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Hydrolvzed by Water
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Various recovery methods were investigated to maximize hemicellulose recovery from lignocellulosic material hydrolyzed by
pure water. The pretreatment conditions of water hydrolysis were 170~1807C and 1 hour of reaction time. The percentage
of hemicellulose solubilized increased as the temperature increased from 170 to 1807T. However, significant decomposition of
sugar was observed at temperature of 180°C. From the results of water hydrolysis, the total amount of glucan in solid
residue and liquid hydrolyzate was close to the total glucan in the original biomass. For hemicellulose, however, there was a
significant difference between both contents. To prove this difference, various recovery methods were proposed. From the
total sugar accountability (sugar in liquid + sugar in solid), it was confirmed that hemicellulose recovery in the hydrolyzate
was increased if the product including both hydrolyzate and solid residue was physically stimulated by such as heating and
ultrasound irradiation. This indicated that, in commercial scale processes that much bigger substrate sizes are used and a
sufficient amount of leaching solvent can not be used after pretreatment, a significant amount of oligomers could be trapped

in the solid matrix.

Key Words : Hemicellulose, hemicellulose recovery, water hydrolysis, lignocellulosic material

N =

guldgzest 444 1A PASE AR Fo
AEZ shteln 2FErF oF 200 2 TEAEH]
tt. B}FERE  xylan, arabinan 52 593 FFA 9
mannan, galactan 52 6€t3 FHAE ZTAHSE methoxyl
7], acetyl719} uronic acid o] A¥H FHAITRE T4
Hol k1) 2 FHudER 29 EATERE 7|
el o] AREY H|&o] A3 tz2A A U
A& TR ¢7) oyt

2 Zuje) 9% SPjAERe A0 FfeRe wge o

+ Corresponding Author : Department of Chemical & Biological
Engineering, Gyeongsang National University, Jinju, Gyeongnam
660-701, Korea

Tel : +82-55-751-5385, Fax : +82-55-753-1806

E-mail : sb_kim@gsnu.ac.kr

3

W G 7 oA dojux| ¢dornz o o 3
719 EAFE 7R A=) At dwrFoz e
ER2A7E JhESEE WA Exgel Arix A7
2uFE A 9RFE ML, 9 23 2
= furfuralg XS A FF7HY AZAEZLE vH
th o] W FXEAZ A LT o FHEE U}
A EdoloM o]Ee WMeEre FHEY wt EEkA
3 oEEY "ErdA wegeE & ARG © &
Roez 4EA JHR). A7 2Ty FHES F A
£ whezdd gy JA9-Hi, 53] 2 F s
7t BETE Bo] Avle Aoz dEA U35 HFA4
NAE Ang 2Fo 2 Hoj g7 W 71d W MR

AEZOAE FA JEEHEY] Y=
A dourE 71AS AANYH F= AA
o] & Haslth HZ ARAVIAZRE €€ AM4AAE

11

FE31 JE "F FTEYYAIA AT (NRED)I A&
HA A 4 AHEFE Sol7] A A B2 (1% °lhHE



_(|>£
N
do o
S
X
rir
=
olo
ed
i
e
o
o
S
>
e
olo
A
W e
__Q Kl o of

o off
ok
12
o
o M
Dy

e

op
M s2 ob oy o
ofl o £ 4o o

)

. (o]

