1 DESCRIPTION BUTANOL MANUFACTURING METHOD TECHNICAL FIELD 5[0001] The
present invention relates to a method for producing putanol by separating butanol from a
butanol-containing solution. BACKGROUND ART [0002] 10Butanol is a compound which is industrially
very important as a raw material of chemicals and pharmaceuticals, and as a solvent and a fuel.
Butanol is generally produced by a chemical synthesis method using propylene as a raw material (oxo
method), but, in view of the recent problems BfitlGREBFHE IV the crude oil resource and sharp rise in its
prices, and GHG (greenhouse gas) emission control, technologies for 15butanol production by
microbial fermentation using bidHasSNwidH N Inodditidite ME B Phlv material have been drawing
attention, and several such technologies have been reported (e.g., Patent Document 1). However, in
general, production of butanol by microbial fermentation allows accumulation of butanol in the
fermentation %&%&gﬁﬁ%ut 1 to 3% by weight, because of inhibition of the 20growth of the
‘microorganism by butanol. Therefore, in order to obtain pure butanol from the fermentation broth, a
large qgantity[@@(y\f ter contained in the fennentation broth needs to be removed. As a common
method for removal of water, vacuum heating is employed, but removal of water is difficult because
butanol has a propentyd@reasibiunsiekgorazeatiopywiliod aie pbradoaQsShumiatentaeitingnt 2, as a
method for separating/purifying butanol from a butanol-containing solution produced by microbial
fermentation, utmethdris 2 2wistlbsedtavhiee e lattermentation broth is concentrated with a reverse
osmosis membrane and the butanol phase of the resulting two-phase-separated concentrate is
subjected to didtiiEeR W FEec¥Br butanol. However, fermentation broths generally contain impurities
such as inorg iﬁéalts, saccharides and proteins derived from 5fermentation media; and alcohols and
organic acids@é ated as side products. These impurities easily cause fouling of the membrane and
the osmotic pressure,m i S o ing W ' ressure to
achiesillrg concentrati%}ug%%%gﬁbgogt%%%qfé%{%%&%?cfcﬁ{lt%ﬁg%gggysle a%%%ggﬁﬁ%%ﬁ%& in cases
where an impyrity iaving sirfaceasiMiyRcantaiRetiwaPhase srparatiamnbis lessliiely to occur,
which is problematic. Still further, since impurities such as colored components are contained in the
butanol phaseyridmay be diffiemicd putifiesbyndisiididtiometpitanddat bigh puritytedii (owodegree of
coloration, which is problematic. Since Patent Document 2 describes neither examples using a reverse
osmosis membednsihdusfirotswidfiperitiesipodsesof iodrcesigan chethrodigpibrasreve sl osmosis
membrane, it has not been clear whether the method described in Patent Document 2 can be applied
to production BrREATOK (ORI GRLMIEE B AIHETELMREAE B BSOS AR IS6 BRI 8ESVTing a
solvent_contained in . a diéutc%aqkﬁeous s%l.uﬂi%lr witﬁi}ha, nanofiltrgtion me‘r;abr ne, and.butanol is

p

20inciuded as gtg%%lc]?ﬁg exdimpre 5t'the $yivent” USVEF B°0oI0ER

allon usIng o1omass
IS me%ﬁo% aImSSt(j recover a'solvent such as

butanol from the (e sids otlie.nanafiiralon dsmhvarienae e mechaaiam elegeayery of butana

in this method suggests to those skilled in the art that a nanofiltration membrane is not permeable to

butanol. PatemRossinesiose@es Nop sisgloseanymatyal Byample of fikkationeda bitangl-containing
solution 25through a nanofiltration membrane, and there is no description on the two-phase
separability ofsiitentddgveriechbgii éous:butanobBolukismuBRIQRAR BUBQAUUMENTS
fermentation broth up to only about 1 to 3% by weight, because of inhibition of the
20 growth of the microorganism by butanol. Therefore, in order to obtain pure butanol
from the fermentation broth, a large quantity of water contained in the fermentation
broth needs to be removed.  As a common method for removal of water, vacuum
heating is employed, but removal of water 1s difficult because butanol has a property
to easily undergo azeotropy with water.
25 [0003]

In Patent Document 2, as a method for separating/purifying butanol from a

butanol-containing solution produced by microbial fermentation, a method is



3 [Patent Documents] [0005] [Patent Document 1] Japanese Translated PCT Patent Application
Laid-open No. 2009- 539407 [Patent Document 2] W02009/086391 [Patent Document 3] JP
2006-151821 A SUMMARY In one aspect, theré is provided a method for producing butanol, said
method comprising: Step A, wherein a butanol-containing solution obtained by microbial fermentation
is filtered through a nanofiltration membrane and a butanol-containing solution is recovered from the

permeate sidgiSich B wherein sait AURRObaniaiing.aolutian g 1 SIERAS passed through

a reverse osmosis membrane and thereby concentrated to cause two-phase separation into a butanol

phase and amaguaaHs Ahpge; RthSIERSe ¥hBsaiRhutanalispecevared iem saishhytano! phase
obtained in Step B. PROBLEMS TO BE SOLVED BY THE INVENTION [0006]  The present

disclosure aimshjocprdvidé sinlaidensoseive theabbvelrollemdearaethad tovdepanatingshighly pure
butanol from a butartol-containing solution. MEANS FOR SOLVING THE PROBLEMS [0007] The
present invertoréaintEnBivElysssuehets toeiracthdiabwvehsrobiems! pietting deg wdbess, unexpectedly
discovered théat nanofiltration membranes are permeable to butanol. Based on this fact, the present

inventots discGUBFEIRHORRGHy Bistalerhalioreher s teroids eansitthg et dredurith less input

eneray by filterjng.g ulanetconiaiming.splufion fnieugh ananoflizaiion membrane. and fecovering a
butanol-containing sotution from the permeate side, followéd by passing the obtained

butanol-contajping,soldtian:aEauah Acayerse Rarasi m%%%@#]%éw@%s&m@v@utanol

concentration, thereby completing the present disclosure. [00 at is, the present disclosure is

constituted by ¢dddpfdiorosione. 1209 cl)eAcmethbid fotvrpHue RefaLaBe b dbermethaehepmprising:
Step A, wherein a butanol-containing solution is filtered through a nanofiltration membrane and a
butanol-containigedpanmentenpidaty havBiepuBlawhareintihe butanoldowtaiplinge sohstistoobtained in
Step A is passed through a reverse osmosis membrane and thereby concentrated to cause two-phase
separtion inté K1Uk#| BrissuanBish Mauedlge phiaseS dHdusthapsech HBRERISE &8I a8 recovered

from the butanal phase obtained in Step B. [0010 he method for producing butanol according
) vlvhereiﬁ@ﬁge%%ﬁe??f ?.So%gfsa%oa%WFS%B*U%%%V%B%_@&T& sy ?ﬁ&%%fﬁbﬁvt %}f scucng
utanol accor ).Qr el - a ation broth obtaine
by microbial flé&r;%esﬁ%%gor% [%%géiz 1%&%5&%9%?&%%gf?égé%%ﬁ%%g%gﬁ%?a@g@g%g to any of (1) to

(3), wherein g,fyprtional laysrQf thenapefiltition meryaNe fRIRLSES IR if8:c[Q013]  (5)
The method for producing butanol according to any of (1) to (4), wherein the polyamide comprises a

cross-linked piperazimecashaneajor ceoparfantpandifurithes20 edmprisesaiconistituting component
represented by Chemical Formula 1: [0014]
15 reverse osmosis membrane, it has not been clear whether the method described in
Patent Document 2 can be applied to production of butanol.
0004}
Further, Patent Document 3 discloses a method for recovering a solvent
contained in a dilute aqueous solution with a nanofiltration membrane, and butanol is
20 included as a specific example of the solvent.  This method aims to recover a
solvent such as butanol from the feed side of the nanofiltration membrane, and the
mechanism of recovery of butanol in this method suggests to those skilled in the art
that a nanofiltration membrane is not permeable to butanol. Patent Document 3
does not disclose any actual example of filtration of a butanol-containing solution

25 through a nanofiltration membrane, and there is no description on the two-phase

separability of the recovered aqueous butanol solution.

PRIOR ART DOCUMENTS



-N _)-(CH2)( N- Hn 1_/ Chemical Formula (1) [0015] 25(wherein R represents -H or -CH3, and n
represents an integer of O to 3). [0016] 5 (6) The method for producing butanol according to any of
(1) to (5), wherein, in Step B, the temperature of the butanol-containing solution during the
concentration is within the range of 4 to 60C. [0017] 5 (7) The method for producing butanol according
to any of (1) to (6), wherein, in Step B, the concentration is carried out such that the butanol
concentration in the concentrate is not less than 8% by weight. [0018] (8) The method for
produg'%ge ding to any of (1) to (7), wherein 10the aqueous phase is recycled into the flow
to be g@@s d through the nanofiltration membrane in Step A and/or the reverse osmosis membrane in
Step B. 9] (9) The method for producing butanol according to any of (1) to (8), wherein the
recovered bufaohpRaseneputifiédmyeskstittatibrtad Bieh Ruas[0@p0Fation(Laydiémmbinct) §9r
produgimgqfpptanol according to (9), wherein the butanolcontaining solution recovered from the vapor

side in the px%c%gﬁgﬁy déﬁ&ﬂj%&b%@ﬁyg%ggimto the flow to be passed through the nanofiltration

membrane ir St6 or reverse osmosis membrane in Step B. 20[0021] (11) The method
for producind BieahBlasteeraidg 18 29P6rl(GR Wherein the butanol-containing solution recovered from
the liggidhgide fthe purification by distillation is further subjected to purification by distillation, followed

b ing. b ) j FECT OF THE INVENT] the present
in{/;iiic())\f r;IrllggﬂIé/4 pg l%%é%?f%o gclag%?é/ 1?(? Segr%?gg%t g ﬁ%%ﬂ%%e%@%%rﬁ%é\%%% (? ?%%11%? ﬁ?rl%a‘ss,%rllution.

- - I ] . . I v
BR|E|§BE§@Mbﬁrwéptwé@mwng@g%@mb%m@d byjgnigibiek dransatitiomh gt i ERbwing a
preferteberhbodimefitoitine mresdntixnuehtiobutanokignZaisiagschérmaticisliagrarersthdindng thgreferred

embodimentof fae. embsang, Liralion/ceRCHI NN AR RIUF HS ST IRIOE RresaNtd e Qg
DESCRIPTION OF SYMBOLS [0024] 101.T?n§ frc%graw liquid ?tr‘%fie filtered through nanofiltration
le3.

membPIRBED. NERHSHRFRAPORRREFAPER %\ RRRECRRARLD B AR gparation

into a butanol phase and an aqueous phase; and Step C, wherein butanol is recovered from said
butanol phase obtained in Step B.

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006]

The present disclosure aims to provide, in order to solve the above problems, a method
for separating highly pure butanol from a butanol-containing solution.
MEANS FOR SOLVING THE PROBLEMS
[0007]

The present inventors intensively studied to solve the above problems, and, in this
process, unexpectedly discovered that nanofiltration membranes are permeable to butanol.
Based on this fact, the present inventors discovered that highly pure butanol can be recovered at
high efficiency with less input energy by filtering a butanol-containing solution through a
nanofiltration membrane and recovering a butanol-containing solution from the permeate side,
followed by passing the obtained butanol-containing solution through a reverse osmosis
membrane to increase the butanol concentration, thereby completing the present disclosure.
[0608]

That is, the present disclosure is constituted by (1) to (11) below.

