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Abstract—Cellulose acetate (CA) is a natural biodegradable
polymer. It forms transparent films by the casting technique. CA
suffers from high degree of water permeability as well as the low
thermal stability at high temperatures. To adjust the CA polymeric
films to the manufacture of food packaging, its thermal and
mechanical properties should be improved. The modification of CA
by grafting it with N-Amino phenyl maleimide (N-APhM) led to the
construction of hydrophobic branches throughout the polymeric
matrix which reduced its wettability as compared to the parent CA.
The branches built onto the polymeric chains had been characterized
by UV/Vis, *C-NMR and ESEM. The improvement of the thermal
properties was investigated and compared to the parent CA using
thermal gravimetric analysis (TGA), differential scanning calorimetry
(DSC), differential thermal analysis (DTA), contact angle and
mechanical testing measurements. The results revealed that the
water-uptake was reduced by increasing the graft percentage. The
thermal and mechanical properties were also improved.

Keywords—Cellulose
copolymerization.

acetate, food  packaging,  graft

I. INTRODUCTION

YNTHETIC polymer materials have been widely used in

various field of human day activity. These synthetized
materials are mostly prepared from petrochemicals, which are
very limited [1]. Moreover, the extensive use of non-
biodegradable polymers has caused serious environmental
problems concerning accumulation of their waste products. In
order to reduce these waste products, biodegradable polymers
should displace the synthetic macromolecular materials in our
daily life.

Biomaterials such as cellulose, starch-based compounds
have the characteristics to be air permeable and to possess low
temperature sealability, high productivity, and low cost [2],
[3]. Bottle, disposable cups, packaging films, food containers,
coating for all types of packaging are highly recommended to
be manufactured using biodegradable polymers. The current
trend in food packaging is the use of blends of different
biopolymers [4]. However, the compatibility of the blend
polymers in various compositions is a challenge problem
facing this technique [5].

Cellulose is the most abundant natural biopolymer on earth.
However, it suffers from being highly crystalline, infusible
and insoluble in almost all organic solvents [6] due to its
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linearity and the presence of numerous hydroxyl groups which
perform strongly hydrogen bonds throughout the polymeric
chains. A number of cellulose derivatives are produced
commercially. One of these derivatives is CA which possesses
relatively low gas and moisture barrier properties but should
be either plasticized or modified for film production [7].
Moreover, as biopolymer, CA suffers from hydrophilicity,
which would limit its adjustment to food packaging
application [8]. In our previous work, CA was chemically
treated with N-amino phenyl maleimide (R-NAPhM)
derivatives to improve its thermal and mechanical properties
[8].

In the present work, graft copolymerization technique will
be used to improve the thermal and mechanical properties of
CA. R-NAPhM derivatives will be grafted onto the CA chains.
R-NAPOM polymers are known to be of high thermal stability,
which would enable the packaging films to resist
environmental temperature changes.

II. EXPERIMENTAL

A. Materials

CA was purchased from (Aldrich) with average molecular
weight 100,000 and acetyl content 39.8%. Benzoyl peroxide
and phenyl hydrazine were obtained from (Aldrich). THF is
used after distillation and all other reagents and solvents were
used without any further distillation.

B. Synthesis of R-NAPhM

R-NAPhM derivatives were prepared according to the
method described by Abdel-Naby from cyclocondensation of
maleic anhydride and the phenyl hydrazine. The recorded
melting point is 144 °C [9].

C.Graft Copolymerization

Graft copolymerization sample was prepared in a three-
necked round bottom flask in a sonic water-bath. CA (0.049
mol) was dissolved in cyclohexanone under nitrogen
atmosphere at 70 °C. R-NAPhM comonomer was then added
to the reaction mixture and the system was heated for one hour
to allow the reaction between monomer units and the acetate
groups of glucopyranose rings. Afterwards, benzoyl peroxide
(0.02 mol) was injected to the reaction medium to initiate the
graft copolymerization.

The reaction was kept under nitrogen atmosphere in the
sonic bath for 20 h. The graft copolymer was filtered, washed
with hot methanol using Soxhlet system and then dried under
vacuum. The percentage of graft was calculated using:
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G% = (Wg-Wo) / Wox 100.

where Wo and Wg are the weight of the CA before and after
graft copolymerization, respectively.

D.Preparation of Grafted Polymeric Films

The grafted films were prepared by dissolving the
copolymer solution in THF and then casting it into petri-dish.
The film was dried in vacuum oven at 40 °C for 24 h. The
thickness of grafted film was 0.7+£0.02 mm.

E. Characterization

1) UV/Vis Spectroscopy

UV spectra of grafted copolymer samples were recorded by
Perkin-Elmer Lamda 4 UV/Vis spectrophotometer.

2) BC-NMR Analysis

The *C-NMR spectra of grafted samples were collected on
Bruker Advanc-600 MHz spectrometer. All the chemical
shifts were obtained in part per million (ppm) using

tetramethylsilane (TMS) as the internal standard and DMSO
or CDCl; are the solvents used.