o

i i

2 0 lo it o2 K o oW

oft
(o
)
oY
_gl‘
o
X
N
=
oft
o
12
o
4> He
r
vl
ed

1
—

& F A8R 12 B S0 FEe B A
A3 £33 siob sk, 24
2g A8 of EAsHe A9

058 4 QAAS $99 B9 vE5}

o
oo,
okl ¥

b rir

o

2

oft
S
°
B
2
_?L
to rir
o
=3
=S
i
g
lo
I
o2
M
kd
__),J_:“
N,
N

Auagzos oo PG B3l B 3
@ Aolsk wohe 2Ael WA Ba Sengol
Bol A7le 2AAAM ol Higo] A3d LFugo] ¢
guT dudozs ¥awe AN nAlToz
wAue ] et 28 g 4 A7) WE Roew A
7o o9} 2L AL ATRe Fitm & Algdte
percolation &7l M= F<lE vl ITh(10, 11). A A}
L5 e €8 REFFEE xylosed} glucoseE EAjo] WE
T U] W&o AAe F uA7)Fo) £FE xyloseE
HAF st Zo] ARA7IdEREH <8 £88
g F AT TR AAolY. aElm AP Y e
TR AAE FAHANE AMEsE 71de] mm AAY
T HndEEex I4E Y3 B LvE ALY $
7] W&o ol AF Axrt vids Fostn A4
o olt 2 HAE FBII Y LgmFo Bo] A
Y

oft rr ol rE ol KU mjo o 2

ol
o
<)
fo
_?L

b g
rN o
™
i
ofl
o
o
k1
B
N
™
i

oy M

g udEaoro I4gg

o wolgle 29 I+ 7ol
ZARIALAL ST g7 S5 EEE £
AEZ 929 oF 80%7} xylano] i xylano]®] th& o
A2 A R fEd xyland LS
29 X 222 A3

b & 2 = )y g
fo o 2 & k| Ao

XHE al HiH
i o H

e

ysix=
ABE £4%9 27, 9% SU9 EFEIN Wiy
milg AHE3te] AT F, 2 mmE EHIIT 60 mesh A
o) deje NRE AFEIST

ZiE8l U saE
H

el wE2 Wiol L1 emo] o7} 14 emQ) &

Korean J. Biotechnol. Bioeng., Vol. 20, No. 4

& stainless steel §H27]5 AL Q Tk o] ¥E2 o] 4

8% XHE ANRE 2 ¢ 98

b EMA|E & n2zAZ7qAM HHSAIZ Y. de

o mEEE AR o 15EAE 485
<

oo o O N
ot

rio

20 mLe] &2 db

2
=
K
£
oft
o
o,
i
o
l

ol o Z i AL &

3
o
rir
b
i_l“
N
)
2
I
oot
i
,v.

% 4,500 rpmol

fo fo o 3%
1ed
o BT e
o fr et
[\*]
_>|1J
Sy
&
M
K}
oo

e
tjo
S
>
ob
3B
s

(

243 oF 03 g9 ARE AFAA Y1

164) 3 mLE FUT o dmz Ao
FHAM 22417 5 30T gezo) WA skm, o] AL 100
mL ol Al &A Fi 84 mLe FFFE st 4%
iAol HA & o 121T autoclaved| A 4587} ¥k
Ak ¥ F EolEe 29 %g B 95 A%
F glucose$} xylose®= 9 4= 37 v-e3lgc) w2
A3 ABE 45003 15000 pmoZ F W 94 Eg
% HPLCZ 24319 h

b o

(=]
FRIFL ZH AR 9 1 g2 APVl ¥e U

1
A2z T A EAskAY AR Ajzte] HW 1
L Zgt230) ARE &7 ¥, 560 mLe FHSFE 7hs
o 3% FE&dol HA & ¥ BFYAIE HA3t 44]
Ed 7HEEAT o RE Folgle
S FE37] A% AAH, stge] B k1l
105 £ 3C AZ7IAA 1247F o AZAZ F de F
g At 2lad e S8t @i ash F
2 oF 1 g9 ANRE 575 + 3T AV|ZAA 347 o]
¢ 7tEste g FAE Ase 2339

a

27 JtE2d

12} ZhpRaoA AAE 2o hgiiEe 2
olojx] o]E& A3 HPLCE A B2
A ZE1FE dgoz Aslse B
T AL galde] ¥gE Leuds oL o] speR
ekt 13 7heEe & gARE G
59 3 mLE Pyrex glass tubeol] @1, o] £olo] Falx
£ 4%2 W=7 93 30% e AGFE HE & A=
7t22 e g 59 2Esgth 9o 121¢
autoclaveo| A 4587 ¥E2-A171 1 4,500 15,000 pmo)A] 5
H ¢4 £33 & HPLCE BA4sigrh ojd 1z} 71424
Al BAE Fo] autoclave ¥HA] BalHE TS B A
A3 AleFF glucoses} xylose 0.3% (wfv) £AE & b
o2 WA

