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ABSTRACT: Cellulose triacetate (CTA) was prepared
from high-grade bamboo dissolving pulp in general acet-
ylation medium of acetic acid/acetic anhydride/sulfuric
acid system. Despite its properties being improved com-
pared with these of CTA prepared from viscose bamboo
pulp, many insoluble residues still remained in its acety-
lation medium, which resulted in the decrease of the
brightness and thermal stability of prepared CTA. Char-
acterization of the insoluble residue indicated that its for-
mation was associated with a higher content of xylan and
ash in high-grade bamboo pulp than in high-grade hard-
wood pulp, in which insoluble residue was negligible.
Because of the poor solubility of xylan diacetate (XDA) in
acetylation medium, the insoluble residue formed
through the aggregation of XDA and CTA by ultrastruc-

tural effects of the pulps during the precipitation of XDA.
An addition to the good solvent of XDA, such as 1,2-
dichloroethane to acetylation medium of high-grade bam-
boo pulp, could release the aggregation of XDA and CTA
and dissolve the insoluble residue, which could lead to
the improvement of the transmittance of reaction solu-
tion, as well as the properties of CTA prepared such as
brightness and thermal stability. This study showed that
high-quality CTA could be prepared from high-grade
bamboo dissolving pulp in acetylation with an addition
of solvent. VVC 2009 Wiley Periodicals, Inc. J Appl Polym Sci 113:
456–465, 2009
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INTRODUCTION

Cellulose acetate (CA), an important cellulose deriv-
ative prepared through acetylation of cellulose, has
been widely used in materials such as textiles, plas-
tic film, and cigarette filter tow. Original materials
used commercially for preparing cellulose acetate
are generally high-quality celluloses with a-cellulose
content of more than 95%, and a hemicellulose con-
tent of not more than 2.8%.1 Many investigations
have shown that hemicellulose acetates (HCA), such
as glucomannan triacetate (GTA) and xylan diacetate
(XDA), behave differently in solution, resulting in
industrial problems such as poor filterability, turbid-
ity, and false viscosity.2,3 Therefore, cellulose materi-
als capable of being used for preparing CA are

usually cotton linters, as well as high-grade wood
dissolving pulps, which come from high-quality
hardwoods or softwoods of more than 20 years.
Some workers attempted to prepare CA from low-

grade wood pulp to decrease material costs. Barkalow
et al. presented an approach of producing CA through
acetylation of mechanical pulp with subsequent isola-
tion of CA by different solubility.4 Saka et al. have
reported the preparation of cellulose acetate from
low-grade wood dissolving pulps in general acetyla-
tion medium and found that an addition of appropri-
ate solvent to acetylation medium was able to reduce
insoluble residues in reaction solution.5,6 However, a
great amount of acetic acid, as well as sulfuric acid as
catalyst, were employed in their studies.7 Moreover,
there was no report about the degree of polymeriza-
tion (DP) and brightness of CA prepared. Although
considerable effort has been made to find other sour-
ces of cellulose for CA preparation, up to now, these
works still stop at the lab stage.
Bamboo, an abundant regenerative resource in

Asia, is a kind of rapidly grown and early harvested
vegetable with high adaptability, which can be felled
every year for one hundred years after growing for
3 years. Unfortunately, bamboo is only employed in
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conventional fields such as furniture, construction,
and the paper industry throughout the Asian region,
and there are limited reports in the scientific litera-
ture concerning the use of bamboo pulp. Little
research has focused on that bamboo pulps are used
as reinforcing materials of composite or employed in
paper making.8,9 Recently, bamboo pulps have been
utilized in preparing viscose fibers in some Asia
countries, but there is no report about bamboo pulps
used in CA preparation.

High-grade bamboo dissolving pulp with a-cellu-
lose content of more than 95% had been prepared
from bamboo Cizhu (Dendrocalamus affinnis) in our
previous work.10 In this study cellulose triacetate
(CTA) was first synthesized from high-grade bam-
boo dissolving pulp in a general acetylation medium
comprising acetic anhydride, acetic acid, and sulfu-
ric acid, and the formation mechanism of insoluble
residues in reaction solution were elucidated in this
work. The effect of the addition of solvent to the
acetylation medium on the reduction of insoluble
residues and the improvement of the properties of
prepared CTA was also studied. The investigation
showed that high-quality CTA could be prepared
from high-grade bamboo pulp in general medium
with an addition of only 15% 1,2-dichloroethane.

