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ABSTRACT: The preirradiation method of grafting has
been established by ultraviolet radiation. Methyl methacry-
late (MMA) was grafted onto jute fiber in an aqueous me-
dium. The variation of graft weight with UV-radiation time,
monomer concentration, and reaction time was investigated.
The conversion of monomer into homopolymer and graft
copolymer was evaluated. The graft weight passes through
a maximum value (~ 122%) with UV-radiation time. The
optimum value of the monomer concentration was evalu-
ated for maximum degree of grafting. Graft copolymeriza-
tion of MMA onto lignocellulose fiber significantly increases
the elongation at break (~ 65%) compared to that of the

“as-received” sample. However, a linear decrease on break-
ing load was observed with the increase of graft weight. The
estimation of degree of grafting was achieved using an IR
technique by correlating band intensities with the degree of
grafting. Considering the water-absorption property, the
grafted sample showed a maximum up to 61% decrease in
hydrophilicity compared to that of the as-received sample.
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INTRODUCTION

Jute is a natural biodegradable renewable lignocellu-
lose raw material composed' mainly of cellulose (58—
63%), hemicellulose (20-22%), and lignin (13-15%). In
addition to those major constituents, jute also contains
trace quantities of organic and inorganic pigments.
Lignocellulose polymer is mainly used for textile
products such as carpets, decorative materials, cloths,
and so forth. For such applications of jute fiber a
higher extensibility and low water absorption prop-
erty are required. Although jute has high tensile mod-
ulus, it suffers low elongation at break compared to
that of other natural cellulose fibers.

Graft copolymerization is a well-establish technique
to improve the desired properties of both natural and
synthetic polymers. Different methods of graft copo-
lymerization have been developed in the last few de-
cades and these are well reviewed.'* Such methods of
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graft copolymerization are primarily divided into two
categories: (1) chemical initiation and (2) irradiation
initiation methods, which can be further subdivided
into (a) high-energy irradiation and (b) UV-irradia-
tion. Among these the ceric-ion initiation and high-
energy radiation initiation are well-known methods.
The high-energy radiation initiation methods also sub-
divided into preirradiation and “simultaneous irradi-
ation and grafting” methods. Each method of grafting
initiated by high-energy radiation has advantages and
disadvantages as discussed in several published
works.> It has been reported that the high-energy
radiation deteriorated the mechanical properties be-
fore commencing graft copolymerization onto preirra-
diated jute fiber,® whereas the deterioration in the
mechanical properties was found' to be negligible
using UV-radiation before graft copolymerization
takes place with jute fiber. This could be attributable to
the fact that the UV-radiation is more selective in
nature than the y-radiation. Moreover, UV-radiation
equipment is more cost effective than vy-radiation
equipment.

Extensive research has been conducte on graft
copolymerization of various monomers onto natural
cellulose materials by using UV-radiation. Most of the
early works reported used the simultaneous irradia-
tion and grafting method, in which the radiolysis of all
components, such as parent polymer, monomer, sol-
vent, and other additives, are factors in initiating graft
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copolymer reaction. The disadvantage of this method
is the substantial amount of undesirable homopoly-
mer that forms in the system and the isolation of such
product becomes difficult.

Photograft copolymerization of methyl methacry-
late (MMA) was investigated by Gosh et al.® onto
bleached jute fiber using ferric sulfate [Fe,(SO,);] as
initiator under visible light. In this case, the light is
absorbed by the chromophore formed by the cellu-
lose-metal complex and the radicals are formed on the
cellulose backbone to initiate the graft copolymer re-
action. Davis et al.” investigated the graft copolymer-
ization of MMA with cellulose in a nonaqueous phase
using the simultaneous irradiation and grafting
method and found a substantial amount of homopoly-
mer attached onto the grafted-copolymer sample. It
has been reported'>'* that the degree of grafting of
various monomers onto cellulose depends on the
wavelength of light, types of photoinitiators, mono-
mers, and the role of the various solvents in UV-
radiation-induced simultaneous irradiation and graft-
ing method. Fouassier' reported that a very high
degree of homopolymer is formed in photoirradiation
grafting of MMA using the simultaneous irradiation
and grafting method. Several researchers found'®'”
that the organic solvents have a positive influence in
the grafting of MMA and other monomers onto cellu-
lose fiber by UV-radiation-induced simultaneous irra-
diation and grafting method. From a practical point of
view, the solvent will be wasted and the technique is
unlikely to be cost-effective and environmentally
friendly.

