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gnamnsallnaiadl GeneliAndym Wesnnddaldonuazliaunsadesaasiosldni
sssumivsesedddnaiuiuinn dufunanainiinmeesaansld wie biodegradable plastic 7
Hudnuumailslumstauntandmiunslden  femedddidnslimgiunmminnwes
pgnduTud1Uevds Swnszuruntsnnaidinan dredeqdunis Actinobacillus
succinogenes Maiisudgndsiigneeseioulesiargninlulfifuundsmivounasirluigng
nszvIunsinLuungldnanannsndadiauszann 5325 nfudednsdanalilinandni 0.62
nSusiedns mmduduveansndndingsaeindnlsfiore 71.5 niusedns AniduAwanan 1.02
n$uvesnsnadadindensuesnglea nduAnwInshuiarifedtahuindemsldnaie
wuusudemaiadianinslaezladauuuanst (electrodialysis bipolar membrane (EDBM)
technique) @7uva3vaumaIINTIndnawIsaandunsiiuszuudanlasineslada lng
wunii@eudadiunvzueneenainiunazueneendulossununii@uunazuenlossusaniiu
GV %y’ﬂiil,mﬁL?ﬁmﬂ,aaaumﬂﬁ]zﬁwﬁﬁ%mﬁ’uL?JaLLaﬂLﬂ?iauiaaaumﬂﬁﬁﬂfjulamaﬂ%a (OH-
) Faweneenanininduuunideslonsonlsd (Mg (OH) 2) Tuvhusaieafiu anion succinate
awgnénedu anion exchange wausULazwIon WY UFAToTUTUSAOU (H *) Augnoenain
fulsifunsedadin nuiranunsaldnsadnddelsgeaniivszana 69.62 niusiedns vie 059
Tuasiodng ilsuhiuiaruaunsoiuiewansusiuszan 98% nanisfnuidedlmtuin
nafiufeuagiuianinandadinmemaiamaiediaalaslaeyladasiniminagedildan
nszvaumniniiuszansamifadedndussuunisitnuiidszdniamuazduainig
wiswgeand uwilumesssiudamuidsiinududou Snfiduszuumumiveumiusuas
Annsnsavaugasiuainnowiniidey dwmainlilssdnsninlunisuenansvesseuvanas 8n
faflenusidudesiansanviauay Tasesumusuilddmiudusmusilunsuaniudeuleoy
Fodumndesmsfindszananmnisiuionsadnidalusssuaualngensldmeiaduly
Tasiawmdu, ululawdunazmalanisanuaniausaodielinadululdegeidmsuieldlu
geavnssunataindan deidugramnssuduitudegpamnssunisnanaisuenewes
(monomer) iiaftagiunldiduingiulummandiamedwe waraindanmeely
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Currently, there are severe environmental problems. Major issues
include chemical products derived from the petrochemical industry which are difficult to
discard. Most plastic is manufactured from petroleum-based which causes problems. It is
difficult to decay and can not be decomposed naturally or takes a long time.
Biodegradable plastic or biodegradable plastic is another way to develop materials for
use. For this reason, agricultural raw materials such as cassava was used as a carbon
source coupled with bio-chemical process by using microorganism Actinobacillus
succinogenes ATCC55618. It can convert enzymatically-digested cassava to produce
succinic acid with the titer of succinic acid of about 53.25 g/L resulting in a yield of 0.62
g/L. The highest concentration of succinic acid was 71.5 ¢ / L, yielding 1.02 ¢ of product
per gram of glucose. The purification of fermentation broth was carried out using the
electrodialysis (ED) membrane technique. The fraction of liquid from the fermenter can
be processed through electrodialysis system. Magnesium salts were separated into
magnesium ion and succinate ion. Magnesium cations react with hydroxyl groups (OH-)
separated from water to form magnesium hydroxide (Mg (OH)2). Similarly, the anion
succinate was transferred across the anion exchange membrane, and simultaneously
reacts with the separated protons (H +) to form succinic acid. The highest concentration
of succinic acid was found at approximately 69.62 ¢/L or 0.59 mol/L equivalent to about
98% of harvesting capacity. The experimental results indicated that harvesting and
purification of succinic acid by electrodialysis bipolar membrane (EDBM) technique was
an economically effective technique. Nevertheless, the technique was still complicated.
Moreover, the membrane surface was accumulated with magnesium salt. As a result, the
separation efficiency of the system decreased. It was also necessary to consider the type
and materials of the membrane used for ion exchange membrane. In order to increase
the separation efficiency, other techniques such as microfiltration, nanofiltration, and
crystallization techniques should be used to achieve the desired results. In conclusion,
this technique can be applied for the production of succinic acid as a monomer to be

used as raw material for the production of bioplastic in the future.


https://en.wikipedia.org/wiki/Product_(chemistry)
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1.1 AUEAYLASTINIVDUIRY

Jagtunanafnduassifiunuimdedinuszdriuveaywdgunn egldiduanaunsaluia
#9q oy lududsenevveaadesldluiih awuzusgems uazgunsaldninausing 9
Gudu  TeewananmardduesgildangramnssadlinnaiidieliAndymussuaiviay
Aawndenlngsom idesnnidaldonuasiansadesaasiedlinmsssunaviosely
nauIn SedunanaRndinndesaansld Wie biodegradable plastic FuduSnuuimmils
Tumsanntandmsunslinufiogeuszasdinfonisonsnddunden  selufuingiv
NIEUINNSHAR wasnszuiumsmdn tnetagtunanaindinmegesanels lagnivinanudAey
Huegrannnmianiaiguazniaensu Inedinmsdasanaugnamnssunanaindanimlne iile
fauuarensdugRamnIIINISHARAIARN T MASUTTRUATER UL nansthuazdang
1h Fawanadndanwdu sdeunaniagRufianansondenaunudulmlldlusssuend Mgy
ASEUILMINARA1  uazmendsannsldon azanunsadesaaeidufnsmiveulasenluduas
ilddheqaunislusssund  Tnewanaindnwiuasdamautinisnisnmiisuvinfunaasn
mnguamnsaudlonall  nindndtindedunsndunisviauisiiannsnuldiumsisiuluy
msudenanainTinmld  lnensededdnannsordsldannssuiumninueadoqdurisvans
¥l Insianizeg1ads  Actinobacillus  succinogenes %QLTJuLG‘z&f’aLLUﬂﬁL‘%ﬂﬁlﬁQﬂﬁmﬁaﬂmﬂ
nszmzresth (bovine rumen) Tnsunfudanszurunmaviinaziinnsliinna nglaaibuasas
dulunsdn  Sebwanglaaduansiidsnun frulunuideifdunaalumsiaungns
pnadende Tneldudufudendpuduingiundn Fufudwendudufeifiogunluiiui
Fanfouassedun ngazdsmalianunsafiuyadwesingiumanisinunsidiuened usognsls
fnunmsninnsadadiniy. dhastszaulgmmeuneiafodanmstiudmnudndaurien
3anin product inhibition effect spamduduvosnsadadiniiuniulussrinesmsndindu
dwmaludsaudem uaunsolumanaaedtogdunsd Ay mnvinisuennsadediineanan
szuumgiunssvIunmavEn agvilissavsnmniaviingsdu ddludoiauslasinsifedadd
sruudlanlnslaerlada FadunsuszgndliideusiuiiuszquanuagUszaau (cation and anion
permeable membrane) YimsndlentilfiAnnisindeuiivesszadadiunielninnszianss
Jawadwsdananasiilinsdudinmandurianas  seiides  sneududuvesnsedadin
melufaiinazdiavhegiane  WowuafiSeasyinssdensndadinldunniuuaranusorhns
wifnuuuitany (fed-batch) lasanmnsaifiuutsiudendsldBnidothmalufmsinmunag
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1.2 dngUsraAvadlasen1sivy

1. Waunszuuniswennsadadinaudiunseuiunsudndessuudiaalasiaeslada lngly
waudvzrdaduunasnsueundn

2. WRBUWBUAHaNENLAZNANNaTRINsATATINTINAR AL TOLUATISE A. succinogenes Tu
sULuUNsWELUUNE WuuAene

3. Anwinavhuiavsilesiunndegainnn Taefinisfnwiedadesnerluszuy

4. Fnwnsuenaivdiunseuiunisvdnnsadadinaigseuudianlasineslada

1.3 YBULUAVBILATINISIVEY

Iﬂidmﬁ%’aﬁ%ﬁwmsﬁmsnmsLL&Jﬂﬂiﬂ%ﬂ%ﬁﬂmwjﬁumzmumwﬁﬂ Tnglfide
wuafiSeviainannsndadiinaneiug Actinobacillus succinogenes ATTC 55618  ¥inn1swiin
ludauisalvun 5 Gns Felusgwinafivhnmanintdy azvhnslvadewdminesnuendemiin
suszuunsnsesuuulalasiunsdy  Geasvhlildwitvindnlas  lurneiuuefiSessasor
meludonin  andudmiinanlafndnnazgniningwavessruudianlnglaerladadiorhnms
uendpdiun Sediuszaauooninsruy Mntuagshnislnadsudminndudnddmtn esn
Tudhwsinaedinaiiinanglaa uazansormnsdu 1 idoot)

¥

1.4 guyAgnu (G13) LaznIauLUIANANYEILATINIGIRY

nsUNNNIABUYIElAEYA 9 wi dnazindyainnisiusslaunandun Fedwainln
anududugavinevesndndamiddmniiinsendy  msuensdnsusinugiunssuaunamin

ﬁu L‘UuLL‘L!'JWJ’]&J?]@‘VH]Sﬁﬂﬁﬂiaf\]au%iﬂﬁlﬂiﬁ,«!ﬁﬂqﬁwLL’J@@@&IVI@JLLMﬁQ@WM’]i@@@Jﬁ@J‘UiﬂJ@H

'
=

papAa1 UsiAnansiisifie 3
%aﬁm%‘uﬂ'ﬁu,aﬂﬂim%’ﬂ%ﬁﬂmuﬁﬁ’umzmuﬂﬂimﬁﬂiu%Lauaimamﬁ%’mfﬂfu Humeluladdu
g nanfe anunsanennsndnddnldegsraiies wazanunsanennsndnddnesnainaisedndu
q fiflangiidunandld Lﬂiuﬁfﬂmaﬂg‘iﬂauaﬂﬂsau Judu uenaniuds asavanensndadin
fusnldduasdiamniartgusdunils  Swstwilinssuiunsiuiavsludugaredan
e

\‘lﬂﬂaﬂiﬂawﬂiﬁ‘lﬂL?JE]‘U‘L!?I?NGZJ“LJ“LJULEN Imammﬂmaﬂimﬂmaulﬁ
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UNN 2

a A v
NUNIUIFIUNIIUNLNYIVBY

2.1 NSAYAJUN

IS =

nsndadin fgnsvaniifie CHeOs uansiagul 1 auautRnardnvazyannLAng
fapnsnefl 1 dednsadediindeduasuszneudunid 1 Tu 12 +la fignussmalaensenss
WANUBIUTTNAANSFDIIZN el duansfianunsnihlUlfdumsdasudszendldly
QRAMNIINBL AN 1L RaMnsIueIs wil 81 wazwedwes (Jusu dwiums
Ussandldlugpanmnssumand nsedadinanansananlfifuasseduiiddyludunounsuie
nImayANA (adipic acid), 1,4-butanediol tetrahydrofuran, N-methyl pyrrolidinone, 2-
pyrrolidione succinate salts ka2 gamma-butyrolactone (Song et al., 2006) pg19lsinu Tu
eyt neadadindanuddyiduedrannlumandndunaiaindanmilansodesamels

P a ay v | )
L‘W@VWILLVIUW@']ﬁY”mV]eLGULLWTViaWQ&Lu{jﬁ]ﬂUu

suam 1 lassasiamaeiveansndagin

AN 1 NN IIATLAZNEATNVDINTATATIN.

ARFUUR U3ua
dnway (Mwu3avisas Miamgiivies) | weufsndoniada 1aifd laifindu
waluana 118.09 n3usiolua
AUV 1.56 nFusiognUIANLYURALINT
ANABUNAY 185-187 aaaldies
0Lh0N 235 A LgaLTLE
AAadunse (pKa) PKa1 = 4.2

pKaZ = 56
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2.2 NMISNAANTAYATUNIABATZUIUNITNINAL
nsntrdiniindsludandedlinenszuiunsmadlasideulae Maleic andehydride adu

MIWNARIN N - butane HUNSTUIUANTERATWTY Laedl vanadium-phosphorous LJusLSs

Ujnseneenlenitufjisewes n - butane naneidu Maleic andehydride (wandlugunn 2)

O
C4H1Q + 350 2 v ————— ¢O + 4H20
O

sUnm 2 38UfA3ewe3 n - butane naneidu Maleic andehydride ( (Hapbern, 2011)

UfA38197n Maleic andehydride wlunsadpndiin Suanufiisenlalaslada nisuanves
WuszngIMdaiusysenineasuauwazoandau waziianatsdunsauadn (Maleic acid)

madulalauilinisuaniuseresesvauiumsveu foinasdudjisenataidunsadad

a 1 [ v aa a a & a a &, a Ao Y a ¢ o I a [ ¢ al 1
Un EJEJ’NISﬂG]’]iJ ﬂimﬂ%uﬂmmammﬂLﬁuaLwaaWaaGnaLﬂuawmﬂwmamﬂm%uuLﬂuwamnm%wlm

3

aa Y a

1#1191n5550%17 (Song and Lee, 2006). luraziiisnsvesnisnaniliidununisudniignnii
maulsgulnenisniin uisideunnseaiilutymilvgjegmilouiu luvasafinisuussulaesi
nszvaumasllanedifuazuanddiidiuinsadadnvhlduiumanninensdlinyuiou
WU Aesssund daznanaduEesinidenainly ilesningivaznaraiduFessindin
faghu mssasunaraufosnisosshifuaaiidiiutuiu fagnaneduhiialdseiiutuge
nszuiunsiadeldiliidunszuaunsifiauegnaddunar liaunsauidymiluguaiia
Fioanns mnfianudesnisesnaseiouaniiunndulufugnamnssumanannsndadin