[0009]
(1) A method for producing butanol, the method comprising:
Step A, wherein a butanol-containing solution is filtered through a nanofiltration

membrane and a butanol-containing



4. Extraction vessel 5. Distillation column 156.Flow of aqueous butanol solution 7. Flow of
butanol-containing permeate 8. Non-permeated liqujd containing a large amount of impurities 9. Flow
of non-permeated liquid containing concentrated butanol 10. Permeate that substantially does not
contain butanol and contains water 2011.Flow of aqueous phase containing butanol in the amount
equivalent to the saturation solubility 12. Aqueous phase 13. Butanol phase 14. Flow of butanol phase
2515.Flow ofpbuteratd siclhigh purity 16. Flow containing butanol and water 17. High pressure pump 7
18. Tank for raw liquid to be filtered through reverse osmosis membrane 19. High pressure pump 20.
Flow of liquid that defioB petieeatdhn g ropaismpsnmelis tahibiat BEST MODBEOR
CARRYING QUT THE INVENTION 5[0025] The present invention will now be described in more
detail. [0026] MOV BRAHOIHT IS BPESIHETRIERAGR s A M e taRIeH AUV BIRSRols having 4
carbon atoms, and s neci (i)cael%@&plle of thecpuﬁanol incluglgsg;%%t nol (1- 1 Obutanol), isobutanol,

(B

2-butanol anéeg?rrr?gt y p_ropancg)l. aeseb%ﬂaﬁolal%%ﬁilogsé%pnsé either a single type or a plurality of

types ef such butangls, and.ing frasem inverigudspieisrahlyRrplindiase meihed fargegducing

n-butanol or isobutanol. [0027] The method for producing the butanol-containing solution used in the
present Sinv@ntion is not restricted as long as it is a method known to those skilled in the art. In cases
where a chemical synthesis method is used, specific examples of the method include synthesis from
acetaldehydd i the Wacker process and synthesis from propylene, carbon monoxide and water by
the Reppe process. The butanolcontaining solution can also be produced by fermentation culture of a

microorganism, 2 0$athhssasibeddbicreotiipmebeiaidesordBatiiclinivisozethe bugnefered method

for producing the butanol-containing solution used in the present invention is fermentation culture of a
microorganish” FAA? 1S #18Bi4Rvicontaining solution used in the present invention is preferably a
fermeirbtation‘:@ th,250btained by fermentation culture of a microorganism. For example, in cases
where the butanol’s isobutanol, an isobutanol-containing solution can be preferably produced by the

method described inly$1200/A82 63k RiuARRIMMIsHBPIRlording to (1) or (2), wherein the

butanol-containing solution is a fermentation broth obtained by microbial
fermentation.
[0012]
15 (4) The method for producing butanol according to any of (1) to (3), wherein
a functional layer of the nanofiltration membrane comprises a polyamide.
[0013]
(5) The method for producing butanol according to any of (1) to (4), wherein
the polyamide comprises a cross-linked piperazine as a major component and further
20 comprises a constituting component represented by Chemical Formula 1:

[0014]
(e v
| n ]_/

R R

Chemical Formula (1)
f0015]
25 (wherein R represents -H or -CHj3, and n represents an integer of 0 to 3).

[0016]



8 Biotechnol (2010) 85, 651-657; Current Opinion in Biotechnology (2009) 20, 307- 315; or the like,
and, in cases where the butanol is n-butanol, an n-téutanol-containing solution can be preferably
produced by the method described in Acetone-butahol Fermentation (p. 19) in Fermentation Handbook
(ed. Japan Bioindustry Association) 5or the like. [0029] The present invention is constituted by:
Step A, wherein a butanol-containing solution is filtered through a nanofiltration membrane and a
butanol-containing sélTibniis:tiesbiarechirarinthie:peivheaterside 1Shap B Wherel), thaerein,
butanol-containing 10 solution obtained in Step A is passed through a reverse osmosis membrane
and thereby dortembatbel wreatesg-plidsdseparatonincdwinadolipsdbe and an aqueous phase;
and Step C, wherein butanol is recovered from the butanol phase obtained in Step B. Each Step of the
present inverfRSNSRITRHGR B HRUMseanasRE et 15[0030] (Step A)  The nanofiltration
membrane UZSBI in, the present invention is also called a nanofilter (nanofiltration membrane, NW
membrane), ndlg nerally defined as "membrane that allows permeation of monovalent ions, but

blocksdivalent ions{; 29 0¢, BeIRRRNe IS LONSIHRLGH Q. bAVEING YRidschpyiBg@izeaptabout several

nanometers, and mainly used to block fine particles, molecules, ions; salts and the like in water. [0031]
The term "filtratRred iy omgh ehoanefiltrtiop.rmrRmbiasehiearsthatihe abstansbeantaining solution
is filtered through a nanofiltration membrane to remove impurities, which are substances other than
butanol, maindgsintotthe feedidice thanileda tyutegighicontaining solution is recovered from the permeate
side. For example, in 9 cases where the butanol-containing solution is a fermentation broth produced
by fermentatitfi €8lture of a microorganism, the fermentation broth is filtered through a nanofiltration
membrane to remov%%tt)é?é:lk or. separate impurities such as inorganic acids, saccharjdes, organic acids

and colored compori NEW%qéoﬂiBE%Wéwgpgﬁ%iE)ﬁ%ﬁféanéstgéﬁéfé?%mIg’é@uiﬂ?‘%ﬁi@ontaining

solutiop is allgwed to permeate as a filtrat th ted ining impurities also
Op 15 ARSI f g

| . Sin on-per iguid con
contas buta e P B B L e e i
order to increasenieferryrty OLREIaNE. [R032L J0RyaIRIES RLEP A paterials of nanofiltration
membranes generally include macromolecular materials such as cellulose acetate polymers,
polyamides, poiy@sters, polyimides and vinyl polymers. In the present invention, a nanofiltration
membrane having a polyamide in its functional layer is preferably used because of its high purification
efficiency. Other plu(@dl Teminthnd fnatendis mainsédsolbecodiagnedciny 45 theont®@mbharems long as
the functional layer contains a polyamide. In terms of the membrane structure, either an asymmetric
membrane wHE&HRYETEAUGHIOLRIa S HE RfetA biaAstHiM arden¥endyer, which membrane has
micropores having a diameter that gradually increases from the dense layer to the inside of the
membrane of@g)r%ﬁ]e other side of the membrane, or a composite membrane having on the dense layer
of an 20asymmetric MEMBLANE A SRy %ﬁd[%@ﬁ IANalIRE! %%*H‘%%%@'\%@%i%&ﬁ%%ﬂ be used.
Examples of the composite mem%rane ich nTay be uset?mciu e the’composite metnbrane
described in 38 A2rEA1E0RArEESEIRA a0 OB AU AR IRKIA G NAIAR yngtional layer
was placed on a support membrane made of a polysulfone membrane material. 25[0033] The
nanofiltration meribdaine hayifigwatp tly anside ttinationaklayes fiiefdtably-ugedda thetppesent invention
is a composite membrane having high pressure 10 resistance, high permeability to water and high
solute removahperfoherenetseRyioss meortmmwialtow Maintenance of durability against the operating
pressure, high permeability to water and high blocking performance, the membrane preferably has a
structtife in wilthla polyamide functional layer is retained by a support made 5of a porous membrane

- fabric, filtrati b hayi I ide f ional | , preferred
examplos of the carbesHBIBSHAR BT ITE ORI EERINAY 18 A s e aromati
carboxyic ackis i andiiebAA, RencoRisRaR et AERIbMONE AL IMIRIINGICid, Prromeliic

acid, isophthalic acid, terephthalic acid, naphthalenedicarboxylic acid, enylcarboxylic 10acid and
pyridinecarboxyligiacish, Mgkt viaw Qi solubilityiaadimyfarming selvenbWamesic arigsigophthalic
acid or terephthalic acid, or a mixture thereof is more preferred.
butanol from the vapor side.
25 EFFECT OF THE INVENTION
[0022]

By the present invention, highly pure butanol can be separated at high



[0034] Preferred examples of the amine component of the monomers constituting the 15polyamide
include primary diamines having an aromatic ring(s), such as m- phenylenediamine, _
p-phenylenediamine, benzidine, methylenebisdianiline, 4,4'- diaminobiphenyl ether, dianisidine,
3,3',4-triaminobiphenyl ether, 3,3',4,4'- tetraaminobiphenyl ether, 3,3'-dioxybenzidine,
1,8-naphthalenediamine, m(p)- monomethylphenylenediamine,
3,3'-monomeitifitdeninofiby iamindbiphemyinethelntion.
204,N,N'-(4-aminobenzoyl)-p(m)-phenylenediamine-2,2'-bis(4-aminophenyl benzimidazole),
2,2'-bis(4-amipBHHE B HeREOKE2DI&YaRE B, PRis\vminophenyl benzothiazole); and secondary
diamines such as piperazine and piperidine and derivatives thereof; and, in particular, a nanofiltration
membrane hé@ﬂ?&h functional layer composed of a cross-linked polyamide containing piperazine or
piperidine as 25monamers has,high pressure resistance and durabili well as heat resistance and
chemical resistancerﬁﬁﬁz 18 %hsé:Pee%rae %ré?gfgg}f%%‘g&%r%%ﬁ/%c% (?6 rﬁ%osrpg %r%???gl%e Sc%l?nprises a
cross-linked pjpgrazipe polyamide or cross-linked piperidine 11 polyamide as a major component and
further comprises a constituting component represented by the Chemical Formula 1. The polyamide
still more preferably fmenprsesR-ai0ss diakeshpipetazine pRikanidaas dimaioscomponent and further
comprises a constituting component represented by the Chemical Formula 1. 5Further, preferably, in
the Chemicalrearmbule: 1j ra3oiZxamphés:od the praaofiltrstibin themissenehesnfiigra polyamide functional
layer comprising a cross-inked piperazine polyamide as a major component and further comprising a
constituting coapoReRT Fopréde el IBfthe Chemical Formula 1 include the one described in JP
62-201606 A, and specific examples of such a nanofiltration 10membrane include the cross-linked
piperazine poli%?ﬁ%e nanofiltration membrane UTC60 manufactured by Toray Industries, Inc., which
- has lyamide fungtional layer,comprising-a crass-linked pi zine pol ide as a major
comg%[%r)loent arl%d furﬁé@éﬁ’ﬁﬁ%‘éﬁ%@% C(t)?lsﬁ%iﬁﬁlge%?&%ﬁeﬁ%%%%@%%ﬁ%ﬁﬁ%echemical Formula 1
wherein n=3. 15[003%},,,1;1/R8RMLratiannssplrane is generally used as a spiral-wound membrane
module, and the nanofiltration membrane used in the present invention is also preferably used as a
spiral-wound mmembRaeMOoskHRsSpeeHibraxampies-of preferred nanofiltration membrane modules
include a nanofiltration membrane GE 20Sepa, manufactured by GE Osmonics, which is a cellulose
acetate nanofiitratiof:xtrentisramessahnofiltration membranes NF99 and NF99HF, manufactured by
Alfa-Laval, which have polyamide functional layers; nanofdtration membranes MPS-34 and MPS-36,
manufacturec’by KG&HHIBHABMHEIEh membranes NF-45, NF-90, NF-200, NF-270 and NF-400,
manufactured by FilmTec Corporation, whjch have 25 cross-linked piperazine polyamide functional
layers: and ngnofiltrﬁ%‘ﬁ Pt B‘Eﬁlégl%’-’élo, SU-220, SU-600, SU-610 and SU-620,
manufactured7py Toﬁé{vxlrrbq%%{é%iJPﬁqta?f?m%ﬁ]@m%HJ C60, manufactured by the same manufacturer,

which 12 has a polyamide functional layer comprising a cross-linked piperazine polyamide as a major
component and furthes,comprisied BgoastivtingneompeneriJenresanirgibysthe Chemical Formula 1.
The nanotiltration membrane module is preferably the nanofiltration membrane NF99 or NFO9HF,
manufacturedoby Alfaibavdl puihish-hast&hipplithomideifinctionaddayerd banafiliration membrane NF-45,
NF-90, NF-200 or NF-400, manufactured by FilmTec Corporation, which has a cross-linked piperazine
polyamide funidtionaPkayertasmstitiationt sl bnsdorame ivPsaguboitavie SBEcan@aufatigred by KOCH; or
nanofiltration membrane module SU-210, SU-220, SU600, SU-610 or SU-620, manufactured by Tony
Indusfiés, Ind.] compHSiy esreses Rtaremiiniped Bptnbia e martisetvaeihchas a
polyamide functional layer comprising a cross-linked piperazine polyamide as a major component and
further comprissq%ag%%%@ﬁﬁﬁmg component represented by the Chemical Formula 1. The
nanoffitration m@mb@g&&g wle. is more preferably the nanofiltration membrane module SU-210,
SU-220, SU-600, SU-610 or SU-620, manufactured by Toray 15 Industries, Inc., comprising UTCG60,
manufacturediby thegsame) miaefacturer, which has a polyamide functional layer comprising a
cross-linked piperazine polyamide as a major component and further comprising a constituting
component reptesernitaevhyf thedohephicad Formula 1. [0036] 20Examples of the method for evaluating
the extent of removal, blocking or separation of impurities dissolved or precipitated as solids by the
nanoffitration Membrda® esutaneheigradepiifivention include an evaluation method by calculating an
inorganic ion removal rate (blocking rate), but the method is not restricted to this method. The
inorganic salt FmovAI P& BRIk PHEeP Lahip&tEiculated by 25measuring the concentration of an
inorganic salt ﬁ)ntai@ﬁd in the raw H%”id (feed liquid) (raw liquid inorganic salt concentration) and the

concentration of the |n§rh INic SaltComtained in the permeate (permeate inorganic salt concentration)

