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ABSTRACT

We investigated acid hydrolysis characteristics of yellow poplar woodmeal with concentrated
sulfuric acid for high concentration of monosaccharides production. Woodmeal to 72% sulfuric
acid ratio (w/w), 2™ hydrolysis temperature and time were main variables for finding optimum
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reaction condition. Optimum woodmeal to 72% sulfuric acid ratio was 1:261 (w/w) and 2nd
hydrolysis temperature and time was 105°C and 40 min as 44.8 g/L of glucose and 252 g/L of
xylose in hydrolysis solution. In this acid hydrolysis solution, furfural, 5-HMF, low molecular
weight phenolic compounds were identified. Furfural and 5-HMF concentration were increased
as increasing 2™ hydrolysis time. More than 40 min of 2" hydrolysis at 110°C, xylose concentra-
tion was decreased but glucose concentration was leveled out because xylose to furfural reaction
was faster than xylan to xylose, but cellulose to glucose reaction was similar rate with glucose
to 5-HMF at that 2™ hydrolysis reaction condition.

Keywords: concentrated acid hydrolysis, glucose, xylose, yellow poplar, 5HMF (hydroxymethylfurfural),

furfural
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Fig. 1. Furfural and 5-hydroxymethylfurfural
(5-HMF) formation from xylose and
glucose in acidic reaction medium.
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Fig. 3. Xylose formation depending on the ratio
of woodmeal and sulfuric acid by 2™
hydrolysis.

o2 7] A&t thE el ¥]Eke] xylose A4
W0l I dojut £ o]m R H xylose A &
v} A E xyloseZt 2Hd Z71elA] Fig. 1] ®AIgH
3 w7ty Eel 9ste] furfural® A3ko] wEA
doju}r] Wio g AztETH(Fig. 3).
A2y 12 7l Selag FEH =2
el v 23 7prRaol A glucose® Hgho] &
oA U4 T, xylane 1A} 7hiEafoll A wk-3-3hA] 94aL
Z3k= xylano] 22F 7FEdlol A xylose® A3t
2 5 9l Flg 2014 & &4 f xylose®] ==
§]—/\]— /(—17]. ] RO -2 lr_yﬂ 1,}.E]_1)rb'_[ﬂ o]‘_ §J—

=T = AT
A A} ol 5855 24 A B B B
s ECREEE R BN E S

il

— 581 —



A5 R
16
-

jry -
3 i - - -1:1.96
g2 R —— 1261
2 M N - —_— 1
5 w2 = 1:3.27
o ~
s 0.8
o
o W

0.4

20 30 40 50 60

2nd Hydrolysis time (min)

70 80

Fig. 4. Total phenolics formation depending on
the ratio of woodmeal and sulfuric acid
by 2™ hydrolysis.

0.4
—+—1:19% A
0.3 - em-1:2.61 -
I ——1:3.27 A
s 7
T 02 —
: &
_,'/
0.1 CEEEES of
-
-~

20 30 40 50 60

2nd Hydrolysis time (min)

70 80

Fig. 5. Furfural formation depending on the ra-
tio of woodmeal and sulfuric acid by 2™
hydrolysis.

A zANE BAE glucoset xylose Tl
Qg gk 54 s *J%O] ol Fig. 1614 HoF&= wk

o A furfuralely 5-HMF (hydro-
xylmethylfurfural) 725 A3 TAE FAJ g},
Fig. 59} Fig. 6914 furfural®} 5-HMF9] T =&
Bl AP 2N A xyloseZt glucose® tf W7k
at7] wjiZoll 2uf o] =A YEbstth Furfural
5-HMFE 2271004 ofF Rizkslr] wiel glu-
cose®} xylose?] <23} furfural®} 5-HMF A4 Alo]
of FHTAVE YA = gET 19 A3 A7

= 2.50 goll tisked 72% Bt 4.0 mE 7 s
1 2.61 ¥ & (w/w) 20| Fie| Ak 7tidlel 7}
Aetel Ao R =AEAT)

A
EEo] 2k 7hEEE oA glad 9]

2

oJuld el vk

LI R B

A48 294
0.16 /./u
0.12 4
=y
5 /4/'/-
L 008
3 ——11.9%
—8—12 61
0.04 / —A—1:3.27 —

2nd Hydrolysis time(min)

Fig. 6. 5-HMF formation depending on the ratio

of woodmeal and sulfuric acid by 2™
hydrolysis.

