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SUMMARY
CEXT S

I. Title

Integrated process development based on clean processes for the process improvement

in bioethanol production with lignocellulosic biomass
II. Objectives and Needs for R&D

O Needs for R&D

It is well-known that fermentation inhibitors produces during pretreatment in a bioethanol
process. Especially, furans, weakly acidics, phenolic compounds are considered as fermentation
inhibitors from lignocellulosic biomass. To increase fermentability and process efficiency,
fermentation inhibitors should be removed.

For now, the development of clean process is necessary based on membrane processes
such as NF(nanofiltration), RO(reverse osmosis), ED(electrodialysis), and others to remove
fermentation inhibitors and concentration of fermentable sugars.

In this study, the odjective is to increase bioethanol process efficiency by the removal of
inhibitors and the recovery of acidic catalysts using integrated process based on membrane

processes from lignocellulosic biomass.

O Objectives of R&D
O Objective: to increase bioethanol process efficiency by the removal of inhibitors
and the recovery of acidic catalysts using integrated process based on membrane
processes from lignocellulosic biomass.
O Sub-objectives
* Increase in the bioethanol process by concentration of fermentable sugars using
membrane processes
* Investigation of the influence of fermentation inhibiotors on the bioethanol
process and their removal process development
* Evaluation of the applicablity for the integrated bioethanol process based on

membrane processes from lignocellulosic biomass



IM. Contents and Scope of R&D

Contents of R&D Scope of R&D
O Fermentable sugar concentration using NF
L (nanofiltration), RO (reverse osmosis), ED
Increase in bioethanol process by . )
. (electrodialysis)
fermentable sugar concentration L
) O Optimization of membrane  process
using membrane processes .
operation
O Evaluation of operation conditions
O Investigation of fermentation inhibitor on
o . bioethanol process
Investigation of the influence of .
] o O Setup analysis methods and removal
fermentation inhibiotors on the . L .
i . process of fermentation inhibitors using
bioethanol process and their
membrane processes
removal process development o .
O Application of inhibitor removal process
and process evaluation
Evaluation of the applicablity for | O Estimation of process intesification in the
the integrated bioethanol process integrated process
based on membrane processes | O Evaluation of integrated process based on
from lignocellulosic biomass membrane processes

IV. Results of R&D

O Fermentable sugar concentration using membrane process such as NF, RO

O Optimization of membrane process operation

O Evaluation of operation conditions

O Investigation of the influence of fermentation inhibitors (acetic acid, HMEF,
furfural) on bioethanol process efficiency

O Setup analysis methods and removal process of fermentation inhibitors using

membrane processes
O Electrodialysis application for the removal
inhibitors

O Multistage Process development using oxalic acid recovery and fermentation

of weakly acidic fermentation

inhibitor removal
O Evaluation of integrated process based on membrane processes from bioethanol

process from lignocellulosic biomass



V. Outputs and Planning for the Future Study

O The objective is to increase bioethanol process efficiency by the removal of
inhibitors and the recovery of acidic catalysts using integrated process based on
membrane processes from lignocellulosic biomass.

O Based on the R&D results, a SCI level journal paper was published and a patent
was applied.

O Increase in the bioethanol process performance

O Preliminary studies on the integrated bioethanol production process

O Development of clean technology based on membrane processes
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EA9AE A3 £AFoE FAF FATA AIFEHAT 2007d 1290 AEFA

€ 201237bA1 9] 12} 25 o]d 717 o| &9 7| EWEH dA T B2 LY EREY]
A=At 2008 FE| = OECD %7} 5 @3 HAZE A g 3879 AXF(F&A
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A Aoz HAgsta o

<E 11> A7 134 A £8 71F AuEe A%
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20063 M)A AABAYA] FFHL oF 1,493Mutoez A AA F 13 YA FTF
11,7419 vHoed] 12.7%E Astz Qo A€z Amupd AGYIUR] 2o 923%=
A% utol ol 2(74.8%)st £ (17.5%)0] AL e, AF uol el zoE FEAY
o HAAME EE Wig Ag € s dHsIE] TIFAD UHA 77% F 31%F QDo)
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3, R FEL 23%E A sYTH
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(@) AABALA] BT (b) BHABIF WIF

<39 14> AA AABAAA @7 (20061d) (AR AN A] = A, 2008)

AR o]-gAdn o] TR HAHIE BE iFEe] As AAD7E dFelY
A Qell Mg F33] T otk 2 AAS] AHRE FFAUR L B 71A R}
£ 2~54E/KWhE Holted M3 AFH3} A T 598 JARde ojnges AR
= OddE £ dutgoz dFduA|d vls] AP gre AR dF
£ A - AU Ado] HH Nee 8B o= Ae TS
<F 1-3> AABAAA FA6] B LAE S

C TR TS 2 e
off L4 x| 24 FXHH| _ t P 7t
( $/kw) £ X ) (ZIth) ( 2010)
> 1,00075,000 273 9715 2
B 4,50077,000 18720 25780 10715
HI O] 2 50074,000 273 10715 2
A& 1,20075,000 275 6712 273
g 9 85071,700 35 10712 274

At=: |[EA, World Energy Investment QOutlook, 2005.

4) o] x[= |EACl SAH7|E0 2Bt 2ol olF BPSAZIE, &, MMHXILMS (& H{X] SMI|ES
HE5tH 2F 212tceZA 1XIOILAX| 7|FE 18%E XiXIE.

5) MAoffAx|et stMdzol AMY ZMEAT YelHo| ot SEXH XtelofA ZFECH HListH MR
Holl4x|2| v|B0| A% stefst Eot MSO|HX|7|eL sIEs7| mfjZolch HX|, ofL e §1&Z0|
o 27F st= Zdl, & - MdolAx|7[z2 B|&sIEtF0| o IA HERD UACE of7fof Ha FSol
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AR 2 MR Yol A x|, elu L E[S2, 2009.
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Hho] 2(22.2%)9] F7tel 7Idst AABAGAY F FEHe FH9GY ey, ALNH
o olF TLE HIFY B 259 Jdo] Rt 20008 o]F FFo|l FAHL 3
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A 1228 1768 | 2262 | 2423 | 2521 2812 | 3184 1956 100

=
AL&: |EA, Energy Balance of OECD Countries, 2008.
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. 7|%x—l xl-xH 2| oqu

2g £g M8t

I

[a)

_‘G_r
© =
Pl
gl__
-|> OH
ro

USE 248 758

|_o|]

218 FESR MEE 7 Uc T olux|e L2 LIEH Ze = (712 AlAH
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<E 1-6> AABANANA AAZF
($): HTOE)

TE SEamg [vlexag|veNaNy 8] 2
e obel 870077 |HYUAIA HIEHBE 25% 13
o 11,150,495 | 3483910 BN SYAAY HEEE 25% 1
= e S35 laimay 1searawh/d
. 2 MWE BA8 2A|7| &B
22 | 84| 246750 | 24,675 12308 oo e o,
_ 3 MW E =47(7] M8
3H AF
har | 220206 | 44,041 202 el 1o
Stolal A By, E5H, SAHIIE st 2of=
ol 141855 | 11,656 2305  |of chet 2010 7| E(20304 6,171 Of
2h
FEolUX | 126273 | 65210 20867 |22l Seje] 2EO| Al
X0l LAX| | 2,352,800,000 | 160,131,880 | 233793 | A FAIZ
A | == 2559
x= 268
ol ie| JIBXAZ2
BH | 2364604579 | 163761372 1750933 (7%, JI&X FMES JtSx-Az
04%

Ar2: MA{Yolf x| A, 2008.
F) HFAA, T4, 799 B5 xBTS HEASF A8 (ltoe=4~4.3MWh). o] 3¢

ol s s
AP Bg, T AEEEE TN B &5 ALAUA AL FANT
A24d a7 daA

Hlo] @ o A (Bio-Energy) #7144 AEA(dlo]mjx)E o] &3t A8 E AU
AYAE TAsE AAQYAURA Do vlo]uj2E A AL AY A-33H4 W
AE AX € Exr dUAE AT vlolodEgee 3 EINAY FoE HF=
F UE oy A4 E TIT nlojemi22 RE ALEH, 71EYY AR ARE
g & A

