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Fig. 1 The schematic illustration of

chemical structure of V-ethyl chitosan
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Fig. 2 POM photograph of spherulites in N-ethyl chitosan-

formic acid selution cast film

Fig. 3 POM photograph of needle-like
crystals on the surface of spherulites
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Fig. 4 POM photograph showing the growth process of
needle-like erystals

a)Needle-like crystal aggregates appeared at the center of every
spherulite after 2 days from casting; b) Needle-like crysial
aggregates can be observed at the dendritic joints inside
spherulites after 5 days from casting

Fig. 5 Reflection oplical microscope photograph of the needle-like
erystal aggregates growing on the surface of spherulites in film prepared
after 5 days from casting
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Fig. 6 SEM photographs of needle-like crystals on the surface
of a spherulite of N-ethyl chitosan film prepared after 7 days
from casting

a) Needle-like crystals decorated a spherulite; b)Detail of the
section of a needle-like crystal

Fig. 7 The X-ray diffraction pattem of the needle-like
crystals of A-ethyl chitosan ( working distance was 4 cm,

exposure time was 8 h.)
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R, M - L RERBEAHRARE.
Table 1 The variation of actual concentration and crystalline morphology

of 35% N-ethyl cl
relative humidity 65 %

lution after casting in 25°C and

formic acid

Actual conceniration

Time (wi% ) Crystalline morphology

Oh 35.0 No

l1h 62.4 No

2h 72.6 No

3h 75.5 No

4h 77.3 Neo

5h 79.2 Ne

6h 80.0 No

24h 82.4 Spherulites

2d 84.8 Needle-like crystals appeared at the
center of spherulites

5d 87.9 Needle-like crystals appeared at both the
center and the dendritic joints of fibrils of
spherulites

10 4 88.2 Needl&.like crystals filled wp all of the
spherulites
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Fig. 8 The microstructures of “dendritic crystals™ consisted of
needle-like crystals, which were measured by (a) POM and (b} SEM
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NEEDLE-LIKE CRYSTALS OF N-ETHYL CHITOSAN

DONG Yanming' , SAKURAI Kensuke’, WU Yusong' , KONDO Yukie’
(* Department of Materials Science and Engineering, Stase Key Laboratory for Physical Chemistry of Solid Surfaces , Xiamen University, Xiamen 361005)
(* Department of Materials Science and Fngineering . Faculty of Engineering , Fukui University, Fukui  910-8507)
(* Industrial Technology Center of Fukui Prefecture , Fukui  910-0102)

Abstract  N-Ethyl chitosan ( NECS) with degree of substitwtion 0.94 was prepared from chitosan and
acetaldehyde . The films of NECS were prepared via the solution casting technique using formic acid as solvent. The
crystalline structure and crystallization process were investigated by means of polarized optical microscopy, scanning
electron microscopy and X-ray diffraction. Thousands of needle-like crystals, which are seldom found in polymers,
were observed in NECS cast films after few days casting. The needle-like crystals were formed from spherulites
through a psot-crystallization process. The shape of needle-like crystals was long rectangle with a typical size of
~ 50 pm(length) x 2 ~5 pm(width) x I ~ 2 pm(height),and molecular chains are parallel to the long axis of the
needles. The neddle-like crystals were first found on the centers of the spherulites, and then on every joint of
dendritical fibrils of spherulites, at last on everywhere of spherulites. Generally speaking, the needle-like crystals
basically oriented at the direction of radius of spherulites(alse the direction of melecular chains) and decorated the
sphrulites . The possibility of post-crystallization was explained by the results that the cast films became super-
concentrated solutions( > 80% )after the adsorption of moisture because of the hydrophilic properties of NECS . The
remained solvent and absorbed water were used as plasticizers, which increase the mobility of polymer chains . The
dendritic crystals consisted of needle-like erystals were also found in the systems.

Key words Chitin, Chitosan, N-Ethyl chitosan, Crystalline morphology, Needle-like crystals



