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Abstract - Bio-fiber - thermoplastic composites are
gaining acceptance due to renewed interest in the
environment. The trend towards recycling, protection
of natural resources and bio-degradibilty is the
driving force behind the increased use of such
composites. However, the different polarity of these
two unlike materials reduces the interfacial adhesion
between them and limits their uses. This problem can
be overcome by using a coupling agent. The
alternative approach of increasing the interfacial
adhesion is to graft vinyl monomer onto cellulose. In
this paper results of a study made on grafting styrene
onto wood pulp in presence of a comonomer
(acrylonitrile) using Mn 3+ jons as an initiator is
presented. Effect of monomer concentration, initiator
concentration and temperature on grafting efficiency,
polymer loading and total conversion was studied in
detail. Thermal property of the grafted product was
evaluated by TGA. The grafted product was
characterized using FTIR and SEM.

Key Words: Interfacial adhesion, Coupling agent,
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1. INTRODUCTION

Wood Polymer Composites have been extensively
investigated with respect to chemical modification of
filler and thermoplastic matrix by functional monomers
to produce various types of wood filled composites [1-6].
Chemical coupling is one of the most studied method to
improve the interfacial adhesion between polar wood
fiber and non-polar thermoplastics in the resultant
composites [7-9]. An alternative method to overcome the
problem of poor interfacial adhesion and disparity is to
graft short polymer segment to the wood fiber surface.
Several methods have been attempted for grafting
polymer segments onto wood surfaces [10-24]. The
Xanthate method [25-30] of grafting vinyl monomers
onto cellulose, high-energy radiation sources (such as 8
and p rays) with or without a free radical catalyst [2, 31,
32], Maleation method [33-36], grafting free radical sites
onto cellulose [37] are some of the most prominent
methods for grafting. Danuealt [38] studied the effect of
different parameters on grafting reactions for bleached
kraft pulp. Grafting of styrene onto cellulose by ceric ion
was studied and it was reported that grafting occurred
only in a narrow range of ceric ion concentration and the

grafting reaction was found to depend strongly on the
concentration of initiator [39-41]. Mehrotra and Ranby
[42] used trivalent complexes of manganese ions to graft
methyl methacrylate and acrylonitrile onto starch which
gave a most efficient grafting process. As compared to
starch, cellulose is a partly crystalline and strongly
hydrogen bonded substrate and therefore it is much less
acceptable to grafting than starch. With this objective,
Ranby and Gadda [24] described successful grafting
process of acrylonitrile onto wood fiber using Mn3* ion.
As acrylonitrile is not conventionally used for structural
applications, one of the objectives of this study is to use
styrene monomer for grafting of cellulose.  The
concurrent formation of homopolymer in most cases
[22] and the lack of reproducibility in these largely
heterogeneous reactions [23] are some of the problems
which still remain to be solved. Razil [12, 13]
successfully applied the same process to graft
acrylonitrile onto cellulose/ starch. The advantages of
using Mn3* ions as initiator is high grafting efficiency at
pH_6.0. Low acidities are necessary to avoid acidic
hydrolysis of carbohydrate chains during graft
copolymerization reactions. Considering the above
advantages, Mn3* ions were selected as initiator for the
present study.

Grafting of styrene onto cellulose using Mn3+ ions is not
effective because of limited solubility of styrene
monomer in water. Therefore, in this study a new
approach was followed for grafting styrene onto wood
pulp surface by using acrylonitrile in small quantities as
a co-monomer. The present work explores a method to
improve the quality of interface between the reinforcing
wood fibers and polystyrene matrix, so that optimum
stress transfer can take place between high modulus
wood fiber and low modulus plastic to study the effect of
the grafting parameters on grafting efficiency, polymer
loading and total conversion.

