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ABSTRACT: In order to improve the compatibility with different polymer matrices, microfibrillated jute cellulose (MFJC) was surface

grafted by oligo(L-lactic acid) (OLA) via graft polycondensation reaction catalyzed by Sn(Oct)2 in toluene medium. The effects of the

OLA concentration, Sn(Oct)2 concentration, reaction time, temperature, and pressure on the progress of the graft polycondensation

were investigated. Maximum grafting was found 44% at optimum reaction condition. The observation was confirmed by Fourier trans-

form infrared spectroscopy, 13C-NMR spectrometry, and X-ray photoelectron spectroscopy. The morphology and crystalline structure

of the graft copolymer (MFJC-g-OLA) were examined by scanning electron microscopy and wide angle X-ray diffraction, respectively.

Measurements showed that initial morphological integrity of MFJC changed due to incorporation of amorphous OLA onto MFJC sur-

face, as a result decreases crystallinity. Extracted MFJC-g-OLA was also characterized by thermo-gravimetric analysis. Results reflect the

enhanced hydrophobicity and thermal stability of the MFJC as a consequence of this modification. VC 2013 Wiley Periodicals, Inc. J. Appl.

Polym. Sci. 2014, 131, 40139.
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INTRODUCTION

Cellulose is the most abundant renewable biomass in the world

which has a lot of advantages such as low density, low cost, good

specific mechanical properties, reduced tool wear, biodegradabil-

ity, and so on. It is constructed from superfine fibrils having

diameters in the nanoscale and each such nanofibril contains

ordered nanocrystallites and low ordered nanodomains. Its nano-

scale dimensions and its capacity to form a strong entangled

nanoporous network have encouraged the emergence of new

high-value applications. In the last few years, a great deal of

attention has been paid to microfibrillated cellulose (MFC) or

nanofibrillated cellulose (NFC) composite material, which is con-

sidered one of the most promising areas of scientific and techno-

logical development.1–3 MFC can be obtained from cellulose

fibers such as wood, cotton, hemp, flax, wheat straw, rice straw,

mulberry bark, ramie, tunicin, algae, hemp, flak, etc by different

methods.4 However, it is astonished that jute has rarely been

used for making MFC or NCC though it is a renowned source

of cellulose materials. Since jute contains high amount of a-

cellulose (60–70%) and have high crystallinity (�70), it has a

great prospect in the field of MFC research.

MFC shows two main drawbacks, which are associated with its

intrinsic physical properties. The first one is the high number of

hydroxyl groups, which lead to strong hydrogen interactions

between two nanofibrils and to the gel-like structure once pro-

duced. The second limitation when MFC are used as reinforcing

material in traditional composites are the dispersion of the hydro-

philic cellulose in a hydrophobic matrix or a non-polar solvent as

well as the difficulty to obtain good interfacial adhesion between

the components in the final composite.5 To improve the compati-

bility between the MFC and the polymer matrix, the reinforcing

MFC can be modified physically or chemically. The most feasible

solution to this is chemical surface modification to reduce the

number of hydroxyl interactions and also to increase the compati-

bility with several matrices.6 Up to now, various chemical methods

including ring-opening polymerization (ROP),7,8 atom transfer

radical polymerization (ATRP),9–11 reversible addition-fragmenta-

tion chain transfer (RAFT) polymerization,12 click chemistry13 etc.

have been successfully utilized to realize the surface modification of

cellulose fibers. By the aid of these approaches, different kinds of

polymer chains have been covalently coupled on the cellulose sur-

face; therefore, surface performance could be remarkably altered.

However, these chemical processes are always achieved by multiple
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steps that are tedious and time consuming. Besides, a large amount

of homopolymers will be formed during some grafting processes,

which also makes the strategy not industrial-acceptable. One effec-

tive method for chemical modification of cellulose is to grow poly-

mer directly off the surface, using the “grafting from” approach. By

this approach, polymers have been successfully grafted from cellu-

lose using a wide variety of polymerization techniques.7

Poly(L-lactic acid) (PLA), a biodegradable polymer is sometimes

used for covalent modification of cellulose to increase the com-

patibility before fabrication of composite. Hadano et al.,14 dem-

onstrated the grafting of PLA to waste pulp. Further studies also

showed that acetylated and deacetylated waste pulp can be

grafted with PLA.15 However, it is extremely complicated to

form bond between low polar molecule like PLA (having long

chain) and MFC. Relatively low molecular weight molecule

such as monomer, dimmers, oligomers, etc. can be able to graft

with the surface of MFC. As a consequence, several attempts are

made to modify MFC by acrylic monomers.16 However, mono-

mer might be used in relatively large amount and needs high

temperature and longer time to plasticize the MFC completely.

