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Table 1 Properties of cellulose treated with maleic anhydride/glycerine mixture.

Reaction condition Weight Saponification Acid Ester Monoester
temp('C)-time(h) | increase®(%) | value(eq/kg) |value(eq/kg) | content®(%) | content®(%)
160—1 6.3 2.30 1.13 30.6 12.7
160—2 10.3 2.31 1.05 30.8 11.9
180—1 10.3 2.60 1.10 36.0 12.3
180—2 11.6 2.86 0.45 41.2 4.7
200—1 11.4 3.08 0.47 45.7 5.0
200—2 12.5 3.13 0.26 47.0 2.7

a) Based on original cellulose.
b) Sum of monoester and diester contents.
¢) Carboxypropenyl content.
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a, Untreated cellulose. b, Cellulose treated with MG solution.
¢, S ificated MG-cellulose treated with 4% NaOH pp. for 2h.

Fig. 1 IR spectra of celluloses.
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D “C-CP/MAS-NMR? Lt oIz X b, 7N 2 — ABEDORKICOWT, 65.1ppm D 7
FARC-6HLIL, T0~T5ppm D> 7 F A3 C-2, 3, 5fric, 88.8ppm X CH4 BB h
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Fig. 2 IR spectra of untreated cellulose (A) and cellulose treated with maleic anhydride (B).

-2,3,5" 1

240 220 200 180 160 140 120 100 80 60 40 20 0
ppm

Fig. 3 *C-CP/MAS-NMR spectrum of cellulose esterified with maleic anhydride.
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(&) Glucose. B) Molar ratio of MA/Glc=1.0/1, (C) 1.5/1, D) 2.0/1.

Fig. 4 IR spectra of glucose and glucose esterified with maleic anhydride.

RIG&e, Zra—20<2 Vv A VB=ATARRAB L, 7ra—-2iuT &K~V A4 VB
DEAITL0, 15K L V2.0 D 3EHECTIT -7, RICWE LhFh G-MA-1.0, G-MA-
1.5, G-MA-2.0 &£ L7, Fig. 43 h b 3 00RBYR LIV 7/ A2 —2DIR A=Y b AT
Db, = ATFNALHDORA7 b ik, MGAE L r— XD LR, 1740cm™ & 1640
cm ! KH A IRBRIESREBR LT3, ¥, EKk=v A vBOoeAKPEMERIZL S
W, ThBHDYZFAEES ¥l LT oS 5 WA TAERAED bR, 3FEo= 2
F b onTERLR 'H-NMR #RIE L7z, 72+ vOBENE L, SHBLHRcT3
e, UToREYAVZ LT3,
H-2,3,4,5,6 <V A vBBBREYEESL TRV L2 —-2DC-2,3,4,56 0% 7
vt v,
H-2,3,4,6-- 2 VvAVBBEOES LI/ rva—2DC-2,3 4,6 DK Tr by,
H-M: - a— AEB L~ VA VBBEOA L 74 v 7 et vD5Y, HREOH
ANEFNBEDEILYDREDO T+ v,
H-M o ra -2 li~ v vBREDAVZ4 v TR VDL, =2F 0
BEoLIehORFEDT = + v,
12o0#FARELT, Z1ra—ADC-HMIE AT AREES LB E % Example iR L
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L HB L TfT 2 %2, G-MA-1.0 ® '*H-NMR Hzc-o-c-g@u{@c-m
27+ A% Fig. 5 0R+, BAEELEL ) ’
Lictesd, HBEOKBRES » + vIZERL T
Wb, H-2,3,4,5D > 7 >+ 138 3.0~4.0
ppm Btz COEpyrXa, BT/ <—
WHEBIBEREADT vt vO 7 FAnE
BCEREY Do TV B, —ELTERIE
5T ilLY, e 1~4d 4ppm iz 5 7
e~ Fhv a3, 4. 3ppm ¥EBrE
BTV FADBENRL-TWE, 20D
LEBBA (W4.1~4.3ppm) ZH-6 D> 71 2iE2bh, FAa—-2DC-6DTa
VDI FNRCONDOKBENT £ F AL L BAERBRUCH0.3ppm > 7 T 54
B2 b B L C, BEBos 274G 3~4.4dppm) X7 s LT hie v a — 20
C-6fLn~rw b VEIDL H-6 LRERLI, —F, H-2,3, 407w b v 7+ 113, C-2,3
ARLDKBRENT v F LU B4, BESBRACH1.3~1.7ppm o 7 + T 511121810 i,
¥5.0~5.3ppm KRNI TWB v 7 r Ak H-2,3, 4 WigBRIhic, ~vAVvBOFrLv T 1 v

Example Each proton of 6-maleoylglucose.