2000t E° /7P A&HT 24712 A3 oA Wi v=, Bepd, EUS
FTHoZ ulo]Q g, ulojlevd F Hiole AR A4y Hgo] &dsiA HMEHI
At "ol iR = Hlo| M AE o] &3t TEAE ALt E AUAR AH, 1
A, 714 FH= o] &I Jed, 4 A8E A A% dA d59 FLA|
A FZ=1 A

Hlo] QoY A& nHlo] @ 7b~, wf YA 7}A(Lnad-Fill Gas: LFG), Hlo| 2 dgh-g, nlo] QT
A Fol oy, AF g g A5, dHd & Fo o]&dth 53 1f{7te AT 2
dalo] g BHEA To2 Qs 48 ABE FTAHOE HlolodeLy ulolorA
o] Fgsrt &3] 28 Folvh(Hhzhy, 2008). viol AR E AATFEI}EA TIEe] &
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Adg Alzdd 2 g glo] AARR AT 5 doe HeA F5 Bx gloy
el go] wol AN "BelA e ot AR vAA R . wEe Ho] 2
UA AAFEL AE A e nste BEd, AFHY, JFTIAE 5 FHH <
AEHE 53 ulojedge] RS Fostn Uk

Hol el 2E AH AUAZ 0] 8T = JYAT TGFF EFoE Wy
57 Bk H5A4A vpojeujao] B HH A2 AY, @EATIAY, &
AR 7t22 WEAZ F Sl @3] B2 By HEH/EL LA

dqEgLE HE F o, Exy £3A T el ¥ e daedass T8 v

WAAE UE £ Yok B FALES oEe] volotde AN & YTk
= el AR A BB R
Hjo] 2 W A ; : H= H}o] 2 A

S ——

I 7t28)
L)

L‘%«ME‘

S Bt SOx NOx LMt F/kWh
HO| 2| A(FFA SHEH) 5-10 0.05-0.1 0.5-0.6 9-10
A EHIGCC) 190-220 11.00-12.00 4.0-4.5 -
HAIIA(CCGT) 90-120 0 0.5-0.6 -
SHYUXN 5-15 0.05-0.1 0.01-0.03 6-8
BjeF & 4 20-60 1.6-1.9 0.5-0.6 40-65

AR Mol L X[ A, 2008.

7) HIO| 20 EH22 &

os ° st lojenjAz e A
MEo, Jlazie] HAME ALY 4

f=13
(=]
g5t Y0, H(E2 A}

2 & Ut o= 2l
g8, RE2 g2, E2 So Z=0 MERE FRER o[855t ot
HIO|2C|E2 & - MM 7|52 ol2H=2E5I0 Yitsted, FAREE FM7E 71 il ol8=3 9
o, OHHFEWI e, ofAt S2f A=d 7|83 HA SR, oFL S22 XL 0|85 Uch Hio|C|H
2 272 ANz AlZ=s, 270l o ofLatEta wE Xz S #F ZIEHo] Hojdt Aoz &
2 ‘RAEL
HEZ2A0EE2 ==0| ofd LT, & XIF27| S2f Hlo|AE 0|35t0] Mits=d|, Eez
sk 2Hgol Saskl of2el e AYEHeE MdumD As oAolch L =2 085K B

7] m2o & IiPOI‘:’Oﬂl—‘III daoz olsf HUYs= tF=22 2HE sl & &+ A2 A2 7
== XM AZ(H24) Bloj2d=)2t & 5 QUCh
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<E 1-8> AlAl vlole A} nfo] Qo gt
(B¢: ATOE)

HE 2005 2010 2015 2020 2025 2030
dwad|z 16,301 | 18,635 | 20,016 | 22437 | 24,531 | 25,942
Hio|2C| & 8 373 1,001 2,244 3,680 5,88

Z®* & BD HE(%) 0.05 2 5 10 15 20
s Lv|2 7,512 7,818 8,945 9,001 9,518 9,403
HiO| 20| Et 2 - 78 447 300 1,374 1,881

Y7 F BE HE(%) 0 1 5 10 15 20

AtZ: 2007, Ol AX|AFME ‘Hio|2@ = EFHAD Atslx Hof

20051 @A vlo]e AR AA FANFLS A F 2FWvhoeR WA £ A5
1%E AP} vio]ogrgo] 13 79 gHoeE Hlo] AR 85%0| S A AL,
Hho] e tjAl o] 3¥jtHoeE AA3IYT) Hio| LTSS BEtAT wZ AiH|Fo] HA Y
0% S A3)3t¥ 3, vlo] 2.t EU A4t vlFo] AA 9 ¢F 87%E A5t T).

<E 19> AA Hlo]2 AR A FH2005)

ifol 2ol et g TOEEE 7

oo | FEE () TSR] )| oS | el ()
E=N=IES| 8.17 47.8 0.05 1.7 8.222 41.1
ol= 7.50 43.9 0.22 7.5 7.72 38.6
EU 0.48 2.8 2.53 86.9 3.01 15.1
s 0.51 29 0.51 25
olE 0.15 0.8 0.15 0.7
M A 17.07 100 291 100 19.98 100

AHE: |[EA (2006).

AN A7) FEAYE 229 vtoledr £YF A0l ALY 24D A% 4
oA ATt Hlo|LARY HIFL dA) 1% FFTolA 201530 2~3%, 2030 dol=
3-5%% AAY Aoz AYHAT £ 00437 20308744 Afrt e dme
BF F7HERT vl 2ARY Frhge]l WA B Ao AYAAT UF & #
£ oln] El0°] dwrity A2z #5831 o AA 4 A5 Bu 2EFe
EI0 82 33 o] 71¢HozE ojn FYHo] slokx & & Uk

7 AN NGe TFAR BASE Bh371&L ol HAsty gom, Sfel
AFARNAE N EGAEA] FFANAE Z7hel Bohsa Y& A BAA
t AEAE A=Y ADA} 59 WAL Hu Yvn 2 4 Atk F
AA 48 dete) FardA dEe EHAEE BT At B

Lo

[«

il
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A Zeshdely F{40 AuE YRE A dettn AZ4dH.

<E 110> AA $498 NF A%

SRS
2015 2030 -
1990 12004 N E S A tal 2 (A dal 2 [ Al a2 AI(E(P)LS-? ZAOI?-Or)al
| Il | Il 2] 2]
£ F|HOTOE 1,435 |1,696| 2,454 2.354 3,111 2,804 18 14
S 2 |TAH| (%) 100 100 100 100 100 1000 ) )
s H OFTOE 1,370 |1,861| 2,286 2,166 2,864 2,520 17 19
= TAMH| (%) 955 | 945 93.1 920 927 89.9 ) )
H} 0| L |EH OITQOE 6 15 54 73 92 147 71 9.0
=2 | FAH|(%) 04 08 2.2 3.1 3.0 52 ) )
7|  EHYHZFTOE 59 93 114 115 135 138 14 |5
oAz TAH| (%) 4.1 47 4.7 49 43 49 )

ALZE: IEA (2006)

F:ALEI2 12 IEATF 20068 BAl M AlgsT fle 243
Sote dtedstol of 3 Matel,
ALERI2 IIE ol UxI9(7|9 XIT2uts 2xol 20| MIHMoR M AMMAR
M3t ol SEeCs J1YE slgoR o MY,

10

| ofix] #E MY Y x|

THE CARBON CYCLE

Crops like corn are Imel)f ground and separated into

their component sugars,

e W
igh ,'"-':" /
3 4
s {4

that is

reabsorbed
by the
original crops.

which releases which can be used as  The sugars are distilled

carbon dioxide an alternative fuel to make ethanol,

<a¥g 1-7> blo] oA g

20003t £ IfUF A&EHT 247 A Azhe] da g Wi vw, 2ekd, EUE
ZAoZ Ho|QH e, HloleTA S Hlo]lo g AT HFo] A AAMHT
Jth HloledgE AATFEIEA V1€ M AR AlLFHe Z W3 Qlo] HAAER
AHEE 5 Qthe HolA FE wa ok

A arE| go] Eo} ﬁxﬂﬂ Aol M= o} s Agd wXA Rt glo] nHlo] oA

ARAZEL ALSE WYe ud3ly BxF, AFdd, 9FTAAE T A QA
E 53 Hloledme s gy Aok

20051 @A) wpoledm AMA FAMFL A oF 2FtHoeE HA 4 A5 o
1%E A3 Ut Hio]olg-g&o] 13 79 ThoeE Hio]l L AR 85%0]/¢& AAI8}aL
Jom vio] o g&e AR ulx AYiHH|Fol HAA Y 0%E FolA i Ut
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89% of total

