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Production of Levulinic Acid from Glucosamine Using Solid Acid Catalyst
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2 AT dleF 3R AEY F2 AR 7R FEARY] dEEAID glucosamineS 1A AF FHE o]8-51]

3}8F71419] levulinic acid®} S-hydroxymethyl furfural (5-HMF)S AJAksl7] 9]k 23k W8-S S=83315irt

glucosamine 50 g/L, RFo-212 180 °C, Zvll& 5%, 18] HESAIZE 609 2914 oF 36.86%2] levulinic acidS H-S
I ATk v 5-HMFE ©oF 0.91%2] W 82 3= Qi)

Abstract — In this study, the conversion of glucosamine, which is a major monomer in chitin/chitosan of crustacean
shell, using solid acid catalyst was performed to obtain chemical intermediates such as levulinic acid and 5-hydroxymethyl fur-
fural (5-HMF). The conversion reaction was optimized with four reaction factors of selection of ionic resin catalyst, reaction
temperature, catalyst amount, and reaction time. As an optimized result, the highest levulinic acid yield was achieved
approximately 36.86% under the determined conditions (Amberlyst 15 as a solid-acid catalyst, 180 °C, 5% catalyst
amount and 60 min). On the other hand, 5-HMF yield was found to be 0.91% at the condition.
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3 9ITH1,2,8,9]. o] 2ml2e] 71 5373421 glucose, galactose,
mannose, fructose 52 G AH FHull A5l A EiEgof
2J3)] 5-hydroxymethyl furfural (5S-HMF)©]t} levulinic acid® %8k
2 4= ATH1,8-10].

71 (poly-N-acetyl-D-glucosamine)?} 7] EARS F-570 | o] H
Ho 7z A e =489 H nEAEZo|te6,7,11,12]. A

Tl AEE A Ao o]o] = MR wo] Ak glom,
1 AAEFO] 1010-10! Epde] o] Butar BarE a1 QUth7,12]. 7| E
Ak GEAR] SR IANE SFF A8 vlsste] =
ol17)7} Ao Qe FEolth FFFANE SFF A8 vkt
72 3F8k71A1R1 levulinic acid®} S-HMF=

2 ATl A= glucosamines $F8H57HAI?] levulinic acid2} 5-
HMFZ A¥tsh=t] Sul2A] 14 AHd Frll= A-83hd o]l2w gt
FAE A8t ST 2 ATol] ARES Amberlyst 155 13
AV 734 Fol& WEFR| Ot} 8 B8] HES-ol A
FE5A4, A7, == A8, =8l -8ehA /P, Telar 3
283 5o Ao R ol AREE AL QITH3,13-15]. dIEF-2] 7k
FafHk-S-oll Amberlyst 157} S2 225 o] 114 Fojz A 2] 7}
38 AN E sk 3,15]. 2ol glucose®} fructose?} -
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FO 2 HE 5S-HMFS} levulinic acids b=t Frl=x) 24
=31 QeH17,18].

B ATrellM= 2T A T8 71”71 AR ARl
glucosamineS HIO| @M~ 2 o] g3}0] 1A At Fvl| = A4 AR
O] 2WE%]0 Amberlyst 155 ©]-8-5F0] 3MES-S S35} 1}
oleds U st g Z AR7FES 318531 levulinic acid2h
5-HMFE Akekaia} spgich. o] & 91ato] o8] Rb-g-2=31(Em] A
7, Fks e, e e, WhEAITh e S ZAkelo] 12T A A
Ee 2] glucosamine} LA At FufjQl o] & w 42| &
Hlo] e eflq=] ABrte] A-871seA] ERlskaat sigic.

