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Abstract Lignocellulose represents a key sustainable source of biomass for transformation into biofuels and bio-based
products. Unfortunately, lignocellulosic biomass is highly recalcitrant to biotransformation, both microbial and
enzymatic, which limits its use and prevents. As a result, effective pretreatment strategies are necessary. The
vast majority of pretreatment strategies have focused on achieving a reduction of lignin content. In this work,
an ethanosolv pretreatment has been evaluated for extracting lignin from barley straw. 75% ethanol was used as
a pretreatment solvent to extract lignin from barley straw. The influence on delignification of three independent
variables are temperature, time, catalyst (1 M H.SO4) dose. The best pretreatment condition observed was 180°C,
120 min, 0.2% H2SO4 and delignification was 38%. A combined roasting and ethanosolv, 2-step pretreatment,
was developed in order to improve the delignification. Roasting didn't increase the delignification but reduced
the pretreatment time. X-ray diffraction results indicated that these physical changes enhance the enzymatic
digestibility in the ethanosolv treated barley straw. The cellulose in the pretreated barley straw becomes more

crystalline without undergoing ethanosolv.
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22 A AAFEAA gt FaxdERAE AR
(cellulose), V]S Z 2 (hemicellulose), 212 (lignin)
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AERE 2 AAY] WA glade] el wioll
AA 27 RE=A] e oo gt 2-g [ glole
YA AERA Fo] AEFZAZHE 0|27 Y389
20% 8= B3t 7hssiARE A AAYE AR &
B3} s HE o84 759 90%° A IS
°F Mg Aok WA FPolA glasdER AT
2|ads SujdEe s FeEv] A2 es0] Ao
=23 FHE v AER ek B FRHoR R
ol 8471 & ¢ gA AEZ o0 HEE 5 e T2
Z vA "o [1-3]

AF7HA 8 AA 2 WEEC] AAEY i 2F
organosolv pretreatment™ 1 % 3}}o]t} organosolv
pretreatment= A| X374 2] organosolv pulpingS 5§
3 ¥l o] ™ o] organosolv pulpingS 3 #l1do] A€
Ao g FEHH F&9 gade & o4 I
2] gol By w8 vhE SEEARe] M8 ¥
A o] golsle] olef HHE A AFvF M
glojtt. kAR o ehE-S G| 2 AE-3HE ethanosolv
(ethanol organosolv pretreatment)= =z Bjo] QX
& AHEstke 2% A7t JAPEHYS Holnh. e
a2, 3 sl FE AFA SEE Fads &4
sobal A ok B ol ghES FHF o] §olstH,
FTIE AAF e AAA FHE AAEHIL, FA] A
Al AHEH = AFgte] gigk &S XA = 5 ATh
T ofekge] FeFdo] R W] Wi E7 £
7F AL olgEe AN A & Ave F A
<zt o [4-7).

HE-L Syt THFAHE vlo]l o2 F 7P o]
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7] 18l &7 AEste A9 Bom v L
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D A7I7F HFE o0 7] el FAu8-o] A il
THE T3 vlo] s A 5 o= Aol A
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A B Ao M e eSS ALk 2%k Beigel A
2]l ethanosolva & 283t B} &4 A4
FAZAE A7) f5te AAYE St 2ladA
A& 2H& wFAT o]9dd XRD SA & &34
AATE B ethanosolv X &7} vlo] oo AA
Tof vX= G 2 g adA AL} Az e] BAE
glst

HE %
H B2

B Ao ALgE BIFLE 2007. 7€l &3 AL
Z (P de2 R Aol ARSI oH, F37]
(cutter mil)E ©]-8-3F 1 mmeol3tE T LA 43}
ot E4E nlo]eujas Ao U8 Stof] RSt
T} Ethanosolv Ao AREH WHS-7]= A& 12 mm,
Z0] 120 mm, ¥3] 13 mLE #3259} 4= 183
SUS 31622 AZsdck
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Ethanosolv pretreatment

BElg B2 0.8 gol] 75 wt.% olERS (C,HsOH) &S
8 mL 7}ate] AjElslsith. Al59 849 HlE-S 1:108
2 A&k ojwf FuiEA S4F (HaS04) = AHSHAE
t IM HxSO4E ©]-8-3ed olghE 8-He thate 0.2% &
T2 A7tk 2 dxE o83t 120~200T<]
L2 ZHH o ¥EGAIZEE 30~300 minlZ 3
ok A 3 vlo| e st NFED AgoR
ok #EE 1¥8ELS pH7E 7 Aot 2 wizlA] B2
AFEE & At 1=l S FAske] 2l
YA AE (delignification, %)< AXFaIch
MEEN