/_)ﬁ

9,000

B Year 2008|

8,000

7,000

| USAis the No. 1 bioethanolin the World

| —Worldwide: 17 B gallons («=64 B L) (2008) =
—-USA:10.5B gallons(=~40B L) (2008)

' (Corn starch is major source of bioethanol) —

6,000

5,000

4,000

3,000
2,000

Ethanol Production [millions of gallon]

1,000

U.s. Brazil EU China Canada Thailan Colum India Australia
d bia

<29 1-8> Hlo] Qo ehE A FZ

24T vl QPR FEAR BEL AN I wolews 4, AUA nES
TN, 255 5 P 3 ANt Yash Ao A woleniEE
9 ALd, 22AME, 2dd 5), A9AE, 247 5oz AAYPYoR B P
A5Ead, WirEay 5o ASETh 4B oA voouAE o] &8 245 uio]
oAR YNFPL wolevs AX/FAIY, BAIY, BAFY, AAHY
LS

AlE=Z, AIRR S2(0|12) ', AL HISTH, LRI, HLF,
=Helal 3201 S sHFME = WAIZHII
1 I ’2um Lt
Quantum lump

<39 19> vlo] AR AL} A Fo]

NE dag ERrtEde]l TFHIAE %7}011 O
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ra
U

ZAAUA 7| FIEA)E Zt=9] vpolod8 TP o] AUz F3E A% &%
NA ARt vlole AR HFL A 1% FFEAA 2015d0E 2~3%, 2030d4=
3~5%S AAT Aoz AW Yot 2004Q3REH 20303712 A4 e A5 47
T S7H&RT vlo]edg e S7M80] 84 & Ao HAgdr.

<E 1-11> A7 ulo] 2 AE A4+F EH2005)

TR afoloC|d A

P N N )

@orror) | T o | wiarrog) | TEH O | wiarrog) | TE8
B alal 8.17 478 0.05 1.7 8.222 411
o|= 7.50 439 0.22 75 7.72 38.6
EU 0.48 2.8 253 86.9 3.01 15.1
= 0.51 29 0.51 25
ol 0.15 08 0.15 0.7
M A 17.07 100 2.91 100 19.98 100

Atz |EA (2006).

A A H A7) F(IEA)E AA vlo] e A8 AN7} 20108 74X AT 16%9] =& 7
AE A% T F 2010~153 FolE 5%, 2030972 AA HlolLA8AHE AT 7%
o] 71 A4Ert. vlo] g2 of7 Fol Fo] 2020:d71HR) st&E-A] o 8%E AT
Ro g HAY.

-

g1 g gus
% g A

483 Y

<E 1-12> AA woleds AW A9

He 2004 | 2010 | (04~10%)*| 2015 | (10~15%) | 2030 | (15~30H)

& MlA 1,550 | 4,150 (16.4) 5,440 (54) 9,240 (3.5)

S0l 700 1,540 (13.1) 2,050 (5.7) 2,420 (1.1)

| T 200 1,480 (33.4) 1,800 (39) 2,660 (2.6)
X op| OO -

9 s 0 190 370 (133) 1,610 9.8

ol 640 840 (4.5) 1,040 (4.3) 2,030 (4.5)

OECD 890 3,050 (20.5) 3,900 (4.9) 5,180 (1.9

< )Ue S| AEF E7HE AR : “Wold Energy Outlook 200687(IEA, 2006. 12)
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A2 U9 ZsAd aF

A 14 uiojdyx] A4 R ANZAR

7h e AEAL R A AR

z

A A AEAZA OGS dgEok dFaFHt & BEY Ade
3t AoFoz JdiEo] gtk 204d A5 2w 7y o

E2 FHAFAANE AZ2ERAZA FAHAZRIAAHDE BAY FF
£, 20119744 AoAe 4 AddAet 2 g € 53 AES 2xE 3

g Y=

A ZAEY A58 EYPEUe AEsly e (FELEFH Mg AS5E BEes
dalm Qo U 9RE AFS 200393 2004d0] 2Hz 1,2009 95} 1,300019 FRE
FAH o, 20053 = oF 1,400 FEE wjd oF 1009€9 AlFe] =i
Jom 8% ol FFEFP AFo] AAH 200834 1800999 AFFEE e
Aoz 4.

AA BEdute 33 wnEs AR FRE 2003d0) 809 2, 20040 879 &
9 ANAFEE Jehfo] oF 83%9 AAL Jehxm 9l Rewe AzEzE Fdd
3} AjFe] 2003\ 33} 200430 Zhzk 22,69 23, 2459 ZHE JMF & AR FRE UE
Wi Qe Aoz Jegor AFALE 3 /M £ A2 Yz Qi I
B/ Uyxdien gejoaets 200499 247 1939 28, 1659 g8 & AFHEE
YERR R Qi

e =F7HE AF FEE A¥RE, 200338 VFOE GAFIIEA JPF E AT
2E YehlE F7ke vxog 2599 23 & yehfo] AAAZY oF 1/3 < 32% ©]4
S ARt Jth dEAFCZE 1069 ZEHE YR AAAZY 13%9 AFE A
At

rR o i

=

U
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<# 271> WA 71 F) W AT E

(@9 : 99

7 % AA ol Al E(2008) oA A F 5 E(2020)
AA AFZTE 130,000 250,000
T AFTE 1,800 2,300

O Profile of the International Membrane Industry, 3rd Eds., 2004.

O OECD, Gross Domestic Product, Main Science and technology
Indicators, 2003.

O ZF. Cui and H.S. Muralidara, Membrane Technology: A practical

uide to membrane technology and ap%lcatlons in food and
ioprocessing, Butterworth-Héinemann, Oxford,

O M. Wilf, The guidebook to membrane desalination technology,
Balaban Desalination Publications, L’Aquila, 2007.

>
e

ri
A

U AdTlee] A4dE BEF " Zidas

o] 2o ehE AT AN T4 &L H AMNY FHE AT HEY sHLE
23 AT &S FHLE = dFolth & dF A= woleded ANTH
5E SUHE AT WgeE aEA T B4 Ve HEE 5 do gF Hax
AERXLA Hpo]ufAE o] &3 AAFAA UM AfAl AATH 2 AANE Y
3= olEe 4 ATk 2Y, Hlo|dgE BAEA % Fg SN ZeNd Tl
28d + v & 479 dae 2 AAE AdE R ARG FEI} oEeE HeE
Azre ol e A% 7|2AT GAE IYPo] HUT

[

<® 22> 34gE FTI 7IESH

g ds 7+ 1AUE | 239¥E | 3xEE | 4ds 5d%| A
;Vd A 5z 10
A3 jJr 27 50
7V A 20
gt ﬂl 80

1) A BAEF : B d7FA ALred] AdstE 58 Jidde AF ey FHA

2) ZAA A58 & d7HA NEVIed AH3E T wrE5ES, HdERER 5 F
ke

3) H7I7HA 29 ¢ B A7IHA ALrIed s FE CvEe 289, BIA=IHA] F

FA4A
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A 2 A vpo]aiA ATFF

1. vojolvix] 4 #d I+

2470 volemad A5AAYY BATHE AL FEAL FHEOZ glucoseR
°F2~8% 3H3tH, xylose, arabinose 52 C5% 22 galactose, mannose 5 C6%, acetic
acid 59 714} furfural?} hydroxymethylfurfurals e & IE3|4HE € glade] €
Fiad o3 AHE H=dPgE T B2 TFY 2SS FHIH oY BEYL
AAuAE ] wjgol] FaFo R ALL3L7] A glucose FX7F 15%_30%7F H =S A
¢} o] Zodlth A T &Y FEFLEOE FYWE AR E FHSEEA A4
Fo] HBE ANEDY AAYG AHA Hoks FAl FFdte THLE Ho| AT
3 Atk

HolR AR #¥ Ve Hlojujs, "ol AR A4, EE

(o

ol

3oz TEY 4 Uk

® uioluAAY Y& Hlojeujx FFHAY HEFE JEE &8 HHE o
T, AEZQ2A nlojemX A4t

e nlojeds AAAA riE: AAF Ve ML, BEEZLE FIHEL ALY TF
By, 1% 72L& o83 uoledm A T4 AFH3F, A A (inhibitor) A
A

o ol FHFTH AA 7&: AdUA 1EE HolAE EHTAH V& F

g &8 2 ATE Ve T

Concentration of
sugars (glucose
or xylose)