2. M2 & HiH

2-1. A=

A of] AF-g-31 ulo] @ ] A~ F = glucosamine HCI (Sigma-Aldrich
Co. Ltd., USAyE AHE-aFITE A gl el the o 318 1752 o] 25
A& AF-3FTE Amberlyst® 15 (A; Sigma-Aldrich Co. Ltd., USA),
Dowex® G26 (B; Sigma-Aldrich Co. Ltd., USA), Dowex® Marathon™
MSC (C; Sigma-Aldrich Co. Ltd., USA, Amberlyst® 36 (D; Sigma-
Aldrich Co. Ltd., USA), Dowex® Monosphere® 650C (E; Sigma-Aldrich
Co. Ltd., USA), Dowex® 50WX2 (F; Sigma-Aldrich Co. Ltd., USA),
SYBRON IONAX NM 60 (G; HanKook BayChemical Co., Ltd.,
Korea), Amberlite IR 120 (H; Duksan Chemicals, Korea), Amberlite
200C (J; Fluka), Diaion HP-20 (K; Supelco Co., Ltd.), Amberlite
IRA-900 (L; Sigma-Aldrich Co. Ltd., USA), LEWATIT S1467 (M;
HanKook BayChemical Co., Ltd., Korea), TRILITE SAR-200MB
(N; Samyang Co., Ltd., Korea), Dowex XUS 40323 (O; Supelco Co.,
Ltd.), Amberlite XAD-4 (P), Amberlite XAD-7 (Q).

TA A Fu 2 A8 o] A3 Amberlyst-15 (Sigma-Aldrich
Co. Ltd., USA)= ZAH] o] 2w skrr| & odef 4] glom, 548
U3} 2t} Styrene-divinylbenzene®] macroreticular 3 Elj & -4
wJo] Qlom, 1A} A713= 300 pm o8}, TR <1.6%, 1231
27T 4.7 meq/g 2 7FA 3L 9ItH3,16]. Glucosamine HC,
5-HMF, levulinic acid 5-2] -8 Al EFAIoRS A3t
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g 1A Falj(o]- 25 A)E 0] 438 glucosamine®] 3857
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298] AgkE fste] 1758 FulE 2 glucosamine 50 g/L,
Sl 1.5%2] 27004 180 °CollA 60 B2t WE-S-315itt.

222 WHE 50 AT

A 1A Foll(Amberlyst-15)% ©]-8-3F glucosamine®] 383
ZH| 2. 9] 8-S 9151 glucosamine 50 g/L, FulEF 1.5%2] =7
oA 140~200 °ClAT 60+ 51 HHE-BFITE.

2-2-3. Sl ee]

23 1A Sl (Amberlyst-15)E ©1-8-3F glucosamine®] 31815
H 2 ) 3k £3589 glucosamine 50 g/L, ZUHH 0.5~7%2] %
71efl4] 180 °CollA] 60 E<F WHE-sFlT

2-2-4. WHgA 3R]

AHd A Z 1l (Amberlyst-15)E ©]-8-38t glucosamine?] 3185
2 2] AEHE 915197 glucosamine 50 g/L, Tl 5%2] 7104
180 °CellA 0~150% F<F HEg-3131Tt.

2-3. EAMEHH

A& F 2] 5-HMF 2} levulinic acid®] 4] high performance
liquid chromatography (Agilent 1100, USA) A|~El-& AFE-3}3I T}
Bio-RadA}9] Aminex-87H Z#-& ©]-43}4] o] 5422 5 mM<]
At 8 0.6 mL/min®] 7557 2825 65 °CollM skl
om g AES FHE AE7IRID)E o] &3Sith BEEE
5-HMF ¢} levulinic acidE AF8-8}97 retention times H] 1.8}0] -
HA5icH7).

2-4. M2t 2
5-HMFS} LAS] 882 th53) Zo] Akt A&
(%) = AAHE B (gL)/27) 7148 S5 (g/L) x 100.
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3-1. 20| =0{e| A=

A 1A Fulle] 25 A)E o] €3 glucosamine?] 3}eH57HA|
2] AgHE fI8te] 1752] SE 2= glucosamine 50 g/L,
ZulEE 1.5%2] 22710014 180 °CollA] 60+ F<F HEE-310] levulinic
acid®} 5-HMFZ9] 2¢k =85 Bl asl3iek. Fig. 191 1759 SiE
d S 2 glucosamines levulinic acid®} S-HMFZ kst A=
UERIRIT ©0]254] B, C, D, E, F, Gi= 7.99~10.35%2] w-$- L&
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Fig. 1. Selection of ionic resin catalyst for conversion of glucosamine
into levulinic acid and 5-hydroxymethyl furfural. A (Amberlyst®
15), B (Dowex® G26), C (Dowex® Marathon™ MSC), D
(Amberlyst® 36), E (Dowex® Monosphere® 650C), F (Dowex®
50WX2), G (SYBRON IONAX NM 60), H (Amberlite IR 120),
J (Amberlite 200C), K (HP-20), L. (Amberlite IRA-900), M
(LEWATIT S1467), N (TRILITE SAR-200MB), O (Dowex XUS
40323), P (Amberlite XAD-4), Q (Amberlite XAD-7).

