s
2006 & 11 B

_IEJ. ﬁ} ? % *ﬁ No.8

ACTA POLYMERICA SINICA

Nov., 2006

ZHEREVHTKIRSSHERNXR"

B g #ANRT

ES

(WL RERSTREHSHTER WM 310027)

o E FMARCUATERET LA RREWN R = 45 B (chitsan, CS}HFR, I F CS A FHEH
FEARMFKERD, EHRMAKSF. . ELHLH(TGA, DSCOORKEREAKEH CSHEHR KSR 3
PR R R EFEAE A K A AR B Bk . GRSt RR RO 35 4 B A RS B9 K it ah R s e
BRR,HEKH S UAREESES FREFMMBBEL, RN AR TNEBAER CSEHEFR
o B R ) AR K AR X T - R OR B B K A AR R T R A Fermi 2B AR F A F
KBEBEMZE, BEKFHREER, BaiAfCS ZEMERLRR, BERMNSERAK. EHKNEES

HR () 5 K L X B8 B 1 S BE SR B R Ay RS
R FEE, KRE, BKIH, KRRER

TERE(CR—-MIXRNWEY B
LR HEE=OIEREEHE, X AKEL
. AE BRAAKFWEYHENE B CSELE
YWEXLEEIBHA"Y HEFTE G ITE
WPFAERBRYFERER, KO TFRESD RN,
XA B S H FIPERE B AR K B RE A, B LAY CS #F
BPAWREFRBAVLE EHEXEFTHY
KaF—RU3FHPREFE, BHK.SGEKEE
Bk REIAAKET  ARKEBRERT oCH
BYHRK. BEKREFESESKNPEEKL
Wi LRz EASH I PRES Kt RE
BHRERALTEERNER . AFRREKE
ETFHRENEATEEZER,. FEEEWMTHEK
WiEBEMBE. K> FEEHXAT LT THEB
PEEERERSNERMNBMNEREXRS N3
3, Fickian B35 . Case [ BE . FHMBHES

% 55 77 B il & 9 CS A DL 1k RE A, PR
THEGENE BEFNEES BN .35
BECLFRARMATERFTEREN=4
CS M EATUMEEXEFEHMNBRESR
KOYR,BEA—MEYHHEEL T EB RN
R, bmEEKEE. A X T AT #EA
S, ARSI FTESIHT &K
CS B K B FRE ; U R B AFREH K
i SRR Ak e

1 R

1.1 e

ZEE(BERE,. H88LEDIEARS
H,M,=5.63x10°, [RZBEE =91%), ZBR (HAc
SWE, EXTERAT BN ), BB wi%
NaOH %) .
1.2 CS@min&

FREB— RN CSHEAMATGERE RN
2% HAc W FHIR S wt% BY CS VW, BB AL
T EH & cS BH™  RIE 7 60°C B 4L 48 4t
48 h BEIEKEAN 7.8% =4 CS B .
1.3 BkFERE

HMEREN7om, £ 30 mm B CSEH AR
ER3TCHEBFAKP, SR — BT AR
&, FIRER TR REK>EHRE, BKEEY
LITFARHED,

W, x W,
W,
Hp w, RETREREGNER, W, NEXEGZR

AK—EREEHER.

Absorption ratio (%) = x 100% (1)

- 1.4 ERAIR

FE DSAIO-MK2 BB A N L, RAMEE,
T E FE 5 AT Bh 25 2K S A

* 2005-07-28 W 5 ,2005-09-05 B R :; EF AN RS FEHTE (X4 50173023) BHF ARBERES B SR BT H (X4E 50333020)
MERESLRPREB (973 18] (F B £ 2005CB623902) BFBIIR B ; »» 8RB R A , E-mail : hugl @ zju. edu. cn



1020 : =]

2006 4

1.5 #aH

43 b7 25 48 F AY & Thermo Analyses(TA) 2%
T TG Q500 1 DSC Q100. # K B 447 (TGA) B
7E 15 mL/min 2 S5, 10 K/min B) TR E LT
BT, A E I E 300°C . HERHBRRGT
(DSOMAEPAIAGFHKER.RELHT
~50CS5, M 10 K/min B3 BE M B) 20°C. 1% 05
AMSEEITUTARITEY

V. = X505 (2)

Hd AHRBA/KEGRAHEBERI (AH =333.5
VB, 0 MAEARBERMENEHAITEBI A
HAESEPRBAMKRE.
1.6 W gt AR R

CS B +f 59 %5 ih PE BE I R FE IR Y| Reger AL
ERH AR EZEN E#T THBRRAZA
W, IREEE 40 mm, LB HEEF 2 mm/min,
BB HEE o, SHOREER £, 7% R
(121t B .