S3oll oJste] Aol AA ar 23} ﬂ%ﬁr H s
ofzjol] oJste] )7}t 7bssit), kAN o
FH-A gad e 33k o HHEPE} ;ﬂ
fpol wlsa BAe gR BEdA AR %
2 Al AAH
=48 tH(Fig. 4). AA
5~14 g/l $F0]gom,

AE5E A Hsy

= =/ vebsh
=

pud
\,

o

o fE 1 mo
>\I\I

N
N
olr
o?.:
L

Lo
%k
il
L ;9
off =~
k1

-

T
il
1o
off
H
rr
=4

ot
£

Mo
=
>
>,
Y
N
)
ot
&

Lo
:

b1
¢

S kol oX, oX,
o ol

2 =

1o

e 34
b e x
EME} 1:1.96 }Jjﬂr 1:2.61

L7h Hlsegk Aow
1?* 5|4 g3}t o
k&0l SJato] A=) B Abolol

Ao 2 A7tEATH(Fig. 5 2 Fig. 6).

%

ES
W oo 2L

o
—lrl rlo
3 E

D2
R

mo
TS o

DO
()]
—
lo
of

o Y — A o oo ok ool opot
ol
1)

B M@ PN A ok
to b
o M
U M

rlr

=Tt AlZtof o

22} Ak 7bEial] 29 A7ke] Wolel] mE glucose
9} xylose =5 Fig. 7 2 Fig. 8o veblAt}
110°CE A&fg v 23 7F23 2% 7oA
Alzbo] Z7vetell whel glucose?] w=7) S71ek T
110°C 27l A = 4087 23 7153130 o] F glucose
o] F& Z7h¢} glucose®] il o dk AR} HS:

— 582 —



50
40 e -0
) O = =] ===
2 30 o =
@ Jil - —_——95
8 -~
3 20 = —8= 100 -~
o .
-4 =105
10 —0— 110
0
20 30 40 50 60 70 80

2nd Hydrolysis time (min)

Fig. 7. Glucose formation by different 2" hy-
drolysis temperature.

30

o ‘<
— — i = — B
K. .o < N T
a 25 PR -
) & - oo
3 e
S 95 o
>
> 20 —== 100
- A - 105
— =110
15
20 30 40 50 60 70 80

2nd Hydrolysis time (min)

Fig. 8. Xylose formation by different 2™ hydrol-
ysis temperature.

3 &2 235 glucose? FE7F QA A
HAh. 1FE glucose £HES A xsl7] 93 H A
2712 100°CH 105°Coll A 70=37F 24} 743l 9
Aoz A}, Xyloseo] TEE 110°CoAl A=
4033 Whg-3 o] % FASA FHAastE, o=

xylosed] A £LHt} Bej&wr) o W] ujE
ojth, AbTg M A7 4F 7k sl g xylose
A3 AgellA 2% Ak FEH] e HA b
3 272 122°C, 2280 % HuHEYsd 228
3 xylosee] A H U= furfural® Hol7}
SHA 1= 7] wjEo] ArH(Aguilar 5, 2002).
Z791A glucose®] 5-HMF 3R T} xylose?
furfural Agto] o w2 &2 Y% 7] wjio|t],
2 27} 7Hg sl 29 AIZE 27l A 5-HMF
o} furfural®] A4S Fig. 99} Fig. 100 YRS,
= 250 23 R A ¥ e &) 5-HMF
- furfurale] A=At 93t &4 W furfural®]

r>~ gy Mo ]
0 ox N o F—{

0.24
—0—95
—=— 100 .o
0.18 —
- - -t -105 =t
o - LY
) —0 -110 -t 5
w 0.12 _.—w' _.' et
= . . JR7Al e
T [ngd g -~
"] - -
T
0. 06 = -
”.
[
0
20 30 40 50 60 70 80

2nd Hydrolysis time (min)
Fig. 9. 5-HMF formation by different 2™ hy-
drolysis temperature.

