrifugation jor two nmes. The nitrogen content of HDPNR was
less than 0.02%, suggesting the nearly complete removal of protemn from the rubber. A
graft copolvmer of natural rubber with styrene was made from HDPNR latex using tert-
butyl hvdroperoxide/tetraethylenepentamine (TBHPO-TEFPA) as an organic redox initiator.
The styrene content, grafting efficiency and molecular weight of grafied polystvrene were
significantly increased by deprotemisation. The number of grafting sites for graft copolymer
Srom HDPNR latex was about three times larger than that determined for graft copulymer
JSrom untreated natural rubber latex. The difference between the behaviour of HDPNR and
untreated natural rubber was due to the removal of protein and of naturally occurring

antioxidants present m untreated natural rubber latex.

Synthesis of graft copolymers from natural
rubber has been investigated in solution, latex
and solid state'. Qil resistance of natural rubber
was reported to be improved by graft
polymerisation with acrylonitrile®. These graft
copolymers were prepared by radical
polymerisation® ®, metalation with lithium
catalyst’ and living anionic polymerisation
followed by ene-reaction®® for the sake of
achieving a high grafting efficiency. Since
natural rubber is obtained from Hevea
brasiliensts as latex, the most desirable graft
polymerisation for the practical use must be
carried out in the latex state.

Several approaches for graft polymerisation
in latex have been investigated for the reaction

between particulate natural rubber dispersed
in latex and vinyl monomer by free radical
polymerisation**%!° or v irradiation®. Some
important reaction conditions were suggested
to accomphsh a homogeneous distnbution of
polymerised vinyl monomer in rubber particles
However, little work has been done on the
molecular weight of grafted polymers, number
of graft points and graft efficiency.
Furthermore, thermoplastic ¢lastomers having
good physical and mechanical properties have
not been prepared due to the interference of
naturally occurring non-rubber constitaents that
are present in natural rubber, z.e. protems',

In some recent studies'>'®, highly purified
natural rubber was prepared by deprotemisation
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with a proteolytic enzyme m the presence of
surfactant(s) The residual mtrogen content
of highly deproteinised natural rubber
(HDPNR) was less than 0 (2%, which was
attributed to the di- to tr1- peptide sequences,
suggesting complete removal of proten The
HDPNR latex was stabilised with surfactant(s)
to prevent coagulation A synthetic antioxidant
was usually added to HDPNR because it
contamned less naturally occurring antioxidants
The green strength of HDPNR from
commercial high-ammoma latex was almost
identical to that of untreated natural rubber 1n
spite of the absence of protemn'® Tensile
strength. modulus and permanent-set were
almost the same for the sulphur-cured films
from HDPNR and untreated natural rubber'’
The potential of Type 1 allergy was significantly
reduced for HDPNR'® These findings mply a
possible use of HDPNR for graft
copolymerisation without a loss of mechanical
strength to make an allergy-free thermoplastic
elastomer from natural rubber

In the present paper, the preparation of.a
graft copolymer of HDPNR with styrene in
latex by using a free radical mutiator 18 reported
The molecular weight of grafted polymer,
number of graft points and graft efficiency
were estimated by GPC measurements of
extracted graft copolymer and its ozonolysis
products The reaction conditions were
investigated for graft polvmerisation of
HDPNR with styrene monomer without
degradation of the rubber, and the results were
compared with those of untreated natural
rubber

EXPERIMENTAL
Materials

Natural rubber latex used was commercial
high-ammoma natural rubber (HANR) latex

Styrene monomer (Kishida Chemical Co ) was
purified by washing with 10 w/v% KOH
aqueous solution followed by distillation under
reduced pressure Benzoyl peroxide (BPO).
tert-buty! hydroperoxide (TBHPQ), cumene
hydroperoxade (CHPQ), di-tert-butyl peroxide
{DBPO), dicumyl peroxade (DPO), 4.4'-
azobis(4-cyanovaleric acid)(ACVA), 2.2'-
azobs(2,4-dimethylvaleromtrile}(V-65), 2,2'-
azobis-1sobutyronitrile (AIBN), tetracthy-
lenepetamine (TEPA) and dimethylamihine
(DMA) were used without purification

