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Optimization of methods to recycle waste cellulosic fiber
ZHANG Yafang' XU Bojun' LIU Xinjin' > SU Xuzhong' ZHANG Han'
(1. Key Laboratory of Eco-Textiles Ministry of Education Jiangnan University Wuxi 214122 China; 2. State Key Laboratorytraining

Ground of Textile New Materials and Processing in Hubei Wuhan 430000 China)
Abstract: The use cycle of cellulose textiles is shortened and it is necessary to recycle the waste cellulose textiles to
save resources and protect the environment. The total reaction heat for cellulose hydrolysis by subcritical hydrolysis is
low. In the DMol’ under Materials Studio 5.5 the differences of the main atom configuration in the stable cellobiose
configuration under vacuum atmosphere and subcritical water environment were compared by using the density
functional method. The changes of main chemical bonds in bond angle and key length as well as the reaction heat in
each step of the entire hydrolysis process were discussed. The hydrolysis mechanism of cellobiose molecules in
subcritical water environment was discovered 1. e. protonation isomerization of unit loops fracture of glycosidic
bonds interaction of water molecules and anomeric carbon atoms and deprotonation resulted in the formation of two
monosaccharides. The total reaction heat of the whole hydrolysis process was only — 1. 945 kcal/mol which
conformed to the experimental value of <3.0 kcal/mol and the energy was obviously reduced. The rate control step
was the isomerization of the ring folding and its energy barrier was 2. 611 kcal /mol.
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Fig.1 Molecular structure of cellobiose
C 0. . :
\ o LT
G ¢ (o}
l H,0"

C

4~ ,/C

\/»\/O'\/c

2 Os’
l H,0"

3

C" 1 Clv
C4\ O / \C —

\C/C C/Ol\ /CS\O/

l H,0"

Fig.2 Hydrolysis mechanism of cellobiose molecules
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Fig.3 Structure and atomic number of disaccharide molecules in vacuum atmosphere and subcritical water environment
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Tab.3 Bond order of chemical bond Mayer of stable

configuration of cellobiose

1

Tab.1 The charge of each atom in the stable

configuration of cellobiose

Vacuum/( C) H,0/( C)
c(1) 0.371 0.358
o 1) ~0.452 ~0.526
c(4) 0.110 0.105
0(2) ~0.527 ~0.470
0(3) ~0.499 ~0.526
0(5) ~0.510 ~0.524
0(6’) -0.506 -0.552

2

Tab.2 The interatomic distance of the

configuration of cellobiose

stable

Vacuum/( A) H,0/( A)
C(1)—o(1) 1.391 1.393
0(1)—C(4”) 1.438 1.442
0(5) +H 1.912 1.899
0(3’) ---H 0.986 0.984
0(2) H 0.992 0.987
0(6’) ---H 1.916 1.863
-1297.05 -1297.09
E( total)
14 4

Vacuum H,0
C(1)—0(1) 0.9997 0.9928
0(1)—C(4’) 0.909 7 0.900 5
C(1) —0(5) 0.8865 0.8765
0(4’)—C(1) 1.0327 1.0220
C(17)—0(2") 0.918 1 0.934 1
C(5) —0(5) 0.8852 0.8839
C(3) —0(3) 0.9737 0.967 8
4
Tab.4 Partial bond angle of the stable configuration of cellobiose
Vacuum/( °) H,0/(°)
C(1)—0(1)—C(4’) 117.1 117.4
O(1) —C(1) —0(5) 107.8 108.5
O—H(117) ---0(5) 158.7 155.8
O—H( 11) ---0(6”) 169.3 104.7
0(1) —C(4’) —C(5) 110.7 107.1
3 N
e H a C(1)—
o(1)—C(4)  B- - C(1)—0(1)—C(4")
117. 1°
117.4°, 2 C(1)—O0(1)
1.391 A
1.393 A 0(1)—C(4") 1.438 A 1.442 A,
1— 4
B- (1) —0( 1)
O(1) —C(47)
Mayer O(5) -~-*H.O(3) -
H.0(2) -+H.0(6’) H .
B_
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Fig.4 Stable configuration of disaccharide molecules in various stages of hydrolysis
into monosaccharides in subcritical water environment
5
Tab.5 Length of each bond throughout the process in subcritical water environment
/(A) /(A)
C(1)—0(1) 1.495 C(1)—o0(1) 1.645
0(1) —C(4’) 1.521 0(1)—C(4’) 1.497
) 0(5) —C(1) 1.393 TS1 C(1) —0(5) 1.348
O(1)—H 0.987 O(5) --'H 2.912
O(5) ---H 2.142 H-0(6") 1.774
H---0(6") 1.883 C(1)—0(1) 1.694
C(1)—0(1) 1. 665 TS2 0(1)—C(4”) 1.495
0(1)—C(4’) 1.494 C(1) —O(5) 1.338
3 C(1) —O(5) 1.345 ) 0(1)—C(4’) 1.432
O(5) ---H 3.032 C(1) —0(5) 1.609
H---0(6") 1.762
4 0(1) —C(4”) 1.461
C(1) —0(5) 1.294
. 0(1) —C(4) 1.430
C(1) —0(5) 1.417
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Tab.6 Key angle in the whole process under subcritical water conditions
(°) (°)
) C(1)—0(1)—C(4") 121.7 51 C(1)—0(1)—C(4") 121.1
0(5) —C(1)—0(1) 105.3 ) 0(5) —C(1)—0(1) 105.5
3 C(1)—0(1)—C(4") 121.0 T C(1)—0(1)—C(4") 118.9
O(5) —C(1)—0(1) 106.0 0(5) —C(1)—0(1) 106.2
4 C(1) —0(1)—C(4") 116.4 s C(1) —O0(1)—C(4") 105.6
0(5) —C(1)—0(1) 106.2 O(5) —C(1)—0(1) 148. 1
6 C(1)—0(1)—C(4") 103.2
0(5) —C(1)—0(1) 88.1
c(1)  0(5)
4F TS2
£ — C(1) —o(1)
=] 2k
;E . H,0
E} C( 1) —0( H,)
qsu?: OF wu—-n
N o
E (1)
-2 F l—4l K
ﬁﬁkﬂg@ ER = E(produ(:t) ~ E(reacdant) ( 1)
5 : ER ; ( product)
Fig.5 Potential energy changes throughout the process : E( -
7
Tab.7 Reaction heat throughout the process under subcritical (2)
water conditions
= 1Ha =627. Skcal (2)
/( keal - mol ™)
12 —243.658 7
2.503 —1.945 kcal /mol 3.0 kcal /mol.
2—TS1-3 |
2.611
3 TS24 -3.513 2.7 kecal/mol; Yokogawa
’ 0.978
45 -15.876
5.6 257,589 —-1.62 ~ =3.95 kcal/mol; Loerbroks
-1.945 ’ DFT 1 45—
5— 6 C(4’)—
o( 1) 0.004 A O(1)—C(1) 2.7 keal/mol.
0.003A. 2 C(1) 0(5)
1.393 3 o(1)—C(1) 4 C(1)—0(5) °
1.294 A O(1)—C(4’) 1.461 5 2.3
C(1)—0(5) 1.609 A O(1)—C(4’) 1.4326
O(1)—C(5) 1.417A O(1)—C(4’) 1.430. 380 C. 40 s
2 (3) .
o (4) o
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