Besides, relatively low amount of oligomers can be able to mod-

ify MFC due to their giant structure. But still now, no report

has been found on the modification of MFC by oligomers.

In the present work, an effort has been made to prepare micro-

fibrillated jute cellulose (MFJC) grafted copolymer by heteroge-

neous reaction of MFJC and oligo(L-lactic acid) (OLA) in

toluene medium. The influencing factors on grafting were opti-

mized. A detailed analysis of the structure of copolymer was

done through spectroscopy, scanning electron microscopy

(SEM), and wide angle X-ray diffraction (WAXD) measure-

ments. The thermal properties of copolymer was analyzed and

correlated with its hydrophobic nature.

EXPERIMENTAL

Materials

Jute fiber, the raw material of MFJC, was collected from local

market of Jhenidha, Bangladesh and 60 cm from the middle por-

tion of the stem was taken. OLA (Mw 5 500–900 g mol21) was

synthesized from aqueous L-lactic acid (Purac, 90%) by direct

polycondensation method.17,18 Stannous octoate (Sn(oct)2) and

benzyl alcohol were purchased from Merck, Germany. Other

chemicals used in this study were laboratory reagent grade.

Methods

About 20 g of untreated jute fiber was immersed in 1 L alkali

solution (17 wt/vol % NaOH solution) for 3 h at room temper-

ature. The alkali treated fiber was washed with distilled water

and dried in air oven at 60�C for 6 h.19 Next, 20 g of alkali

treated fiber was bleached with 1 L NaClO2 (7 g/L) solution

buffered at pH 4 at (90–95)�C for 1.5 h maintaining the fiber-

to-liquor ratio 1 : 50. After completing the bleaching reaction,

the fiber was treated with 0.2 wt/vol % sodium metabisulfite

solution for 15 min to reduce chlorite action, thereafter washed

thoroughly with distilled water.20 The resultant fiber contains

99–99.5 wt % a-cellulose. It was taken in 3N H2SO4 solution at

room temperature maintaining the fiber-to-liquor ratio 1 : 50.

The hydrolysis reaction was carried out by continuous stirring

using magnetic stirrer for 3 h. MFJC was then obtained by the

step filtering, washing, and drying in electric oven.

The experimental setup of graft polycondensation process of MFJC

by OLA is shown in Figure 1. About 2 g of MFJC was taken in

three-necked round bottom reaction flask (Pyrex). The flask was

equipped with a condenser packed by 4 Å molecular sieves, vacuum

pump, thermocouple, and a magnetic bar for stirring. The flask was

kept in a temperature control oil bath. The OLA (50–200 wt % to

MFJC), initiator-benzyl alcohol (2 wt % to MFJC), catalyst-

Sn(Oct)2 (0.5–2 wt % to MFJC), and 30 mL toluene were added in

flask. The flask was sealed with Teflon and reaction was continued

for 3, 6, and 9 h at 130–160�C under 380–76 mmHg pressure

according to Table I. After completing the polycondensation, the

flask was kept overnight at room temperature.

In order to remove non-grafted OLA, the MFJC-g-OLA was

soaked in chloroform and stirred for 24 h. Then, the soluble

OLA was filtered off, and grafted fibers were refluxed 10 times

Figure 1. Graft polycondensation process of MFJC by OLA.
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with chloroform and 3 times with acetone. The MFJC-g-OLA

was dried in vacuum oven at 60�C for 4 h and subjected for

characterization. The percentage of grafting was calculated by

the following formula:

Percentage of grafting 5
A2B

B
3100

Percentage of grafting efficiency 5
A2B

C
3100

where, A, the weight of the MFJC-g-OLA; B, the weight of

MFJC; C, the weight of total OLA used.

