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The structures and properties or the production and application of nanofibers on chitosan that I have studied
for 30 years or more were reviewed. Chitosan is one of polysaccharides, i.., deacetylated material of chitin
which is usually obtained from crustaceans such as crab, shrimp and prawn. Therefore, chitosan can be
regarded as one of natural polymers and possesses the characteristics due to the presence of many free amino
groups on the molecule, resulting in a cationic polymer as well as a variety of special properties. That’s why
chitosan is expected to be potentially useful material, especially for medical applications because of non-toxic
and bio-compatible natures.

First, surveying the distribution of chitin on the biological production point, the molecular structures of the
polysaccharide family of chitin, chitosan and cellulose, the use application of chitosan, and then some crystal or
liquid crystal structures of chitosan will be given. Finally, production of chitosan nanofibers by the

electrospinning method and application to an artificial skin are presented.

Key Words : Chitosan, Structure and Properties, Solvated Crystal, Nanofibers of Chitosan, Artificial Skin

1. ¥ §

X, RO A 70— D—2 LTINET
E{ToTEEx M UVICETARELIRRY, &
<BEDI-HLDTHD. X M UEFFUrORTEF
MEBTH Y, XFIH =R CEORBIRDH
EnbLEERENS. LEB-T, ¥ M UVIERER
SFDO—DOTHY, EnTHRICEI DT I &R
HBEDIFA U EED T TH D ERITRIGHEICE
BNENLRENEETS. T, X M UITE
TERNCHERRESFMEIL 2D 2 b, BICERES
ARTE A D 1o D E R B~ OIS BICE WA T

TR BASE T HK
Materials Science and Engineering, Graduate School of
Engineering

Thh TV,

X DX F o OEYEESM, F MY, ¥F
v, BARn—2D5THEE, X M UOHRICE
L, Z0%, ¥ b o ofaEERREEICONT
H™RD., BRBICEKEDOHAETITolF h D
nanofiber & FD AN LHE~DISHIZDOWTHRB.

2. ¥ b¥ L3 mh

X M UIIRF OB T EF MLV ELND
NWNAF<w AL LTEBILSHLNTWS., FF U
H =R BEORFEECR B2 8 OAY DI M
WaBER LIZH VR BERBAN T T L BEEREKE
LCHELTRY, FFroEMAREITER 1,000
BRAEHESNEBETHSD. INHLDONANFTAD
BRI A Z BMICE OFEIMTOh TE . L
LABROERLEHEOERIILEBENELS, KE

27



28

“CHITIN"A A EN-DIX 1977 FEDZ & Th 1,
T D% BARTIIZL < ORI RLEREE
Rl o @i T%F, Ry R7y
73 W 1995 RS, F72, 2006 FITiE
“Material Science of Chitin and Chitosan” % 73 PR &
nTna.

CHs
)
CH;OH HO H CH;OH
Hoi’: %Mﬂhouj Hoi ;m\—o
im |
s &
E 3 :

CH,0H Ho NH; CH;OH
HO; N: H\'a (0] OR HO =
X9
CH,0H
HO OH \ CH:OH
HOE EH\' 0 -14;1. Oﬁi HW Eoﬂ\ro
o~

Fig. 1 ¥F 2, ¥ b¥, Bro—D{bF#E

FFLB-1=H)RY-D-N-TEFALTLaHI
21, % Ry [B-(—)EYD-FAasiv] o
{EFEEIIR LT T L i re — R TEERLL
C2 fLD-OH EEALDAH BRI D IZT TH B, ZF Dtk
BIIKRESERD. FRIX M U3 N, 42 b o7
DEWEHECHRENE 2 L, BRIRIR~ DEFTED
LE—X, e, 74 NVAEOREIMIHERR.

XF UL, TEAY (FEE, BRE, BE, #E)
DFAREREAERR 7y & UCTAEWERE S, AFER TR
FTH NG ERRBEIN T T B L EEEEESTH
L. A=DORENRREBNZ EE2BNHLEE X,
= FEAEHComposite) & LT 6 HLERA S 720
L. FFUOEYMHMER1LIIRT. £, B

—ADREEREDER AR L QB 2EZS L,

W D5 FAEE L ZFIOELEDBEN L b FF o
PERZEBLBRYR .