A & FolSle 1= (residual solid)e] <, 2l1d
3l NREL (National Renewable Energy Labratory)<]
Standard Biomass Analytical Prodedure No. 003, 0049
7|z8t st ©8HE (carbohydrate) 3 3
(sugan) ZHE FfE= 3P A EZ 22 (xylan, galactan,
arabinan) 9} AEE Q@ (glucan)2] FS SHFo2H IS
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st dAE] & 1882 45C, 10 h &< A=
% o]F 0.3 g2 FH3kod 72% H,SO4 3 mLE 7}5ke] 30T,
2 h 12 A RS gk el B $ S
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AT JA gad G Abel S gady Ak
=2 e gade] Fetolth A EA] 2 nlo]emx
o] 2l o} vl 2l dAAE (delignification, %)
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3] 54 0.6 mL/min®.E A3t} o] w column?]
2= 85T, detectord] 2=+ 30C=E ZA3\th

XRD &4

o] Qw2 AA (crystallinity) S Hlwasl7] 918 XRD
(X-ray diffractometer, Rigaku, D/max2500)= ©]-&3}¢]
EXA319 ) B8 Al§E < 140 mesh 37|12 £
20 = 5-45°, scan speed = 2°/min, step size = 0.05°2] Z71
o2 BA3IATE Crl (crystallinity index): U3 2-&
oz ALketA [13,14].

Jooo = L,

Crl = x 100

ooa
Ioo2 = intensity of the 002 peak at 20 = 22.5°
lam = intensity of the background scatter at 20 = 18.7°

H3Ze] slelA 2L ApIA S, AIAE, Y T
I} S 73] whet GepRw EEg A4 il waba
T gt Agdl AME BElF o] A4S Table 19
HERNATE NREL proceduredl] whr #2418+ A3} o
2 55.9%% UEPRSTE AEZ 0] F4159] glucan 41.2%,
FujAdlEZ 0] FAE] xylanS 14.7%, arabinane vi-$-
A2 oFS 2Rk U™ galactand}t mannan2 $IATH
olefgt AEEL 5EY, 65T HE nEd o3 deeE
Akt 2lde IIE 915 AN A] HhSEEE Algh
sk 7P 583k Rt webA thiiE g He TE
7} 7Vt B wsA] edar 2l S AAF1AL -S4
o AR 0] AR FAAPIEH 23S Sl ok

Table 1. Composition of untreated biomass

barley straw®

Holocellulose (%) 55.9
Glucan (%) 41.2
Xylan (%) 12.8
Arabinan (%) 1.9

Acid-insoluble lignin (%) 22.3

Acid-soluble lignin (%) 1.8

Ash (%) 5.9

Others (%) 14.1

@ Composition percentages are on a dry-weight basis.
Ethanosolv 2| HH sz 2HH

B A E 75 wt.% AEre-S ALEsied] o] A4S

o
fr
o

cooking liquorol|A] &2 25, EHAA {718 3
She 28-S Sk HH 2 olgkg-o] =oAL A 31
E21 Fds &alishe Alolth wEbA dekEEw R, 75 wt%
= F71EY =g F3E gar glad AAY 23]
A9 9TS T F e 2= gEA Aot [6,7].
ethanosolve] ] 24 AR AEHSIITE ethanosolv ol A
e 2ol Yo Al F L= ulo] Qufj 2 Bks gd3s)s)
71l BS5Eska vhHe =& 259} =2 4F ke
71&2] IS U oH HMF (hydroxy methyl furfural),
furfural ¥ 72-2 F (furane) 3FLE2S FAISH] 5 &3t
6 B3 &4S etk FYdlol & A 4 sEE &
olx 7] 95l IM H,SO.E o83t pHell w2 2l1d
AAEE ERlste] BTt (Fig. 1). pH7F R&55 2lad
AAEE S71ITE pH 194 8l1d AAES 71 a3
Zo| AR Hh3-717} F-2] Bl T Aol e dht
Ao g2 Aks o] 83k HA oAM= pHYE 2 A=Y A&
5= ARS 7Hetsled pH 22 ethanosolv H312] 9] 24
2 E=we ARETE tEb pH 28 YJERIE 1 M H,S04,
02% =5 A4 sz A48t
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Deligninfication [%]
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Fig. 1. Effect of pH on delignification of ethanosolv treated barley
straw at 160°C for 2 h.

Baizle] ethanosolv X2| &3}

HESAIZE &7} 2l dA| A Sl vIXE G golR
7] 9184 120°C, 1407C, 160°C, 180°C, 200°CllA] 300 min
&<k ethanosolv 2] 3FAtt (Fig. 2). 160C o)dol| =
UL 57} =895, WkSA|7le] A5 glad AAELS
Z7Fekt o] vk = WHelelA gld A AELS Ui
10~40% ©]Atk 1207C, 140Ce} 22 o 2 xojx Huj
ZTIAALEL WS- 60 minol]l e 25% FEJFoH 1
o]Foll = FadAAEo] Thdhe A BTt o3
Avhs B LrolME gado] ogkse faEx] K3}
31 HEgAIZte] Zojdes B84 ERE W] yEo s
getEth 200Ce] 25 wWeE 7RSS Bol=dy vk
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& 30 min®ll 42%9] 1A A L] =Dt ATt SHARE
nlo]emjzo] o] ' AL 39l & 4= et o]AL
=0 Hke o9l ot Rl §7)5o] T3 o]
Uehb= oz a40ks 58 Adlshs 291e = 28
shtbar A Aok [6,7]. 180T 79 120 mino] A
3k & 38%9] FadAALS Btk 200Ce] 799 &
B ¥ HLS whAR R bt} wheba HBl 2 9] ethanosolv
oA HA &=} A4 WEAIZES 180C, 120 minS.
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. 2. Delignification of ethanosolv treated barley straw, showing
the effect of temperature and time. O :120°C, @ : 140°C,
v :160°C, A :180°C, m :200°C.

