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ABSTRACT: As cellulose triacetate was prepared from low-grade hardwood-dissolving
pulp, a considerable amount of the insoluble residue was present in the acetylation
medium of the acetic acid/acetic anhydride/sulfuric acid system, and it consisted mainly
of cellulose triacetate (CTA) and xylan diacetate (XDA). As one of the remedies for
reducing the insoluble residue, a solvent was added to the acetylation medium and the
effects of the solvent addition on the amount of insoluble residue formed were studied.
To do so, 17 different solvents were selected so as to cover a wide range of solubility
parameters. The obtained results clearly indicated that the addition of the solvent affects
the amount of insoluble residue and that, excluding dichloroacetic acid, nitromethane
was effective for its reduction, but that neither methylene chloride nor nitroethane were
in spite of their effectiveness for softwood-dissolving pulp, which would be due to the
intrinsic properties of XDA on the solubility in the acetylation medium. A new acetylation
system with such an appropriate solvent would, therefore, provide a clue as to an indus-
trial usage of the low-grade hardwood-dissolving pulps for cellulose acetate production.
q 1998 John Wiley & Sons, Inc. J Appl Polym Sci 69: 1445–1449, 1998
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INTRODUCTION ity, turbidity (haze), and false viscosity. Although
a considerable effort has been made since the mid-

Cellulose triacetate, being important in the fiber 1950s to explain the relationships between solu-
and textile industries, requires high-quality cellu- tion properties of the cellulose acetate and con-
lose as a starting material,1 because the low- taminated hemicellulose acetate,2–8 viscose-grade
grade dissolving pulps contain more hemicellu- wood pulps with an a-cellulose content of less
loses and the formation of hemicellulose acetates than 90% still cannot be used for manufacturing
such as xylan acetate and glucomannan acetate cellulose acetate.
results in industrial problems such as filterabil- In our previous work,9,10 we studied cellulose

triacetate prepared from softwood sulfite-dissolv-
ing pulps with an a-cellulose content of 87.5%.Correspondence to: S. Saka.

Contract grant sponsor: Ministry of Education, Science, The first problem faced was the substantial
Sports, and Culture, Japan; contract grant number: Grant-in- amount of insoluble residue present in the ace-
Aid for Scientific Research (A)(2)07556102, 1995–1997.

tylation medium of the acetic acid/acetic anhy-
Journal of Applied Polymer Science, Vol. 69, 1445–1449 (1998)
q 1998 John Wiley & Sons, Inc. CCC 0021-8995/98/071445-05 dride/sulfuric acid system. This insoluble residue
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retained a fiber structure of a swollen form, re- ing CTA as described in the previous article.9 To
study the effect of the solvent addition to the reac-sulting in one of the industrial problems: filter-

ability. tion system on the insoluble residue, a solvent
was added to the acetylation medium of the aceticCharacterization of the insoluble residue9

showed that it was composed of cellulose triace- acid/acetic anhydride/sulfuric acid system. The
solvents used in this study are given in Table I.tate (CTA) and glucomannan triacetate (GTA)

aggregated with each other in the acetylation me- The low-grade dissolving pulps (1 part) were
thus acetylated with a solution of acetic acid (160dium due to their compatible nature. In addition

to such physicochemical effects of the molecular parts), acetic anhydride (7 parts), and sulfuric
acid (0.1 part) with a solvent (51 parts) in a closedinteractions, ultrastructural effects of the gluco-

mannan distribution in the pulp fibers were found vial for 3 h at 407C, followed by stirring overnight
at 207C. The solutions were then spun in a centri-to be involved in the formation of insoluble resi-

dues. Therefore, the amount of insoluble residue fuge at 7000 rpm for 30 min with a Hitachi high-
speed microcentrifuge RT15D (rotor type RT15A6can be expected to be reduced if physicochemical

effects and/or ultrastructural effects are de- with dimensions of 18.2 cm diameter 1 10.2 cm
height). After the tubes were removed carefully,creased during acetylation.

