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ABSTRACT

In this study, furfural, which is one of the value-added chemicals, was produced from the hydrolyzate of Quercus
mongolica using dilute acid pretreatment, and the optimal pretreatment condition was determined by Response Surface

Methodology (RSM) to obtain high yield of furfural. Based on Central Composite Design, the pretreatment experiment

was designed with parameters such as reaction temperature (X;), acid concentration (Xz), and reaction time (X3) as in-
dependent variables, while dependent variable was furfural concentration (Y), and furfural yield (Z) was shown as per-

centage of Y per a dry weight basis. According to results of RSM, it was confirmed that reaction temperature (X;) was
the most influence factor and reaction temperature (X;)-acid concentration (X,) was the most significant interaction fac-

tor on furfural yield. Also, the optimal condition for the highest furfural yield was predicted at reaction temperature
of 1847, acid concentration of 1.17%, and reaction time of 5 min by RSM, and expected maximum yield of furfural

was 6.37%. Experimentally, the maximum yield of furfural produced at above optimal condition was 6.21%, and it was

considerably similar with the predicted value, and therefore the model for furfural production from the hydrolyzate of

Quercus mongolica during dilute acid pretreatment could be built using RSM.
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Table 1. Chemical composition (% on a dry weight
basis) of testing sample

Chemical composition Quercus mongolica

Glucan 43.4% (= 1.6)

Xylan 15.6% (= 0.9)
Arabinan 1.6% (= 0.1)
Galactan 1.6% (= 0.1)
Mannan 1.3% (= 0.1)

Lignin 27.8% (+ 0.5)
Extract 2.6% (= 0.1)

Ash < 1.0% (£ 0.0)
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Table 2. Coding of experimental factors and levels for RSM

Coded levels

Factor Symbol
-1 0 +1
Reaction temperature (C) X 170 180 190
Acid concentration (%, (w/w)) X, 0.5 1.0 1.5
Reaction time (min) X5 5 20 35

HESAIZtl s ZRAIZIAL kTt A &
g2 ZA Y7104 1087 dZ &, filter paper
(No.2, Advantec Co., Japan)g ©]&-3}o] &Ry}
My i Rel R Helstalch HelE oy sl
=2 0.45 pm membrane filter (Advantec Co.,
Japan)2 o1}t F, B4 A7tA] 4T olsto| A 2
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ot AAE] B AAE Ol eRalE Yo fur-
furale EA435}7] $J3] High Performance Liquid
Chromatography (HPLC) (Ultimate 3000, Dionex,
USA)E o]&3l3th. 23S Aminex HPX-87H col-
umn (Bio-Rad Laboratories, USA)S AREE}9C
0.01 N 3FAF = gHS: o]FALO 2 ALE-5}6] 0.5 mY
/ming| {&H0 = 40ToA ZHFAY. HE7=
refractive index detector (RefractoMax520, ERC,
Japan)E ARE-5FFITF.

2.5. Furfural =& MA =24 HAS

uato] AAstgom, AHe A AR BAe 9o
A Wk SUsh Aastc

3. 2ut A 1nH

3.1, AELIRO| ehebd =y

2 AFtolA FAMER ARE AldURE T
S ZFstlen, 315ha] 2442 Table 13 At Al
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Table 3. Dilute acid pretreatment conditions on the sample and furfural yields