Inhibition and

detoxification 2) Hydrolysis

. '.'c'a_-
Wil
& 5-carbon suga
i Residue to power
3 ' production
= ¥
4) Distillation & e— -,
evaporation |

Pervaporation

w Electricity —
<ag 2-1> vloldere 3 &8 T
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'Hemicellulose Cellulose Lignin'
CH,COOH

“‘“71\1

CHO

H: OH M OH
Hi H H H
H OH OH H OH Phenolic compounds
CH,OH OH

Xylose (1)  Mannose (2) Galactose (4) Glue 5

/ \\/

CHO HOHC. CHO

O L/ N Lowoco

HCOOH

Furfural (6) Formic acid (8)  Hydroxymethylfurfural (7) vulinic acid (9)
Ash Sugars Inhibitors
-2%) Furans Weak aeids
Jucky GHo Oy _CHD
Cellulose s
— L
(3351%) &U k”‘r
Glucose chuhrgc acid
H ,CH HpOH <{
OH Ho Rh Foruic acid
Galacts
Hemieellulose osc Mannose ﬂﬂlﬂﬂw . -."‘_.V
- H -
19-34%) . on - Or
H”OH Furfural
Xylost | Asibinone L e
P - i
Liani Acetic acid
ignin
21-32% -
{ ) . .
H
Extractives Phenslics

1-5%) » Wood resin

<1y 2-2> Hlo| ek AAFAH F A EF WA 7F

AR WY AT AT ANA AT S0l Defselel Bk 3 2 @
E AN $A UK Y B4E 8%l ARY J9E Aok GFAolck B
2 9% N29 3o Basth @A AEHT Yt PR

FIE udde o]%fs} 3402 24 W] AAAT wehd, ANBA AAE A

1‘%1“4 < Xi%x} B AAZ} Fedta ol HYF AAJ e IRBF
o]-g3t A3 =ZAA

o
L
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2
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2
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g
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fijo
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e
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< 23> ALY 4B AsAA 44 L AAZH vz

P Previous
Detoxification Method Pretreatment Removal (% )
e Furfural (51%),
Alkaline Overliming with Steam-explosion e HMF (51%),
detoxification Ca(OH)2 dilute acid ¢ Phenolics (41%),
e Acetic a(cid (O°)/o)
Overliming : : e Furans (45.8%
| Acid hydrolysis « Phenolics (35.87%)
Combined | 511 ang Acid hydrolysis * ND
alkaline sodium  sulfite
detoxification
Microbial Trichoderma Steam-explosion ® Phenolics (80%)
detoxification reesei
lon exchange ( )
Electrodialysis | membrane In ; . e Furfural (45%),
electrical potential Acid hydrolysis e Acetic acid (90%)
difference
lon exchange | Commercial e Furans (63.4%),
resin anion exchange Acid hydrolysis ® Phenolics (75.8%),
resin e Acetic a(cid (85).2%)
Activated ; e Furans (38.7%),
charcoal éﬁg\rg:? Acid hydrolysis ¢ Phenolics (57%),
e Acetic acid (46.8%)
Enzymes
Laccase from C. i : : o
treatment SIGICOTEUS Acid hydrolysis ® Phenolics (77.5%)

Ref: S. Walton et al. Bioresource Technology 101 (2010) 1935-1940

1EE Wl Ee 44 B& FUHE AT TFE AFES AAH O} Hei, 7]
4 52 A% RAIPL VR @ T4 A7t YA 7Ih LR o)
oolRe 4N A% BE

ge IW 7le BT AA HZ FEd A9 2748 ey
bl

fdel YHE @ uwloledue AN HAE 9%
3tk ARad welenizny woledee 44 99 F
o 3 FEEE ARt G vl 2ol He 4
Bhie 3L olE, ¥
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off
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off
iy
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(2
off
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il
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o

24T HloleAEe SidE FLS 98 thEd nlolQuA AL AR LES

57_7§7H‘:‘E‘, 2E%3: 5 dd9 FAY JF3/ desith B A7"ge vF AHE
£ °o]&% eI (WA, JAF)FH A7N4E 0]%—6} A7 ]E,.
TE

%7& = %—%?} BEYTHES o8 MHETE FHH AT okeP, B

fo 1 é
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o]83}m PP, Silicone, PEIl, PDMS % 9]
Z o] &HA Ut o] HIg A AEAE HBoE I FHILY FFL S A
288 4 9o PVA, Cellulose acetate, PS, PVDF 5 t}3l 1B x}71 o] &

3 Qg B A7ge] PDMS/PEl B@EBAe 4L 0|48 Sz d7dns
Bioresource Technologydll A3} t} (Pervaporative separation of bioethanol using a
polydimethylsiloxane/polyetherimide composite hollow-fiber membrane (Bioresource

Technology 109 (2012) 110-115).

Active layer: PDMS thin layer
(67.4 nm)

Specification Dimension
Outer diameter of fiber 920 ym
Inner diameter of fiber 710 pm
Thickness of fiber 105 pm r
Effective are of module 903 cm? Subsection of B

<29 2-3> F335%-8 PDMS/PEI &35 A

100 12

100 8

80 4

60 q [ ] [ ]

@
3
o n
e

Separation factor

Ethanol flux (g/mzhr)
8
[ ]
n
T
o
Separation factor

Ethanol flux (g/m?hr)
e

20 20 4

@ Ethanol flux @® Ethanol flux
B Ethanol separation factor W Ethanol separation factor

T T T T T T T T T T
0 2 4 6 8 10 12 10 20 30 40 50 60 70

Ethanol concentration in feed (%) Temperature (°C)

<3¥ 24> Wl eolEE FE U Lx e FREY TH 5L 9>
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st 1 E AIEE AAE A Y=oy, GAF T dHFEE o] L3 HEY TR

B
Feed Water e : acer
.. RO Membrane
Feed Spacer
RO Membrane
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<9 3-1> Classification of membrane processes

Jrdie 9arde 2e 57% Axe 2e Gl E 2458 5 glon e
] 2827 du%0 He) 258 sonz FAu g oy HLo] =L

18] ARAEe) §7125% 9o BelE 98 Awdgoy As

FAT go] o]& EFESY MY By FHOZAE HA A% wx Yk

AME gulgl Bol f& YPAd vl THEE 2o =

i
b
£

=
-
r-lo

Jw=A-(AP-Am) (1)
A7) Jwe B9 F34 &
H2E At IH =7
A Bt o FF € v

Js=B-AC @)
oj¢} Zo] £} o] F3Eo] X2 g27] W& 1A FF dEE =4 F
o B f&E E0|W o2 WAEE FoIAA Aot

E a7 AHSE NF A83x= 4@4A4 AZg oy MWCO 20091 NFZHE A
sttt HaE AT FAE 29K AFE JAF7] 98t Glucose 800 g, MgSO, 449.7
g (0.005 M), KH,PO, 4136.1 g (0.025 M), Acetic acid 384 mlZ 40 Lo &8 ZA|s}H
ot A¥AHAE AYsdE 27 2ok FA BHE vI9F Zo] Glucose retention 96.2%,
acetic acid 1.7% 2 thF-£2 Fo] FFHHASS & F AU Fo g TaAHA 9
separation factore 26% 2 AAFE AT}

TMP(transmembrane pressure)’} Z7}gol wel F3} %= (permeability) = F43s1A 7
Aste Hedd S YT B A s g AR wE FHREEY FAE
HALsst7] sty #8tE HAHE FUIHoE AP TE 38HF A F L distilled
water 20, NaOH 0.4wt% 20%, distilled water 208 <o 2 Z3P3}H, AT X

F}O
1o
=
i)
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<3 3-1> Properties of NF membrane (KMS SR-2)

L@ A HedBGLE ARHT

Model KMS TFC-SR2 2540
Membrane Chemistry TFC polyamide
Observed molecular weight cut—off 200 Daltons
Construction Spiral wound
Diameter 2.5°

Length 40¢

Flow rate 4.0 m3/d

Chloride rejection'” 10-30%

MgSO4 rejection® 95%

Membrane area 25 m2

(1) Test Conditions: 5,000 mg/l M%S%)% in deionized water, at 95 psi (655 kPa) applied pressure,

15% recovery, 77°F (25°C) and p

2) Test Conditions: 2,000 mg/l NaCl solution

t 55

20% recovery for Magnum® elements), 77°F (250C) and pH 7.5.

