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Abstract — In this study, the production of ethyl levulinate from chitosan using successive acid-catalyzed hydrolysis
and esterification was investigated. To optimize and analysis the reaction factors and heir reciprocal interaction, response
surface methodology was introduced. In the effect of water content in ethanol solvent, the production yield of ethyl
levulinate was high at 5% water content (or 95% ethanol). As a result of optimization of reaction factors, 30.1% ethyl
levulinate yield was obtained under the condition of 200 °C, 3.19% chitosan, 0.49M sulfuric acid, 5% water content, and
58 min. Finally, the formation yield of ethyl levulinate was tended to enhance by increase of combined severity factor.
This result indicated that the potential of chitosan as feedstock for production of chemicals and fuels.
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fungi 5-2] Al EZH e EASH= chitin®] B o} 3}(deacetylation)
® A 324 E-o|tH2,7-10]. Chitin?} chitosan®] A A
Tl cellulose Th= 0% F-5-8ttal oo A lvh2,3,10]. A A
chitin?} chitosan> &J8}, 717213, S, 58, A5A T Sl
A 02 AREE AL QLUH3,9-11]. el chitin¥} chitosan, L
231 71 AR glucosamines: 0830 thoFst slEtE SR
SA, Aa 3 T S 2Al, 7714 obu| e, o, heterocyclic
pyrazine, hydroxymethylfurfural, levulinic acid &)=< A3k 4l &
£ A7} S8 1 Qlvh2,3,5-7,12).

2 A9 HFE AHE9 ethyl levulinate (ethyl 4-oxopentanoate,
CH 0= Wt ol ARG < Q)aL, 53] Ak 18 7,
y-valerolactone A2t 95, 18] 1 o] AbslekA S8 vl o=
AHE-5] 32 Q1TH13]. Ethyl levulinates= ThFst vlo] @ o~ -2 €]
71 Az R vekel T/ A FvllE AFE-31o] alcoholysis W35
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Este] @& dvkar A Uk ARS- 7Fs 3 714 2= levulinic
acid, furfuryl alcohol, chloromethyl furfural, THdF, o35+, tFd=, L
231 vjo] QA ol & Fo] AHEE 31 §Ith13-17]. ChitosanO.
$E ethyl levulinate= 2] A3k ¥4 =2 5= chitosan®] 71523, 7+
Faf WAl (glucosamine) ] Eik-g-3} Eolyl slo) 2]t 5.
HMF 7%, 5-HMF 2] A<=31-5 &3t levulinic acid 4873, 1¢] L
levulinic acid®} ethyl alcohol®] ol ~EH| 23} HE-S- 0 2 FFA] &l <2
g0 2 ATk A lrh3,5,6,13-17].

L ArelM = Aok el A7) i€ chitosan O E A H
F54 dAge) 3l A5 2 AN 7S ethyl levulinates AJ4H3}
7] f18to] Ak ksl o} ol ~E 2k W-g-& sk o] & 9
sto] ARAAEY & }%ﬁ“ﬂ A A 8-5to] RESIAE H A
shatal IAHE2] S g de gRlekarat sl

D
gl ARE-3E chitosane P FAKR AA| () (B71% A E)ellA
T-U7E Zle A8 200 um ©8ke] Al RE A E ol ARSI
Chitosan- 89.69%2] deacetylation, 96.27% =5FAF ko] &
2do] Qltt. #4H96.2%), ollEH-(99.99%), ethyl levulinate 2 7€}
Al ke Alekg-& ARE-3IRITE.

