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Abstract — Lignocellulosic biomass is essential to pretreatment because of having rigid structures and a lot of lignin.
Among methods of pretreatment, using THF solvents has the advantage of being easy to reuse. THF (Tetrahydrofuran)
used as a co-solvent with water or ionic solvent that is inexpensive and can remove lignin over a wide range of reaction
conditions. NaOH (Sodium hydroxide) has been demonstrated to preferentially solvate lignin from cellulose. Thus,
NaOH was used as a pretreatment co-solvent for the fractionation of lignin by destroying the ether bond to amend for
hydrolysis and expand the surface area of cellulose and hemicellulose. In this experiment, lignin was removed by the
NaOH/THF co-solvent pretreatment process to characteristics for the pretreatment and obtain the optimal levulinic acid
conversion yield through the acid catalyst conversion process. the NaOH/THF co-solvent system was conducted in
various ratios of co-solvent under a total of 16 conditions. And the temperature was 180 C during to 60 mins. The
optimum condition of co-solvent is NaOH 5 wt%/THF 90:10(v/v%), 76.8% glucan content was obtained through this
co-solvent pretreatment, and 90.1% lignin was removed. In the acid catalyst conversion process, which is a subsequent
pretreatment process, the experiment was conducted under the conditions of 30 to 90 min of reaction time and 160 C to
200 C reaction temperature. The optimum condition of acid catalyst conversion process is 60min reaction time under of
180 C, and it obtained 84.7% of levulinic aicd conversion yield.

Key words: Lignocellulosic biomass, CELF, Co-solvent Pretreatment, THF, NaOH, Levulinic acid

1. M

ru

TTo whom correspondence should be addressed.

E-mail: jskim84@kyonggi.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

H A AR R IRUnlo|E A
Ab BiAjole] S-Fefo|u) g o] 2
9} 22 Hrl=o] Bl Aoz

th ool AR gy AT WER QIS AHAL &

265

74%-19(Covid-19)2] &
3] g ZeprE W wpra

=
Q13 47140) FE5
1

od ¥



ol .
fi

266

°olE

AR olojxIvh1,2]. o8 d ZAIE s dsh] flal A AAHc®
287 ZA2 't METH Zeros AT ‘BA FHNet-
Zero)7d Aol wpz} upo] Qul Ao 72 Ao Aol thgh wao)
S7FATH3.4]. Hle] L= AA 1A -8 3AIEi7HA] 257
o Al mle] el A 282 2 vlo] QT4 = Hlo] Q.o
& e Al stel Ad 7e R 7 A S geeiel
ARE, A kAR 9] oA stef] k2 GEl A Al 2wsiA| E o
Atk webA 1Al vho] @i A9l 28225 thAlsk] flsf A
gollA 7H g A1 24 el vpo] @ i AQ1 HA A ufo] @ i
2 AF7F FEEAL QITH5]. HAA) vlo] emj s vlo] @ A s}
F7PHA] shehad Aake Hs} o] zF o2 tfekstA A5
AL QMG 1 Hpo el A AER A Fallof theh AR
e AT Tas 98-S op S Aol @A) A
_7.:E walste] 8240 82 SN SfsiMe 54
=R o] skt A7do] EE A oAl HAskd A
:IL%EHI gk == 3lei ).
Al el wket 24

Q3 g

O
=4
Pae)
e

3L

[¢)

o, 2 ot

m%ﬂﬁﬂﬂm
1‘-00

WA, B WA Sow R

g = it} B8] dxe)E 2 U (ball milling), ¥4 (crushing)
Bl 4 (grinding) 501 L.om nlo] v fa} A7) 5 Fo) A,
Ie] WhgT]elA HA] Zhekat 18ks EAl, Wi ]