<3 3-2> Experiments for NF performance in a synthetic solution

si (380 kPa) applied pressure, 15% recovery

Time | Flow Rate (LPM) Pressure (bar) TMP Permeability
(min) | Product Conc Mem Out Mem In (bar) (L/n/m2/bar)
=7| 1 12.9 6.7 8.2 7.45
0 1 12.9 7.2 8.8 8 2.8846
5 1 12.8 7.3 9.3 8.3 2.7804
10 1 12.6 8.3 10 9.15 2.5221
15 1 12.3 9.4 10.9 10.15 2.2736
20 1 10 1.1 12.1 11.6 1.9894
23.45 14.5 14.7 11.968072 0.0000
<3 3-3> Experiments for NF performance in a synthetic solution
Classification Value
VCR (Volume concentration ratio) 3.05
Retention(%) Glucose 96.2
Acetic acid 1.7
Separation factor (%)(inhibitor/sugar) 25.99
100 . S . e
80
+ glucose
g 60 macetic
-E 40
E 20
0 m | - g
i . 9 11 13
=20
TMP (bar)

<% 3-2> Retention with TMP in NF experiments.
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<% 3-3> Concentratiion in permeate with TMP in NF experiments

Permeability
3.5
3
Uy
8 25 O
~
E O
g 2 B
£
5 15
:
£ 1
o
0.5
0
3 =] 7 8 9 10 11 12
TMP

<2¥ 34> Permeability change with TMP in NF experiments

e

A5 (Reverse Osmosis)

AHFE 4TS Jo= o8ty Texy Sdd ¢ELe Jtetd &5 =24
g RS FHste] et AAHE AHUE o] &F FA Y. AFALS o83t
45 Edste 9 A4F 332 T 23S 54, EYUdEdY 2939 &

g 8oz & A 7HA 849 2Tl s PR

AHEAANE Fet v We glo] ABFI]) Bl WS AL UN7} &HF
T AFrE0] HUATHAY FFo oF GH4E 25 P ont AToE A
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FH). &, O FAFHA AuRg S W3S AAEn Z3 v ' U Y
Foz olRolAN We Wee o 48T & ok

B ATAE TS o8 AT $3E A )z A7E FAAAT. AT
g ol galolglucose 5% APE FAs 0% o] 262%747 £EL AAHAT. A
Y $83F feed= 940ml, productse= 3094mlolUth. AFZALS 4H 160 psi, +5 04
L/ming #X3t] 492 A A

NF 433} v37lA 2 RO AFAM e e @&l d 75
7t S7beel W RO 9] £33k (permeability)= FA38HA HFadte fteddde e
Yot 2o ds AA3Y] 95t distilled water 208, NaOH 0.4wt% 205, distilled
water 208 £ 2 335t HAH S AP th. HAARE FHEE HZAT WA &

o} 9 eg@Ye) B Fegor FAEEs} 22T A0 JzEn

old

<3 3-4> Specification of RO membrane

Model RE 2521-TE
Permeate flow rate 1.1 m3/d
Salt rejection 99.5
Effective area 1.1 m2
Diameter 2.5"

Length 21"

Experimental condition: NaCl 2,000 mg/L, pressure 150 psig, temperature 25 oC, pH 6.5~7.0,

recovery 8%. Data were obtained after 30 min.

<# 3-5> RO experiments for glucose concentration

Duration sampling
. . remark
time (min) pressure flow meter (ml)
Intial - - — DW
0 160 04 imi |
m ucose
(psi) (L/min) g
10 160 04 imi I
m ucose
(psi) (L/min) 9
20 160 04 i I
. , m glucose
(psi) (L/min)
30 160 0.3 i I
. , m glucose
(psi) (L/min)
Final - - - DW
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<1y 3-5>

Concentration in permeate

2. A AHA AA T4

7t 238y

A7NEX A A18H <FolemFut (NEOSEPTA® CMX)# Lol m3ur (NEOSEPTA®

in RO experiments

=
AMX ; Astom Corp., Tokyo, Japan)2 CJ-S3 H7|FAZA 10749 A2 ZHHIJoH,
o]AL FaHAHL 550 crolth (Changjo Techno, Seoul, Korea).
Acetic zcid (CH:COOH)
Diluted solution
Inter-electrode
water Ir:er-?\ectrude
7 ) v 7 7 % @
ET ST e
© £
) e L oy SR
/)“0(;9@@_‘4\ ""'/'g? e;‘;c
Anode ReN 7 7 o s Cathod
L Fee o Vo &
> o n;:v ocf—© e e
% omy] =0 % 7 %
I I Y o
gwe(%g 7B _’?gﬁsag‘;e
ST ~ T
% 7 d oG

Inter-electrode
water

Inter-electrode
water

@

Concentrated solution

v The product

|

<% 3-6> Schematic diagram of electrodialysis.
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<219 3-7> Electrodialysis experimental setup

<3 3-6> Characterization of ion exchange membranes

Specification AMX CMX
Electrical resistance (Ohm cm?) 2.2 3.2
Water content(g H. O dried membrane) 0.32 0.24
Exchange capacity (meqg/g dried membrane) 23 1.6
Transport humber of counter—ion 0.96 0.95

Ao AR A 71A] &AL FA H(diluate), F=9Y(concentrate), A=Y (electrode
rinse solution)o]™ AZWHL Ho AASFY. A FA BE Adz2e Fax4d
E2 L M EsiAEEo|H oA EAIE WA AFHAolH. o]EL FAALAAA Y oAE
"}«] Xﬂﬂ = -‘&?—-1’3}7] Al AHEEATE AL vto] 2o AA T T e et KA
7] g &= FAHE&QY AVHAEEE FoFE &EE AHRHIUT

156 L/minZ 585 €37 & 43S APt 4L AYgH
PH°ﬂ “4'?: A2 AAeS A7 At ZAze gl HItE: Fo AVRAS
ARt

AF 1L A7IFAC A= A% IS dotrry] Aty AAGFS 3 V.5 V,7 V10
V12 VE W& Fo] AP Pet. dFo] MY T pHY 32 1~2 2 FASATH

AP 0= A7IFAd v|X= pHY 3¢S gotr 7] st JPsATh 4F 1S T3
A B H3FH9 ’q%}%}o] 10 VE A& FAAZ AeEiolA pHe WstE FUh
pH W3} 717+ % g wjo) o} EAFS] pKa=4.75, oxalic acid®] pKai;=1.27, pKa,=4.28
£ o] &3 Qﬁﬁg pHE 5 N NaOHE o} &3t -3 tt. 43 70L& Table 3
o A AR
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<3 3-7> Preparation of solutions

Concentrate Diluate Electrode rinse solution
Volume 500ml 500ml 500ml
Xylose(CsH100s) - 10g/L -
acetic acid(CHs COOH) | - 5g/L —
oxalic acid dihydrate B B
(C2H204-2H0) 21gl
Naz SO4 - - 159 (30/3)
<3 3-8> Experimental conditions for electrodialysis
Experiment | Experiment |
potential 3V5V,7V,10V,12V 10V
1.4(1.1-2.8),
3.4(3.0),
PHave (PH change) 14 (1.1-2.8) 45(3.7-4.2),
5.8(5.0-5.5),
6.7(5.5-6.0)

AY 1S AYgPste 59 49 FREE0 FIFE vXe Hed LS E43)
et 8 Ax LTS AT FF AL NaCl 005 M &, 3442 NaCl 0.1
M &9, d=59L NaSOs 3% &42 77} 500 ml¥ A|xstq ARESIL AR 7 VE
F A A

A71FA FHAAE 98 G2 387 vA7HAE o dd A% #Ads At &
A ol FHAd 7] At A4S v F FUIHoE §5H3E AFHE o] &3 2
A& A gAZ JAPsAo. HA 1GAZ FHFE  FFZ(concentration solution
bottle), 3|2 =(diluate solution bottle), d==(elecrode rinse solution bottle)e] 800 ml*
20] circulation 20 min 3ttt 29AlE NaOH 04 g/2 L £94& Az st 2%, 3
2% 800 ml¥ H1 FAZTZFdc =FF 800 mlg ¥-& ¥ 20 min circulationg 3}
o} X g 3gA G E 18949+ 28 i o2 circulation 10 min® A ¥ X3 s}