U2 = x7|&0 Yolds xmg (xylan+mannan+
galactan)
A5RE wg & uRsAe] FolgE xmgd FEE



Kim, §. B., Hemicellulose Recovery from Lignocellulosic Material Hydrolyzed by Water 319

7198 13 JkeRaE s e uA7IELE 105T +
3C T4 3§ Ft ARAA EAE A dg AL
AHEE AR FAC dig gdoldle Alg RAY ¥E (%
solid remaining)S A|AFeta, o] = 0.3 g& AMFASA A F
ol w1 @A AW nAANE FEF A Ax) o

HPLC 2A

B AFoA AE3E columne Bio-Rad3Al2] Aminex
HPX-87H=} 87PZ 87P column® £+ xylose, mannose,
galactose’7} E 2] E X9t 87H columno 2y 2w = o}
°olE MNAES 3t xmg (xylan+mannan+galactan) = 3 7)
AT xmg ¥ ZV|A R EFH o5 AAAEY 90%
o] ko] xyloseo] 7] wWj&-ol xyloseZ standard= A}-g3}e] &
A% T WAQA 0.88 (=132/150) Fate] xylano Z A4k
Atk Als W EFHOUNE B FEZHL K8
4,500%} 15000 rpme 2 T Y42 s HPLC (Waters,
Shodex RI detector, 0.6 mL/min)& ¥ 4]3}9c}.

A7 2 DY
2 Ji5Ea
AV AEZ 02 BATEE TAYoln AERoAR
AR WAGRY A%e Fe % %

EH Ful7t gA A2 5 Uk

aFH HA JHeEHE = é‘%% +59 Eoly &
%7] oM e st dn. o
A ol FMAEZLAE :r“‘QO]'E F70 Eol%le
acetyl7] ¢} methoxyl”?|7} -f-2] 5 o] acetic acidy} formic acid
o 2 f7le) Zul 4TE ek, o|F Aol Sl of
N8 BHEE JA6) wet G Aole AT 2
H7} 3~42] Mo gich. d#fA B& AME

[e]
g FRAME TN 2olde 4] A9 fEHA &
O A
o

& AYolEE sRAEEE P {14 FEE A%
o Hlmd =¥ Aoz dEA glo(13).
10
MR primary hydrolyzate
=3 secondary hydrolyzate ]
g A
z
2
T o
°
g
ot
5 44
@
s
Q
2 4
0 - |

Glucose Xylose

Figure 1. The compositions of primary and secondary hydrolyzates
from water hydrolysis (reaction condition : 170C, 1 hour).
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Table 1. Effect of pretreatment temperature on the composition of solid residue after pure water hydrolysis of com stover/cobs mixture

(pretreatment conditions : 1 hour, solid : liquid = 1 : 4.5)

pretreatment . .. - .

temperature Solid remaining (%) xylan (%) glucan (%) k. lignin* (%)  arabinan (%) galactan (%) mannan (%)
untreated 100.0 20.00 38.10 16.03 3.10 1.20 0.60
170°C 63.5 743 33.50 15.74 trace trace trace
175C 60.0 5.59 33.00 15.49 trace trace trace
180T 58.4 2.50 29.10 14.94 trace trace trace

All sugar contents are based on oven-dry untreated biomass.
" Klason lignin

Table 2. Effect of pretreatment temperature on the composition com of stover/cobs mixture hydrolyzates by pure water hydrolysis

(pretreatment conditions : 1 hour, solid : liquid = 1 : 4.5, secondary hydrolysis :

