Carbohydrate
Polymers

o e 7 >l
ELSEVIER Carbohydrate Polymers 37 (1998) 311-313

Fiber preparation oN-acylchitosan and its cellulose blend by spinning
their agueous xanthate solutions

Shigehiro Hiran8®*, Akihiro Usutani®, Masatoshi Yoshikawa Takehiko Midorikaw4

Chitin/Chitosan R&D Room, 445-Sakuradani, Tottori 680, Japan
PDepartment of Agricultural Biochemistry and Biotechnology, Tottori University, Tottori 680, Japan
“Omikenshi Co. Ltd, Kakogawa, Hyogo 675, Japan

Received 8 December 1997

Abstract

This study aims to develop a method of preparing novel fibeis-atylchitosan andN-acylchitosan—cellulose by spinning an aqueous
alkaline solution of their sodium xanthates. A solution of sodkacylchitosan salt in aqueous 14% NaOH was treated with carbon disulfide
to afford an aqueous solution of sodiudracylchitosan xanthate. The solution of soditdvacylchitosan xanthate, and its solution mixed
with sodium cellulose xanthate, were spun at 45€5through a viscose-type spinneret into a coagulation bath containing aqueous 10%
H,S0,, 32% NaSO, and 1.3% ZnSQ A total of eight fibers oN-acetylchitosanN-propionylchitosanN-acetylchitosan—cellulose (6 : 4,

4:5 and 3 :7 w/w) andN-propionylchitosan—cellulose (4 : 6, 5:5 and 3 :7 w/w) were prepared. All these fibers were white and had goo
mechanical propertie® 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction N-acetylchitosan—cellulose fibers and three\-
propionylchitosan—cellulose fibers by spinning their
Alkaline cellulose (sodium cellulose salt) and cellulose aqueous sodium xanthate solutions.
xanthate Q-(sodium thio)thiocarbonyl cellulose] are well
known in the rayon industry (Muller and Purves, 1965). In
literatures, alkaline chitin (sodium chitin salt) had been
prepared by treatment of chitin with aqueous concentrated
NaOH (Thor and Henderson, 1940a), and sodium chitin
xanthate Q-(sodium thio)thiocarbonyl chitin] (Thor and
Henderson, 1940b) had also been prepared by treatment of
the alkaline chitin with carbon disulfide. An attempt has
been made to prepare chitin—cellulose fiber by spinning
an aqueous alkaline solution of sodium chitin xanthate

2. Experimental
2.1. Materials

A 9% solution of sodium cellulose xanthate in aq. 5%
NaOH (viscose) was prepared by the conventional method
(Muller and Purves, 1965) via sodium cellulose salt (alkaline

ith sodi lul thates int lation bath cellulose) from a commercial product of wood pulp (95-96%
with sodium cetlulose xanthates nto a coagulation batft o556, 0.04—0.2% lignin and 0.06—0.07% adltpcetyl-

containing aq. 10% 580, 25% N&S0, and 1% ZnSQ chitosan and\-propionylchitosan (d.s. 1.0 fd¥-acyl) were

(Noguchi et al., 1973). A more precise study has been prepared byN-acylation of crab shell chitosan (MW about

needed for producing the fiber commercially. No report 50000, Katakura Chikkarin, Tokyo) (Hirano et al., 1976).
has dealt with the preparation bEpropionylchitosan fiber ' ’ ’

andN-propionylchitosan—cellulose fiber.
We now report a method for preparing aN- 2.2. Methods

acetylchitosan fiber, ail-propionylchitosan fiber, three
FTIR spectra (KBr) were recorded on a Jasco FTIR 5300

spectrometer (Jasco, Tokyo). Elemental analyses were
* Corresponding author performed at the Micro-analytical Center of Kyoto
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University, Kyoto. D.s. values folN-acyl groups were  temperature with a 9% solution of sodium cellulose xanthate
calculated from the elemental analysis data. The filamentin ag. 5% NaOH in ratios of 3 :1 (v/v) for fibe1, 2 :1 (v/v)
fineness, expressed in denier (one denier being the weighffor fiber4-2and 1 : 20 (v/v) for fibed-3. Each of the homo-