Measurements

The Fourier transform infrared spectroscopy (FTIR) spectra of

the samples were taken on Perkin–Elmer spectrometer. Samples

were taken in KBr to make a transparent pellet. For each sample

five scans were taken at a resolution of 4 cm21. Solid-state 13C-

NMR spectroscopy was measured at 25�C on a Bruker DRX

NMR spectrometer at 200 MHz. X-ray photoelectron spectros-

copy (XPS) was performed on a PHI 5082 spectrometer using

Al Ka X-ray source operation at 15 kV under a current of 24

mA. Samples were placed in an ultra high vacuum chamber

with photoelectron collector by a hemispherical analyzer at

taken off angle of 45�. Moisture contents in MFJC-g-OLA were

measured by an electric oven.

WAXD patterns were obtained with a BRUKER D8 ADVANCE

wide angle X-ray diffractometer using Cu Ka radiation

(a 5 0.154 nm), voltage of 50 kV, and current of 40 mA with 2h
ranges from 5� to 45� increase in steps of 2�/min.

The surface morphology of MFJC samples were observed by

scanning electron microscope (FEI QUANTA 200 3D) with an

accelerating voltage 10 kV. The surface was coated with 3 nm

thick gold before analysis.

The thermogravimetry of MFJC samples were conducted by ther-

mal gravimetric analyzer (TG/DTA 6300, Seiko Instrument,

Japan). About 20 mg of each sample was taken for analysis. The

samples were heated up steadily at a rate of 20�C/min from 25 to

600�C under continuous flow of nitrogen at 50 mL/min. To get

perfection, analysis was carried out two times for each sample.

RESULTS AND DISCUSSION

Effect of Reaction Parameters on Graft Polycondensation

Graft polycondensation was conducted under different reaction

condition in toluene as a reaction medium. Polycondensation

byproduct water is efficiently removed by using the high

boiling-point solvent.21 However, the system was heterogeneous

throughout the polycondensation, due to insolubility of MFJC

in toluene which is a good solvent of OLA. During graft poly-

condensation reaction, OLA concentration, catalyst concentra-

tion, reaction time, temperature, and pressure were varied to

optimize grafting reaction. The grafting percentage and grafting

efficiency with those parameters are shown in Table I.

The effect of the OLA concentration on the grafting was studied

under predetermined conditions. It influences the graft polycon-

densation to adjoining required number of oligomer units onto

MFJC during the reaction. To analyze the effect of the monomer

concentrations, the concentrations of the catalyst were kept con-

stant at 1 wt/wt % with respect to the weight of MFJC. The

reaction was carried out at 140�C for 6 h. OLA was taken in

reaction flask with 50, 100, and 150 wt/wt % with respect to the

weight of MFJC. The result shows that there was very less poly-

condensation reaction occurring at low OLA concentrations.

However, the percentage of grafting increases with the increase

of OLA concentration whereas grafting efficiency decreases. With

the increase of OLA concentration, the numbers of OLA mole-

cule increase which are attached to form graft polymer hence

increase grafting. In low concentration, relatively greater number

of OLA is activated by the action of initiator and catalyst.8,22

Therefore, 50 wt/wt % OLA shows highest grafting efficiency.

The effect of the catalyst concentration on the grafting yield was

studied through the variation of the Sn(Oct)2 concentration

from 0.5 to 2 wt/wt %. It is also found that grafting percentage

and grafting efficiency increases with increase of catalyst

Table I. Grafting Percentage and Moisture Content of Graft Copolymers Obtained at Various Reaction Condition

Samples
OLA conc.
(wt/wt %)

Catalyst conc.
(wt/wt %)

Time
(h)

Temp.
(�C)

Pressure
(mmHg)

Grafting
(%)

Grafting efficiency
(%)

Moisture content
(%)

MFJC-g-OLA 1 50 1 6 140 380 13 26 7.08

MFJC-g-OLA 2 100 1 6 140 380 24 24 5.84

MFJC-g-OLA 3 200 1 6 140 380 28 14 4.92

MFJC-g-OLA 4 100 0.5 6 140 380 15 15 6.99

MFJC-g-OLA 5 100 2 6 140 380 30 30 4.78

MFJC-g-OLA 6 100 2 3 140 380 12 12 7.05

MFJC-g-OLA 7 100 2 9 140 380 32 32 4.33

MFJC-g-OLA 8 100 2 9 130 380 30 30 4.76

MFJC-g-OLA 9 100 2 9 150 380 35 35 4.10

MFJC-g-OLA 10 100 2 9 160 380 27 27 5.00

MFJC-g-OLA 11 100 2 9 150 190 39 39 3.76

MFJC-g-OLA 12 100 2 9 150 76 44 44 3.14
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concentration. Catalyst Sn(Oct)2 activated cyclic OLA or lactide

molecule in the presence of benzyl alcohol initiator for grafting

reaction.22 Hence, higher concentration of catalyst produced

more activated OLA which enhanced grafting.