Independent variables Dependent variables
SampleNo. tefrilelfecrt;z?re COHC?IT:IiﬁOII Ri?rcnt;on Concentration Yoi ejd
(©) % (wiw) (min) @b oo
X X, X; Y z
1 -1 -1 -1 1.29 1.58
2 1 -1 -1 429 5.26
3 -1 1 -1 4.08 5.00
4 1 1 -1 4.84 5.94
5 -1 -1 1 2.56 3.14
6 1 -1 1 5.12 6.28
7 -1 1 1 4.48 5.49
8 1 1 1 1.59 1.96
9 -1.68 0 0 2.45 3.00
10 1.68 0 0 3.13 3.84
11 0 -1.68 0 1.89 2.32
12 0 1.68 0 3.12 3.82
13 0 0 -1.68 4.49 5.50
14 0 0 1.68 3.84 4.71
15 0 0 0 4.87 5.97
16 0 0 0 4.92 6.03
17 0 0 0 5.02 6.16
* based on dry weight of raw material
EFE ZF AP Y] FTtel wE furfural & zo thE AEw BaEo] At gAY 23 E o]
WSS A, WLl 10TAA 10CE F 3 S8l F7h F bl gatt Ao AzEm,
G A% oF 3.68%e] fufural $& F71E M o]de] AT AT)AE L ol erf AL
Aom(id, 29 AF 27), 4 BErb 0.5%l  E F WRSAIRlA furfural Ggo] Fadts 2
1.5%2 Z71819S A9 9F 3.42%9] furfural =& o2 HiEQthlange et al., 2012; Ramand}
Z715 YEFITHI A, 33 AY 24). B3 HREAE Gnansounou, 2015). E3t o]= dgslo|=A E4E
o] sEolA 35Eoz F7RFel wEh of 1.56%2 o] Z¥sto] AdE= ﬁfﬂolf'%— A 2410 §
furfural =& Z7}= Qg 4 vk, s 2l Az o] glon, Fulo] FAL furfural &
B 270). olg B, 2 Age] WolelH whgeme] 2 Pl Ayl douz Fuls Y4 oA
MEb} furfural 8 g U Qb AAUL SHe LS B furfural S8 FALS 7| B 5
2QIgk 4 Qlieh g, w2k, 4t B, BhEA| e ALR AFRETH(Gyeonglin et al., 2015).
He 2% SVHINAS S furfural =&0] 0.38%
Srlele A ST 4 ART(, 89 AY 27), 33, HISHEHEEA
ol9} 22 AH= 47| Aute} ohI7EAE furfuralo]
ABRE & AT 270] 7H5% oA 54k At HAAYE T BAME furfurald] o) &



Table 4. The ANOVA table for furfural yields of liquid hydrolyzate from dilute acid pretreatment on the testing

771 -

A - A

pdl

sample
Source ggumarzsf DF Sl\:: EZ?e V;ue (Pl:(;zal:el:) Coefficient
Model 24394100 9 2710456 8.141158 0.0057 Intercept 4913.567
X, 1550218 1 1550218 4.656256 0.0678 a 336.9156
X 1056088 1 1056088 3.172079 0.1181 O 278.0832
X3 248104 1 248104 0.745208 0.4166 a -134.785
XX 7379855 1 7379855 22.16622 0.0022 an -960.459
XiX; 2094080 1 2094080 6.289804 0.0405 ais -511.625
XoX3 3071392 1 3071392 9.22527 0.0189 a3 -619.616
X, 4788339 1 4788339 14.38231 0.0068 a’ -651.725
X, 6409978 1 6409978 19.25309 0.0032 )’ -754.051
X5’ 310431.4 1 310431.4 0.932416 0.3664 as® -165.942
Residual 2330527 7 332932.4
Lack of Fit 2318970 5 463794.1 80.26512 0.0124
Pure Error 11556.55 2 5778.277
Cor Total 26724627 16

R-square, 0.9128; adjusted R-square, 0.8007

()2 HEsisom %] AATNE A= Ao
2 ZolE A cH(p-value: 00057) ANOVA (analysis

of variance)?} THE Y-8 Table 49} Zch

Y'=4.91357+0.33692 < , +0.27808 ¥
Ty —0.13478 X 25 —0.96046 X z; X x,
0.51162 X, X 25 —0.61962 X 1, X 25
—0.65173 X 7 —0.75405 X x5 —0.16594 ¥ x5

Equation (1)

ANOVA itof #AIH =9Hpel s3s 719
T AEL furfural &3 {9221 WAIE 7H 4
AE2A, ¥F2 % (X))= 93% (p-value: 0.0687), Ak
L (Xy)= 88% (p-value: 0.1181), HRSA|7HX;)S
58% (p-value: 0.4166)2] 5-2JAS YelWon, 47|
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0.0022), %%%E(Xl)-‘i%/\] THX;3)2 95% (p-value:
0.0405), Al 919 A 7HX) S 98% (p-value:
0.0189)=, E’_P% =9} A FEo] AgARg-o] furfu-
ral =80 7H & FFS UEhle Aoz 2Rl
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Fig. 1. Independent factor influence on furfural yield at the central point (180C, 1.0%, 20 min).
(A: reaction temperature, B: acid concentration, C: reaction time)
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Fig. 2. Independent factor influence on furfural yield at the optical point (184C, 1.17%, 5 min).
(A: reaction temperature, B: acid concentration, C: reaction time)
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Fig. 3. The contour and 3D plot of RSM showing effects of three factors on furfural yield (% on a dry weight
basis) of liquid hydrolyzate from Quercus mongolica by dilute acid pretreatment. (A: contour, B: 3D plot).
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