2-2. A

A 7R3 A~ E| 2315 0] 83197 chitosan® ZH-E| ethyl
levulinateZ A34F317] $1814 50 mL =712] Z~E|Qle] s 28 A4 2]
HES7 15 ARESISIT). w719 A7 5S] chitosan, SEHS:-, ?EA,
a3 Sk FeiE 7K 3 W71 s mladlY vhE ke
= oil bathel] Wil BRG] U227k A o) Eushd A

A1 2F8)S T} HE-S-2 5= oil bath 1] 2] 0114 SEPID temperature
controller=. =4 3}3} E% Ao AREs Hh-3-5-0] 452 30 mLE
ST W58 ©F 200 rppm O E ﬂuLﬂE‘ = 01%6}0% =
Fa3ith. REgo] J*Elb}‘?i W-3715 W2 E ol8ato] wEA 37t
sto] A8 Al5E FBFATH4,5]. A5 A4 (8,800 g-force,
102) 3to] A2 5 9s GCE o83t EAfskltt.

HhS-oll ARg-st ok F Stk ellvhE T T2 B))ell 9
Sk J W1 200 °C, hltos EE 2%, SUE R 3%, RE
100% 727 5ko] ethyl
levulinate®] AY7J-& H| w3} ‘:&%/\]7&0] ethyl levulinate®] 2§
el MR FEE AR $l8lA] WES-2 2 200 °C, chitosan &%
2%, S5 3%, TG 5%2] 1o WEEAIRES 15~120%
O 7 47438}0] ethyl levulinate2] 2§75 B W3FATE. E38t, chitosan©.
FHE| ethyl levulinate2] /‘g* = Seh e x7e] HAsE 9l
HES-2 5, chitosan 55, FUEE, WA WS 1o HESE
HEAH S ALE-sto] APAF & tARIste] HA s APE 3

s,
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2-3. AleiAe & SAHEM

WS HEA S AFg-sto] A3 A E 9] YAl FAREA
Design-Expert 9 (Stat-Ease, Inc., USA) X 2 135 o] 8-3}0 5.4
T-4-212}2] Box-Behnken A AM S 48810 RE-&-= 12, chitosan

Table 1. Experimental design and results for response surface analysis
of ethyl levulinate production from chitosan

Temperature Chitosan amount Catalyst conc. Reactiontime ELA

(C) (%) ™M) (min) (%)
190 3 0.3 30 14.90
200 3 0.5 30 22.25
190 1 0.3 15 522
190 1 0.5 30 17.24
190 5 0.3 45 15.87
180 3 0.3 45 14.14
190 3 0.1 45 248
200 5 0.3 30 17.23
180 1 0.3 30 11.36
200 3 0.1 30 3.37
190 3 0.3 30 18.71
190 3 0.3 30 18.60
190 1 0.1 30 15.17
180 3 0.3 15 11.25
190 3 0.5 15 18.03
190 3 0.3 30 20.76
180 3 0.1 30 1.93
190 3 0.1 15 2.16
190 5 0.1 30 0.06
200 3 0.3 45 26.68
190 3 0.5 45 28.01
190 5 0.3 15 15.66
200 3 0.3 15 21.69
180 5 0.3 30 16.95
180 3 0.5 30 21.64
190 5 0.5 30 15.69
200 1 0.3 30 29.51
190 1 0.3 45 21.53
190 3 0.3 30 21.64
B, S0 S5, WA QAR st APARL F

SITH(Table 1). A3 A¥}+= Design-Expert 9= 0|85} §1?1'E—@.
Bl ROl (ANOVA)= E8of Bt o] 574 Bl 2 (quality)= 3
7}5} 3 TH(Table 2)[4].

2-4. FA HiH

N8 Z9 ethyl levulinate] 555 7k~ 2 7189 (YL6100,
FA717HE AHE3EHS 2w, DB-FATWAX UI capillary column
(Agilent Technologies, USA)¥} FIDE ©]&-3}o] F7gak3ict 24+
7tAZE AES ARSI FYT 258 240 °C, 22 %E‘:
80 °C(1) - 10 °C/A- - 240 °C(1%), HE7] 2%+ 250°C] =4S
o]ttt

2 ATFE AL AT T A4S A4 739 chitosans 95
staL, BAES Ful|E ARESte] At 71, ke W o A EH 2
3} Hh&-& 3lute] wEg7elA] FAlel a8ste] slst du W s