EXPERIMENTAL

Materials

High-grade bamboo dissolving pulps were prepared
from Cizhu (D. affinnis) by prehydrolyzed kraft
pulping and three stages of hydrogen peroxide
bleaching with xylanase pretreatment and DMD pre-
treatment in our lab.10 High-grade hardwood pulp
used for commercial preparation of CA from Rayon-
ier Inc. of Florida (USA), and viscose bamboo dis-
solving pulp prepared from bamboo Maozhu
(Phyllostachys pubescens) from Shanghai Pulp Factory
(China) were also used in experiments for compari-
son. All chemical reagents were of reagent grade
and used without further purification.

CTA preparation

CTA was prepared from the three pulps. The well-
defibered pulps with a weight of 50 g were pre-
treated with 500 mL of acetic acid at room tempera-
ture; subsequently 250 mL acetic anhydride and 1.5
mL H2SO4 were added and the pulps were acety-
lated for 80 min at 50�C.

To reduce the insoluble residue in reaction solution
of high-grade bamboo pulp, a solvent was added to
the control acetylation medium with acetic acid, acetic
anhydride, and sulfuric acid. The pulp was first acti-
vated by stirring with a mixture of acetic acid and a

solvent with various solvent contents for 60 min at
room temperature and subsequently acetylated under
the same condition mentioned above,

Solvent content ¼ Vsolvent

Vsolvent þ Vacetic
� 100% (1)

where Vsolvent (mL) is the volume of solvent added,
and Vacetic (mL) is the volume of acetic acid.
The solutions obtained by acetylation were then

spun in a centrifuge at 7000 rpm for 30 min to sepa-
rate the soluble portion and the insoluble residue.
The supernatant portions were pipetted out, and the
precipitated mass was washed three times with fresh
acetic acid by centrifugation; the obtained insoluble
residue was stored separately. All supernatants were
collected in a beaker, concentrated, and poured into
deionized water to precipitate the soluble portion.
The soluble and insoluble portions were washed
three times with saturated NaCl solution for stabili-
zation. The remaining NaCl was washed thoroughly
with deionized water. Finally, these were washed
with methanol and dried under vacuum for 12 h.

Chemical analysis

DP of pulp samples was determined from the intrin-
sic viscosity [g] (mL/g) measured in a cupri-
ethylene-diamine solution according to TAPPI T206,
by the following formula:

DP0:905 ¼ 0:75½g� (2)

DP of CTA was calculated from the [g] (dL/g)
measured in a mixture of dichloromethane and
methanol (90/10, w/w) according to ASTM D-871-
96, by the following formula:

DP ¼ 147½g�1:2 (3)

The neutral sugar compositions were determined
by an alditol-acetate procedure11 with a Shimadzu
GC-2010 gas chromatograph to which a 10% Silar-
10C column (2 m) was attached. The carrier gas
used was helium with a flow rate of 40 mL/min. An
injection temperature of 260�C was set with a col-
umn temperature of 230�C.
The degree of substitution (DS) of CTA was deter-

mined by the titration method according to ASTM
standard. Brightness of pulps and CTA produced
were measured according to ISO 3688/2470. Other
parameters of pulp samples were determined by
using TAPPI standard methods.

Measurement of transmittance of reaction solution

The obtained reaction solutions were subject to a
photometric analysis to determine the degree of
transmittance of the solution by the formula below
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with a monochromatic light of 670-nm wavelength
on a Shimadzu recording spectrophotometer UV-
365:

Transmittance ¼ Isolution
Imedium

� 100ð%Þ (4)

where Isolution and Imedium refer to the transmittances
of the reaction solution and the acetylation medium
without CTA, respectively.

Scanning electron microscopy and light microscopy

A JEOL JSM-5600LV electron microscopy with an
accelerating voltage of 15 kV was used to study the
morphology of bamboo and wood pulp fibers. A
Carton optical microscope was used to observe in-
soluble residue in acetylation medium by placing
the samples of reaction solution on glass slides.

FTIR spectroscopy

FTIR spectra of the samples were recorded with a
Nicolet Nexus 670 FTIR spectrometer, using the KBr
disc technique (1 mg power of samples/300 mg
KBr). One hundred scans were taken with a resolu-
tion of 2 cm�1.

