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Abstract 

High cy-cellulose pulps obtained from fast growing plant species Leucaena leucocephala 
and Hibiscus cannabinus were esterifred with trimellitic anhydride (TMA), phthalic 
anhydride (PTA) and trimethyl acetic anhydride (TMAA), following a homogeneous 
reaction procedure. The degree of substitution achieved was found to vary, up to 2.56, 
depending on the reaction conditions. Thermal decomposition was studied by a differential 
thermogravimetry at three heating rates 5, 10 and 20”Cmin~ in static air. The kinetic 
parameters were evaluated using the generalized equation of Coats and Redfern. The 
thermal stabilities of the esters were found to vary in the order TMA > PTA > TMAA. 
The decomposition process was found to conform to first order weight loss kinetics, and 
the activation energies of the respective esters at 5”Cmin’ heating rate were 308.11, 
194.98 and 213.00 kJ mall’ respectively. 

INTRODUCTION 

In view of the tremendous increase in the consumption of forest based 
cellulosic materials for pulp and paper making, a global shortage of 
conventional raw materials by the end of this century can be visualized [l]. 
The search for new fibre crops has been underway during the last three 
decades or so, to find and develop new fibre supplies for paper and cellulose 
industries. The fast growing plant fibres have gained considerable im- 
portance as an economic source of cellulosic material and during recent 
years, many such fast growing annual and perennial plant species have been 
identified, cultivated and studied for their suitability as alternative sources 
of raw material for the pulp and paper industry [2-51. A few studies have 
also been performed relating to the preparation of high a-cellulose pulp 
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and cellulose derivatives from fast growing plant biomass [6-81. The two 
fast growing plant species Leucaena Zeucocephalu (a perennial plant) and 
Hibiscus cannabinus (an annual plant) have been exploited to prepare high 
a-cellulose pulp with characteristic physico-chemical properties [9, lo]. 
Cellulose esterified products have also been prepared by adopting 
homogeneous esterification procedure [ll]. Acetylated products from the 
a-cellulose obtained from Leucaena leucocephalu have been prepared and 
the products have been characterized by IR, ‘H NMR and 13C NMR 
spectroscopic techniques [12]. The thermal decomposition of the (Y- 
cellulose and the acetylated products have also been studied using 
thermogravimetric and differential thermal analyses, in order to obtain 
insight into the mechanisms of thermal degradation [13]. Further, homoge- 
neous esterification of cr-cellulose pulp (prepared from both the plants as 
raw materials) has been carried out with trimethyl acetic anhydride 
(TMAA) and trimellitic anhydride (TMA) under different reaction 
conditions; the esterified products have been isolated and characterized 
[14]. Homogeneous esterification of the a-cellulose pulp has also been 
attempted with a dicarboxylic acid anhydride, e.g. phthalic anhydride 
(PTA), and the results reported [15]. The esters from TMAA exhibit 
elastomeric and thermoplastic properties and can be used for the 
preparation of films and membranes. TMA esters can also be cast from 
solution and used for water-insoluble coatings. The PTA esters are known 
for their use as enteric coatings and enteric film coatings of medicinal 
tablets [16]. 

In the present communication, we report the thermal behavior and 
primary physico-chemical characteristics of cellulose-esterified products of 
TMA, PTA and TMAA, because the thermogravimetric studies of these 
esters prepared under homogeneous esterification conditions have not yet 
been reported in the literature. 

EXPERIMENTAL 

Preparation of esterified products 

a-Cellulose pulps extracted from Leucaena Zeucocephalu and Hibiscus 
cannabinus contain 94.04 and 94.40% a-cellulose respectively [9, lo]. For 
preparing TMA and TMAA esters, the a-cellulose pulp from Leucaenu 
Zeucocephalu, and for PTA esters the cu-cellulose pulp from Hibiscus 
cannabinus were used. The celluloses were dissolved separately in a 
paraformaldehyde (PF) and dimethyl sulfoxide (DMSO) mixture. The 
PTA and TMA were dissolved in pyridine by mild heating and 
homogenoeus esterification was carried out at SO-100°C for 8 h; the 
esterification with TMAA was carried out at room temperature (27°C) for 
1 h. 
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Thermal analysis 

Differential thermal analysis (DTA), thermogravimetry (TG) and 
differential thermogravimetry (DTG) were carried out using a Shimadzu 
model 30 thermal analyser model. The weight of the samples for TMA and 
TMAA esters were in the range 10.0-16.6 mg and 8.0-14.2 mg respectively; 
for the PTA ester, the range was lO.O-18.7mg. a-Alumina was used as 
reference material and the temperature ranged from 25 to 600°C at heating 
rates 510 and 20°C min-’ in static air. 