2. EXPERIMENTAL

2.1 Design of experiment

It was of interest to study the effect of three factors viz,,
initiator concentration, monomer concentration and
temperature at 3 levels each on grafting parameters. A
factorial design was employed for the analysis of results.
Thus a total of 3*3*3=27 experiments were performed.
The details of levels are shown below:
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F1: Initiator at three levels; 1, 2 and 3 mmol/L

F2: Monomer concentration 2g, 4g and 6g per batch of 2g
of cellulose

F3: Temperature 45°C, 60°C and 80°C

The reason for selecting factorial design was that it is
more efficient than one factor at a time experiment. In
this study, an interaction was expected between the
three factors besides main effect of each factor. Hence, a
factorial design was used.

2.2 Materials

Mixed bleached kraft pulp of Eucalyptus tereticornis and
Acacia auriculaeformis was supplied by Mysore Paper
Mills, Bhadravathi, Karnataka. The pulp was washed
several times with distilled water, filtered in a Buckner
funnel and stored in a desiccator to avoid any exchange
of moisture with atmosphere. 30 gm of pulp in three
replicates was oven dried for more than 72 hours. This
oven dry pulp was used for the experiments.

Most chemicals were analytical grade reagents.
Acrylonitrile and styrene  however contained
monomethyl ether of hydroquinone as inhibitor. The
inhibitor was removed by washing the monomer twice
with equal volume of 0.5 M aqueous NaOH solution. The
monomer was then washed several times with distilled
water till the solution became neutral. Any water
remaining in the monomer was removed by storing the
monomer over calcium chloride in a desiccators
overnight. The washed and dried monomer was stored
in dark bottles in refrigerator at 49C. All other reagents
were used as received.

2.3 Preparation of the initiator

Concentration of MnS04+H;0 and KMnO. in aqueous
solutions were selected such that for each desired Mn3+*
concentration in the reaction vessel, 5 ml of KMnO4 was
required to oxidize 5 ml MnSO4 solution as shown in
Table 1.

Table - 1: Quantities of MnS04.H,0 and KMnO. for the
preparation of the Manganic Pyrophosphate initiator

MnS04.H20 per | 0.406 0.812 1.217
25 ml aqueous
solution (gms)

KMnO; per 25 | 0.095 0.189 0.284
ml aqueous

solution (gms)

Resulting 1.0 2.0 3.0

concentration of
Mn 3+ ions in
reaction vessel,
mmole/ltr

For a particular concentration of Mn3* ions desired in
reaction vessel, 25 ml solution of Mn?*ions, prepared
according to Table 2 was added to a solution of sodium
pyrophosphate (NasP,07.10H,0) prepared by dissolving
2.676 grams of NasP;07.10H,0 in 50 ml distilled water.
The pH of the resulting solution was adjusted to 6.0 by
adding few drops of concentrated H,SO4 and using pH
meter. The pH values of the solution were checked
against standard buffers supplied by Merck. The Mn2*
ions were then oxidized to Mn3* ions by titrating
potentiometrically with aqueous KMnO,4 solution (Mn7+
ions) by the method of Lingane and Karplus [43]
according to the reaction (eqn. 1):

4Mn?* +Mn7+ = 5Mn3+ (1

The weight of KMnO, dissolved in 25 ml of distilled
water corresponded to the desired concentration of Mn3+
ions in reaction vessel. About 5 ml of permanganate
solution was required for each 5 ml MnSO4 solution. A
total of 60 ml of initiator solution of each Mn3*
concentration was prepared. Out of this 60 ml solution,
25 ml was used as initiator for every batch.

2.4 Graft co-polymerization

Bleached kraft pulp (2 grams) was dispersed in 225 ml
of acidified distilled water in a reaction vessel. The vessel
was equipped with a stirrer and a nitrogen bubbler.

