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EAA vlo] QA1 S5l AA S ¢lste] 19 31 ko) M *12] §1-8-7](Ammonia Circulation Reactor
(ACR)YE ©l-&3to] dA7slgltt. o] dAje] WS 212 ko] dAllE AHEsHes Q= om o] Aelld 71&2] A
2] 3R} vk Mxjg] &5 (60~80 °C), WH3-A17H4~12 hour) 18] 31 1A NA] B]E(1:3~1:8) 5 ¥4 23S A
3 sle] a¥E wwsisict & ofg] 3 el A & 13 ES e 1A%, 9, Lignin ¥, 18|37 849
38 55 293t ofe] A3 2o 3EHoR BEE 2 WAE o] ¥ 71538 AW Lignin] #A-&9]
7P F TS Wekom, 47.6~70.6% HEE WERTE B TRE PH(Glucan, Xylany> <=20] Hwa] 2] UERiT 2
= Ay A, AAEE 18E] Glucan 45 4.7~152% W= W37l 4] 949ko Xylan 482 ¢
2] 22719] ¥slel] W} 7.4~25.8% F % HLE UERTE o} 53 HA 2= 8~12 hour Bt AH2H SFrlE
90.1~94.5%2] % 72-h Glucan Y33 (15 FPU-GC220+30 CBU)/g-glucan®] &4 FJ o7 Uepion ¢4
CelluloseS! Avicel®] 33}-5(92.7%)7} H|s=kEALU =3t} 28k 8~12 hour A2 S=t2] %7] 24-h Glucan F3}
L5 73.0~79.4%% Avicel®] 72 AlZF DEHE 69.5% Rt A Ve HRSAIZRS SR Bk B2 Lignin
< AAsI oM webA] G4 GEkE St 7191s A oF H]lnt

Abstract — Ammonia circulation reactor (ACR) was devised for the effective pretreatment of corn stover. This method
is designed to circulate aqueous ammonia continuously so that it can reduce the chemical and water consumption during
pretreatment. In this study, ammonia pretreatment with various reaction conditions such as reaction time (4~12 hour),
temperature (60~80 °C), and solid:liquid ratio (1:3~1:8) was tested. Chemical compositions including solid remaining
after reaction, lignin and carbohydrates were analyzed and enzymatic digestibility was also measured. It was observed
that as reaction conditions become more severe, lignin removal was significantly affected, which was in the range of
47.6~70.6%. On the other hands, glucan and xylan losses were not substantial as compared to that of lignin. At all tested
conditions, the glucan loss was not changed substantially, which was between 4.7% and 15.2%, while the xylan loss var-
ied, which was between 7.4% and 25.8%. With (15 FPU-GC220+30 CBU)/g-glucan of enzyme loading, corn stover
treated using ammonia circulation reactor for 8~12 hours resulted in 90.1~94.5% of 72-h glucan digestibility, which was
higher than 92.7% of Avicel®-101. In addition, initial hydrolysis rate (at 24 hour) of this treated corn stover was
73.0~79.4%, which was shown to be much faster than 69.5% of Avicel®-101. As reaction time increased, more lignin
removal and it was assumed that the enhanced enzymatic digestibility of treated biomass was attributed to the lignin
removal.
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LA B

Al A7 AR 0= oEsHL Qe A oURAE tAlE Az
AR ZA] vlo] AR (Biofuel)7| 51 Q1o HESH A4
7Fs 3t njo] @ M AR K] AAkEE 1lo] @ Al (Bio-based product)]
el thidk o7t AHA 0 Frlekar Qlvk. vhA] Wb AfE-E-
A oA Ao 2A A vlo] eufart FERky glon, 53]
A oUAIE TiAE 7 Q= Aol 2 olghE, vlo] @ Feke o]
A7} GFo] golgt oA 2 Yoz o] o] guent opfE} &
2IAE] Fo] AAlEe] A g8t A8 S QS AlsEA 1
AT 7E7F S7K8kaL QU] 2011 A AlAl A5 olgke A
2R 84,501 million liter®] R 71 5 W5 HIESE Holo} 5
] o] AYatEgo] AA7F 54,765 million liter= 718 Bk 71 tho)
HepbdS )53k {2 @171 21,637 million litero] 1TH2]. 12ivh
u|= 3 Bep o] ofjeks AR FAY T Al 1A vlo] el
ESTT AR AP 52 982 o] 88t AkehE el ¥
T QA TES AR Aol o] g8h= A whitel] W H|E-E