1217, 45min, 4% sulfuric acid)

‘t’:g;:“ni‘: xylan (%)  gican (%)  arabinan (%)  golactan (%)  mannan (%)  fufual (%)  HMF (%)  acetic acid (%)
170C 819 288 112 0.54 039 0.08 175
175C 9.70 255 0.69 025 0.88 0.10 205
180C 595 215 037 023 1.56 0.10 254

All sugar contents are calculated after secondary hydrolysis based on ovendry untreated biomsss and expressed as xylan glucan, arabinan, galactan, mannan

equlvalems
values from primary hydrolyzates

Table 3. Various hemicellulose recovery methods of sugars from solid residue

exp. no. method

1,2,8 discharge — equilbrium for 2 hrs at room temp.

3,9 discharge — equilibrium for 1 hr at room temp. — autoclave for 45 min

4 discharge — equilibrium for 1 hr at room temp. — autoclave for 2 hrs

5 170C, 1 hr — 1217, 45 min — discharge — equilibrium for 2 hrs

6 discharge —> ultrasound for 45 min at room temp.

7 discharge — add sulfuric acid to make 4% acid solution including solid residue and autoclave for 45 min

10 175C, 1 hr — 1217, 45 min — discharge — equilibrium for 2 hrs
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Table 4. Effect of hemicellulose recovery method on composition of solid
residue after pure water hydrolysis of corn stover/cobs mixture

solid
remaining  glucan (%) Xmg* (%) arabinan (%)

(%)

exp. pretreatment
no. condition

untreated 100.0 38.10 21.80 3.10
1 170C, 1 hr 63.50 33.50 743 trace
2 170C, 1.5 hr 58.50 32.30 4.64 trace
3 170C, 1 hr 61.65 32.76 7.56 trace
4 170C, 1 hr 60.32 33.19 743 trace
5 170C, 1 hr 61.75 33.29 6.98 trace
6 170C, 1 hr 62.40 34.60 8.10 trace
7 170C, 1 hr 55.80 33.81 3.07 trace
8 175C, 1l hr 60.00 33.00 5.59 trace
9 175C, 1 hr 59.83 3424 5.64 trace
10 175C, 1 hr 59.13 34.64 5.31 trace

All sugar contents are based on oven-dry untreated biomass.

Table 5. Effect of hemicellulose recovery method on composition of
hydrolyzates of pure water hydrolysis of corn stover/cobs mixture (solid :
liquid = 1 : 4.5, secondary hydrolysis : 121°C, 45min, 4% sulfuric acid)
exp. pretreatment  glucan Xmg* arabinan  furfuralT  HMF
no. condition (%) (%) (%) (%) (%)
170°C, 1 hr 2.88 921 1.12 0.39 trace
170C, L5 hr  2.68 9.38 0.62 1.25 trace
170C, 1 hr 2.58 11.03 1.16 0.69 trace
170C, 1 hr 2.51 10.25 1.44 0.70 trace

1
2
3
4
5 170C, 1 hr 2.63 10.43 121 0.72 trace
6
7
8
9

170C, | hr 2.49 10.64 123 0.78 trace
170C, 1 hr 3.40 16.90 1.14 0.79 trace
175C, 1 hr 255 10.38 0.69 0.88 trace
175C, 1 hr 284 10.45 0.88 1.36 trace
10 175C, 1 hr 2.84 9.68 0.78 1.39 trace
All sugar contents are calculated after secondary hydrolysis based on
oven-dry untreated biomsss and expressed as xylan, glucan, arabinan,
galactan, mannan equivalents.
" xylan+mannan+galactan
™ values from primary hydrolyzates

Table 5= 3ol & 98l e 23 M43 5t
Ao zely Table 29] AS9} 2L olf2 U FHS %
NetA @m o o2 yehigh 170Te) %S Exp.
1TJr 2o) ¢ Aed) FE ARG Exp. 3, 4, 5, 6% 2l
WA 2 LHE ZAEE W T