An alternative to the simultaneous irradiation and
grafting method is the preirradiation method, in
which the cellulose polymer is exposed to radiation
before being brought into contact with the grafting
reaction solution. Therefore, the reactive species such
as ionic, radical, and peroxide are confined into the
cellulose polymer and a lesser degree of homopoly-
mer formation is expected in the system. The peroxide
species are produced only when polymers are irradi-
ated in the presence of oxygen."* The preirradiation
technique has some advantages over the simultaneous
irradiation and grafting technique, such as the forma-
tion of less homopolymer in the system and increased
depth of penetration. Additionally, this technique can
be applied as a continuous grafting process in indus-
try.

The UV-radiation-induced preirradiation technique
has so far not been applied to the graft copolymeriza-
tion of hydrophobic monomer with lignocellulose fi-
bers in an aqueous phase. In this research, the graft
copolymerization of MMA onto jute fiber in water-
emulsified solution was investigated. Such an emul-
sion process is widely used to prepare graft copoly-
mers,'® where the emulsifier plays an important role
in bringing the monomers in contact with the sub-
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strate. The use of water emulsifier has some advan-
tages over the use of solution. For example, in an
emulsion process, reaction steps are easily controlled
and the graft copolymerization at low temperature
(0-80°C) can be produced without the use of expen-
sive solvents. It is therefore important to investigate
the feasibility of achieving efficient grafting of MMA
onto lignocellulose fiber using such a medium. MMA
was selected because of the hydrophobic nature of this
monomer is to reduce the water absorption property
of the jute-PMMA-grafted fiber for applications in the
carpet industry and a variety of other uses. The graft
copolymerization process is dependent on interdepen-
dent and cumulative parameters. The present study
analyzes the effect of preirradiation time, reaction
time, and monomer concentration at a reaction tem-
perature of 70°C, and how the MMA grafting influ-
ences the mechanical properties and hydrophobic na-
ture of the grafted product compared to the “as-re-
ceived” lignocellulose fiber. Infrared technique was
used to analyze the jute-PMMA-graft copolymer.

EXPERIMENTAL
UV-radiation source

The UV-radiation source was received from Jenton
International (Whitechurch, Hampshire, UK). The Jen-
ton STAT-I-CURE contains a compact UV oven, using
a 400-W Hg flood cure light source. Both power sup-
ply and lamp are integrally mounted within the cab-
inet, which is connected to a shutter mechanism to
prevent exposure to UV when the door is open. The
source produced radiant energy with about 85-90% of
the light in the desired wavelength range, for example,
254, 365, or 425 nm.

Materials

Jute fibers were supplied by Amin Jute Mill Co. (Ban-
gladesh), and on receipt the samples were stored at
room temperature (~ 20°C) and about 65% relative
humidity in a sealable bag in the dark. MMA was used
for the graft copolymer reaction, which was inhibited
with 10-100 ppm hydroquinone monomethyl ether,
and after delivery it was stored at about 5°C. Methanol
was used to dissolve the photoinitiator and 1,2-dichlo-
roethane was used as the solvent for homopolymer
extraction in Soxhlet apparatus. 2-Methyl-2-propene
1-sulfonic acid, sodium salt (98%) (MPSA) was used as
a homopolymer-inhibiting agent and was stored at
ambient conditions. These were obtained from Al-
drich Chemical Co. (Gillingham, Dorset, UK). A non-
ionic surfactant, octylphenoxy polyethoxyethanol,
used as an emulsifier throughout the grafting process,
was received from BDH Chemicals (Poole, UK). Oxy-
gen-free nitrogen (White cpst) was used. The photo-
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initiator (1-hydroxy-cyclohexyl-phenyl-ketone) was
supplied by Ciba Geigy (Summit, NJ) and after deliv-
ery it was stored in the dark at ambient conditions.
Deionized water was used as a graft copolymer reac-
tion medium.