3) Emission Scanning Electron Microscope (ESEM)

Morphology of grafted polymers were analyzed by (ESEM)
using a FEG-SEM/EDS or LEO 440 Zeiss /LEICA model.

F. Thermal analysis

1) Thermogravimetry (TG) and DTA

TG and DTA of the grafted polymeric samples were
characterized using a Perkin Elmer simultaneous thermal
analyzer (TGA/DTA) under nitrogen gas, in the temperature
range (50-600 °C) at heating rate (10 °C min™").

2)DSC

The glass transition temperature (Tg) of grafted copolymers
was measured on a Perkin-Elmer differential scanning
calorimeter (Moder DSC 2010, USA) by heating rate (10 °C/
min) from 20 to 500 °C, under nitrogen atmosphere. The rate
of gas flow was 20 ml/min.

G.Mechanical Properties

The plasticity of the film was measured by recording the
rejuvenated temperature (Tr) using dynamic mechanical
thermal analysis (DMTA) using a Rheomet-ric Solid Analyzer
I (Rheometric Scientific, Piscataway, NJ) under nitrogen
atmosphere. The sample was subjected to a small axial force
of 5 g and a modulating frequency of 16 Hz and heated at a
rate of 5 °C/min until the length of the sample was stretched
by 0.5 mm. The temperature at which the film was stretched
by 0.5 mm was recorded as the rejuvenated temperature (Tr).

H.Wettability

This property was examined by measuring the contact
angles of water droplets on the film with video contact angle
(VCA 2000 Advanced surface technology, Bil-Lerica MA) at
three different locations on the grafted CA film.

III. RESULTS AND DISCUSSION

A. Factors Affecting the Graft Copolymerization

To reach the optimum grafting conditions, the factors
affecting the grafting process were studied.

B. Effect of Monomer Concentration

Fig. 1 (a) showed the effect of the monomer concentration
on the percentage of grafting at constant temperature (70 °C),
initiator (0.02%) for 20 h. The results revealed that the
percentage of grafting increased from 0.02% (0.04 mol 1"
monomer concentration) to 16.66% (0.06 mol. 1) monomer
concentration) followed by a remarkable decrease in the
percentage of graft with the further increase in monomer
concentration, which might be attributed to homopolymer
formation.

C.Effect of Initiator Concentration

It is observed from Fig. 1 (b) that the percentage of graft
increased with increasing the initiator concentration up to 0.02
mol. I'' followed by a gradual reduce in %G. This might be
due to termination of growing radicals by excess free radicals
produced from the decomposition of the initiator molecules.

D.Effect of Temperature

The results shown in Fig. 1 (c) revealed that the increase in
temperature up to 70 °C led to a gradual increase in the
percentage of graft followed by a gradual decrease in the %G
at higher temperature, which indicates that the -ceiling
temperature of the branch formed was reached.
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Fig. 1 Factors affecting percentage of graft of APhM onto CA, (a)
Effect of APhM concentration [M], [initiator concentration (0.02
mol/l) for 20 h, at 70 °C], (b) Effect of initiator concentration [I],
[monomer concentration 0.06 mol/1 for 20 h, at 70 °C] and (c) Effect
of temperature, [monomer concentration 0.06 mol/l, initiator
concentration 0.02 mol/l for 20 h]

E. UV/Vis Spectroscopic Analysis

Investigation of CA-g-APhM in THF by UV/Vis
spectroscopy showed a new broad peak at 350- 400 nm as

compared to ungrafted CA. This new peak was attributed to
the APhM moieties. Moreover, the increase in the intensity of
this peak was found to be proportional to the increase in the
graft percentage.

F."* C-NMR Spectroscopy

BC-NMR spectrum of CA-g-APhM was studied as shown
in Fig. 2 and Table I. The spectrum showed the following
additional peaks as compared to that of CA.

1. A new peak at 58 ppm indicating the formation of a new
bond between nitrogen atom of (-NH) group of APhM
and carbon atom (7) of CA.

2. Disappearance of the (C=C) peak at 140 ppm and
appearance of the (C-C) peak at 41 ppm indicating the
polymerization of APhM comonomers.

3. The peak at (125 ppm) is related to monosubstituted
carbon of benzene ring (8).

According to the above-mentioned data, a reaction
mechanism for the grafting process was suggested.

C2

Cs cs C3CeCa | fM

50 [P

C7

T
150

50 [ppm]

Fig. 2 *C NMR spectrum of (a) CA and (b) CA-g-APhM (16.66%)

G.Thermal Gravimetry (TG)

The aim of this work is to produce food packaging CA
films able to resist thermal degradation. To reach this goal, the
polymer was copolymerized with APhM derivatives.

The thermal stability was investigated using TG. The initial
decomposition temperature and total weight loss (wt. loss %)

values of the copolymer samples are shown in Table II. The
data revealed that the thermal stability of samples with low
percentage of graft (0.02 and 0.66%) exhibited high value of
initial decomposition temperature (T,) (300 and 310 °C) and
total weight loss % equal to 83.9 and 83.5% respectively.
Conversely, it was found that increasing the percentage of
grafting up to 5.33% and 16.66% led to remarkable decrease
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in the total weight loss (78.1% and 79.7%, respectively) as
compared to CA (89.3%), although these samples exhibited
lower (T,) values as compared to CA.