X-ray diffractometry

X-ray diffraction was record at a scanning speed of
0.02�/s with a Rigaku-D/Max-2550PC diffractometer
using Ni-filtered Cu Ka radiation with a wavelength
of 0.1542 nm. The operating voltage and current
were 40 kV and 30 mA, respectively.

Thermal analysis

Differential thermal gravimetry (DTG) and differen-
tial thermal analysis (DTA) were carried out by

using a Perkin-Elmer Diamond TG/DTA analyzer
under nitrogen gas at a flow rate of 30 mL/min and
a heating rate of 10�C/ min.

RESULTS AND DISCUSSION

Morphology and properties of pulps

High-grade wood dissolving pulps, especially hard-
wood pulp, are widely used commercially for pre-
paring CA. As shown in Figure 1(a), hardwood pulp
fiber is flat with no distinct nodes, while bamboo
pulp fiber is long, cylindrical, and uniform in size
with distinct nodes [Fig. 1(b)].
As compared with viscose bamboo pulps, high-

grade bamboo pulps show the properties with
prominent improvement, among which a-cellulose
content, DP, and brightness have been accessible to
those of high-grade hardwood pulp (Table I). How-
ever, two important parameters affecting acetylation,
xylan content and ash content, are more than several
times those of high hardwood pulps, and this is

Figure 1 SEM photographs of (a) high-grade hardwood pulp and (b) high-grade bamboo pulp.

TABLE I
Comparison of Chemical Composition and Physical

Properties of High-Grade Bamboo Pulp with High-Grade
Hardwood Pulp and Viscose Bamboo Pulp

Parameters

High-grade
bamboo
pulp

High-grade
hardwood

pulp

Viscose
bamboo
pulp

Alpha cellulose (%) 96.24 98.20 85.43
Degree of polymerization 1021 1134 512
DCM extractive (%) 0.08 0.013 0.22
Xylose (%) 3.9 1.3 6.8
Mannose (%) 0 0.3 0
Brightness (%) 88.4 92.7 75.5
Ash (%) 0.10 0.02 0.22
Moisture (%) 6.70 6.81 6.96
Crystallinity (%) 58.27 54.92 52.08
Crystallite size (nm) 6.10 5.85 5.33
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likely associated with the fact that bamboo is a her-
baceous plant.12 In addition, crystallinity and crystal-
lite size in high-grade bamboo pulp are greater than
those in other two pulps.

Insoluble residues in acetylation medium

Observations by optical microscope revealed that for
two bamboo pulps some of fibrous matter remained
in acetylation medium comprising acetic anhydride,
acetic acid, and sulfuric acid [Fig. 2(a,c)], whereas

for high hardwood pulp no any insoluble residue
was found [Fig. 2(b)]. In contrast with viscose bam-
boo pulp with an insoluble residue content of 22.4%,
the insoluble residue in acetylation medium of high-
grade bamboo pulp evidently reduced (8.7%) with
an increase of a-cellulose (Fig. 3); however, high-
grade bamboo pulp resulted in insoluble residue
more than almost 20 times that of high-grade hard-
wood pulp, which was negligible (0.44%).
The transmittance is inversely dependent on the

content of insoluble residues in reaction solution

Figure 2 Light micrographs of insoluble residue in acetylation medium of (a) viscose bamboo pulp, (b) high-grade hard-
wood pulp, and (c) high-grade bamboo pulp without solvent addition, as well as in acetylation medium of high-grade
bamboo pulp with an addition of (d) 5% and (e) 15% 1,2-dichloroethane.
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because of the light scattering by the insoluble resi-
dues. As shown in Figure 3, there was still a consid-
erable difference in the transmittances of reaction
solutions between high-grade bamboo pulp and
hardwood pulp, although the transmittance of high-
grade bamboo pulp had been improved obviously
compared with that of viscose bamboo pulp. This
can be seen from the reaction solution photographs
of the three pulps presented in Figure 4. The reac-
tion solution of high-grade bamboo pulp was rather
turbid in contrast with that of high-grade hardwood
pulp.