(swelling)& F3l A Eii}\ﬂ— U EZ A0 e THAE
Z o] el o] il - 2 A = o] v
ol el E Slal EHAe S 7]”‘] 71 ol ANk Eel A
AAgREe 2= 2 1d 3 S| AE 2 0 A0 AA7} E7Fsete] vt
ol 4l nfo] @AM Z Btel] Qlof B 1St F2 Tkl
oF 22 38hA] AA )7} A Fa w7 Sk gk 518hA] A
2 W2 e EAS o] &3 WA WO R, WA ol AMEE=
spetEA o 542 o] &8ttt U4 0% pH 542 o] 88h= At
(acid), 971 (alkaline) ~12] 3. F/3 €] /718l (organic solvent) =
E(water)ye ]85 o] Qlrk A Aol ARRH = S
T2 3k} datolr =2 Fu] A E 2 2 A (hemicellulose) #|A £F
AZZ @ A (cellulose)?] F=E-S 01 4 Fulleko] AT S ol
ofekg gtk e Aol AREE Aok AP ER I
AR So] ANHA O AR ET FE FudE R e et 2]
(lignin) A1 Aol &40 AEZ 0~ & (swelling)S E3l
F ) Eajolo] WAL iz odaks B} AF A7) AA =

FEAO

T3} 570l FHolm o] FA S ol wAlZE A
78S o83 A2 9] B v, gk, =S| =2

Fra, obAlER 22 Bl 2 AR E Y T2 21 Aol &
H7h sttt Wars aglek, 3 S5 Fal 3|57t golsto]
ArFgo] 7hsst R& 7HA A do] bt A 9 917] HA
glof vja ad ArAdo] vk @S AT 7-9].

ol whils s datr] flsf # Al upo] @ uf 2ol x] gt
FhAR A e Badow 8Tt oA e 5-
HMF(5-hydroxymethylfurfural), & HAHLA; levulinic acid), 3
2 ¥ (furfural), AL 2 2 A (xylose) 18] 31 =FF 2 2~ (glucose)]
TES AT 13 322 THF (tetrahydrofuran)E ©]-8-3F
CELF(Cosolvent Enhanced Lignocellulosic Fractionation) %] 2]
71%0] A= 31 QITH10]. ¥ 7152 THFS) &9 E3ES
Gl A|2Ele A A2 Gl = ARG-E o] uho] @l el A 2] i
A Aske] Ja Bl Fajeke] A S o] vpol e A

o= HL o= 3L
Korean Chem. Eng. Res., Vol. 61, No. 2, May, 2023

=54

L)

-1§°1

o2 olHEl3}E FA
Ll A1xlo] 95
Holom, HI%EiAETH El 2 AlASk B
d Fgof| o) st A ARS WA sh=

CELF Axg] 374 o]& Al =uj|
2o F2FZ(Furfural), 5S-HME,
TA| 9} 22 shsr ZAE 24 A ‘ESP HM&UH*
g AaATZ 180~200 T Alo] 282 HES-A17F 30~60 minel]
azu AA Ga&Hola SF g Pﬂ}&,i =7 vsket
~r‘i}iﬁ, Aok

O]O

Tk P/]’E% T84 THFE ©]8-3f
A H}O]EHH/\O] FHF(0ak wood)®] CELF WA 2]&
a%‘ﬂr A S8 599, vk 25, Alktel uhet A
Wmalson ARl vlo] Qul Al A ) ADFAS 5
F 25 H9oA dEdat dd & SUE s dAE
3= A8l

L

3|
2]
all
= A==
k&)

01__

14

S|

_l

Al
=

2.

o

2-1. M=

2 Aol A mlo] @i AR FhE(Oak wood)= ol A
Al 20200 =85 o] Cutter mill 2 F2431o] A5 o] £
0.25~0.5 mm2] - fal 0}0% ?H+r~ ﬂww 45 £ 5 CollA
48A]-E Rt A zEto] Te Aol A
fH A5 FFIe, a2 f}(Levulinic acid, > 98%), HIEzZ}
3}o] = 2 F#(Tetrahydrofuran Acid >99.9%), k3l UEFH
(Sodium hydroxide >98%), BHFZH(Calcium carbonate(98%) Cas
No : 471-34-1)2 Sigma-Aldrich Co. USA)Z5-E] ]33] o0,
Ab Zo 2 2491 &k (surfuric acid > 98%)<> daejung chemicals &
metals=F-E] TJ3to] ARSI
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Table 1. Chemical composition of untreated oak wood
Dry solids (w/w,%)