TABLE I
3C NMR CHEMICAL SHIFTS (A PPM) CHARACTERISTICS OF (CA-G-APHM)
SAMPLE
Carbon  “C-NMR
Structure
atom (5 ppm)
CH,OCOCH; 1 41
2 170
3 130
4 110
5 116
6 114
7 58
8 125

The decrease in the total weight loss % of the grafted
samples is attributed to the thermal stability of the Amino
phenyl maleimide branches [9], [10] which might wrap around
the backbone of CA, supporting it at high temperatures. On
other hand, the increase in the length of APhM branches
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increases the amorphous regions percentage of the copolymer
matrix, thus decreasing the initial decomposition temperature
(T,) from 250 °C for CA to 200 and 210 °C for 5.33 and
16.66% of grafted samples, respectively (Fig. 3).

H.DTA

The DTA curves of CA and its graft copolymer are given in
Fig. 4. The results showed that the exothermic peak (Ty) at 388
°C, corresponding to the crystalline region of CA, is shifted to
the lowest temperature with the increase in % of graft. High
grafting percentage sample (16.6%) showed shift of this peak
to lower temperature, (279 °C) while samples with (0.02%)
graft exhibited (Ty) value equal to (389 °C) comparable to that
of CA (388 °C). Thus, increasing graft percentage would
decrease the secondary interaction force between chains
leading to amorphous polymer matrix.

I. Dynamic Thermomechanical Properties

It is well known that CA should be plasticized prior to its
adjustment to plastic applications [11], otherwise, the
mechanical properties of the products will be reduced. T,
investigates the mechanical properties of the grafted samples,
the dynamic thermomechanical properties technique was used.
The film was exposed to a load of 5 gm and frequency 16 Hz
and then heated (rate of 5 °C/ min) until elongation equal to
0.5 mm, this temperature is known as (T,) rejuvenated
temperature. The results in Table II revealed that the value (T,)
decreased with the increase in the percentage of graft to reach
99 °C for CA-g-N-(APhM) maleimides (16.66%) as compared
to CA (210 °C) and plasticized CA (198 °C). Thus, the branch
built by the grafting process acted also as a plasticizer for the
copolymer film.
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Fig. 3 TG of CA samples grafted with various percentage of APhM (a) 0.66%, (c) 5.33%, (d) 16.66%, (e) 0.02% as compared to that of CA (b)
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Fig. 4 Effect of percentage of grafting of APhM onto CA on (DTA) as compared to that of CA

TABLE II
EFFECT OF PERCENTAGE OF GRAFT ON THE THERMAL, WETTABILITY AND MECHANICAL PROPERTIES OF CA-G-APHM
Grafted % of T, (°C) Wt. loss (%) T, (°C) Contact Rejuvenated temperature
polymer graft ° at 500°C £ angle (°) (C°) (T
CA 0.00 250 89.3 189.49 64.0 210
0.02 300 83.92 189.41 62.4 207
0.66 310 83.55 190.1 75.3 220
CA-g-APhM
5.33 210 78.15 186.2 78.9 127
16.66 200 79.75 184.1 84.5 99

J. DSC

The data in Table II showed that each graft sample
exhibited single (T,) value different from that of CA. This
indicates that a new graft copolymer was formed. Moreover, it
was found that (T,) value decreased with the increase in the
percentage of graft. This is attributed to the effect of graft
copolymerization on reducing the crystallinity of the
polymeric matrix, as increasing the length of APhM branches
reduced the intermolecular forces between CA chains.

K. Wettability

The wettability of various samples of (CA-g-APhM) films
was examined by measuring the contact angle of water
droplets on each film (Table II). The results indicated that the
CA graft copolymer films exhibited higher contact angles than
ungrafted CA film. This might be attributed to the presence of
organic branches of poly (APhM) through the backbone of
CA. Moreover, increasing the percentage of graft leading to
high contact angle value. The maximum value of contact angle
(84.5°) corresponds to the highest percentage of graft samples
(16.66%).

L. Morphological Characterization (®)

Examination of the morphology of CA (a) and CA grafted Fig. 5 ESEM morphology of polymeric film (a) CA and (b) CA-g-
with APhM (16.66%) sample (b) by ESEM showed the APhM (16.66%)
grafted regions well distinct over the semicrystalline matrix of
CA (Fig. 5). IV. CONCLUSION

Graft copolymerization of APhM onto CA showed an
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effective role in reducing the wettability of CA to permit the
adjustment of the resulting copolymer to food packaging
industry. The effect of reaction parameters, such as monomer
concentration, initiator concentration and temperature on the
percentage of graft were studied.

The structure of the graft copolymer was confirmed by *C-
NMR spectroscopy. Moreover, the presence of the
comonomer moieties led to a remarkable improvement in the
thermal stability of the graft copolymer as compared to
undrafted CA. Furthermore, the graft copolymer films
exhibited lower Tg value as compared to CA film which
improved its stretching ability.
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