Enzymatic deproteinisation of natural rubber
was carred out by mcubation of the HANR
latex dituted to 30% dry rubber content {DRC)
with 0 04 w/v% proteolytic enzyme (Novo
Alcalase 2 0T®) and 1 w/v% sodium dodecyl
sulphate (SDS) for 12 h at 38°C followed by
centrifugation at 10 000 g!'*!° The cream
fraction was redispersed i 1 w/v% SDS to
make 30% DRC and centrifuged again to
prepare HDPNR latex The HDPNR latex was
diluted with distilled water to make 8% DRC
and SDS was added up to 004 w/v% No
antioxidant was added to the latex

Graft Copolymerisation

Graft copolymers of natural rubber with
styrene were prepared from untreated HANR
latex and-from HDPNR latex, respectively
both of which were adjusted to 8% DRC The
purified styrenc of 8 ml and radical mtiator of
16 x 103 ~ 130 = 10 mol/g-rubber was
added to 100 ml latex and the mixture was
gently stirred 1 a reaction vessel under mitrogen
atmosphere for 1L at room temperature If
necessary, 023~1 8 ml of 10 w/iv% TEPA
solution was added to the mixture just before
beginning the redox reachion The reaction was
carried out by sturing the latex at 400rpm
for 2 h at a defimite temperature between 30°C
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and 80°C. The unreacted styrene was removed
by using a rotarv evaporator under reduced
pressure, The as-prepared graft copolymer
(gross polymer) was obtained by drying the
reacted latex under reduced pressure for more
than a week. A control experiment was
conducted without styrene.

The gross polymer was extracted with
acetone/2-butanone 3:1 mixture in a Soxhlet
apparatus for 24 h umder nitrogen atmosphere
in the dark and dried under reduced pressure
for more than 3 days.

Ozonolysis

Ozonisation was carned out by blowing an
equimolar amount of ozone in ozonated oxygen
(1.3%) through a 0.4 w/v% methylene chloride
solution of the extracted graft copolymer at
-30°C. Reductive degradation of the resulting
ozonide was performed by reaction with lithium
aluminum hydride (LiAlH,) in diethyl ether
followed by decomposition of residual LiAIH,
with water'®, After reductive degradation,
grafted polystyrene, thus isolated from graft
copolymer, was dissolved in a small amount
of chloroform. The chloroform solution was
centrifuged, and the polymer was precipitated
by methanol.

Measurements

Gel contents were determined by treating
0.8 ¢ of the graft rubber with 40 ml dried
toluene, which was kept without stirring for a
week in the dark at ambient temperature. The
gel fraction was collected as a bottom fraction
obtained by centrifugation at 10 000 g for
40 min. The soluble fraction of rubber was
coliected as a sol fraction, which was
precipitated with an excess amount of
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methanol. The collected gel and sol fractions
were dried under reduced pressure at 40°C
for a week. The gel content was estimated
from the masses of the gel and sol fractions.

Nitrogen content was determined by a
Yanako CHN Corder MT-5 elemental analyser,
using about 10 mg rubber samples.

GPC measurements were carried out for
soluble fraction of the rubbers using a
JASCO 980 PU high-pressure pump,
JASCO 930 RI detector and JASCO 970 UV
detector. Two preparative GPC columns
(7.5mm 1.d. x 500 mm and 75 mm 1d. x
300 mm), packed with styrene-divinylbenzene
copolymer were used in series using
chloroform as eluent.

TH-NMR spectra were recorded with a
JEQL FX-200 spectrometer using 45° pulse,
with pulse repetition time of 6 s, to determine
the styrene content in the graft copolymer.

RESULTS AND DISCUSSION
Radical Initiator

The radical imtiators examined for the graft
copolymerisation are tabulated in Fable I,
where half-lives of the initiators are also shown.
Organic free radical initiators were mainly used
in the present work to attain homogeneous
distribution of polymerised vinyl monomer
throughout the latex particles by penctration.

Table 2 shows the gel content, number
average molecular weight (M ), weight average
molecular weight (M), and polydispersity
(M_/M ) for HDPNR coagulated from the latex
stu'red at 60°C or 80°C for 2 h in the absence
of radical initiator. It is evident from a
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TABLE 1 RADICAL INITIATORS USED IN THE PRESENT WORK

Intiator Half“Iife (min) Reaction
(Temperature) Temperature (°C)
Benzoyl perpxide (BPO) 476 (61°C) 60
Tert-butyl hydroperoxide (TBHPO) 1255 (173°C) 60
Cumene hydroperoxide (CHPO) 385 (139°C) 60
Di-tert-butyl peroxide (DBPO) 600 (126°C) 60
Dicumyl peroxide (DPO) 600 (117°C) 60
4 4'-azohis(4-cyanovaleric acid)(ACVA) 252 (70°C) 60
2,2"-azobis(2,4-dimethylvaleroniirile}(V-65) 607 (31°0) 6l
2,2'-azobhis-1sobutyronitrile (ATBN) 678 (70°C) 60
BPO-dimethylaniline 13 (20°C) 25
TBHPO-tetracthylenepentamine (TEPA) 30
CHPO-TEPA 40