As one of the remedies, the pretreatment of the supernatants were pipetted away and precipi-
tated substances were washed repeatedly withlow-grade dissolving pulps with mixtures of acetic

acid and sulfuric acid was found to reduce both mixtures of fresh acetic acid and the solvent used
in the system (160 : 51 in a weight ratio) by cen-the physicochemical and ultrastructural effects of

the pulp fibers in the following acetylation, re- trifugation to obtain the insoluble portions. The
supernatants collected were, on the other hand,sulting in reducing the amount of the insoluble

residue.10 The use of higher amounts of sulfuric concentrated and poured into deionized water to
precipitate the soluble portions. The insoluble andacid as a catalyst was also found to reduce the

insoluble residue formed.10 Furthermore, a sol- soluble portions were washed as described pre-
viously.9vent-added acetylation medium of the acetic acid/

acetic anhydride/sulfuric acid system was found The degree of substitution (DS) of these sam-
ples was determined by a titration method,11to affect the amount of the insoluble residue, and

nitromethane, nitroethane, dichloroacetic acid, while neutral sugar compositions were deter-
and methylene chloride were very effective for its mined by an alditol–acetate procedure13 using
reduction.11 conditions described in a previous article.9

These lines of evidence mentioned above are
based on the softwood sulfite-dissolving pulp
which consists mainly of cellulose and glucoman- RESULTS AND DISCUSSION
nan. However, hardwood prehydrolyzed kraft
pulp is composed of cellulose and glucuronoxylan It is known from our previous work,9,12 that when
with a small amount of glucomannan. Therefore, CTA is prepared from low-grade dissolving pulps
we started studying CTA as prepared from low- a substantial amount of the insoluble residue is
grade hardwood-dissolving pulp. As a result, a present in the acetylation medium of the acetic
substantial amount of insoluble residue was acid/acetic anhydride/sulfuric acid system and
found in the acetylation medium, which was com- that the insoluble residue is composed of CTA and
posed of CTA and xylan diacetate (XDA).12 GTA in softwood pulp, while of CTA and XDA in

In this study, therefore, a solvent-added ace- hardwood pulp. Furthermore, an addition of the
tylation medium of the acetic acid/acetic anhy- appropriate solvent to the acetylation medium for
dride/sulfuric acid system was evaluated for pre- softwood-dissolving pulp was known to reduce the
paring CTA and the effects of the solvent addition insoluble residues.10,11 Therefore, in this study, a
on the amount of the insoluble residue formed solvent was added to the above acetylation me-
were studied. To do so, 17 different solvents were dium with 51 : 160 weight ratio of solvent to acetic
selected to cover a wide range of solubility param- acid to study the effects of the solvent addition
eters of the solvents. on the reduction of the insoluble residue in the

acetylation medium for hardwood-dissolving
EXPERIMENTAL pulp.

Table I shows the selected solvents excludingPrehydrolyzed hardwood-dissolving pulp with an
a-cellulose content of 86.2% was used for prepar- the alkaline, unstable, and reactive solvents in
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Table I Insoluble Residue Content in the Acetylation Medium with a Solvent Added and Its
Chemical Composition

Solubility Insoluble Chemical Compositions (mol %)
Parameter Residue

No. Solvent [(MPa)1/2] (wt %) Glucose Mannose Xylose

1 n-Butyl chloride 16.6 42.6 66.9 0.3 32.8
2 4-Chlorotoluene 18.0 68.3 60.9 0.3 38.8
3 1,2-Dichloroethane 18.2 35.0 58.3 0.2 41.5
4 Methylcellosolve acetate 18.8 43.1 57.1 0.4 42.5
5 Chloroform 19.0 40.0 48.3 0.3 51.5
6 Ethylbromide 19.6 48.7 65.8 0.3 33.9
7 Methylene chloride 19.8 46.4 56.5 0.1 43.4
8 2-Nitropropane 20.3 24.8 42.1 0.4 57.6
9 Bromobenzene 20.3 25.6 41.7 0.4 57.9

10 Nitrobenzene 20.5 20.2 21.0 0.3 78.7
11 Acetic acid 20.7 23.8 34.8 0.4 64.8
12 1-Nitropropane 21.1 24.5 26.8 0.3 72.9
13 Methylbenzoate 21.5 33.3 35.2 0.4 64.4
14 1-Bromonaphtalene 21.7 31.5 29.1 0.4 70.4
15 Dimethyl phthalate 21.9 31.1 35.6 0.4 64.0
16 Dichloroacetic acid 22.5 4.5 8.4 0 91.6
17 Nitroethane 22.7 19.9 23.1 0.1 76.9
18 Nitromethane 26.0 10.3 11.3 0 88.7

the reaction medium. The acetylation system with unfortunate that the analysis of CTA prepared in
a dichloroacetic acid-added acetylation mediumacetic acid (No. 11 in Table I) was also included

just for comparison as a control reaction system revealed the presence of 2.03% chlorine. By as-
without any addition of the solvent. Compared
with acetic acid, 20.7 (MPa)1/2 in its solubility
parameter (SP), the selected solvents could cover
a wide range of the SP values from 16.6 to 26.0
(MPa)1/2 . 14 Also included in Table I is the insolu-
ble residue content in the acetylation medium
with a designated solvent.