Table I shows the changes in grafting percentage as a function of

reaction time at 140�C and 760 mmHg pressure during the graft

polycondensation processes. According to result, the early stage of

the polycondensation, both the grafting percentage and efficiency

were low. The percentage of grafting increased rapidly after 6 h and

highest amount of grafting occurred at 9 h of grafting and efficiency

percentages both of 32%. It implies that equilibrium of this graft

polycondensation reaction might have taken longer time.

The changes of grafting percentage as a function of reaction

temperature during the graft polycondensation are shown in

Table I. It is evident that high temperature promotes the water

removal through esterification reaction; therefore polycondensa-

tion of OLA and grafted MFJC as well as non-grafted hydroxyl

group may be increased. Besides, the catalyst Sn(Oct)2 might be

more activated at higher temperature and thus the propagation

rates of grafting were accelerated. Both the percentage of graft-

ing and the efficiency increased to 35% at the reaction tempera-

ture up to 150�C. However, the grafting percentage and

efficiency both were declined when the temperature was elevated

beyond 150�C, possibly due to hydrolytic action, thermal degra-

dation, and intramolecular esterification of OLA.

Figure 2. SEM photograph of (a) MFJC and (b) MFJC-g-OLA 12. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Figure 3. FTIR spectra of (a) OLA, (b) MFJC, and (c) MFJC-g-OLA 12.

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Figure 4. 13C-NMR spectra of (a) MFJC and (b) MFJC-g-OLA 12. [Color

figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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The effect of pressure on the percentage of grafting was studied

through the variation of pressure from 380 to 76 mmHg. The

percentage of grafting and grafting efficiency both were

increased to 44%, when the pressure was 76 mmHg. As pre-

dicted, the graft polycondensation reaction proceeded much

faster to forward direction when the water was continuously

eliminated by reduction of pressure.23,24 For this reason, the

chain lengths of grafted OLA may increase at much higher rate

and hence increase grafting.

Moisture Content of MFJC-g-OLA

Moisture content of the MFJC-g-OLA samples were measured

at 50% relative humidity at 30�C for 24 h and then dried in

oven at 60�C for 30 min. Moisture content % is calculated as

follows:

Moisture content % 5
Wi2Wf

Wi

3 100

where, Wi, the weight before drying; and Wf, the weight after

drying.

The effect of graft yield on the moisture content is shown in Table I.

It can be seen that with increasing of grafting percentages, the mois-

ture content reduces. This may be because OLA form hydrophobic

polymer during graft polycondensation reaction onto cellulose

chain and filling of pith channel caused reduction of moisture con-

tent. With the increasing of OLA on the MFJC may fill up the capil-

lary spaces present on the surface and inside the fibrills and cover

up the fibrill surfaces with the hydrophobic materials. Scanning

electron micrograph of MFJC-g-OLA 12 also clearly shows that

OLA molecules are grafted or coated on MFJC surface (Figure 2).

Since MFJC-g-OLA 12 shows more hydrophobic nature, it will

more compatible with hydrophobic polymer matrices.

Spectroscopic Analysis

Before characterization by FTIR, 13C-NMR, and XPS spectroscopy,

the MFJC-g-OLA 12 was washed according to the mentioned pro-

cedure. Figure 3 shows the FTIR spectra of OLA, MFJC, and

MFJC-g-OLA 12. The MFJC spectrum shows distinctive peaks

and bands for carbohydrates: a broad band in the range of 3760–

3010 cm21 indicates hydrogen bonded hydroxyl groups, CH2

Figure 5. Overall XPS spectra of (a) MFJC and (b) MFJC-g-OLA 12.