Stk wpEhA] thE Al Blo] QuilAZ2H FH FARE, U]
, AR So] 527 vlo] @ uj s we FES wkhy Qi)
| & &5 vlg SoA =8 A== AuiEa 9loH, w3
H[3] Z FAHEA 555 ti(cor stover)2] A|A] Ak
203.6 Tg (Tera gram)ol] ©]23 15 |83t 7}538t olghe A4l
2 58.6 Gl (Giga liter)°]l ©2t}.

e njol Quil g ofg] 714 vl @ 38t E4 W aAlES
uAE dag s B3l AALCE i Aitsl] eide dad
(Fermentable sugar)®] #AaL t&Fo 2 AJato] F4=Aol), Aty
o7 A nlo] Az RE SEHAlE 9 ulo] Q. oy A &) Ak
= 9% 32 s v W Asl 24 AdEs A7sta
AZZ 99 Hemicelluloseol] t$t &40 HIAS SA17]7]
318t dA 2] 37 (Pretreatment), A&7 2 ¢} Hemicellulose2] &
27EslE BEll HE vheth dRE wdlelhe a4 9 3%
(Enzymatic saccharification), A3/J%¥ F5 &%, dEg]o} -8 o]-&s}od
AFO 7 AEAI71E 7= Fa 37 (Microbial fermentation)© =
& Jlom AFARl AR HE 378 flElixe AAe
& St uolemzl] AR B U Ee4-sleha] A WA
ot 3 ga 3ol dF2o|th4].

=47 vlo] @2~ Cellulose, Hemicellulose, Lignin®] Al 7}4]
FQ ARoF FAH] a1, o] F Cellulose?} Hemicellulose:
k=35 2.4 (glucose, xylose, arabinose, galactose, mannose -2
S/He] 8 ) EAU AR ol gate] BE &, mAlE dEE Bl
IR Ao sk = Qi) YRbA 0% 47| vlo] em A
T 2471 & 288 g glo] 7k Rl & 501 F8] W
(N2 A g4=3He 0] 5-20% vlTh F3keS Kol Al5o]
th AAE] A7 HA2 vl emiAg e gxta o s wE
5 Arksto] g 3ol FEel] % 7 ek Aol &
Aolgtal g 4= itk

527 vl emiARRE] B 4 QlE ofE] 7R dle| e AlE
(bio-based producty5 A F7HA] W& G837 w2 iAol &
AR wizel 2dg-slell oJel¥-& #3L St} vl= NREL (National
Renewable Energy Laboratory)2] H.i4¢f oJshd x|2] u]8-2
STTURRE oehE WARS sh= T oA =2 a4 v]89) $h
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7 7K 8 FEow FAEI A7 o 7] A
373 Whg71E0] ATEHNL[5-14] 11 F B 7= HEA Hle]
A8 A anrE st A0 dSE AT 2 AAY
e A FHE o7 FRlE 3 QA et 7] vlgellA
7P & RS A RE Aol 2719 ¥ A|F v]8-3} tlEo]
ol =] v]golct, Bgk o] H]-8-2> AAjelel] AHe-H= sk
I} & ARl A4 491 RS W=t 7)) JidE A7 V)
< HE71E T 519 vlo] euAE Ak d] ANy o
5~10012] &Fe] =3} sheladS ARSRITH 15, HEd Aje] 5 Al
ol a3t 9] k2 ofA 7] HEatA A E L YA Lt
olFgt TAEES aARl sEE ] AR G821 vk
AAE B3l AAE 21l A Qs oA H]8-& WE 5= Qi ©
=Rl M AR Lok to-Hlo] A o] BIE-S WE 4= 9l ke
715 AAstaL o] WEg71E ol8ato] Srthe) el mitel of
3 A7t Yok A e dEM Ligning] A9
2 A|AL} Cellulose®] - (swellingysoll EFF2]o]olA @ st
AtEo] gt} 7158 IR Yol=E 0|43} percolation HES-7]9|
A= vl e AE s FHESH & ARV olE ARSI 9471
ol o] ARgEFo] Wkt H Aol A] AvehHs WS IeM =
AstE ko] E Yo} =5 HEE 0]-8-51] percolation HES-7] Al
2] RS AE sdeles A & o] IR YolgE AL
33t ok 7€ IS vlo|emlA A Al 2 %9}