A 25 ml portion of initiator solution (pH 6.0) of the total
60 ml prepared as previously described and
corresponding to the concentration of Mn3* ions desired
in the reaction vessel was taken in the dropping funnel
with 0.5 ml of surfactant. A desired quantity of washed
and dried styrene was also taken in the same funnel.
Styrene monomer and initiator solution were placed in
the same dropping funnel since at pH 6.0 the manganic
pyrophosphate initiator does not attack the monomer at
all. One gram of acrylonitrile was also added to the
reaction vessel and the contents were vigorously stirred.
Acrylonitrile was added because it is difficult for styrene
alone to graft onto cellulose and very low polymer
loading was achieved when styrene alone was used. A
brisk stream of oxygen free nitrogen was bubbled
through the contents of the reaction vessel and through
the initiator solution containing styrene monomer
placed in the dropping funnel. This was continued for 30
minutes. When the desired temperature was reached,
the contents of the dropping funnel were emptied into
the reaction vessel and the total content of the reaction
vessel were further bubbled with ultra pure nitrogen for
15 minutes. The reaction vessel was then sealed with
Teflon tape and stopcock. A nitrogen filled balloon was
placed over reaction vessel to ensure inert atmosphere
during the reaction period. The reaction was allowed to
proceed for 12 hrs. After termination of polymerization
by opening the seal of reaction vessel and letting air into
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the vessel, the reaction product was washed thoroughly
with distilled water and ethanol. The washed product
was filtered again using a Buckner funnel and dried to
constant weight in a forced air circulated oven
maintained at 60°C.

The grafted product was then carefully weighed and
extracted with 750 ml of toluene in a Soxhlet instrument
for 72 hrs to remove the homopolymeric product not
grafted to the cellulosic pulp. The grafted product was
then dried in oven at 60°C for 48 hrs. Weight at different
stages i.e., before and after extraction was recorded to
calculate the grafting efficiency (GE), total conversion
(TC) and polymer loading (PL) which were calculated
using eqns. 2-4.

G:E:(%) :[(Wa - Wb) /( Wy - Wb)]* 100 (2)
P:L:(%) = [(Wa- Wb )/ Wy ]* 100 (3)
T:C:(%) = [(Wa - Ws)/ Wc]* 100 (4)

where W, is the weight of product after
copolymerization and extraction, Wy is the weight of
pulp, W is the weight of monomer charged and Wy is the
weight of product after copolymerization.

All weight being considered on oven dried basis.

2.5 Characterization of grafted product

FTIR spectra of both unmodified pulp and grafted pulp
were obtained using a Nicolet impact 400 FTIR
Spectrometer with co-addition of 64 scans at a
resolution of 4 cm! to determine the functional groups
present at the surface of the samples before and after
grafting. Spectroscopy grade KBr powder was used as a
reference substance.

3. RESULTS AND DISCUSSIONS

Cellulose in the used native fibers consists of about 60%
highly ordered or crystalline nature and interior of the
crystalline region is inaccessible to chemical reagents as
long as crystalline structure is maintained. The basic unit
of organization of native cellulose is a micro fibril about
100 °A in diameter and of great but indefinite length.
Modification of cellulose, either chemically or
macromolecular modification, increase their usefulness
in various applications say as fillers in thermoplastic
composites.

Chemically, formation of macrocellulosic radicals
involves the oxidative depolymerization of cellulose with
an increase in acidic and reducing groups. The increase
in concentration of reducing groups is much greater than
the increase of acidic groups. Macrocellulosic radicals
initiated by chemical redox system are temperature
sensitive and short lived. The formation of graft or block
copolymers of fibrous cellulose involves contacting vinyl

monomers (M) in vapour phase or in solution with
cellulose (cell-H). Then initiation of copolymerization of
monomer with cellulose by ionic, charge transfer, or
free-radical processes has been reported.
Homo-polymerization is usually a problem, particularly
when an intermediate radical is formed. In the case
where an intermediate radicals is formed, the following
reaction eqn. 5 - eqn. 9 could occur [24].