Graft copolymerization

Jute fibers were gently combed thoroughly until free
from bark materials and separated into small bundles.
Each bundle, weighing about 2.0 g, was soaked in a
solution of methanol and photoinitiator (1-HCPK;
1.0% w/v) for about 15 h to ensure the incorporation
of photoinitiator into the jute substrate. Wet samples
were then irradiated with UV-radiation for different
lengths of time in the presence of air. The preirradi-
ated sample was immersed into a prepared reaction
solution. A reaction solution (100 mL) was prepared
by dissolving the required amount of emulsifier (oc-
tylphenoxy polyethoxyethanol) and MPSA in deion-
ized water, after which MMA was added. The solution
was emulsified with the aid of a “homogenizer” at a
speed of 2500 cycles/min for 2 min to break down the
MMA units into fine droplets. The emulsifier contains
nonpolar and polar parts in which MMA molecules
and water dissolve, respectively. It is known to form
micelles and the MMA molecules diffuse through mi-
celles to the jute substrate, given that water is a swell-
ing agent for jute fiber.

The solution was confined into a 200-mL glass reac-
tion bottle, and about 2.0 g of the preirradiated jute
sample was added to the solution, after which the
bottle was sealed with a rubber septum. The whole
assembly was purged with N, gas for 2 h using inlet—
outlet needles before immersing it in a thermostatic
water bath with a constant agitation system. Grafting
reactions commenced at a set temperature for a pre-
fixed period. The samples were taken out from the
reaction chamber, followed by washing with hot
deionized water several times to remove any traces of
unreacted monomer, and dried at 40°C to a constant
weight in the vacuum oven.

Homopolymers were removed by extracting the
grafted samples in 1,2-dichloroethane by refluxing in a
soxhlet apparatus until constant weight had been
achieved. Finally, extracted samples were dried in a
vacuum at 40°C and their weight recorded. Weight
percentage of grafting (%GW) was calculated accord-
ing to the following relationship:

W, — W,
%GW = ——— % 100 (1)
W,

where W, and W, are the initial weight and weight of
the grafted jute samples, respectively.
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Formation of homopolymer during grafting is un-
desirable because it reduces the amount of monomer
available for the grafting reaction. The homopolymer
content in the grafted jute was calculated as follows:

Wi
%Homopolymer = WX 100 (2)
M

where Wy, is the weight difference before and after
extraction of the grafted jute and is called homopoly-
mer content and W, is the total monomer weight used
in the reaction solution. The fraction of homopolymer
extracted in the solution was also collected after pre-
cipitation and measured in some cases.

Characterization
Mechanical properties

Measurement of the mechanical properties was car-
ried out at ambient conditions by using a micropro-
cessor-controlled material testing machine (Lloyd In-
struments M 5K, Fareham, Hampshire, UK) loaded
with a data analysis software package (DAPMAT 3.0).
Measurements were performed using a calibrated
load cell of 1 kN at a crosshead speed of 10 mm/min
with an internal extensometer with automatic break
detector having a constant gauge length (25 mm)
throughout the tests. Samples were wrapped around
the bollard before being clamped to the Grip (TG12).
Parameters such as the breaking load and the corre-
sponding elongation at which the specimen was rup-
tured were determined. The numerical values were
calculated as an average of the 10 measurements for
each type of sample. The average values of the me-
chanical parameters were normalized with respect to
the as-received sample and the results are presented.

ATR infrared spectroscopic analysis

The infrared spectra were taken at ambient conditions
using attenuated total reflection (ATR) spectrometers
(Graseby Specac, P/N 11209) with a 10-reflection ATR
unit and with a solid sample holder. The maximum
transmission was obtained by careful alignment of the
mirrors in the spectrometer. Samples of about 2.0 mg
of size less than 2 um were completely dispersed with
200 mg of dehydrated KBr using an agate mortar and
pestle. The whole was compressed into a transparent
tablet by applying a pressure of 8§-10 tons using an
evacuable die.