Eal
gl A e 28 A A

ol
2
ey

o S o] B o] vl g el

AEle 54 E4) o3 J3lda 3o Asf 291 52 ofe] 714
FAEE AU 9lo] AAIFL nlo] ejsolre] AES oA
VS QISITE E Ao e 255 FEske] dAIF o
YA AR 54 B S FHAsRlth S5dlE A
g & o] Wske}l aAgeaS Sste] AAE avtel tist
ATsHAT}

2.4 ™

2-1. M=

2 el AMgE mlo] vl 712E 13 & 10~35 mesh =L
71€] Az e 21719 Sl 329 oleh SertlE ARy
ARESFITE. &5l 38.5%%] Glucan (glucan), 24.4%2] Xylan
(xylan), 4.4%2] Arabinan (arabinan), 17.0%<] Lignin (acid insoluble
lignin+acid soluble lignin) 78] 2.7% All(ash)E ©]F1#] iT}.
ST vl ofo] 2.9k FellA 20101 9ol FEE I 2 4
ol Avicel® PH-101 (microcrystalline cellulose (MCC)y& &
2388 F4 AgolM nluTo R ARSI on, Al vkdTg]
| (Sigma-Aldrich Co.)ZE T3 th(Sigma Cat. No. 11365;
Lot No. 1094627-54804207). S2~d315 21811 Cellulase (E2}oA)
B4 (GC 220; Lot # 301-04232-162)7} ARE-%21 21 DuPont AH©]4:
Genencor International)Z5-E] 383 T} Cellulase (GC-220) &
) 5 (activity)t= 45 filter paper unit (FPU)/ml2} THi2l Sheko- 184
mg/mlo|t}. GC-220%= Cellulase &A% ©]2]f| B-glucosidase (HEF=
FFXAORA]) ZA T (196 cellobiase unit (CBU)YmI)2F Xylanase (AF
oAl B (1526 uniymhE UER= 202 defA Qlh16).
Novozyme 188 (5 B-glucosidase)< Sigma-Aldrich (Sigma Cat.
#C-6150)25-E] T-9J8to] ARg-sI3lon, @A %= 750 CBU/mIC]



=312 kLol k7] (Ammonia Circulation Reactor (ACR)YE 0183+ 25=tlj9] 2] 4l a4k 38 337

31 gk 152 mg/mlE S HATH17].

2-2. Hx2|

A 98712+ S$S-316 column reactor (2.3 cm internal diameter
(ID)x25.4 cm length (L); 104.3 cm?® internal volume)E | 2}3}o]
ARESIGITE, & Aol ARG =8 X BT AlARS 5
3 SERGEHD: 10:0977721) HHE7] AlAEIC 2 HZ W-ET,
7FAQ B oAV, AGF, &5 FA AN S0 7 o]Fo]F 9l
thFig. 1). S5 vlo] el HA g gk =3k rof JE
71 AIE 248 (1) H2A] vlo] QuiAE Wi-gT]o) et 5
(2) 60°Ce] 52 7idE dRYolE e Rk T F
Hpo] @A} TAIRE UIA] 24417F FRF HFAIA vlo]eml F2
Lignin& FE3I33L; (3) AI58HA el s F A% =8
AZ1EA 60~80 °Co] &% =2 RESAIALE SrtlE 15% (wiw)
URHolFE o]&ato] AAeaialnt. A e Fol= vke7E 4
I HHSE-S HE Y3 5 DI water® Al Fsko] 43 54 G314