Properties of CTA prepared from the three pulps,
which were acetylated under the same conditions in
acetylation medium without solvent addition, are
listed in Table II. Insoluble residues in reaction solu-
tion also resulted in the lowering of CTA brightness
synthesized from the two bamboo pulps. The bright-

ness of CTA prepared from high-grade bamboo
pulp had been improved as compared with that of
CTA from viscose bamboo pulp, which was russet
in appearance [Fig. 5(d)]; however, it was less than
about 9.6% that of CTA prepared from high-grade
hardwood pulp, which was white, while CTA pre-
pared from high-grade bamboo pulp was yellowish
[Fig. 5(a,b)]. A lower DP for CTA synthesized from
high-grade hardwood pulp, as shown in Table II, is
likely because of the lower crystallinity and crystal-
lite size in the pulp.

Effect of solvent addition on the amount of
insoluble residue in the acetylation medium of
high-grade bamboo pulp

Chemical compositions of the insoluble residues of
the two bamboo pulps in the reaction solution with-
out solvent addition are given in Table III. It is appa-
rent that, in addition to glucose, the residues

Figure 3 Relationship between a-cellulose contents of the
three pulps and the amount of insoluble residues in acety-
lation medium, as well as the transmittances of reaction
solutions.

Figure 4 Reaction solutions of (a) high-grade hardwood
pulp, (b) high-grade bamboo pulp, (d) viscose bamboo
pulp acetylated in acetylation medium without solvent
addition, as well as (c) high-grade bamboo pulp acetylated
in acetylation medium with an addition of 15% 1,2-
dichloroethane.

TABLE II
Properties of CTA Prepared from Three Pulps in

Acetylation System Without Solvent Addition and from
High-Grade Bamboo Pulp in Acetylation Medium with

an Addition of Solvent

Pulps DP DS Brightness

High-grade bamboo pulp 164 2.90 83.6
High-grade hardwood pulp 145 2.97 93.2
Viscose bamboo pulp 123 2.88 74.3
High-grade bamboo pulpa 158 2.93 90.4

a Acetylation in acetylation medium with 15% 1,2-
dichloroethane.

Figure 5 CTA prepared from (a) high-grade hardwood
pulp, (b) high-grade bamboo pulp, and (d) viscose bam-
boo pulp in acetylation medium without solvent addition,
as well as from (c) high-grade bamboo pulp in acetylation
medium with 15% 1,2-dichloroethane.
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contained a high proportion of xylose. This indicates
that XDA was involved in the formation of insoluble
residue in acetylation medium of bamboo pulp. Ace-
tic acid, a major part of acetylation medium, is
known not to be a good solvent for either CTA or
HCA, especially for the HCAs such as GTA and
XDA, which are almost insoluble.13 In the study on
CTA prepared from low-grade wood pulps, Saka et
al. considered the information of insoluble residue
as the result of these insoluble HCA in aggregation
with CTA by the physicochemical effects of the mo-
lecular interactions of HCA and CTA, as well as by
the ultrastructural effects of pulp fibers.5,7

These HCAs can be preferably degraded when
running hydrolysis under acidic conditions leading
to cellulose diacetate prepared from CTA by hydro-
lysis with sulfuric acid as catalyst having no or a
small aggregate,14 especially for high-grade bamboo
pulps, which have a lower content of xylan (3.9%).
The experimental results of brightness and particle
distribution in acetone also indicated that cellulose
diacetate (DS ¼ 2.5) prepared from high-grade bam-
boo pulps had a higher quality accessible to that
prepared from high-grade hardwood pulp (no
shown).

However, for CTA obtained by acetylation of high-
grade bamboo pulp, these aggregates including XDA
decrease its properties. To reduce the amount of insol-
uble residues in acetylation medium, it is necessary to
add good solvent of HCA to acetylation medium to
decrease the two effects as mentioned above.

In this work, the selected solvents, as shown in Ta-
ble IV, were added to acetylation medium to study
the effects of solvent addition on the reduction of in-
soluble residues in acetylation medium of high-grade
bamboo pulp. The acetylation system with acetic acid
was also included just for comparison as a control
reaction system without any additional solvent.

