WHTEAREMFRLE  F36S 2006

{b2EEREmEE L a— AF M) O AEE Ra o
J/ UOVREE & B E

K7 el &M

Nano Level Structure and Thermal Properties of Chemically
Cross-linked Sodium Cellulose Sulfate Hydrogels

Toru Onishi* - Hyoe Hatakeyama™

Sodium cellulose sulfate (NaCS)-based polyurethane (PU) hydrogels were prepared from the solution of
NaCS and hexamethylene diisocyanate (HDI). Water content (/¥ of the obtained PU hydrogels was less
than 3.0 g g and NCO/OH ratio was varied from 0.05 to 0.6 mol mol!. Phase transitions of NaCS and
NaCS-PU hydrogels were measured by differential scanning calorimetry (DSC). From DSC curves,
glass transition temperature (7, melting peak at low temperature (Twm), melting peak at high
temperature (7myn) and liquid crystal transition temperature (71.) were obtained. It was also confirmed
that there were three kinds of water, non-freezing water, freezing bound water, and freezing water. T
decreased in a W, from 0.05 to 1.0 g g’!, reached a minimum and then increaéed We from 1.0to 3.0 g gL
The 7; lowest value increased with increasing NCO/OH ratio indicating that molecular motion was
restricted by cross-linking. The nano level structures of NaCS and NaCS-PU hydrogels were observed

by atomic force microscopy (AFM).

Key Words: sodium cellulose sulfate, polyurethane, hydrogels, phase transition

1. #38

SREEME ChHARMME L T —2F kY 7 L (NaCS) I3ARNFORETFIBNT, U
iy Z, b—F batyZ7BBEMRT DI LR, TTICALATVD[1-3], BE
AEOEA x BRI LD . —EDOASRICBOTIE, NaCS HTFHBKSFEIFZEATE
FTCEAE L, RED B & bIc, HFRERESHATS 2 L3RI bR TV 4], 2
1L DRI NaCS A FBIDA & OMEARRIC X 0| SRR R 5 THEM AR T b
DTHB, £ DELO—AFEKIEDEAIC LY, WEALVEBRT S LB
TV [5-8], BERS ISR 2R OREETH ) | IKVBERIRIC DT > T, B
Per kDB ENELLS, ERGEMICERDS LV, NaCSATRO L 510, HER
BT BN, TOTE TR MERT, BEEEEEL V) R 5 b, NaCS OF LU

* JEABAAEBOR PRE o DHEYLER B

— 171 —



WHTREAFEMRALE 5365 2006

BEHERTAZLIEIREHIBETHI EEIOND,
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Fig.1 Schematic chemical structure of chemically cross-linked sodium cellulose sulfate

Fig. 2 |Z NaCS-/KR ® DSC FiRM#M LR, KENLD, T REBICE IS EBIR
DL, BRIEIC L - TH T RAEBIRE (7) 2RD7=[9-11], K 230.27g/g Tk, 7
ZEEBICE S EBORRBD b, Ti3-50°CHHL CHB Sz, #,230.58¢/g TiX
T RAGEBILLBDN—RFA /@2:1%@ I, 1ODRBE—7 L 2 OB — T 8
OO, BB —27 13, AR -2 EZ LN, KEMOE—27 13k
DR — s L E2bND, BEMOY— /7 IKAENEBOEY— 2 EZ2 5N 5
[1-6,12], ZD L& TIidHKHIEVIRE-CIHETBRA SNz, ZOR, B LIRE
(L) 136 CHETZ DR T D W IZBWTRAICBR S n=, KO@E (7) 135
B SRR Y — 7 R D b, SRAIZEBRAK (F,) OfE (7,) T, K&
M HAEFTREREAK (W) O (7)) LB b 3[13], KO —27I1C T, & T,
ERERH>TEAISNZ, T, - 10CHHETERRAIESh, 72 7, 13-8CHECERAISh
77 WARESE (7,,) 28 30°CHHETEBl SN, # 0% 1.03g/g, 1.50g/g, 2.15g/g B}
2.47g/g TiX, HT7AEBBIZLDR—RTA VOB, Rk —7 & 1 SO —
7 HBRBDH O, TORTIZ, —HOROMFELY — 7 OEEBIHER I T NS, ¥,
25 1.03g/g U ETIE, Lid-T0CHHETHBRRAIS Iz, T A3-20CHHETRBR S n, T,
IZ-8CHHECHBBIS N, T2 I, 1X 0°CrHr TRl Sz,

Fig. 312 NaCS-PU & Fua Z' Ao DSC FiRMi#R &2~ d, KR D, VT AEBIZE-S<
NR=2A T4 VOEBBRBO LI, Fig.2 LERRICLTH 7 REBRE (1) 2 KD, ¥,

— 173 —



TH LEREVRLE H36= 2006

23 0.20g/g T, HT7RAEBILESIKR—RAFA VOEB LR bR oTz, KA
0.46g/g T, ¥ 7 RAEBOERE, Rk —27 L 3 o0ORBAL—IB3RBO LN, =
DL E LIT-B0CETRBAISH LITRbEVEL Role, £DRE, 7, 13-50CHET
BONCBHI S iz, Fig2 LRMRIC 1 DOOBMRE— 712 T, & T, EXNER-> THRAS
., T IE-16CFHET, 72 T id-12Cha Tl vz, #,230.97g/g A ETIX, #
T AEBILEDLKR—RT A4 LV OER, Mkt —7 L 1 >OfEE— 7 BB H bz,
Fig. 2 L FIRRICRAR " — 27 DETMBEM SN TS, ,230.97¢/g LLETIX, T13-70°C
fHEcBRl STz, T, 13 20CHECRRE N, L IX-8CrHrcafish, £/ 7,
¥ 0°CHhE BRI S hiz,

REMED NaCS L BT DL, TOB/MEB ER LB Ebhd, T, & T, D&
MBI S N EERRICE Y . L, OFEIEIED LT 5,

W.
0.27

\ﬁﬁ Ve

150

Endo. €—

2.15

\ [

// /
120 90 60 30 0 30 60
T/ °C
Fig.2 Stacked DSC heating curves of sodium cellulose sulfate-water systems
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Fig.3 Stacked DSC heating curves of sodium cellulose sulfate polyurethane hydrogels

with NCO/OH ratio 0.1 mol mol™
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Fig.4 Phase diagram of NaCS-water
system and NaCS-PU hydrogels
with NCOJ/OH ratio 0.1 mol mol™
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