RESULTS AND DISCUSSION 

Analysis and characterization of esterified products 

The physical characteristics and average degree of substitution (DS) of 
TMAA and TMA esters were recorded. The degree of sutstitution of the 
1 h esterified products of TMAA and the 8 h esterified product of TMA 
were 2.56 and 2.41 respectively [17]. The phthaloyl content of the 
dicarboxylic acid ester was 53.6% [18]. 

The TMAA and TMA esters were characterized by IR and ‘H NMR 
spectroscopies. The IR spectra of the 1 h esterified product of TMAA 
showed characteristic ester bands at 1740cm-‘. The TMA esters also 
exhibited bands characteristic of the ester compounds at 1740 (C=O), 1260 
and 1300 cm-’ (-C-O-C-, asymmetric stretch) and 1080 cm-’ (-C-O-C-, 
asymmetric stretch), which are characteristic of aromatic esters having the 
C,H,-C(=O)-C-R formula [19]. The IR spectra of PTA esters also showed 
the sharp absorption bands at 1740cm-’ characteristic of the carbonyl 
group [15]. 

In the ‘H NMR spectra of TMAA, the resonance observed at 1.15 and 
4.85 6 are indicative of the formation of esterified cellulose products. The 
‘H NMR spectra of TMA esters with absorption peaks at 7.90, 8.20 and 
8.45 S is indicative of the presence of the three aromatic protons of the 
trimellitic group attributed to H-5’, H-6’ and H-3’ respectively. The 
resonance signals due to H-6 (-CH,-0-) and H-4 appeared between 4.0 
and 6.2 S. The details of this study have been reported elsewhere [14]. 

Thermogravimetric analysis 

The thermal analyses (TG, DTG and DTA) of the three esters studied 
are shown in Figs. 1, 2 and 3 at heating rates of 5, 10 and 20°C min-’ for 
each. The thermal analysis data are summarized in Tables lA-1C. Thermo- 
grams are shown separately in Figs. 4(a) and 4(b) for heating rates of 5 and 
10°C min-‘; from these it is clear that the esters may be grouped according 
to decreasing thermal stability in the order TMA > PTA > TMAA. How- 
ever, there appears to be a transition below which the thermal stability of the 
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Fig. 1. TG, DTG and DTA analyses of the TMA cellulose esters at heating rates of (a) 5, (b) 
10 and (c) 20”Cmin-‘. 

TMAA ester is increased, as can be inferred from the relative lowering in rate 
of weight loss below this temperature. 

DTA curves for the TMA ester at heating rates 5 and 10” mine1 are 
almost identical. An endothermic process starts at 2530°C and extends up 
to 140-160°C. This is due to the loss of moisture by slow evaporation. 
Following this there is an exothermic process with a maximum at 316”C, 
which is higher than the TG decomposition temperature. The exothermic 



C.N. Saikia et al./Thermochim. Acta 219 (1993) 191-203 195 

,,9,oL 
25 100200300L00500 

0 

1, , , , , Jj 
25 100 200 300 400 SC0600w 

0 

10 

20 

-30 

2 LO rr 
In 

", 50 
-I 

60 

5 70 

Tcmporoluro(°C) 
0 u 

10 
I 

Y 

20 ;; 

w" 

_ 

. 
5 10 t 

: 50 z 

' 

30 ?I 60 ? 

5 70 ?i 
lz 

80 Y 
I- 

90 8 

100 5 
25100,200300 UKI 500600 

lomperaluro~°C) 

b 

1 
II I I I I 

30 100200300 Loo soo600w 

Tomperoturel'C) 
" 
s 
[L 
w 

: 

:: 

c 
i 

s 

A 
? 

