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Abstract

This research aimed to enhance the removal efficiency of levulinic acid, a by-product formed during
the synthesis of 5-hydroxymethylfurfural (5-HMF) from sucrose, as its presence negatively affects the purity
and quality of 5-HMF. Adsorption using resin was applied together with statistical experimental design to
develop a quadratic model and determine the optimal conditions for levulinic acid removal. A Central
Composite Design (CCD) based on Response Surface Methodology (RSM) was used, considering four factors:
stirring time, resin dosage, initial 5-HMF concentration, and levulinic acid concentration. The percentage
removal of levulinic acid was set as the response variable. A total of 30 experimental runs were conducted
and analyzed using Minitab v.22.4.0. The results showed that the quadratic model significantly described
the relationship between the factors and the response (p < 0.05) with a coefficient of determination (R2) of
70.20%. The quadratic terms of stirring time and resin dosage significantly influenced adsorption efficiency.
The optimal conditions were 150 minutes of stirring time, 7.00 ¢ of resin, 0.4001 M initial 5-HMF
concentration, and 0.0102 M levulinic acid concentration, resulting in a predicted removal efficiency of
67.70% with a 95% confidence interval of 35.1-100. These results indicate that combining adsorption with
statistical experimental design can improve the purification of 5-HMF and support sustainable bio-based

chemical production.

Keywords: 5-hydroxymethylfurfural, an anion exchange polymeric resin, Levulinic acid, central composite

design, response surface methodology.
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M15799 2 s¥eusIE (Coded levels) wagA1339 (Actual

values) vaaunazlady

. Code level
U3y
-2 -1 0 1 2
A 30 60 90 120 150
B -1 1 3 5 7
C -0.115 | 0.013 | 0.142 | 0.271 | 0.400
D -0.044 | 0.010 | 0.064 | 0.119 | 0.173
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Run A B C D
17 90 -1 0.142 0.064
9 60 1 0.013 0.119
7 120 5 0.013 0.010
8 120 1 0.013 0.119
10 60 5 0.271 0.119
25 90 3 0.142 0.064
26 90 3 0.142 0.064
18 90 3 0.142 -0.044"
i 120 5 0.013 0.119

120 1 0.271 0.010
19 150 3 0.142 0.064
11 60 1 0.271 0.119
12 60 1 0.271 0.010

27 90 3 0.142 0.064
20 90 3 0.142 0.173
3 120 1 0.013 0.010
2 120 1 0.271 0.119
1 120 5 0.271 0.119
21 30 3 0.142 0.064
28 90 3 0.142 0.064
13 60 1 0.013 0.010
6 120 5 0.271 0.010
14 60 5 0.013 0.119
22 90 3 -0.115° 0.064
15 60 5 0.013 0.010
23 90 3 0.400 0.064
24 90 7 0.142 0.064
30 90 3 0.142 0.064
16 60 5 0.271 0.010
29 90 3 0.142 0.064
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4. HAN1INY
NAN19ILATIZNAMULUTUTIUTDILUUTIAS
AelUsunsU Minitab v.22.4.0 Wui1A1 Lack-of-Fit 3
A1 p-value Wity 0.020 FediAtfeaninseutivdfy
n19add uaneiuuuTaesidaesdilddliaungg
gsungANU UMY svastoyaldegsauysallunnganis
naaes {I3T8drndun1suiuisawuuinaedagnis
wUasdeyane Natural Log vinlsiA 1 p-value vo4
Model iy 0.001 < 0.05 wazA1 Lack-of-Fit &A1 p-
value Wwinfiu 0.059 > 0.05 ¥N18AINIMUUTIADI]
AINNABAAE 84N UT DL AIINNITNARDY WAAIIN
wuudaesdsanisalivitusuunlduvesssuulaly
sedunt sdmsuteyainn1snaasiaiadn uaz
desirability V111U 1.000 LEAIINFANITAINAIIFINTA
novauswiongUsTasAveInIsiinAseaznsgady
Ifeghammnzauiiganislureunvosiuudiass lng
Haduiifidnsnarennfosaznsgaduresnsniajddn
pg19ditudAny lon USunad Resin (B) 8vdwavuatian
Tuguuurdsaes (A% wupnuduldwesdeyasgis
AU (p < 0.05) FeUsdinsiiunainismnasay
denafsiarfevaznisgaduresnsaiaaiin aufegad

Wi zauganilinauiazisuanas faguil 1

Model Summary for Transformed Response

S R-sq R-sq(adj) R-sq(pred)
0532910 70.20%  56.79% 31.94%

Analysis of Variance for Transformed Response

Source DF Adj SS Adj MS F-Value P-Value
Model 9 13.3781 1.48646 523  0.001
Linear 4 2.8730 0.71826 253 0.073

A 0.0315 0.03147 011 0743

B
C
D
Square
A*A
D*D

]
1 2.2246 2.22459 783 001
1 06153 0.61534 217 0157
1 0.0040 0.00404 001 0906
2 7.2203 361016 1271  0.000
1 6.0286 6.02802 2123 0.000
1 1.4376 1.43763 506 0036
2-Way Interaction 3 3.4952 1.16506 410 0.020
A*B 1 09715 0.97147 342 0079
A*C 1 1.1498 1.14934 405 0.058
A*D 1 1.3739 1.37388 484 0040
Error 20 5.6799 0.28399
Lack-of-Fit 16 5.4232 0.33895 528 0059
Pure Error 4 0.2566 0.06416
Total 29 19.0580

JUN 1 HaN1T3AT18IANMUTUTINVRUUUT AR Y

TUswnsy Minitab

INNITATINABUAIUY A DIVBIUVUTIABY
210 Normal Probability Plot 9494 Residuals WuI1A1
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2 FauansfansaenndesiuannigunsuanLa LUy

a

Ung

Mormal Probability Plot

g

a0

50

Percent

-1 0 1
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5U# 2 N3 Normal Plot of Residuals ¥8auuusians

mﬂmiﬁmimﬂmﬁuﬂixﬁwﬁiugﬂmméf’aLLUs

vuAsie (Coded Factors) 71laannlusunsy Asguy

v daa a a

3 wunladeniiondnalsuingsannonisgaduues
nIaalailn Ae UTunausdu (B) laedlrdudsedng
Wiy 0.316 Tuvaigiiaanlunisniuans (A) wans

dnsnaludnuwuznidadns (A9 aleaduUssans

v
[

0.4584 Fsuswdanginssuilaidudunssvosufizen

Coded Coefficients for Transformed Response

Term Coef SE Coef T-Value P-Value VIF
Constant 1.034  0.158 6.56 0.000

A 0.036  0.109 033 0743 1.00
B 0316 0.113 2.80 0.0111.00
C 0171 0.116 147  0.157 1.00
D 0.014 0.120 012  0.06 1.09
A*A 04584 0.0995 461  0.000 1.00
D*D 0.290 0.129 2.25 0.0361.09
A*B 0.246  0.133 1.85 0.079 1.00
A*C -0.268 0,133  -201  0.058 1.00
A*D -0.293 0133 -220 0.0401.00
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navauesgnulaslieglusuves In(LA + 1) wielu
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