= H7HDZE ARE 785 S ethyl levulinated] A 71798 A
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Table 2. ANOVA results for response surface analysis of ethyl levulinate production from chitosan

Source Sum of squares DF Mean square F-value Prob. > F*b
Model 1534.0 14 109.57 5.85 0.0011
A: Temperature 157.4 1 157.44 8.41 0.0117
B: Biomass amount 28.8 1 28.78 1.54 0.2355
C: Catalyst conc. 795.3 1 795.31 4247 0.0000
D: Reaction time 100.4 1 100.36 5.36 0.0363
AB 79.8 1 79.85 426 0.0580
AC 0.2 1 0.18 0.01 0.9239
AD 1.1 1 1.09 0.06 0.8126
BC 46.0 1 45.95 2.45 0.1396
BD 64.8 1 64.78 3.46 0.0840
CD 233 1 23.33 1.25 0.2831
A? 1.6 1 1.57 0.08 0.7762
B? 16.0 1 16.05 0.86 0.3703
c? 214.8 1 214.75 11.47 0.0044
D’ 13.1 1 13.06 0.70 0.4176
Residual 262.2 14 18.73
Lack of Fit 235.1 10 23.51 347 0.121019
Pure Error 27.1 4 6.78
Cor Total 1796.2 28

“Prob > F = level of significance.
bValues of “Prob > F less than 0.05 indicate model terms are significant.

3-1. HISE & SER0| 0Kz g

W5 59] 3H0] ethyl levulinate®] A3/d ol WX T2
HES-2 5 200 °C, chitosan 51 2%, 155 3%, HH-2-A|7F 30%-2)
oA 3 S 0~100%2 5H HbLoPﬂEP W3 5 i
ghego] mX& JEFS ZAbe A, 5%2] FHEsHFelA TP =2

oF 18.8%2] ethyl levulinate 4] &8 LFERASITH 28]
S7FeF5 ethyl levulinate 874 82 sk 4TS B3,
100% 271 (ethanol 0% 3=71)ellX<= ethyl levulinate”} A3/ =) A] &
skth. olE AtellA] o] Folx= g e] WA wE Akl
chitosan®] X 5™ ¢! glucosamine® & 738l E 12 ] Yo7} 3}
23l RES(Ee T A3 )S A ethanol 2] ol ~H 2.3}
S Z& 4] ethyl levulinate® A 3He 7] wj o 7}4=1-a o] 2
Jngpe] Srmto] W Qg A o7 FEkETH14]. 0] 5 o] AFe)

= 5%9] FR3leES 7)|F0 7 23S S35t

_t fo (%
oo olo

3-2. HISA|ZI0| O|X|= sk
WE-S-A]710] ethyl levulinate] A3/ of] W] X]+= °§ kS Z:/\}'E?}ﬂ
A Hbe = 200 °C, chitosan &= 2%, =15
SAIZFS 15~1204-0 7 37510 ethyl levulinate®]
}—"‘] 7o) Aol w2} ethyl levulinate®] A3/d
- ool 80% ©]/d2] whg-o] X3t
i1-2 97 15.5 %«1 FEE B, o]Folle FAIEHA
L A5 sk S UERISIT o= ‘ﬂ"o“’\] gro] Apgtel] wh
2t AEO] FREAY FEREE 58 Yo7 AoE Fekd)

3-3. Chitosan2=FE| ethyl levulinate2| MHMEZHO| =X}
Chitosan® ZH-E] ethyl levulinate®] A= $13F wH-5-2719] 5
ks ek A TRl 2719 o] 2HE] A& A AE Table 191
el et A8 A3} 200 °C, 1% chitosan, 0.3 M 3+ 3042
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Z20M 71 52 29.51%2] ethyl levulinate A4 55 ATt
7P 2 0.06%2] A 52 190 °C, 5% chitosan, 0.1 M 34k
30%-2] Z=olA ATt

A A3E vk 3)7] #4158 Toto] RESHF (2, Hlo]
euagk Sl RESAIIHE SHRWTE, ethyl levulinate A7
TES THHUTE 1] chitosan® ZH-E] ethyl levulinate 234 4=
E(ELA yleld(%))oﬂ &l o e 1 1:41/\1_0_ OJO%E}(Ab wE-e-
LIEC0), B HIO] QA S (wi%), G Sl (M), 1)1 D
HES-AIZE (min)).