Table IV presented insoluble residue content in
acetylation medium with 15% solvent and corre-
sponding transmittance of reaction solution. It is
obvious that, compared with an insoluble residue
content of 8.7% in a control reaction system of acetic
acid, the results in acetylation medium with various
solvents are varied from 0.69 to 15.44%, while the
corresponding transmittances are varied from 76.83

to 85.03%, indicating a large effect of solvent addi-
tion on the amount of insoluble residue in reaction
solution of high-grade bamboo pulp. The additions
of dichloromethane, nitromethane, or chloroform to
acetylation medium were effective for reducing in-
soluble residues in reaction solution, but the most
effective solvent was 1,2-dichloroethane.
The effect of the content of 1,2-dichloroethane on

the amount of insoluble residue in acetylation me-
dium and the transmittance of reaction solution was
further investigated, as shown in Figure 6. With an
increase of solvent content, transmittance of reaction
solution was improved; on the other hand, the
amount of insoluble residue in acetylation was
decreased markedly, and when solvent content was
beyond 15%, it was constant for the transmittance
and negligible for the insoluble residue, indicating a
mutual dissolution of CTA and XDA at the molecu-
lar level and the complete releasing of the aggrega-
tion existing in acetylation medium without an
addition of solvent.
The dissolution of insoluble residue in acetylation

medium with an addition of 1,2-dichloroethane was
observed by light microscope. The fibrous matter in
control acetylation medium of high-grade bamboo
pulp without additional solvent began to be dis-
solved into tiny spots dispersed over reaction solu-
tion after 5% solvent was added [Fig. 2(c,d)]. As the
added solvent increased to 15%, almost no insoluble

TABLE III
Chemical Composition of Insoluble Residue in Acetylation Solution of Viscose

Bamboo Pulp and High-Grade Bamboo Pulp

Pulps
Solvent

content (%)
Weight

fractions (%)

Chemical compositions (%)

Glucose Xylose Ash

Viscose bamboo pulp 0 22.4 73.8 25.4 0.8
High-grade bamboo pulp 0 8.7 64.3 34.7 1.0
High-grade bamboo pulp 5 4.4 31.8 66.3 1.9
High-grade bamboo pulp 10 1.5 10.6 82.9 6.5

TABLE IV
Transmittance and Insoluble Residue Content in

Acetylation Medium of High-Grade Bamboo Pulp with
an Addition of Solvent

Solvent

Solubility
parameter
[(MPa)1/2]

Transmittance
(%)

Insoluble
residue
(%)

Acetic acid 20.7 78.50 8.7
Dichloromethane 19.8 81.27 3.24
Bromobenzene 20.3 81.65 7.83
Ethyl bromide 19.6 75.81 15.44
Nitromethane 26.0 81.98 3.50
Nitroethane 22.7 76.83 10.44
1,2-Dichloroethane 18.2 85.03 0.69
Chloroform 19.0 82.14 2.71
Nitrobenzene 20.5 84.22 1.04
Toluene 21.5 77.68 9.57
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residue in acetylation medium was observed [Fig.
2(e)]; on the other hand, the reaction solution became
more transparent, as seen in Figure 4(c). Figure 5(c)
displays the CTA prepared in acetylation medium
with an addition of 15% 1,2-dichloroethane, bright-
ness of which was improved and exceeded 90% (Ta-
ble II), approaching that of CTA prepared from high-
grade wood pulp in control reaction system.

Because bamboo belongs to the herbaceous plants
family, not including glucomannan, the insoluble
residue in reaction solution of bamboo pulp is com-
posed of XDA and CTA (Table III). A discovery is
that with an increase of the content of 1,2-dichloro-
ethane, the amount of insoluble residue in reaction
solution of high-grade bamboo pulp was reduced,
while the XDA content in the insoluble residue
enhanced greatly, just the reverse for the CTA con-
tent (i.e., the ratio of CTA to XDA decreased appa-
rently, indicating that the mutual interaction
between CTA and XDA molecules is much weaker).
Therefore, the formation of insoluble residue in reac-
tion solution of high-grade bamboo pulp is mostly
due to the ultrastructural effects of pulp fibers,
which originate from ultrastructural distribution of
residual xylan in the dissolving pulp.5 Because of
poor solubility in acetylation solution, XDA tended
to precipitate and CTA was involved in the precipi-
tate due to the ultrastructural effects of pulp fibers.
Moreover, a higher proportion of ash was found in
the insoluble residue of high-grade bamboo pulp,
and the ash content increased largely with the
decrease of the amount of insoluble residue in acety-
lation medium, showing that a majority of ash in the
pulp was shifted to the insoluble residue (Table III).
The insoluble ash likely acted as a ‘‘crystalline nu-
cleus’’ for the aggregation of XDA and CTA; as a
result, higher ash content in high-grade bamboo

pulp contributed to the formation of the insoluble
residue in acetylation solution too. In the experiment
carried out by Shashidhara et al., CTA was prepared
from local low-grade wood pulps and they found
that for the pulps with higher ash content more in-
soluble residue remained in acetylation solution
even though they had a greater a-cellulose content
and lower hemicellulose content.15

