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Abstract — The objective of this work was to investigate the feasibility of acid-catalyzed hydrothermal fractionation
for maximum solubilization of the hemicellulosic portion of two typical agricultural residues. The fractionation
conditions converted into combined reaction severity (CS) in the range of 1.2-2.9 was used to establish a simple reaction
criteria at glance. The hemicellulosic sugar yield of 56.6% was shown when rice straw was fractionated at the conditions
at the conditions; 160 C of temperature 0.75% (w/v) of H,SO,, 20 min of reaction time, 1:15 solid/liquid ratio. The
hemicellulosic sugar yield of 83.0%, however, was achieved when barley straw was fractionated at the conditions at the
conditions; 150 C of temperature 0.75% (w/v) of H,SO,, and 15 min of reaction time, 1:10 solid/liquid ratio. For barley
straw, acid-catalyzed hydrothermal fractionation could be effectively performed. After the fractionation process, the
remaining fractionated solids were 48.5% and 57.5% from raw rice and barley straws, respectively. The XMG contents
in the solid residues decreased from 17.3% and 17.6% to 6.0% and 2.6%, which corresponded to 16.7% and 8.5% on the
basis of the raw straws, respectively. In another way, only 5.6% of cellulose and 8.5% of XMG were lost due to
excessive decomposition during the acid-catalyzed hydrothermal fractionation of barley straw, compared to cellulose
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and XMG losses of 6.4% and 26.6% in rice straw. Hemicellulosic sugars from the rice straw were considered more over-
decomposed due to the somewhat higher reaction severity at the acid-catalyzed hydrothermal fractionation.
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Table 1014 K.oj5= A7, A 2] ©lprsla: T3-S 51.4% 0|
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Table 1. Chemical composition of rice straw and barley straw
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Dry solids (%o,w/w)

Component

Rice straw Barley straw
Glucan 31.3+£0.49 39.4+0.76
Xylan 15.6+0.28 16.3+0.23
Carbohydrate Mannan 0.2+0.04 0.4+0.06
Galactan 1.5+0.05 0.9+0.11
Arabinan 2.8+0.08 2.240.10
L. Acid insoluble 15.8+0.56 16.6+0.18
Lignin .
Acid soluble 1.3+£0.02 0.9+0.08
Extractives Water 15.4£1.02 15.4+0.73
Ethanol 3.1+0.24 2.1+0.13
Ash 7.2+0.13 2.0+0.04
Acetyl gr. 2.02+0.02 0.9+0.13
Crude protein® 32 2.8
Crude lipid® 0.5 0.3
Total 99.9+2.93 100.2+2.55

YProtein and lipid contents were analyzed by KFRI; Korea Food Research Institute. N-factor = 5.95.

a) 100

©
o

o
o

>
o

XMG fractionation yield, %

N
o

L L L L I

1.2 1.5 1.8 21 24 27

Combined severity

b) 100
80
X
1
o
= 60}
S
T
 —
S
S 0!
&
(V]
=
>
20 |
0 1 1 1 1 L
1.2 15 1.8 2.1 24 2.7

Combined severity

Fig. 1. Hemicellulosic sugar yields in the liquid hydrolyzates from the fractionation of rice straw (a) and barley straw (b), as a function of

combined severity (CS).
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Fig. 2. Sugar fractionation yield with various solid/liquid ratio at the fractionation conditions of sulfuric acid concentration: 0.75% (w/v),
H,SO,, reaction temperature: 150 C, and reaction time: 15 min., for rice straw (a) and barley straw (b).

Korean Chem. Eng. Res., Vol. 60, No. 3, August, 2022



FANRERNH AVAER A TRrElE AL S8 S G ] 54 v 419

a) 100 5 b) 100 5

—&— Glucan

—— XMG

I Formic acid
80 {14 . 80 Aceticacid 14
°. —&- Glucan o ;ﬂ m Levulinic acid =)
r s -
© —O— XMG § ° S-HMF s
= W Formic acid s = s Furfural =
s = Acetic acid 13 & c 60 ]3 S
o R t o T
= I Levulinic acid o = @
s SHMF e s [0 e
(=] I Furfural o (=] o
g w 25 & 40 2 8
£ 1°8 & 12 %
- ° - T
S g = o
a g 3 &

20 11 20 - 11
!,I/ B o ’fi
. | rI/I |1 3 " I . I " I 1 l 0
0.2 0.50 0.75 1 00 1.25 0.25 0.50 0.75 1.00 1.25
Acid concentration, %(wiw) Acid concentration, %{(w/w)

Fig. 3. Sugar fractionation yields and by-products production from rice straw with changing in the acid concentration at the fractionation
conditions of reaction time: 20 min., solid/liquid ratio: 1:15, and reaction temperatue of 160 C (a) and 170 C(b).
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Fig. 4. Sugar fractionation yields and by-products production from rice straw with reaction time at the fractionation conditions of reaction
temperature: 160 C and solid/liquid ratio: 1:15, (a) 0.5% (w/v) and (b) 0.75% (w/v) of H,SO,.
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Table 2. Remaining solids and sugar contents in solid residues and liquid hydrolyzates after fractionation, and mass balance at their optimized

conditions
Agricultural Lo Solid Solid (%) Liquid (%) EMB*(%)
. Fractionation . .
residue Remaining (%)  Glucan XMG® AIL Glucan  XMG Glucan XMG
Untreated 100 313 17.3 15.8 - - - -
. a Fractionated 52.3 6.0 17.8 94.6 73.4
Ricestraw™ o ctionated® 483 25.4 29 8.6 2 o8 64 (266)
Component Retention (%) 81.1 16.7 54.4 -
Untreated 100 394 17.6 16.6 - - - -
Fractionated 60.4 2.6 243 94 4 91.5
Barley straw” . onated® 373 34.7 1.5 140 23 146 (-5.6) (-8.5)
Component Retention (%) 88.1 8.5 84.2 - - -

“Rice straw was fractionated at the conditions; at 160 C of temperature 0.75% (w/v) of H,SO, 20 min of reaction time, 1:15 solid/liquid ratio.
“Barley straw was fractionated at the conditions; 150 “C of temperature 0.75% (w/v) of H,SO,, and 15 min of reaction time, 1:10 solid/liquid ratio.

XMG: Xylan+Mannan+Galactan.

dExtraction mass balance (EMB) = (2C;; + Cy;) / ZCp; where C; is the mass of each sugar component as C;; determined through HPLC chromatography,
the subscripts L, S and R refer to the extracted liquid, fractionated solids and raw straw fractions, respectively.

¢Analysis data are based on the oven dry untreated biomass.
fSugar loss during acid catalyzed hydrothermal fraction processes.
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