EDE o]&3t AYRZ, oA EL, L4440 s+ HPLC(Waters €2695, USA)E ©]
23l B3ttt Aminex 87H column(300 x 7.8 mn, BIO-RAD)S Al&stHow, 5
mM H;SO.E ooz A3t §42 03 ml/min® g FFo S4AE 6.64
min, o} EALE 14.012 min, A}o]EAE 9.383 mind] LA E k& A AE7)( Waters
2414, USA)E o] &3l 40ColA AZF3A. pHOF conductivitye pH$S} conductivity
meters(Eutech Instruments, Vernon Hills, IL, USA)S ©|&3lo A3}
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<% 3-8> HPLC for analysis of sugars and ethanol

<29 3-9> HPLC chromatogram of sugars

. A71FH S o83 TaAHA AA

o E=2 %i?& 10V, 12 V& Wro] HlastRe o £2 AFoMe 60 <ol oF 23%9

A7+ z]g} xﬂﬂ &5 oA x}olﬂ AR
A Zbel] o2 LAkl F48S AY ¥z Ueld I ZdAlE 7 Vol At A
605 <to] 100% 3)5+8< &9l & 4 Yok *e AJ 3V, 5V, 7 Vsl =& A9
12VE o] vlmslge o e AYolMdE 608 oo 100%9] 4 3588 °é
Atk e AjtA e HlwF Agde] 245 AASTI MES AT + AR
A 10V A o}l EAS Fre] HElE TP U & gtk FgAde EojUd

O:

>
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OLH|EALY] o] 2B, FF o EolJW oM EAIY] F& FUlste Aoz Hol of
AEAS] A AL o]FoAa S-S & & Uth AY 10 Vol S4te] w59 W
Yeld 28 e g ST Sk o] 308 ol AY EFAEDL, FFH
T F718le A2 Hol S44H9 Igrt o] FolA1 ASE & F ATh

O 3v
—_ @ b5V
g o v
O B 1ov
g/ & 12v
9
©
3
[a)
£
P
=
3]
>
©
c
@]
o

©00 00000
150 200 250

Time (min)
<1 3-10> Conductivity change in synthetic solution with different electrial

potentials

30

—O— 3V
25 - —p— 5v

Removal efficiency of acetic acid (%)

0 L T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Time (min)

<1 3-11> Influence of electrical potentials on the removal efficiency of acetic acid

change in the electrodialytic experiments of the synthetic solution.
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Removal efficiency of oxalic acid (%)

0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Time (min)

<2 ¥ 3-12> Influence of electrical potentials on the removal efficiency of oxalic acid

change in the electrodialytic experiments of the synthetic solution.

5

a.z .\.\
35 \.\

3

25
4 Concentrate

2 W Diluate

Acetic acid (g/L)

15

1
05 ———*

0 T T T T T 1
0 10 20 30 40 50 60

Time(min)

<2 ¥ 3-13> Electotransport of acetic acid in the electrodialytic experiment of the

synthetic solution at potential 10 V and pH 1~2.
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<71% 3-14> Electotransport of oxalic aicd in the electrodialytic experiment of the

synthetic solution at potential 10 V and pH 1~2.

O EATY HIIFA I mAe AAY dFE e ol UdEUAS. AFEeH
O EALY] o]F &X, Z‘iﬁi‘ﬂ] Fe A & 7 Uk Ajde] IUMEFE, AR £ F
7}ete] AHF o2 HREEO 717‘] | Ao oju} MF{I}F Bo] BEFTE o|FERET S
dto] ojFHE Ul 1 Atk w3 Ago] Zr1e4E AganEs 2718, Yo A
3V,5V,7Vsh £2 A 10V, 12 Vg Yo Hude W 2 AdlMe ¥
2 Al Bl of 108 2 AFEET o]FEHEE UL, AR F2 oF 29 A

= =4 vebst

<3 3-9> Influence of electrical potential on the acetic acid transport in the synthetic

solutions

Electrical Elapsed  Transport of acetic Power consumption Loss of

potential* time (min) acid (mol/h) (wh/mol acetic acid) Glucose (%)
3V 240 0.42(+0.02) 59.4(£8.9) 6.1(x0.4)
5V 120 0.47(+£0.45) 218.6(x3.7) 4.8(+0.9)
7V 90 0.81(+0.03) 246.5(+6.4) 3.4(x0.7)
10V 60 1.86(+0.06) 239.8(+8.4) 3.2(x0.3)
12V 60 2.36(+0.15) 230.2(+6.4) 3.1(x0.3)

* ED experiments of the synthetic solution were carried out at the pHa.e0f 3.1.

(2 H71FA FA "X pHY FF

Az @E ohAEA AALE pHER Uehd 2dZE BH, pH 37 olde 73t
AME 80% <ol ofAEAte] AY AAHE AL A T F U} (Fig. 6). F pHT
} pH 1.1~28, pH 3.03%} %& pHTZF pH 3.7~42, pH 5.0~5.5, pH5.5~6.0% o] H|
39S W =& pHEZOAME Ha 708 o]FZ 100%2 olHMEXR AALES JelR

N

¢

El
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l

. @ pH FRME F 30%9] oFHED AALS FAsATh

Aztel we Sabdel 3¢S pH FRHEE uehd J#ZelME pH AFzhelA
100%9] Sgs FA & 5 Utk (Fig. 7). o o olHEAS AALH 2o —Q—%&ﬂ

sj&o] 100%E Yete olft oHEAR S4aike] pKagrd #do] &S HAs
ATk PN EAY] pKaghe 4801 £4Hie] pKard 1.25, pKaye 4.210]t} (Table 6). o}
A EALT S4te] ojegag e Hoz yehd AL o3

CH;COOH—CH;COO™ + H' (pKa=4.8) - - - - - - - - ®)
HC0:0oH,GO+H" (pKag= 125) - - - - - - - - - - 4)
H>C04--C0 42-+H+ (pKa2 = 421) 4444444444 (5)

ofELTS] pHYl wE ojes AxE ANT AL Fo Yok oHHELS] pH
o] }E o]23 F=E Vehd TN B F1 e Hkeh o] ol EAS] pKagk
2 48 #5439 pKap gl 421 B 47 YE Aede o= Skt w
ZtA olFdte o9 o] BolAa &rrt FUbste] S g oMHELERT T
Be o]0 o]Fst £ HAFEE A& F U AVIFEHL oles @ FHE AT o]
Fol 7bsst7] W&ol ofAELT SAste] o] 23 et FastA F83ted Aolg v
B g 4 gioh

<3 3-10> Physical properties of carboxylic acids

] Molecular|Molecular
Acid _ PKai pKaz
structure weight

H 0

Acetic acid CH3COCH H-C-C 60.03 4.8
H O-H

i

Oxalic acid (COOH)2 O Sor | 90.04 1.25 4.21
I
o
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<% 3-15> Influence of the solution pH on acetic acid transport in the electrodialytic

experiments of the synthetic solution (potential: 10 V).

80 -
S
o
P
o 60
S
X
o
S
= 40 A
3 —O— pH1.1~28
£ —&— pH 3.0
& —0— pH 3.7~4.2
20 4 —— pH 5.0~5.5
—O— pH5.5~6.0
0 {l T T T T T T
0 20 40 60 80 100 120 140
Time (min)

<% 3-16> Influence of the solution pH on oxalic acid transport in the electrodialytic

experiments of the synthetic solution (potential: 10 V).
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<3 3-11> Calculation of the acetic acid fraction with pH

pH [H] f(CHsCOQ) f(CHsCOOQH)
1 0.1 0.00015846 0.999841536
2 0.01 0.00158239 0.998417615
3 0.001 0.01560166 0.984398338
4 0.0001 0.13680689 0.863193111
5 0.00001 0.61313682 0.38686318
6 0.000001 0.94064906 0.059350943
7 1E-07 0.99372999 0.006270012
8 1E-08 0.99936944 0.000630559
9 1E-09 0.99993691 6.30918E-05
10 1E-10 0.99999369 6.30953E-06
11 1E-11 0.99999937 6.30957E-07
12 1E-12 0.99999994 6.30957E-08
13 1E-13 0.99999999 6.30957E-09
14 1E-14 1 6.30957E-10
1 Y
a
09 “ /k
08 \‘ / s f( CH3C00-)
\ I www f(CH3COOH)
07 1 /
06 ‘.
)
05
]

04 \

03 “

02 “

/
0.1 '.‘
0 —/ T S - - 1 ]
0 2 4 6 8 10 12 14

<Z1¥@ 3-17> Fraction of acetic acid with pH.