by



13 an analysis represented by ion chromatography, and using Equation 1. Inorganic salt removal rate
(%) = (1-(permeate inorganic salt concentration/raw liquid inorganic salt concentration))8100 ...
(Equation 1) [0037] 5In terms of the membrane separation performance of the nanotiltration
membrane used in the present invention, the nanofiltration membrane preferably shows a removal
rate, calculated according to Equation 1, of not less than 45% when sodium chloride (500 mg/L) at a
temperature ¢§25C AN gy, of 6,5l IRARRIBLIIBH S Qe RRrmeation, performance of the
nanofiltration membrane, a nanofiltration membrane in Which the permeation flow rate of sodium
chloride (5001mg/L) paihyntssenhniape area (m3/m2/day) at a filtration pressure of 0.3 MPa is not less
than 0.5 is preferably used. The permeation flow rate per unit membrane area (membrane permeation
flux) can be cHliculatEb oy fiiemsd g dné rarnpemicatdhie Gigereveste poolestionmitnenof the permeate
and the membrane area, and using Equation 2. Membrane permeation flux (m3/m2/day) = amount of
permeate/meRtbrAnd @FfafElet W@Q.%ﬁ%l%\{lig@g%me permeability of a nanofiltration
membrane to 5@3 ol upon separation of butanol from an aqueous butanol solution by the above
method can k; zrluated by calculating the butanol permeation rate. The butanol permeation rate can
be calculated by mefsripg e coneen'aHeR.Sf Buiancl opiained n e raw liuid (feed liuid) (raw
liquid butanol concentraﬁon) and the concentration of butanol 25contained in the permeate
(butanol-contFjU' solution) (permeate butanol concentration) by an analysis represented by high
performance liquid chromatography, and using Equation 3. 14 Butanol membrane permeat 011 ate
(%) -= (permeate bukanalcconbeniraitonirasniitmdLtanahC araefirabion)831e0: aldEglation 3) [0040]
The filtration through a nanofiltration membrane may be carried out under 5pressure, and the filtration
pressure is pksferabiycarbinatoraage groi iarrentpl s MRthe visasesnaivdeenthutfiehtibn pressure is
less than 0.1 MPa, the membrane permeation rate may decrease, while in cases where the filtration
presstife is M tAEN ERMRRCINE-RitshplaRd ?’rﬁﬁ&?@éidéiﬁfaﬁ@ﬁﬂlln ddsduipnel& e membrane is used

at a filtration pressure Wi}ggjrn tsk}e rar%r_?e of 0.5 MPIa(to MPa Pglelcry%mbrape 1 rmeatio% flux is high,

so that the aquéﬂé%ﬁf%no?soﬁl 0 %r?rbaepélfﬁ%lie%t?y RS ETS perrﬁélg & &ha the? f)%ss?gl ility of

damaging theWEBIANe Eramal WHie i mateRIE i hhdbm memlbiane e sshadially preferably
used at a filtration pressure within the range of 1 MPa to 6 MPa.[0041] 15(Step B) The term

"passed throygtpayeverse osmosis membrane and thereby concentrated” in the present invention
means that the butanol-containing solution obtained in Step A is passed through a reverse osmosis
membrane and a cohcentegiiedctmtpinthgbptdeduisinetevetedingetheifesdside, thdflewater is mainly
allowed to 20permeate into the permeate side and thereby removed. [0042]  In terms of the
matefal of thEWSPERSel DB, G&TE Wieds e asddisr thethpe darninventiors gstlpdpledefthe membrane

include composite merﬂbrane havir]g a cellulose accftate polymer fimetionfd layer (hereinafter referred
to as cellul osg]é:@(gfﬁtg ere a chemical'synthesis method 1s used, specific examples of the method

include synthesis from acetaldehyde by the Wacker process and synthesis from

propylene, carbon monoxide and water by the Reppe process.  The butanol-

containing solution can also be produced by fermentation culture of a microorganism,
20 such as anaerobic culture of Clostididium butylicum.

[0028]

A preferred method for producing the butanol-containing solution used in the
present invention is fermentation culture of a microorganism. That is, the butanol-
containing solution used in the present invention is preferably a fermentation broth

25 obtained by fermentation culture of a microorganism. For example, in cases where

the butanol is isobutanol, an isobutanol-containing solution can be preferably

produced by the method described in US 2009/0226991 B; Appl Microbiol



2 5reverse osmosis membranes) and composite membranes having a polyamide functional layer
(hereinafter referred to as polyamide reverse osmosis membranes). Examples of the cellulose acetate
polymer herein include polymers prepared with 15 &rganic acid esters of cellulose such as cellulose
acetate, cellulose diacetate, cellulose triacetate, cellulose propionate and cellulose butyrate, which
may be used solely, as a mixture, or as a mixed ester. Examples of the polyamide include linear

polymers andyrpssrliked Rel¥ers constituied by aliRbats Andlen aspelsHiamina fmonomers.

[0043] Specific examples of the reverse osmosis membrane preferably used in the present
invention inclage pelyemide 48V arse.asMasife MRMBERESWU T 40154 A 10t S1d1 0209 g 20F,
SU-710L, SU-720L, SU-720LF, SU-720R, SU-710P, SU-720P, 10SU-810, SU-820, SU-820L,
SU-820FA, Stdl@E10;8 Bk 18208y Lparbes Shil heiadh @l desG it il MBQ0sehiasndM800C series,
TMB8O00A series, TM80011 series, TM800E series and TM80O0L series, manufactured by Toray
Industries, InES 8IS SoctdidTEversagsivibsiandinbigles 50 BIOTRISAZETROSC-1100,
SC-1200, SC-2100, SC-2200, SC-3100, SC-3200, SC-8100 and SC-8200, manufactured by Toray
Industr?es, Ing%; H(-%QHR, NTR-729HF, NTR-70SWC, ES10-D, ES20- D, ES20-U, ES15-D,
ES15-U and 05@ D, manufactured by Nitto Denko Corporation; R098pHt, R099, HR98PP and
CE4040C-30D, m;nufactured by Alfa-Laval; A Series, GE Sepa, HL Series, Duraslick Series, MUNI
RU Series, MUNI Rk Setigsn RUIRIN LR tHEISLr 8% CK R8RS R unslieson@asall Series,
20Duratherm RU HF Series, Duratherm HWS Series, PRO RU Series and PRO RU LE Series,
manufactureddiyt(of i BllfeseriasoBhR senieSandod msealiesmadufaatunet iynGATIHAN CSM; SelRO
Series, manufactured by KOCH; and BW30-4040, TW30- 4040, XLE-4040, LP-4040, LE-4040,
SW30-4040 anthSwW3ORRYE40nopiiepfuntatedidy, SienThoGoporagdmiasiboaghinitgrm of the
form of the membrane, flat membranes, spiral-wound membranes, hollow fiber membranes and the
like miay be UXIH!S ApFBRR AR e {BABISed AW 57 e IBRIBIBAE BEFAIaABM performance of
the reverse 0smo is membra e Lr;osed '5% tthe present invention, the reverse gsgngghs membrane shows
i y

a sodium chiSFidE Peiavar trig €0 pcrae‘%éragﬁl'%%atsl%éespﬁ%r]\%d%? Br%élfé%%%l Hot 1885 than 95% when

sodium chlorige, (raw lignid §9@%‘é§'%ﬂ?eﬁ?8&%%ﬁﬁ%c§v@%& A BIDBRIAI GiRfe>C and a pH of

6.5 is used at a filtration pressure of 5.5 MPa. The sodium chloride removal rate can be calculated
according to geatind sieP#6] Eadn serpsehidhedrarmartianperfimoanse @it égugrse osmosis
membrane, a membrane having a membrane permeation flux (m3/(m2.day)) of not less than 0.2 for
sodium chloricke8ds%i) at a filtration pressure of 5.5 MPa is preferably used since the rate of
concentration of the fermentation broth can be increased. The membrane permeation flux herein
meansa perr{%@(}n flow rate per unit membrane area per unit pressure, which can be calculated by
measuring the amount of the permeate, collection time of the permeate and the membrane area, and
using Equatii%t’z?l?[ 47] In the present invention, a reverse osmosis membrane having low
peimeability to b“ta“lﬁ,'_e}r_‘a%o ok f%]géﬁ]Eou\éve%?r _ﬁﬂ‘éa%?rs%{ %%Qr?t'fgé{)is'saf%%eé%{%%'x used.
Examples of the method o evaluation of the permea?n Ity of a reverse osmosis membrane to butanol
herein include, gyaiyalignhytaigratinmalihe butanehpes ?&lﬁf‘g@i@raﬁ?%%@&‘% permeation rate
can be calculated by measuring the concentration of butanol contained in the raw liquid (feed liquid)
(raw liquid butaneheenecehitafiensanrtthetcencemnisablion of ianaltostaingd drtheopermeate
(butanol-containing solution) (permeate butanol concentration) by an analysis represented by high
perfofhance Tiguidechbomate graphigrehth dging BEquatidnt@v 09 48ks1af abomihsevfiltedtion through a
reverse osmosis membrane may be carried out under pressure, and the filtration pressure is
preferably witiiIRE Eahge bGP INprsddshinet fite pasdeishBrdare shianor dfe 48618ss less than 0.1
MPa, the membprane permeation rate may decrease, while in cases where the filtration pressure is
more than 8 MPa! the 1i5?1rémbrane may be damaged In cases where the membrane is used at a
filtration pressysg 1v]/ithin the range of 0.5 MPa to 7 MPa, the membrane permeation flux is high, so that
the aqueous butanol solution can be efficiently concentrated and the possibility of damaging the
membrane is small, yehichyis ragraRietareedh BhemRemiaitis asparialy-ameigrabie used at a filtration
pressure 10within the range of 1 MPa to 6 MPa. [0049] The temperature of the butanol-containing
solutief duringuitarobaceniratigndimdegts thicereddisagbmasimfiiembnane istnate estiatede and
preferably within the range of 4 to 60C, more preferably within the range of 20 to 50C. In cases where
15the temperie it thaebigiatis| ebptaiamg Ssiution [siessl tmmmiCintec ispiorstisidco it phase
separation into a butanol phase and an aqueous phase may be difficult, while in cases where the
temperature G IHEBIENEEBRERIHG oRERSY SESHETEHE PIHETELRILE osHUSEIRBHibane may be
damaged and hence the operation of concentration may be unsuccessful. 20[0050] The
concentration of butanol in the concentrate obtained in Step B is not restricted, and preferably not less
than 8% by weight, more preferably not less than 15% by weight, still more preferably not less than
30% by weight, and especially preferably not less than 40% by weight. In cases where the butanol
concentration is



25not less than 8% by weight, the concentration exceeds the saturation solubility of butanol to water,
leading to separation into two phases, that is, into a butanol phase and an aqueous phase. Upon
occurrence of the two-phase separation, the aqueofls- 18 phase portion is further concentrated by the
reverse osSmosis membrane, resulting in migration, into the butanol phase, of butanol in an amount by
which the amount of butanol exceeds the saturation solubility. That is, since the butanol concentration

is constantly kent atithe saturation selbilitLis suhstantally nessil'e tnikseRigingaasing the butanol

concentration at a constant osmotic pressure difference. Since the butanol-containing solution to be
passed throughhg enersaRsasisimenbianthamakeadyfieen Hierad thiewahananafiltration
membrane, the impurity concentration in the solution is extremely low, so that the osmotic pressure is
hardly affectechinyfitmptivities;maiicts &l oysosencknk aticapatiovwropenitnguetessurergbbfeurther, since
impurities having surface activity have been removed by filtration, two-phase separation easily occurs.
[0051] (Step ®iButafehaigehotstntdds rdcsiermdg thersneatorpase ¢rdseheddtanol 15
concentrate obtained in Step B, which has undergone two-phase separation into the butanol phase
and the aquebiySPHAE. 38l Litnd Bt 4 RE RS RBIHAL S &R ?ﬁféi%ﬁﬁﬂ%ﬁ%ﬂ BRAfditafon

membrane inglep A, @_%c%‘%ﬂ%‘_%”ﬁ?‘t'e%&fté@ %%H'c?é SIS Sosira e Jow, since butanol remains
also in the aqueous phase, w ich was not reco ereo?, in the-amount equivalent to the saturation
solubility, the ggugaus RRaseAUDRY;PErEeqYsIcdas el A kavidwoBeiauhiesesuta)fitration through
the nanofiltration membrane in Step A and/or as the raw liquid to be subjected to filtration through the
reverse osmasigcmerihrane imStepBriofioreass the total recovery of butanol. [0052] 2 5Further, by
purifying the recovered butanol phase by distillation, butanol with higher purity can be obtained. The
step of purifid@¥8alof butanol by distillation is carried out preferably under a reduced pressure of not
less than 1 Pa and not more 19 than atmospheric pressure (normal pressure, about 101 kPa), more
prefetdbly under a rEfABBIFpRIEITETLMAb IR S A TOHT BIP A RERDE TS TS BO RPHIEHIl more

preferably under a recigcelg ressure ofcr}]ogslecseﬁ@%% %Qe(%al?ea ar11d not more than 50 kPa. In cases

- WACTOMOIECH a Q CLS es, polvesters
where the distifigtion 18 carried out under reddce pressure, %eyd?stlha?%%%?emﬁe‘?a re is preferably

not less than &9&%&%@9&&‘195?1@@1%9&01 QiR Brelesahly detiess naniPl and.agbrmpse than
150C. [0053]'In the step of purification of butanol by distillation, butanol with high purity can be mainly

recovered fropa-¢he oy sidRicHioWeNeTSiRE I e viapes il Asantinmbutangl lape water as a result
of azeotropy, the condensate recovered from the vapor side may be recycled again into the raw liquid

to be subjectedifiration tiifoigiethe Oanrofiltrationamémbeanatén Stepai @ncltor ¢otoatihedaw liquid to be
subjected to filtration through the reverse osmosis membrane in Step B and/or into the extraction
vessélSto incfbasicther totatydesy aryhsf butieor Loy comgienstingarssetards| rses\res from the

liquid side again and recovering butanol from the vapor side, the purity of butanol can %e further
increased. [OSATOTNA S BIGHHS B b ATHBE 5Tt B ERE LRI T4 BHECHG BLRol will now

e 04 L e A TR s oion

gradually increases from the dense layer to the inside of the membrane or to the other
side of the membrane, or 2 composite membrane having on the dense layer of an

20 asymmetric membrane a very thin functional layer formed by another material can be
used. Examples of the composite membrane which may be used include the
composite membrane described in JP 62-201606 A, wherein a nanofiltration
membrane having a polyamide functional layer was placed on a support membrane
made of a polysulfone membrane material.