ARA2RAR " VHAMES KRN
,CSEM BB ZES TREMLR, EHMUMAK
FETUELBRES S KBZHPXR.

(E, - E,}
1+ expl(w— w,)/b]
Ht E(w)REMER, v RESPREKE, E,
RHBMERHE (HEE), v, £ E(w) = E,/2
MAKKESE, b REEREETHREENTER, E.
RERHMHNEE.
1.7 B2 K583 M-3R AT 5 ( ATR-FTIR) 1

% A48 E Bruker-vector22 {8 37 A5 ¥a 41 #F 3¢
A XA B B 4 g AT R AE

2 &R5iTiE

2.1 CSHEEMNBRKE

MEKBAET8RM=4 CSHEERNIE
B R (8 DRI ER, =4 cSHEER
BHIRFRBAKYE, Bl PTIL 00°, A Hk AR
BT R, XEH TKEEBERM CS Ttz ig.

ERMTEBEERWE KRS FBEHA CS WY
HNERMEN S BEARWD M, E—F
BHE] : WRIBOKER, T M. MEY BEF
¢ i I -

Mt 3 - .
i = kt {4)

E(w) =

+ E, (3)

Contact angle (°
S
S o

fo
o

1 1 1 AL
900 1200 1500 1800
Time (s)

1 1
0 300 600

Fig. 1  Advancing dynamic contact angle test for the
surface of the CS material
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Fig. 2 Sorption curve for the diffusion of water at 37°C
into CS rod
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Fig. 3 TGA traces of different water content of CS rod
a) Original prepared , 7.8% ; b) Semi-saturated, 32.8% ;
¢} Saturated, 57.0%
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Fig. 4 {a) Representative DSC heat curves of water sorbed CS system es a function of temperature and (b} dependence of AHy,, per sample weight on

water uptake
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Fig. 5 Presumedly bonding behavior of three different type of water hydrating with CS



1022 B 4 F % =

2006 4E

2.3 FEZKER CSEBHBLIFIH

EeRAREKERN CSEMMLIEER,
3200 ~ 3500, 1600 ~ 1750,700 em™' B K 43 F &9 3
AREAE " | 4 B B F—OH B %5 ph R 5h A
KGTFHlEsERs R H—0—H M AR, HH
CS P E/KEMRIM, 17 1E M58 Z #r183% . B,
XFKEBEAAHE R (B 6a), HFHFEHHKH
FIE,KGTFH 3 MEERMRECGREHABHE R,
1500 ~ 1600 em™' Bt B I M 3% #8 35 . 2850, 2922
em™' C—HWBHMMBERsEE L HEES .

1.4

1.2+
1.0}
0.8
0.6
0.4
0.2

0.0 2 i‘

1 1
4000 3000 2000
Wavenumber (cm™)

Absorbance

1
1000 500

Fig. 6 ATR-FTIR spectra of different water content of CS rod
a) Original prepared, 7.8% ; b) Semi-saturated, 32.8%; ¢)
Saturated, 57.0%
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Fig. 7 Effect of water content on bending modulus and strength
of CS rod
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Fig. 8 Photos of (a) original prepared CS
rod and (b) CS rod after 240 h heated at

the temperature of 60°C
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THE EFFECT OF WATER STATES ON MECHANICAL PROPERTIES OF
3-DIMENSIONAL CHITOSAN MATERIALS

LU Jia, HU Qiaoling, SHEN Jiacong
( Institute of Polymer Composites, Zhefiang University , Hangzhou 310027)

Abstract 3-Dimensional chitosan (CS) materials with high mechanical properties have been prepared via in-situ
precipitated method . Owing to the existence of hydrophilic groups , the structure and properties of CS materials is
easily affected by the hydrated water. Water sorption in the CS material is Fickian in nature. Thermal analyses
revealed the existence of up to three energetically distinct states of water: bound water, intermediate water and free
water in the water saturated CS rod, each type of water have different effects on the mechanical properties of the
material . Initially , there exists thermal stable bound water that can not be easily removed . Interaction between water
and CS results in a strengthening of the hydrogen bond network . Subsequent absorbed intermediate water of CS
material in the water environment acts as a plasticizer, forming water-water bridges that loosen the hydrogen honding
network . Modeling of the modulus and strength of CS rods with the Fermi's equation for the fall in the modulus and
strength as a function of water content under isothermal condition was fitted. Differ to other CS blends, this
intermediate water is non-freezing. In the later stage of water sorption, water enters the CS and loosely adhered as
free water which is freezing, undergoes no thermal phase transition over the range of temperatures normally associated
with bulk water, having few effects on the mechanical properties of the CS rod.

Key words Chitosan, Water states, Water sorption, Hydrogen bonding