A% F&& YeERQIH o] 2le) thF 9 o] &R FrlE2
21~24%2] A% 78-S eIt 7P 2 levulinic acidE A
A3k o] LW BA] ZH= A (Amberlyst 15)% 25.6%2] 213 8-S
UeRRST 5-HMF2] 8- levulinic acid22] A3} +80] &2
Zu7} AthE 02 9o}, 0.78~5.78% F ) W &S
ERATE E Aol A= H ol =8-9) levulinic acidE 47] 9351
Amberlyst 155 A AF Zrl| 2 7310 tha-2] A3el 48313t

3-2. HISREo| HE

AHd 3A Z 1l (Amberlyst-15)5 ©]-8-3F glucosamine?] 3}8+%
ZHAZ 0] AkS 918+ glucosamine 50 g/L, FHH 1.5%2]
oA HHg-2 12 140~200 °CollA] 603 &<t HH-8-51] levulinic acid 2}
5-HMFZ 2] A3 &S v w3t} Fig 2= W 5of whE
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Fig. 2. Effect of reaction temperature on conversion of glucosamine
into levulinic acid and 5-hydroxymethyl furfural.

glucosamine ©. 2 5-F levulinic acid®} 5S-HMF= 73t 475 o}
EFUQATh Levulinic acidv= WH&-2%=7F 180 °C7HAl F7}sted
25.60+0.04%°] gk 55 e S1aL, 200 °ColM = 24.92% %
Aashe A eIt o= /3% 5-HMFS} levulinic acid”}
29 W2 T o4 FEmMEgo] Yojut humin? 22 £ =2 A
3 A Jevulinic acid®] 4-&0] 74k 71 0 2 FtETi19-22].
5-HMFi= 160 °CellA] 8.17£0.45%2] 718 3 M8 482 e}
it} o] $ofli= sk A YERYISITE. o] glucosamine
o 2RE Y 5-HMFZ} 125213 118 7153k W-g-22710) 2]3)
A4 8 (rehydration) RE-8-0] Yo} levulinic acid$} formic acid =
A 7] g E o2 FFETH19-22]. Jeon T [17]0] &8
alginic acidE Amberlyst 155 Z | 2 A8-510] furfural £ A 35
AellA 180°C, 302-2] Z=310lA 119 -85 B AsI3Ith. Son &
[18]< fructoseE Amberlyst 155 ©]-8-} levulinic acid= 2] &+
ATl 10~140 °C H )N ¥Hg-2 57} 57F5 =2 levulinic
acid &5 Athal B skglt & AFelM = o &9
levulinic acid& 271 #l3to] HE&-2EE 180 °CE A7d3to] vhe
Aol 483151t

3-2. SisEe| A

A A ZF ol (Amberlyst-15)E ©]-8-3 glucosamine?] 3}&+%
ZH22] 3H-S $15F9] glucosamine 50 g/L, SV 0.5~7%2] =
Zell 4] 180 °COlA] 603 F<F HH3-51] levulinic acid?} S-HMFZ2]
A% &5 v wsIgltt. Fig. 30 S0l %ol thE glucosamine S
ZH-E levulinic acid®t 5S-HMFZ A28 An5 VeR it
Levulinic acid= 3+ RES-of] ARE-8F FujjgFo] 0.5%0114 5%714]
Sufjo] S7Fgel wit F7Fsko] 5%el4 37.49+0.66%2] g
& YeERNQLAL, 7.5%014 = 27.8142.61%% THashs AES U
ERJISITE. o]= A levulinic acid7} ThE2] A FHujjof] o]t
FEREgo] Yot humin?} 22 24 2 3= WA levulinic acid®]
FEo] gt Ao w2 FhEti19-22]. 5-HMF= 1.5%C14 71
F 4312047%0] A% T8-S UERILIL, o] Folli= 2-3% 1)
A% &5 ehlle A3 VERAITE )= glucosamine 2 H-E
AAFE S-HMF7} 5 5.0) Zullatol| 4] Al4=8k(rehydration) §H5-0]
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Fig. 3. Effect of catalyst concentration on conversion of glucosamine
into levulinic acid and 5-hydroxymethyl furfural.
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Fig. 4. Effect of reaction time on conversion of glucosamine into
levulinic acid and 5-hydroxymethyl furfural.

