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Abstract — Lignocellulose(2™ generation) is difficult to hydrolyze due to the presence of lignin and the technology
developed for cellulose fermentation to ethanol is not yet economically viable. However, recent advances in the extremely
new field of biotechnology for the ethanol production are making it possible to use of agriculture residuals and noned-
ible crops biomass, e.q., rice straw and miscanthus sinensis, because of their several superior aspects as agriculture resid-
ual and nonedible crops biomass; low lignin, high contents of carbohydrates. In this article, as the basic study of
AP(Ammonia Percolation), the properties and the optium conditions of process were established, and then the overall
efficiency of AP was investigated. The important independent variables for AP process were selected as ammonia con-
centration, reaction temperature, and reaction time. The percolation condition for maximizing the content of cellulose,
the enzymatic digestibility, and the lignin removal was optimized using RSM(Response Surface Methodology). The
determined optimum condition is ammonia concentration; 11.27%, reaction temperature; 157.75 °C, and reaction time;
10.01 min. The satisfying results were obtained under this optimized condition, that is, the results are as follows: cel-
lulose content(relative); 39.98%, lignin content(relative); 8.01%, and enzymatic digestibility; 85.89%.
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Fig. 1. Schematic diagram of experimental setup of batch process.
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Fig. 2. Schematic diagram of experimental setup of ammonia per-
colation process.
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Table 1. Composition of various biomass

Ml.s cantbus E.F.B  Bagasse Cassava Rigida
sinensis stem
Glucose (%) 44.27 35.52 35.95 30.35 43.72
Xylose (%) 2731 25.20 22.98 9.67 22.59
Lignin (%) 20.62 29.51 25.69 30.08 28.97
Ash (%) 3.61 3.97 11.66 432 0.61
Others (%) 4.19 5.8 3.72 25.58 4.11
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Fig. 3. The effect of ammonia concentration of AP process on the composition of glucose and lignin.
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Fig. 4. The effect of temperature of AP process on the composition of glucose and lignin.
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Fig. 5. The effect of time of AP process on the composition of glucose and lignin.

Table 2. The central composite design for the response surface

methodolog
Level Ammqnia Reaction Reactiqn time
concentration (%)  temperature (°C) (min)
-1.414 5 140 10
-1 7 150 20
0 10 165 35
1 13 180 50
1414 15 190 60
Run X(1)* X(2) X(3)
1 1 -1 -1
2 0 0 0
3 -1 1 -1
4 -1 1 1
5 1 1 -1
6 -1 -1 1
7 0 0 -1.414
8 —-1.414 0 0
9 0 0 0
10 0 -1.414 0
11 1 1 1
12 0 1.414 0
13 0 0 1.414
14 -1 -1 -1
15 1.414 0 0
16 1 -1 1
17 0 0 0

X(1)a : Coded value of ammonia concentration.
X(2)b : Coded value of reaction temperature.
X(3)c : Coded value of reaction time.

AHTE FHA skl -85 o]-8-€TH20].

3-5-2. A2

Table 2614 HoJx]i= 7133 Central composite 27|l whe} HHs:
AFS Fal SRS wstel wpet 17714 230 AdS 3
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Table 3. The result of batch reaction under varuous conditions

Run Result
Glucose content (%) Lignin content (%)
1 37.65 8.28
2 36.45 7.56
3 38.26 9.21
4 37.93 6.93
5 3597 6.85
6 37.26 8.80
7 38.54 9.40
8 38.35 9.24
9 36.26 7.37
10 39.12 10.61
11 33.85 5.55
12 35.22 7.78
13 33.37 6.06
14 39.25 10.23
15 34.25 6.12
16 34.45 6.49
17 36.46 7.56

02 FA5o] FE5H(Glucose -5, Lignin TH-5)
Ao §ig Zx1e]] tigt s 2 A Rk

S ARAE ] e 177F4] 2ol AES st 7+ 714 9]
Glucose &7} Lignin -8l tist 275 Table 30 UERIS
t}. Glucose -2 ol 39.25%, # A 33.37%= ¥31.2™ Lignin
o] Fi-E2 A 10.60%, A 5.54%E A3t