Water absorption measurement

In water absorption measurements, the weight of the
dry samples was recorded before samples were
soaked in deionized water until an equilibrium weight
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was achieved at ambient condition. Determination of
the water absorption was accomplished by centrifug-
ing the samples. The centrifuge tube had a fine mesh
strainer located away from the bottom of the tube to
allow excess water to drain away from the sample.
Also, the centrifuge tube was sealed to ensure 100%
relative humidity to prevent desorption of water by
the sample. The equilibrium water absorption capabil-
ity of jute fiber was calculated using the following
relationship:

C—A

X 100

(3)

Equilibrium Water Absorption (%) =

where A is the mass of the weighing tube, B is the
mass of the weighing tube and moist specimen from
centrifuging, and C is the mass of the weighing tube
and dry specimen. The values were calculated as an
average of five measurements for each specific sample
and results are presented.

RESULTS AND DISCUSSION
Graft copolymerization
UV preirradiation time-dependent grafting

Samples were irradiated for different lengths of time
within the range of 0-20 min in the presence of air and
the distance between samples to the center of the
source was maintained at 25 cm. The grafting was
carried out in sealed glass reaction bottles according to
the method described earlier. Immediately after irra-
diation the samples were immersed in the prepared
reaction solution. For each experiment, the reaction
solution contained 10 mL of MMA, 90 mL of deionized
water, 0.5 g of emulsifier, and 0.2 g of MPSA. The
grafting reaction was carried out at 70°C for 3 h with
constant agitation. The jute-PMMA-grafted samples
were extracted in a Soxhlet reflux system in hot 1,2-
dichloroethene until constant weight was achieved.
For each preirradiation time the graft weight was cal-
culated as an average of three measurements. The
results of the variation of graft weight plotted as a
function of preirradiation time are presented in Figure
1. Results show that the graft weight increases to
about 122% with the increase of irradiation time up to
7 min. Beyond this limit the graft weight decreases
and at 20 min of irradiation time the graft weight
decreased by 47% from the maximum value.

The grafting phenomenon is believed to be attrib-
uted to the subsequent reactions of reactive species
(e.g., radicals and peroxides) with MMA, which were
already created by UV-radiation with the aid of pho-
toexcited molecules. The photoexcited molecules ap-
parently abstract hydrogen atoms from the jute sub-
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Figure 1 Variation of graft weight with UV-radiation time
of MMA onto preirradiated jute fiber at 70°C. Conditions:
MMA, 10 mL; jute fiber, 2.0 g; MPSA, 0.2 g; emulsifier, 0.5 g;
deionized water, 90 mL; reaction time, 3.0 h.

strate and thus form macroradicals, which are capable
of initiating graft copolymerization in a suitable
monomer environment. The extent of grafting seems
roughly proportional to irradiation time up to about 6
min, suggesting that the radical concentration in-
creases, and that a further increase of radiation time
caused radicals to be terminated by a photoinduced
crosslinking reaction. During the reaction process, the
MMA conversion is directly related to the concentra-
tion of reactive sites already created on the jute—cel-
lulose backbone. Results are presented in Figure 2.

It is likely that the radicals produced in the amor-
phous region are mobile and migrate to neighboring
sites and finally recombine with another radical; as a
result the concentration of radicals decreases to an
extent of radiation time and the radicals remain avail-
able for grafting. It was also noticed that during irra-
diation the temperature increases to 45°C and at
longer radiation time the heating effect could ad-
versely affect the radiochemical yields of jute cellu-
lose.

Effect of reaction time

For this study, samples were exposed to a UV-radia-
tion source for 5.0 min with the same other irradiation
and chemical conditions as before. Preirradiated sam-
ples were immersed in the reaction solution where the
chemical compositions of the emulsion solution con-
tained 5 g/L of emulsifier, 2 g/L of MPSA, 10% (v/v)
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Figure 2 Percentage MMA conversion with radiation time
in the UV-radiation-induced preirradiation grafting process.

of MMA, and 90% (v/v) of deionized water. The re-
action temperature was found® to play a significant
role in the graft copolymerization process. Under the
above chemical compositions for an arbitrarily chosen
reaction time of 3 h, 70°C temperature was found to
give significant degree of grafting in the previous
tests. Therefore, the experiments on the reaction time
were carried out at this temperature. The results of the
variation of graft weight as a function of the reaction
time are presented in Figure 3. Results show that the
graft weight increases sharply up to 95% with the
prolonged reaction time up to 3 h. The increase of
graft weight for a particular irradiation time is ex-
pected with the increase in reaction time until all the
radiation-induced reactive species are depleted.

