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Abstract — Recently, many chemicals produced from renewable resources such as lignocellulosics, micro-algae and
marine macro-algae, were introduced to chemical industry. Chitin/chitosan is secondly abundant feedstock on Earth. It is
easily obtained from crusraceans’ shells such as crab, shrimp and insects. In this work, we performed the acidic-hydro-
thermal hydrolysis to produce levulinic acid from chitosan using statistical approach. By design of response surface
methodology, the effect of reaction temperature, catalyst amount, and reaction time and their reciprocal interactions were
investigated. As a result, higher reaction temperature and catalyst amount increased the higher concentration of levulinic
acid. However, reaction time did not caused large increase of levulinic acid after some reaction period. Levulinic acid of
2.7 g/L produced from chitosan in the optimized condition of reaction temperature of 175 °C, sulfuric acid of 2.4% and
reaction time of 40.7 min.
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levulinic acide 2-methyl-THF, g-valerolactone, angelilactones, 1,4-

pentanediol, levulinate esters, b-acetylacrylic acid, diphenolic acid, d-
aminolevulinate, acrylic acid 5] TF¥t 3t== A3k 5 lot.
TS levulinic acid®] 3JeFdgko R A& N Axe= o] Has
S8l D= vlol eolleheS thAlZFsshkar H7ke oL lek. 1eu
o}4 levulinic acid®] 352 A= Q13o] A-g-3lol] AHEo] =1
3th2,3,5,13].

WES-3EHA A (Response Surface Methodology; RSM)S ©]-8-3]
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dl 3lo] e nlol em el T|EARE: o] 83to] Al Ao
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AP FE A28 7] E4K(Chitosan, Deacetylated chitin, Poly(D-
glucosamine) - medium molecular weight; Sigma-Aldrich, Co. LLC,
USA) 2% 200~800 cP (1 wt% in 1% acetic acid (25 °C, Brookfield)),
dilute aqueous acid®ll £-3|7}-53}1L, 75~85% deacetylation®] 545
7H AFE AT Sulfuric acid (Sigma-Aldrich Co., USA),
calcium carbonate (Sigma-Aldrich Co., USA), levulinic acid (Acros
Organics, USA) B 7|E} Aok Alokge] A& ARE3HiTt.
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2-3. AlEAE & SAHEAM

7|E4ES 2 5E levulinic acid= 2] X3+ A3 of| RESEAFAH S
E3 A8 AIES 5H7] S5 Design-Expert 7 software (Stat-
Ease, Inc. USA)E 0|83} 5-43-321Ak] F43d 84 A1
(central composite rotatable design; CCRDYS A2t W25, &
s, HESAIZRS RESQIARE T]151e] 87)12] 204l 4, 67119
=9 A, o719 T4 o] 23 20714 Q) S AFSIITH1,5].
7] E2E] levulinic acidZ22] gk Tadd QIx=2] FHdAE H
7FE7] 913 S W25 (150~200 °C), Z0HE5(0.3~3.7 wi¥%),
HESAIZE (9.8~60.23) 0= A3l Table 13} 201 55 14}, <7
7, 283 AFAEE JERISTHL,5,14].

FAEALS Design-Expert 7 softwares AR50 A A|E e <]
g 7AE APz o= RE] 4L AT (Table 2)F HIFOR vhokst

3]AEAS 5319 quadratic response surface models TJ3F3 1L
[1,5,14], B=0] 22} A= QIARE] 271 glo] 3]3S Fdto] &
Aalgirt. A RS HOREA (ANOVA) S =48] Bele] s
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24, B HiH

Levulinic acid®] 3%+ HPLC (Agilent 1100, USA)S AF&-3}0]
235190tk 22 Bio-radAle] Aminex 87H ZHS ARESI9IL,
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9] 254 65 °CE FASHHA 28 E HE75 AREsl 22
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2te] S 3| A AR S 218515t Table 201 Aol 2185 2

Table 1. Experimental factors and their levels in the central composite design

Coded factor levels

Factors Symbol 168 | 0 1 1.68
Reaction temperature (°C) A 149.8 160 175 190 200.2
Catalyst amount (wt%) B 0.3 1 2 3 3.7

Reaction time (min) C 9.8 20 35 50 60.2
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Table 2. Experimental design and data for S-level-3-factor response surface analysis in central composite rotatable second-order design

Run Reaction temperature (°C), A Catalyst amount (wt %), B Reaction time (min), C Levulinic acid (g/L)
1 175 3.7 35 2.75
2 175 2 35 2.59
3 175 2 35 2.08
4 175 2 35 2.38
5 175 2 9.8 1.55
6 175 2 35 1.84
7 160 3 20 2.34
8 175 2 35 272
9 175 2 35 2.62
10 160 3 50 2.70
11 175 2 60.2 2.89
12 190 1 50 241
13 190 3 50 2.56
14 175 0.3 35 0.12
15 160 1 50 0.31
16 149.8 2 35 1.26
17 190 1 20 1.29
18 160 1 20 0.00
19 190 3 20 2.67
20 200.2 2 35 2.71
Table 3. ANOVA results for the response surface quadratic model for levulinic acid formation
Source Sum of Squares DF Mean Square F Value Prob. > F*°
Model 11.507 9 1.279 14.292 0.0003
A-Temperature 2.644 1 2.644 29.551 0.0004
B-Catalyst 7.649 1 7.649 85.505 <0.0001
C-Time 1.246 1 1.246 13.934 0.0047
AB 1.326 1 1.326 14.826 0.0039
AC 0.006 1 0.006 0.072 0.7947
BC 0.292 1 0.292 3.268 0.1041
A? 0.392 1 0.392 4379 0.0659
B? 1.839 1 1.839 20.557 0.0014
2 0.102 1 0.102 1.135 0.3145
Residual 0.805 9 0.089
Lack of Fit 0.208 4 0.052 0.437 0.7789
Pure Error 0.597 5 0.119
Cor Total 12.312 18
Prob.>F is level of significance.
®Values of "Prob.>F" less than 0.05 indicate model terms are significant.
A HiR o Ao 203 2074 9] 30 Ade ST AR AAHI SRR whe-2 e, SRk, Tefal W
Pato] G2 Avs VRISt A3 Aol W=, 175 °C, 2% SAREE SR *ézéﬂ , levulinic acid JHZS FEATE
H,S0,, 60.2%-2] AFZARun 112114 718 322 2.89 ¢/L2] levulinic AAslo] = 371842 £3(R>=0.935)810] Z}2+e] Wl vjgk
acid7} A F T} B3 160 °C, 1% H,SO,, 20%-2] 271 (Run 18)°f] FARAE Fato] Y 84S v 2ot