Table 2. List of pretreatment conditions applied in this work for CELF
process of Oakwood

Component Oak Temperature Time NaOH NaOH:THF
Sample (C) (min)  (w%) @)
Glucan 3 1 180 60 1 106 0
X, M, G 23.6 ‘
i o 2 180 60 1 95:5
rabinan ' 3 180 60 1 90:10
Lignin 24.7 4 180 60 1 80:20
others 47 5 180 60 3 100:0
Subtotal 100 6 180 60 3 95:5
7 180 60 3 90 : 10
o ‘ 8 180 60 3 80:20
33] o) AAjsl o, Htgk + EFHAE 8T DAz 9 180 60 5 100:0
H nlo] ui Al AR B wE $J3), AT HA] 92 e A 10 180 60 5 95:5
B 3FES Table 10f] VFERAQITE. 11 180 60 5 90: 10
12 180 60 5 80:20
2-3. Co-solvent= 0|2% CELF MX{2| 13 180 60 7 100:0
o] @ vl A= %“%T% AREEFAAL, 99.9 wt% 2] NaOHE thoF 14 180 60 7 95:5
B (127 wioo 90,2 A 3to] THFS) F-lu] o) uh 2 0 o ! o
16 180 60 7 80:20

>-&ulE AA el 2833k 3-8l 2] F-3]8]:= NaOH : THF
(100 : 0, 95 : 5,90 : 10, 80 : 20 v/v%)= A&+ o A=A 2)=

A& 2.5 cm, °] 19.5 cm®] FE& 3]-2] Wk-5-7](batch reactor)

oA 1:109] areiu] 2 =38alar, Aol 9bA A7 A ES
o)) 3224 WkS7) 9 Mki(zs C)Ei 2A]7F A (soaking)BFA T
AA 3 2 F'7](oil bath)Z WFS-25= 180 C, HFS-AIZF 60 min
B AA B E ST o] u] §ES-7]2] o A A TH(preheating
time)= 5~6 minC. 2 Y73t FASHATE = ATlA A-gH
CELF A*]2] 272 Table 20 YERISIEE. 32| 3 vjo] oo A=
500 ml9] SFTE F7Iske] 79t o Tt £ 45 C Qo)A 484
1 Fe WL gls W7k Axska AR 138 EC] SR,
solid remainingy& 2] (1)& ©]&3slo] Sk 1L A 415 E3)

2 )F ol8sto] gd AlAES vlwssitt.

Solid remaining (%)
_ Untreated biomass (g) - Pretreated biomass (g)

1
Untreated biomass (g) 0
Delignification (wt%) =
Pretreated lignin conten [wt%
100 — en W% S R. 2)
Untreated lignin content [wt%]
Co-solvnet
pretreatment
B Vacuum Dry
lomass Batch filtration i _liaui For 48hr
[ s ] Solid |IC!LIId
THF:NaOH separation
4
Liquid
hydrolysate
THF recycle

2-4. MEI MEWIS
TEHE AXEE Ao gk S ukg-S fste] o)
7.48in 273 1/2in, &2 15 mle] 3]72] WF-§-7](Stainless steel)=
ARSIl AAEE - AlEE A S9(3.0 wt%)Z} 1:102]
T B2 WRESEIGITE W87 @Y 5871 (Oil bath)oll T =]
HH-S-252(160~200 C), RH&-A17H(30~90 min)ol] whe} wH-g-0] %13
ATk 9hE- o] 5 Hgk A5 Gl ebA-g ARE-Ste F3 3
e AX F, 14,000 rpmz S-3F A4HE2]7] (Centrifuge 5415C,
Eppendorf)# B3l g o= FEsksitt wElE g £
& 022 um Y2 A|AXHEF o] g38to] 1M 1HES AAS
IEUAHLA)S HPLC (Waters, USA)E- ©]-2-51] J31
AdE HEAAE A (3)S o] g3st] &S AL
ATl 2188 AA| 2 CELF g 9 Al v Ag 2AE
Fig. 10 YERA ST}

r\r

LA after acid hydrolysis [M]

LA Yield (%)= x100(%) (3)
Glucose of Pretreated Oak wood [M]
Acid
Hydrolysis
Pretreated Vacuum
Biomass Batch filtration . o
F({:iilklwuslt;ie'iz — [ reactor :| ——» [LA rich liquid
H2504
Vacuum
Vacuum Precipitated | filtration
distillation | — dark resinous| ——— | Solid lignin
lignin

Fig. 1. Simplified biomass conversion process that integrates CELF pretreatment with Acid Hydrolysis.