ofit} levulinic acid®} formic acid® A= Q7] wlT O Z ke
TH19-22]. Jeon 5 [17]°]l & 81H alginic acidE furfural 2 A 3+5}=
Aol A 180 °C, 302] ZZ1ellA RE-g-9 30 mL & 600 mg2]
Amberlyst 155 FU|E ARt 7HE 2 14 mol%s] &S 1
3 2 A= HY 59 levulinic acidE 971 $18kd
] FEE 5%E At o A3l 2838t

3-4. HESA[ZIC| sk

AHd 31A Fvl Amberlyst-155 ©]-8-8F glucosamine®] 3187+
A2 2] M3 $15+ glucosamine 50 g/L, ZEF 5%2] A
180 °Coll A 0~150% &<t W23} levulinic acid®} 5-HMFZ 2]
A% &5 Bl skl th Fig. 40 wE-gAI 7ol W levulinic
acid®} 5-HMFS] A& YERAATE. Levulinic acid®] A343-2 vk
Alzto] S71ste] uket 602 7HA S7Ftct ol el hashes A4
& JERTE #319 levulinic acid A8 482 - 602
36.86+1.72%2] &= AT 5-HMF] 782 Wk X =
7¥eh= 73S VFERATE 60+ o] F-olli= 1% o138t &5 HER
Sltt. o]i= Wks 2719 A ¥ 5-HMFE7} levulinic acid® %3}
o} REg-o] eyl we} 7+4 sk 73S Kol levulinic acide
Hhg-o] ZeiE= A4 A7HERE F7ketthr} o] Folli= kg2 7o
A F718 Q1 HEg-ell &J3l humic substance™} -2 2 2 3] o
levulinic acid®] =&°] Fa¥ = 2102 FtETH[19-22]. ©] 2} 1]
w3 gkek A3 2 = Jeon T [17]9) Bl &J3HH alginic acidE
Amberlyst 155 ©]-2-3}] furfural® 3= AtollA] 44 vk
2I2(140 °C) o]’doll A= A AIMA = furfural®] Aol 571
St A © 7 WgAl ko] SRR FhAehe A dke LERY
SIt}. Jeong [6]2] R.atef 2J5hA glucosamines v 19l S-S
A8-81q levulinic acid® A 2+et A3}, HE-g-2 1= 188 °C, ZAF 4 wi%,
7IHET 120 gL 24 JES- 4990 30.3 /L (25.3 wit%)2l
levulinic acid &5 Aok B33}
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FFAIR glucosamines A AF FH|Ql Amberlyst 155 ©]-8-5}¢]
3F8E71A9] levulinic acid®)} 5-HMFEE A37}sA)S €halsl#t
ST HE-&-2271 2] H A 8} A3, glucosamine 50 g/L, ¥H-g-2 %
180 °C, FHHl & 5%, 1] 31 RE&-AIZE 60:22] 71004 36.86+1.72%
9] levulinic acidg& D& 4= USUTH v 2 304 5S-HMF+=
0.91+0.13%2] W 585 A& 5 STt o]t A= sk 72
AR 2] A A AF FulQl Amberlyst 155 ©]-8-3He
A IS kel 5= 9l 3-S Bt

z A

O] =i 2015 Y-8 |4 h)] A0 Sl dARe]
712A7AI A9 Wl 4=8% 2190 (NRF-2015R1D1A3A01015882).
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