2.3 NSTUIUNSNANNTAYATLIN

nszuaumansinnsedadin ddnmsfnuniueg1saseds et e 1980 (Zeikus et al.,
1999)  eehdlsnuludegiudlafinmsadlamsudnnsedadandnanlaglfarsdeiuiinnis
ndusnlglndla (renewable resource) w3aingAuNINITNYAT F1MIN T13lne STud1Usnds
henades  =ac nsndpdinanunsandalanngdunidvanvatesiin  endisgiuy
Actinobacillus succinogenes  Anaerobiospirillum succiniciproducens Wag Mannheimia
succinicoroducers  (Song et al, 2007) QAuvddnguiindaniifinuamiEfiaieo T
amuannsenusonuidufureninangladldaalaeiliiAaussiusodlufa wazdl
ANNENNNTAtUNT WERNSAdRTHngs (Huh et al., 2006) dnsunsndedinddadumsianans
v3o intermediate Tuindns TCA (tricarboxylic acid) uazilunandnanvnelunsyurunisming
lLifloon@iau  Tunszurumswiin uenudlonnniadediinudy enviinanasyldiiunsnesdfa
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nsanlesin  nsoudndn  uamiemueainlu  msudensadaddn  endhediatu We A
succiniciproducens @snsanannsadadinlamuudu 83 nfuseans M. succinicoroducer
HARlANINAIY 50 NSUAEANT Wag A. succinogenes WamlAIINNI 100 NSuAedRS (Qiang et
al, 2010) Jusiu dmsuitnmanannsadadinuansdsguam 3 Teefldngid  PeP
(phosphoenol  pyruvate) carboxykinase dmdude A succiniciproducens Uy A.
succinogenes  TaganusunmasLiiuldiUfAzendnnsadndanasiussAvEamaluang il
%szjmi?uaulmaaﬂiszjﬁagﬂuﬁmmﬁqa (High COy) Imaﬁfwmaﬂqiﬂamamaﬁ%LﬂﬁauLﬂuﬂim%’ﬂ
FanliAewiomn Tuvaziianme amsueuladenlassn (Low CO) UFAS1RwIARTuvaTY
URRTen denaliiAenanassléfivainvats (by product) Lty nsnezddn nsevleddn  nsaudn
fin wasiovnuea Wy Fiduasdiuiinistdliidoamnsondansndedinldluuimuiigey
Suduitagsonhliuinamesfwaivoulaoonledlussuugedndie  mandansadadinan
nnthmades (molasses) Mitumanaesldainlssnuiema Fatngiviuseneuse Hana
¥iasnen (hanaglasa nalaa Wanlea) Uszana 50 Wesifudvosimin asneaases Tane
wifnenee dnfiu wavansusznevlulasion Wudy Feielu fmpRufitiussleviuasiisiagn
fealdluniswanenuea nsAudnan wagtnmavesinea (Liu et al., 2008) &NSUNISNARNTA
Fadinlaonszuauniswinuuune  avannsondaldUszana 464 nSudedns laede A
succinogenes  uananidaldfinisinigesnisdniivszneuseninianglaauaginnalulaa
Wl duingavlunmsnannsadndin Tooido A succinogenes lunssurumswinuuung 7
anmeiilifloondiau wuiausandnnsadaaanldunnniy 455 ndusedns waglunszuiums
viinuuusngansandaldinnni 53.2 nfusedns Shminiswan 1.21 niusednssodalua 7
sepznaviiin 44 49lua (Zhenea et al, 2009) w&anTivinIsgeenIadT agldfuihena
oonun yhliieseonisideuuafidothluld Wuasdeduld udagrdlsinaingiusmanutiey
sfimniaulaniign lesniiviinasmeiguarannsomieldie faiuluussne
Insuazdwviaunsswannduiuiddnsndniudvengs seiduan udafudends uazuds
sUdusdndam Algunmeonin Sinnnglealesuvienglaaman Ssduusiisnagn dlssay
paneuiaisaegaelufonin  shlilésunnuaulafiegiuildiduingivlumsnanansadadin
uegneann FadsasnayarliiuTngAvinatinmaiugfunsimundumeluladdanm
roliAnnandusiiidusglovddely  nssviunsudametinimmienssuaunmsuiinifinigld
Heqaunidimde  feluiinisiindeduantey  uandumeluladazenn Aldsuaruauly

o

AnwIeiued19nIewIe wenandlunisuannsagadinaleisnisuain 95NN AN

o

asveulneanleddiguaiieldlunsyuiunismdnnsadadingsiodu CO-fixation
fermentation 1Judszlemiiduegrunniunisanfineansueulneenlys
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Glucose

— ATP
= ADP
Y
Glyceraldehyde-3-phosphate

- NAD

* NADH
L~ ADF
e ATP

Y

J“\DF’\ Phospho encl pyruvate  ADP
ATF ) .l
- \ ATP
:[{ CO; :}" NADH NﬁD
) i .
Oxaloacetate A
NADI e O, e
: 0/ e
w0 4| T e S
Malate i T
Acetyl Coa .~ MNADH
.'- NAD
Fumarate
XH —— ATP Acetyl phosphate Acetaldehg:-_d%ADH
e — ADP S
«|- ] ¢ {_» NAD
X i('lf;‘DP - ]ih-ﬁ\TF' T
[ Succinate | Ethf""‘:"
High CO3 Low CO,

1%
o o

JUAM 3 wans Catabolic pathway lunszuiunisnannsadadiindeyinia (Song et al., 2006)

2.4 @ANERSVDINSUANNTATATNA

Lin et al, 2008 lévhmsfinwaamansnsvinnsadaddagede A succinogenes 1ot
Thmanglaaduundsaiveu wmwmimmﬁumwamuaaﬂummmeﬁuusuaqmmaﬂaiﬂmau
WAnSainsededin Tnenissudsnnansdadiunde substrate inhibition aziintudlodaany
duduresihmanglaafiunt 143 nfusedns uaznnarnduduresimmanndn 158 a3
fodng ardsmavhlideuvaiiselianmnsamdald venvnidmuhemududingaveansada
Finuaznamaoeld nsaveslin nimexdAn Lomuea waznsalwsia AdsenszurumInminde
104, 46, 42, 16, uay 74 nfusiodns awddy Faandidiuegnetanuiitluseninnseuiunis
ity efinsavaunsaduniduasiomuesluimin Suflornududuresaamdigedu s
dwmansznilasnssiulszavsnmlunisuinvesdenuaiie  uandorududuresasvand
fagaingm avvhlvinszuiunsvdngdia



18

2.5 MsuenuanfudinuaiunszuIun1min (Extractive fermentation)

mauenuaningimugiunszuumsnidn  (extractive fermentation %9 in  situ
product removal) L“ﬂuLLmﬁfﬂumiﬁﬂﬂ,ﬁﬁ’amsamaeiwmaslu%’jummﬁm Tnetdunisiimun
nszuumsnsinlundey 9 fumisuenudndas Susinadludusie 4 fd 1) anmuduiie
voansndunisiddeifouuafiiuas awtilidenuafioansondansalinntu 2). aunaves
aunsagluirmiilesandnisuenndnfasioonainszuvegmasanan 3). nsgapdendniugi
%ﬁﬂ'wamm wez 4) Wunsandunauveinisuanas (Lye and Woodley, 1999) Foldiusausiig
0 wEniay miﬂamiammmmmwmm (dlowFeuifieuiundanareansafivinty)  vili
ansnsnanfuUIF U LATikae Funuiusne o adld mﬂmiﬂﬂwmm%mmaﬂﬁ] WUl
nsUszandldinafiam 4 mugfunszurumsndnnsadurdessd

4 U Aaa
2.6 NIINIUIFNININYATUN

(%
a £ 4

dwsunszuiunisvilivsgnsvesnsadediinuu sunulunisiiusgnsnsndadidnd

9
=2

NN 60% YBaRuYUNISHART VIR detuFafesinisAnvinasRansandenisivmzauuas
fuszansnmgslunisuennindadinesnainnandunidduquasiingnszuaunsinliuians
wol Foandnvazionzvesdnduinidinm Jadudedrindmiunszuiunsuenlaeily
Tuueafsenaassududesiauislmldmmsauiuuldlunisuen dmduniseenuuy
nsrLIMIoMaAuAEINEA S uenndesmilaferdianaraaninveandndueing &
Feefiansuntladedugsausag 1wy duniiveandnfusiazarsiiovulunssuiuninds

6 al

‘UiuIEJ“Uu‘UENNaGmm"VWWIENﬂ’]ii’}leVIQﬂ’J’]llﬁll‘i/]u“lJ@Qﬂ3uU’JUﬂ73LLEJﬂVlu’]1JWI'?IEJﬂ®’JEJ 19919

Usqmﬁmaqmmmﬁﬂ?ﬁmagwmmﬁ 1w electrodialysis acidification wae extraction s

2.6.1 NM3QAU

msmm%’uLﬂuLMﬂﬁﬂﬁﬁﬁﬂﬂmﬂummﬂﬂsm%’ﬂ%ﬁﬂaaﬂmﬂﬁmﬁﬂ TRRNIZNS LY
ﬂﬂ%uwmau‘umL‘dumLLaﬂLUaﬂuUﬁ”Wum’Naau (weak alkaline anion exchange adsorbents)
GIN’i]ﬂ/l’ﬂﬁ/iﬂ'liﬂiﬂf\]‘UﬂUﬂ’]iVlllU'iuf\]L‘UuaUVLWLUuE)EJ’Nﬂ Imamamm%m@miaum Ranunsadi
9zvnIsmedu  (desorption)  lensedRdfinesnandeiinisddisansazatefiden  ionic
strength g1 Gaazyil¥insadadiinuqneanaindigaiuiu dutofveunaiaifedinisamuiilias
it wasimuaunsalumsdunsedadtnled  udethslsinnumedaillannsauennse
sunsdviinsuivuidousnainiuinld siiilesainnsedunidvent sxflautBneanonmuas
maeiifiednefuiunsadadin ﬂ&inﬁaﬁmmﬁﬁuaamsl,lmﬁa (pKa) mslﬂammﬂuuavsmwu
faFFumsuandantuieatudnge muuﬂsvmumsm% maaLﬂumimusamﬁmumummu
wazazdodldinadiadu o sm‘Lumzmumsmamzmammmmumsqmaqamaw
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2.6.2 Electrodialysis

dm3u electrodialysis {unsguunsLenudndasinsinisldnisuaniuasuyseqlu
Tuanavesanstug InelfiBouiusufuldlnihnssuansaduimelunmaunndvesseq 1A
MswenuAn s iy sel (Boontawan uazAae, 2011) uiagslsfmumeluladasldnani 1
msawmuiineudnags Meludunisdnssuunisusniargunsainairassuusneg (Zeikus et al.,
1999) wonani wadadinanldannsousnnsndunisuarssiaildainnszurunisuiin
Hosnnsnduvidmanianmnsounndududoouldituiy

2.7 NM3uENNIAdUNIIAUANUNITEUIUNITUSINAIssUUBLaalashlosaulultu/Bianlng
lnozla®d (Electrodeionization/electrodialysis)

Meynial-Salles et al, 2007 iﬁﬁﬂmsﬁﬂmmsmamiﬂ%’ﬂ%ﬁﬂLLUWiaLﬁaamwjﬁ'U
nsvuunsmiiemaindianlnslaesladalneldido A succiniproducens Feszuudianing
nogla@aiu \JuufAsemslnih-efidldideusuiiiiusey (charged membranes) aoswiinfio
anion Wag cation-exchange membrane lagflusazwinazeonlidosulsygaulazlszaun
duldmuddu uenaniuds Seazinisldlifnssuanss Wushlianausmsindueslnin
sehadeuduisans  Tusssrinmsuentu  asfimsusuaanudunse-adliegluansi
Wiz au ImEJﬂim%ﬂ%ﬁﬂﬁﬁhmﬁmmﬂmmﬂéf'gaq 2 ffefl pH 4.2 uag 5.6 AudU (5Unw 4)
Bsagyilvinsadediinuandududoouvesdadiundsiivszaduay  wazavanusounsoonan
Cation-exchange membrane Wl,wumzﬁ I%Lﬁaw%LLﬂaL%Ems?fqﬁﬂizﬁm’m%LL‘Wi'aaﬂmq
anion-exchange membrane (U 5) Feransmaansszyd mudiiduvesvauuafiGouas
WAmHavesNTARTlnegi 42 niudeAnsuay 14.8 nfudednsdedalus Ssgeunnninamiinly

WUUNZEY 28 Wag 20 Wauasu
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1.0 - R e T
[ Sucenic acid
0.8
= = =Succinate-
= 0.6 -
;:\a — == Succinatel-
= 04}
0.2 {D}
0.0 —
0 2 4 ] -] L1} 12 14

sUnm 4 dnSnavaIrmudUNIA-AeTTinenNSANSeINsATARin (Li et al, 2010)

Cathode: 2H,0 +2e —> H2T+ 20H

+ + + + + + + + + + + + + o+
[ ]

—> S A © © o © > Cathode stream
Cation permeable membrane ; )
Feed |:> ® S) — © ® |:> Dilute stream
Anion @ d
permeable membrane *. )
W ®'e © ® ® ® ® > Anodestream

Anode: H,O —> 1/202T+ 2H" + 2e~

O lon Exchange resins
© Succinate ion

@  Sodium ion

U 5 ¥anN1591191UY8958UU Electrodialysis (ED)

Boontawan et al., 2011 ldvihmsfinwinisuennsaudnfinaugiunszuiunisviineaey
szuudiaelasiloseuluwdu w3 electrodeionization (EDI) danszurunsiifunisussendld
izUULLaﬂLU?ﬁmUiz@ (lon Exchange) AU Electrodialysis 6’??@miLLaﬂLﬂ?iauﬂiza;%i%’w%u%ﬁmﬁ
fanuanunsalunmsiuudnemled wihregluglvesmsazaefimududumiing Tnefing
uanilrasiiueanisuanda (Ka) egfl 1.37x10* uanmadesudzgnisaudulianansieurouiias

(%

unsEULBuNUeanlUN Cation permeable membrane wald Aeluvesnsesile EDI g
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1%
[

UseneulUdediusng o fiddndsdfe daudeans (dilute stream) dududu (concentrate
stream) waw daufiifudalulih (electrode compartment) lutasvasdruioansargniiude.s
FuaesrilafiannsodudesuiiiiuszquaniayUszgaulsd fastuiiaesiataztheia
Usgansnwlumsdreminavesuszaanludiuvesansiou (feed solution) lugudeusiuniels
ussduiadoudadulifinszuanss  esmnmnududuvesdoouaziduiunazideaisluromnis
Iyafishadu Fedunsvuiuns EDI B3sanansavssgndldldvislummilndensderilidudy
pndegnatulunssdmiiunAnndosu (deionized water) lngthazidusdnsnsidlilug
vosdiudeas (diluted stream) dhunmssdansaudndniu asazaensaudndniduduargn

NARTUTUA UV BIFIULTUTU

2.8 nmsuszendldnindadiinlugamnssanaiaindanin

nsndpdinanunsalfifiuassesiluansieiiddylunasgnamnssusuiseyiusveinsnda
FUno17L¥u apidic acid,1,4 -butanediol, tetrahydrofuran, N-methyl pyrrolidinone, 2 -
pyrrolidinone, succinate salts Lag gamma-butyrolactone (§UA W 6). LLasﬁﬁﬁﬁmﬂsm%’ﬂ%ﬁﬂ
Qﬂiﬁéﬂumsé’qmeﬁwaéma%ﬁmmmﬂaaaawlﬁ 11U polybutyrate succinate (PBS) and
polyamide (Nylon®x,4) Tun1swdanatadndanin (McKinley wazauy., 2007) ag1elsnnnu
Tnelunnsmansvesnsadnddninanainnsyuaunisninduiinisuaniesun dewseudiou
fuansiefiiduguisdusdratunsauadnuoudiled (Maleic andehydride) Fsudnldan
nszuaun1sUlasideu(nszuaunisniaai)danaunduiissdrunisvesdoidaisouves
nszvaunainnIadadin udidesaindununszuviummaailunisidsuudainsnuiadn
woudledlvinaedunsadadiin lnsiunssuaunmsmanaiiduiifuyuiigs Seiliiidesitans
Tunsldnsedadinlifmuvainvans uarluvasidenfunsisowaznsdnunildiunnig g i
wansliisuininnsuannsadaddnainnssuiumsudnlaenisldnsnemnsnaunuaiusavinle
nsruIuNINARnsaTRddndusravsaininndudeisuiunszuiunsiinsdendadu
NS¥UIUNTIINNLANL (Song and Lee, 2006)
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Phi tical .
( Fpamacastcat ) (" pioprosphars ) Sowentacsves )
(Food Ingredients) (Flavoumdditives |

Stimulants for
Plant Growth

ltaconic Acid

4-Aming
Butanoic Acid

Aspartic Acid

Maleic Acid

Gamma-
Butyrolactone

Fumaric Acid

- Q N 0]
5 |
Chemica v Hydroxy Succimide

Dimethyl Succinate Succimide

1,4 Butanediol

T

4,4 Esters Corrosion Maleic Succimide
Inhibitors

( Detergents ) ( Surfactant j

Plating Compound

el
a
} l

Succinate Ester

§

Tetrahydrofuran

sUnm 6 nildaeianunsadauasigiainnsndadin (Song and Lee, 2006)