B2 A

m

2-3. FACS]

A e S5roe] a4 Jeks 574 A8 250 ml AHHE
AFofA H3Y5FA AL working volume 100 mIo|t}. &4 Y=
A EE 7148 AZbEElA Tl YAl sodium citrate buffer solution
(0.05M, pH 4.8)9} &3+ S-ofl 2 w7 oA X3Psiict. =,
3} A3 2712 1% glucan (wiv) 712 T8 50 °CollA] 150 rpm e
= Z28h)ok7 15 (New Brunswick Scientific, Edison, NJ, USA, model:
Innova-4080) ©]-§-3}o] AA|8ISItt. 4% GC-2207 Novozyme-
1885 ARSI A4 AR 212} 15 FPU of Cellulase (GC-220)/
g-glucan?} 30 CBU of B-glucosidase (Novozyme 188)/g-glucan®]
et B3l Ae MZLe 7|4 0 7 (6, 12, 24, 48, 72, 12131 96 h)
F 3k /== Glucoses} Xylose®] 555 HPLC (high performance
liquid chromatography)& ©|-8-3to] 73Tt

Corn stover

. Ammonia circulation
Aq. ammonia -

batch reactor
(I

NH; recycling

Solid + Liquid
Solid-liquid Liquid
: Evaporator
separation system
Solid v
Lignin
Cellulase + , Enzymatlg
Hemicellulase saccharification

l

Fermentable sugars

Fig. 1. Schematic of production of sugars from corn stover using ammo-
nia circulation reactor and enzymes.

Table 1. Composition of untreated corn stover

Compositions Unit Untreated corn stover
SR [%] 100
Glucan [%] 385403
Xylan [%] 244402
Galactan [%] -
Arabinan [%] 44+0.1
Mannan [%] -
Acid insoluble lignin [%] 15.0+0.3
Acid soluble lignin [%] 2.0+0.1
Ash [%] 2.7+0.1

Note. 1. S.R.: solid remaining % based on untreated corn stover.
2. All data in table are based on oven-dry original untreated corn stover.
3. Values are expressed as mean and standard deviation (n=3).

F3hE Glucose %H(g)x0.9 5
%7] Glucan 5% (g)

Glucan 338 = 100 (D

(0.9 Glucose$} Glucan®] FAFFS] Zfolof] uh2 3 17g A5=9))

F3hel Xylose % (g)x0.88 5
%7] Xylan T3 (g)

Xylan F8k& = 100 )

(0.88% XyloseS} Xylan®] sAFS] xfolol] mhE 23 1Y 25=9))

2-4. AN

F RS vl AAAY Al A] A4 (NREL; National Renewable
Energy Laboratory)ell<] #|A]3F NREL LAP (Laboratory Analytical
Procedure)el] AIAJE W S 2 AJF-S FASIATH 18], 2418 1A
RZ 03 gram 109(3.0 ml) F3]0] T35 SK72% wiwpell Dt
30 °CollA 1AIRE BRE 1A} AF 7RREE AR F el 84 mlg] DI
(deionized water)= 4.0% A H O 2 31438k & AutoclaveE 0]
3] 121 °CollA] 1AIRE 51t 24} el skl 7k el
NS HPLC (Bio-Rad Aminex HPX-87P column)$} Refractive
index detector (Varian 356-LC, Varian, Inc., CA, USA)E ©]&3]
7y 23] dhgk ARt E ekgith HPLC 4] 271 DI
waters 5O 2 155 0.6 m/min®E A3} 1L, column?]
253 85 °CO)2Ut}. Lignin 4342 NREL LAPOA 9] o2 &
ABIATH18]: 5, 7FEsliE AAE FHE ol&st] WS 5
3L 565 °CollM] A7|2E o]83to] 24X 3T 53T e = Ak
Al713L Al(Ash) S 78] ARKBIITH18].