: 

E 

:: 
z 

30100 200300400 500 600W 

Temperature(Y) 

Fig. 2. TG, DTG and DTA analyses of PTA esters at heating rates of (a) 5, (b) 10 and (c) 
20°C min-‘. 

peak is wide and extends up to 6OO”C, with small intermediate peaks, built 
onto the overall process. This may be attributed to rapid decomposition 
reactions occurring parallel to the main decomposition process and may be 
due to the prevalence of an oxidative environment. Referring to the DTA 
curves obtained for a-celluloses [20], the new large endothermic peak in 
the DTA curve for the TMA ester (Fig. l), may be reasonably assigned to 
the breakdown of the ester group; subsequent peaks at 430~445°C 
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Fig. 3. TG, DTG and DTA analyses of the TMAA esters at heating rates of (a) 5, (b) 10 and 
(c) 20°C min-‘. 

represent the decomposition of unmodified cellulose moieties. At high 
heating rate and in the high temperature zone, the endothermic peak 
disappears. The exothermic decomposition process occurring over a wide 
range of temperature is attributable to oxidative attack at the C==O group by 
the C-H groups of cellulose. At a heating rate of 20°C min-l, the first 



C.N. Saikia et al./Thermochim. Acta 219 (1993) 191-203 

90 

70 

T 60 

< 

* 50 

z .- 

‘Z 40 

8 
E 

$ 30 

0” 

20 

10 

0 
50 100 150 200 250 300 350 400 450 500 550 6 

Temperature ‘C ---w 

TomporOture, ‘C - 

(b) 

197 

Fig. 4. (a) Thermograms of esterified products at a heating rate of 5°C min-‘: 0, TMA ester; 
A, PTA ester; A, TMAA ester. (b) Thermograms of esterified products at a heating rate of 
10°C min-‘: 0, TMA ester; A, PTA ester; A, TMAA ester. 



T
A

B
L

E
 

1A
 

D
T

A
 

da
ta

 

Sa
m

pl
e 

D
T

A
 

pe
ak

 
te

m
pe

ra
tu

re
 

(“
C

) 

5°
C

 m
in

-’
 

10
°C

 m
in

-’
 

20
°C

 m
in

-’
 

I 
II

 
II

I 
IV

 
I 

II
 

II
I 

IV
 

I 
II

 
II

I 
IV

 

T
M

A
 

es
te

r 
73

 
31

6 
36

2 
=

 
43

2”
 

89
 

31
6 

39
2 

44
5 

11
6 

29
6 

b 
35

0b
 

- 

PT
A

 
es

te
r 

(e
nd

o)
 

(e
xo

) 
(e

nd
o)

 
(e

xo
) 

(e
nd

o)
 

(e
xo

) 
(e

nd
o)

 
(e

xo
) 

(e
nd

o)
 

(e
xo

) 
g5

0)
 

84
 

(e
nd

o)
 

tz
o)

 
Fz

id
o)

 
T

zz
o)

 
iz

do
) 

fz
zo

) 
T

zo
) 

- 

94
 

30
0 

_ 

(e
nd

o)
 

(e
xo

) 
(e

xo
) 

T
M

A
A

 
es

te
r 

’ 
68

 
28

0 
33

2 
39

2 
- 

32
0 

40
0 

47
0 

(e
nd

o)
 

(e
xo

) 
(e

nd
o)

 
(e

xo
) 

(l
zd

o)
 

Fz
zo

) 
:z

id
o)

 
;iz

o)
 

(e
xo

) 
(e

nd
o)

 
(e

xo
) 

T
A

B
L

E
 

1B
 

D
T

G
 

da
ta

 

Sa
m

pl
e 

D
T

G
 

pe
ak

 
te

m
pe

ra
tu

re
 

(“
C

) 

5°
C

 m
in

-’
 

10
°C

 m
in

-’
 

20
°C

 m
in

-’
 

I 
II

 
II

I 
I 

II
 

II
I 

I 
II

 
II

I 

T
M

A
 e

st
er

 

PT
A

 
es

te
r 

T
M

A
A

 
es

te
r 

77
.5

 
26

4 
- 

73
 

24
8 

_ 
94

 
25

4 
- 

(e
nd

o 
(e

nd
o)

 
(e

nd
o)

 
(e

nd
o)

 
(e

nd
o)

 
(e

nd
o)