The analysis of chemical composition of the pulps
has indicated a xylose content of 3.9% in high-grade
bamboo pulp. Thus, the amount of xylose in the
soluble part was also calculated according to the
data presented in Table III. As solvent content in
acetylation medium increased to 10%, the amount of
xylose in the soluble part increased from 0.9% in
control acetylation medium to 2.7% (total xylose con-
tent, 3.9%). This demonstrated that most XRD, which
had formed insoluble residue in acetylation medium,
was no longer involved in its formation and had
moved into the soluble part. Therefore, the improve-
ment of the brightness for CTA prepared from high-
grade bamboo pulp in acetylation medium with an
addition of solvent (Table II and Fig. 5) was not due
to the removal of XRD from acetylation medium but
depended on its dissolving state.

FTIR spectra characterization

As illustrated in Figure 7, infrared spectra proved
the formation of CTA after high-grade bamboo pulp

Figure 7 FTIR spectra of (a) high-grade bamboo pulp
and (b) CTA prepared from it in acetylation medium with
15% 1,2-dichloroethane, as well as (c) CTA prepared from
high-grade hardwood pulp in control acetylation medium.

Figure 6 The effect of 1,2-dichloroethane content on the
amount of insoluble residue in acetylation medium of
high-grade bamboo pulp and the transmittance of reaction
solution.
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was acetylated in the acetylation medium with 15%
of 1,2-dichloroethane, because it shows a similar
spectrum to that of CTA prepared from high-grade
hardwood pulp in control reaction system. As com-
pared with the infrared spectrum of high-grade
bamboo pulp, evidence of acetylation of the pulp in
acetylation medium with an addition of solvent is
provided by the increase of the intensity of the
bands related to the acetyl group at 1754 cm�1,
attributed to C¼¼O stretching, 1245 cm�1 attributed
to CAO stretching of acetyl group, and 1375 cm�1

attributed to CAH blending in the methyl of acetyl
group. Moreover, the lowering of the absorbance of
the OH stretching band in the region of 3100–3750
cm�1 also presents further evidence of acetylation,16

and the wavenumber at the maximum absorbance of
the pulp in this region shifts from 3425 up to 3460
cm�1 after acetylation in the medium with an addi-
tion of solvent, indicating OH stretching was
induced primarily by water molecules.

X-ray diffraction analysis

CTA prepared from high-grade bamboo pulp in
acetylation medium with 15% of 1,2-dichloroethane
(CTA-S) and from high-grade hardwood pulp (CTA-
W) and high-grade bamboo pulp (CTA-B) in control
acetylation medium without an addition of solvent
were studied by X-ray diffraction; the results are

shown in Figure 8. The three samples reveal a simi-
lar X-ray diffraction curve attributed to the crystal-
line modification of CTAII.17 However, it can be
found by further observation that the curve of CTA-
W appears highly resolved compared with that of
CTA-B. The three diffraction peaks in the range of
8�–14� and the principal peak at 17.12� for CTA-W
display a higher intensity than these for CTA-B, and
the three escape peaks marked with the number 1, 2,
and 4 in the curve of CTA-W can be resolved
clearly, while they cannot in the curve of CTA-B,
suggesting that the insoluble XDA in the control
acetylation system of high-grade bamboo pulp can
affect the crystallization of CTA prepared despite its
lower content. This was also proven by the calculat-
ing results for crystallite sizes, as shown in Table V;
CTA-B has minimal values of crystallite sizes except
the lattice plane at 2y of 10.42�.
As mentioned above, with an addition of good

solvent for XDA such as 1,2-dichloroethane, the
aggregation of XDA and CTA existing in acetylation
medium of high-grade bamboo pulp was released
and the molecules of XDA and CTA were separated
completely. This is favorable for forming a perfect
crystalline structure of CTA during precipitation,
which was demonstrated by X-ray diffraction. CTA-
S shows a most resolved diffraction profile, in which
the three sharpest peaks with the minimal full width
half-maximum appear in the range of 8�–14�. In the
X-ray diffraction profile of CTA-S, not only three
peaks marked with the number 1, 2, and 4 can be
resolved distinctly but also a peak signed with
number 3 appears. As compared with CTA-B,
marked increase in crystallite sizes provided further
evidence of more perfect crystalline structure for
CTA-S.