3. du} ¥ nE

3-1. HESAIZIM e Al M HElet E4 T5lg

Table 22> SFEUo} =8k AAe]E gk St vlo] vl 11
G2 AR wslel 7247 a4 S Aelsisinh dEyol
EEE 15% (Wiw), TF-LEE 60 °C, A2 vl&-S 1:52 14
Al713L 4 hourelA] 12 hour7FA| 2] HEGA|ZE Wislel] wha} HAje] &
18 wpo] @Al AR W3S (Glucan, Xylan, 772]3 Lignin &
&) Bl B3It Table 204 Holzo] HHg-A|7Eo] 4 hourel| A
12 hour® 57170 whel SRS 71.4%04 64.7%= °F 7% &
o E3 M 15 Lignin 72%°14] 4.6%= °F 2.6% =0l S0t A
2] HA] 9 S<t|(untreated corn stover)2} H|3PH 4 hours}
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Table 2. Effects of reaction time on solid compositions of treated corn stover!
Reaction time S.R? Lignin® Lignin removal Solid Enzymatic Digestibility
(h] [%6] [%6] [%] Glucan [%)] Xylan [%)] Glucan [%] Xylan [%]
Untreated - 17.0+04 - 38.5+0.3 244402 27.1+03 9.8 +0.1

4 714 +£0.1 72+03 57.6 34.6+£2.0 213+1.5 753 +£3.7 576 +1.7
6 69.1 £3.0 6.0+04 64.7 344+18 205+14 85.6+3.9 602+14
8 65.9 +0.8 55+0.1 67.6 344 +0.1 19.8 £0.1 90.1 £2.2 635+1.5
12 64.7+0.8 46+02 72.9 326+02 18.8£0.1 945425 652 +1.9

Note. 1. Data in the table are based on the oven dry untreated biomass. Pretreatment conditions: 15 wt% of ammonia concentration, 60 °C of reaction

temperature, 1:5 of solid:liquid ratio (based on wt.).
2. S.R. stands for solid remaining after reaction.

3. Acid insoluble lignin + acid soluble lignin

4. 72-h digestibility

12 hour 2] &S 27} 57.6%% 72.9%2] Lignin AlAE&S ek
ulglt}. Lignin?t tjEo] =3 a4 A7 F 3l Xylan
21.3% (4 hour A &) A 18.8%= (12 hour A &) oF 2.5% 7438}
St} o] A3 Untreated®] Xylan &5 71502 ZH2} 12.8%%}
23.1%2] Xylan A|A&0| oH HEAIZEe] F7tel whet v w ] 7
v]#Eh 7181t $RH Glucan $H-5-2] W= WESAIZ10] 4 hour
A W ok 34.6%0] 3 WEAIZI0] 12 hourd o oF 32.6%% HES- A
7ro] 4oJA% Glucan $H-80] o Rassitl= A¥E Agich. 1
eub A w5 o AEel vlEiA 4 hour M E]¥ &L oF
3.9%%] Glucan &3] 7448151 =Hl(Untreated®] Glucan®] 10%7}
AAR), o172 A mlo] emi2el AT Sucrose?} 2FFO] H]HFS
(Non-structural carbohydrates)5©] 3 g]oll 2Ja) ol HE= 3
7] whizolgtar g E et RESAIEO] 4 hours’E] 8 hour T-HlA =
Glucan®] 7148Q1 AAE T2 A] 949k 8 hourdllA 12 hour
° 2 ZVMHS Wl 10.7% (8 hour A 2])ellA] 15.2% (12 hour *|
22 A3 7RIS A2A © 2 nkSA7ke] Z7R= 52 Lignin
AAE dA3] S7MAIF AL, e & Aol A o® v o
5wtk Hojxint,

TARY ERE EAEEE A UERd 8-S 72-h A4S
(digestibility)? YERHS 0™ Table 22] wiA|et afof] Y} gt
AXE HA &S S50 -9 Glucan}t Xylan®] 72-h 4%
-2 47 27.1%8} 9.8%2 HEO} 4 hour 2P e AEL
72-h EAsE0] 2H) 75.3%9) 57.6%% 217} <F 3918 6Af 57}
3HQITE. & AgellA At 7Fg 71 RESAIRE FRK(12 hour) ¥
Yol 2] $t ME2 Glucan®} Xyland] 72-h &AW 3}&0] 7
7} 94.5%9} 65.2%7HA] S7FsFAT). 3HH 6 hour®t 8 hour A2 3t