H,0,+Fe&*™ —>= OH + OH +Fe&** (5)
Cell-H'+ 'OH —= Cell + HOH (6)
Cell'+ M(n) — = Cell(M), ;M (7)
M-H+OH — M YHOH (8)
M +n(M) —> (M),M" 9

The reaction of Mn3* ion in aqueous solution with
cellulose involves cleavage of anhydroglucose ring
between carbons C; and C3 with the formation of a short
lived radicals as described by Arthur [22] for ceric ion.
First Mn3* ions form a chelate with cellulose molecule
possibly through C; and Cs; carbon atoms.The initial
formation of complex is followed by transfer of electron
from the cellulose molecule to Mn3+, thus reducing the
manganic ion to manganous ion. A hydrogen atom is
oxidized and a free radical is formed on cellulose unit,
while the bond between the carbon C; and C3
glucopyranose unit is broken as shown in Fig. 1.
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Fig -1: Reaction between cellulose and Mn3+

The macro free radical so formed reacts with monomer
to initiate copolymerization.
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The dissociation of glycol-Mn3* complex should be the
rate determining step of the reaction. The presence of
free radicals have been confirmed by electron spin
resonance spectroscopy 4.

The reaction propagate in the following manner:
Macro-free radical + monomer! Polymer graft on
cellulose

Radical termination can occur by reaction of carbon C; or
C3 with Mn3* to yield Mn?* and oxidation of carbon C; or
C3 to a reducing group (Fig. 2).

/.OH
H O\wawvw
Macrocgl\ulosic Mn3+ OH H./\ + Mn2++ H
free radical O Y / H
H O

Fig -2: Termination of macro-free radical

Homo-polymerization is formed mainly due to various
chain transfer mechanisms e.g. chain transfer to
monomer itself or to any other species present in the
system, followed by homo-polymerization

3.1 Effect of Reaction Conditions on Grafting

Parameters

The definitions of grafting parameters are as follows:
Grafting Efficiency = % of total polymer grafted to the

wood pulp

Polymer loading = % of synthetic polymer in graft
copolymer

Total conversion = % of monomers converted into
polymer

In order to make possible a quantitative evaluation of
the copolymer to homopolymer ratio with a reasonable
accuracy, it is necessary to work with products having a
sufficiently high polymer add on. To satisfy this
requirement, a rather high monomer: pulp ratio has
been used in this study (1:1, 2:1 and 3:1).

When styrene monomer was reacted with initiator
under identical conditions, but without wood fiber
substrate, no polymerization was observed, whereas
conversion of monomer to polymer was significant in the
presence of wood fibers. This provided evidence of the
chemical attachment of polystyrene chains to wood
fibers. The grafted pulp was further characterized by
FTIR spectroscopy (Fig. 3). This is evidenced from
increase in absorption at around 1492, 1457, 1603 and
2848-3025 cm? in grafted wood pulp. This is
accompanied by reduction in the OH absorption at 3300-
3400 cm.

Grafted pulp
247
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200 200 10
Wave number (cm“)

Fig -3: FTIR of styrene, pulp and grafted pulp

The copolymerization results are compiled in Table. 2-4.
A dropping funnel with a N bubbler eliminated the
deviations since all the operations were conducted
under sufficiently pure atmosphere of Nj. It was of
interest to see how grafting parameters would vary with
Mn3* ion concentration, monomer concentration, and the
reaction temperature, with the total pyrophosphate
solution kept at constant 10 x 10-3 M. The acidities of the
reaction mixture was kept constant at 80 x 10 -3 M H3S0s.

The main effect and interaction effect of all the three
factors was analyzed using ANOVA technique. The data
were analyzed as a three way un-replicated factorial
experiment with the following factors: initiator
concentration at 3 levels, monomer concentration at 3
levels and temperature at 3 levels. Three two way tables
were obtained by summing over each factor in turn.
Table 2-4 presented the raw data for polymer loading,
grafting efficiency and total conversion respectively.

3.1.1 Effect on Polymer Loading

In all the experiments small amount of acrylonitrile (1.0
gm/batch) was added to the reaction system because
very low polymer loading was achieved with styrene
alone. This may be due to limited solubility of styrene in
water. The solubility of styrene in water is 0.027 g/100
ml as against 1.62 g/100 ml for MMA and 7.93 g/100 ml
for acrylonitrile.