TABLE 2 GEL CONTENT, M, M_AND M_/M_FOR HDPNR AND HDPNR COAGULATED FROM
THE LATEX STIRRED AT 60°C OR 80°C IN THE ABSENCE OF RADICAL INITIATOR

Rubber Gel content M /10% M _/10° M, M
HDPNR 59.8 102 110 108
HDPNR at 60°C 661 97 104 10.7
HDPNR at 80°C 514 124 838 7.1

comparison of the stired HDPNR with the
untreated one that the values of M_ and M /
M_ were reduced by stirring at 80°C and the
mn value was increased. In contrast, the values
of M, M_and M /M _did not change at 60°C.
The gel content was significantly reduced by
stirring at 80°C, while it was increased at 60°C.
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The decrease in M and increase in M_ at
80°C indicated that degradation occurred for
mainly high molecular weight fractions of the
rubber to form low molecular weight fractions
Thas is consistent with the decrease in the gel
content at 80°C. To prepare the graft
copolymer at high vield, the degradation of



Journal of Rubber Research, Volume 1(3), 1998

rubber has to be mimmsed Thus. 1t was
desirable to use reaction temperatures less than
60°C for graft polymensation with the radical
imtiator The reaction temperatures applied
this work are hsted in Table I, where the
temperature was set to be low for orgamc
redox mitiators

Typical GPC curves for unreacted HDPNR
and reacted HDPNR using radical imtiator of
3 3 x 107° mol/g-rubber are shown m Figure I
The bimodal distribution characteristic of
natural rubber was altered by the reaction with
radical mnitiator At the reaction temperature of
60°C, BPO and AIBN changed significantly
the molecular weight distibution of rubber,
as shown in Figure I The values of gel
content, M M . and M /M are summansed
for the reacted HDPNR m Table 3 The
molecular weight values were decreased to
one-half or one-third by the addition of ACVA,
AIBN. BPO or V65 The gel content was
sigmficantly reduced by ACVA, BPO and V63
and was about one-half by AIBN These results
demonstrate that ACVA, AIBN, BPO and V65
act predomunantly to degrade HDPNR On the
other hand, the values of gel content, M M
and M /M for HDPNR stirred with CHPO
DBPO DPO or TBHPO were almost identical
to those of unreacted HDPNR suggesting that
little reaction occurred at 60°C due to mactivity
of the mtator In fact, styrenc monomer was
not polymerised by CHPQ. DBPO, DPQ and
TBHPO

As shown mn Table 3, the gel content was
slightly reduced by usmg the organic redox
irtiators such as TBHPO-TEPA and BPO-
DMA, but reduced significantly by CHPO-
TEPA The values of M, M_ and M_/M_ of
the rubber were not changed by BPO-DMA,
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while 'Mn and wa'nﬁn were decreased to about
one-half by TBHPO-TEPA Styrene was
polymerised with TBHPO-TEPA, but not with
BPO-DMA because half-life was extremely
short Moreover, the ability of TBHPQ-TEPA
to mitiate polymerisation was reported to be
mdependent of the presence of ammonium
cation'' Consequently, TBHPO-TEPA was
clanfied to be the most appropriate radical
mtiator for the graft copolymerisation of
HDPNR, this combnation has been used for
graft polymensation 1n untreated natural rubber
m previous work® ¢

Graft Copolymerisation

The styrene content of the as prepared graft
copolymer (gross polymer) from HDPNR
grafted with polystyrene (HDPNR-PS) was
compared with that of gross polymer from
HANR prafted with polystyrene (HANR-PS)
m Figure 2 The styrene content of HDPNR-
PS ncreased as the TBHPO-TEFPA
concentration increased, while the content of
HANR-PS was almost mdependent of the
mitiator level The styrene content of HDPNR-
PS was higher than that of HANR-PS by four-
times at higher level of TBHPO-TEPA The
difference in the styrene content may be
explammed due to the absence of protem and
naturally occurring antioxidant in HDPNR,
since the protein and naturally occurring
antioxidant present in HANR react easily with
free radical