XF I FERFIICIE, a, B, y-formD3FED
XFUBFETIN, ZLOXFUENDIT o FF
YLD, A I ITFEREEND LL— X
BHEFFUnEbhd. Ll, BKEWT LT
EFULICL VBN X b U 1 FBADOR Uk
RS DLEEED, X N UTBEIZE A L DS
B, =, TERPOLR2IRTIETESRTY
L. TRoL, ¥FUERTAALVAELTE LN

BT EFMMEFF Lo E2F v 255,
RORRIMEIND N, FTFE, EilnE OB DR
BHEZANESONLTOBRERMIC Fray
IV BRLANTBRE IR E=N, ZhixFx bk
P [B-(1—=)RY-D-ZnayI] OBERT
by, F M UOEBEOF TREREEEZEDD L
IR L TN 5.

Table 1 BEMAFERELEFFUOEDHEE
(x10° t/4F)
EXTFUREY | BENLD
FFUR | REE
T E |82 2 | ¥FUE
h=¢&xE 1,700 468 154 39
A¥7= 18,200 3,640 801 56
—HELHE 1,390 521 482 22
A5 660 99 21 1
BN 790 790 182 32
E & m = - - -
it 22,740 5118 1,640 150
Hrfh . T ek
l
B
!
e 4 B} - REINVTLORE
l
TR YEAE — ZoRXTEOKRE
l
[Evabd
!
FRT VA - BT Tk
l
[NV

Fig.2 ¥F v, ¥ hrofliETE

2. ¥FV, X M URCEOFEED AR - B
XF L, F MU OFEPFIABUHII TR204ELL
ERBE LR, By FELBEALTOHARY. BRL
72X 912, F MU OSMERISERY 7 a3 3
V] BDREIZRFEENTWBEZ EZBFRWT. 2o
BN - B EEXTHRLD.
OFF, X N UrOWELIFITS, BY, A&



W, g, EFR EIROVSIFIZES>TWAS.
Ot/Lue—AD LI ICKENHEREE H21TIC<
|7

O%%, EZEY A FOERRMITIZMOLT LV
YA DD

O IMIEL DRFFE N TN TE 7243, Mo
FEMABERTERV. L FRRET, FEENE
X TV,

O B2 ENTIHIRORE. 2L EIC
A B F N LED ). Bz, EMEM

BOBIZEIIE, RO THBIOMBIMAMAEY - T
FEDORNHAME.

UEREZBENDN, ZbOMERIZEAZEAR
REA, e EERICRELIITERELNS.
ST, ¥Fv, F M UROFOFEEKD AR -

A% LI T I iz T 5.

(1) BEAKMERA: ¥ Ny I ABRBEKER: hTFA
FUTER: ATEREK, TEEFEK, BM&TEFRK,
TEMETS TR OuRE & BEEL - B~ FF| A

(2) T U— MEHl: UV oBbx by u BEERA A
> OEL, WHARFORKRY Z DRI (U7 =V
A A U0s 2D E &)

(3) bkl KiEtexF ot R 0E v b, {RIEHE,
FU— KA, (bl ORI,

(4) BEEEE(pHEK SV, E—X, B 424
T E—, NAFerH—, BOEREEOHEER

(5) EH - EMEL HEMESFE, U Y F— K

fitt: EIREER (£ ) F=—)
RMESR: BohEE, BEHIE, hfhar2T
o— /LT
s Ge vYy, = boqe, EEME, TaAxr
1£)
pugEmE] FEEsb, ~ %Y ARA)
HlgErE (FFr, F YLy, CM-FFV)
RRNTEEMEFRTR (FF 2%, 2=Fh)
NLTRERE (FF U ABEOR A, ==F71)
WIEE - ik I, B e

(6) MRl BHTIRE, WIRFEE, RIMNEIRE, KEA
Y —JKE

(7) =Dt
AR FEYRINE: I LR T a— L OIE TR R
Sid %1
B A0 XFr—¥, ¥ M r—EiHl
12 & 2 9 R A
Wi - Wk~D I —F ¢ L7 Y - FIRIE, TRIE -
ifit 7K P
A —H—a—1t BEEREEDO—ENE

Ehi, FEF RV A by 7R LER LK

WAL RL SN, FF 0% M OBME
01 13 v — R e & R B R o — RIECER T

S o

[

C ESTEFEORAMSRICIVELND. T OM,

B — X EELEEEEA L LT oRAIR
K—Tva—HPRREMDORERACIEIC L 2FZ
7RAYBERERY DBREZE, £7-, HERRAREA~DOT
B4 R EN TR, E6IT, Bik{bF MV
FEEOAEMC LD LB FEOERIS 0% L4
DR F ) A EAOERKES Lz oV THHIE S
nTWa. ¥7, ¥ oo Tg (BT 3%
150/ < DFRTIZ 5 &,

