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Saccharification of the Pretreated Corn Stover by Microwave Assisted
DMSO/AmimCIl Co-solvents

Liu, Jianfei*” Cao, Yan" Yang, Maohua“ Li, Huiquan“ Xing, Jianmin**“
(“ Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190)
(® Graduate University of Chinese Academy of Sciences, Beijing 100049)

Abstract In order to enhance the enzymatic saccharification efficiency of corn stover, microwave assisted treatment with
dimethy] sulfoxide (DMSO) and 1-ally-3-methylimidazolium (AmimCI) co-solvents was designed to break up the compli-
cated chemical structure of corn stover. The pretreatment conditions were studied to increase the dissolution ratio, extraction
ratio and cellulose I crystallinity index (Crl) variation. With the increase of AmimCl concentration, time and temperature of
the pretreatment, the dissolution ratio, extraction ratio increased and Crl decreased. Considering the costs of high AmimCl
concentration, degradation of biomass at high temperature and long time, the optimum conditions were DMSO/AmimCl
co-solvents with a DMSO concentration of 15% (w) and 4 g corn stover per 100 g co-solvents. The optimum temperature and
time were 110 “C and 60 min, respectively. Under the optimal conditions, the ratios of corn stover dissolution and extraction
were as high as 46.6% and 22.9%, respectively. The cellulose saccharification ratio had a great increase within 14 h of enzy-
matic hydrolysis with an enzyme loading amount of 14 FPU/g solids. The saccharification ratio for the extracts was 71.4% in
14 h, while the ratio was only 12.5% for the raw corn stover in 20 h. Powder X-ray diffraction was used to determine the
cellulose crystal structure. The cellulose I crystallinity index of corn stover residues decreased obviously and the crystal form
of AmimCl extracts were transformed from I to II. From the SEM pictures of the materials, it could be seen that the outer
surface of corn stover residues became rough, which was good for enzyme accessibility and saccharification. The AmimCl
extracts had lost their natural status completely. By simple vacuum distillation, AmimCl could be recycled and its solubility
kept almost constant. According to 'H NMR spectroscopy analysis, the structures of fresh and recycled AmimCl were almost
the same. From the results mentioned above, it can be concluded that microwave assisted treatment with DMSO AmimCl
co-solvents was a feasible method for corn stover pretreatment.

Keywords ionic liquid; corn stover; pretreatment; crystallinity; enzymatic saccharification
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25 CHf, AmimCl {55 4 2182.95 mPass, 4i 5 T}
%45 CHF, AmimCl1 &R %24 357.60 mPass, 425 C
iR 16.38%. /b DMSO BI ] i 25 F#A% AmimCl1 % %,
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AmimCl [FFEE, 3 s s T AR i vk R e R
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Table 1 Effect of DMSO concentration and temperature on AmimCl
viscosity [7]"

DMSO
Temp./C
0 5.05% 15.10% 25.03% 49.96%
25 2182.95 1287.05 455.72 190.11 28.99
45 357.60 240.79 111.71 52.62 11.80
65 102.86 77.21 44,37 23.02 7.43

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“[#], the intrinsic viscosity with the unit of mPass.
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Figure 1 Effect of DMSO concentration in AmimCl on corn stover
dissolution

Texp=110 C, Stirring speed=300 r/min, f.x,=60 min, loading amount=4 g
(corn stover)/100 g [x% DMSO/(100 —x)%AmimCl], x=0, 5, 15, 25, 50, 100

IR R AR R . AmimCL XSRS AT
PR AT AmimCl (1 B BH 257 XPRS AT 4T 4 32 A
2 R IR AE D, A R A AT B 2 v f A TR
(Abraham salvation model)®". CI™J&— AN i 1) oL it
1, 75 AmimClAE ] T-4F4E 5, CU Bl eh e R A 4
P, IRBIRIR AT Y 45 S5 H P2, 24 DMSO
PRI, CUMRBEFAR, WA RGN R 8 S 25
FIRIRE AR SS, WO A R GRS FE A% i e
b4 DMSO & =¥ =iy, 1M DMSO &2k 0 5
S%IME SRR RS, wRtEREER S 15% DMSO % &)
FHZEABL, H2 B PR RAS Ry 6K S B0 R AR
Ae2e, WMURSAMRIERE T, FRATIE T3 AE St e
HFE 15% DMSO & % [f) DMSO/AmimCl ¥ il R8T
v A0 KRS FE AL BEACR, BRI TR 15%
DMSO % &[] DMSO/AmimCl & &5 0 2 A%,

FRE B 2 AR AR o X SR e A o PR o0 A ml 4,
AmimCl FHAL B 5 5% 00 €T i 2 (281 3 F 84T R Ak
g, M 1B AEBRI R LT 4E 2 T RIS L R BRI
B 1), S BRI T RS FE NI4T 4 3 1 AL
B, IR AR A4E 2 I BUR SEMB IR, AP 4E 5 1 45
JE BRAR AT )T £ 4 R A R R4 70 MR STIR[30]
O, TR Y LA AL AT 4 &, H Segal %0
F1 Bansal 25455 11 B4 4 051006 L BILAE 20=19.5°
fodi. SRy ) ERFE AR G I AR e, &
XRD Wl %€, AmimClLE RS FT 5 H2E - I 7> XRD
W HIAE 20=20.3°4b, BOFSHFF A4 55 3 1 A iR
PR TR LT 4 K7 Wada 256 52HIEW], 274k 4 0 ) 2
AR WBAR AR B 5 m, 11 RAT 4 KRR 0 A
T 1 B R R, ME A R RS AR, K
AU 2R 1 45 B B AR T O 2 A R ik B T Tidd
HRGRE],

1952 http://sioc-journal.cn

B2 TKAEFERN ). & 15% DMSO [E A3 A B 5 RS FT R E
H1(b) Ik (c)Fi AR XRD P35t L 434

Figure 2 Powder X-ray diffraction analysis of raw corn stover (a) and
15% DMSO concentrated co-solvents pretreated corn stover extracts (b)
and residues (c)
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1 9.18%). Ui A s 5 nT LARK K (1) 406 6 5 A 1N 1),
RAARG 0L AL P 3o 2 (1 i i R, 0 T AR AL T AL B e AL,
F2 BTN T RS R R 1 5

Table 2 Effect of heating methods on the dissolution rate of corn stover

Heating form Time* Extraction/% Dissolution/%
Oil-bath 6h 9.63 25.28

10 min 9.18 27.69
Mmr’

30 min 11.96 32.37

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Dissolution was excuted under 15% (w) DMSO containing co-solvents, corn
stover loading amount 4 g/100 g co-solvents, 300 r/min, 110 °C; ®MI stands

for the heating form of microwave irradiation.
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Figure 3 Effect of temperature variation on corn stover dissolution by
AmimCl

fexp = 60 min, loading amount=4 g (corn stover)/100 g system, stirring
speed=300 r/min
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Figure 5 Effect of loading amount on corn stover dissolution by
DMSO/AmimCl co-solvents

Stirring speed =300 r/min, Tex, =110 C, fex,=60 min
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Figure 6 SEM images of ground natural corn stover (a), lyophilized
corn stover residues after DMSO/AmimCl co-solvents pretreatment (b)
and the corresponding extracts (c)
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Figure 7  Sugar conversion of corn stover before and after

DMSO/AmimCl co-solvents pretreatment during the hydrolysis time of
20h
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