Figure 1 shows a relationship between the
amount of insoluble residue and the SP of the
solvent added to the acetylation medium. Num-
bers correspond to the solvents in Table I. It is
very apparent that compared with 23.8% in a con-
trol reaction system (acetic acid, No. 11) the re-
sults are varied from 4.5 to 68.3% in insoluble
residue contents, indicating that large effects of
the solvent addition exist on the amount of the
insoluble residue in the acetylation medium. Fur-
thermore, it is noted that with increase in the
SP values the amount of insoluble residue has a
tendency to decrease. The effective solvents for
reducing the insoluble residue were only dichloro-
acetic acid (4.5%) and nitromethane (10.3%). The
other solvents which were effective in softwood-
dissolving pulp were not effective for this hard- Figure 1 Soluble residue content versus solubility pa-
wood pulp, such as methylene chloride (46.4%) rameter of the solvent added to the acetylation medium.

Nos. correspond to the solvents in Table I.and nitroethane (19.9%). However, it was very
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This finding, therefore, suggests that the mutual
aggregation between CTA and XDA is much
weaker, compared with that between CTA and
GTA as prepared from low-grade softwood sulfite
pulp.12

Comparative studies of the acetylation in the
model experiments10 indicated that the insoluble
residue from the low-grade softwood-dissolving
pulp is formed by ultrastructural effects of the
pulp fibers and the physicochemical effects of the
molecular interactions of CTA and GTA. The for-
mer effects originate from the ultrastructural dis-
tribution of residual glucomannan in the dissolv-
ing pulp, whereas the latter effects are due to mo-
lecular aggregation of CTA and GTA by their
compatible nature. It is, therefore, possible to get
a reduction in the amount of the insoluble residueFigure 2 Sugar content versus insoluble residue con-
if physicochemical effects and/or ultrastructuraltent for acetylation medium with a solvent added. Nos.
effects are decreased during acetylation.correspond to the solvents in Table I.

With this concept in mind, an interaction of
CTA and XDA from hardwood-dissolving pulp is
so weak, as in Figure 3, that the formation of thesuming that all of the chlorine is derived from the

dichloroacetic acid cellulose ester formed, its DS insoluble residues from hardwood pulp are due
only to the ultrastructural effects of the pulp fi-value is about 0.08. Therefore, dichloroacetic acid

must be excluded as a solvent to be added to the bers in which intrinsic properties of XDA on the
solubility in the acetylation medium are involved.acetylation systems.

The chemical compositions of the insoluble resi- The determination of the chemical composi-
tions of the original pulps used in this study indi-due in each reaction system are also given in Ta-

ble I. It is apparent that, in addition to glucose, cated that they contain 21.0% xylose. Thus, the
proportions of the total xylose in the soluble por-the insoluble residue contains a high proportion

of xylose, with a limited amount of mannose. This tion and insoluble residue were computed as
shown in Figure 4. It is apparent from Figure 4result is in good agreement with the findings of

our previous work12 that the insoluble residue is that as the insoluble residue decreases in content
composed of CTA and XDA. Therefore, XDA is
involved in the formation of the insoluble residue
for all the acetylation systems studied.

However, a closer inspection of the results in
Table I shows a large variation in xylose content
from a maximum of 91.6% to a minimum of 32.8%.
Therefore, a relationship between the insoluble
residue content and its sugar content for glucose
and xylose was studied. It is apparent from Figure
2 that the glucose content decreases with decrease
in the insoluble residue content, whereas the xy-
lose content increases. Therefore, the contents of
the XDA and CTA were computed for all insoluble
residues, based on the chemical compositions of
the insoluble residue. Figure 3 shows the obtained
ratio of CTA to XDA against the insoluble residue
content. It is apparent that with a decrease in the
insoluble residue content the ratio of CTA to XDA
decreases, and below 10% of the insoluble residue Figure 3 Ratio of CTA to XDA content in the insolu-
content, the ratio becomes nearly zero, indicating ble residue versus insoluble residue content. Nos. corre-

spond to the solvents in Table I.that the insoluble residue is almost pure XDA.
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dissolving pulps from both softwood12 and hard-
wood for cellulose acetate production.
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