Thermal analysis

DTG analysis under nitrogen indicates the improve-
ment of thermal stability for CTA prepared from
high-grade bamboo pulp in acetylation medium
with 15% 1,2-dichloroethane, because compared
with CTA-B the maximum peak position in DTG

Figure 8 X-ray diffractograms of CTA prepared from
high-grade bamboo pulp (CTA-B) and high-grade hard-
wood pulp (CTA-W) in control acetylation medium, as
well as from high-grade bamboo pulp (CTA-S) in n-acety-
lation medium with 15% 1,2-dichloroethane.

TABLE V
Crystallite Size of CTA Prepared from High-Grade
Bamboo Pulp in Acetylation Medium with 15% of
1,2-Dichloroethane (CTA-S) and from High-Grade

Hardwood Pulp (CTA-W) and High-Grade Bamboo Pulp
(CTA-B) in Control Acetylation Medium

Crystallite size (nm)

2y (�) 8.48 10.42 13.16 17.12
CTA-B 3.60 4.87 3.01 2.35
CTA-W 3.97 4.80 4.10 3.41
CTA-S 5.31 5.67 5.60 3.42
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curve of CTA-S shifts from 360 up to 366�C and
overlaps with the peak position of CTA-W [Fig.
9(a)]. As shown in Figure 9(b), CTA-S shows a simi-
lar DTA curve to that of CTA-W, where an endo-
thermic loop below 80�C is associated with moisture
evaporation; as well as an exothermic peak at 196�C
and an endothermic peak at 308�C, respectively, cor-
respond to the peak of crystallization and melting of
CTA.18 As compared to CTW-B, the two peaks corre-
sponding crystallization and melting of CTA-S
shifted to a higher temperature. However, an evi-
dent endothermic peak appears at 355�C in the DTA
curve of CTA-B prepared from high-grade bamboo
pulp in acetylation medium without solvent addi-
tion, while in the curve of CTA-W and CTA-S the
peak is inconspicuous because of the narrow interval
between the melting and decomposition temperature
and the overlap of the two peaks in CTA-W and
CTA-S. Owing to less perfect and smaller crystallites

in CTA-B, which are induced by insoluble XDA in
the acetylation system, more facile motility for the
molecule chains or chain segment within its crystal-
line region resulted in the melting peak appearing in
a lower temperature, and the interval between the
melting and decomposition temperature enlarged.
Accordingly, the endothermic peak corresponding to
decomposition temperature can be observed in the
DTA curve of CTA-B.
By an addition of 1,2-dichloroethane to acetylation

medium, CTA prepared from high-grade bamboo
pulp may also be improved in its thermal property
even if XDA is not removed from reaction solution
because of a complete solubilization of the insoluble
residue.

CONCLUSIONS

Although the properties of CTA prepared from
high-grade bamboo pulp in general acetylation me-
dium of the acetic acid/acetic anhydride/sulfuric
acid system had been improved compared with
these of viscose bamboo pulp, abundant insoluble
residue in its acetylation medium could be observed
by light microscope, which resulted the decrease of
the transmittance of reaction solution and the bright-
ness of CTA prepared as compared to these of high-
grade hardwood pulp. The insoluble residue of
high-grade bamboo pulp is composed of XDA and
CTA because of a poor solubility of XDA in acetyla-
tion medium, which tends to precipitate from acety-
lation medium and CTA is involved in the
precipitation due to the ultrastructural effects of the
pulp fibers. The aggregation of XDA and CTA can
be released and the insoluble residue can be reduced
evidently with the addition of a good solvent such
as 1,2-dichloroethane to acetylation medium. This
was proved by the observation of light microscope.
Therefore, the brightness of CTA prepared from
high-grade bamboo pulp could be improved after
adding solvent to the acetylation medium. In addi-
tion, because of the improvement of the dissolving
state of XDA in acetylation medium with an addi-
tion of solvent, a more perfect crystalline structure
of prepared CTA was shown in the X-ray diffraction
profile and thermal analysis indicated its thermal
stability was also enhanced.
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