ELA yield (%) = — 20.6241 — 09119 A + 45.5123 B + 97.4268 C +
0.0701 D — 0.2234 AB — 0.1052 AC + 0.0035 AD + 8.4733 BC —
0.1341 BD + 0.8050 CD + 0.0049 A% — 0.3932 B> — 143.8476 C>
- 0.0063 D?

R212] 22/ 7 5 “Adeq. precision” %1+ signal to noise ratioE
LreRd=t), 4 o)< Fho] nkaA] et £ Ao A= 9306 L
Effjo] AHg Mg ghs VRIS B4 85.4%2] A S
veRlGlom, o] =R E HA 208 FHE 5 Uk

A AE o]g3to] 3|74 7 Hol A (ANOVA)E F-30]
A2 AIE Table 200 YERNSATE d5E 22 2] 2] Fvalue?}
5.850190 01, mEle] FQ Tt 2 VER T o S5E BE /171
Z AL B4 Ax}o] “Prob. > F*7} 0.0500 )51 uf ZQ35)t)ar
st o] 2 RE 3712 1244 AlG(A, C, D)eF 1712 2314
AG(CP7F S 28k AAFZ ASH AL

Fig. 39l chitosan®Z 5] ethyl levulinate®] A ‘E%l@. 01] LIS
QA WX YHEE YERIIT B2 (A), ) & ,
-$A17HC), AD, BC, CD, AA7} 578 4191 Q35 vrEh] %Eﬂ% 53
] F27h 7P 2 S eI W, vho] e e s
(B), AB, AC, BD, BB, CC, DDeIlX] -7 2]Q1 &ks trehigict.

O T, 010
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Fig. 1. Effect of water content on the production of ethyl levulinate
from chitosan at 200 °C, 2% chitosan, 3% catalyst, 30 min
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Fig. 2. Effect of reaction time on the production of ethyl levulinate
from chitosan at 200 °C, 2% chitosan, 3% catalyst, water con-
tent 5% condition.

Fig. 4i= chitosan® ZH-E] ethyl levulinate®] J/doll FEF& F+=
HhS- QA=) Ao Al E YERKSIY Fig. 4(A)y= 4% Sl &
(0.3 M)2}k HESAIZHB0)ONA] ethyl levulinate 2373 el ] x|+ b

o] @uiA FE9} WS- 20] AT TAIE VERH Aolth w2 &
Z0 M= vpo] QA F7} S718HEE ethyl levulinate®] 44
ST} 2 vERgTh W SRR 5 oA vo] @u
2 550 F7Tl| UhE ethyl levulinate A4 G=8-0] FA ZAaskHA
o} o= vk 25 GellM= chitosano] 7RIS A% 2Rl
W (ERkE, Aahitg 52 ol A 28 ihgo] A&H o R
dolif= A ollA] kA o ® whe A &S VR Zow 3
SETH4,5,14]. 2 2% oM e w2 2% AR 1
2 Whgo 23l 7l 52 e whgo] XsgE AnE 3o
HTH15,17]. Fig. 4B)el= 974 vl 2w 55 (3%)} WHE-AIZT
(30it)e] el A Hh-e-2 =9} Full-5 X7} ethyl levulinate®] A4
of vAlE= dFe eIt vhe-2 7 TS A 8]

(¢}

it

o1&

Sl Ethyl Levulinate®] 3+ 269

[ ELA yield

Z-HI_IH“ HI_ILI

AD BC BD CD AA BB CC DD

Coded value of coefficients

Factors

Fig. 3. Effect of explanatory factors on ethyl levulinate production
from chitosan. A (Reaction temperature), B (Biomass con-
centration), C (Catalyst concentration), D (Reaction time).