2.9 N15AANVAINTATAILN

Tutlagiu nsndadinfindndadimineludmdudannszuiunsed Tasnseendiadu
§16Ud9U Y83 n - butane A1UAIY %umaumaWﬁﬁ%m Hydrogenation ¥84 Maleic
andehydride Tagguyuues n-Butane ogfl 850 - 950 1Wi3ayansg “Hofu (McKinley WazAn.,
2007) T1AeINIAdATindntesieueglutag 5.9 - 9.0 wiyauss « doflansutuagiuau
U3avsvaansadadnin é}’unumﬁwémaqmm%’ﬂ%ﬁmfu%ﬁmaﬂszwummﬂﬂﬁ]ﬁwawﬂszﬂﬁ
sefuduluidunsunsnannsndndinuasrananvesnsadadinfildainnssuaunismien
altinsvesingAuuagalddislunisivifieinandn Inganizos 1udadunuiuingAuves
Maleic andehydride tluinsruiufidudmddnritifanadudunulasuvesnisndn
nsaFAanMfinuInT U (Song way Lee, 2006) ag NS¥UIUNTT Hydrogenation An1SHER
asfiwluvimamn failidureunisiuignivesnanfusinsadadinduiidlddofigau
nsrurum i daduniitmgwanualngdulainsdunisiantulugieiud e 1980 way
TudagdunisudndaBiunannseuunsvdndussann 5,000 dusal wazaiglusiai 2.20 Wiy
ansgrdenlansulunainiBagaaimnssueims auiainnislisnvesnsadadindinmas
anasUszana 0.55 wigyansy “sedlaniy duuinnisudniiindsganin 75,000 fu 1iledain
aunsalivszlomianarsiaiunfveuiiinaign wu 41lwa utls niniaa wagdiang
(Zeikus waw AnLz.,1999) Madenvilsvanszuiunsviinniadadintuaunsandaldaintiama
nglaa ImU{]wﬁuﬁﬂizmumwﬁﬂﬂm%ﬂ%ﬁﬂmﬂfﬁmaﬂgiﬂammd’] 30,000,000 AusBUYD4
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nsudndialan s1ahnanglaaaregituszana 220-250 wiansy “odu Tnsynauufigu
I¥inananveansndndiin 91% (w/w) vesthaanglea iuldin1sannsadadinainuineins
naunulnenszuiunsnsinduauisoutstuiunssuiunsndnmaniild wasitddyinay
Hrtnveamdsnureatanas tymdunadondifiuinniuduiliiAensnseduliinisedan
Foamslunsdsunvasnmsndennnszuandlasaiindunszuaumsmsdanm waedemni
Fldfuatendnnisuaraadiugramnisusiuunnlianuaivayulududiuiwoy
11N MINARNIATRAFTnTIn MRS RzLuTinsHEaTlnsEeuaiiues Maleic andehydride
( 2.2 &rudiuded) (nensramdsuansgewisnt,2004) wazdnistamameiifatulnidmiy
nsndadtinuazayiusnIndadila (30 audusiel) BioAmber, Reverdia, Myriant Technologies
waz DSM-Purac 1uu3ewssiuwniniinvesgramnssun1siannsadndin faansusann
pAnTINfuGsAATnRe 70,000 fusied Tud 2013 mawdnfieansalienlifuanunsondadiedd
WiBs 0.2% voematnAINReIn1snIadadiniianun (Mckinley et al, 2007) usiinAsugha
lngsiudenstidednintunisnannsadadinnatinin winsussdiualddne dunuingivuas
N3UsPAIUTUIRNTIRAIRTI AN A seeTUNSHARN SAFAGIn s wduuandlfidiudn
Hagtiunszuiumsvesnsedadinlaetinasidesaraninsngnunuiisnenssuiunsnannsndadn
lnanmsndnlaniglueuendulng
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UNN 3
A5N1SANHUNISIVY

3.1 @0UNINISNAaaY

a e uRn1svdn @1msUuRn1s 10 unInerduinalulagasuns

3.2 aUnsnluazansiall

LAS D917 bTLTU

—_

. Laminar flow
. Spectrophotometer
. feufnIalund nieusruunIsNIULarAIURNaMUAN dmTuUfisen esterification

. Hot plate stirrer

2

3

q

5. Autoclave
6. High performance liquid chromatography (HPLC)

7. sruuusninlneldimafianisuenlosuibeusuuagnisgady
8. Maﬂé"uﬂizﬁw%qua

9. Gas chromatography (GC)

10. Incubator shaker

11. Bioreactor U9 5 a¢15 (Sartorius, Germany)

a

3.3 LWBAAUNIIUATNITNIN

q

L%a WUANLTY A. succinogenes %Qﬂ?gamﬁ]’m American Type Culture Collection
(ATCC 55618, USA) 9nduiiniselaviinisinizidosioemisimiasila AS medium @il
duuszneuduandlunss 2 wazvhnisuSumanudunsa-maly (oH) sesemsiaeadolild
6.5 Ingldasazaelaioulensenled Mnduiuniendeiigamgl 121 esmizados anudu
15 Yausisonsnai Wunan 15 wni


http://en.wikipedia.org/wiki/American_Type_Culture_Collection
http://en.wikipedia.org/wiki/American_Type_Culture_Collection
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M15719 2 @UUTENBUVBIIMISHaBYLA AS medium (Liu et al., 2008)

duuszneu ALY (gL )
Na HPO4 . 12H,0 1.5
NaH2POa . 2H,0 1.0
MgCl, 0.2
CaCly 0.2
NaCl 1.0
Cassava starch 100.0
Yeast extract #139 N source ﬁu 9 5.0
MgCO3 80

Tutuusnagyinisgesudstudsrasmedulasl Termamyl® wag Spirizyme® 1y

c{' @ go/ gj o [ 1 I3 1 c’l’ dy PRy}
nswdsundaduiiea anduaziinisusuaanulunsa-aslusmnsideatislidu pH 6.5
P = I3 & o < 1 & A ’~ ~ ) & 1
melapeulansenlen ntuinanleinweionm)l 121 ssrwaled Ay 15 Jounss

O ~ & N . ! & & =
A151987 1Wuan 15 udi WowuATilse A. succinogenes AxgnangadlueMsLaeude Live
a < LY} ‘:9‘; LY = Y A = a 5 o
wssalduidelunszuiunisudn  Tnedinnsiintuanieilifioandan  Iegludulsnazyinnis
wuiwansveulaeenladiiioldeendiauesn nasanuuyitnsUnlieamgll 37 ssmwadea
A9M$IN1TNIY 200 SoUsoud Wulal 16 TluN LeWwSeuANULTUYawad ke 5-10
Wesidud  wawSeulidmsuatsasdvsunsesuiunisutineeld  drunisvuvaslulasiaund
F1PgNEL ztiuasimlaluiosiu wu nndadinlsades dihiwdeainnisudaeinyg 1usiu

3.4 N1SHTYUNAYD

dy . 1 dy dy A = @ LY} dy

W0 A. succinogenes dzgnangatlueivsiaeate Wewssuduiuelunssuiuns
yin einsudnluannefldfioandiau Inevnnisiuinglulasiauiislassndiausan nasan
& o ' vl a a =5y ' PR ) A
Wwihnsudlingamall 37 eseadod N9nTIN15NIU 200 SBUABWNT WA 16 Falug Lite
WTUAMUTUTUVDUTAAALA 5-10 Wasidud Wawssulidmsuateasdmsunssuiunsmin
sl
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3.5 NSZUIUNITUANNSAYAZUN
3.5.1 NSTUAUNITALUNBUUNE

W MNABIe USRS 35 A adludaufnsni®inm  wwadsues 5 ans
(Sartorius, Germany) Wienddefindeul3laovy dreasluludmsn lunszuiunsusinlagldds
yifnuuuiifesdinismuuineiniosmuguiane  Snsmuaugungiliasdinuifenis ms
uanadn pH  Minsdsuuvadlussuy Sﬂﬂ’jam‘%'aamugmzﬁmsﬁamsiaﬁ’u%mﬁﬁmﬂwﬁ%u
MgCO5 (40% lawtiwiin) adlufeiinufiomunudn pH e Taeflidsutmaslufmn
wntdn fesanansilddanududugs Wefwauautiinmsluniaviin Vadeueugamgdli
¢ 37 eswnwadea snendiunmsmeldannglill ena WieliwadaunsawSyuazadn
parAnAntuld  andurhnafuiegimng 3-4 Faluadussezinaissanm 40-60 Falug
wnhmsaiensadadinasvgaas viniuthaieseiasesasely

3.5.2 NSZUAUNTRANUUUAING

Tunmswinuuufsngasannsautseanifudesdude  duusnidumawioommsies
do Uuns 1.2 Ans wieudufumamssemsdmiunisdeulutuneufang Taedinnsldutls
fudwevdeiferuduty 5 wh Mnduiundi@eruieatuiuung uazmuauszUUNTIn
adefuLUUNE Ansmuaue pH Wiy 6.5 wazvdainfinszuaumsviinuuunganiulau
Uhinuvesmangleatununas Sadutlouemnsiiwdeuliudaadly Ima%ﬁwmslﬁufﬁam
dududunds q (intermittent feeding) dievhmandnuuufsngsely wenani azvhnisAn
nszvumInsinndoursaaumanimavdn  saiamaduUsing @ Wy Ansasyme,
NanAnLazHAnNaTRINIATATEN [Dusy

3.6 NMsueNnInYATtinAUgRuNszUIUMTMIndlematindianlnslaatlads

N133AYANITNARDINITHENNIATATUNAIUATUNIZUIUNITUT AR5 UY ED
(Electrodialysis bipolar membrane (EDBM) Imaﬁmmswmaangéﬁammn DW-Lab unit
(Japan) dioldvhnsuennsadadiinesnanuingn dmsuiuiinafiiussansamas wsasiy
wsufe 30 asneuiues vesdienuagamuaadmiviivanuazualnaniudidy
(UaAMm 7))
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JUN W 7 Electrodialyer (SelemionTM DW-Lab Specification)

ahuizwmiLL&ﬂﬂi@%’ﬂ%ﬁﬂmU@ﬁ’umzmumwﬁmfu ldfmdnudgiiuszuunis
yfnuuuneiasiisny wiaedinsfiafeszuunianseusuy microfiltration neludavsin dwmiind
gnviliusgvtiuoenanufnsaitanmilaglduieidenses (microfiltration) wuuguutiiienen
vietuwaduuaiiGeliogansluiriosufnanianin anifuagvinnisiaenimindiulasenun
ynsusnnsadadinnouiarlvadeuimingsndinduidngdmineoly dmsindikiu
nsguaunvsinilldgnindnluluming EDBM wasmyuisululutenieans (dilution stream)
aeluad EDBM Tneldinsosduuuy peristatic Ineflansazans Na,50s aanandudu 2 Tuans
(2m) grlfiduamsazasdianlnslaritslnadeulumusostavanuasdraulusswinanssuiuns
yha idesudasnszualnilgnaradunieluiiiondnnssudlalinss Taoussiulifuazany
nwiunszianglue 0-100 Taad (V) Uag 0-1.2 woukUsran1sauns (A/cm?) auaeu uag
dasnslvavesveamarluusiay stream o8l 1.6 ansseuil lasnsndnddn (Fadium) azgn
wonaanaelulwavesszuy ED wazfinnisaewanaluiiniaiuasaraislusiuues cathode
(FUaW 8)
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Anode
stream

Thermostat  5-L Bioreactor

Microfiltration

ED
cell Cathode
stream
A
Pump

valve

Electrodialysis
Fermentation Rectifier
Dilute stream —
Electrolyte stream
Based strear
 EDBMecell
Vs N wwm S
A D
Acid
stream
Base l I Crystallization
Fermentor Microfiltration Jacket Cooling finger
Acid tank '.
Hot plate Pure succinic acid

sUAM 8 Experimental setup dwiunsruiunisuenniatadiinaluaiunssuiunsrdne

wadAdarlnstnaylada
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sUnm 9 ansaldianlnslaeyladanldnaaedluail



30

Constitute

K Cation membrane 543

EA,EK Electrolyte frame 242

C Concentrate Frame 5

S Softlon 2

JUNW 10 dnwaguayauUIENauYessYUU ED Tudu cathode
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sUA 11 dnvaizuardinysenauvesszuu ED Tudiu anode

- Constitute

- Cathode 1

e ]

K Cation membrane 5+3

EA,EK Electrolyte frame 2+2

C Concentrate Frame 5

S Softlon 2
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- Constitute

Cathode 1

Cation membrane

EA,EK Electrolyte frame

Concentrate Frame

Softlon

- Constitute

- Cathode

Cation membrane

EA,EK« cElectrolyte frame 2+2

1

Concentrate Frame

S Softlon

sUA 13 dnvaizuazdiuUsznauressruy ED Tudiu anion membrane
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- Constitute

- Cathode 1

K Cation membrane 5+3

EA,EK Electrolyte frame 2+2

C Concentrate Frame 5

S Softlon 2

- Constitute

“Cathode 1

Cation membrane 543

EA,EK Electrolyte frame 2+2

[ D Dnrefame  5i2]

C Concentrate Frame 5

S Softlon 2

sUNM 15 dnwaizuazduusenauvessyuu ED lud dilute frame
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- Constitute

- Cathode

Cation membrane

EA,EK Electrolyte frame 2+2

C Concentrate Frame

S Softlon 2

i‘Uﬂ’]‘W 16 aﬂ‘l“}muLLﬁuﬁ’JUﬂﬁuﬂ@UﬂJaﬂiu‘U‘U ED ludiu concentrate frame

- Constitute

- Cathode 1

K Cation membrane 5+3

EA,EK Electrolyte frame 242

C Concentrate Frame 5

S Softlon 2

sUA 17 dnvaizuazdiuusenauvesszuy ED Tudiu Pt wire
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- Constitute

- Cathode 1

K Cation membrane 5+3

EA,EK Electrolyte frame 2+2

C Concentrate Frame 5

S Softlon 2

sUA 18 dnvaizuardiuusznauresszuy ED Tudiu softlon
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Set of pump IWAKI RD-05

sunm 19 Juildluszuy ED

sUA 20 favsemisesiurenvad 3 81 Tussuu ED
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Rectifier of output: DC 18V/3A and input: AC100V 1¢50/60Hz
sUnm 21 msselninluszuu ED
Tunsfglitianududuvedloooufismaiiu Juagfumiuduiusseninsussiulii

Yoensziakaziiusume dudulumunguedens (Ohm’s law) Aina1alitussiulniivae
anavasiiegdndiuiuAeud

sUnm 22 gunsaldmTunisnialiasigsian LCD point
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3.7 N15WATISH

ihdhegniiAuldandsufnsalanm dhantuvissiinrunda 5000 seusounit Wu
a1 10 Wit Tesedesduies eusnwaduardiulaiidusesnefidosnininninse
faile

(1) USinasinanasang lneds Dinitrosalicylic (DNS) method #1335v84 Miller (Miller,
1959) Tngfazteniminitumiesnsonetdlaun 0.5 fadans wasidy 3, 5-dinitrosalicylic
acid reagent 05 fedans luvaeansaewdy  antuiludildenuteuiielminnis
WasuuUasd Lﬂuﬂmﬁmﬂﬁﬁ%msuaﬁwmaﬁumiazmaﬁLauaﬂﬂﬁﬂﬂémﬂunm 5 Uil uay
ihlUTisevinamenauguuessiegnalagliiees spectrophotometer fieugnadu 520
WIULAT Wiauﬂumﬂsww:mm:ﬁmmaqmmaimLLUﬁwummLsumusym'm 0.2-1.0 lulpsluase
iadans mmmmumaqmmammm aﬂmmmsaumwﬂmﬁmumLﬁumumma UINTFIU
duwﬁiﬁummaﬂg‘lﬂa Ansuenuduiued  Welildnsussgusasiisuiumilaan
Fregnafidiaanis

@ eududuvonsadluiminldgnivlaeliiedosinanuiduvesnisganduuas vie
spectrophotometer (UV-vis Spectrometer) fiauenindu 660 wiluwng tnesheghaimsn
2y gihlutiuiinrandisou 12000 seusieundt Wuna 2 uni Mntuthdniduemsivan
(Supernatant) Msly Aouflaziiuneamatrllasliiivsinaswingy uay vnsdeadliiinng
duduivneay uay wWasuduauiduduvesead (Ory Cell Weight, DCW) nsnlunmsgiu
(standard calibration curve) ansnsaadsldlagriinisnssanuafiBefinududusiig 4 Usues
3 1887 FUNTEAUNTIVWININTY 13 dadwns, 0.2 lulaswes (Whatman, England)
Safumsligyanmagaoen  warthnssaensesiitiwadinogluauiiiossmetiooniigumnd
frunseuliuia wey Fedmiianuds Mnduinsgatunsostainamlusuiigumgfl 105 s
waldsadunm 24 $alus Amnudoauunasguvesnsiamiududuvewadedi + fovas
5 fisgfumnandoriy 95%