The gross polymer was extracted with
acetone/2-butanone 3 1 mixture In Figure 3
the extracted soluble fraction was shown to
be a mixture of polystyrene and low molecular
weight rubber, the 1soprene unit content of
which ranged from 11% to 6 0% Thus, the
1soprene content of the soluble fraction was



TABLE 3 GEL CONTENT, M _M—w AND 'nﬁw/ ﬁn FOR HDPNR COAGULATED FROM THE LATEX

STIRRED AT 60°C IN THE PRESENCE OF RADICAL INITIATOR

n

Initiator Gel content ﬁn/ 104 Hw/ 10° MW/MH
BPO 107 6.9 36 58
TBHPO 542 7.5 R0 106
CHPO 61.1 146 116 g1
DBPO 61.1 18.6 13.6 73
DPO 569 91 127 110
ACVA 35 1o 70 64
V-65 35 82 53 6.6
AIBN 322 90 69 7.7
BPO-DMA 397 i15 12.7 110
TBHPO-TEPA 54.1 113 58 46
CHPO-TEPA 193 76 45 60

A BPO

B TBHPO-TEPA
C AIBN

D V-68

Control

B

Figire | GPC curves for unreacted HDPNR and HDPNR reacted with radical imnarors
The mtensity w vertical aus o5 represented i arburar v unit for the comparison.
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Figure 2. Stvrene content of as-prepared graft copolymer (gross polymer) prepared
from HDPNR and from HANR.

neghigibly low and the graft copolymer was
assumed to be free from PS.

The grafting efficiency (y) was estimated
as follows:

_ Mass of grafted monomer (g)
" Mass of polymerised monomer (g)x
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where the mass of polymerised monomer is
the styrene content (by mass) of the gross
polymer and the mass of grafted monomer is
the styrene content of the acetone/2-butanone
insoluble fraction. In Figure 4, the dependence
of grafting efficiency on the initiator concen-
tration is shown for HDPNR and HANR. The
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value of grafting efficiency for HDPNR was
distinguishably higher than that of HANR. This
demonstrates that the ability to form graft
copolymer for HDPNR is significantly
enhanced by removing protein, a part of which
covered the surface of the HANR particles.
The plot of grafting efficiency versus initiator
concentration showed a smooth maximum,
from which the largest grafting efficiency
provided the best initiator concentration, being
3.3 x 107 mol/g-rubber. The decrease in
grafting efficiency with further increasing
initiator concentration may be a consequence
of side reactions such as homopolymerisation
of styrene monomer occurring at higher initiator
concentrations,
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Figure 3. GPC curves for HDPNR, acetone/2-butanone exiract of HDPNR-PS
and fraction for HDPNR-PS, insoluble in acetone/2-butanone.

Gel Content and Molecular Weight of Graft
Copolymer

Table 4 shows the gel content and estimated
values of Mn, Mw and Mw/Mn for sol fractions
of HDPNR-PS and HANR-PS. The values of
M, M, and M_/M_for the sol fraction of
HDPNR-PS were quite similar to those for
HANR-PS, and they decreased as imitiator
concentration increased. On the other hand,
the gel contents of HDPNR-PS, which
appeared to be increased to some extent by
graft copolymenisation of HDPNR, was smaller
than that of HANR-PS. The difference in gel
content between HANR-PS and HDPNR-PS
must be due to the influence of non-rubber
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components. The decrease in molecular
weights of the sol fraction and increase in the
gel content with increasing initiator level
demonstrate that not only graft copoly-
merisation but also degradation and gelation
occurred as the initiator concentration was
increased.

The styrene content and grafting efficiency
for the graft copolymers prepared from HDPNR
were significantly larger than those for the
graft copolymers from HANR despite the fact
that the molecular weights of the sol fractions
were similar for HDPNR-PS and HANR-PS.
To explain the relationship among styrene
content, grafting efficiency and molecular
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Figure 4 Grafting efficrency versus munator, TBHPO-TEPA, concentration, for
HDPNR and HANR

weight of graft copolymer, it was important
to estimate the molecular weight of the grafted
PS for the sol and gel fractions of both
rubbers The grafted PS was isolated from
the gross polymer by extraction with acetone/
2-butanone 3.1 nuxture followed by ozonolysis
of the msoluble fraction at low temperature
The estimated values of M, M_, M _M_ for
the grafted PS are histed m Table 5 The valnes
for the grafied PS from both HDPNR-FS and

(Hn for graft copolymer) x (mole fraction of styrene units)

HANR-PS dhd not vary greatly with the mitiator
concentration. The values for grafted PS from
HDPNR were higher than those for grafted
PS from HANR

