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Abstract— ARP(Ammonia Recycled Percolation) process was developed as the effective treatment process for removing
the lignin from cellulose and hemicellulose of lignocellulosic biomass. In this article, as the basic study of ARP, the prop-
erties and the optimum conditions of process were estiblished, and then the overall efficiency of ARP was investigated.
The important independent variables for ARP process were selected as ammonia concentration, percolation temperature,
and flow rate of solvent. The percolation condition for maximizing the content of cellulose, the enzymatic digestibility, the
remaining percent weight, and the lignin removal was optimized using the RSM(Response Surface Methodology). The de-
termined optimum condition is ammonia concentration ; 17.5 %, percolation temperature ; 185 °C, and flow rate of solvent ;
1.5 ml/min. The satisfying results were obtained under this optimized condition, that is, the results are as follows : cellulose
content; 72.33 %, lignin content; 11.16 %, and enzymatic digestibility ; 92.13 %.
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Fig. 1. Schematic diagram of experimental setup of percolation pro-
cess.
1. Liquid reservoirs
2. Dual pump
3. Pressure gauge
4. Percolation reactor

5. Temperature programmable oven
6. Liquid holding tank
7. Nitrogen cylinder

ARP A 2] FA] gk A E Fig. 1o velligich A
2] += B A #]A}k11(de-ionized water and dilute acid solution), 38 3,
TzA 2B, 21E4h8-7](packed-bed flow-through reactor), =22] 37
& 449 X%Zb_i TAEe] Qo A&k #7e] 5/8 <14,
Zol7k 631x|l Fo = alatEglon, ukgr] 3 33cmlc).
600 ml2] 7}31ukg-7|(Parr Instrument)7} 5% A A AT 0] 45
slom, A4 Hwlel odAsted ukg-7]9) F<h(back pressurey 4
Bl arollAe] Ao} F7131E wkx]3kgic). Positive displacement
pump(Metering Micro Pump, LDC)E- o]4-3}o] glwijo}p e =
Fg w2710 Fdskach.
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2-3. 7 EEE HE
A 7o) Aol o3 7327} 50 °C, pH 4.8(0.05M
sodium citrate buffer)ol] 4] iﬂE}‘HE} olu 71Ale] A-8-4kE 1%
71E2 2 sl e, E4 H7bekS 60 IFPU/g-celluloseo] 3]tk o
AZPER A 8% AF 5 ii% EZA7NE o] 83t s
A1 8HoA T
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HE 034_, ﬂll

The amount of glucose released (g) X 0.9
Total initial glucan (g)

Enzymatic digestibility =

TAZE <kell A Zu 88 9 ¢ olon, 1 a8 AR
7t 2 F AlAbshed] o] 45} Tetracycline(10 mg/mL in 70 %
ethanol)s} cyclohexamide(10 mg/mL water)7} 715323l EqF w2
o] ks w=lsl] 918l A7E 419, 20].

24, BAMEty
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Fig. 2. The effect of temperature of ARP process on the composition
of solid residue and % weight remaining. ARP conditions ;
flow rate : 2 ml/min, ammonia concentration : 10 % (wt/wt).
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Fig. 3. The effect of flow rate of ARP process on the composition of
solid residue and % weight remaining. ARP conditions ; tem-
perature : 170 °C, ammonia concentration : 10 % (wt/wt).
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ARP FA 6] gloin Soi(gtrvoh)e] 8w e Fog ¥R W
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Table 1. The one-third fraction of the 3’ factorial design for the
response surface methodology

Table 2. The results of ammonia recycled percolation process un-
der various conditions

Level Ammonia Reaction Flow r.ate
concentration(%) temperature("C) (ml/min)
- 1.414 149 0.59
1 5 155 1
0 10 170 2
1 15 185 3
1.414 191 3.14
Run X(1) X2y X@3)
1 0 0 -1
2 0 1 1
3 0 -1 0
4 0 0 0
S 0 -1.414 0
6 0 1.414 0
7 0 0 - 1.414
8 1 -1 -1
9 -1 0 1
10 -1 1 0
11 1 0 0
12 1 1 -1
13 1 -1 1
14 0 0 1.414
15 0 0 0
16 0 0 0
17 0 0 0

“X(1): Coded value of ammonia concentration.
"X(2): Coded value of reaction temperature.
X(3): Coded value of flowrate.
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Wk, B0 7Rl sl tig 3 AAA S 98024 ARP
Hhg A Eo ‘Hﬂ “d5edsF 2 FA whemae ek
3-3-3. ARP ¥#