(3) medanzrnsndunsdriainegiintulunssunsminnsadadinuasnanassld
fdunsndursdutindun Imaﬁﬁaaeﬁqﬁmﬁﬂ%gﬂmaqm'muw'umawmm 0.2 lupsouiiordn
waduUATISY  Aeuflazshmsliasiest  dhusheddlusuinhasaeduridazgnandiaies
Jnseilaenss Fansieseidaliunanesansiiegns Tiewdes High performance liquid
chromatography (HPLC) #ild detector «Ju UV uae Ri-detectors padutifildusnansaziiu
Usgan ion exchange column (Aminex HPX-87H, Biorad, Hercules, CA) LLazgﬂ"?Lﬂ’i’]zﬁﬁ’m
UV flemuemiaau 210 wiluwas 90w nMsfuUSinuesnsadAdiniUsuTisutuiui
Tinsmvesansazanesnegnanasgiuiianuitutusing 9 fu legamgil 55 ssrnwaidoa uaxdl
0.005 N HzS0q 1Huimawpdawdi (mobile phase) LﬁaLﬂuﬁaﬁﬂwwﬁaaémLﬁﬁngﬂaé’mﬂl,ﬁmmmaﬂ
a3 fsnsnsiva 0.5 faddesdewd  Aidnsnsiva 0.5 faddnseiound Junan 40 widl
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Fawals awnsarhuldmanendn (vield) waskdnnavesnsadadin (productivity)
okl

3.8 Electrodialysis analysis
Removal ratio maqngﬁﬂa glucose (DG) wag soluble proteins (DP) Mﬂlﬁﬁlﬂﬂg‘jm:

D (fl My 100%
= —_—— | X
Gr® Mw °

log? Mr wag My A snavasnglaansalusiuludiuuumie top phase Famanetiadu
Pfipadundn (N$N) uarinaveanglaavselusAuNIvLn Aua1iu
Recovery rate ¥84n3agATnasaMm A nauns:

W -Wi

R (%)=~

< 100%

Tnedi R Ao Recovery rate vasnsada@in, Wr uaz W, ﬁaﬁi’wmuqmﬁwuasﬁmﬁu (Ve
Junsu)
An1stladn (Conductivity): nsilwiinvesdenilésunounasndsinusyuy ED Jald
lnaldaunsnliiawaniy
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uni 4
NANISNAADY

4.1 n1swTeNaINIstagRdaaNTdua1Usasdatazn1siagRdanuafiise Tudwminuuin 40
ans
Wouuaillse Actinobacillus succinogenes tngldvinn1s¥eu19naudiiusiusiuany

& a

NUFYAUNTIUNIYIR ansFowsnI w38 American Type Culture Collection (ATCC, USA) laedl
v o w A S o aw Y o Y A9 Yo o o [ < !
saiiufie 55618 MNUuTNITLlavinssiemeemsmanldidudendsandunmes
Asuaunan IneligausrasAnaniieazandunuadlininiian Weosanvae s 1vesiaiu

dugndsaniisnangn Ussana 2.0 umsieilansu lnetunausing 9 uandduguniw 23

e

S

o‘. ; o

" P
(oAl

JUMN 23 wansnsinsenemsdeatenitud s ndsan

sUAM 23 wanstunaude 9 Tunswsetemnsiteadennidudlendsan tngludunau
wsniu aztvsiudus ndsanuviinisansauayen vnisenwden wavshudududn 9 wun
Uszana 1-2 Wuiiuns anduiinisuadieiasesuailens 4 WU uasesuaiedisiaign



a1

(Wszana 5 stuum) Tusswisuatuasyhmaduiadludndesdielivinlvisudusndauntud
Snwaiuraiuld Tneth o luudr avAes 9 shnsduiludasdindesay 50 lnetninues
shifuan Gedelfuisuresnislivhdudsndaslunswismindouifensldluusinades
ﬁqiﬁmmﬂﬁaﬁuﬁwwé’qamzﬁﬁqagjLﬁuﬂ‘%mmmmgjué’a ndsnivhnisuaadaiseuies
wén aglsvhsiudugndsuniddnvasduveanatu Ininleveslvluefusgduuann (guuy
127) Felagviluuda Fasfuaneny 8 Weudiuau 1 Alanu agiudinuutassanuiesas 30
(300 n3u)

dHosmnintuuaildty wivinumewduasnmnledeudnegs fadumnvhnslseni
Sougalaense s bidanvasluwlanuasaziinumienin (a8 4 yussfudznds) i
Tldanansodosutivlidutimald muummLUumvmaqmumauaﬂwmwumwmﬂa n13
wonnn ddlunuifedldldiedesdioasnaislunisadautsie wiosennin (sUarsde) lned
ndnmsvhamadetuedosiumisiuuunniags fuhudgiugnsesuia 100 mesh 4
Andaagmeluinies druninifufsdowalvgjagliaunsoriugnsesild wavasgnadslieanan
wdes Tnefinsvhaudunuudedos aunsansesiudeldlusnsdszaa 100 Alandusie
s Srdudaluenisgesutilidumimanglea (slucose) Tnsasiinshauaesdunoude
nstosnsadl 1 uagnisdosnsed 2 Ssnsdesafedl 1 tu swvhnaifiuguugRvemiedulidy
90 pemwadeauazynsinidesaiindafiesluea (-amylase) asly Wevimiilunis
dosluanavasuilslidvunminas Seludunoutarlfnaussana 2 4alus Tasasdunmituing
Snwaznduvesvailaundu uavamnuvidsararaniuedaun anduasiinisdesadsii 2
Tnevinsangangiivessyuuasauinie 60 ssmwaladunm 3 Hluwasvininfumigos
yilanglaezluaa (sluco-amylase) aﬁlﬂLﬁaﬁwmiﬂamaamjﬂmaﬂqiﬂaaaﬂm warldindon
Mnsfudivzndaan (gUam 23 ¥17d19) Hdnwasdudiferans q dawesudefiazarele
Uszanm 25 U3nd Tnpanunsainldlneinies refractometer daunindiuenléil anunsnilusy
fudenvesisiudUzndaieliusylondlddnsuldidumsdoulufainiassuulderniamile
samduinedinm (uTenda) dasutunszualudi luduaarhernsfusanuiunse s
Ty (pH) vesomsideadoldls 6.5 Insldasavareloienlsnsenles waziin Diammonium
phosplate (DAP) witoriiallulnsiauluanuiudulssnasesas 1 Inethin arnduianldly
NanIINYUIA 40 893 dauﬁ%ﬁwmaﬁwﬁﬁaﬁqmmﬁ 121 saAnwaidod AuAY 15 Youdne
p51ii e 15 und



a2

sUam 24 mawseunaweludmdinuuin 5 ansuarnszuiunsuinnsadedlinuuungludmin
VUIR 40 8713

4.2 nszuraunswInnsaga®in (Succinic acid fermentation processes) laglaiunafilse
d18Wus Actinobaciilus succinogenes ATCC 55618

N oA o 2

fafinanneud ey Actinobacilus succinogenes ATCC 55618 \iuqauvieningnidenld
dmsunszuumaninnsadadindsenansovurnudunindadinlags @1 A succinogenes
ATCC 556188 fin usnanamnnszinzueshilavantumeluladdinmiiduny duwesiuduiua
(MBI) Tusauds, Junu, Ussmmanigewsng dsaunsanannsadaddnliranududuiigaey
TnsndaddndunandusivéninnniuuaiiGeameiugdu 9§ MnmnmsUsuudmduriousu
uianeus  anewusinanididnvasinufesmsimuauargninaldlunssusumandnly

¥
P

A1SANYIASIY

4.2.1 N3ZUUNTHANLUUNS

dmiunszurunisvdnnsadaiinuuunslunszuiunindaduiinisldiuie 10% lne
Usuns Tnevindudsadeluomsidends Tryptic soya WWunan 24 Frlusuazaedosie
wailavaenideatdafnsal@anm 2.0 L dm3un1s1a3nues A succinogenes ATCC 55618
Tngldhmanglaa Wuundsensuaundn dwsunamsissasmsluszuulionnia figungd
37 °C sadiinasniunauansludsfnseidaeaanuiss 200 rpm uaziinisliuia
asusulaeenlyd Wisuiminludsufnea #2005 05 wm dr pH luthwsin fnnsaaunu
Tnednlusi@fl 6.8-7.0 muANmensiiuasazatsuaadouiueiun CaCos 40 wt.%. lu
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sEninensudnuuunglag Asuccinogenes ATCC 55618 wandlugunin 25 AUt UYDY

1%
°

thmaanasegasandlutag 40 Salususnvesnszuiumamin deandudasmsuslamima
mﬂaaﬂamama ‘Lﬂ(ﬂ’]ﬁﬂﬁIﬂﬁﬂﬂUiIﬂﬂﬁ]u%llﬂiﬂEJL"?JaaLLUﬂVILiEJVl 58 $alua nsAnwndaiiled
nsRadadanmain Asuccinogenes ATCC 55618 flszas wﬂﬁumLezjaamaumaauawmimw 8
YBINTEUIUNTHIN wagIndannainnsaziulain Anududumadian1nnududy 42
plateau v89n5 Uszuas 3.8 ndusiedns wazdenadudraududusindndaudedu
NIZUIUNITULN mmL%u%umaafwmaﬂ@JIﬂam?ﬂaangizmm 0.6 NFUADENT N1BNAY 58
Halus wazAmudutuvesiwadgeanil 3.89 nfusedns luseninnisaiyweead mny
Fuduvesnsadadinfintuegrerngalutae 30 faluawsnuararnduanududufiaeiiny
wunlUNNISIR3YIBIYeR

nsndpdfindundnsasinsaiildannszuaunsindlefinnisndnnsn dfrilud
Ufnsalawilen pH flanas  eddusiosdinmsléfuiune (Alkaline neutralize) teAauAuA
oH voshmfh lunsdliAn pH %gﬂmmuﬁ 6.8 + 0.2 lnidun1smiuaual pH wuudnludla
awlvgjvesnisaneiierfunisnannsadaiinazinsld MecOs \ush Alkaline neutralize
wazifiellindemnududuresandusingilunszuunantn  uwlumdlumsufdfdmsu
gnamnssumsnsinnsedadiinudniu alldingvesmsld MeCos dulsifiamumneausiiions
Tudnunifsalfinsusuden § Alkaline neutralize 910 MeCOs w i Ca(OH), Msvnaes
zdiulidn navesrudufuveinsadadindleld caOH), Wui Alkaline neutralize lvina
ManpResiAituRdTunslY MeCos Tasimnmiduiugnvhensadadinludafnsalanmd
iUl 5325 nSudedns dwalildnandnil 0.62 niusenSuvesashi  lnedidn
nanAntdoldudnananiininmssensulunuenmsildaeiuifertu (L waseue, 2011)
winsadrdinaziundnsasivanuanddininannsnesdan, nsavesiin, wagnsauanin 1Ju
nsananansld Tasfinuidudugainevesnsanesiin, nsauasfinuaznsnozdinidu 12.3, 2.7
war 10.5 NFUADANT ATUAIRU LAZAUITNTUYDINTATATUALAZ AUTHIUNTABUNS INANADE
e IuﬁwfmﬂizmumwﬁﬂLLUUﬂzﬁ?uLLam‘Lugﬂmw 26
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Time profile of cell centration and glucose

consumption

Glucoze conc.

@0 | 45  —=—DCW
~ 20 40
» P - 35 A
E 30 o
8 =
g 25 E
g 40 20 &
s - g

30 g
@ g
e 20 F1o R
) o
B 10 F 035

0 00

0 10 20 30 40 50 50 70
Time (h)

sUAIN 25 unuamiananisiduinianglaave swaauazAulutuYe e adlusening
NSTUIUNTRUNUUUNZLABUAULIATLAY A. succinogenes. ATCC 55618

oy LETEEEEE DR e e e e S
i A e AR i Sk e AR i AR i

Organic acids concentation

—+— Succmic acid conc.
—=— T actic acid conc.
—=— Acetic acid conc.
—&— Formic acid conc.

Organic acid concentration(g L'

=

Time (h)

80

JUAM 26w nsansrudntunsatadinuaznInsunIdnanaeslalusE ninensTuIung

ninwuunziisuiuailag A succinogenes. ATCC 55618
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pglsinuninadglaveusadiuagfuUsuimaisomsuagatsomisiidrineglu
nsvuIuMsvnuUUnE dmsunszuaunsudntunsn (Upstream process) Suanunsausulid
MssiumanaRT RS waynsnanTeUSasvesnsrurumswinld dufuSaduiiihals
flasdAnunszuruntsniingauuuny (Repeat-batch mode) igsanusauAdamamuaududu
vosansnasuliannsafiuasauldesadeidodudiufnsaitanm

4.2.2 N52UIUNTHINULUUASNE (Fed-batch fermentation)

dosnnsntrdfinuasnsndurssiilunanassldtu o ﬁé’ﬂwmuﬁ'Lﬁuﬁwiawat,mﬂﬁﬁﬂaq
wﬂml,ﬂmﬂmﬂgﬂwsmmLiaﬂfnﬂ'ﬁ*&mmmﬂmamﬂm% (product |nh|b|t|on effect) Bnvanma
mmmaammaLiumuﬂuamwamaUsvamm‘wmaamimmfuuﬂu Fousamansveansniing s
wangsnnsEUIUNITuUUT T IﬂﬂamﬂﬂﬁﬁaﬂinuaﬂugﬂLLUU“UENﬂ’I'ﬁEJUEJ\‘ﬁ]’lﬂ

£%
P

A15919N5AUN5DEAI LR 9T
C

n
:uzlumax[l__iJ y ~\m
C.) c,+K. [i-(c,/c))
Tngaun1stnauunudn awnsaiaransuatdlerinuiduduresansiuiuvulamal
n
C C
H=Hpa| 15 | ——
”‘“( C) C.+K,

S

[

Turauz eI UAINITTUTINNANN UNTNAINANTENUFDDRITINTHIS LY WwawuamammamLam
G ks

c.\”
ﬂzﬂmaxll( ij
P

LAZLUUTIA0 NANAAIENTYDINITIIYLIDTINNITIMAUTDINITTUIIIANENTAIAULEY
HARS gAY lAENNTT

c.) c c. )
- 1-=s | s \T[1-=¢
H ”’“ax[ CJ C.+K, H( cpj

S

[

Tudid = A19MIINI1THATYINNE Specific growth rate (W), tm = ANTHIINITLATYIUNIL
gagaMaximum specific growth rate (h™), K = Aasfivedluuendiniunisiadey Monod
constant for growth (g LY, Cs = amiduduvasinnia Substrate concentration (g LY, C's =
arunduduingauesimafiuuafionulégegn Critical substrate concentration (g L), Cp =
AN UYBINAR A NS arananela product or by-product concentration (g L), Cp =
aududuvosndn fusivienanaesldgeaniiianisdudsdouuaiiFe Critical product

concentration (g L), lavenfings n uag o luamfidmsuansisiunasnansoe audsu
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UNINT 12919871989 lag phase SINUNLUAMNFUNUTOENBIAUAIANUITNTULEUFUTDIUINS
nglaa lagnuingianm lag phase (7)) dwenuiuduilenuidudusuiureninailinniy
Tnedimudniusnuannisues Belehradek naludl

= n d‘ A 1 d‘ 1 1 A 1 .
T, =+ 2C o, lnedl K, A, uaz 1) AeAasfivesaunis @aum Oc forn step function

TgdAWINAU 1 WaANUINTUYIUINIALBENI1A Cs kasdAIWINNU 00 WBAIUINTUUD
11m1a11NNI Cs
NITNAFANAASAITIASYVBITD A. succinogenese Tunsideiausauandlaniannis

X

X _ X
at “

ne? X Aemnuduveseas (g L)

duaun1sves Leudeking-Piret lagnesnwuudmsudnanna (productivity) U0endnsinuiea
AunIs

dd% = (apﬂ + 5 )X

Tnefl o uay B fie Arflieadosiun1siasey growth associate wagariliiAeadasiunisiaiey
non-growth associate MUAINU
ﬁaué’mwmﬂﬂé’fﬁﬂmammL%@%G‘ﬁua&UJ'f"f‘um’mé’mﬂ’uéiwdNmim‘%zgsuaaL%ya nsAnANAN U
LAZNITINYIAN L VOULOAAIANNTT

dcC X
-5 = 5d—+yX
dt dt
1ae?
1 1 1
5 = Y - ZY 7/ = ZY —m Q‘- ~ . o =
X1s PIS LAy PIs I9e? m Ao AINTSNYIENILVDITAS LD