Statistical analysis was done to analyze the main and
interaction effects of factors namely initiator
concentration (I), monomer concentration (M) and
temperature (T) on polymer loading. The results are
described in Table 2.
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Table - 2: Statistical analysis for polymer loading

Source of | D | SS MS F P
Variation F
Initiator 2 1288.66 | 644.33 | 19.010 | <0.00
8 4 1
Monomer 2 12606.3 | 6303.1 | 185.96 | <0.00
4 7 8 1
Temperatur | 2 2165.36 | 1082.6 | 31.943 | <0.00
e 4 8 1
Residual 8 271.152 | 33.894 | - -
Total 26 | 16975.6 | 65291 | - -
9 1

Table -3: Effect of initiator concentration, monomer
concentration and temperature on Polymer loading (%)

Initia | Temp = | Temp = | Temp =809C | Ave
tor 450C 60°C rag
conc. | Monomer Monomer Monomer e
(mm | conc. (g) conc. (g) conc. (g)
ol/ltr
) 2 4 16 |2 4 |6 |2 4 6
1.0 17 |7 |6 |22 (9 |7 |13 |61 |5 |52
0 (2. (3|1 |1 |1 |2 |5 |7 |20
8 |0 |5 2 |5 |5 5 7
2.0 27 |8 |7 (49 |1 |7 |29 |70 |6 |65
S5 12 (7.3 |0 |9 |3 |8 |6 |17
8 |0 4 |8 |5 1
3.0 15|16 |4 |35 (8 |7 |24 |59 |4 |49
6 |7.012.14 |3. |14 |6 |9 |0 |25
2 2 |4 |5 9 |4 1
Aver [ 20 |7 |6 |[35|9 |7 |22 |64 |5
age 0O |4 (0. |6 |3.|5 |4 1 |4
3|8 0 |1 6
Aver 51.7 67.9 47.0 55.
age 5

There is a significant difference (P = <0.001) in the mean
values among the different levels of Initiator. The
differences are greater than would be expected by
chance after allowing for the effects of differences in
monomer and temperature. Effect of initiator
concentration, monomer concentration and temperature
on Polymer loading is given in Table 3.

Fig. 4 indicates that as the initiator concentration
increased from 1.0 mmol/l to 2.0 mmol/]l, a sharp
increase in polymer loading was observed and at
initiator concentration between 2.0 and 3.0 mmol/] the
polymer loading decreased. The increase in polymer
loading may be attributed to more frequent grafts
because of higher initiator concentration to AGU ration.
While the decrease observed at higher initiator
concentration may be due to greater incidences of
radical termination according to reactions shown in Fig
2.

When the monomer concentration was increased from 2
gram per batch to 4 gram per batch (every batch had 2
grams of wood pulp dispersed in 250 ml of total aqueous
volume), polymer loading increased sharply with the
monomer concentration and decreased slightly at
monomer concentration 6 gram per batch (Fig. 5). The
increase can possibly be attributed to higher molecular
weight of the grafted side chains, because in presence of
excess monomer i.e., higher (monomer/total number of
initiating radicals) ratio the molecular weight of the
grafted polystyrene chains will be higher.

The temperature of the reaction was varied from 45°C to
800C. The Polymer loading increased strongly in the
temperature range 459 C to 60° C. This can be attributed
to increase in the rates of polystyrene chain attachment
to the cellulose backbone. However a sharp reduction in
polymer loading beyond 60°C may be because of
increased incidences of radical termination. Thus 60°C
appears to ceiling temperature, defined as the
temperature at which the rate of propagation reaction is
equal to the rate of depropagation reaction for a given
system. The equilibrium involved may be expressed as

Ko

M+ M MM

where Kp = kp/ k-p. Below the ceiling temperature,
increase in the temperature of the reaction has a greater
effect on increasing kp than k-p. At ceiling temperature,
kp = k-p, Altaf and Mansour [44] also noted that the
maximum grafting yields for monomer was at a definite
temperature for grafting reactions using free radical

xanthate-hydrogen peroxide method. They have also
reported existence of ceiling temperature in grafting
reactions for grafting of poly (ethyl acrylate) onto
cellulose using ceric salts as initiator.