AE2] A= Glucan E4F8HE0] 217} 85.6%8} 90.1%=4] 3=
& AE YRR 35 Aol 2ash o ix|n] &3} ad
AR &S w3 WEE A W RS Ee HE o uke
ARE 2718 AT 5 g Flolnt S Hkg ARE A%l e o
VA v AV Fxp n]g b 1o i 8 SR IS
= ol HEs] Antste] HA 21 W 5& A 2 A
o|c}.

3-2. YTLIO[=R} HIO|20fA HIZ0| e Jet

PRl =8 HAT] Al AREERE T AAY] g WA
28Tt PR Lo} FEE 15% (wiw), BF-2 52 60 °C, BFS-
A ZHE 6 hour? TAAIZ] L 1A A A 2] H]E-S (Soild:Liquid
ratio) 1:39014] 1:87F4] HSIA|7|HA 32| & 13 njo] emjAe]
J%- A3}E (Glucan, Xylan, 712137 Lignin $-+&) ¥zl Bkch
Table 3 ¥R} 8k AAEE o S5t vlol emA 13
=9 773 3] WstE AA] Al A HA| vlgol wpebx] QoF
skar Stk

IAAA] vlgel| W AAe] G AP ol fin= 1@l vlol
Q|2 ofe] digh Al Flwke HAl] AAF T2 2xin]gol YU
gk IAZE Q7] witelch, sfvkebd ARgE ol ER N E oF
HUols 3lato] A8 SlaliMe ARG dA) AAE v
A S7E B 3 318 S| AAE 58 LEE 7FEAA
o ap7] wolut.

2 Aol 1A A 2] vlgo] 1:20014 1:102.2 F7FA ol wh
2} S.R. #& 74.3%A 65.0%% 2813t 28y 12004 1:6
o7 RIS wf kAl vlg) 1:6 oVd R SIS welle

)

Table 3. Effect of solid:liquid ratio on the compositions of pretreated corn stover!

Solid:Liquid S.R? Lignin® Lignin removal Solid
[-] [%] [%] [%] Glucan [%] Xylan [%]
Untreated - 170+ 0.4 - 38.5+0.3 244 +0.2
1:3 743+£1.9 89+0.5 47.6 36.7+1.9 226 +1.1
1:5 69.1 £3.0 6.0+04 64.7 344+18 205+14
1:6 66.4+23 55+03 67.6 35.0+1.3 18.8+0.3
1:8 65.0+1.5 53+0.7 68.8 342 +2.1 18.1+0.8

Note. 1. Data in the table are based on the oven dry untreated biomass. Pretreatment conditions: 15 wt% of ammonia concentration, 60 °C of reaction

temperature, 1:3—1:10 of solid:liquid ratio (based on wt.), and 6 h of reaction time.

2. S.R. stands for solid remaining after reaction.
3. Acid insoluble lignin + acid soluble lignin

Korean Chem. Eng. Res., Vol. 51, No. 3, June, 2013



T3] dEUo} HES7](Ammonia Circulation Reactor (ACR))E 018

wHzkgo] A giAL wlulsHAl vrEbsiT. ngnm ghgel Aew 1
A ANA L ¥]EE 1:5~1:6 oY= F7F AIZLE W 1 FF T
&3UTE. = Untreated A1Eoll BISHA 1:32 A3 S 47.6%°)
Lignin AIAES YERIST, 135, 1:6°02 25 S713S wl 42+
64.7%%} 67.6%% Z7FsI o} 71 o1k Z7MX 7S W Lignin A
AEE A S7¥HA ekttt 1l E = 3 A4 A 2] v]Eo] 1:60]
ol 11 AA T S7HEC] Lignin AlAE] v]A]= @3]
wujsikal Hojgict,