25 [0033]

The nanofiltration membrane having a polyamide functional layer preferably

used in the present invention is a composite membrane having high pressure



solution, 6, is filtered through a nanofiltration membrane to separate the flow into a flow of a
butanol-containing permeate, 7, and a flow of a non-permeated liquid containing impurities, 8. The flow
of a butanol-containing permeate, 7, is filtered throdigh a reverse osmosis membrane, and the flow of a
non-permeated liquid 25 containing a large amount of impurities, 8, is recycled into the flow of an
aqueous butanol solution, 6, or into a raw liquid tank I. The flow 7 subjected to filtration through the

reverse OSm‘?éjs?s{QﬁéPhﬁ?g}Ppiérﬁﬁ%ﬁ?tf% IpA &%‘Pé@s@ﬂﬂéﬁ%fﬁ%@g%grfg%%@g wherein butanol is

concentrated, 9, and a permeate which does not substantially contain butanol and contains water, 10.
The flow of amgthaeimealaddguishwhereinbistasplistonsentate:h Jsdatal petyan extraction
vessel 4 and undergoes two-phase separation into a butanol phase and an aqueous phase
5containing Butdnetrincahibitmoantaepavd bightbltivdisgtpeafiomsoiabiiymAnflpane ftedeaghipous phase
containing butanol in the amount equivalent to the saturation solubility, 11, is recycled into the flow of a
butanol-contdifirfg BesiiEate whith pedypaictedrsirpatitiy ehis teAinse baaryansshisds membrane, or

into the flow of.an aqueous Qutanol solution, 6, ot into the raw li ﬁ tank 1, and a flow of the butanol
T0phage, 14, AR PATEFARS A SSRMA 7hE Bifand  BHLee SRR 2 TeBrioR iEmn is

recovered fropn e, iR, ok, AULRIORGOLITD, A% A IO 0! BIAROMIA ISR YTy, and a flow

containing but nd water, 16, is recycled into t utanol-containing permeate, 7, to be

subjected to filsatipRtheeHg e RVaSE.OsRLsiS RembrRes Adrtedhe, flew.pdan aaueous isobutanol
solution, 6, or 15into the raw liquid tank 1. EXAMPLES [0055] The present invention will now be

described betoimésicnand detaitbpianvaye oftracarto@miplesd buitoHipresedt pruantidiniisanat, restricted to
the Examples below. 20[0056] Examples 1 to 4 Separation/Purification of Isobutanol Model
Fermentationissigitthibecisadaticepbiisob atithslaptsbelcredpairtidr beosthiinhsoivigerborasdiprepared
such that it contains, in 48 L of pure water, 10% by 25weight isobutanol %anufactured by Wako Pure

Chentital IncfffHiad PiifinesssbRx WS gRIdg Kb AE VMR ISRIBREHIP WAKD-BEPReSHHYER Industries,
Ltd.), 5% by weight yeast extract (manufacture riental Yeast Co., Ltd.), 5% by weight zinc 21
sulfate (e T S R e v T DL g5 TR i e e ARl om sutce
(manufacture&gg]yg@_ko Pure Chemical Industries, Ltd.) and 5% by weight acetic acid (manufactured
by Wako Pure Chemical Industries, Ltd.), followed by adjusting the pH to 6, subjecting the resulting
solution to aute@laying (at 5121C for 20 minutes) and diluting the solution 10-fold with pure water to
provide a model fermentation broth. Components contained in the model felinentation broth and
purified isobutanol Weeécandlyzedbysthethellowingomeasucemdiibenetnods:r j006F] tinadybis of
Isobutanol Concentration by HPLC 10Column used: Luna 5u NH2 100A (manufactured by
PhendmenexPIREIidspiel plfarEmase GATME/MERS 2 ROBRIGSIE) {60HBTS Atralysis of Glucose

Concentraton by HPLG AeCaun wsed: Luna sy N2 3004 (Ifagiueg y Phipomenex. nc)

diaminobiphenyl ether, dianisidine, 3,3’ 4-triaminobiphenyl ether, 3,3°,4,4°-
tetraaminobiphenyl ether, 3.3’ -dioxybenzidine, 1,8-naphthalenediamine, m(p)-
monomethylphenylenediamine, 3,3’-monomethylamino-4,4’-diaminobiphenyl ether,
20 4 N,N’-{(4-aminobenzoyl)-p(m)-phenylenediamine-2,2’-bis(4-aminophenyl
benzimidazole), 2,2’ -bis(4-aminophenyl benzoxazole) and 2,2’ -bis(4-aminophenyl
benzothiazole); and secondary diamines such as piperazine and piperidine and
derivatives thereof; and, in particular, a nanofiltration membrane having a functional
layer composed of a cross-linked polyamide containing piperazine or piperidine as
25 monomers has high pressure resistance and durability as well as heat resistance and
chemical resistance, and is therefore preferably used. The polyamide more

preferably comprises a cross-linked piperazine polyamide or cross-linked piperidine



Detector: RI. [0059] Analysis of inorganic ion concentrations by ion chromatography 20The
concentrations of sulfate ions and acetate ions as impurities were measured under the following
conditions. Column (AS22 (manufactured by Dionek!Corporation)), eluent (1.8 mM sodium
carbonate/1.7 mM sodium hydrogen carbonate), temperature (35C). [0060] 25Measurement of Degree
of Coloration of Aqueous Solution As an index to represent the degree of purification of the isobutanol-

conta ling 50%ﬁ%m@tﬁe‘i@a(%}&ES@B&&%%%%%%%%‘?%%%% %?%%Hfﬁﬂ?ﬁ%%‘@{%%n%&camed out with

a color meter for petroleum products, OME 2000 (manuf Nippon Denshoku Industries Co.,
Ltd.). [0061] Aspabsisaf Rty ONeas Ghyomaiagraphy #8Gahrioagichsematasraniy: GC-2010
(manufactured by Shimadzu Corporation) was used to perform an analysis under the following
conditions, tocoatptilateahe&dipadtyiaccoidingoty (ischuianohpeakmnpaptotal paatharea)x100.
Column: TC-1, 0.53 mm I.D. z 15 m, dfr=1.5 pm (GL Science) Mobile phase: helium gas (7.9 mL/min.,
50 to 200C: SC/MiirsFd aDetsdtivinerempsoat [GOsZFMRHr B dhcEStsarisé RowitlNknofiltration
Membrane) To the r%vé%; uid t&nk | shown in Fig, 2, 480 L of the isobutanol model fermentation

broth obtainet" A4 e 8kt H S\/gg‘?’éﬁ?%gﬁgé‘&l?eht@?% 4 A PERaH dhfration membrane

module 2 (Sql-enl%{p?mbrane area, 7 m2; manufac erﬁ%g Tolr%,m%ustries Inc.gr\évsas placed in a

X brane’h n -
special contalr?eP, ana léj%llgﬁ%réaé%eurgvﬁﬁ%wa fJ;/\&}vrgls opera ed at ne{)p%r?gﬁlr?lg 5r%ssurse of 0.5, 1.0, 2.0

or 4.0 MPa (& okl fh H&i%ﬁl%ei@&i%j&%@ﬁW@aﬁd"fﬁ%@P@éfﬁEﬁ% lle the
an

non-permeated liquid 8 was returned to the raw liqui I, and, as a result, 470 L of a recovered
liquid 20 washtzinete Daemponeantaiteanaf isobytaneh ghldoseduliatecions med@cetic acid

contained in the model fermentation broth and the recovered liquid; and the degrees of coloration
(APHA) of thelseclitpgidlsn Webe-2{H080réd afhepreshits rramhonisinl abkndfi1{GO68] [Table ]
ReCO\{%red membrane include the cross-linked piperazine polyamide nanofiltration membrane
UTC60 manufactured by Toray Industries, Inc., which has a polyamide functional
layer comprising a cross-linked piperazine polyamide as a major component and
further comprising a constituting component represented by the Chemical Formula 1
wherein n=3. |
15 [0035]

A nanofiltration membrane is generally used as a spiral-wound membrane
module, and the nanofiltration membrane used in the present invention is also
preferably used as a spiral-wound membrane module. Specific examples of
preferred nanofiltration membrane modules include a nanofiltration membrane GE

20 Sepa, manufactured by GE Osmonics, which is a cellulose acetate nanofiltration
membrane; nanofiltration membranes NF99 and NF99HF, manufactured by Alfa-
Laval, which have polyamide functional layers; nanofiltration membranes MPS-34
and MPS-36, manufactured by KOCH; nanofiltration membranes NF-45, NF-90,
NF-200, NF-270 and NF-400, manufactured by FilmTec Corporation, which have

25 cross-linked piperazine polyamide functional layers; and nanofiliration membrane

modules SU-210, SU-220, SU-600, SU-610 and SU-620, manufactured by Toray

Industries, Inc., comprising UTC60, manufactured by the same manufacturer, which
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has a polyamide functional layer comprising a cross-linked piperazine polyamide as
a major component and further comprising a constituting component represented by
the Chemical Formula 1. The nanofiltration membrane module is preferably the
nanofiltration membrane NF99 or NFOOHF, manufactured by Alfa-Laval, which has
a polyamide functional layer; nanofiltration membrane NF-45, NF-90, NF-200 or
NF-400, manufactured by FilmTec Corporation, which has a cross-linked piperazine
polyamide functional layer; nanofiltration membrane MPS-34 or MPS-36,
manufactured by KOCH; or nanofiltration membrane module SU-210, SU-220, SU-
600, SU-610 or SU-620, manufactured by Toray Industries, Inc., comprising UTC60,
manufactured by the same manufacturer, which has a polyamide functional layer
comprising a cross-linked piperazine polyamide as a major component and further
comprising a constituting component represented by the Chemical Formula 1. The
nanofiltration membrane module is more preferably the nanofiltration membrane
module SU-210, SU-220, SU-600, SU-610 or SU-620, manufactured by Toray
Industries, Inc., comprising UTC60, manufactured by the same manufacturer, which
has a polyamide functional layer comprising a cross-linked piperazine polyamide as
a major component and further comprising a constituting component represented by
the Chemical Formula 1.

[0036]

Examples of the method for evaluating the extent of removal, blocking or
separation of impurities dissolved or precipitated as solids by the nanofiltration
membrane used in the present invention include an evaluation method by calculating
an inorganic ion removal rate (blocking rate), but the method is not restricted to this
method. The inorganic salt removal rate (blocking rate) can be calculated by
measuring the concentration of an inorganic salt contained in the raw liquid (feed
liquid) (raw liquid inorganic salt concentration) and the concentration of the

inorganic salt contained in the permeate (permeate inorganic salt concentration) by
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an analysis represented by ion chromatography, and using Equation 1.
Inorganic salt removal rate (%) = (1-(permeate inorganic salt concentration/raw
liquid norganic salt concentration})x 100 ... (Equation 1)

[0037]

5 In terms of the membrane separation performance of the nanofiltration
membrane used in the present invention, the nanofiltration membrane preferably
shows a removal rate, calculated according to Equation 1, of not less than 45% when
sodium chloride (500 mg/L) at a temperature of 25°C and a pH of 6.5 is used.
[0038]

10 In terms of the permeation performance of the nanofiltration membrane, a
nanofiltration membrane in which the permeation flow rate of sodium chloride (500
mg/L) per unit membrane area (m’/m>/day) at a filtration pressure of 0.3 MPa is not
less than 0.5 is preferably used. The permeation flow rate per unit membrane area
{(membrane permeation flux) can be calculated by measuring the amount of the

15 permeate, collection time of the permeate and the membrane area, and using
Equation 2.