It is clear from ANOVA analysis that the interactions I x
T, I x M, and Mx T have significant effect on polymer
loading. This indicate that optimum polymer loading
depends on all the three factors i.e., initiator
concentration, monomer concentration and reaction
temperature. 3D plots of polymer loading versus
initiator concentration and monomer concentration at
three different temperatures, shown in Fig. 4-6, clearly
illustrate this phenomenon.
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Figs. 4-6: Effect of monomer and initiator
concentrations on polymer loading at 45°C. 60°C and
800C.

It is evident that maximum polymer loading is achieved
when the initiator concentration is in the range of 1.5 to
2.25 mmol/l and monomer concentration in the range of
3.5 to 4.5 g/2g batch of wood fibers, and the reaction
temperature should be in the range 55-620C.

3.1.2. Effect on grafting efficiency

Table 4 shows the statistical analysis of main and
interaction effect of factors namely initiator
concentration, monomer concentration and
temperatures on grafting efficiency. There is a significant
difference (P=<0.001) in the mean values among the
different levels of initiator. The differences are greater
than would be expected by chance after allowing for the
effects of differences in monomer and temperature.
Effect of initiator concentration, monomer concentration
and temperature on Grafting efficiency is provided in
Table 5.

Table -4: Statistical analysis for grafting efficiency

Table - 5: Effect of initiator concentration, monomer
concentration and temperature on Grafting efficiency
(%)

Initiat | Temp = | Temp = | Temp = | Ave
or 450C 60°C 800C rage
conc.
(mmo | Monomer Monomer Monomer
1I/ltr) | conc. (g) conc. (g) conc. (g)
2 |4 16 |2 |4 |6 |2 |4 |6
1.0 517 |6 |6 |8 |7 |4 |6 |5 |657
7. 18 13.19. |4 |2 |3 |8 |2
6 |7 |3 |4 |8 [9 |5 ]9 |5
2.0 6 |8 |7 |7 |9 |7 |5 |7 |6 |741
8.8 |2 |5 [0. (8 |5 |8 |0
1 |1 (2 |5 (21919 |03
3.0 516 |56 |8 |5 |4 |6 |4 |580
5 13 19 ]2 |0 |3 |1 |1 |4
8 |5 ]0 |8 |5 [3 |2 [6 |5
Avera |6 |7 |6 |6 |8 |6 |4 |6 |5
ge 0. |6. |4 |9 |5 |8 |6.]9. |2
5 18 |8 |3 |2 [4 |9 |5 |4
Aver 67.4 74.3 56.3 66
age 0

Source of | D | SS MS F P
Variation F
Initiator 2 1168.31 | 584.15 | 37.22 | <0.00
4 7 1 1
Monomer 2 1724.55 | 862.27 | 54.94 | <0.00
8 9 2 1
Temperatur | 2 1486.70 | 743.35 | 47.36 | <0.00
e 5 2 4 1
Residual 8 125.555 | 15.694 | - -
Total 26 | 4636.18 | 17831 | - -
8 5

Figs. 7-9 shows the effect of monomer and initiator
concentration on grafting efficiency. It is clear from the
figures that when initiator concentration was increased
from 1 to 2 mmol/ltr, grafting efficiency also increased.
When the initiator concentration increases, the rate of
polymerization also increases and hence increase in
grafting efficiency. Any further increase in initiator
concentration approximately beyond 2 mmol/], the rate
of chain transfer, say to monomer also increases.
Homopolymer is formed because of chain transfer
reactions, hence grafting efficiency exhibited a declining
trend. When the monomer concentration was increased
from 2 to 4 gms/batch, grafting efficiency increased by
31%. This is due to higher molecular weight of the
grafted side chains. When the monomer concentration
was increased to 6g/batch the grafting efficiency
decreased because of increased incidences of chain
transfer to monomer. As discussed earlier, charge
transfer to monomer will result in homo-polymerization.
However when the temperature was raised from 45 to
60°C, the grafting efficiency increased by 10% only
followed by a sharp decrease when the temperature was
further increased to 80°C. Thus the increase in temp
from 45 to 60°C do not have much influence on grafting
efficiency. Increase in temperature beyond ceiling
temperature results in sharp decrease in grafting
efficiency due to increased incidents of free radical
termination.
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Fig -7-9. Effect of monomer and initiator concentrations
on grafting efficiency at 459C, 60°C and 80°C

Danuealt [38] et al. (1986) studied the effect of different
parameters on grafting reactions for bleached kraft pulp
and the effect of grafted polymer on properties of paper
sheets so formed. A maximum of 122% polymer loading
and grafting efficiency of 81% was achieved.