3. ¥ MU OB

— RN X F o OfEsatEEE BB REEIC Le
WIREPERIRVIC W, —F, F MU oSN
ZThEEL R BKERICESZ ICERTS. ¥ b
CERIKERIE D> B R IEFR T &V IR @A R T
5. % M ATSFHRICERED—T I EEED,
FERBARETTIOT I ) ELBYTFORTHE
SETROLEEMMNEL, ¥ M UBEEBAL
TEMTD. 20X ) 7%F M URRO OB X v
Z b LTZJRCE, SRR X 0 B B AR & DS
A5,

CHiCOoH
=
3 CaHyCooH
\“’V\\Jf//\\\\4mm&
€
CHcoom
HCOOH
i A L A, i i J
10 0 1 [
Scattorlng  angle 10 {érg)

Fig.3 ¥ MYV OBKBERPHLF ¥ A b LT
F N YD [ A XHR BT 56 AL R

Fig. 3ICIALEF ¥ & b IO JK A XHREHT(WAXD)H8
A RYT. BOTOREIOEAL Lbig, &
MEAMET LELNSBERT 5. 4R, SR - BEER O

29



30

IR CIREL A 5 AN OIRA SRR3RV BT 23R
WA, MOERTIX T m— FTHRB. 972bb,

BEED X D e K& RERY T L VAR Uiz % b3 B
FRHLAEM TIE, F MU R ESEES T2 B Y
AT T, T8H Ny F IR A HIEIRR A K
EL 720, FRFCHESEELNSHE KT S, BREFRE S
DFERIE, OBBEMEIC & 2 WAXDIRE fh# D2k,

@x ¥ A MEOKEEMREMYE, @F ¥ XA MEDRAZ ) —
NWAERRT L7 U AVERIZ & BRI L, @F v R ME
DOIRFFEIZ L D IR = ROBIREDIED
LXFFENhB.

4. BR¥REIZX B chitosan nanofiber D {ERL
— CS/PEO nanofiber DFA L ENL T 4y V— —

1 X8Iz

ITHE, nanotechnology |2 K BA BB RS AT
D, #EHEIZBE L C % nanofiber BELNTE 7. &%
— A e FIEITEARA % (Electrospinning) EPIT
H Y, Z OESTFIBEIRD S nanofiber BEH LT
5. BxlIF MY UoBIOKEEXTF L - F TV
FYEE (CM-FF v, F7 =L CM-F hY) I
AL, BKBROKEBEE LTI DERE
# &2 3% nanofiber {ERLDHARSM 2SI L TE 7=,
Z T, & M U/PEO F ) T 7 A AR OWTER
HET5H.

42 F B

421 R B

¥ R (CS; K BT, M=97,000, DAC95%),

ANY = F L F F 2 N(PEO; Scientific Polymer
Products INC, M=400,000), Hilg (ka3 a2 L
7o, VREEICEEEE & AV CS/PEO DB FEE & OHb %
IR & A LB SRR Lz,

4.2.2 ERAEA
RIE L EBAWRIEEFigd)Z AV, BRIFA

KN T A —Z X ER O EE (uWWmin), =7 —%
¥ v () PR & collector [EIEERE, cm) & FIAN
BEKV)THD. Fiz, HARAFEKIEEZ 25C, &
FETX 45~55%& L7=. Collector }LEA 50mm D [Ei%
aLyZ—bEERLE.

423 E)NT 11—
BAFE A T S 472 nanofiber mat (or sheet) AfH
D EE BT BEMBEB L (SEM)EB XL VA A X AR E

(WAXD)EEHE 1T o 7z,
(+)charge
pperplate
-constant pressure
thr.pulse motor
controlied by computer
AN
; ;svrlﬂge ::m
— polymer solution
igh voltage
V power supply needle
PET sest
(-)char
- allection
——_-:-_' fiber seat
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Table 2 Weight ratio and concentration in CS/SER/PEO mixtures

( /100 g)

Sample CS SER PEO Polymer conc.
CSSER100 10 0 2 12%
CSSER91 9 1 2 12%
CSSERS2 8 2 2 12%
CSSER73 7 3 2 12%
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Fig. 8 Wound healing process using nanofiber mat of CS/SER/PEO (8/2/2).

(a) nanofiber (8/2/2) mat

(b) control

Fig. 9 Optical microscopic observations of cross-sections of skins treated
with (a) NF(8/2/2) mat compared with (b) control after 6 days.
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