Korean Chem. Eng. Res., Vol. 61, No. 2, May, 2023



268 ol - BHE -

3. du} ¥ nF

w
—
[l
Ju

Lk

Mo

(SR; solid remaining)

= 55 AAE o]F 2y 1P =S el wet &
5] &L Wso] MAgtow AAE]E ulo] euj
= (SR; solid remaining) 41> HFo] w4 A e
Al A zpolvh, dF o7 F 1Y E2 ALl &
T5 9 dEuA g, rEE T dAAe Al
ATH7]. CELFA A &gl
= o]t} Ag ¥ NaOH 4] 2]
N2 180 C, HEEAIRE 1A 310] 273t Sk}

R el

o x> i
lo e
Ly
o =
ox

o o
i 4

R 2 =
4o =
2 ?(?1 2
R
>
™S
off Ml
N
=0
£ 8
do K
o
o
o
E K
r

S AME IR FEHES o MR ko, o] 9] &%
9l AJ7ES A Qltella] 2k 2% W AR 27E o]E-513it)
F AoA AE¥ HAH 2|2 THFH A ERS] 3-&0) 1]
grofl W2 CELF A3 8] 278 Table 20 VERIQITE &% 214&
180 C, WF-&-AI7F 60 min= A3l o, dAe] F&ns
NaOH 5897} THFS] F=ol wh&} 16714] 2718 2831910
NaOH F8-9N 9] = o) whe} 4714 (1, 3, 5, 7 wi%) 15O 2 A<
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ufj o] ASHIEF 80 55 o] whe} 45 3%0l14 84%7HA] Z7}
S w itk w3k F2me] THFH]| g0 718t wle} 237

ol ulg|ato] T71eS &l 5= 9tk o] THFE o] 43t
oA 7122 At} 97]15 o] g3 AA g o= ApEA EAo
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% 60 [_]Arabinan
= B xviG
o) [_JGlucan
(=4
[o]
o
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o]
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0 T T

T T T T T T T T T T T T T
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Condition

= Fig. 2. Component of pretreated oak wood at 180 C for 60 min
oM A 18 E] %2 352%7H4] S5 THFEHE=S = (XMG; Xylan, Mannan, Galactan).
Table 3. The composition in pretreated oak wood

Sample Composition

number S.R. [wt%] Glucan [wt%] XM,G [wt%] Arabinan [wt%)] Lignin [wt%] Delignification [wt%]

untreated 100 453 24.6 1.9 23.7 0
1 71.3 60.4 17.6 2.1 17.5 474
2 68.2 60.7 17.9 1.4 18.4 471
3 71.1 62.0 17.8 1.4 16.4 50.9
4 70.9 62.4 19.6 1.6 15.4 53.9
5 65.1 58.6 19.8 1.5 14.9 59.1
6 65.5 60.8 19.4 1.2 16.2 55.2
7 67.3 60.9 18.6 1.3 15.1 61.2
8 62.6 61.0 19.7 1.4 14.0 63.0
9 54.1 72.7 19.9 1.6 5.7 87.0
10 543 74.6 20.3 1.2 3.6 91.8
11 56.2 74.8 20.2 1.3 44 90.1
12 52.0 73.4 21.1 1.6 3.1 93.2
13 37.8 80.3 12.9 1.1 1.6 97.4
14 40.3 80.9 16.1 0.9 1.7 97.1
15 37.5 84.0 13.9 0.8 1.2 98.1
16 352 81.2 14,3 1.6 23 96.6
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3-3. MxE| HIO|2MHA2| Ei2| ISl (Delignification)
ulo] e i8] A2 e B7FE 8l A 18 = VS 25
7h e S gelirdo] S 3 SEATE Q1A E 1 Qi)

100 — 100
[ Lignin _ -
[ ]Delignification _ M
80 - - 80
S
9\3 60 - - 60 5
= 8
= Re:
D 4t 140 &
- =
©
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20 |- - 20
ll..l..l..l ol
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01 2 3 45 6 7 8 9 1 11 12 13 14 15 16
Condition

Fig. 3. Effect of co-solvent batch reaction on the delignification.