{WesnAAsIIsaacansig 9 vesnsminnsadaddniidiuaunin  Aelutinidedslania
WA TAINNTNUNILITIUNTIY Ienn51e 3 Teagurrsing 9 fAadl



ar

M5N 3 MsaguAiaeiisne 9 dmsulamaninisdnnsadagiinainiimianglea (Lin et al,
2008)

A1uUs (parameters) A1 (Value) %y
L 0.5 ht
Cs 155 gL?!
Ks 2.03 gL?!
N 0.603 -
11.9 -
Cp
FATLUR 104.2 gL?!
Wosium 16 gL!
DLTLAN 44.2 gL?
wdnLan 100 gL?
K -1.82 -
A 1.2 -
n 0.369 -
Olp
nNInBEERAN 1.43 gg!
nsanesin 0.881 gg!
nIALANAN 0.2 gg?
nNIALATLN 3.60 gg’
B.
NINOLIAN 0.045 gg’
nsanesin 0.013 gg!
nIALANRAN 0.049 gg!
nNIALATN 0.299 gg!
4.35 gg’
y 0.308 g (gh)’

o
(Y IS

dmFumsoonuuunszuaumasinuuuisnety  Sauszasdvdnlunmaiiuussansniwyes
nsniilagvimsiuesmadududueds q Wevandeinsinnsduduiesanasiiy
Tudiiflaldlusunsy Visual Basic for Applications (VBA) wehelumsmuraeanuuy tnevhnis
wdsmsuanildu 3 9 wagldisnis Runge-Kutta 4 snldlumsviwuvudiaesnsadinaans
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dmusnssiasy niskinglaauazmsiiandndioet lnslanznsadadin Fagunm 27 uana
AU UIIABINNAMAFIAINS AL NNSIUT UM UNAN1SNAADY FINUINANER SN
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JUAN 27 wanen1smsasesead nisdnalaa uasnisiiendadaeiine g legiinas
WS UMBUTENINNISELUUIADINNAEAANERS (VL) hazNanlaainnisnaasd (a1q)

SUAN 28 uanssreriatlunisiasyvenead Usinanisldnglaawasaiuiduduves
nsndursdudinnng o luseninanisnina3eves A succinogenes ATCC 55618 wuufangluds
yifn Bennmadiaesiinegnsdae HPLC duagwuth Suinnsedadinasdunandavdnusiide
aananfdimdnnseezdin nsavlesiin uaznsauanin Wunanasslavesnszuiunisvdn ns
vifnuuuns wandliifiudedninvesmsuiiniianunsanannsndatiingagalalsiiiu 95 ndusodns
dlefiersanainnisudnnge polysaccharide and ganoderic IWEJGL“U Ganoderma lucidum (Liu
et al,, 2008a) luynssiutunavinuuuisnsasdininfuudimivou Seietostunisduds
n13133¢ (cell growth limitation) LLazmagna‘umiﬁaﬂqiﬂamﬂumimmu (substrate
inhibition) fatuluauidedl ansdesuazgnilouasly Tasldnszurunimdnuuuine e
USinumandnnsadadin TunuitedanioudisuuasUssifiulssavs nnmanannsndadin
Tugunm 28 wansliifiuinlugas 12 Hrlususnusmanglaagniunldednssiag Tasfiaanu
uduiEudu 70 nfusednsluaufiefeuszanas 30 nfusiodns uavaenadesiumminuuung 7
ylvinsisgivlnvessadgs ansazanenglaafitiniuidudugagniewinluludmsinlaenis
Hugnnas Tuds 12-24 Srluafieliszdunglaaeglutdng 30-40 n¥usedns ndsanniswiin 6
Flserududuveasadifutuagnanniaigean 3.99 way 4.24 n3uredns lasldnglaauay
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wlafudlends audidu uenanllaududuvesnsadadiaiiangeanviniu 151.44 uay
100.54 nfusioding Ingasavdufe dudulsvauaznglaaniudinu Tunenssiunsndunida
& a o @ v & X & v |- a sa 4 A
Jundndnaimaseld iindwdndeslasanivegedensauanintasnsanesingaiovasmely
waanteunglaaluasausn sglsinudinisadnsalngsandanududuldiu 1.0 nfuse
ansluisaeansdl wandnilaainniswiinuuuiang e 3.22 niusiednsratalus
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Fermentation time (h)

JUNM 28 uanin1In1siateyvessa mislinglea waznsiiandnsdueisng o lussnintanimin
SRNIILNLE

4.3 MiuTgnsiUasiy

mevdniinszuaumndnadaduas wuitaslussuuldgnldluaumaeuds  was
Aodundadariin 9 Wunseduwrdduarduveseadiiinannty Tulasinsiseileving
vusavdiminidesiulaeldseuunianses 2 szuufte 1 lulasiumsdu (microfiltration, MF)
war 2 wilufluasu (nanofiltration, NF) Ssszuunsntu andunislfiBewdiuunsiifivunnvess
nsee 01 lueseu iflevimdhilunsusnisaduesuuadiSeeenamiminnoudusuduusn
(gUam 29) Fansusniwadoendeudl Tanuddretunountsinuigvinsadadinduatie
wn widosmnmelugadiulsznoulufemsiuaiong 4 wnue Sannwadussuuaiide
uan  awvldansens q  watulvaeenumuitevludmininndu  vhlifiuanugsense
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nszuIuMThUIardnulusn  nssviumslulasiwsduarlddmsumauensadoanaini
yifnuiniu ednudinsesld (ftrate) asiidnuasilausiazdiiviesey Faluduusznouros
sfunazansluanalngidu 4 of Tuduneudnuezdunisldssuuuluiumsdulunsidaans
fandmeenly Jsanawditionazandveguuiiiivesumunduszuudiaalnslaezlada s
Tsyavanmnisynauanadls szuvuiluimstuililulasnisidedi@usuuviosn  (spiral
wound) i molecular weight cut off 7 100 anadu Tasfinislétuusafugaussana 10 vislu
mssiuausuluduresastou %ﬂﬂsaumzmﬂmLaqaimyj?}u 9 %ﬁsummﬁ‘[,mgﬂ'quwqwm
Wowdy vilslaianansasnuounuls Tuvaefinsadundding q asfivuadnniuasazunseiiy
Sounulufudiunses (permeate wie filtrate) Fednuiinsasldiarlfnludnuiszuudian
Inslaeyladanaly

Permeate NF

sUnm 29 szuunisnseswuulilasiumsdunasunluiun sy (L) wazdegavesdmdngiu
AN 6 THIUTUNDUNITNTDILA?
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4.4 nmsAnenszuudianlasinazlada (Electrodialysis)

wiUTUREgNALIY spacers (MBLAY 5) Beazgnuszneufioutumsusuuiag
sufudaalaslavisuiudaseu q uiusesiutesiulilfurud aduiaty JULUU Spacer #au
fudusudegvesie Fadavdeutadumilasazoglumaiiueneenainfuutsosnu aesszuy
yieanstasnsfiuandnetu fMedtagiimaainnsasvesmsaraieiiens (dilute) dudawadd
mnuuandsivlureveausiudeldguisuar mmunlneififigrudusuamdsndnfavun
11 x 11 %3, 7 active membrane window U3z 8 x 8 w4l (druilivdsunaguiieda
(mneia 4) uagiiuiignudn / ynseen (inlet/outlet areas) (Uam 30)
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1: Polypropylene end plate 8: Inlet anode cell

2: Electrode 9: Inlet concentrate cell

3: Electrode chamber 10: cation exchange membrane
4: spacer-sealing PVC 11: AAM

5: Spacer fabric 12: Inlet diluate cell

6: Screws 13: Inlet cathode chamber

7: Steel frame

sUnm 30 nann1svaluveeas Electrodialysis Mldlunisfinuiil

Anode

nseankuuNsAduMslusyuy ED uandragunim 31
K A K A K A K A K K

SN*N AM A Mt
.I.

Anode
|
Cathode
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0,gas
H® + OH" = Hy0
l4 Nas304
i
|
i
i
1011
i
*

;' N _9 Anode reaction

H -

Ho0 = 20" +1/2 0z +e u
H50 [Cathode reaction
< B0 + e = 1/200° + 1/2 H,
o

Anode
Cathode

Electrode solution

Concentrate solution

Diluted solution

sunm 31 gunsal ED TunmsaudlglunisAnunil
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Buarlnslnerdda Wuwaddidninsladfilduenlossuanarsazanslnglilossunioui
dudouanideulessy fududounsy W lwihfiidansetuinn arsavanedeimududy
anas fetudslivdnnstlugramnssumans q eghe Wumeihihdaantdmesa wagnisvin
aadududoousng q Wudu lulassms Weidldimsszgndldssuvudnarilumsuendoousy
penImBUTRETUTATiun uiniem exdiem eenvnsruulaelddminildiunssuaunslalas
fnstusazulufiuastunnudaduanstiou Fsnsteszuudiaalnslaerlafafuuandugunm
32

Feed tank

2

\ \’.‘

ED cell § Permeate

s |

sUn M 32 nsdganisvnastgunsniBianinslaezladaonnasansduasie

4.4.1 N1511A1 Limit current density (LCD) wag constant voltage operation

LD udefiddydmsunissndunulussuu ED Teefisndedd ED meld LCD e
yandBssuemin mnsldssuy ED Wuniie LCD Wuammhlinisusnihasielu ey
seiliiAnmsaeur pH waznsuenivhlfinnisadiesyfuuaymudsmeveuusiusy
fafusdesasivaeu LD lumeuusnvesnisduiiunsnages
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time 3

4.5

3.5

25

volt

1.5

0.5

0 0.050.10.150.2 0.250.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9
current

—8—\lt

JUNN 33 N15111A7 LCD Seninensgualvinuaanuaadngnlasu

Tuduusniuas@unism limiting current density (LCD) 6‘5@Lﬁuﬁﬂﬁﬁmmﬁﬁ@ﬁmwwm
LﬁaqmﬂL‘TJumimmmmé’mﬁuﬁ‘iwdwLLiqé\’mmumﬂw%LLazﬂ'waqmzLLaﬁQﬂiﬂﬂmsw R
i LCD fazifuranizvesszuy %ua&jﬁ’wﬁmmmmmu giavesasazanefildlunisvnass
NNSIATHIUUNLUTUTZAING cation WA anion exchange membrane WAYENMEVDINITNAADS
AN 9 I@ﬂ%ﬁﬂﬂﬁiam@?ﬂqﬂﬂiai”’g’mmﬂwhﬁﬂé (volt meter) MntfurnsUsumnszuanss
(direct current) 910 0-0.9 wesw3 luvaideasuiavinmstudindlasfieulduwasazlangm
AegUNIN 33

4.5 N15NAFdUILUU electrodialysis bipolar membrane (EDBM) technique

3u8nnsleaezata Wuwadddninslasfilduenlessuanasazarslnglilessundoud
duouaniUdsulessuy Fafudouns q ludwhliihiitidanseiudn arsavaneedimundudy
anas 1ne7iED wanA199n RO waz UF mqﬁﬁaauwgmwﬂaaﬂmmfﬂmaLﬂﬁauﬁﬂwuLﬁaLum
wsu luva?t RO way UF thazflushiedeuiitudowmiusy uonsenandadedudiazans
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o Iuimasuaq ED Usznausaedaluihddelnse 2 44 fie welun §auan) wazuelsn ($hav)
wazdudowuusunuufiviy Ao wuwsurdafivenlisesuuinasariululiuldseylioeeua
UK 138n71 Cation transfer membrane waziuiusurindisenlidosuavasanululiuely
goulidoaUUINKIU 138N77 Anion transfer membrane Imammmuﬁ%aawﬁm‘i%gﬂﬁm
#auiuuInndn 100 LK agﬁzwdw%’j’satﬁﬂIM'ﬁmaaﬁu’a fﬁuﬁé’aamiﬁﬁmﬁaauwgnquLG?J”fLu
Fovinseriumusy hineentominaduinians uardndominadudifinge @
oow) Wudu devdesnszudluiiwus dalnse Seouuin (Nat, Caz+..) avindeuitludan
(walsa) wiazgninlinleluaiususia Anion transfer membrane wazdoauau (Cl-, SO42-..)
aiadeuiiiimuszquan (welus) wiazgninlideiususuia Cation transfer membrane
NaINNNTAAeUTIveIBaaUsNY wihlivesnanlilideeumiont Tuvusiiveine sxiideeu
Wazamiiaty dndliihilduszana 1000 Thad
lunrs@nwinisuennsadadinlavinnisAnwinaassssuudianlaslanozlada aae
Electrodialyer 31 SelemionTM DW-Lab Specification (kansae3unn 34) dmsunisanda
Usgnavgunsailunisdndiusmuuansdesunm 31 Medsdnstienszudlnsanieliieasdes
nszuavieuvasenszualiuuudalfzuuy DC fdwanseduansdidninsladlunaniendy
u@ﬂﬂ’]ﬂﬁlﬂisLLﬁlWMN%%Qﬂa%’Nsﬁuiu%UULmJL‘Ui‘L! nszualniinssiadrausandniureanie
WUNUTEUVBINTABUNTE LY ULUNTLTIUTATIURA, LUNTLTHULAALAN AL LUNTILTUUDETANHY
astounie feed uavdiuvasiiumasiion (permeate) YouLUTY 2INTU anion WAz cation
azunsulUde anion-exchange membrane wag cation-exchange membrane Waztinnis
sshiufulalasiaudosuiiudessenanumiusunuvassiiiiogluiunats Revlesdauld
nsmdunsduaruuniifeulansenles (M (OH) ») lu Feansnuazdeuanudisu antdutimn
Aufidansauarfavanuadidu luvasiferfuasuseneuildlelosefingulsiu 1as gnin
ndvurdeunduiiiluludmdnlaslavanslideagunin 3a drusunisanwimageuldtimiin
MEIINRIUNTTUIUANSTITA Fan1sANYIsTULaEansRaAtnuruLunssualidinai 0.9
wouky$ (A) nhusindildannszuiunsminluduneunounth wudn succinate wondadule
gofn vauzfidiulsznovsy 9 Wulusiuuazanslulawse fleseulidusunvielildlessin
(Lee et al,, 2008) @ n3uszuU electrodialysis wnasanelusasiinisudniindu Ehusuaq
YBUUAINAIUGNTATININ (fermentor) @u1saAMTIUNITHIUTEUY Electrodialysis waviile
leoauves succinate gnidanseusnaanly yesmarduiivderiuvavaduuaiiSouarle
aauﬂmluaum%slauﬂaumlﬂiummmaﬂﬂs& TuruziRgrnuluniifeudadiunazanaonain
fusasugneonidulossunaniiBeuuazuenlesausendiudn q siuuniidedlosouuanazin
UfAsenfuidenaniasulessuuiniifingulensenda (OH-) Fawaneonaniuinmu
wuni@eulansenlad (Mg (OM) ) Tuvitueaifiefiu anion succinate azgné1ed1u anion
exchange WsUsUMazNToNfuinUFAToTUIUSREU H * usneenanduldilunsadadin dof
sgmisAolifissusannsauennsadadineananasiutouduqlduds Sudluuniideulens
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onleddaazgnasndugfaminifiosnw pH Mvsnzan druansemsidunglaauaslusiu axliign
PUAWIUNUTY widsrsfesndudilus i miindediiunisnszurunsntineely uagsyuu
ED gnuganiedugaadenszualniiianas egrelsfnmilidulunuiaaliidesaini
wunihideulessusiuruuindeinliiinnasniade (fouling) vesuuiusu wdanasldauly
svezaE 9

UMW 34 ULERINSINYANISNARBYSEUU electrodialysis bipolar membrane (EDBPM)
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2
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Catlvinle
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a1 E3
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s L @
Feed tank Acid tank Electralyte tank

K: Cation exchange membrane  M°: Magnesium ion

A: Anion exchange membrane 5 Anions was dissociated from fermentation
BP: Bipalar membrane broth that represented suecinate

O: Dilute compartment A: Acid compartment

B: Base compartment

U 35 LAASUHUAIN1SUTENDUINYANITNARBITEUU electrodialysis bipolar
membrane (EDBPM)