0.8
——95
o 06— —=— 100 /,D
3 = = =105 ):(<
= =0 =110 -
E 0.4 I %
S Jugd -
i L A
0.2 = -
g—-...—-%:'
0
20 30 40 50 60 70 80

2nd Hydrolysis time (min)

Fig. 10. Furfural formation by different 2" hy-
drolysis temperature.

I e b
: |
. v
3 3 L
o 12 ¥
g . 7 ‘
E ? o [
s k = —o—%
— .
E o & H . N - —_——
g ! - S 100
= A P e = =0 =105
& S B
Y’; = —0O -110
‘
0.8
20 30 40 50 60 70 80

2nd Hydrolysis time (min)

Fig. 11. Total phenolics formation by different
2" hydrolysis temperature

7} 5-HMFR T 28] o] #=9kow 110°C 2%+ 7}

Hk-S-o| A= furfural®] s%7F 408 93 o]
F438HA 718, o xylosed] & A
FHBAY vk AE S8E s sk
o] & 24 7pE A X of A7t whEhA] W)

— 583 —



oX

=
- Bk

e

.
A%

£ B3 0.8~1.4 g/ 9 WA (Fig. 11).

o] F1-= glucose’} 44. xylose: 25.2
g/l A}, Fslale] whgA| ‘%E A& fur-

fural, 5-HMF, &2} Jﬂ%"‘é s ESo] A
<=4, furfural?®} 5-HMF&
ool we} 2]l yhg-Algke ] Aolflol wet 1 A
Aol F7katdTh. xﬁTx}ak #HE
Eas HPOAV}OH 474]

E,ﬁﬂﬂﬁ-*cﬂfﬂmi ﬁﬂilﬁﬁﬂ%q~
glucose®] 45 A4 del

&} 5-HMFZ Ho] £E7b
W gste] =7k s e,
Ab A
W oATE aeAg AR TS
3 AR (KRF-2006-353-F00006) 2] A+ 2| el <

sho] FAH AL

. | |
S

L R4, 2L 1990, 24 9te 278 st
2§57, oW, o] 9. 1986, 29 1 G 2

3 .

BEEREE

A Aderesd s Jot 9 AT FRa
Z. HWAHAK KONGHAK 24(5): 351~359.

3. Aguilar, R, J. A. Ramirez, G. Garrote, and M.
Vaquez. 2002 Kinetic study of the acid hydrol-
ysis of sugar cane bagasse]. Food Eng. 55 309~
318.

4. Conner, A. H, B. F. Wood, C. G. Jr. Hill, and J. F.
Harris. 1985. Kinetic model for the dilute sulfuric
acid saccharification of lignocelluloses]. Wood
Chem. Technol. 5(4): 461~489.

5. ITranmahboob, J,, F. Nadim, and S. Monemi. 2002.
Optimizing acid-hydrolysis: a critical step for
production of ethanol from mixed wood chips.
Biomass Bioenergy 27. 401~404.

6. Larsson, S, E. Palmqvist, B. Hahn-Hzgerdal, C.
Tengborg, K. Stenberg, G. Zacchi, and N-O.
Nilverbrant. 1998. The generation of fermenta-
tion inhibitors during dilute acid hydrolysis of
softwood. Enzyme Microbial Technol. 24: 151~
159.

7. McKibbins, S. W, J. F. Harris, J. F. Saeman, and W.
K. Neill. 1962 Kinetics of the acid-catalyzed con-
version of glucose to 5-hydroxymethyl-2-fur-
aldehyde and levulinic acid. Forest Prod. J. 12(1):
17~23.

8 Root, D. F, J. F. Saeman, J. F. Harris, and W. K.
Neill. 1959. Kinetics of the acid catalyzed con-
version of xylose to furfural. Forest Prod. J. 9(5):
158~164.

9. Saeman, J. F. 1945. Kinetics of wood saccha-
rification- hydrolysis of cellulose and decom-
position of sugars in dilute acid at high tempera-
ture. Ing. Eng. Chem. 37(1): 43~52.

10. Singleton, V. L, R. O. Orthofer, and R. M. Lamuela-
Raventos. 1999. Analysis of total phenols and
other oxidation substrates and antioxidants by
means of FolinCiocalteu reagent. Methods Enzymol.
299: 152~178.

=
-

— 584 —