Zre] SRSl diste] WA R afe}l WA A 1
AlZE E<t ARPS F3)3te] MAjeld ulo] ujx0] A6 ek, 2
IR, FARA, 285 B4 TSR we) tisle] 2abs B
steh. & 1779 Ag279) AP ATAES Table 20 vJehfgich. %
weight remaining(F-A]<4 9] )2 177¢] Ay HA 66.05%
oA FHo) 8333 %= I8 5= itk % weight remaining 2] 2] 7}-&-
SE9 EEEEI) Bl e AFxAc vhelton iy
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Results
Run ¢ Weight Glucan Lignin Enzymatic
remaining(%) content(%) content(%)  digestibility(%)

1 75.34 56.63 16.55 55.48

2 66.05 64.67 14.75 83.30

3 77.76 59.46 17.36 4791

4 72.80 59.75 12.50 66.85

5 79.07 55.65 19.08 43.45

6 67.28 65.47 17.97 74.65

7 77.47 56.69 21.35 55.48

8 79.40 57.09 21.31 41.22

9 72.11 58.33 20.19 62.00
10 69.25 62.91 20.02 72.42
11 69.15 63.40 15.23 71.12
12 69.34 65.09 17.23 70.07
13 79.66 57.07 20.35 42.34
14 83.33 61.11 11.24 72.56
15 75.70 59.14 18.90 54.62
16 74.45 54.43 20.18 60.17
17 75.89 59.33 8.91 52.37

2] =& % weight remaining 2] ZH-e- 149 A3 12 7 9] 8} 7 v)w
A 2E7F e A g 5 glgde) Blode) geke 11.24
%A A 21.35 %747 ohekl ghe At BEA T} ol 2 u)
(3.41 mlmin) S 9L $9iglod, & FE2LETI) o}k e o
(059 miimin)e) 4] HeigtS vhebAglet. meby el Pere
BBLTo) 2 G AL & S QIoT) A ae] FRS 5443
%A 65.47 %7112 3 A ov Ga] LR} Ee Ag_zﬂ Z71(191
CpllA] 2o A-fra Fes 9L 5 Qldeh. a4e] 7leia s
Haf A= 41.22 %ellA 833 %7HA] Atet ajo]E wojon) whe-o
Lo} 3545w E 2A6A Hezke 9, 1l X

&, WRRE, O3 384} U u A Lk A6 4
9% ARPSIA 714 e 7he Alek

Table 3. The coefficients and estimated parameters by the response
surface equations

Parameter
Coefficient ¢, Weight Glucan Lignin Enzymatic
remaining content content digestibility
Bo 75.159 59.294 12.625 54.22
B, —-3.656 2.109 - 12.273
B, -3.98 3.607 —-2.038 9.702
Bs - - ~-3.554 -
Bz —2.306 0.748 -5.135 -12.193
B.s 4.101 . ~2.743 - 13.781
B —8.595 0.008 - 29.337
By —2.706 2.052 3.448 6.877
Bas -1.771 0.679 5.573 5.212
B - -1.214 3.999 -
R-square 0.9892 0.99 0.8906 0.9969
Prob>F 0.0002 0.0001 0.0261 0.0015
RS equation : Objective= B(,+]3,X+BZY+B3Z+[3,7XY+[3,;XZ+B23YZ+B,]
+Bo Y4B, 27

‘- The coefficient beyond the 95 % confident level.
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Fig. 4. The effect of ARP conditions on the % weight remaining.

a) ammonia concentration vs. temperature at the flow rate of 2 ml/min, b) ammonia concentration vs. flow rate at the temperature of 170 °C,

c) temperature vs. flow rate at the ammonia concentration of 10 %.
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Fig. 5. The effect of ARP conditions on the glucan content of solid residue.
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a) ammonia concentration vs. temperature at the flow rate of 2 ml/min, b) ammonia concentration vs. flow rate at the temperature of 170 °C,

¢) temperature vs. flow rate at the ammonia concentration of 10 %.
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Fig. 6. The effect of ARP conditions on the lignin content of solid residue.
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a) ammonia concentration vs. temperature at the flow rate of 2 ml/min, b) ammonia concentration vs. flow rate at the temperature of 170 °C,

c) temperature vs. flow rate at the ammonia concentration of 10 %.
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Fig. 7. The effect of ARP conditions on the enzymatic digestibility.

a) ammonia concentration vs. temperature at the flow rate of 2 ml/min, b) ammonia concentration vs. flow rate at the temperature of 170 °C

c) temperature vs. flow rate at the ammonia concentration of 10 %.
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Table 4. The effect of ARP treatment on the % weight remaining,
compositions and enzymatic digestibility of biomass with
the optimized condition

Glucan Lignin Enzymatic % Weight
content content digestibility  remaining
(%) (%) (%) (%)
Untreated 46.78 24.77 49 100
biomass
ARP treated 72.33 11.66 92.13 67.42
biomass

ARP condition ; Ammonia concentration : 17.5 %
Reaction temperature : 185 °C
Flow rate : 1.5 ml/min
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Fig. 8. The enzymatic digestibility of pretreated biomass and the pro-

duction of ethanol by simultaneous saccharification and fer-
mentation.
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