KX
=
ATE FY Aoz A5l FobA

175CoA M= 34" xmg Fo] E2FHA
Aol %iL % (Exp8) 170Ce e 279 AL
Exp.HET FAA T, z4Zo] Y= BS (Exp9, 10)E 170C
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A28t 4= Q) Glucan9 29 Exp 78 A93tuE ¥-g
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o2 o v & 2£8L ¢ 4 3ok Furfural =3 g
$2=7t FORAY (Exp. 8-10), ¥HgAIZtol AojAH
(Exp. 2) ¥ B2 o] Ao 1gn
A 4L 7S AV (Exp. 3 4,9, 10), 23
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Table 6. Effect of hemicellulose recovery method on total sugar
accountability after pure water hydrolysis of corn stover/cobs mixture

exp. pretreatment  total glucan in liquid &  total xmg in liquid &

no. condition solid (%) solid (%)
untreated 38.10 21.80

1 170C, 1 hr  2.88 + 33.50 = 36.38 921 + 743 = 164
2 170TC, 1.5 hr  2.68 + 3230 + 34.88 9.38 + 4.64 = 14.02
3 170C, 1 hr 258 + 32.76 = 3534 11.03 + 7.56 = 18.59
4 170C, 1 br 251 + 33,19 = 35.70 1025 + 743 = 17.68
5 170C, 1 hr 2,63 + 3329 = 3592 1043 + 698 = 17.41
6 170, 1 hr 249 + 34,60 = 37.09 10.64 + 8.10 = 18.74
7 170C, 1 hr 340 + 33.81 = 3721 16.90 + 3.07 = 1997
8 175C, 1 br 255 + 33.00 = 35.55 10.38 + 5.59 = 1597
9 175C, 1 hr 2.84 + 3424 = 37.08 1045 + 564 = 1609
10 175C, 1 hr 284 + 3464 = 3748 9.68 + 531 = 1499

All sugar contents are based on oven-dry untreated biomass.

Table 62 Ao A 3FHe & 137D Fopsl=
¥ GAA glenst xmgs] ER5AE vehd Fojth
Glucan®] A= BE A9 2% ooz BEAFAMN &
o} xmge] ¢+ Exp. 7o)AwF oF 02%7F H ¥ e
A ZAANE 64~86%2 27147 HmaY AFE Aol
40 531 $EAE] DA @02 WELEL we

(Exp.8, 9, 10) 283 HA&A opfd EeHA A5
;(] Fi AL wAEH F:= 7—1° (Exp.1, 2, &)=
o] oF 64~76% W o), 170TCANA HEA dojy}
zz\}g}‘« 735 (Exp3, 4, 6) 80~86% Xt ¥
Ade FRHes BUAE O 49D A5
AT E9E 4239 2R A5
L 4 Yok o] 2L olfE E
AHEEE 1A 9 71F el A &8
oj3lA dF7] WEoE A3 HA FAHAAM
FolA AMEF VHET R F 7
Sl & tEFez ALE 4 ¢l
o] ufolQogtg AT AHALE =
AZDY. xmge] BAFATL B BA @ E
xyloseZ} glucose B.t} E3]5 7] 41, Table 1

= Ke)
Iy
)
=
L

o
ooi L
ol
‘L‘ -

oo N,
{

o}

fin mlm

ol
e
g
FUIO H m>~

o™
o

rf o _&lgL 51%
i

)
e

3

2
-\
rir
i)

b

)
kI

]_

R LI SR S < U S O S

i fo
o

9
Jo
rr



322
728 8EH & F x| galactose TF WA HA B3|
=7 “H'E"‘O]E}J— Yy 23t

oF
<4

kO

AR 71AS & AgREiEid A7 23S AU 3¢
e o AeUHes ARG AR AAE AL
HHE2 27k 170~180T, ¥HgAIZko] 1A1ZFoIQlTh. g &
7} 170904} 180CE Z7}8 o] wil xyland L& =
713t AIeE 180T ol oiME AFUdY o] EHES &
ARk 7teE AR RY e A7 EHY Fat oA
g2 B9 2A4AFAE ARG e glucand] F$= Bl