71 A4S B ek Sl 557 S7FEEE ethyl levulinate®]
o] F715FAT). o= W2 5 9} Full F7} chitosan®.
5] ethyl levulinate®] A/dell T3 AAZA S g8
Rl S|t} Fig. 4(Cy= QAT Hlo] Qi) A 5 (3%) 9} Hrlls
0.3 M) oA HH-§-2 =2} HES-A]ZH0] ethyl levulinate A/ o]
F JEE HERISITE R 25 Zd ol X = REEAIEo]
of| w2} ethyl levulinate®] A§/do] 27| S718kA] ko), =&
2ol = ARt wE A o] SIS 7 WESAIRE
o] /‘1 W22 S7tel et A &% 5718kl Fig.
12190 °C)9} A17HB0E) 204 Hlo] S i
557} ethyl levulinate 2873 ol #]2]= G- ‘/]-E]-LHC’q
= ] 1” Hio] @ mf 2~ %557} F7VE A
o] FHadhe AEE HYlo, 52 Sl sholME v ﬂﬁtﬁ
g5 Ve okt OW Ho] @A FE ZloX= 5
L7y S7VES A 8] S HERTE Fig. 4(E)E 9783
L2(190 °C)e} EME (0 3 M) Z7100A njo] eufj F 9 vES-
AlZro] ethyl levulinate AJ/goll 7] G- eI, W v
olemix 5 3o WhEAIRIo] Aol whaet A &2 &
71E B o), e vl ou A FeMe Arjdog 1 s}
1T}, Fig. 4(F)= L3 W2 5(190 °C)8} o] @i~ 5%
(3%) 7104 FHrllsE8} HEg-A13o] ethyl levulinate A4 ol 7]
A= G e gith W& S0l 5% Z3oA & WAk
w2 A &2 W a4 ?s}‘i}‘:‘r Jeuv S v s 2
ol A= WAz el whE A &2 SV YERISITE o] g gt
e =23 5 Z:ZiOﬂH% SNl &3l chitosan®] T
A2 7F’F—E3Hﬂ 2] Ful(HN9} =2 QoA 7oA
RS ek S Ao F olekg 3l o A

/\O

O

S
P
B
=
0]0

=23} -5 227]‘—2 9785 AA ethyl levulinate®] 4] 58]
=718k 71 0 2 ehelt}4,5,14]. ChitosanC ZH-E] AF 7}5=5-3)] 9}
A&H of| AH 23} -5 F3) ethyl levulinate®] A3/d WH-5-of] 1]
A= Nhg I e TSt E H, AEA G ol w2} A
g AFHY o] 2704 =8 HES-e % LEO nlo] QA
=2 Fulss, 191 3 HL%/\VJ'-J Astell A 2 &2
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Fig. 4. Response surface plot representing the effect of reaction temperature, biomass concentration, catalyst concentration, reaction time,
and their reciprocal interaction on the production of ethyl levulinate from chitosan at a constant reaction condition. (A) At a constant
0.3 M catalyst and 30 min; (B) At a constant 3% biomass and 30 min; (C) At a constant 3% biomass and 0.3 M catalyst; (D) At a con-
stant 190 °C and 30 min; (E) At a constant 190 °C and 0.3 M catalyst; (F) At a constant 190 °C and 3% biomass.