Influence of MMA concentration on grafting

Monomer concentration is the most effective chemical
parameter in the graft copolymerization reaction re-
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gardless of the method of grafting reaction. The mono-
mer concentration in the reaction solution influences
the degree of grafting by chemical reaction with the
cellulose radicals because it controls the monomer
diffusion. In these tests, samples were irradiated un-
der the UV-radiation source for 5.0 min with the ra-
diation conditions the same as for the reaction time—
dependent grafting. For each experiment, the reaction
was conducted at a set temperature of 70°C for 3 h.
The reaction solutions were prepared with different
amounts of MMA and deionized water with the other
chemical compositions the same as before.

The results in Figure 4 show that the grafting level
increases to about 94% with the increase of MMA
concentration of 10% (v/v), beyond which the degree
of grafting level tends to level off. It was also observed
that there was some unemulsified MMA, floating on
the surface of the solution, for grafting conducted at
15% (v/v) MMA concentration. The emulsifier with
the aid of homogenizer under constant mechanical
agitation breaks down the MMA monomer into fine
droplets and stabilizes them into the water phase.
Because jute is a highly water absorbent material, the
MMA units are distributed onto the surface of the jute
substrate. An increase in the amount of MMA in the
water phase resulted in the formation of larger parti-
cles. The number of particles formed was dependent
on the emulsifier concentration in the aqueous phase
and the number of micelles originally present. The
increased number of MMA droplets obtained by in-
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Figure 3 Effect of reaction time on the degree of MMA
grafting onto preirradiated jute fiber. Conditions: radiation
time, 5 min; reaction temperature, 70°C; MMA, 10 mL; jute
fiber, 2.0 g; MPSA, 0.2 g; emulsifier, 0.5 g; deionized water,
90 mL.
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Figure 4 Influence of the volumic percentage of MMA in
the MMA /deionized water emulsion on the degree of graft-
ing onto preirradiated jute fiber. Conditions: radiation time,
5 min; reaction temperature, 70°C; jute fiber, 2.0 g; MPSA,
0.2 g; emulsifier, 0.5 g; reaction time, 3.0 h.

creasing the amount of MMA requires more emulsifier
at the water-MMA interface, so that somewhat less
emulsifier is available for micelle formation.

Characterization
Mechanical properties

From the load versus extension curves, the maximum
load at which the samples break down and the corre-
sponding elongation at break were measured. The
load versus extension plots followed a similar pattern
for both grafted and as-received samples. The me-
chanical parameters for samples having different graft
weight by the UV-radiation induced preirradiation
method were evaluated and normalized by the value
obtained for the as-received sample and defined as the
relative breaking load and elongation. The relative
values were plotted as a function of the percentage
graft weight (%GW) and the results are presented in
Figure 5. The breaking load decreases up to 38% with
the increasing graft weight up to 67% of MMA. The
relative breaking load is found to decrease linearly
with the increase in graft weight. The decrease in
breaking load with %GW is termed the constant of
deterioration (K; = —0.00937/%GW) and is repre-
sented as

F,, = 1+ K, (%GW) (4)
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where F,, is the relative breaking load, which is the
ratio of the breaking load of the grafted to that of
as-received samples, and K is the constant of deteri-
oration determined from the slope of the straight line.
However, the percentage of elongation showed an
increase of up to 65% and reached a steady level with
the increase of graft weight to 67%. The data points
were fitted to a first-order exponential equation of the
following form:

El,,=Ely+ Aexp[—(%GW)/t] (5)

where El,, represents the relative elongation at break
(i.e., normalized with respect to the values for the
as-received sample). The coefficients were estimated
to be El, = 1.6302 + 0.0255, A; = —0.61786 * 0.04427,
and t; = 6.27 * 1.12. The results (Fig. 5) show that
grafting of jute causes a decrease in the breaking load.
This could be attributable to the dead weight of graft
chains attached to the lignocellulose backbone. Fur-
ther, the fiber may have interchain PMMA-graft links
that make the fibers rigid. Consequently, there is a
decrease in the binding strength despite a reinforce-
ment by the graft copolymerization of MMA onto jute
fiber. It is likely that a greater disruption of the strong
hydrogen bonds in the jute—cellulose main structure
cannot compensate for the relatively weaker bonds
produced by the graft copolymer with MMA. This
reduces the hydrogen bonding or the degree of chain
entanglements. The increase in elongation suggests
that the degree of molecular chain mobility becomes
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Figure 5 Variation of the relative breaking load and elon-
gation with the degree of MMA grafting onto jute fiber by
UV-radiation-induced preirradiation method.
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Figure 6 Infrared absorption spectra of “as-received” and
MMA-grafted jute fiber.

higher by graft copolymer reaction of the jute sub-

strate with MMA monomer.

ATR infrared spectroscopic analysis

Infrared spectra were recorded over the range of
wavenumbers from 400 to 4000 cm ™' with a resolution
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of 3 nm and a diffraction factor of 1, according to the
procedure described in the experimental section. The
spectral signatures of the as-received and jute-
PMMA-grafted samples are presented in Figure 6. The
vibrational modes correspond to the absorption bands
3800-3600 cm ™! attributed to O—H stretching vibra-
tion of free OH groups, 3500-3400 cm ™" attributed to
O—H stretching frequencies of intermolecular bonds,
and 3300-2500 cm ™! attributed to chelated intramo-
lecular bonds of O—H and C—H stretching vibra-
tions. The absorption bands 2500-2000 cm ™" are at-
tributed to hydrogen-bonded O—H stretching vibra-
tions; and bands 2000-1650 cm™ ! to aromatic
overtones, C—H out-of-plane bend, and C=0 stretch-
ing vibrations of ester ketonic groups. The bands at
1596 and 1431 cm ™! are attributed to C—H deforma-
tion of -CH,—, 1350 and 1225 cm ™! to O—H deforma-
tion of phenolic hydroxyl group, and 1150-1040 cm ™"
to O—H deformation and C—O stretching. The bands
in the range of 1000-650 cm ™" appear to be attribut-
able to out-of-plane C—H deformation vibrations and,
in this range, the absorption bands at 858, 775, and 908
cm ™" are affected on grafting reaction of MMA onto
jute fibers. The absorption bands in the range 650—-400
cm ™" are attributed to aromatic substitution of ben-
zene rings.

It is also noted (Fig. 6) that for the samples grafted
with MMA the peaks at 1457, 1484, and 1723 cm !
have disappeared. The most noticeable difference be-
tween the IR spectra of as-received and jute-PMMA-
grafted samples are found to be in band shapes. A
band shape analysis was carried out for the intensity
for the bands at 1100 and 3045 cm ' (i.e., 22.314 and
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Figure 7 Change of intensity with degree of grafting at
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61.77 um), respectively, and the plotted results of the
peak height versus graft weight are shown in Figure 7.
Such bands follow a first-order approximation, so that
the intensity (I) is proportional to the population of the
energy-state in which the vibrating molecules exist. If
these molecules exist in an energy level E;, they can
migrate to higher energy level E, by overcoming a
potential barrier AE = E; — E,. The population of the
vibrational energy state N is then given by Boltzmann
distribution law:

N = Nyexp(—AE/kT) (6)

By replacing the population of the energy state by the
integral intensity, this can be expressed as

I = Iexp(—AE/kT) (7)

where [, is a constant quantity, T is the temperature,
and k is the Boltzmann’s constant.