(g) of a filament 9 km in length) was measured on a geneous clear solutions was used as a spinning solution for
Vibroscop Micro (Lenzing Technic Instrument, Austria), N-propionyl—cellulose fibers.

and the filament strength and elongation were measured

on a Vibrodyn 400 (Lenzing Technic Instrument, Austria). 2.4. Spinning

2.3. Spinning solutions The spinning solution (20—25 ml) obtained as above was
degassed under diminished pressure for a few minutes and
2.3.1. Aqueous solution of sodium N-acetylchitosan put into an L-shaped glass tube, one end of which was 20 cm
xanthate in length X 3 cm in diameter while the other end was 9 cm
A powdered sample (2.0 g> 80 mesh) ofN-acetylchi- in length X 0.8 cm in diameter). To the 0.8 cm diameter

tosan (Hirano et al., 1976) was swollen by stirring in aq. end, an viscose-type gold—platinum (6 :4 w/w) spinneret
46% NaOH (7.6 ml) at room temperature for 3 h. The (125X 180 X 0.3 mm in size, Japan Nozzle, Kobe) was
solution was adjusted to 25 ml volume by adding pieces connected by inserting a sheet of flannel filter. The nozzle
of crushed ice to make a viscous 8% solution of sodium diameter was 12.5 mm and had 300 holes, each hole being
N-acetylchitosan salt in ag. 14% NaOH. To the solution 0.25 mm in diameter for entrance, 0.10 mm for exit and
was added carbon disulfide (1 ml, 1.3 mol/GIcNAc), and 0.03 mm for pass length. At the other end of the glass
the mixture was allowed to remain at room temperature tube an air stream at 0.4 kg/énpressure was caused to
for one day (Hirano et al., 1994). A small amount of inso- flow by an air pump to extrude the spinning solution at
luble precipitate was filtered off through a flannel sheet. A 0.5—-10 ml min’. The spinning solution was spun into a
clear orange—red solution of 8% sodiuxracetylchitosan  coagulating bath (40 cm in path length) containing ag.
xanthate was obtained and used in the present study as 40% H,SO,, 32% NaSO, and 1.3% ZnSQ and the coa-
spinning solution foN-acetylchitosan fiberl). gulating solution was circulated at 45=8Dwith a water
pump from a storage bottle (1500 ml) to the coagulating bath
2.3.2. Aqueous solution of sodium N-propionylchitosan and back to the storage bottle. Filaments from the spinneret
xanthate were passed through the coagulating solution and collected on
A powdered sample (2.0 g 80 mesh) ofN-propionyl- a roller (10 cm in diameter) connected to a motor to produce
chitosan (Hirano et al., 1976) was swollen by stirring in aq. fiber. The wet fiber obtained was treated in boiling water for
46% NaOH (10.0 ml) at room temperature for 10 h. The 10-20 min and in ag. 0.5% NaOH at 60-C0for a few
solution was adjusted to 40 ml volume by adding pieces minutes, washed thoroughly with deionized water and pressed
of crushed ice to make a viscouss% solution of sodium  for dehydration. The fiber was suspended in MeOH (100 ml/g
N-propionylchitosan salt in ag. 14% NaOH. To the solution fiber) and the corresponding carboxylic anhydride (1 ml/g
was added carbon disulfide (4 ml, 5.0 mol/GlcN—propio- fiber) was added. The mixture was allowed to remain at
nyl). The mixture was allowed to remain at room tempera- room temperature for 5 h. The fiber was taken out, washed
ture for one day. An insoluble precipitate was filtered off thoroughly with deionized water, pressed for dehydration and
through a flannel sheet. A clear orange—red viscous solutionair-dried to form the corresponding whiteacylchitosan fiber
of ~5% sodiumN-propionylchitosan xanthate in ag. 14% having d.s. 1.0 for th&l-acyl group.
NaOH was obtained, and used as a spinning solution in the
present study foN-propionylchitosan fiber2). 2.5. Data