Membrane permeation flux (m*/m*day) = amount of permeate/membrane
area/collection time ... (Equation 2)
[0039]

20 The permeability of a nanofiltration membrane to butanol upon separation of
butanol from an aqueous butanol solution by the above method can be evaluated by
calculating the butanol permeation rate.  The butanol permeation rate can be
calculated by measuring the concentration of butanol contained in the raw liquid
(feed liquid) (raw liquid butanol concentration) and the concentration of butanol

25 contained in the permeate (butanol-containing solution) (permeate butanol
concentration) by an analysis represented by high performance liquid

chromatography, and using Equation 3.
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Butanol membrane permeation rate (%) = (permeate butanol
concentration/raw liquid butanol concentration)x100 ... (Equation 3)

[0040]

The filtration through a nanofiltration membrane may be carried out under
pressure, and the filtration pressure is preferably within the range of 0.1 MPa to 8
MPa. In cases where the filtration pressure is less than 0.1 MPa, the membrane
permeation rate may decrease, while in cases where the filtration pressure is more
than 8 MPa, the membrane may be damaged. In cases where the membrane is used
at a filtration pressure within the range of 0.5 MPa to 7 MPa, the membrane
permeation flux 1s high, so that the aqueous butanol solution can be efficiently
allowed to permeate and the possibility of damaging the membrane is small, which is
more preferred. The membrane is especially preferably used at a filtration pressure
within the range of 1 MPa to 6 MPa.

{0041]
(Step B)

The term “passed through a reverse osmosis membrane and thereby
concentrated” i the present invention means that the butanol-containing solution
obtained in Step A is passed through a reverse osmosis membrane and a concentrate
containing butanol is recovered into the feed side, while water is mainly allowed to
permeate into the permeate side and thereby removed.

[0042]

In terms of the material of the reverse osmosis membrane used in the present
mvention, examples of the membrane include composite membranes having a
cellulose acetate polymer functional layer (hereinafter referred to as cellulose acetate
reverse osmosis membranes) and composite membranes having a polyamide
functional layer (hereinafter referred to as polyamide reverse osmosis membranes).

Examples of the cellulose acetate polymer herein include polymers prepared with



c
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organic acid esters of cellulose such as cellulose acetate, cellulose diacetate, cellulose
friacetate, cellulose propionate and cellulose butyrate, which may be used solely, as a
mixture, or as a mixed ester.  Examples of the polyamide include linear polymers

and cross-linked polymers constituted by aliphatic and/or aromatic diamine

CMOonomers.

{00431

Spectfic examples of the reverse osmosis membrane preferably used in the
present invention include polyamide reverse osmosis membranes UTC-70, SU-710,
SU-720, SU-720F, SU-710L, SU-720L,, SU-720LF, SU-720R, SU-710P, SU-720P,
SU-810, SU-820, SU-820L, SU-820FA, SUL-G10, SUL-G20, SUL-G20F, SUL-
G10P, SUL-G20P, TMS800 series, TM800C series, TMBUOA series, TM80OH series,
TME00E series and TM800L series, manufactured by Toray Industries, Inc.;
cellulose acetate reverse osmosis membranes SC-L100R, SC-L200R, SC-1100, SC-
1200, SC-2100, SC-2200, SC-3100, SC-3200, SC-8100 and SC-8200, manufactured
by Toray Industries, Inc.; NTR-759HR, NTR-729HF, NTR-70SWC, ES10-D, ES20-
D, ES20-U, ES15-D, ES15-U and LF10-D, manufactured by Nitto Denko
Corporation; RO98pHt, RO99, HRO8PP and CE4040C-30D, manufactured by Alfa-
Laval; A Series, GE Sepa, HL Series, Duraslick Series, MUNI RO Series, MUNI RO
LE Series, Duratherm RO HF Series, CK Series, DK Series, Seasoft Series,
Duratherm RO HF Series, Duratherm HWS Series, PRO RO Series and PRORO LE
Series, manufactured by GE; BLF series, BLR series and BE series, manufactured by
SAEHAN CSM; SelRO Series, manufactured by KOCH; and BW30-4040, TW30-
4040, XLE-4040, LP-4040, LE-4040, SW30-4040 and SW30HRLE-4040,
manufactured by FilmTec Corporation.
[0044]

In term of the form of the membrane, flat membranes, spiral-wound

membranes, hollow fiber membranes and the like may be used as appropriate.



oidurexq apluirota Example 3 oiclumx3 24 [0064] As shown in Table 1, at any of the pressures, an
isobutanol-containing solution from which glucose and sulfate ions were efficiently removed by the
nanofiltration membrane module was recovered from the permeate side of the 5nanofiltration
membrane. Further, since a clear isobutanol-conggjning solution (APHA 1) was obtained from the
model fermentation broth, which had been brown, it was assumed that other impurities were also
removed by the nanofiltration membrane. [0065] 10(Concentration Experiment with Reverse Osmosis
Memgmga To the raw liquid tank 18, 470 L of the recovered liquid (isobutanol nanofiltration
membrane ‘permeate; temperature, 25C) obtained in the above Example 3 was fed. Subsequently, a
4-inch reverde tsmosikthsanmrhriasrepuietion Prrsunarse pibizatevrss, FRZINRGEDRIRIGE¥DY Toray

Industrieg, INGINERPIAGEE HRINA SREGRLSORtRIRNGE AN HNRQREIAtNG RIS e hRighRIgssure

pump 19 was adjusted to 5 MPa. The permeate 10 was discharged to the outside of the system, while

the namqferblyansd rsaithzo WS, rereired it tHesraliangird tah AU iH e HifcBitratishidvas
repealed;, e aapcRnialionslizobunnal: glusaseand-sulfatetonseonfained insthe faw liguid tank
th

18, and the membrane pelmeation flux of the 20permeate 10 were measured. The results are shown

in TadidtRiEsHoe68E[TABIE BTRandlin widiemidies de Aeves 1ot conte rMaNsiEhasRTifEdqwo/0]
Sulfatgdggﬁgﬁqt_ic acid Amount

[0046]

In terms of the permeation performance of the reverse osmosis membrane, a membrane
having a membrane permeation flux (m*/(m?*eday)) of not less than 0.2 for sodium chloride
(3.5%) at a filtration pressure of 5.5 MPa is preferably used since the rate of concentration of the
fermentation broth can be increased. The membrane permeation flux herein means a permeation
flow rate per unit membrane area per unit pressure, which can be calculated by measuring the
amount of the permeate, collection time of the permeate and the membrane area, and using
Equation 2.

[0047]

In the present invention, a reverse osmosis membrane having low permeability to butanol
and high permeability to water (water permeability) is preferably used. Examples of the method
of evaluation of the permeability of a reverse osmosis membrane to butanol herein include
evaluation by calculation of the butanol permeation rate. The butanol permeation rate can be
calculated by measuring the concentration of butanol contained in the raw liquid (feed liquid)
(raw liquid butanol concentration) and the concentration of butanol contained in the permeate
(butanol-containing solution) (permeate butanol concentration) by an analysis represented by
high performance liquid chromatography, and using Equation 3.

[0048]



of liquid fed [m3/day] Membrane permeation flux [m3/m2/day] Isobutanol Glucose 0 0.5 0.0 0.00
0.22 22.7 1.13100 0.6 0.1 0.00 0.28 22.7 1.13 200 0.9 0.1 0.00 0.38 22.7 1.08 300 1.4

10

15

20

25

17

The filtration through a reverse osmosis membrane may be carried out under
pressure, and the filtration pressure is preferably within the range of 0.1 MPato 8
MPa. In cases where the filtration pressure is less than 0.1 MPa, the membrane
permeation rate may decrease, while in cases where the filtration pressure is more
than 8 MPa, the membrane may be damaged. In cases where the membrane is used
at a filtration pressure within the range of 0.5 MPa to 7 MPa, the membrane
permeation flux is high, so that the aqueous butanol solution can be efficiently
concentrated and the possibility of damaging the membrane is small, which is more
preferred. The membrane is especially preferably used at a filtration pressure
within the range of 1 MPa to 6 MPa.

[0049]

The temperature of the butanol-containing solution during its concentration
through the reverse osmosis membrane 1s not restricted, and preferably within the
range of 4 to 60°C, more preferably within the range of 20 to 50°C.  In cases where
the temperature of the butanol-containing solution is less than 4°C, the operation of
two-phase separation into a butanol phase and an aqueous phase may be difficult,
while in cases where the temperature of the butanol-containing solution exceeds
60°C, the reverse osmosis membrane may be damaged and hence the operation of
concentration may be unsuccessful.

[0050]

The concentration of butanol in the concentrate obtained in Step B is not
restricted, and preferably not less than 8% by weight, more preferably not less than
15% by weight, still more preferably not tess than 30% by weight, and especially
preferably not less than 40% by weight. In cases where the butanol concentration is
not less than 8% by weight, the concentration exceeds the saturation solubility of
butanol to water, leading to separation into two phases, that is, into a butanol phase

and an aqueous phase. Upon occurrence of the two-phase separation, the aqueous-



0.10.010.6122.7 1.01 400 3.3 0.30.01 1.47 22.7 0.87 420 4.6 0.4 0.02 2.06 22.7 0.64 440 7.7 0.6

0.033.4322.70.48 445 9.2 0.8 0.04 4.12 22.7 0.41 450 11.5 0.9 0.05
18

phase portion is further concentrated by the reverse osmosis membrane, resulting in
migration, into the butanol phase, of butanol in an amount by which the amount of
butanol exceeds the saturation solubility. That is, since the butanol concentration is
constantly kept at the saturation solubility, it is substantially possible to keep
5 inereasing the butanol concentration at a constant osmotic pressure difference.

Since the butanol-containing solution to be passed through the reverse osmosis
membrane has already been filtered through a nanofiltration membrane, the impurity
concentration in the solution is extremely low, so that the osmotic pressure is hardly
affected by impurities, which allows concentration at low operating pressure.

10 Further, since impurities having surface activity have been removed by filtration,
two-phase separation easily occurs.
[0051]
{Step C)

Butanol can be obtained by recovering the butanol phase from the butanol

15 conecentrate obtained in Step B, which has undergone two-phase separation into the
butanol phase and the aqueous phase.  Since the obtained butanol has been filtered
through a nanofiliration membrane in Step A, the concentration of impurities therein
is extremely low. Since butanol remains also in the aqueous phase, which was not
recovered, in the amount equivalent to the saturation solubility, the aqueous phase

20 may be recycled as the raw liquid to be subjected to filtration through the
nanofiltration membrane in Step A and/or as the raw liquid to be subjected to
filtration through the reverse osmosis membrane in Step B, to increase the total
recovery of butanol.
[0052]

25 Further, by purifying the recovered butanol phase by distillation, butanol with
higher purity can be obtained. The step of purification of butanol by distillation is

carried out preferably under a reduced pressure of not fess than 1 Pa and not more



5.1522.7 0.33 455 15.3 1.3 0.06 6.87 22.7 0.33 460 23.0 1.9 0.09 10.30 22.7 0.33 [0067] As shown in
Table 2, when isobutanol was concentrated through the reverse 5osmosis membrane module to a high
concentration and the concentration in the raw liquitPtank reached the saturation solubility (8% by
weight), two-phase separation of the aqueous solution in the raw liquid tank was observed. From the
time of two-phase separation, the operation was carried out such that the lower-phase portion

(agueous phagg) WaR,: thﬁé"%ﬂ@é%@ﬁﬂ%@%ﬂﬂ&é@&F@}"é@%&?q6%"?5%%’1%%?%8%9&%‘%2%58@95‘ proceeded

without any decrease | amount of the permeate, with a constant menibrane permeation flux. The

raw liquid afteg {he-aqReaMAIPANRSS BERVRIS P AREHISBPHIBROIILTRE MRD. Phase was recovered,
and the recovery was found to be 60.1% (Experiment 1). When the same experiment was repeated,

the recovery pfdfabbianotiwas-éduneitprbaitt 50hdExpetimend@ P aida8h{Bistikation wfdsobutanol)
The isobutanol phase recovered in Experiment 2 was distilled at 10 kPa at 80C, or at normal pressure
at 95C, and thecrspoybide thagissidiaviornt. cRiricrosd iends mdushdpsstiFabile is{0B&9N[Table 3]