A 10 V, pH 37~42 731419] oAENY FEE 849 obyE4te] 1002
o BF FE:, $EA9 ohiEse] ZAtE AL z:i} 1% % 9tk ohlEAe] 2]
4 340 WXt pHY 9L Eol YUtk AREET PAENY
AMANTE GY B 4+ Aok pH 3742 TN AFEES AER 5L
A% A Ve, Adau e 7 AA e,

o]E AT

= -
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<3 3-12> Influence of the solution pH on electrodialytic performance of the synthetic

solutions
pH current efficiency of transport of acetic | power consumption
acetic acid(%) acid (wh/mol acetic

in concentrate (g/h) acid)
10 V 1.172.8 4.81 0.14 558.26
10V 3.0 10.57 0.22 253.66
10 V 3.774.2 40.34 0.346 66.45
10 V 5075.5 14.08 0.292 190.41
10 V 5.576.0 13.24 0.27 202.43

2 . 4 Concentrate

1.5 B Diluate

Acetic acid(g/L)

[en]
o e
*
o

20 40 60 80 100 120

Time(min)

<21% 3-18> Electotransport of acetic acid in the electrodialytic experiment of the

hydrolysate at potential 10 V, pH 3.7~4.2.

<3 3-13> Influence of the electrical potential on electrodialytic performance of the

synthetic solutions

pHave Transport of acetic acid  Power consumption Loss of
(pH change)+ to  concentrate (mol/h)  (wh/mol acetic acid) glucose (%)
3.1(3.1—3.2) 0.81(x0.03) 246.5(+6.4) 3.4(x0.7)
5.7(6.6—4.9) 1.50(+0.05) 143.4(+5.3) 2.8(+0.3)
6.5(7.4—5.6) 2.16(x0.02) 125.4(x3.8) 3.3(x0.1)
7.5(8.8—6.2) 1.68(%0.07) 143.4(x2.8) 2.7(x0.5)

*ED experiments of the synthetic solution were carried out at 7 V.

_54_



©
)
N
<
X
ol
o2l
B
_l}L
r‘i
s

S

B ATE 53t A7EY FAH dolA pHS} electrical potentialdl] W& A5& %
ALBIRa, ol nigoz HAFAH ZAg FHIaA At HPAT  electrical
S7Heel  mEt olEAMY FHRERTE FUISHAY, &ARdY
consumption)= ZF7}sle= HAFE RHYT Fe electrical potential®] 9= AP A7
Zo] A Wl F &2H(loss of glucose)7} F7}31 ). Electrical potentialol] wE g 3ko]
APAde vgoR 10 V7F F29 3xAYL ¢ & U
39, pHel| WE ZAF & YolA st 10 V, pH 3.7~42 F7ro| A< ofA| E LY
Tt 3AHYY ol EA0] 100% <tol]l EF FEL, $FHY oM ELe] Frlste
< 9 F A oHAELS] AHIVIFEA FAC vA<= pHY IFES FEol YEh
. AFEET oM ELS o]F &, AL FS I T £ Ut pHY ©WE IHE

APAFoNA pH 3.7~42 FHAA HHZHAAN AFEEH oMHELDY o]F&HET}
7}’%} A JEL, AL FE P AA e HF 9 38UAE € 5 AUtk

potential 9] (power

(1) eax=dE22A vlo] 2 dgE A4 gddA T4 A&

£ °4:rL°ﬂ/~11—:— Add] ojAY wag dFEIH A ulolemze AXF F4, LEA
AA AA, TEFTHE QAT TS FYFLEN HlojedEE FAHY HEAHE H
ZVstaAt stk B AFe] ALEE npolewAE WAWNA  (Sparassis crispa)E 80%
Douglas fir sawdust, 10% wheat powder, 10% corn powder, 16 Brix oligosaccharidesZ
TAEHo] QY. vlo]uj A= J-NCM Wiley mill (Jisco, Seoul, Korea)E ©]-&3}<] 40 - 60
mesh® FH)EPT 4°C, FE =% 10% o|3t2 FA359c AAYes 2ddg2x 28 »
S 7)ol A4 0.064 g(oxalic acid)/g(dry weight of biomass) 130°C (0-25 min)oj| 4] 170°CZ&
L2 =99 AXIFE A Y(liquid fraction)2 solid fractionC ZERE AF}E Z 3| A
o)

F.R}:J

£33 BEAHNA AA FTAH AELES T vlo|dEE FAHY FH
e 18L& Oxalic acid AXgAe] ANENFTAHY AHE BHAF
E A7AEEY HsldA 0% olF AVAERET AY AAHL U
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<% 3-19> Conductivity change of hydrolysate
JZ M= Azt e La A A (HMF, Furfural, Formic acid, Acetic acid)e] #|A
28 ez 9ot g BE ble} 2ol Formic acids 308 o]3 100%2] A A
&5 BQ ¥, Acetic acide 40%E YeEMAAT. TEAA F Acetic acide E2 A
A&S HAF1 Jed ol pHo @E acetic acid®] o3} A¥FH #FHo] Ju. &,

[«

Acetic acid= ©]2-& XA
¥4 34,
A ge g

Fe
oeg WA FE

HoFa 9o

Skxl A3 Hke} Zo] pKa=482 Oxalic acid®] | fe] pH7} 1~29<& ZHsd

AEE EAQToZN G2 AALEEE HAFE Ao R A}
U g A A 2] A AL HMF 10%, Furfural 40% % W] x
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=
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Time (min)

<21¥ 3-20> Removal efficiency of fermentation inhibitors from hydrolysate

<# 3-14> Removal of sugars and fermentation inhibitors

Concentration (g/L) Removal Removal
Hydrolysate ED treated” efficiency  rate (g/h)
(initial feed) (diluate at final) (%)
Sugar
Glucose 53.95 53.46 0.9 -
Xylose 23.09 22.77 14 -
Inhibitor
HMF? 1.83 157 14.0 0.06
Furfural 0.70 0.41 417 0.06
Formic acid 1.05 0 100 0.23
Acetic acid 1.27 0.76 40.3 0.11

1) Electrodialytic experiments were carried out at the electrical potential of 10 V.

2) HMF (5-hydroxymethylfurfural)
A71FY TR0 Aol Hede T4 58& 715\_1\]{11:}_ E}E‘r/ﬂ undi-aey
u
o)

2
foz EA3}7] W&o Water-NaOHZ -r?'(]-ZﬂSLE A &S

‘r}"jx%l;g AL AT ANEN FTAH &L Z/\}o}ﬁii i’f-°ﬂk]
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o 399 Gl Y& AL FARATH

<3 3-15> Influence of hydrolysate on the electrodialysis performance

Before ED treatment of After ED treatment of

hydrolysate hydrolysate
NaCl transport rate (mol/h) 0.078 0.070
Current efficiency of NaCl (%) 94.8 95.0
Power consumption (wh/mol NacCl) 19.8 20.2

2 d7Me Oxalic acide] A WP} AR TEANA 4L H&3t ¢&
AsA 7t vlo] e dgtE P4t T A IFE RAEIAT. T BAFE His}
Zo] 387 34& T AVFHTAS o183t LEANAE AAR F LEITHS
Ayt

Calic acid pretreatment Fermentation
(acid solution and biomass) )

i 1
Diluate Eydrolysat
ydrolysate
fraction (2)

Solid fraction Liquid fraction ED S
- {Hydrolysate)(1) Eecovered oxalic
First stage Fermentation Concentrate acid

Ozxalic acid pretreatment Admustment of oxalic acid concentration
{ED recovered oxalic acid solution and biomass) Fermentation
[ N,
Diluate Hydrolysate

fraction (4)

Solid fraction Liquid fraction ED

(Hydrolysate)(3)

Recovered oxalic

Second stage Concentrate acid
Ozalic acid pretreatment ) Adjustment of oxalic acid concentration
(ED recovered oxalic acid selution and biomass)
[
Diluate
Hydrolysate
fraction  (6)
Solid fraction Liquid fraction ED e
(Hydrolysate)(S)

Third stage Eecovered oxalic

) Concentrate acid

<Z1¥ 3-21> Multistage process for the inhibitor removal and oxalic acid recovery

U8 F AL Yeast cells(Pichia stipitis CBS 6054)2 400 ml Erlenmeyer flaskel 24175
o i kat ATt Hikde]l HRLS 10 g/L yeast extract, 10 g/L peptone, 20 g/L glucose
ojt}y. vjFAL FHFFZ FA(1:11)F F calcium hydroxideZ pH 6.02 ZAH3IF o343}
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At Dry cell (20 g/L)E hydrolysate2 ¥ ¥ 5 g/L yeast, 5 g/L urea, 0.5 g/L
MgSO,-7H:0, 1g/L KH,PO,8] 4B o2 wgde nlastgo).