A goy, HujdEzess AYHA & VEd 2

e 271%9 Blud o FEe Zolvk wrk adA o
7bAl e ngtate] 2o ERFAE AN 2
7bEt €8 7P6}7i‘% i%ﬁ}%: zAtete Y 2
< B ASE 7Y oA dudERze s JFS
o] F7tHE Aol Q%El‘i’iﬁ}. old Ad2RE 7 A
71de) a3 FAAE] F JA2EWE Bol AHEE £ Qe
AHAA $HY B 2 °&9] 2ol aA7EW 2

§ dioz FsHx 28 Aoz Azwd

m‘r‘ oXl mt,

REFERENCES

1. Zaitseva, A. F. and N. I. Nikitin (1951), The Aqueous Hydrolysis
of Oakwood, J. Applied Chem. U.S.S.R. 24, 427-438.

2. Casebier, R. L., J. K. Hamilton, and H. L. Hergert (1969),
Chemistry and Mechanism of Water Prehydrolysis on Southern Pine
Wood, Tappi 52(12), 2369-2377.

10.

11.

12.
13.

14.

Korean J. Biotechnol. Bioeng., Vol. 20, No. 4

Kamiyama, Y. and Y. Sakai (1979), Rate of Hydrolysis of
Xylo-oligosaccharides in Dilute Sulfuric Acid, Carbohydr. Res. 73,
151-158.

. Kim, 8. B,, S. J. Kim, D. M. Yum, and S. C. Park (1997), Kineti

cs in Dilute Acid Hydrolysis of Woody Hemicellulose, Korean J. B
iotechnol. Bioeng. 12(4), 402-409.

. Kim, S. B. and Y. Y. Lee (1987), Kinetics in Acid-Catalyzed Hydr

olysis of Hardwood Hemicellulose, Biotechnol. Bioeng. Symp. 17, 7
1-84.

. McMillan, J. D. (1992), Processes for Pretreating Lignocellulosic Bi

omass: A Review, NREL/TP-421-4978,- NREL, Golden, CO.

. Brennan, M. A. and C. E. Wyman (2004), Initial Evaluation of

Simple Mass Transfer Models to Describe Hemicellulose Hydrolysis
in Corn Stover, Appl. Biochem. Biotechnol. 113[116, 965-976.

. Zhu, Y, Y. Y. Lee, and R. T. Elander (2005), Optimization of

Dilute-Acid Pretreatment of Comn Stover using a High-Solids
Percolation Reactor, Appl. Biochem. Biotechnol. 121124, 1045-1054.

. Liu, C. and C. E. Wyman (2004), Impact of Fluid Velocity on Hot

Water Only Pretreatment of Corn Stover in a Flowthrough Reactor,
Appl. Biochem. Biotechnol. 113116, 979-987.

Yum, D. M, S. B. Kim and S. C. Park (2000), Step-Change Varia
tion of Acid Concentration in a Percolation Reactor for Hydrolysis
of Hardwood Hemicellulose, Biores. Technol. 72, 289-294, |

Kim, S. B, B. H. Um and S. C. Park (2001), Effect of
Pretreatment Reagent and Hydrogen Peroxide on Enzymatic
Hydrolysis of Oak in Percolation Process, Appl Biochem.
Biotechnol. 9193, 81-94.
www.ott.doe.gov/biofuels/analytical_methods.html/ (2004)

Oshima, M. (1965), Wood Chemistry, Process Engineering Aspect,
pp-85-99. Noyes Development Corp., New York.

Iyer, P. V., Z. Wu, S. B. Kim, and Y. Y. Lee (1996), Ammonia
Recycled Percolation Process for Pretreatment of Herbaceous
Biomass, Appl. Biochem. Biotechnol. 5758, 121-132.