 

br
oa

d)
 

70
 

27
2 

42
4d

 
60

 
27

2 
41

6 
e 

10
4 

29
2 

- 

(e
nd

o)
 

(e
nd

o)
 

(e
nd

o)
 

(e
nd

o)
 

(e
nd

o)
 

(e
nd

o)
 

(e
nd

o)
 

(e
nd

o)
 

75
 

30
0 

_ 
68

 
27

6 
- 

92
 

30
0 

- 

(e
nd

o)
 

(e
nd

o)
 

(e
nd

o)
 

(e
nd

o)
 

(e
nd

o)
 

(e
nd

o)
 



T
A

B
L

E
 

1C
 

A
ct

iv
e 

de
co

m
po

si
tio

n 
te

m
pe

ra
tu

re
 

an
d 

w
ei

gh
t 

lo
ss

 

Sa
m

pl
e 

W
ei

gh
t 

lo
ss

 (
%

) 
f 

A
ct

iv
e 

de
co

m
po

si
tio

n 
te

m
pe

ra
tu

re
 

(“
C

) 

5°
C

 m
in

-’
 

10
°C

 m
in

-’
 

20
°C

 
m

in
-’

 
5°

C
 m

in
-’

 
;O

’C
 

m
in

-’
 

20
°C

 
m

in
-’

 

I 
II

 
II

I 
I 

II
 

II
I 

I 
II

 
II

I 
I 

II
 

II
I 

I 
II

 
II

I 
I 

II
 

II
I 

T
M

A
 

es
te

r 
PT

A
 

es
te

r 
T

M
A

A
 

es
te

r 

10
 

75
 

_ 
(Z

40
) 

70
.0

5 
_ 

10
.0

 
;:

74
-6

00
) 

_ 
25

0 
31

0 
- 

24
0 

28
6 

- 
23

6 
27

4 
- 

(2
5-

16
2)

 
(1

62
-6

00
) 

(1
40

-6
00

) 
(3

0-
17

4)
 

;;
5-

16
4)

 
&

4-
37

4)
 

;:
74

-6
00

) 
;:

5-
16

4)
 

50
 

;:
40

-6
00

) 
;;

5-
20

8)
 

;;
08

-6
00

) 
- 

25
0 

30
8 

41
6 

24
0 

30
0 

38
4 

29
4 

34
2 

- 
(X

4-
34

0)
 

(:
5-

14
8)

 
;:

48
-6

00
) 

_ 
7 

_ 
5 

83
 

_ 
25

0 
33

2 
- 

24
8 

31
5 

- 
25

0 
34

0 
- 

(2
5-

13
2)

 

f3
2-

40
0)

 

(1
25

-1
40

) 
(1

40
-6

00
) 

a 
C

lo
se

 
an

d 
fa

st
 

oc
cu

rr
in

g 
de

co
m

po
si

tio
n 

pr
oc

es
se

s.
 

b 
C

lo
se

. 
’ 

Q
ui

ck
 

ch
an

ge
 

of
 

pe
ak

 
ab

ov
e 

20
0°

C
. 

d 
B

ro
ad

 
an

d 
sm

al
l. 

e 
Sm

al
l. 

f T
em

pe
ra

tu
re

 
ra

ng
e 

(i
n 

“C
) 

in
 

pa
re

nt
he

se
s.

 

K
ey

: 
I,

 I
I,

 
II

I 
re

pr
es

en
t 

pr
e-

, 
se

co
nd

 
an

d 
th

ir
d 

st
ag

es
. 



200 C.N. Saikia et al./Thermochim. Acta 219 (1993) 191-203 

endothermic peak is very steep, covering a wide range of temperatures 
(25-174”(Z), indicating loss of free moisture and bound water via an 
oxidative dehydration mechanism. 