ethyl levulinate”} A3/ =| ATt

AAAGHESEA LA S v o R 2 RdA o g Y
chitosan©. ZH-E] At 7118l ¢} o AE| 23} Hh-g-S F3) A E
ethyl levulinate®] 284 &) thato] 4714 Wh-g-R1Ake] 2 5] A7}
o 22 A 9SS Ak 200 °C, 3.19% BFO] Lol
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L, 049M F1) T, 5% g, 18] 1 5882 HESAI7HY)
Z7181elA 30.1%2] ethyl levulinate®] 84 55 ATt Chang
S{17]2 wheat strawS thA} O 2 3t ethyl levulinate 284 1ol A4
2.5% At B2, 183°C, 19.8 A/a1n], HE-S-A|7F 3652 Z710A
17.91%2] &2 B 13T B3, Xu 51512 celluloseS 714 =
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Fig. 5. Relationships of combined severity factor with conversion yield
of ethyl levulinate from chitosan. CSF = log [ exp(T- T,,)/14.75]
- PH, T(?) is reaction temperature (°C), 7, is reference tempera-
ture (100°C), 7 is reaction time (min), and 14.75 is arbitrary
constant, and pH is the pH value of reactant [4,9,18,19].

AREE10T 188 °C, 1.2 wiv% BAF, 305-2] 2710l 4 352 ethyl levulinate
TEE& GET oy A7l o8 ©d-RF(fructose, glucose
3), TH¥Fet 95 (sucrose, maltose, inulin, cellulose, pine wood, wheat
straw “5)ZH-E] ethyl levulinate®] 434 15514101 T3+ 3101t
£ AFof|A ARESE chitosans YR FE 3 AT RAER] Q9dT).
okt AuE sk 7ol S, Adax, 1A g sol o
2R AR OE A8E AR A7 3] A4 vlaE 53 ¢
Ao ghahe 474 ebrhar IEThs,14,18].

3-2. B 7IE=7} ethyl levulinate M 20| O|X|= H&f

HES- 71552 (combined severity factor; CSF)= HHo-=2 1, HE--A
Zh, 2]l 849 pHE 9 e whe-] Al7]ell &gk vikE-
Aol H7hE 18l 285 3L AATH4,9,18-19]. T2 4] vle] 2
| 2o] 2] Wkg[9,19]2 sl 2Fe] MA skl wke 2l 8}
g A5 2o A8 ke Soll 48531 QITH18]. Fig. 5% ¥He 71
7} chitosan® Z 5] ethyl levulinate®] A3/df| v]x|= &S 1}
ERdl Zlofet. Agdel 28 Wk 7R e 2.989014 4.189] W&
LRERQIEE ARbA 0 2 Wkg- 71857} Z718EE ethyl levulinate)]
A &L ST ke A HERIEE o= WS 7T at
STt HEFE, W AIRNO] AE, 181 Sl 55
(FH&-218] pHZ b SEE75) ZAAAl 73w Q7] WliEo = ke
AR 22 0EE VST O B ethyl levulinate &S K
T S ol oA Fe) st At wekEivh vkE 7SR
| @A F e Q1A= Skl QU] QRO ThE QIAEO]
et 0|4 o] Qul| A F5E7} 57FSHA ethyl levulinate2] A3
TEo] fashs Ay veRdo] whe 7k A 8 1
Jol) Zdelst FaEE e T Qs A 0% k)

o
2 [

o

S
¢

Moo 10 2

X

4.4 B

2 Qo U7HR2) A fee) chitosard 018510 she)
HES-87100 AL ZhRal, B WS (2 kS, AREhiS),

a1 A AH| 238} RS-0 % o]o] X AEEE-S Sate] sleh U
9 A8 g AL 7153t ethyl levulinate?] AT 7542 24181
th W= T ul(eleE) F FTEEFES 5%2] 223104 ethyl
levulinate A8/ &0 71 A YRt RES- I2HE2) Adsal-go]
ethyl levulinate®] A8/ =&of v]X= PP =2 W25, W
dlo] el A, =& FullEE, 183 71 RESAIZES] 2ol &

PVehe TS LeRIh, W ER A

ek (95% of| g gul)), 72 31 58%-9] Wk 7 of| A 30.1%2)
ethyl levulinate®] Ad &8 A3t ol A= 7t

22 chitosan¥} 1 THFAIE A W A3eHA] WS
Agato] A e slet s g A e

28] FAE S gRlsklar, 35 #
484 o Stk AvEh
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