2.3.3. Solution of sodium N-acetylchitosan xanthate mixed 2.5.1. N-acetylchitosan fibef

with sodium cellulose xanthate vmax (KBF): 1657 and 1554 cm' (C=0 and NH of NAc).
An 8% solution of sodiunN-acetylchitosan xanthate in  Anal. calc. for [GH13NOs-0.79H0],: C, 44.19; H, 6.71; N,

ag. 14% NaOH, obtained as above, was mixed at room 6.45. Found: C, 43.91; H, 6.90; N, 6.40.

temperature with a 9% solution of sodium cellulose xanthate

in ag. 5% NaOH in ratios of 2 : 1 (v/v) for fib&-1, 1 : 1 (v/ 2.5.2. N-propionylchitosan fibe)

v) for fiber 3-2 and 1:2 (v/v) for fiber3-3. Each of the vmax (KBr): 1657 and 1554 cm* (C=0 and NH of N-
homogeneous solutions was used as a spinning solutionpropionyl). Anal. calc. for [GHsNOs5-0.61H0],: C,
for N-acetylchitosan—cellulose fibers. 47.37; H, 7.11; N, 6.14. Found: C, 47.10; H, 7.23; N, 6.09.

2.3.4. Solution of N-propionylchitosan xanthate mixed with 2.5.3. N-acetylchitosan—cellulose composite fib8)s (
sodium cellulose xanthate vmax (KBF): 1650 and 1550 cm' (C=0 and NH of NAc).

A 5% solution of sodiunN-propionylchitosan xanthate in ~ Anal. N (%): 4.28 for fiber3-1, 2.97 for fiber3-2 and 1.93
ag. 14% NaOH, obtained as above, was mixed at room for fiber 3-3.
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Table 1
Component analysis and some mechanical properties of filamehsoflchitosan andN-acylchitosan—cellulose in the dry state
Filament N (%) N-acylchitosan (%) Fineness as denier (g/ Strength (g/denier) Elongation (%)
9000 m)
1 6.40 93 3.43 0.83 29.8
2 6.09 94 3.60 0.47 23.9
3-1 4.28 62 5.31 0.18 4.8
3-2 2.97 43 6.96 0.26 45
3-3 1.93 28 3.62 0.53 191
4-1 3.93 61 2.03 0.67 21.0
4-2 3.16 49 0.79 0.91 22.6
4-3 0.19 3 3.66 0.53 15.9
Cellulos¢ 4,51 0.99 54.7

®N-acetylchitosan filamentl}, N-propionylchitosan filament, N-acetylchitosan—cellulose filamen&-{, 3-2 and

3-3) andN-propionylchitosan—cellulose filament#-{, 4-2 and4-3).

PCalculated from N content. The theoretical values for 100%cylchitosan are 6.90% fdx-acetylchitosan filament and 6.45% firpropionylchitosan
filament.

“Cellulose filament was prepared by spinning a 9% solution of sodium cellulose xanthate in ag. 5% NaOH by the same procedure, and was used as a cc

2.5.4. N-propionylchitosan—cellulose composite fibdjs ( N-acetylchitosan filaments. In tié¢-acylchitosan—cellulose

vmax (KBr): 2650 and 1550 cm (C=0 and NH of N- filaments, both the denier and elongation values increased
propionyl). Anal. N (%): 3.93 for fibed-1, 3.16 for fiber with an increase in their cellulose content. However, the
4-2 and 0.19 for fibe#-3. molecular conformation and interaction Nfacylchitosan

and cellulose chains in the filaments are unknown.
The chitin—cellulose fiber has just been commercialized

3. Results and discussion in a Japanese textile industry as a natural functional fiber for
fabrics including socks and underwear (Yoshikawa et al.,
Eight novel white fibers ofN-acylchitosan antll-acylchi- 1996, Hirano, 1996).

tosan—cellulose were prepared. The fibers showe® @nd

NH absorptions of thé\-acyl group at 1650 and 1550 cth

in the FTIR spectra. Partifl-deacetylation occurred during  References
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