The DTA curve of the PTA ester (particularly at 5°C min-‘) exhibits 
similar trends with marginal differences in peak temperatures. This may be 
considered reasonable because both the esters are structurally identical 
with one additional CO and one additonal OH functional group in the case 
of the PTA ester. However, at high heating rates, i.e. 10 and 20”Cmin’, 
the endothermic peak tends to vanish beyond 2OO”C, the observation being 
more pronounced at 20°C min-‘. This would lead us to believe that the 
decomposition pathway changes when the heating rate is increased. 
Although the patterns of the DTA curves for TMAA at 5 and 10°C min-’ 
are similar in nature, at 20°C min-’ the low temperature endothermic peak 
disappears, indicating either the fast release of moisture or the simul- 
taneous occurrence of moisture release and decomposition of the 
substituted ester group. The exotherm at 280-290°C is representative of 
oxidative attack of the CO group with the available CH groups. A fast 
endothermic peak at a temperature of around 320°C represents the melting 
and rapid degradation of cellulose. The exothermic process which followed 
immediately may be attributed to slow oxidation and evaporation or 
carbonization of the degraded fragments of the decomposed product. The 
char yield in the case of PTA is the lowest, indicating almost complete 
oxidation of the organic matter. 

The TG and DTG curves of TMA show a major weight loss, with 
maxima at 264,248 and 254°C corresponding to heating rates of 5, 10 and 
20°C min-’ respectively. The overall percentage weight loss decreases with 
increase of heating rate. In the case of PTA esters, two major weight loss 
steps can be seen with respective DTG maxima of 272 and 410°C 
corresponding to the active temperature of decomposition. However, at a 
heating rate of 20°C min-l, only one major weight loss step is observed and 
the overall weight loss is also the lowest. Thus the decomposition pathway 
changes at a high heating rate. 

TG and DTG of the TMAA ester exhibit one major weight loss step, 
the DTG maximum occurring at 3OO”C, which falls below the temperature 
of active decomposition. The initial temperatures at which the main 
decomposition step start are almost identical for all the heating rates and 
are comparable to those reported for cellulose esters derived from acetic 
anhydride [13]. 

Kinetic parameters 

The retrieval of kinetic parameters from weight loss versus temperature 
data can be carried out by using various methods [21-351. Modified 
versions of the well known Coats and Redfern [33] technique have been 
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found to be the easiest and most reliable for retrieving kinetic parameters 
from dynamic thermogravimetry. Careful examination of the results 
obtained by various authors of kinetic parameters by various methods 
reveals that the Coats and Redfern technique can give the highest value for 
the correlation coefficient (R’) and the lowest value of the minimum 
average deviation (%AAD) in linear least square fit of the deterministic 
functions. In view of this, the Coats and Redfern method has only been 
used to evaluate the values of the activation energy AE (kJmol_‘) and 
frequency factor A (s-l). The general correlation equation used in the 
Coats and Redfern method is 

(1) 

where (Y is the fractional conversion, II is the order of reaction, a is the 
heating rate (in K min-l), R is the gas constant (in kJ mall’ K-‘) and T is 
the temperature (in K). A computer program in Fortran was used for the 
linear least square analysis and applied to evaluate II, AE and A 
simultaneously. The procedure basically involves stepwise change of the 
order of the reaction y1 (over a range 0.5-2.0) to determine the correlation 
coefficient R' and %AAD in the least square estimate of the parameters 
AE and A. Table 2 shows the results of such computation for the main 
decomposition steps only. Although a satisfactory fit of the data can be 
realized over a range of reaction orders, an optimum value of 1 can be 
selected considering the distinguishable inflection points in the observed 
patterns of change of R' and %AAD. The activation energy required for 
decomposition of the TMA ester is the highest and conforms to the high 
thermal stability of this ester compared to the others. 

The results presented in Table 2 indicate that kinetic compensation laws 
[36] as given by the equation log A = a + bE can be applied to the thermal 
decomposition of the esters over several runs at different heating rates. The 
values of the compensation parameters a and b for all the esters fall in the 
region of 3 s-l and 5.3 X 1O-3 mol kJ_’ s-’ respectively, with standard 
deviation of 520%. 

CONCLUSIONS 

(1) Homogeneous esterification of cellulose with trimellitic acid an- 
hydride (TMA), phthalic anhydride (PTA) and trimethyl acetic anhydride 
(TMAA) gives esters with appreciable degrees of esterification. 

(2) The esters may be grouped according to decreasing thermal stability 
in the order TMA > PTA > TMAA. 

(3) The thermal decomposition process conforms to first-order kinetics. 
(4) The activation energies required for the decomposition of the esters 

are relatively higher than those reported for other cellulose esters. 
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