TugUniw 35 wuinsgAvsamusamauennsadadiaaniminlagldssuu ED lneiia
Usngmsaiflessuuuuianseuasuiioanstoudiileseulans ity Ca?* o Mg?* (Lee et al.,
1998) nsiinleseulansluimin vldannsanasneuveslessulansuuinumiusulusyuy
ED 1 uonniifefiseaudniisvevnalunssifiunuiiontuivssansamnsdngaany
Waz recovery ratio ﬁgqﬁu dewssuiisutunslduenludonuanmaluiminfuansazans
mmg’]uLLaquLﬁsmLLammm (abiotic solution) (Timbuntam et al., 2008) ﬁaﬁmmaaa%malé’
nnnsiifidsanysnvieduievu (impurities) waludmidniu Widuuayleseulansandu
HduRauuiufuusy dawalinanisnnaedhi wazdwasansnsvuunsiuiomandnan
nsinludumeuaniine Geuddguinig fouling Tlédenisldnszurunisvirliuianiues
microfiltration (MF) W& nanofiltration (NF) Tun1s pre-treatment dmsnidesfureudsyuy
ED awvhlsinszuiunsvinuiavisnsadadiaduszAvsnmanniy
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JUAM 36 M3LAA membrane fouling 31Nd8uUvBIINTTLY

Electrodialysis Hunszuiumsuenloseuiivuendouanudsulossuuazauwanig
dndlwiliiieusnlosouluduioluanaiidulessuliduseonlulumsazargluinlaenisuu
dsrhudonandeulessunelinavosaunlniilnonss lusuddedsahunlflunmsfuie
wandnitfunsadunidanimin wudeatuausugildlunisuenadndast Citric, acetic,
fumaric 1 & ¢ propionic acid (Anthony et al,, 1992, Lixin et al., 2000, Pinacci, 2002;
Prochaska et al., 2014) uennLamSunswenuming e Electrodialysis nafilaAold nsaud
afnadudy 92.4 nfusedns Jedioldinlumaianisfiuiieindn Sudifiamisatiu
Uszendldla (Wee et al,, 2005)

Tuhnifnasiinniswends succinate Wulesainvaiidanszneuvenimingdus
wuldsauwazanslulawsniilossuldduuinvis bildlasein driumniinisldnszuiunis
Electrodialysis Tuvagin1suifniindusy uuresnainndsufnsaidanimude fermentor
anansavieuldiusEUy Electrodialysis waziilelesauves succinate gnrindnoenly foeis
imindufivderufuraduarlooednillisusvielossuliduiasdoundudigszuunis
winls Sadodunisviaunuureiies (Lee et al,, 2008) Turaziierfulunisusuan pH Tu
seninansviin dnnsldaeiifusundi@eumsvaiun vlmandu magnesium succinate wax
wenuansaeandulessununii@eunas succinate ion waneanandu lnefiuundideulosoy
U’mﬂ“aeﬂuL?iaLLN'uLLaﬂL‘U%‘aulaaaumﬂw%amﬁ’mémlamaﬂ%a (OH) %qaﬂuaﬂaaﬂmﬂf’]ﬁﬂﬁ
mmmnuwamlamaﬂim (Mg (OH) 2) Tuviusafgafiu anion succinate manmaﬁumaumﬂ
waniAen anion waznfenduiiAsenfulusneu H * Faunnsoenaint saufuudnindu
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nsndndfndudunandaiisndesns fufudsdeldindudelsuiovedrmilsieldieusueniu
druresndndasidunsndadfaldviniu uwididunddoulansonledfazgndounduiiigs
wiinifiednen pH Wieafimufideanis
éqﬁwﬁmﬁéfaaﬁi”]ﬁﬂumzmumiﬁﬂu%qméﬂﬁm%’ﬂ%ﬁﬂﬁamimmifﬂ"mGﬂummwﬁﬂ WU
nglaanazlusAudlianusaiumausululd Tngazdeunduidngdandnaiuidui ol
nszurunssnaely Fatiusyuu Electrodialysis Hasialédnaunsaldifiensnnsadndineen
nnsvuulusswinsiumsusinluld yenaininszuanums extractive fermentation finamiis
Huandliifiuitanunsafieziunandnuazifia volumetric productivity tiledlosiunisduds
nAnfauaiseninanszuiunsuinfiinnnsadadiaies (product inhibition) dakalinsudnd
‘Usz?1‘1/1%:1W‘Wajﬂul,l,ésuaqmiaﬂé’unumiﬁﬁLﬁumuLLazmamammiwamﬁqaﬁﬁu wWudeniulud 2007
FiUn3dedaadieszuy integrated membrane-bioreactor-electrodialysis system viole
annsaiiuiRensadndtadilianangauasiussansnings (Meynial Salles et al, 2008) Fsfio
Husuwuulunmssuiiulassmsidisuiu Snfamadaddiamsalivssendifionsnnindadiine
aﬂmmfmﬂﬂiwnfwﬂﬁzmumwﬁﬂ(simuttaneously fermentation) Aideidunszuiunisd
38n91 extractive fermentation Swavinlfaruisaifiunandnnisudnuagzan volumetric
productivity Imalajﬁﬂimgmiaié’ué?waaNﬁmﬁmsﬁ (product inhibition) 91NN3£UIUNITA
PAWIINSNEATUTEAVTA NG @107150113ANAUYUNITANTUULATNITHES [WUREINY
Ms# Meynial-Salles wazpaizldvinisAnwnisuennsndadiasenislddeunulnednadiessy
fisonin integrated membrane-bioreactor-electrodialysis system fvlnszurunisudnnse
%ﬂ%ﬁﬂﬁﬁwamﬁmgﬂLLasﬁUisﬁm%mW (Meynial-Salles et al., 2008) lag 91 UITYUD
Meynial-Salles wui1lug1uv89 succinate ion Juazdanuiduduiiinduly concentrate
stream vl diluted stream aggnlnadsunduiingludmindnadsililunszuaunimviinag
fnsdniigetu Mlfarududuvesnsndadfinuagainudaduroead gatu aguléd
monopolar WUU bioreactor $21AUNTEUIUNS electrodialysis funtulunisinedenann
iseAunsndunIdanas nandngnérweenluagludiu concentrate stream lwmwgummi
downstream processes LﬂumalwammiwmmimmLmUImﬂJaqmaaauma NATDITEUUY
anunsanannsndadiinilvinanangs (1.35 Tua / lua) vie (83 nfusedns) wawilU3annsnisnan
g4 (10.4 nfusodnseetalu) auddu uenani bipolar membrane eletrodialysis bipolar
membrane eletrodialysis #3na178n15M low current efficiency warndssudisuiniiie
Wasunsndediinanansasanslefoudadiun (Fu et al, 2014) FewmilulasinisiFeaingg
VARBUTLUUNSUENNIATATEARBBBALALTAIUUSEgNANSYNUIINaATe NIy
Issunssudielilananmasssuiisai ety
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4.5.1 mMsAneUsnanseuafidlussuy electrodialysis bipolar membrane
(EDBM) technique

d1m3usUU electrodialysis bipolar membrane (EDBM) technique $£1379015%11974
wfgidesfuussdulniivesnsluwadiuuusy Fadulununguives Donnan potential
%ﬂﬁﬂi’mgﬂ’l’iﬂjﬁﬂﬂﬁﬂLﬁﬂ%ﬂ’mﬂﬂﬁﬁﬁmﬂ%@mm‘aLllllL‘Ui‘uLLazmiLLWilﬂizmﬁlﬂ’lﬁlsLuLiJlIL‘U%'
uuanwWasuuarluansazaresutaseiuluiiiuduie biopolar membrane (Zhang et al,
2009) fratiuFdmmduiugiiedesiusuiuresnsinavesans (compartment), Aanandudy
Yo3a1saratowazrlnveuuiusy Wielnssniuenaisiina1nly Fevilivaasslasan
usadulnlimdeusuvinstuiinnauasmsiadsundadiiniulussu electro dialysis GRS
msfinwuanteandagunin 38 ansunswliiulidnintanunuiwiunssuala qidulAsdivealiy
msUasundasiindoadsiulusasiiorsuiimuuandsiuld msmnuean ussdulndinves
wuLuUsuusavedadanfiviudieanunuinunseuafiniy yenaininanisAnyives
If-mmﬂuﬁa%’aﬁlﬁsﬁmﬂaL‘T‘Juiﬂul,t,mmqLamﬁuﬁmmmaﬂ Fu wazAe, 2014 3nA7e
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2
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S
)
on
8
°
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SUA 37 waveUSunanseua (voltage) Tuuuiusuudagad g uiua Tafi (A) fo
Bipolar-Anion-bipolar, (B) @8 bipolar-Cation-bipolar, ta (C) A8 bipolar-Anion-Cation-
bipolar AUAGU

dmumsinwansdanseitu luvhdedayinisaneanuduniusenss ualwiwes
gULLUUﬁL“fJu Bipolar-Anion-Bipolar wag Bipolar-Anion+Cation-Bipolar #iaudunusiuan
AUBNFIUBIESATaEEI LT acid compartments AifAT I dduGLANLY v lFuseiulndih
Yos5zuvanas \Wunaseideiidiwaieadeslunsdd Wofiuaududuvesnsauaziuaning
Frumulnfveuku %o stack anas wagwiniansuideanutNduvedginaslansenlan
(@sazaelunisusuen pH seninenseuaun1suin) Tudiu Bipolar-cation-Bipolar wWui13inng
WisFumunisutssiveadenses bipolar waznisasinulessuveslaion Wenariwldlesay
vaslafouiniulianunsafuduldlaenisnszaesuuy diffusive I@ﬂLLidﬁQ@Jm’nwﬁu%’uﬁ
feoglufurevivn mmnaffeduluieulessuiindoudreluasazarsgiufinvosuanys
wwanwWdsulessuuinilvuimdnnitlessuvedefivufivudwriuiouandsulessuuin
[losaInAnuLANAweIsRINISULES mmLﬁﬁm%’umaqm@%’ﬂ%ﬁﬂﬁmam"l.é’gwmLﬁaﬁﬁwmsﬂ'%’u
UszgliAnmsunuileesleseulunanfeniu (Raissouni et al, 2007)
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nsiutuvesszgdnaddluutsdinaninisiiauluseuy electrodialysis bipolar
membrane (EDBM) technique #ifin®uSinaunseuadld nuininnsanussfuvesumiusuuan
Wasuleoouludgeniusmiususaniudsulessuuan uenainiinislend1eves anion succinate
ruBeuaniudsulszy anion finnudumiugenitlessuleideurudeuaniudsu cation
ilosanafifivuialvg (Wang et al, 2011) uagaraI1ufiy Bipolar-Cation-Bipolar anas
fafunanisnaaeslunsinuiifseiundnnisvesdidnlnslnezada (E0) lumeadaiendos
Juwaddidninsladeianiiilduonleosusenanaisazats Ingllesouruuiubeuns
(Semipermeable membrane) lUfstalnd1fifussgnsadan Vinlkarsazanefiegsening
Bz daudutuveslessuanas Inendnnisiviliiamnldtunmsiiuiensadadia
sugululassnnsid

4.5.2 AU 9NTUv09InTAYATUNTlUuSZUU electrodialysis bipolar
membrane (EDBM) technique &1%5UN1SNAADIA9¢

sUnw 38 uansAadudureansndadiialaniFosdduainuinlumdesdsil Bipolar-
Cation-Bipolar > Bipolar-Anion-Cation-Bipolar > Bipolar-Anion-Bipolar 1w  configuration
#1499 NanmAassanansalinudmmauilumsinsizsinald daanunsaesuieldmenisiiia
MNNTUNINTEYDInIadaialiuananuBely bipolar membrane uagidauaniuisy
Uszgau mawndeuiiiiiluredleseulsnsonlediubouaniasuleseuuan faduinainns
wiaduszninlosounas electro-osmosis vihnanisdnwndulunugunsm 38 Snviauandlit
Fuanswdsuudasesmnududuvesnsadadinfunatlunisdiiiuszuy Ingasdiuiian
duduvesnsadadinues Bipolar-Anion-Bipolar fidndniniiiesninnislondredemuadiansan
lgilesanludn base compartment awnsainufAsenfunsadaddnfiiatudieliAans
aoysdensn og9lsfinudInves salt compartment Builuit buffer lu Bipolar-Anion-Cation-
Bipolar configuration Fstasanuazidaannzilimngalindugannzaunaluszuy
Mndnvarveansmazdiuladn Wadeanainnisiedouiives hydroxide ions Tneflaziiiaiy
Slomumuuiunssuaiiudu (Shen et al, 2013) Feflanudululdasiinnisudeduiuves
hydroxide ions Wag succinate ions Tu salt compartment FadusaldTanudusiudidadu
seninanaUdsuuataududuresnsadadiaiuaand 15 mA / cm? wag 20 mA / cm?
YonaNHAmMTUNSHUAA Bipolar-Cation-Bipolar WUIIN1559F U049 hydroxide fons 910
base compartment shlvinsadaddinegluaninzifunan SsdruviadunaliAnuszansamly
nsidnlninadin current efficiency Tussuu electrodialysis TuvaziReiiuiinsuwa siunu
5¥11114 sodium ions waz hydrogen ions lutfowanidsuleeeuuin (cation exchange
membrane) A1 usaa Ul wonaniidafinrsiuduiiiousuaa sodium ions Tu acid
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compartment fin15anas ag19lsAnudinsu mamawé’ﬂ'ﬁ' Bipolar-Anion-Cation-Bipolar
111171 Bipolar-Anion-Bipolar fuilosnainusunm acd compartment 984 Bipolar-Cation-
Bipolar {n158ma4 Tuaazi Bipolar-Anion-Cation-Bipolar &% Bipolar-Anion-Bipolar anas
duifumsrzanmnuiainnislendielossulilesan electro-osmosis (Groot et al., 2011)
uennisiausadunaldifianuduiudidadunsissmiemududuresnsadadiatunan
Tunsvhaussrinedidusyuu Snanududuvesnsedadfadintuiionnumuuiunssua
(current density) LiuTy é’uﬁ@m’jwmmﬁmmmﬂLWiwimaqamaqﬁwzLL&méf’JiW’jNaﬁﬂu
funana (the intermediate layer) ¥@4 bipolar membrane & mmwmuﬂummmﬁqq Tuvaid
natlunsdiunuanaiasiianansenuiiendestunisunsnszane (diffusion) Snnsanas

N

a

dlepnumuudunssuagaiudsinaiiunsyuiunsudnvesmswenasiomeiai Tnganses

£
=

dulninszuansadiuluasazanedianinslasd  wdwiliiAnUfAsenelifaTuitiuin was
TrauveseaaaLaninsladiuies
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Succinic acid concentration (mol/L)
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.8

¢ 10 mA/cm2
= 15 mA/cm2

% .6 1 A 20 mA/cm2

£

[

Re)
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|
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ie)

(@)

©
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9 24

w
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(©)

JUAMN 38 aududuvesnsadndiiafl configuration #i1eq tnefi (A) e Bipolar-Anion-bipolar,
(B) A ® bipolar-Cation-bipolar, W@ ¢ (C) A 8 bipolar-Anion-Cation-bipolar
ANAINY

4.5.3 n1514 W& 997U (energy consumption) Tuszuu electrodialysis
bipolar membrane (EDBM) technique 81%5UN151Aa29619¢)

Us¥AnBAnvednszuIun1s BMED anansasaldannuiinameanisld iwesnnluduys
dfglunsussdiunmsinunulusddunsvgaans esanssuu EDBM endaslagnsadu
nsldlaAemdnn1g electro-membrane Tun1sanfiusu Fefesfinisnsrsaeuausum
T iildeuase Inevhlvdnlngudmuindmnuisadesiuniswendasiuaznisdiom
wanidsulossurmusiusukaransazagluszuy
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sUAM 39 wansnsTdndsauiiaamuiuyunszua (current density) fupnsnadu Tu
svpznafiviiud 180 urit Winlgdainnisldmdsaunudiduded bipolar-anion-bipolars
bipolar-anion-cation-bipolar > bipolar-cation-bipolar f\]’mNaﬁﬂﬂdﬂ?ﬁﬂﬂﬂiﬂaqﬂlﬁi’lﬂﬁw
WHIUVDY bipolar-anion-cation-bipolar ajﬂﬂ’i'l‘uaﬂ bipolar-cation-bipolar @un1sldnaseu
g9gafe bipolar-anion-bipolar wsgansibiidluasasarefidannzdunse Wesin
low conductivities sluansarmeiifanmzdunsatiuies wefadululdindmiweslfhifly
p1agnianldlunisusniunnniimsuaniddsuvesteseulussuy

r=a bipolar-anion-cation-bipolar at 10mA/cm?
— bipolar-anion-bipolar at 10mA/cm?