Distillation condition Concentration [Wr/oﬂ APHA Distillation
5 temperature 1s preferably not less than 20°C and not more than 200°C, more

preferably not less than 40°C and not more than 150°C.
[0053]
In the step of purification of butanol by distillation, butanol with high purity
can be mainly recovered from the liquid side. However, since the vapor side
10 contains butanol and water as a result of azeotropy, the condensate recovered from
the vapor side may be recycled again into the raw liquid to be subjected filtration
through the nanofiltration membrane in Step A and/or into the raw liquid to be
subjected to filtration through the reverse osmosis membrane in Step B and/or into
the extraction vessel, to increase the total recovery of butanol.  Further, by distilling
15 butanol recovered from the liquid side again and recovering butanol from the vapor
side, the purity of butanol can be further increased.
[0054]
An outline of the method of the present invention for producing butanol will
now be described referring to a drawing. Fig. 1 shows a preferred embodiment of
20 the present invention, and, in this embodiment, a flow of a butanol-containing
solution, 6, is filtered through a nanofiltration membrane to separate the flow into a
flow of a butanol-containing permeate, 7, and a flow of a non-permeated liquid
containing impurities, 8. The flow of a butanol-containing permeate, 7, is filtered
through a reverse osmosis membrane, and the flow of a non-permeated liquid
25 containing a large amount of unpurities, 8, is recycled into the flow of an agueous
butanol solution, 6, or into a raw liquid tank I. The flow 7 subjected to filtration

through the reverse osmosis membrane is separated into a flow of a non-permeated



yield [Vo] GC purity IVol Isobutanol Glucose Sulfate ion Acetic acid Before distillation 84.3 0.30

0.15 0.08 38 89.9 After distillation 10 IcPa 100.0 0.00 0.00 0.00 95 99.9 After
20

liquid wherein butanol is concentrated, 9, and a permeate which does not
substantially contain butanol and contains water, 10. The flow of a non-permeated
liguid wherein butanol is concentrated, 9, is received by an extraction vessel 4 and
undergoes two-phase separation into a butanol phase and an aqueous phase

containing butanol in an amount equivalent to the saturation solubility. A flow of

[@)]

the aqueous phase containing butanol in the amount equivalent to the saturation
solubility, 11, is recycled into the flow of a butanol-containing permeate, 7, to be
subjected to filtration through the reverse osmosis membrane, or into the flow of an
aqueous butanol solution, 6, or into the raw liquid tank 1, and a flow of the butanol
10 phase, 14, 1s sent to a distillation column.  The butanol phase sent to the distillation
column 1s recovered from the bottom of the distillation column as a flow of butanol
with high purity, 15, and a flow containing butanol and water, 16, is recycled into the
flow of a butanol-containing permeate, 7, to be subjected to filtration through a
reverse osmosis membrane or into the flow of an aqueous 1sobutanol solution, 6, or
15 into the raw liquid tank 1.
EXAMPLES
[0055]
The present invention will now be described below in more detail by way of
Examples, but the present invention is not restricted to the Examples below.
20 [0056]
Examples 1 to 4
Separation/Purification of I[sobutanol Model Fermentation broth
(Preparation of Isobutanol Model Fermentation broth)
A solution was prepared such that it contains, in 48 L of pure water, 10% by
25 weight isobutanol (manufactured by Wako Pure Chemical Industries, Ltd.), 10% by
weight glucose (manufactured by Wako Pure Chemical Industries, Ltd.), 5% by

weight yeast extract (manufactured by Oriental Yeast Co., Ltd.), 5% by weight zinc



distillation Normal 1 pressure 83.9 0.00 0.00 0.00 3 98 99.9 [0070] 5As shown in Table 3, as a result
of the distillation, isobutanol with tow degree of coloration and at high purity could be obtained. The
distillation yields were as high as 95% and 98%, respectively. [0071] Examples 5 to 7
10Concentration/Separation of Nanofiltration-membrane Permeate by Reverse Osmosis Membrane
A model fermentation broth was prepared in the same manner as described above such that the initial

concentration, ofrisORHIANG] WASdlY: Wik PR L CIRNGIGRL(EXAMAIES 1 49, By Tlisyas subjected to

concentration through the nanofiltration 15membrane at 2.0 MPa in thé samé manner as in Example 3,

and a permeagiaseRtaiITed. (hhearmeale ymadkapaent iARAILLRARH-WAY farfhgs Subjected to
removal/concentration using the reverse osmosis membrane module under the same conditions as in

Example 3, aby thecisolatanalipiasawiaswecove Wdkirdhrth€ lrewi digjUictesnkeafterdthe concentration.
The results of evaluation of the recovery of 20isobutanol are shown in Table 4. 27 [0072] [Table 4]

Isobutanol colféerteadtionaRioTangsE B idrie o MBRISF BRStH el spl e R & eatiopiaviamsdBilftration
membr5ane- pleﬁQ%aft((;'rd%qn%guﬁgts rand diluting the solution 10-fold with pure water to provide a

mode] fermentation broth. Components contained in the model fermentation broth
and purified isobutanol were analyzed by the following measurement methods.
[0057]
* Analysis of [sobutanol Concentration by HPLC

10 Column used: Luna 5u NH; 100A (manufactured by Phenomenex, Inc.}
Mobile phase: acetonitrile:water = 3:1
Detector: RI.
[0058]
» Analysis of Glucose Concentration by HPLC

15 Column used: Luna 5u NH; 100A (manufactured by Phenomenex, Inc.)
Mobile phase: acetonitrile:water = 3:1
Detector: RI.
[0059]
Analysis of inorganic ion concentrations by ion chromatography

20 The concentrations of sulfate ions and acetate ions as impurities were
measured under the following conditions.
Column (AS22 (manufactured by Dionex Corporation)), eluent (1.8 mM sodium
carbonate/1.7 mM sodium hydrogen carbonate), temperature (35°C).
[0060]

25 Measurement of Degree of Coloration of Aqueous Solution

As an index to represent the degree of purification of the isobutanol-

containing solution, APHA (Hazen color number) was used. The measurement was



concentration with reverse osmosis membrane Amount recovered [kg] rate [%] Example 5 1.5 0.72
33.8 2.3 69.4 Example 6 2.0 0.96 45.1 3.7 83.8 Example 7 3.0 1.44 67.7 6.0 90.6 [0073] As shown in
Table 4, it was revealed that, as the isobutanol cong&ntration 5after the concentration operation
increases, the recovery of isobutanol increases. Further, it was suggested that, even if the amount of
isobutanol dissolved in the aqueous phase is not taken into account, a higher concentration after the

concentration, QpErAIONIREUILS, (B, UEDES  BERYRM hERMAL D ERRHH08Y DAL ured b

operation/concentration can be stably carried out until the isobutanol concentration reacfs':es 67% by

weight. [007 4} apkativecE 1ampiack Congaatyation Experiment, and Purification, by Distillation, of
Isobutanol Model Fermentation Broth with Reverse Osmosis Membrane 15The above-described

isobutanol moeied fermentation broth was prepared in an amount of 470 L, and its
concentration/two-phase separation with the reverse osmosis membrane was attempted under the

same conditid¥ BSImoEREHEI B3 witkdupemisarpeuf firation through the nanofiltration membrane.

0075
[ ]5 A gas chromatography: GC-2010 (manufactured by Shimadzu Corporation)

was used to perform an analysis under the following conditions, to calculate the CG
purity according to (isobutanol peak area)/(total peak area)x100.
Column: TC-1, 0.53 mm LD, x 15 m, df=1.5 um (GL Science)
Mobile phase: helium gas (7.9 mL/min., 50 to 200°C: 5°C/min.)
10 Detection: FID 250°C.
[0062]
(Filtration Experiment with Nanofiltration Membrane)
To the raw liquid tank | shown in Fig. 2, 480 L of the isobutanol model
fermentation broth obtained as described above was fed.  Subsequently, a 4-inch
15 nanofiltration membrane module 2 (SU-610; membrane area, 7 mz; manufactured by
Toray Industries, Inc.) was placed in a special container, and a high pressure pump
17 was operated at an operating pressure of 0.5, 1.0, 2.0 or 4.0 MPa (Examples 1 to
4). Inthis operation, the permeate 7 was recovered, while the non-permeated liquid
8 was returned to the raw liquid tank 1, and, as a result, 470 L of a recovered liquid
20 was obtained. The concentrations of isobutanol, glucose, sulfate ions and acetic
acid contained in the model fermentation broth and the recovered liquid; and the
degrees of coloration (APHA) of these liquids; were measured. The results are

shown in Table 1.



20(Concentration Experiment with Reverse Osmosis Membrane) To the raw liquid tank 18 shown
in Fig. 2,470 L (temperature, 25C) of an isobutanol model fermentation broth prepared in the same
manner as in les 1 28 to 4 was fed, and a 4hch reverse osmosis membrane module 3
(TM-810; me [aneqrea, 7 m2; manufactured by Toray Industries, Inc.) was placed in a special
container, followeg-by-adjustingrtherpressune of the high pressure pump 19 to 5 MPa. The operation
was carried out by d is@fﬁrg ng the permeate 10 to the outside of the system, 5while returning the
non-permeated liquid g)glo the raw liquid taphk 18. The concentrations of isobutanol, glucose and
sulfate ions conta|ged i the Taw fiquid tank|18, and the membrane permeation flux of the permeate 10
were measured. Tie Eie'élgts are shown lireTable 5. [0076] 10[Table 5] Amount of permeate removed

. . [ " . . .
[kg] Concentration in ‘Fagﬁlq ufd 1Wt%21 Arfigunt of liquid fed [m 3/day] Membrane permeation flux
[m3/m2/day] ISObUﬁa%UTGIULGDU Sulifate+on Acetic acid 0 1.0 1.0 0.66 0.50 22.7
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0.211001.21.20.840.5022.70.21 200 1.7 1.7 1.15 0.64 22.7 0.20 300 2.7 2.7 1.82 0.87 22.7 0.19

400 6.6 6.6 4.43 1.38 22.7 0.16 420 9.2 9.2 6.20 3.36 22.7 0.12 440
24

[0064]

As shown in Table 1, at any of the pressures, an isobutanol-containing
solution from which glucose and sulfate ions were efficiently removed by the
nanofiltration membrane module was recovered from the permeate side of the

5 nanofiltration membrane. Further, since a clear isobutanol-containing solution
(APHA 1) was obtained from the model fermentation broth, which had been brown,
it was assumed that other impurities were also removed by the nanofiltration
membrane.

[0065]
10 {Concentration Experiment with Reverse Osmosis Membrane)

To the raw liquid tank 18, 470 L of the recovered liquid (isobutanol
nanofiltration membrane permeate; temperature, 25°C) obtained in the above
Example 3 was fed. Subsequently, a 4-inch reverse osmosis membrane module 3
(TM-810; membrane area, 7 m*; manufactured by Toray Industries, Inc.) was placed

15 in a special container, and the operating pressure of a high pressure pump 19 was
adjusted to 5 MPa. The permeate 10 was discharged to the outside of the system,
while the non-permeated liquid 20 was returned into the raw liquid tank 18, by which
concentration was repeated. The concentrations of isobutanol, glucose and sulfate
ions contained in the raw liquid tank [8, and the membrane permeation flux of the

20 permeate 10 were measured. The results are shown in Table 2.



15.315.310.33 4.70 22.7 0.09 [0077] As shown in Table 5, isobutanol was concentrated by the
reverse osmosis membrane module. However, since the isobutanol model fermentation broth
comprised a large amount of impurities, the amourif the permeate was low due to 15the influence of
the osmotic pressure. As the concentration continued, the membrane permeation flux further
decreased, and the membrane permeation flux became 0 when the amount of permeate exceeded

440 L, so th xperiment was terminated. At this time, 30 L of the solution was remaining in the
raw liquid tan Was separated into two phases as in Example 3. However, the interface
20between tf{Q@J}@g?s was fuzzy and the two-phase separability was low. The upper phase was
recovered, an the fegovery otisebutanol-was-fognd-te-be-32-6%—29-100-/8}{Bistillatien-of Isobutanol)
The |sobutaT1 i e recovered A HLHIgE %E%mdvyafo/%iubjected tadistiflationcabimExample 3 at
10 kPa at 80 egge nprmal pressure at 95C, anddhe pvapog side wasf tapaVeradmi¢neigesults are
shown in Tablg QD79 frestad] Distlkatiem cpn J,lzg)n Concgpfration 0] PHAIBistillation yield
[%] GC purity [%&l] Isobutanol Glucose [m*/day] | [m/m’/day]
0 0.5 0.0 0.00 0.22 22.7 1.13

100 0.6 0.1 0.00 0.28 22.7 1.13

200 0.9 0.1 0.00 0.38 22.7 1.08

300 14 0.1 0.01 0.61 22.7 1.01

400 3.3 (.3 0.01 1.47 227 0.87

420 4.6 0.4 0.02 2.06 22,7 0.64

440 7.7 0.6 0.03 3.43 22.7 0.48

445 9.2 (.8 (.04 4,12 22.7 0.41

450 11.5 0.9 0.05 5.15 227 0.33

455 15.3 i3 0.06 0.87 22.7 0.33

460 23.0 1.9 0.09 10,30 22.7 0.33

[0067]