8 Lignind} tlEo] Srtie] o s & 3% 5 7
WS WA Glucan S-S A HEH, BE 1A AA] B SollA
34.2~36.7% W$] dlellA] & Ws7F vER bR ggktt v Xylan
SRS 1:60014 18.8%, 1:8°14 18.1%% Untreated 4% 7]50.%
717} 23.0% 25.8%2] Xylan A& eI o] AnE o]
CRE 34 o)) nlge)] &5 PR o] 1= HE(1:6) oV delxl= A
HES- % Lignin®]Y Glucan (5 Cellulose), Xylan (Hemicellulose)
of & QS mAA] o= AS & UATE A A 3 A
Alelli= o] ZRAdlekaL FAIEARI 24 7T AEE Bl HA =
A& Folr] Ha nlgow Hojo] AAe] e Ao & 4
|

N

o

£

33, LELOK: MA2| 2=2| e

FEY ol w3 AAEolA F 7HA] thE 2 EE (60 °c9} 80 °C)
A3 BRI 2 Ag V) TellA s 15% SR Hol2] 32 vapor
pressure. {13l 80 °C o)/d-& AYsh= 21 ofHo}. I8 EE o]
Ao M 71 Aol EFoR Bauw 15% dRyolse
60 °CZ 71522 At 80 °C7HA] A&&I3ATH19].

ARYOL FE= 15% (wiw), RESAIES 6 hour, 224 :90A] €] H]
F& 1:60% TN NEE F 1F vlo| uj 8] R WIS
(Glucan, Xylan, 78] Lignin &) ¥23) B 3ktH(Table 4). A
HEA 0 2 Jhg- 255 60 °CollA 80°CE =81& wl Lignin}
Glucan & H3l= FA] 29kth Lignin®] 7-$- 60 °C2l 80 °CollA]
Z+7} 67.6%S}F 70.6% A 7SS UEFHEH o] 7 2 eA g
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Fig. 2. Schematic diagram of ammonia circulation reaction system.
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o}, o= A8 Cellulase B4 GC-220+= Xylanase activitys 7+

A3 gLt Stz g Xylans 325 Xylose® 33
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= FeHEo] 75.3%% oFF WA= ¢k3kO 6 hour
ol Al MZel nlwaiA A UERTE 718 AR AR
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Avicel®] 12-h F&&0] 247} 70.2%9} 58.2%%1 3L 24-h Glucan &
S 247} 79.4%8} 69.5%% UEUORFERE 12 hour ¥ A&

Table 4. Effect of temperature on the compositions of pretreated corn stover'

Temperature S.R? Lignin® Lignin removal Solid
[°C] [%] [%0] [%0] Glucan [%)] Xylan [%]
Untreated - 17.0+0.4 - 38.5+0.3 244 +£0.2
60 66.4+23 55+03 67.6 35.0+1.3 188 +0.3
80 62.4+42 5.0=+0.7 70.6 341+24 159+19

Note. 1. Data in the table are based on the oven dry untreated biomass. Pretreatment conditions: 15 wt% of ammonia concentration, 60 °C of reaction

temperature, 1:6 of solid:liquid ratio (based on wt.), and 6 h of reaction time.

2. S.R. stands for solid remaining after reaction.
3. Acid insoluble lignin + acid soluble lignin

Korean Chem. Eng. Res., Vol. 51, No. 3, June, 2013



340

100

90

e
> 70
;—'; 60 —8— Untreated
3 —O— 4 h treated
2 50 —w¥— 6 h treated
g —4— 8 h treated
s 40 —&— 12 h treated
< -~ Avicel
R 30
c Py -
w
20
10
OL) 1 1 1
0 24 48 72
Saccharification time [h]
(a) Glucan digestibility
100
90 —e— Untreated
—O— 4 h treated
80 L —w¥— 6 h treated
—£A— 8 h treated
70 —&— 12 h treated

Enzymatic digestibility [%]

0 1 1 1

0 24 48 72

Saccharification time [h]
(b) Xylan digestibility

Fig. 3. Enzymatic digestibility of ammonium hydroxide treated corn
stover samples.
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