= bipolar-cation-bipolar at 10mA/em?

(A)
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E— bipolar-anion-cation-bipolar at 15mA/cm?
E=— bipolar-anion-bipolar at 15mA/cm?

7 bipolar-cation-bipolar at 15mA/cm?

(B)
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B ) 0lar-anion-cation-bipolar at 20mA/cm?
—3 bipolar-anion-bipolar at 20mA/cm?

e bipolar-cation-bipolar at 20mA/cm?

(@)
sUnm 39 nslanedasu (energy consumption) 71 configuration sy Iaeft A Ao 10
mA/cm?, B A 15 mA/cm? wag C Aip 20 mA/cm?

nnuansvegediuiitaiiannsoasulednmn current density wuinasdinislindsanu
Winduie waliiavuiianusaesuieldlaaifnainnisauddlessiinuiolessu nadnstnewunduy
nugudmiunisneaesildiuiminleeasslunisneissauauining (arge scale) sialy

4.6 Mausnuazviuigusnndadiineanandminlasasedaeszuy electrodialysis bipolar
membrane (EDBM) technique

sUnM 40 Hun1smaasansuennsadadin (@adiun) senaintminudsduganszuiunis
wﬁﬂLLUUﬁQﬂu Tneaziings recovery Hmdnnduainnis eject wadgounduuing feed
solution 8nafs lumsdansnwuiinistiudediedeiy peristaltic pump lugns 10 fadans
sounft Adliarnududududuresdadiunegi 50 niudedng uasiuiinaniniaduiui 10 nfu
sodns lnefluTumsisudui 2 dns ”Lusummﬂimmlsmuiufﬂmmaamiaymsmsuuuaqﬁn 0.3
ans lnglunsvaaesilivhnisdmuainszualifiiegd 4 Taad 0.9 weuuds osanwaain
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nsneunissuInduannglunisnaassanan LLG]L‘LlEN‘\]']ﬂLﬂiE]\‘]ﬂ?LU@ﬂi%LLﬁVLWﬁﬁJﬂ'NlI

q q
=

v liAngeaniianunsnazfunismeaeuldegiiannefinan dsiedilnnummzaniunns
wonnsndadiingaumgdl 25 earmisaiea nanisvaaesnuitlutiedalusFudu 7 0 fedalued 4
Tufudiasuduvessruumsuendadiun Seldfinisdesnssualnih ezdiuldinmmndudy
yostadiunluguresanstlounazansazanedasu finsivdsuwlaniiondntos windsaniidl
nsUdesnszualniininluluszuu nummnudiduvesdadiunluguvesasteuiuaranas
ae959m187 aihideaunainnisiinsadaddaaunsanasuiildneldaunalaii dlels
nszualnivilvinyusey %4 cation %Qﬂﬁﬂﬂﬁ%’; negative electrode Wag anion gnaslues
positive electrode dusunsadadialinaaulfiluyszqau 929nAINIY ion exchange
membrane Ann1sgemwaziiulilugunes receiving solution wuinarududulugiuves
miazma@f'g%’uﬁlﬂuﬁua&m‘nmL%qLSduﬁ’uLLagﬁmmm%’usumLﬁuﬂ%wngsﬂiﬁ 20 NSUADANTAD
Flus MnnsveaemuiimuUsInaestRdiunlud e sansilouiiy ssmnanienaiuly
12 23 dhuanududuluduresmsaranefiutu awegfivszanm 170 nfusodnssadalug
muay Beranansliifiudiaanduduludin receiving solution fgailesaniiuiunsves
asavaneditden (0.3 ans) Fsa1nnisnageulud ssduszidiuliinssuudanlnsineylagadu
szuuiifiussaniamadunisus ndadiuneananiindn dddudduiluagldvinnimmaasunis
wuNNIATATNNDENIING WL N InensIRall

Succinate concentration
50 7 g 180
+\ —8&— Feed - 160
40 —B— Receiving solution r
' - 140
- 120
30 A [
- 100
- 80
20 [
§ Experiment start - 60
10 - \ - 40
- 20
0 2 4 6 8 10 12

981 (F1u4)

(%
(Y v

sUAN 40 uansanududurensadatinnidesiuresasaratglussuudianlnslnoslada
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uni 5
ayunan1Inna

waile electrodialysis {uszuunisld ion exchange membrane figauaud@lunisuen
asinzes Wesnfinuanizangaslagld ion exchange membrane Toed lon
exchange membrane Usgnauniy 2 i Ao Cation exchange membranes Fuden
LQW’lzmiﬁﬁ@mauﬁ'ﬁLﬁu cation #1uld wazwiia anion exchange membranes daidan
Lawwza’]sﬁﬁamauﬁ’alﬂu anion #uld neluip3es electrodialyzer & membranes il
oejszwingin electrode 1 2 42 warldnsualuihdaglunisuen ion vesmsazas Ty
nsldmdsaulniilunsuenisussnaudszim ionic luansazane shldenssegadudutu
yhlsinsadadindiiunldlunsinudfenuuiand fodumadanisuenansuie recovery
fifiussansawdnmeilanis
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AMARNUIN N

Standard specification of Electrodialyazer

Type Unit DW-Lab
membrane size mm 80x130
membrane area dmz2/piece 1.04
effective area size mm 50x60
effective area dm2/piece 0.3
total effective area in standard 5 pairs dm?2 1.5

5
standard number of pairs pair (D: 5 room, C: 7 room

)
thickness of gasket frame mm 0.75
material of gasket frame PP
material of ED body PVC
material of anode Ti/Ir
material of cathode SUS
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ANMARNUIN U

|12 5]+

Voltage of
membrane (v)

Unit cell voltage [vicell]

0.0 1.0 2.0 3.0 40 50
Curent density [A!dmz]

sUAM 41 n5138n19udA LCD point
» CD<0.8*LCD

2
> 0.9 A (3A/dm )
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Type
membrane size

membrane area dm2/piece

effective area size mm

total effective area in standard 5 pairs

standard number of pairs

thickness of gasket frame

material of gasket frame

material of ED body
material of anode
material of cathode

JUNN 44 Andunnzues electrodialyzer Mlglun1sAnw

DW-Lab
80x130

1.5

)
(D: 5 room, C: 7 room)

0.75
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Selemion™ DW-Lab Specification

1.Standard specification of Electro Dialyazer

AARNUIN A

AGC Engineering Company
Membrane System Div.

Type DW-Lab CH-0(refference)
membrane size mm 80 %130 160 X 280
membrane area dm2/piece 1.04 4.5
effective area size mm 50 X 60 120%x 175
effective area dm2/piece 0.3 2.1
standard number of pairs pair 5 10
(D: 5 room, C: 7 room) (D: 10 room, C: 12 room)
total effective area in standard 5 pairs dm2 1.5 21
thickness of gasket frame mm 0.75
material of gasket frame PP
material of ED body PVC
material of anode Ti/lIr
material of cathode SUS
2.Specification of other equipment
pump Magnetic Drive Pump
type IWAKI RD-05 IWAKI MD-30
input AC100V 1 ¢50/60Hzx AC100V 1¢50/60Hz
rectifier output DC 18V/3A DC 35V/10A
input AC100V 1¢ 50/60Hz
flow meter none 0-600L/hr
volume of concentrate L 0.4 3
volume of dilute I 0.4 3
vcolume of electrolyte 1 0.4 3
* AC adaptor
[Front view) [Back view)
DW-Lab
Tank [C]
04L
Tank [E]
0.4L
Tank [D]
0.4L

** The specification and outlook published in this sheet are subject to change without notification.




82

Effective membrane side

-

( Size on inside of cell frame )
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13-2. Inspection process of pinhole
1) Flannel ( 10 em 15 em) in pure water.
2) Spread it on the table.
3) Put a piece of membrane on it.
4) Wipe out moisture with cloth (30 cm 30 cm).
5) Put filter paper on the membrane.
©) Push lightly the filter paper.

7) Confirm that there is ne pinhole.
Note) When there is a pinhole in the membrane, moisture of flannel underside come through the
pinhole to the filter paper.

8) Inspect all range of the membranes according to the above 4) ~ 7).

13-3. Standard of success or failure of the membrane
13-3-1. Preface
1) Judge the break of the surface of the membrane, scratch, pinhole are usable or not according to

the following standard of judgment.

13-3-2. Standard
1) Sometimes there is a chance of setting leaving wrinkle at the time of assembling, then the wrinkle

develops to the break by tightening. (Figure 11 )
+ A case of break to the effective surface « < « + = « - + « +notusable

« Acase of wrinkleonly + « + « - - 4+ v e v e s s s e s s ysable

2) Between ducts break may occur by washing. (Figure 11 @)

s Inthecaseoflack = « ¢ & ¢ « & & « ¢« v o 0 0 0 e 0 0 not usable

3) In the case of the break exists vertically. {Figure 11 ()
« In the case the break reach to the effective surface *+ + - + - ¢ notusable

- In the case the break does not reach to the effective surface « = + usable

4) In the case of existing of break on the effective surface. (Figure 11 @)
+ In the case membrane is broken + = « - - L not usable
« The break exists on the surface only and not penetrate + + - +« - usable

5) Pinhole
+ In the case only a small part of inspection paper becomes wet = - not usable
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{Condition of contamination, condition of adhesion of foreign matters, condition of wound and
wrinkle of membrane, abnormality of cell frame, especially net.)

3) Record of tightening dimension before disassemble and after assenble.

12. Replacement of electrode plate
12-1. Preface
1) Surface of the anode plate is coated. Be careful not to injure. .
2) The content of this clause is described on the assumption that procedure 5) of [ 4-2. procedure |
of [ 4. disassembling of the electrodialyzer ] is finished.

12-2. Procedure
1) Turn over the electrodialyzer so that the electrode plate that becomes a target of exchange comes
upper side object.
2) Loosen the tightening of the electrodialyzer, and remove the tightening frame.

Note) Refer to 6)~11) of [ 4-2. Procedure ] of [ 4.Disassembling of the electrodialyzer 1.
Originally remove from the anode side, remove as the above in the case of remove from the
cathode plate. '

3) After the bolt that is the fixation of the electrode plate and tightening frame is detached, the
electrode plate is detached from tightening frame.
4) Wash the tightening frame with 2 sponge and water.
5) Set the electrode packing to the tightening frame.
6) Set the new electrode plate on the tightening frame.
Notel) Be careful that electrode plate does not run around the ditch of tightening frame.
Note2) fix the electrode plate and tightening frame with the bolt.
7y Correct distortion of the stacks.
Note) Assembling must not be distorted or slant and not blockade the duct.
8) Set the tightening frame and tightening.
Note 1} Refer to 13)-16) of [ 6-2. Procedure ] of [6. Washing and assembling of the
electrodialyzer ]

Note 2) Note the top and bottom of the electrode and tightening frame.

13. Inspection standard of the ion exchange membrane
13-1. Preface
1) When there are doubts of the pinhole, the tear, and wrinkle in the membrane, judge usable or not,

2) Be careful not to injure newly in the case of inspection.
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8-2. procedure
1) Tighten diagonally from the center of the electrodialyzer repeatedly. (Refer to Figure 10)
Note) Tighten partially if necessary, while measuring the dimension so that the difference from
each measuring peint becomes not more than 1 mm.

2) Measure the tightening size at the end and record.

9. Storage of electrodialyzer
1) Keep the membranes always wet.

2) Keep the electrodialyzer indoor.
3) As the electrodialyzer are made of many amount of resin, avoid keeping in the place of straight
sunlight or rainy place, and keep indoor. And avoid dusty place.

4) When it is kept temporally cutdoors, cover all with sheets.

5) Do not injure the electredialyzer.

6) In case of store for a long time, to prevent drying of the membranes, fill and draw water once at
the half month after removing cover of each nozzle. After that pour 50 ml of pure water in dilute
room and conceniration room.

7) When the water in electrodialyzer has frozen, move it in a warm room and defreeze naturally.

10. Movement and installation of the electrodialyzer
10-1. Preface
1) Move the electrodialyzer with great care.
2) Taking care of surrounding equipment to do not injure the electrodialyzer itself or the other
equipment.
10-2. Procedure
1) Move tbe electrodialyzer on the unit.
Note) When the unit is moved, a fixed rod is correctly set. And after it is confirmed that each
tank is integration with the unit, the unit is moved.
10-3. Connection of tube
1) As the nozzle of the electrodialyzer is made of resin, pay full attention when tube is connected.
Excessive force may break.
2) Scramble tube needs flexibility in the allowing range of tightening, and connect so that no load is
burdened on the resin nozzle.
3) Wipe the dirt of the surface of the tube when you connect the tube.
4) Don’t use the one that there are a dent and a wound on the surface of outer at the tube. Insert it
straightly after squarely chopping off the damage part.

11. Work of persons for disassembling, assembling, recording and inspection workers

1) Check of quantity of cell frame and membrane and check of its inside out and arrangement.
2) Observation and record of inside condition at the time of disassembling.
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7-2. Procedure
1) Tighten diagonally from the center of the ¢lectrodialyzer repeatedly. (Refer to Figure 10)
Note) Tighten partially if necessary, while measuring the dimension so that the difference from

each measuring point becomes not more than 1 mm.

Qver sight of tightening frame

; Figure shows
- ©, i order of tightening

Note) This figure and shape might be different,
Fig. 10

2) Confirm the size has not changed, and measure the tightening size at the end and record.

8. The increase tightening of the electrodialyzer
8-1.Preface .

1) Tighten of increase according to [ 8-2. Procedure ] incase of confirming a lot of outside leakages
when water is poured in the electrodialyzer.

2) Strength of tightening is enough to the aliowable minimum to outside leak. In case the strength is
too much, cell frames or membranes or rods may be broken, adjust the strength checking the leak
to outside, while feeding the liquid.

3) Tighten all the bali knobs by the hand evenly. i
Note) Because of made resin, the rod and tightening frame are broken when too strongly

tightening with the tool etc. (Reference allowable tightening torque: 3N -m)

4) Tighten while measuring the tightening dimension. Tighten so that the difference at each

measuring point must be not more than 1 mm.

5) Execute the increase tightening with driving stopped without fail.
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9) Confirm that no membranes and cell frames are not left behind.
10) Correct distortion of the stacks.
Note) Assembling must not be distorted or slanted.
11) Wash anode tightening frame and the surface of the anode plate with flowing water and a
sponge.
Note) Be careful to do net injure the coating on the surface of the anode plate.
12) After confirmation of up and down, the anode tightening frame is set along the rods.
Note) Confirm that the rods can be installed. If the anode tightening frame is difficult to be
installed, pull up the tightening frame and correct the distortion of the stacks and set again.
13) Install the washers and boll knaobs.
Note 1) Foreign matters stick to the screw parts of the rods must be removed by a brush.
Note 2} Concerning each parts, refer to Figure 7.
14) Tighten all the ball knobs by the hand evenly.
Note)} Refer to [ 7. Tightening of the electrodialyzer .
15) Move the electrodialyzer, and correct the shaking of it.
16) Connect the tube and the cable. '
Note 1) Wipe the dirt of the surface of the tube when you connect the tube.
Note 2) Don’t use the one that there are a dent and a wound on the surface of outer at the tube.
Insert it straightly after squarely chopping off the damage part.
Note 3) Especially, turn the tube from the tank wall to the lower side when you return the tank
the electrolyte exit tube (Refer to the Figure 8). It blows the liquid from the tank when the

exit tube remains turning upper side. And it is dangerous.

7 . Tightening of the electrodialyzer
7-1.Preface

1) In this clause, description is executed on the assumption that either [5. Newly assembling of the
electrodialyzer] , [6. Washing and assembling of the electrodialyzer] or [12. Replacement of
electrode plate] are finished.

2) Tighten all the ball knobs by the hand evenly.

Note) The rod and tightening frame are broken when too strongly tightening with the tool etc.
(Reference allowance tightening torque: 3N -m)

3) Sirength of tightening is enough allowable to outside leakage of the liquid. If the strength of
tightening is too strong, the cell frames, the membranes and rods may be broken. While the liquid
is flowing, inspect the outside leakage and adjust the tightening strength.