Fig. 32 A 2o W& glad &5 9 AAe] 159 glad
S 71E0 2 S IdES et eI o) gl adEe
%71 15 (NaOH 7 wt%:THF = 90:10(v/v%)) %] -&-A] 98.1% = e}
wieh whHe] 27 2 (NaOH 1 wit%:THF = 95:5(v/v%))ellA] €)1
UE0] 47.1%%2 7178 Sk

o AFEEo), A W Aol NaOHE= Hx|2lef
o] ARg-% a1 9t} Fig. 35 E3l NaOHWH A28 w2} NaOH:THF
&) AR o] 2]d AASS v Eklth. NaOH 1 wi% Al
23 27158 27A167H4 vlwshd, 271 1(NaOH:THF = 100:0)
ol Al @] 1 sHE0] 47.4%7F o] AAIRE, THFH| S-S oA &
Y1 shgo] A A WA S eHAA 53.9%7H] SR e
& Z71 S(NaOH:THF=80:20)°l4] & <= 1t} NaOH 5 wt% Af
Lo 27956 2712714 Bl sk, 271 9(NaOH:THE = 100
:0)°lA 2z AAEo] 87%7F o AT, THRY S-S Fo|HA] €
I AAEL] AA AR A E=HA 93.2% 7] SR ks AE
%71 12(NaOH:THF = 80:20)°|4] & 4= 31t} ©]i= NaOH 3 wt%
S ARES 27 5~80llM & vlst AES & 4 QU o] THFZ}
g 1d e A H2E WRshs ks 517 whitel ¥ 12]. 8F
A9k, NaOH 7 wt%s ARESF 2 13-16014 5 gl dskee] &
2po) 5 B 4= Qlok. wiehAd, THFS] &3 v 2folx] 11 NaOHR
Qlo] ul¢- A 2H-8-51= X742 NaOH 7 wt% ©|% A8 wjzkar

THFS) B1&-S Sdvia 2| 1d3kgo] Ao g T7lskA] 9
718 NaOH 1 wt% AFE3F 271 1~4712] 9} NaOH 3 wt% AME-3F %
7 5~87k4] & 4= Qlt}, o= THFS) ARE-A] Ag7Fe] Ruu| &S
7H Al 2 295 7H F vk 2E HolFa Ik NaOH W
slofl W2 1~4, 5~8, 9~12, 13~162AU Y-S B, 2} 278 9]0
A THFH|E0] 20%Y w) 7 2 g 1d3}&-8 RojFa glor
NaOHuF AHE-8H win ) o] 2 2] 1dske-S 7Fithes 218 1o
3L Sl

AAA o=, T8 o] FASHERS] F 7t FobdsE 21
d A AEo] A7 Folbs o™, THF B&0] 10~20(v/v%) 2] oA
HE & 295 BolFal Qlvh A THFH|&o] S7hte] whet
F1d AAEo] o= A IS Bl & 5 Sl o] = FAts)
HEFo| vio] ulj 9] g ste] w9 IA g¥djoln, o]z
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Fig. 4. LA yield of different temperature and different co-solvent ratio, (a), (b), (¢): Condition of 3 wt% H,SO, at 160C; (d), (e), (f) : Condi-
tion of 3 wt% H,SO, at 180°C (I 100 : 0(v/v%), ¥ 95 : 5(v/v%), A 90 : 10 (v/v%), @ 80 : 20(v/v%)).
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Fig. 5. Effect of reaction temperature on conversion of pretreated
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@ 180C, A 200C).
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Nomenclature

CELF  : Cosolvent enhanced lignocellulosic fractionation
HMF : 5-hydroxymethylfurfural

LA : Levulinic acid

NREL : National Renewable Energy Laboratory
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