7} =9 —’Foﬂ W Glucose 782 Fig. 3-500 Hojx]5o] 1

ol vl Ath= Z1& & 7 glom], vhd kR
Jo%Eoﬂ QoM E S JFS A A5 LT

62 SRAEe dEwlel &% G

;2_\1_.‘

fm

Glucose $H-&
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Fig. 6. The effect of AP conditions on the composition of glucose.
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o] oA kR Lo} RS FEH TR HESAI ] tigt ko] o 2 3
= & 7 SIthFig. 6(b),(e)). ©12A Glucose®] =45 H A3l
A= WEEAIRNS 2 7E AL 7he Blo] felehhs des &

tlo do

|

ignin $H-52] 7} Sl i JE Fig. 3-55 vlusl] 1
%S ) Yo} NkSEEel HEEAIRte] uhE o] Atk ZE
& 7 QIth. Fig. 72 SHWHTES] A4S dlel 23t Lignin $H-&
3L YERH Zl0]9 RESAIZES: 20 min® 2 17g3I91S wli= &
Fuol Wig-s7b ik ienel gkl o & Zlow yepskow
(Fig. 7(a),(d)) YEHoF HH-EEE 11.27%2 LA FA1819S
= B2 o] thet FeFR s HESAIR] thet Jako) v 2
72107 YeEPdthFig. 7(c),(D). PHAE O & RES 22 1577 °CR
FABIS vl A FE Yo} Whg-E Tt RESA el tek o]
2 23S & < QIkFig. 7(b),(e)). ©1FA] Lignin®] 52 o3}
3171 Qe PR Yol s =g o) al HESAIZHS: 1A A AL

Glucose

Glucose

C: Time

100 1200 1300

Glucose

7R 0] etk AES AL 4 9Tk ol9h e A e
Yolh H2hikeS 5l Lignin AASH 21 AR & 4
91O HE Linin A Qlo1A] ShLjote] 357h vl 08-S
o % ik o) 5] ANE U HARAE Fal FLwGo) Ol
HRSIRMAAS Qo] Uigit), WhE I WAALS 27t The ) 2
| Vet

o

Glucose = +91.47847
+ 0.65074 * Conc.
—0.57172 * Temp.
—0.22541 * Time
—5.45528 * 1073 * Conc. * Temp.
—8.28972 * 107> * Conc. * Time
+1.52650 * 1073 * Temp. * Time
+5.34831 * 107 * Conc.?
+1.60009 * 107 * Temp.
—3.37188 * 107 * Time?
Lignin = +82.84241
—0.53062 * Conc.
—0.79130 * Temp.
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Fig. 7. The effect of AP conditions on the composition of lignin.

—0.035655 * Time

+1.44019 * 107> * Conc. * Temp.
+1.71858 * 1073 * Conc. * Time
—2.11828 * 107 * Temp. * Time
—4.58800 * 107 * Conc.2
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Glucose &-r&°l tst AASG 72 0.92019 Lignin &l
ot S AATF 2> 0960 % = tf & UXehS & 4= Qi)

3-5-4. AA A A

$19 A¥9E Folslo] el HE 34 HAeAdxzds vt
SEHA S o] &3to] EE 4= 91T, Glucose $H-&-2

Table 4. The effect of AP treatment on the composition and enzymatic
digestibility of biomass with the optimized condition

Glucose  Lignin Enzymatic Ethanol
content (%) content (%) digestibility (%) yield (%)
Untreatment biomass ~ 44.27 20.62 4.10 77.40
AP treated biomass 39.98 8.01 85.89 90.24

AP condition; Ammonia concetration : 11%
Reaction Temperature: 157 °C
Reaction Time: 10 min

Korean Chem. Eng. Res., Vol. 48, No. 6, December, 2010

C: Time

Lignin

o
&AE

2 A3k Lignin 782 H 2= 2743819 GlucoseS] =
231513 Ligning] AAE Huolshet 4 o= Table 41 L€}
it flef 32 202 ol HE 3798 Fste] Az
Aol 2] B Aol nwal Bkt vlw A3} Glucose T4

201 =R N et

& 39.98%, Lignin -2 8.01%2 Tha W18 ulel A3E o

[e)
e

| —=— ARP treatment %
18 + —#— Untreatment % 46 4g/L
|—&—whatman paper %
26.7g/L
a0
z a0 -
= i
W
& w04
[
e
i - %4 10g/L
D 1 T T 1 1 T
1] 12 24 36 L] 60 T2
Time (hr)

Fig. 8. The enzymatic digestibility of pretreated biomass and by saccha-
rification.
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Table 5. The enzymatic digestibility of pretreated biomass and the
production of ethanol by saccharification and fermentation

Whatman Untreated Pretreated biomass
paper. biomass by ARP
Glucose (g/L) 46.4 4.10 26.70
Ethanol (g/L) 23.58 1.65 13.40
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