4) Tighten while measuring dimension of tightening. Tighten so that the difference at each

measuring point becomes not more than Imm.
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2-2-5} Wash only one direction only and do not wash reciprocally.

3) This clause is described concerning the work on the assumption that [4. Disassembling of the
electrodialyzer ] is finisshed.

4) When softlon packing are set on both ends of the stack or electrode packing are set to the back of
the electrode plate, be careful to do nof clog the duct holes (¢ 5) (Refer to the attached part
drawing Figure No.7,8).

5) Softlon packing is not reused. Replace every time.

6) Softlon packing is rarely set to before and behind of cell frame (D,C cell frame), in this case, cut
the softlon packing according to the example, to prevent clog of the distributors of the cell frame.
(Refer to Figure 5)

7) The tip of platinum wire for measuring voltage is rounded and is set at the designated position.

(Refer to Fig.-6, attached assembly drawing,)

6-2. Procedure

1} Wash cathode tightening frame and cathode plate with water and a sponge.

Note) Contamination stick to inside the nozzles must be washed cleanly with water.
'2) Remove the softlon packing (0.1 t white) located on the top of the stack on the table.

Note) Softlon packing is not reused. Replace every time.

3) Set a new softlon packing on the cathode tightening frame.
Note) be careful to do not clog the duct holes (¢ 5) of tightening frame.

4) Move one piece of electrode cell frame on the table without changing of inside and outside
and top and bottom. (Refer to Figure 9)

Note} Replace an inferior frame with a new one.

Do noy aver Packing cell frame
JAN ‘%‘ Wash rear and front 57 lm/mtm
[ [ L
7

Table for Washing

Fig. 9

5) Wash the upper surface the electrode cell frame with water and a sponge.

6) Turn over the electrode cell frame of which upper surface is washed, and wash the lower side.

7) Set the packing cell frame without changing both sides on the tightening frame of cathode side.
Note) Remove water completely when piling the frames.

8) Wash the other cell frame and membranes same as before.
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Note 3) Especially, turn t.he tube from the tank wall to the lower side when you return the tank
the electrolyte exit tube (Refer to the Figure 8). It blows the liquid from the tank when the
exit tube remains turning upper side. And it is dangerous.

electrolyte exit tube

# electrode tank

\ﬁ

The tube tip is hit to the
tank wall and it turns it
downward.

Fig. 8

6. Washing and assembling of the electrodialyzer
6-1. Preface
1) Refer to the stack construction drawing.
2) Wash every piece of membrane using water and a piece of sponge.
2-1) Washing of the cell frame
2-1-1) Wash the both faces of the cell frames. Wash the distributors of the cell frames using a
toothbrush.
2-1-2) In case of washing of the cell frames, be sure to watch the breaks of the spacer nets and
condition of ditches of distributors and correct breaks and projections by fingers.

2-2) Washing of the membrane
2-2-1) In case of handling of the membranes, pull the membrane faces. Handle with care so that
wrinkles, bending or the other injury do not happen.
2-2-2) Press down the membrane lightly with one hand, and washing the membrane with sponge
and water while observing the membrane so as not to generate wrinkle by slipping.
2-2-3) Wash both faces of the membranes. When washing one side ends, it reverses and the back
is washed.

2-2-4) Do not rub the duct part strongly, because connection of the duct may fall down.
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3) Pile up softlon packing, membranes and cell frames according to the stack construction drawing,
Note 1) Be careful that electrode plate does not run around the ditch of tightening frame.
Note 2) When the cell frames are piled up after the rods are set in cathode tightening frame,
positioning is easy.
Note 3) One with short screw of the rod is installed in the cathode side.
4) Confirm there is not a leaving of the membranes and cell frame.
5) Correct distortion of the stacks.
Note) Assembling must not be distorted or slant and not blockade the duct.
6) Wash anode tightening frame and anode plate with water and a sponge.
Note 1) Contamination stick to inside the nozzles must be washed cleanly with water.
Note 2) Be careful to do not injure the coating on the surface of the anode plate.
7) After confirmation of up and down, the anode tightening frame is set along the rods.
Note) Confirm that the rods can be installed. If the anode tightening frame is difficult to be
installed, pull up the tightening frame and correct the distortion of the stacks and set again.
8) Install the washers and ball knobs.
Note 1) Foreign matters stick to the screw parts of the rods must be removed by a brush.

Note 2) Concering each parts, refer to Figure 7.

Rod Ball knob
Cathode side X Anode side
(The lower side (The upper side

vhen rod is installed)

when rod is installed)

\ ik

Cathode tightening frame / Washer

Anode tightening frame

Fig. 7

9) Tighten all the ball knobs by the hand evenly.
Note) Refer to [ 7. Tightening of the electrodialyzer ].
10) Move the electrodialyzer, and correct the shaking of it,
11) Connect the tube and the cable.
Note 1) Wipe the dirt of the surface of the tube when you connect the tube.
Note 2) Don’t use the one that there are a dent and a wound on the surface of outer at the tube.

Insert it straighily after squarely chopping off the damage part.
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12) Softlon packing is rarely set to before and behind of cell frame (D,C cell frame), in this case, cut
the softlon packing according to the example, to prevent clog of the distributors of the cell frame.
(Refer to Figure 5)

Example) When softlon packing is set before and behind of C cell frame on which the rib surface
looks downward.

Before cutting After cutting
| |
f |
T
I I
| |
S A AU N A A N N R
| |
| l
| {
| f
Fig 5 ‘

Note) In the case of setting at D cell frame, cut distributor part same as the above.
13) The tip of platinum wire for measuring voltage is rounded and is set at the designated position.
(Refer to Fig.-6, attached assembly drawing.}

\?
\O}

Platinum wire
( Penetrates through the , 20~30mm : |52
softlon sheet ) / o I A ;\\IY N
Magnification (|
ST <tmteion (=
Sftlon sheet —— & o N gy

Fig. 6

5-2. Procedure
1) Put each cell frames and ion exchange membranes on the table.
Note ) Check each guantity, inside and outside, and the top and bottom before assembling.
2) Wash cathode tightening frame and cathode with water and a sponge.

Note) Contamination stick to inside the nozzles must be washed cleanly with water.



Note 3) Note damage because the rods is made of the resin.

11) At last the cathode tightening frame is left over.

fl"ﬂ me ’/—\‘
| | |

Fig. 4

5. Newly assembling of electrodialyzer
5-1. Preface

1) Refer to the stack construction drawing,

2) One person executes assembling, and one inspector is necessary.

3) This clause is described on the assumption that [4. Disassembling of electrodialyzer ] is finished.

4) In the case of assembling of electrodialyzer, be careful that no foreign matters invade in between
membranes and cell frames.

5) When membranes and cell frame are assembled, be careful that no wrinkles or crimps occur.
Especially when membranes are assembled, do it while pulling. And in the case of setting be
careful not to injure the surface of the membranes or net of cell frames.

6) To prevent mistake of assembling, be sure to confirm quantity of the membranes and quantity of
cell frames before assembling work.

7) On one side of the cell frame, there are crossing type ribs. Make the directions of these ribs unity
according to the stack construction drawing, in case of assembling;

8) As nozzles are fragile, do not give a shock.

9) After compietion of assembling of membranes and cell frames, be sure to correct the distortion of
stacks.

10) In the case of interruption on the way of assembling, cove the nozzles and stacks with vinyl sheet,
to prevent drying and invasion of foreign matters.

I1) When softlon packing are sei on both ends of the stack or electrode packing are set to the back of
the electrode plate, be careful to do not clog the duct holes (¢ 5) (Refer to the attached part
drawing Figure No.7,8).
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—ugnening dime n — mesuring point of tightening dimension
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Fig. 2 Note : This figure and shape might be different.

6) Loosen all ball knobs according to the order shown in Figure 3 evenly,
Note 1) If ball knobs are locsened unevenly, the tightening frame or the rods will be broken.
Note 2) Repeat the work several times until all ball knobs are loosened.

Over sight of tightening frame

@

: Figure shows
Sl Tttty —H G - order of loosening

! $
=t=

Note) This figure and shape might be different.
Fig 3

7) After confirmation that all ball knobs are loosened, remove the ball knobs and washers.
Note) Be careful not to lose.

8) Hang up the anode tightening frame, and peel the cell frame, membrane and softlon packing
attached to the anode tightening frame off politely, then turn on the stack.

9) Move the anode tightening frame reversing,

Note ) Be careful not to break the nozzles. And adjust the direction of the nozzle and reverse.
10) Turn stacks on the table. (Refer to the Figure 4)
Note 1) In the case of turning over, be careful that the cell frames and the membranes do not
dislocate.

Note 2) It is possible to work smoothly by detaching the rods.
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12) brush 1 piece

13) cloth several pieces 30cm X 30cm
14) Filter paper 10 pieces 10emX 10cm
15) Flannel 1 piece 10cm X 15¢m
16) Towel 10 pieces 30cm X 30cm

4. Disassembling of the electrodialyzer
4-1. Preface
1) In this clause, we will describe to work after the electrodialyzer is moved to the maintenance
yard.

2) Start to work after confirmation that electric power to the electrodialyzer is cut off.

4-2. Procedure
1) Draw out liguid in the electrodialyzer completely.
2) Secure enough space for the work completely.
3) Remove the tube and the cable, which connect with the electrodialyzer.
Note 1) Be careful not to lose parts. Close all nozzles to prevent drying of the membranes.
Note 2) Push the tube once lightly, and pull out the tube slowly while pushing the pool of the

nozzle next (Refer to Figure 1). Elbow nozzle is also similar.

pull out the tube slowly while pushing the
pool of the nozzle

- o«

-

| -

Fig. 1

4) turn over the electrodialyzer so that the cathode side to downward.

Note 1) Be careful not to break the nozzles. And adjust the direction of the nozzle and reverse.
Note 2) Avoid work in the delicate state.

5) Record the dimension of tightening. (Refer to Figure 2 )
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3-7. About tightening ‘

1} Strength of tightening is enough to be the minimum strength that allows leakage of the liquid. If
the tightening strength is too strong, break of cell frames or membranes may be caused, so adjust
the tightening strength while observing leakage to outside during feed of the liquid. And be
careful not to be uneven tightening,

2) In the case of reassembling, tighten until the tightening dimension before disassembling.

3) Concerning tightening dimension in the case of newly assembling according to the attached
assembly drawing.

4) Tighten the rod evenly. Tighten so that the difference at each measuring point must be not more
than 1 mm.

3-8. About the increase tightening
1) Strength of tightening is encugh to the allowable minimum to outside leak. In case the strength is
too much, cell frames or membranes may be broken, adjust the strength checking the leak to
outside, while feeding the liquid.
2) Tightén the rod evenly. (Reference allowable tightening torque; 3N - m)
3) Tighten while measuring the tightening dimension. Tighten so that the difference at each

measuring point must be not more than 1 mm.

3-9. About drain
1) Each tank that exists in the unit can be individually detached.
2) Detach the fixed rod that is the fixation of the base unit and the tank in order to detach.
3) The tube is fixed to the cutting lack of the tank.
4) Treat handling politely because the tank is made of the resin.

3-10. Tools to be used

Article name Quantity Note

1) Convex Ipiece

2) Spanner 2 pieces size 14mm, 17mm

3)Table 1 piece

4) PE or PVC sheet (0.1t X Im X 1m) 1 piece

5) Rubber tape 1 piece

6) Bucket 1 piece

7) Sponge 1 piece

8) Rubber glove l 2sets  for worker and inspector, each one
9) goggle 2sets  for worker and inspector, each one
10) apron 2 sets  for worker and inspector, each one

11) boot 2sets  for worker and inspector, each one
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5) Do not give nozzles as they are fragile.

6) Install it after wrapping the seal tape around the threaded portion of the nozzle when you install
the nozzle on tightening frame.

7) Be careful that electrode does not run around the ditch of tightening frame. And fix tightening
frame and the electrode plate with the bolt.

8) In the case of assembling, refer to the attached drawing of stack construction.

9) If you want to interrupt the work on the way, cover the stacks with vinyl sheets, to prevent drying
and invasion of foreign matters.

10) Be sure to adjust distortion after completion of assembling of membranes and cell frames.

11) Refer to the drawing of the parts. Cell frames and the like are shown so that rib faces looks

down.

3-6. About washing of stacks
3-6-1. Membrane
1) Wash every piece of membrane using water and a piece of sponge. Wash only one direction

only and do not wash reciprocally. '

2) Press down the membrane lightly with one hand, to prevent collecting wrinkle by slip of the
membrane.

3) Do not rub the duct part strongly, because connection of the duct may fall down.

4) Wash both faces of the membranes.

3-6-2. Cell frame
1) Wash the distributors of the cell frames using a toothbrush.
2) Wash the cell frames piece by piece with water and a piece of sponge.
3) In case of washing of the cell frames, be sure to watch the breaks of the spacer nets and
condition of ditches of distributors and correct breaks and projections by fingers.
4) Wash the both faces of the cell frames.

3-6-3. The others
1) Softlon packing is not reused. Replace at every time of maintenance.
2) Replace inferior frame and inferior membrane with new one.
3) When you pile membranes with cell frames, remove water completely.
4) Surface of electrode {anode plate) is covered with coating. Be careful handling so as not to
damage it. Avoid the adhesion of the stain of the surface of the electrode.
5) If you want to interrupt the work on the way, cover the stacks with vinyl sheets, to prevent

drying and invasion of foreign matters.
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3. Precautions for handling the electrodialyzer

3-1. Preface

The electrodialyzer has sheet type ion exchange films (SELEMION) and a fastening machine fastens
plastic cell frames that are piled alternately and them. As thickness of an ion exchange membrane are
generally so thin such as 100~ 200/ m, please handle with care according to the precaution. A cell
frame provides with distributors (liquid is fed through the ditch) and spacer net on the plastic that has
ribs of grating type, to bring its abilify into full play. Therefore, in case of maintenance work, be
careful same as the case of ion exchange membrane after understanding its construction, paying

attention to order of assembling and right side and back side.

3-2. Handling of the membranes
1) In case of handling of the membranes, pull the membrane faces. Handle with care so that
wrinkles, bending or the other injury do not happen.

2) Wrap the wet membranes up in plastic bag to prevent drying,. Be cafeful that assembled
membranes keep always wet condition and spray pure water after disassembled and cover with
sheets, '

3) There are both sides in the following membrane, and it is necessary to note it for handling, Be
careful when it assemble it in the electrodialyzer. (Kind of the membrane : APS, HSF, CSO).

3-3. About tightening open
1) Please loosen the rod and the ball knob evenly.
2) It is slippery when the ball knob includes moisture etc. Please loosen it after it wipes off.

3-4, Inthe case of disagsembling
1) Be sure to record the fastening dimension before disassembling. (Refer to Figure-2)
2) If you want to interrupt the work on the way, cover the stacks with vinyl sheets, to prevent drying
and invasion of foreign matters.

3) Start working after confirmation of breaking of the electric power to the electrodialyzer.

3-5. Inthe case of newly assembling
1) In the case of assembling of the electrodialyzer, be careful that no foreign matters invade
between membranes and cell frames.
2) When assemble membranes and cell frames, be careful that no wrinkles nor breakage will occur.
Especially in the case of setting of membranes, do the work pulling them to prevent wrinkles.
3) Be sure to confirm number of membrane and cell frame beforehand, to prevent mistake of
' assembling.
4) Ribs are provided at one side of the cell frames. In the case of assembling, standardize the

direction of these ribs according to the stack construction drawing.
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1. Preface
This instruction manual includes maintenance of disassembling, assembling and basic cautions
concerning maintenance. Please confirm miscellaneous conditions that are applied to the operation
of electrodialyzer (for example of solution, temperature, kind of process and relating pretreatment
and the like) by the separate specifications. And start operation after read this instruction

completely.

2. Specifications of the electrodialyzer

Type DW-Lab

Dimensions of a membrane 80mm X 130mm

Space between membranes 0.75mm

Effective dimension of a membrane 50mm X 60mm

Effective area of a membrane 0.003 rri/sheet

Number of membrane refer to the attached stack construction drawing
Ion exchange membrane refer to the attached stack construction drawing

Dimension of the unit refer to the attached assembly drawing
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