1 H-M

H-M’ HDO

iy

v T T Y T T T v T ~ T T T T T
90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 10 05
ppm

Fig. 5 'H-NMR spectrum of G-MA-1.0 in D,0 at 40°C.
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Te bt vORBEOWTIE, NMRF—2ED B85~ v A VBRIV VA VB A S
NOF—2 EHBEL, $6.0~6.2ppm Dy 7 FApiH-M 72 b v, #6.3~6.8ppm O
IV H-M 7o b YEEhEhRB LI, 27 F7A0 7oV ERIERTH B DT,
TN — ANDREESTADOEY, HDEVIEE) 2 AT AN ATFADPDENCE - TT R b
VORBHERTHDIDLEELLNE, ks, ¥T7.8~8.7ppm ORlicd bbhiz3 oD
7 FARRIEEECB A2 ) 2y Th Y, BHLERVELTIRETERLS LMD, —K
BEY 2=y algE LTRICY/EEL TV 5 L HEI I,

G-MA-1.58XVG-MA-2.0 coWTH L L FEBRBL -,

SEORMY D= R 7 MULOBE, BEPMOERCE/ 2ATAE = AFADEEY
HET 50, 2070 + vOoEKLL S, H-2~5 H-6, H-M & X O H-M’' &4 D
In—-707a b vOBREYEH L, L, Tt v I1IBGORELELBE—D I 0
BEELRVD, BEE (H-2~4+H-2~5)/4 % 1BL LTHELL, chboEY
Table 2 wi”$. %7, H-6, H-2~4, H-M & X O H-M o E D E k% Fig. 6 w7,
Fig. 6 X b, &K~v 1 vBOELHEBEMILEE O T T ABEOB ML, H-6

Table 2 Each proton of esterified glucose.

Sample H-2~5 H-6 H-6 H-2'~4 H-M H-M’
G-MA-1.0 3.6 0.4 0.4 0.4 0.6 0.6
G-MA-1.5 3.1 0.9 1.3 0.9 2.1 2.6
G-MA-2.0 3.2 1.0 1.4 0.8 2.3 3.5

4.0 4.0 L
3.5F 3.5
3.0f 3.0f H-M
§ 25bp Total(H-2*,3",4°,6°) g 25 L
2 g
g |
S 20F S 2.0 H-M
: <
E 1.5 = 1.5
H-6*
1.0 F 1.0k
H-27,3',4*
0.5pF 0.5}
0 1 ol 1 O ] ] 'l
1.0/1 1.5/1 2.0/1 1.0/1 1.5/1 2.0/1
Molar ratio of MA/Glc Molar ratio of MA/Glc

Fig. 6 Relationship of molar ratio of MA/Glc and degree of esterification.
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5, Linl, &L LTRWThoRBNY L £/ =257 A BRATSE LD TWDE &2
L TH 5B,
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EBNTH S22 - 2BRED C-6 MIcEENKEETHLELLLS, BRTFTIXRE/ =2
FABRNRKEGZ LD DM, BRTRIEBETT AR OohTI= 27 A BB IR TN &
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LaLisdis, MGABRIIS7 ) ) vokacBET2MARB6h T ikvoTs
BOBETH 5,

L B

FPRETO D), BRRE R - bR EIRERRBER TR RO LEE
—8t, ARRROBARARCHELERTHIRETH S, T AREO—ITILimEIKE
ABERAERRBICL > TiITbhicDTHh, HeTHBLERTHIRETH 5,
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Summary

Cellulose and glucose were acylated with a maleic anhydride-glycerine mixture (MG mix-
ture) and maleic anhydride to clarify the bond structure between cellulose and dicarboxylic
acid. The result of IR spectrum for MG treated cellulose (MG cellulose) showed absorption
bands due to the ester carboxyl group at 1740 cm™ and originated from the olefinic bond of the
maleoyl group at 1640 cm~! (Fig. 1) The results suggest that the ester bond between cellulose
and maleic acid was formed by the MG treatment. The treatment of cellulose with maleic
anhydride also produced the same result (Fig. 2).

The saponification value and the ester content of the acylated cellulose increased by exten-
ding the reaction time and raising the reaction temperature. In contrast to these results, the
acid value and the monoester content for the acylated cellulose decreased under the same con-
ditions (Table1). This suggests that the monoester bond between cellulose and maleic acid
was evidently proceeded to a diester bond with an increase in temperature over time.

By acylation of glucose with maleic anhydride, using molar ratio 1.0, 1.5 and 2.0, the IR
spectra of the acylated glucose indicated absorption bands caused by the ester carbonyl group
at 1740 cm™! and arose from olefinic bond at 1640 cm~! (Fig.4). These results were similar to
those of MG cellulose and maleoylated cellulose. The acylated glucose was analysed by NMR
spectroscopy to elicidate the linked position between glucose and maleoyl group. It was
apparent that the C-6 position of glucose was preferentially esterified with maleic anhydride
rather than the other positions of glucose such as C-2, C-3 and C-4 (Table 2 and Fig. 6).

Finally, these findings suggest that the ester bond between the cellulose and maleoyl groups
after MG treatment formed predominantly at the carbinol group of cellulose as a monoester
bond during exposure to low temperature, and then monoester bond proceeded to form a dies-
ter bond as the temperature was raised.