As shown in Table 2, when isobutanol was concentrated through the reverse
5 osmosis membrane module to a high concentration and the concentration in the raw
liquid tank reached the saturation solubility (8% by weight), two-phase separation of
the aqueous solution in the raw liquid tank was observed. From the time of two-
phase separation, the operation was carried out such that the lower-phase portion
(aqueous phase) was substantially returned to the raw liquid tank, and the
10 concentration proceeded without any decrease in the amount of the permeate, with a
constant membrane permeation flux. The raw liquid after the concentration was
recovered and isobutanol in the upper phase was recovered, and the recovery was
found to be 60.1% (Experiment 1}. When the same experiment was repeated, the
recovery of isobutanol was found to be 71.5% (Experiment 2).
15 [0068]
{Dastillation of Isobutanol)
The isobutanol phase recovered in Experiment 2 was distilled at 10 kPa at

80°C, or at normal pressure at 95°C, and the vapor side was recovered. The results



Sulfate ion Acetic acid Before distillation 68.5 6.39 4.55 3.26 351 80.9 After distillation 10 kPa 99.0
0.00 0.00 0.01 96 75 94.2 After distillation Normal pressure 62.8 0.00 0.00 0.05 96 83

26
are shown in Table 3.
[0069]
[Table 3]
Distiliation Concentration [wi%] Distiliation | GC
o i Sulfate | Acetic | APHA yield purity
condition | Isobutanol | Glucose on acid (9] [%]
Before - 84.3 030 | 015 | 0.08 38 - 89.9
distillation
After 10 kPa 100.0 0.00 | 000 | 0.00 3 95 99.9
distiflation
After | Normal 83.9 0.00 | 000 | 000 3 98 99.9
distillation | pressure
[0070]
5 As shown in Table 3, as a result of the distillation, isobutanol with low degree

of coloration and at high purity could be obtained. The distillation yields were as
high as 95% and 98%, respectively.
[0071]
Examples 5 to 7
10 Concentration/Separation of Nanofiltration-membrane Permeate by Reverse Osmosis
Membrane
A model fermentation broth was prepared in the same manner as described
above such that the initial concentration of isobutanol was 1.5, 2.0 or 3.0% by weight
(Examples 5 to 7). This was subjected to concentration through the nanofiltration
15 membrane at 2.0 MPa in the same manner as in Example 3, and a permeate was
obtammed. The permeate in an amount of 460 L. each was further subjected to
removal/concentration using the reverse osmosis membrane module under the same
conditions as in Example 3, and the isobutanol phase was recovered from the raw
liquid tank after the concentration. The results of evaluation of the recovery of

20 isobutanol are shown in Table 4.



99.5 [0080] As shown in Table 6, the isobutanol obtained by the distillation showed a 10high degree
of coloration, and the distillation yields were 75% and 83%, respectively. [008 Examples 8 to 11
Separation/Purification of n-Butanol Model Fermerddtion Broth (Preparation of n-Butanol Model
Fermentation Broth) 15A solution was prepared such that it contains, in 48 L of pure water, 10% by
weight n-butanol (manufactured by VVako Pure Chemical Industries, Ltd.), 10% by weight glucose
(manufacture[@ }Nako Pure Chemical Industries, Ltd.), 5% by weight yeast extract (manufactured by
Oriental Yeast Co., Ltd.), 5% by weight zinc sulfate (manufactured by Wako Pure Chemical Industries,
Ltd.), 5% by \{Vﬁ;@j@tzﬂOammonlum sulfate (manufactured by Wako Pure Chemlcal Industrles Ltd.) and
5% by Welg it-acetie-acia-tmantd b_UreA by-Wake-Pure-Chemical-lndtstrie ter: ), followed by
adjusting the pH to 6, SLijCbLIIE th La?ggga{ .C?S tiéjfmtl.uu .i;fautccl AV ?%%B\ P‘ﬁﬂ" €-for 20minutes), and
diluting the solution 10-fold yyith.pure Wartefilta{pro '90‘?1&1{{}9931 ermentation broth. Components
contained in the model fegmentation brotmaapurifieg nhutanolwere anaky Q‘éﬂ’ﬁgy the same
measurement methods as thgsg for theEa¥8E f isobyanekdescribgg in =athplds 1 to 7 and
Comparative Example 1. 5[0082] (Fi trati&‘ﬁ“l‘:‘&per menhwithdNanofiltration Membrane) To the raw
liquid tank | [slawmpia Fig. 2, 480 L of the n-liutangl modelgermentatiogn brpth @btained as described
above was fedxSuiséquentl2,. @ 4-inch nangfiltration mehibrane madule 2 (S£-610) membrane area, 7
m2; manufactixedsy 710 Tora§ Industries..4Ac.) was pl&¢éd in a spédial contéihér, and a high pressure
pump 17 Wai rJrfjlted at an operating pressure of 0.5, 1.0, 2.0 or 4.0 MPa (Examples 5 to 8). In this
operation, the permeate 7 was recovered, while the non-permeated liquid 8 was returned to the raw
liquid tank 1, and, ag adieswitid 1Adicof areeoyevesddinist wasehidnadsJiheseneantiations of
n-butanol, glucose, sulfate ions and acetic acid 15contained in the model fermentation broth and the
recoveted liqaitkr aine dine: clegreenciieotorat orc{@RN A)ewerevigadiiretiuibhel iastdiseare shown in Table

7. [0083] [Table 7] VHdAV pinbg pm/wool! --, ,-- Model fermentation broth 005
Further, it was suggested that, even if the amount of isobutanol dissolved in the

aqueous phase is not taken into account, a higher concentration after the
concentration operation results in a higher recovery. It could be confirmed that the
operation/concentration can be stably carried out until the isobutanol concentration
10 reaches 67% by weight.
[0074]
Comparative Example 1
Concentration Experiment, and Purification, by Distillation, of Isobutanol Model
Fermentation Broth with Reverse Osmosis Membrane
15 The above-described isobutanol model fermentation broth was prepared in an
amount of 470 L, and its concentration/two-phase separation with the reverse
osmosis membrane was attempted under the same conditions as in Example 3
without carrying out filtration through the nanofiltration membrane.
[0075]
20 (Concentration Experiment with Reverse Osmosis Membrane)
To the raw liquid tank 18 shown in Fig. 2, 470 L. (temperature, 25°C) of an

isobutanol model fermentation broth prepared in the same manner as in Examples 1



005 005 005 Acetic acid concentration cd >0 0'0, 6-? Ce 0.9L 008 0178 0.Z6 Recovered liquid [vvt%]
Z10 01.0 800 170.0 Model fermentation broth [Wt%] 5'0 50 5'0 5'0 Sulfate ion concentration 71 O- ,.
V66 9.66 L'66 666 Recovered

to 4 was fed, and a 4-inch reverse osmosis membrane module 3 (TM-810; membrane

area, 7 m’; manufactured by Toray Industries, Inc.) was placed in a special container,

followed by adjusting the pressure of the high pressure pump 19 to 5 MPa.  The

operation was carried out by discharging the permeate 10 to the outside of the system,
5 while returning the non-permeated liquid 20 to the raw liquid tank [8. The

concentrations of 1sobutanol, glucose and sulfate ions contained in the raw liquid

tank 18, and the membrane permeation flux of the permeate 10 were measured.

The results are shown in Table 5.

[0076]

10 | Table 5]

Amount Concentration in raw liquid [wt%] A
of m'oupt Membrane
permeate Sulfate | Acetic of liquid permeation flux
Isobutanol Glucose . . fed 3, 1
removed ion acid [m’/day] [m’/m~/day]
[ke]

0 1.0 1.0 .66 0.50 22.7 0.21
160 1.2 1.2 0.84 0.50 227 0.21
200 1.7 1.7 1.15 0.64 22.7 0.20
300 2.7 2.7 1.82 0.87 22.7 0.19
400 6.6 6.6 4.43 1.38 22.7 0.16
420 9.2 9.2 6.20 3.36 22.7 0.12
440 15.3 15.3 10.33 4,70 22.7 0.09

[0077]

As shown in Table 5, isobutanol was concentrated by the reverse osmosis
membrane module. However, since the isobutanol model fermentation broth
comprised a large amount of impurities, the amount of the permeate was low due to

15 the influence of the osmotic pressure.  As the concentration continued, the
membrane permeation flux further decreased, and the membrane permeation flux
became 0 when the amount of permeate exceeded 440 L, so that the experiment was
terminated. At this time, 30 L of the solution was remaining in the raw liquid tank
and was separated into two phases as in Example 3. However, the interface

20 between the phases was fuzzy and the two-phase separability was low. The upper

phase was recovered, and the recovery of isobutanol was found to be 32.6%.



liquid [wt%] 17.00.0 WO'0 Z00.0 1000 Model fermentation broth [wt%] 99.0 99.0 990 99-0 Glucose
concentration -rd O li 0- g 056 1796 1796 696 Recovered liquid [wt%] coo 1700 1700 0'0 Model
29

fermentation broth [wt/01

[0078]

(Distillation of Tsobutanol)

The 1sobutanol phase recovered as described above was subjected to

distillation as in Example 3 at 10 kPa at 80°C, or at normal pressure at 95°C, and the

5 vapor side was recovered.  The results are shown in Table 6.
[0079]
[Table 6]
Distillation Concentration [wt%] Dist?llation G?
condition | Tsobutanol | Glucose | ULt | Acetic APHA y](_)eid pl},my
ion acid [%40] [%4]
Before -
distillation - 68.5 6.39 4.55 3.26 351 - 80.9
After 10 kPa 99.0 000 | 000 | 001 96 75 94.2
distillation
After Normal 62.8 0.00 | 000 | 005 96 83 99.5
distillation | pressure
[00801]
As shown in Table 6, the isobutanol obtained by the distillation showed a

10 high degree of coloration, and the distillation yields were 75% and 83%, respectively.

[0081]

Examples 8 to 11

Separation/Purification of n-Butanol Model Fermentation Broth
(Preparation of n-Butanol Model Fermentation Broth)

15 A solution was prepared such that it contains, in 48 L of pure water, 10% by
weight n-butanol (manufactured by Wako Pure Chemical Industries, Ltd.), 10% by
weight glucose (manufactured by Wako Pure Chemical Industries, Ltd.), 5% by
weight yeast extract (manufactured by Oriental Yeast Co., Ltd.), 5% by weight zinc
sulfate (manufactured by Wako Pure Chemical Industries, Ltd.), 5% by weight

20 ammonium sulfate (manufactured by Wako Pure Chemical Industries, Ltd.) and 5%

by weight acetic acid (manufactured by Wako Pure Chemical Industries, Ltd.),

followed by adjusting the pH to 6, subjecting the resulting solution to autoclaving (at



- - n-ButanolConcentration api uoguauum 8 Pt'. 889 t'19 [%1ml ptnbu palOA03011 80 LL: 0 690 190
Model fomentation broth hirt%] -c - H03 -g .1.) 2 E - 05'0 860 007 9117 00 .8 ---i B :8" F- - -
30

10

15

121°C for 20 minutes), and diluting the solution 10-fold with pure water to provide a
model fermentation broth. Components contained in the model fermentation broth
and purified n-butanol were analyzed by the same measurement methods as those for
the cases of isobutanol described in Examples 1 to 7 and Comparative Example 1.
[0082]

(Filtration Experiment with Nanofiltration Membrane)

To the raw liquid tank 1 shown in Fig. 2, 480 L of the n-butanol model
fermentation broth obtained as described above was fed.  Subsequently, a 4-inch
nanofiltration membrane module 2 (SU-610; membrane area, 7 m*; manufactured by
Toray Industries, Inc.) was placed in a special container, and a high pressure pump
17 was operated at an operating pressure of 0.5, 1.0, 2.0 or 4.0 MPa (Examples 5 to
8). In this operation, the permeate 7 was recovered, while the non-permeated liquid
8 was returned to the raw liquid tank 1, and, as a result, 470 L of a recovered liquid
was obtained. The concentrations of n-butanol, glucose, sulfate ions and acetic acid
contained in the model fermentation broth and the recovered liquid; and the degree of

coloration (APHA); were measured. The results are shown in Table 7.