Zt @A o] FaAA Fx e WalojA Formic acide 1.5g/L ©]3}, Acetic acid, HMF
1~2 g/L, Furfural 1 g/Lo]3}, TPC 2~5 g/LE EXHJ}t. 2o E Oxalic acid AX]
gAe] AALZELES HEIHt 4 BAEE AE O AARLEES BRAFn e,
Acetic acid®] AAHEEL 40~60%, Formic acide] A|A&ZE&-L 20~70% T}

3348E Hrtetr] 98t ED 33 AHES Bl TRHINE 3 2, AT
S ANP3A G aEIY Ff dEs == 592 g/L, A= 008 g/L/h, ogE S
&2 01 g/gelth. F ¥ 23 AV|FH FHE J83 27, deE =& 3ol
78Rt (194 g/L, 17.1 g/L). A== 0.23~0.27 g/L/hZ oF 354, &L 0.29~0.33
g/g sugarZ 38 olAte] AEFAAE BPTh

<3 3-16> Ethanol fermentation performance of the ED treated hydrolysate

Fermentation broth ED treated fermentation broth

(untreated) (1) 2) (4)
Ethanol production (g/L) 5.92(+0.32) 19.38(+0.68) 17.07(£0.52)
Ethanol productivity (g/L/h) 0.08(x0.1) 0.27(x0.01) 0.23(x0.01)
Ethanol vield (g/g sugar) 0.10(x0.01) 0.33(x0.01) 0.29(+0.01)

I Hydrolysate(1)
[ ED treated(2)
I Hydrolysate(3)
[ ED treated(4)
I Hydrolysate(5)
[ ED treated(6)

Concentration (g/L)

Formic acid Acetic acid HMF Furfural TPC

<% 3-22> Removal of inhibitors for the respective stage ((1) and (2) for the first
stage, (3) and (4) for the second stage, (5) and (6) for the third stage)
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80 I Third stage
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g
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£
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@
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Formic acid Acetic acid HMF Furfural TPC

<21¥ 3-23> Removal efficiency of inhibitors for the respective stage
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- Ly Thi Phi Trinh, Eun Jin Cho, Young Ju Lee, Hyeun-Jong Bae, Hong-Joo Lee,
Pervaporative separation of bioethanol produced from the fermentation of
wastenewspaper, J. Ind. Eng. Chem. 19 (2013) 1910 - 1915

o 78 (St=dl 3 ¢x)

- Hong-Joo Lee, Pervaporative separation process in the bioethanol production
from lignocellulosic biomass, 2013 B &-F 383 A g=d3d], 35, 4.10~12

- Hong-Joo Lee, Current status and perspectives of pervaporation membrane
process for bioethanol separation and purification, 2013 F$3 83 FA =)
3], A=, 51~3.

- Trinh Thi Phi Ly, Hyeun-Jong Bae, Hong-Joo Lee, Fouling phenomena in an
electrodialysis process of an ionic liquid , IEEC 2013, COEX, 6.11~6.13.

- Trinh Thi Phi Ly, Jae-Won Lee, Hong-Joo Lee, Characterization of softwood
biomass pretreated by an ionic liquid, 2013 3}3}33%}3], A st&3, B3,
4.24~26
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urong depemdence on feed ooncentration and temperature, The pervaporation of bioethano
produced by the fermeniation of waste newspaper by Saccharomytes cenevisior decreased process
periormance, However, the progess perfomande was restosed reversibly by water deaning. The
pervaporaiive separation of bicethamol from the fermentation of waste newspaper was carmed owi
without any significant decreaning process perdfarmance in the study.
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the bnary mixture of ethapol and water was executed and the
permeation results to imsestgate the mfluence of the fem b ne
fouling on the permeation performance. As shown in Table 2,
the membrane fouling could be easily remowed by a simple water
rinsing method and the pervaporation performance cowld be
restored, as well as reversible membrane fouling | 18]

Table 3 compared the pervaporation results of bisethanol
produeced by the fermentation of waste newspaper and ghicose
and synthetic solutions of binary mixture of ethanol and watber,
Az shown in the table, the permeation flux and the separation
facwor slightly decreased due o chemical species in the
fermentation brath, In the analysis result of fermentation broth,
the concentration of xylose and acefic acid was measured to
128 (+003) g/l and 042 [ £0.02) g/l respectively. The pervapora-
thon resalts of PDMS membrane in this stady showed relathoehy
good performance when the pervaporation pedormance of the
present study was compared with the reponted resulis In the
study, the pervaporative separation of bicethanol from the
fermentation of waste newspaper was camied out without amy
significant decreasing process performance.
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Interests on the bioethanol have increased as one of the
biorefinery chemicals as well as the alternatives 1o fossi
fuels. One of the principal separation problems in the
biorefineries is to recover very high yield and concentration
of ethanol from yeast-based fermentation broths containing
ethanol in the range of 5-10%. Untl now, distillation is
widely used to recover alcohal from solutions. but it not an
economical process due to high energy consuming process,
Among  various  bicethanol  separation
ppnaprnnm a liquid separation process using a membrane

processes,

for bioethanal.

barrier, is considered one of the most
promising approaches. The manuscript discusses the current
status and perspectives of pervaporation membrane process

Keywords: bioenergy, bioethanol, pervaporation, separation,

purification
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Fouling phenomena in an electrodialysis process of an ionic
liggmicl
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INTRODUCTION the Korean Society of Environmental Engineers
Interests on iomic liquids (TL) have increased smce they show unique physicochemical
properties, such as good non-volatility and non-flammability, high electnic conductivaty, {IEEC201 3)

excellent catalytic activities, good phase separation performances, efc. Among vanious
ILs, 1-butyl-3-methylimidazaolum chloride t],'Bmlm](“Il is a hughly efficient direct
solvent for the dissolution and regeneration of cellulose " The regenerated cellulose is
precipitated from the IL solutions by the addition of water, which generates large
volumes of dilute aqueous solutions of [Ls. The disposal of aqueous IL solutions may
cause enviromment issues due to their degradation and toxicity. In addition the

recycling should be considered due to the high cost of ILs *"

The objective of this stady was to investigate the feasibility of the sep ofall
from aqueous solution using ED. And the membrane fouling and the cleaning effect on
the process performance were considered.

MATERIALS AND METHODS

The electrodialysis stack, CJ.53 (Changjo Techno, Seoul, Korea), consisting of 10 cell

pairs with total membrane effective area of 550 cm’, was prepared using a commercial
cation exchange membrane (NEOSEPTA® CMX) and amion exchange membrane
(NEOSEPTAY AMX, Astom Corp., Tokyo. Japan). For the prelimimary study, the
influence of initial concentration of IL on the ED performance was investigated using 3

aqueous [Brum}Cl solutions. As an mitial concentrate solution, 500 mL of distilled Progr‘am
water was used for the elecwodialytic experuments. Five bundred malliliter of 3% % t =

Na:504 was used as an elsctrode rinse soluton. Three solutons (diluate, concentrate, F -
and electrode rmse solution) were circulated at a flow rate of 1.56 Limin for all " % irg
experiments. Electrical power with a constant potential was supplied during the ED
experiments,

Cleaning procedures were carmed out between runs with three different solutions, such
as acid solution (0.35wr% HCI), base solution (0.4 wis NaOH), and distilled water
After cleaning, ytic perfc wers using 500 mL of 0.1 M
NaCl and 0.05 M NaCl as diluate and concentrate, respectively,
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