The results (Fig. 7) showed that the samples grafted
with MMA increased the band intensity (i.e., 1100 and
3045 cm ™ !). The intensity of such bands depends only
on the population of the vibrational energy states,
which corresponds to the concentration of the vibrat-
ing group in the matrix.?® The increase in the intensity
with degree of grafting could be attributed to the
decreasing energy barrier (AE) with the concentration
of MMA units in the jute-cellulose matrix. The linear
relationship suggests that the concentration of vibrat-
ing groups increases for the grafting reaction of MMA
with jute fibers. This could be related to the constancy
of the energy barrier AE and the changes in band
shape could be attributed to altering the molecular
chain orientations."

Equilibrium water absorption

The water absorption at equilibrium in samples of
as-received jute fiber and in jute-PMMA-grafted co-
polymer was examined according to the procedure
described in the experimental section. The plotted re-
sults for the equilibrium water absorption versus the
percentage graft weight are presented in Figure 8. For
the jute-PMMA-grafted sample the equilibrium water
content decreases by 61% with increasing graft weight
of up to about 18%, and beyond this grafting level it
remains unaltered (Fig. 8). The results of equilibrium
water content for jute-PMMA-grafted fiber suggest
that the pendant polymethyl methacrylate (PMMA)
chains admixed molecularly throughout the lignocel-
lulose matrix, thus hindering sites on hydrophilic
backbone. It is known?° that fibers hold water, in their
lumens and capillary as well as on the surface. A
higher level of grafting is likely to block the capillaries
and reduce the equilibrium water content.
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Figure 8 Equilibrium water absorption for different de-
grees of grafting of MMA onto jute fiber.

Several factors may account for the observations
including a combination of the degree of crystallinity,
graft distribution, and crosslinking, all of which will
affect the ability of the graft copolymer structure to
imbibe the free, nonbound condensation water. For
example, the tighter the structure, the lower the equi-
librium water absorption. It was observed that above
a certain level of grafting, the samples become rigid,
which could decrease the mobility of the cellulose
chain structure, and therefore the equilibrium water
content becomes restricted.

CONCLUSIONS

Experimental studies of graft copolymerization have
shown that the effective graft copolymerization of the
hydrophobic monomer MMA onto jute fibers could be
achieved by applying the UV-radiation-induced
preirradiation technique in an aqueous phase.
Throughout this study, the radiation was conducted in
the presence of air, and therefore, the reaction of ox-
ygen with cellulose radicals will produce cellulose
peroxides for initiation of the subsequent grafting re-
action. At shorter radiation times, the exposure of the
samples under UV-radiation was not long enough for
oxygen diffusion, and thus the influence of oxygen on
the radiochemical yields of jute will be less compared
to that at longer exposure times. In the graft copoly-
merization process, the parameters are interdepen-
dent and the results of the study are summarized as
follows:
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 Because all other parameters are constant, the
concentration of radicals will be reflected by the
degree of grafting with variation of the UV-expo-
sure time. In this study, the maximum graft
weight (~ 122%) was obtained on exposure to the
UV-radiation source for 7.0 min. On a further
increase of the exposure time, a decreasing trend
suggesting a progressive radical decay by their
recombination reaction was observed. The graft-
ing level increases almost linearly with the in-
crease in reaction time until all the radicals are
depleted. The percentage graft weight increased
linearly with the monomer concentration until the
active radicals are completely depleted and then a
leveling-off effect was observed above 10% (v/v)
of MMA concentration in the reaction solution.

e The mechanical properties of the jute-PMMA-
grafted copolymer showed a linear decreasing
trend for the breaking load, whereas the elonga-
tion increases with an increase of the graft weight
up to 26%, beyond which the change was found to
be negligible.

+ In the IR spectra the peaks at 1457, 1484, and 1723
cm™ ! were not observed for the jute-PMMA-
grafted sample. The infrared spectral absorption
measurements showed that the results of a band
shape analysis could be correlated with the de-
gree of grafting. The infrared spectra for the
bands, such as at 1100 and 3045 cm ™!, seem to be
additive for the backbone or side chain.

e The equilibrium water absorption shows that the
jute-PMMA-graft reduces the water content up to
certain level of graft weight, which is about 18%
GW. This was attributed to the hydrophobic na-
ture of the PMMA-grafted chain, which causes
heavy restrictions on swelling.
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