Figure 6. C1s XPS spectra of (a) MFJC and (b) MFJC-g-OLA 12. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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stretching at 2932 cm21, OAC stretching in the range of

1180–960 cm21, and anhydroglucose ring stretching vibrations in

the range 861–575 cm21.25 On the other hand, FTIR spectra of

OLA shows a well-defined absorption at 1762 cm21 owing to the

ester carbonyl, peaks at 1200–1000 cm21 to the CAO stretch, and

peaks at 2850–2960 cm21 to the stretch of CH and CH3 groups

respectively. Besides, the FTIR curve of MFJC-g-OLA 12 bears

dual characteristics of OLA and MFJC. Due to the absence of car-

bonyl group, MFJC does not show any peak at around 1700–1760

cm21. MFJC-g-OLA 12 demonstrates an additional intense peak

at about 1747 cm21 region, which is arising from the stretching

of carbonyl group of ester. In addition, the relative intensity of

the characteristic peak of MFJC decreases at around 3400 cm21for

MFJC-g-OLA 12 which is responsible for hydrophilic AOH band

stretching in MFJC. Characteristics peak of CH2 group of the

OLA at 3000 cm21 is absent in case of MFJC-g-OLA 12 probably

due to bond formation.

Solid-state 13C-NMR spectroscopy was used to characterize the

synthesized MFJC-g-OLA. The typical 13C-NMR spectra in Fig-

ure 4(a,b) show the peaks in the range of 50–120 ppm for C1–

C6 carbon of cellulose anhydroglucose unit. Two very small sig-

nals at 175 and 19 ppm appears due to the carbonyl group

(C@O) and methyl group (ACH3), respectively, of MFJC.26

However, 13C-NMR spectrum of MFJC-g-OLA 12 illustrates rel-

atively intense peaks at the same position (175 and 19 ppm).

The increase in the intensity of C@O and ACH3 peaks in the

spectrum of MFJC-g-OLA 12 indicates the presence of carboxyl

groups and methyl groups of OLA. In addition, the carbonyl

(C@O) group might have appeared from the esterification reac-

tion of hydroxyl groups of MFJC and carboxyl group of OLA.

Figure 7. O1s XPS spectra of (a) MFJC and (b) MFJC-g-OLA 12. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Table II. C1s XPS Spectra of MFJC and MFJC-g-OLA 12

Peak position Total area (%)

Band no. MFJC MFJC-g-OLA 12 Location of carbon atom MFJC MFJC-g-OLA 12

1 285.17 – AC*AOACA 8.23 –

2 288.81 288.79 AC*AOH/OAC*AO 78.13 16.86

3 290.28 289.87 OAC*@O 13.64 76.14

Table III. O1s XPS Spectra of MFJC and MFJC-g-OLA 12

Peak Position Total area (%)

Band no. MFJC MFJC-g-OLA 12 Location of carbon atom MFJC MFJC-g-OLA 12

1 535.38 535.49 ACAO*ACA/–C@O* 37.35 91.22

2 535.90 535.90 ACAO*H 62.65 8.78
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Thus the result shows the presence of OLA functional groups in

MFJC and is in agreement with a previous report.27

XPS provides a suitable tool to analyze the variation in chemical

composition of the MFJC surface due to the graft polyconden-

sation (Figures 5–7). Carbon and oxygen atoms are the main

constituents of MFJC before and after grafting, and the corre-

sponding atomic content can be quantitatively determined from

the integration of C1s and O1s signals. After the grafting pro-

cess, the C/O ratio has been evidently increased because the

MFJC-g-OLA 12 has a higher carbon atomic fraction.28

More detailed analysis has been performed through the decon-

volution of the high-resolution C1s and O1s signals (Figures 6

and 7). The decomposed multiple peaks have been assigned to

the corresponding functional groups with the correlative data

summarized in Tables II and III, respectively. Results demon-

strate that C1s spectrum of MFJC-g-OLA 12 exhibits the

absence of signal at 285.17 eV (AC*AOACA) and the area

increases significantly for AC*@O at 289.87 eV may be due to

esterification reaction. Moreover, O1s signals of MFJC-g-OLA

12 shows greater area of the peak at 535.49 eV which is respon-

sible for AC@O*/ACAO*ACA bond and lowering the area of

the peak at 535.90 eV which is responsible for ACAO*H bond

(Figure 7). Therefore, XPS data proved that esterification link-

age is present in between MFJC and OLA. The possible reaction

between the hydroxyl (AOH) groups in cellulose and OLA is

illustrated in Scheme 1. The linking of MFJC and OLA was by

the formation of a chain of covalent chemical bonds.