A= levulinic acid’} HESA] %

Table 298] A @A E o] 2J&l] F=a3to] P2 AHFAFE Design
Expert 2% 71515 A18-510 %Qﬂtﬁ(ANOVAk F3slo] de
AE Table 30l VFERAGITE BE2] 22} A= Q1A 274 §lol
3 S Bl S, Al ANkt —Uroﬂ p-valuesE ©]&
8] Q1x}e] F QS ERISISITE. Q1] A2 p-values”| 0.05k.
th Zhom Fasirta Fslglom, 0.1 o] A= FoAdol vt
ok ISt A5k & Bl Al 7] 13k o] AlR(A,
B, C)2} 31}+2] cross-product Al5=(AB), 3112 23141 2] Al4=(B2y7}

Y=2.379+0.486A+0.827B+0.334C-0.478 AB-0.033AC-0.224BC
-0.167A2-0.363B2-0.085C>

Y+ AAHE (levulinic acid, g/L); A, B, C= 22} WES-QIALZA] 1t
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Fig. 1. Effects of reaction temperature, catalyst concentration and reaction time on levulinic acid production from chitosan. (A) At a constant
reaction time of 35 min; (B) At a constant catalyst concentration of 2%; (C) At a constant reaction temperature of 175 °C.
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Fig. 2. Response surface plot representing the effect of reaction temperature, catalyst concentration, reaction time, and the reciprocal interac-
tion of these factors on the production of levulinic acid from chitosan at a constant reaction condition. (A) At a constant reaction time
of 35 min; (B) At a constant catalyst concentration of 2%; (C) At a constant reaction temperature of 175 °C.
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Table 4. Comparison of levulinic acid production from several marine biomass

Materials Reaction condition Levulinic acid References
Gelidium amansii 160 °C, 3.0% sulfuric acid, 43.1 min 9.74 g/L [5]
Codium fragile 160.7 °C, 3.9% sulfuric acid, 39.1 min 4.26 g/L [1]

Chitosan 175 °C, 2.4% sulfuric acid, 40.7 min 2.7¢g/L This work

% 92 o] humic acid® ke Ay HIsIATH1,2,6,13].
SRS A83te] A M) el 7| EAkS 2 E
levulinic acid2.2] 3k 9|5k WSG9 4 lE 3st A7}, vt
25 175°C, S5 2.4%, HRSAIRE 40.722] 27100 2.7 g/Le]
levulinic acid’} A3/ Itk

Table 41| |2 AHdS 0183 levulinic acid A4+ AH}E ]
WIRTHL,S]. TZ2F7R SETHIRIE AR Af-ollA 7S =
levulinic acid® X3t} o]g]dt A= 7| EARS A3 2 A 4
Flof| v]5} 2 F52 levulinic acid® H$Hg Ayjolc}, o]= Th
& vl A3} nlwaA 27K e 73852 SolHo® Qg
Ao 7 ghbgth 2 ATl ARgS 7| EARS FAT R 9]
Bl glucosamine .= ¥ A EZQ1 Wi, IRl 7t
[11 arabinose, galactose, mannose”} 5= 74 3011, glucose, xylose,
rhamnose, fructose”} 2% A= o] 11, T2/ 7[5
galactose®} 7| levulinic acid= %137 }s-3Ptal ¢e4%l 1,3-anhydro-L-
galactoseT™ TJF]0] Qo] & E59] levulinic acid® Hd3He A=
bk},

=
(o

42 B

2 AT A2 AR T2 FARER] 7I"elA falE
FVEARS Aa-6 slstEg o] iAol AFE7F53 levulinic acid®)
AL f18te] Al 7k ital o} ARAAERE 4830 WS &
A3} slQd}. 7| EALC ZHE] levulinic acid® 22] BRSRIAE2] AF
3222 H|wald, W2 Tl Zule Tl 952 levulinic acid
o] Ado] F7FHA L, WESAITERS AAgAITE o] ol A S
u| X2 Z3iet. tiRRlE AgA gl wet Ay 3 A A9E vt
gow A MexAS AR A3, w25 175°C, FulEn
2.4%, 12]a1 WESAIZE 40.75-2) ZAolX 2.7 ¢/L7} levulinic acidS
Bt o] A= Ak F A A T2 73R 7R
7|EARS o] &3le] Af-fale] A5} eSS vl = =
sleEle] A FsA el digk 718 JRE Algstaat sigitt.
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