An average number of grafted sites per chain
(f) for each sol fraction from HDPNR and
HANR was estimated from the molecular
weights of both grafted polystyrene and graft
copolymer as follows

n=

(M_ for grafted polystyrene)
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TABLE 4 GEL CONTENT, ﬂn, Mw AND Kﬁ_w/mn FOR HDPNR-PS AND HANR-PS COAGULATED
FROM THE LATEX GRAFTED AT 30°C TBHPO-TEPA AS INITIATOR

Inttiator concentration Gel content M /10% M /10° M /M
(107 mol/g-rubber) n w won
HANR-PS
16 707 72 73 101
33 644 86 50 58
65 768 60 39 65
130 722 58 21 36
HDPNR-PS
16 420 72 70 97
33 64.0 58 43 74
65 60.0 58 39 67
130 613 48 30 63

where the value of Mm for grafted PS is
assumed to be similar for the sol and gel
fractions. As shown in Table 3, the value of A
for HDPNR-PS was larger than that of HANR-
PS by three times, except for the graft
copolymer prepared with the initiator
concentration of 16 x 107 mol/g-rubber. The
value of . was the largest at the initiator
concentration of 3.3 x 10~ mol/g-rubber for
the both rubbers, respectively. This implies
that the initiator is consumed mainly for graft
copolymerisation at 3.3 x 10~ mol/g-rubber,
but less for degradation and homo-
polymerisation.

In a previous work®, the grafting efficiency
and average number of grafted sites of grafl
copolymer, prepared from untreated natural
rubber latex by radical copolymensation, was
reported to be such that the reaction product
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was unsuitable for commercial use as
thermoplastic elastomer In the present work,
the grafting efficiency and average number of
grafted sites were significantly increased by
deproteinisation. This demonstrates that the
reaction of the rubber molecule with radical
initiator was made more effective by removing
both protein and mnaturally occurring
antioxidant. Furthermore, it is clearly shown
that, at the initiator concentration of 3.3 x 107
mol/g-rubber, the graft copolymerisation of
HDPNR occurred preferentially over
degradation and homopolymerisation,

CONCLUSION

Highly deproteinised natural rubber (HDPNR)
latex was prepared by incubation of
commercial high-ammonia latex with a
proteolytic enzyme in the presence of a
surfactant, followed by centrifugation twice,
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TABLES MM , M /M AND AVERAGE NUMBER OF GRAFTED SITES PER CHAIN, fi,
OF GRAFTED COPOLYMER EXTRACTED FROM HDPNR-PS AND HANR-PS COAGULATED
FROM THE LATEX GRAFTED AT 30°C USING TBHPO-TEPA AS INITIATOR

II?E)?;;;’:::; trl;m M /107 M /108 M /M i
HANR-PS
16 6.4 16 26 0.50
33 53 09 16 095
65 58 12 20 030
130 51 09 16 045
HDPNR-PS
16 104 33 12 041
33 43 12 29 313
65 93 5.1 55 136
13.0 9.0 41 45 148

The molecular weight of HDPNR was not
changed when the latex containing cumene
hydroperoxide (CHPQ), di-tert-butyl peroxide
(DBPO), dicumyl peroxide (DPO) or tert-butyl
hydroperoxide (TBHPO) was stirred. The
gel content of HDPNR increased by stirring
with TBHPO-tetracthylenepentamine (TEPA)
at 30°C, whereas the values of mn, MW and
M /M were reduced. Use of the initiator
TBHPO-TEPA at 30°C and a concentration of
3.3 x 107° mol/g-rubber produced graft
copolymer of hgh styrenc content with good
grafting efficiency, as well as suppressing both
degradation of the rubber and homo-
polymerisation of styrene. The grafting
efficiency and styrene content of HDPNR-PS
copolymers were higher than for HANR-PS
copolymers.
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The graft copolymer was isolated from the
gross polymer by extraction with acetone/
2-butanone 3:1 mixture. The molecular weight
of the grafted polystyrene, which was
determined by GPC measurement of ozonolysis
products of the extracted graft copolymer, was
significantly increased by the removal of protein
from HANR. The number of grafied sites for
HDPNR-PS copolymers was larger than that
for HANR-PS copolymers. The differences in
styrenc content, grafting efficiency, molecular
weight, gel content and number of grafted
sites between HDPNR and untreated natural
rubber were explained on the basis of the
removal of protein and naturally occurring
antioxidant from untreated natural rubber, since
they react easily with free radical.
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