WAXD Analysis

The crystalline structure of MFJC and MFJC-g-OLA 12 was

examined by WAXD measurements. Figure 8 illustrates WAXD

intensity profiles obtained for powder samples of MFJC and

MFJC-g-OLA 12. MFJC shows the strongest diffraction peak at

2h 5 15.6�, 22.5�, and 34.5�. The major crystalline peaks posi-

tioned at around 2h 5 15.6� and 22.5� represent the cellulose

crystallographic (101) and (002) plane, respectively. Compared

with the MFJC, there was no crystalline transformation of the

crystalline structure in MFJC-g-OLA 12 due to invisible changes

in the diffraction angle (2h). However, the relative diffraction

intensity was decreased for indicating graft copolymers synthe-

sized in the present study. This suggests that the grafted OLA

spreads the distance between MFJC molecules and decreases

crystallinity. Similar results also found for CDA-g-PLLA copoly-

mers in the study by Teramoto and Nishio.29

Thermal Properties of MFJC-g-OLA

The thermal stability of graft copolymers was also evaluated

by thermo-gravimetric analysis (TGA), as shown in Table IV

and Figure 9. The decomposition behavior of MFJC-g-OLA 12

is similar to that of neat MFJC because the primary composi-

tions (i.e., glucose units) in both copolymers are the same. The

Figure 8. WAXD spectra of (a) MFJC and (b) MFJC-g-OLA 12. [Color

figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Scheme 1. Possible interaction mechanism between MFJC and OLA.

Table IV. Thermal Properties of MFJC-g-OLA 12

Weight loss % at the
temp. range DTG (mg/min)

Samples 30–130�C 180–450�C Charge residue at 600�C (%) Peak 1 Peak 2

MFJC 4.1 48.3 35.1 1.229 (229�C) 0.45 (250�C)

MFJC-g-OLA 1.5 70.7 23.1 1.190 (261�C) 0.60 (335�C)
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initial weight loss at 30–130�C for moisture removal is found

lower in case of MFJC-g-OLA 12. The grafting of OLA substan-

tially decreases the hydrophilicity of MFJC. The main degrada-

tion was started at about 190�C and completed at 450�C. The

weight loss of MFJC-g-OLA 12 at this stage is 70.7% whereas

weight loss of MFJC is 48.3%. The grafted chain of OLA may

be degraded along with MFJC. Hence, weight loss is more

prominent for MFJC-g-OLA 12. At 600�C, the residual weight

of MFJC-g-OLA 12 is about 23 wt %, which is lower to that of

MFJC under similar conditions. The main residues are attrib-

uted to the formation of char, because the decomposed prod-

ucts are easily volatilized and have been blown out during the

heating process.28 Figure 9 also shows the first derivative curve

(DTG), as a function of temperature, obtained from the ther-

mograms. The DTG curve of the MFJC and MFJC-g-OLA 12

shows the multi-stage degradation due to different number

anhydroglucose unit present in microfibril. The broadened

decomposition peaks of MFJC-g-OLA 12 reflect the improved

thermal stability by grafting.

CONCLUSION

MFJC was successfully grafted with OLA in the presence of

Sn(Oct)2/benzyl alcohol catalyst system. Maximum percentage

of grafting found (44%) at the reaction condition: 100 wt/wt %

OLA concentration, 2 wt/wt % Sn(Oct)2 concentration, time 9

h, temperature 150�C, and pressure 190 mmHg. Among the

graft copolymers, MFJC-g-OLA 12 (graft yield 44%) revealed

more hydrophobic nature and hence it will be more compatible

with non-polar polymer matrices. The types of bonding, bind-

ing energy, and crystallinity in MFJC-g-OLA 12 copolymer were

studied by spectroscopic analysis and WAXD measurement.

Scanning electron micrograph also supported the formation of

graft copolymer onto MFJC surface. As a consequence, the

resultant copolymer had a high resistance toward the thermal

degradation. The length of grafted chain and degree of substitu-

tion in copolymer will be studied in further study.
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