B2 (roasting) EEIZ2| ethanosolv Xzl Z=}

YaAdAAES FT7HA1717] Yot RS #Fe
(roasting) - ethanosolv|2]el= 297 A2 E STt
e HEld x4 937 HlE fxste oghso|
o] & o A &all=lo] wukeA 3H7] L8 1t
3ldek webd BE1ZS 2007, 1087t 22 3 ethanosolv
#2] 3t} ethanosolv A 2] EE9} A7t & F-2
HEZo) gad AAE-S Fig. 30 VERATE 24 g
ethanosolvit T 2|3t 7499} v/ X2 Hkg-2 =9}
Azte] S7¥sel weE) gl adAAEe] S5k 8IS 4
AReH Z1dAAEe] I E Aol dSHe &
2 TAAAHE-2 ethanosolv T=5A2] A9} AL S1A]
T 2E 25oA HRSIRA] 60 minol] € g]1d 3} Hkg-o]
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5 TR AN ESAIZES T9EAT =
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of MWL wf $re ol Pt A Bk <
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Fig. 3. Delignification of ethanosolv treated roasting barley straw,
showing the effect of temperature and time. @ : 120°C,
VvV :140°C, m :160°C, O :180°C, A :200°C.

XRD &4

ethanosolvA2]lE 53+ SaUA A7} AEE20] A4
Aol PIA= S F=A gohir] flgte] XRD S85
E3lo] AAS AXFEIATE Fig. 45 cellulose, lignin, 8]
A o] X-ray diffraction spectras HJFTE microcrystalline
cellulose= 2™ (crystalline plane)e] IT+= 20 = 22.5°
o YAl AxgsA] e BEldy B Bilge
20=222°8 %07 Zg olFstal g HolAAL of
st 935 YeH 14~16°9 =7t 4 efsliAlE S
gl o A [12,13].

180°CollA] ethanosolv A &]8F BBl &u} HE-& 5 ethanosolv
Z2]ek ®ElZ 9] Crl (Crystalliniry index)E Table 291
YER AT} ethanosolv A2 3}A] &2 KA Q] CrI7}
Z}7} 32.86, 42.76 2. F ethanosolv A3+ A Ht} A3
S 2 Yigtt} o]ZAL ethanosolv B & 3l gladFRo]
AAECZAN AR AEZ20] o] FZ o g Fof
A 7] wiEo]t}. K3t ethanosolv #|2] H HZIZ Alo]2] H]
M E HFAHoZE AeARte] dojdaE Crl 7 %
oA As FRIT 4 U]k o]zt ATE n)Fo] & uf
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gm0 2] ddAAE J%e
A SIS ST A 1dAriS B 13 2
891E oflE AE 2 4 e

o8 e nARe] 18 e naad Hsl 2
oz il 7wtk Heby FAA9 WS Fus
Qe =G B2 AL} Crol Pk AR 8
2 alaiglck

Table 2. Crystallinity index (Crl)

Time [min] Barley straw Roasted barley
(ethanosolv at 1807C) straw
unpretreated 37.86 42.76
30min 51.32 47.92
60min 53.52 40.06
90min 56.37 46.92
120min 43.21 46.07
180min 41.33 45.61
300min 49.89 38.37

2000

1500 A

1000 -

Intensity

2 theta

Fig. 4. X-ray diffraction spectra of microcrystalline cellulose (—),
lignin (—), untreated barley straw () and roasted barley
straw(—).
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2 AT s viole et ALks 9 % 1]
2] ethanosolv WS 2&3te] I EldAHS A
StATh Bl adAIAELS A 29 At Eq"ﬂ' ‘0—7}
o}%Lrt] 180°C, 200CollA A<] 38%AES] HIS=S A A
&5 e Hgd 59 REs A tLH 180°C,
120 min7} AAxAoleks 285 AUtk ethanosolv
Aol S SA1) Sistel 2 Ate) B
24319tk 2 5 ethanosolv 3F H31Ze] 79 gl1d
Xﬂﬂ S 3507 O8] e AL A SA}EH
ool gadAAEel & IS MAA e I &

T AT XRDEAS E31 Z*"ial ARV} 257 5
2 ﬁxﬂg% skl e & ethanosolv 3F A
I} ethanosolv T 2|3 B Alo]o] AL w4
SR 2214 E’iﬁgg st oA o AL B y_a;do] il

EEERET REIER)

z A

o] ATE 2008UE AEAY (ASHE|EE 9
ARNE P DO Z =ik 7IsAITe] A PS who} 4=
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A 20099 49 30, AAS 20093 12 18Y
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