3.1.3. Effect on total conversion

From Table 6, it is clear that the difference in the mean
values among the different levels of initiator are not
great enough to exclude the possibility that the
difference is just due to random sampling variability
after allowing for the effects of differences in monomer
and temperature. There is no statistically significant
difference (P=0.094). The difference in the mean values
among the different levels of monomers are greater than
would be expected by chance after allowing for the
effects of differences in initiator and temperature. There
is a statistically significant difference (P=0.006). The
difference in the mean values among the different levels
of temperature are not great enough to exclude the
possibility that the difference is just due to random
sampling variability after allowing for the effects of
differences in initiator and monomer concentration.
There is not a statistically significant difference (P=0.05).

Table -6: Statistical analysis for total conversion

Source of | D |SS MS F P
Variation F
Initiator 2 347934 | 17396 | 3.219 | 0.09
7 4
Monomer 2 1104.26 | 552.13 | 10.21 | 0.00
1 1 7 6
Temperatur | 2 480.519 | 240.25 | 4.446 | 0.05
e 9 0
Residual 8 432.325 | 54.041 | - -
Total 26 | 3285.53 | 126.35 | - -
6 9

Table -7: Effect of initiator concentration, monomer
concentration and temperature on Total conversion (%)

Initiat | Temp = | Temp = | Temp = | Ave
or 450C 60°C 800C rage
conc.
(mmo | Monomer Monomer Monomer
1/1tr) | conc. (g) conc. (g) conc. (g)
2 |4 16 |2 |4 |6 |2 14 |6
1.0 2 |4 |3 |3 |53 |3 |4 |3 |377
9. 16. |3. |1 |3 |2 |0. |4 |6
5 3 (|2 19 |8 |5 |57 |7
2.0 4 |14 |3 |6 |5 |3 |5 |4 |3 |46.0
0. |7. |5 |5 7. 13 |2 |5 |6
3 /0 |6 |1 |7 |7 |5 14 |5
3.0 2 |5 |2 |5 |5 (|4 |5 |4 |3 |442
8. |2 |4 |6. 2. |6.(8 |8 |0
0 |9 |0 |5 |7 |57 1710
Avera |3 |4 |3 |5 |5 |3 |4 |4 |3
ge 2. 18 0. |1 (4 |7. (7. |6. |4
6 |7 19 |1 |5 1]6 |6 |2 |4
Aver 37.4 47.5 42.7 42
age 6

Effect of initiator concentration, monomer concentration
and temperature on Total conversion is given in Table 7.
From the above description, it is clear that 55-62°C seems
to be temperature range for optimum values of polymer
loading and grafting efficiency. The ceiling temperature
seems to be 60°C, which is defined as the temperature at
which the rate of propagation reaction is equal to the rate
of de-propagation reaction for a given system.

4. CONCLUSIONS

The results of the above study shows that manganic
pyrophosphate can be used very efficiently to initiate
grafting of styrene onto wood fibers provided small
amount of acrylonitrile is used as co-monomer. Very high
grafting efficiencies of the order of 90% can be achieved
using this system. In this study, because of use of Mn3+,
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formation of homopolymer is minimized.From the study
we can conclude that:
- Manganic pyrophosphate can be used very efficiently to
initiate grafting of styrene onto wood fibers in presence of
small quantity of acrylonitrile.
- Formation of homopolymer is minimized.
- Initiator concentration of 1.5-2.25 mmol/l, monomer
concentration of 3.5-4.5 gm/batch and temperature
range of 55-620C yields maximum polymer loading and
grafting efficiency.
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