5.0 0.1 OR: 07 8 aidiurx3 Example 9 01 odurcira 11 aidurex3 32 [0084] As shown in Table 7, at
any of the pressures, an n-butanol-containing solution from which glucose and sulfate ions were
efficiently rem rﬁy the nanofiltration membrane¥hodule was recovered from the permeate side of
the nanofiltrat%ﬁé brane. Further, since a clear n-butanol-containing solution (APHA 1) was

obtained from eHermentatign-broth; which had been brown, it was assumed that other
impurities were alsa regmBved_through the nanofiltration membrane. [0085] (Concentration Experiment
with Reverse Osmgssé\@rr brape) 10To the raw liquid tank 18, 470 L of the recovered liquid
(n-butanol nanofiltEatiorgmembrane permeate; temperature, 25C) obtained in the above Example 10
was fed. Subsequéht ,"*@%-ingh reveese gsmosis membrane module 3 (TM-810; membrane area, 7
m2; manufactured hy gréy Idustries; In€.) was placed in a special container, and the operating
pressure of a high r%sé‘u.“e puAtp-193-was-tpadjusted to 5 MPa. The permeate 10 was discharged to
the outside of the jsystemwhite tize Inen-pertneated liquid 20 was returned into the raw liquid tank 18,
by which concentrgtigh Was ra:)sﬁted?"Th@ concentrations of n-butanol, glucose and sulfate ions
contained in the ragy liguid tank [18,"and the membrane permeation flux of the permeate 10 were
measured. The resiits ?a;ré shdwrein Eabl& 8. 33 [0086] [Table 8] Amount of permeate removed [kg]
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[m3/day] Membrane permeation flux [m3/m2/day] n-Butanol Glucose Sulfate . ion Acetic acid 0 0.7
0.0 0.000.08 22.7 1.10 100 0.9 0.1 0.00 0.10 22.7 1.10 200 1.2 0.1 0.00 0.14 22.7 1.05 300 1.9
32

[0084]

As shown in Table 7, at any of the pressures, an n-butanol-containing solution
from which glucose and sulfate ions were efficiently removed by the nanofiltration
membrane module was recovered from the permeate side of the nanofiltration

5 membrane. Further, since a clear n-butanol-containing solution (APHA 1) was
obtained from the model fermentation broth, which had been brown, it was assumed
that other impurities were also removed through the nanofiltration membrane.
[0085]

(Concentration Experiment with Reverse Osmosis Membrane)

10 To the raw liquid tank 18, 470 L of the recovered liquid (n-butanol
nanofiltration membrane permeate; temperature, 25°C) obtained in the above
Example 10 was fed. Subsequently, a 4-inch reverse osmosis membrane module 3
(TM-810; membrane area, 7 m*; manufactured by Toray Industries, Inc.) was placed
in a special container, and the operating pressure of a high pressure pump 19 was

15 adjusted to 5 MPa. The permeate 10 was discharged to the outside of the system,
while the non-permeated liguid 20 was returned into the raw liquid tank 18, by which
concentration was repeated. The concentrations of n-butanol, glucose and sulfate
ions contained in the raw liquid tank 18, and the membrane permeation flux of the

permeate 10 were measured. The results are shown in Table 8.



0.10.010.22 22.7 1.01 400 4.7 0.3 0.01 0.54 22.7 0.88 420 6.6 0.5 0.02 0.70 22.7 0.62 440 10.9 0.6
0.031.22 22.7 0.36 445 13.2 0.8 0.04 1.50 22.7 0.36 450 16.5 1.0 0.05
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[0086]
[Table 8]
TR S —

Amount Concentration in raw liquid [wt%] Membrane
of Amount of permeation

permeate _ Sulfate | Acetic liguid fed ‘

removed n-Butanol Glucose ion acid [m’/day] 3 ﬂ%x
kel fm”/m/day]

0 0.7 0.0 0.00 0.08 22.7 1.10

100 0.9 0.1 0.00 0.10 22.7 1.10
200 1.2 0.1 (.00 0.14 22.7 1.05
300 1.9 0.1 0.01 0.22 227 1.01
4600 4.7 0.3 0.01 0.54 22.7 0.88
420 6.6 0.5 0.02 0.70 22.7 0.62
440 10.9 0.6 0.03 1.22 22.7 0.36
445 13.2 0.8 0.04 1.50 227 (.36
450 16.5 1.0 0.05 1.85 22.7 0.36
455 219 1.3 0.06 2.50 22.7 0.36
460 32.9 1.7 0.09 3.74 22.7 0.36

[0087]

As shown in Table 8, when n-butanol was concentrated through the reverse
5 osmosis membrane module to a high concentration and the concentration in the raw
liquid tank reached the saturation solubility (8% by weight), two-phase separation of
the aqueous solution in the raw liquid tank was observed. From the time of two-
phase separation, the operation was carried out such that the lower-phase portion
(aqueous phase) was substantially returned to the raw liguid tank, and the
10 concentration proceeded without any decrease in the amount of the permeate, with a
constant membrane permeation flux. The raw liquid which was concentrated until
the amount of the permeated liquid reached 460 L was recovered and n-butanol in
the upper phase was recovered, and the recovery of n-butanol was found to be 83.1%.
[0088]
15 (Distillation of n-Butanol)
The n-butanol phase recovered as described above was distilled at normal

pressure at 95°C and the vapor side was recovered. The results are shown in Table

9.



1.8522.7 0.36 455 21.9 1.3 0.06 2.50 22.7 0.36 460 32.9 1.7 0.09 3.74 22.7 0.36 [0087] As shown in
Table 8, when n-butanol was concentrated through the reverse 5osmosis membrane module to a high
concentration and the concentration in the raw liquithtank reached the saturation solubility (8% by
weight), two-phase separation of the aqueous solution in the raw liquid tank was observed. From the
time of two-phase separation, the operation was carried out such that the lower-phase portion
(aqueous pheteéggggas substantially returned to the raw liquid tank, and the 10concentration proceeded
without any decrease in the amount of the petineate, with a constant membrane permeation flux. The
raw liquid Wh[qiayygg}concentrated until the amount of the permeated liquid reached 460 L was

recovered and-n-butanokinthe upper phase-was rnnn\lnrarl and-therecoverv-ofn-b |1'ann| was found
0 be 83.1%.|[0088] 15(Distilation P BUAISBIY % he n-butangl phase HE? ; 18 as described
above was dstilled at ro}gnfhl @ =stshme@t 95&u ?118 the %Cﬁqbfr ide Was I’E‘CO\y ’ red. Thé u 1j';"ults are
shown in Tak IeB’;ﬁ)innr 9Hrabter9—Concentr auuu f Ln//uz} Bistittatior-ytetd{voj \J\,
34.0 0.42 0.02 0. 90 25 - 98.9
distillation
After
distillation 83.6 0.60 0.00 (.00 3 9% 99.9
[0090]

As shown in Table 9, as a result of the distiliation, n-butanol with low degree
of coloration and at high purity could be obtained. The distillation yield was as
high as 98%.

[0091]

Examples 12 to 14

Concentration/Separation of Nanofiltration-membrane Permeate by Reverse Osmosis
Membrane

A model fermentation broth was prepared similarly to the above-described
cases, such that the mnitial concentration of n-butanol was 1.5, 2.0 or 3.0% by weight
(Examples 12 to 14). This was subjected to concentration through the nanofiltration

membrane at 2.0 MPa in the same manner as in Example 3, and a permeate was
15 obtained. The permeate in an amount of 455 L each was further subjected to
removal/concentration using the reverse osmosis membrane module under the same
conditions as in Example 10, and the n-butanol phase was recovered from the raw
hgquid tank after the concentration.

The results of evaluation of the recovery of n-

butanol are shown in Table 106.



purity Mi n- Butanol Glucose Sulfate . ion Acetic acid Before distillation 84.0 0.42 0.02 0.90 25 98.9
After distillation 83.6 0.00 0.00 0.00 3 98 99.9 [0090] As shown in Table 9, as a result of the
distillation, n-butanol with low degree 5of coloratiodand at high purity could be obtained. The
distillation yield was as high as 98%. [0091]
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[0092]
[Table 10]
n-ButanolConcentration [wt%] n-Butanol
_ . After
Model Nanoffliration concenfration | Amount
) . membrane- ) Recovery
fermentation with reverse | recovered
permeated . . rate [%]
broth liqui 0SMOsis [kg]
tquid
membrane
Example 12 1.5 1.03 33.9 4.0 83.5
Example 13 2.0 1.38 43.2 5.9 90.5
Example 14 3.0 2.08 64.6 9.5 97.5
{0093]

As shown in Table 10, it was revealed that, as the n-butanol concentration
after the concentration operation increases, the recovery of n-butanol increases.
Further, it was suggested that, even if the amount of n-butanol dissolved in the
aqueous phase is not taken into account, a higher concentration after the
concentration operation results in a higher recovery. It could be confirmed that the
operation/concentration can be stably carried out until the n-butanol concentration
reaches about 65% by weight.

{0094]

From the above Examples and Comparative Example, it was revealed that
butanol can be recovered at high efficiency and high purity by filtering a butanol-
containing solution through a nanofiltration membrane and recovering a butanol-
containing solution from the permeate side, followed by passing the obtained
butanol-containing solution through a reverse osmosis membrane and thereby
concentrating the solution to cause two-phase separation into a butanol phase and an
aqueous phase.

INDUSTRIAL APPLICABILITY
[0095]
Butanol obtained by the present invention 1s highly pure, and can be used as a

raw material of chemicals and pharmaceuticals, and as a solvent and a fuel.



Examples 12 to 14 Concentration/Separation of Nanotiltration-membrane Permeate by Reverse
Osmosis 1 OMembrane A model fermentation broth was prepared similarly to the above-described
cases, such that the initial concentration of n-butanol was 1.5, 2.0 or 3.0% by weight (Examples 12 to
14). This was subjected to concentration throughhe nanofiltration membrane at 2.0 MPa in the same
manner as in Example 3, and a permeate was 150btained. The permeate in an amount of 455 L each
was further subjected to removal/concentration using the reverse osmosis membrane module under
the same conditions as in Example 10, and th@ﬂAqmnol phase was recovered from the raw liquid
tank after the concentration. The results of evaluation of the recovery of nbutanol are shown in Table
10. 35[0092] [Table 10] n-ButanolConcentration [wt%] n-Butanol Model fermentation broth

Nanofjltratio rape- iquid éﬁ%t‘!p é oG centration with reverse osmosis
membir'ane &%%%@?ﬁgﬁggﬁ%%] gI%ﬁ)(E;;Eln;?ple 12&)1§ 1.03733.9 4.0 83.5 Example 13

Step A, wherein a butanol-containing solution obtained by microbial fermentation is
filtered through a nanofiltration membrane and a butanol-containing solution is recovered from
the permeate side;

Step B, wherein said butanol-containing solution obtained in Step A is passed through a
TEVerse 0Smosis mefnbrane and thereby concentrated to cause two-phase separation into a
butanol phase and an agueous phase; and

Step C, wherein butanol is recovered from said butanol phase obtained in Step B.

2. The method for producing butanol according to claim 1, wherein said butanol is n-
butanol or isobutanol.

3. The method for producing butanol according to claim 1 or 2, wherein a functional layer
of said nanofiltration membrane comprises a polyamide.

4, The method for producing butanol according to any of claim 3, wherein said polyamide
comprises a cross-linked piperazine as a major component and further comprises a constituting

component represented by Chemical Formula 1:
e v
- n\—|—/
R R

[Formula 1]
{wherein R represents -H or -CHj, and n represents an integer of 0 to 3).
5. The method for producing butanol according to any of claims 1 to 4, wherein, in Step B,

the temperature of said butanol-containing solution during said



2.01.38 43.2 5.9 90.5 Example 14 3.0 2.08 64.6 9.5 97.5 [0093] As shown in Table 10, it was
revealed that, as the n-butanol concentration 5after the concentration operation increases, the
recovery of n-butanol increases. Further, it was suggested that, even if the amount of n-butanol
dissolved in the aqueous phase is not taken into agcount, a higher concentration after the
concentration operation results in a higher recovery. It could be confirmed that the
operation/concentration can be stably carried out until the n-butanol concentration 10reaches about
65% bé/ Weit%ht [)OOQA{Lith.BFt Qm the S‘PQY{? (@%mples and Comparative Example, it was revealed that

butancl can be recovered at @?wng?fluency and high purity by filtering a butanolcontaining solution

through a naﬁbﬁlmﬂrﬁmpméﬂ@:mmwwmm-@f_ Sb@mmhméswﬂmi‘@mfri@rﬁmﬂsermeate
side, fgzﬁ%vggg#ttpﬁs%qg éQSiQE’t&iPSQCE%%P é%&%&‘ﬂ%ﬁ%%%ﬁ%‘ﬂ%ﬂ@ c%ﬁ‘éé’z?t'i%?e%ﬂécﬁé%s

membrane and thereby concentrating the solution to cause two-phase separation into a butanol phase
and anhaybéobs pisags. INDUSTRIAL APPLICABILITY 20[0095] Butanol obtained by the present

. tion is hiahl . . . d phai . q
2 soent and g R D B G BUnanol L Il o 1
Step Agwerephasbutaresiiclsdiaiting s dlatiote distainsddithmicgbilifoanehltatiornisirebedi¢Hirough a
nanofég[%i%nam%}%ﬁ?%% eaolg}ggﬁgl-ce%%@&%q%@n is recovered from the permeate side;

, ) n )

Step herein said butanol-containing solution obtarmed in Step A is passed through a reverse
osmosis membramestioed therebydoshgehiraed tecconke\io-phvnsd sduaratiotoinfo wibutamokphase
and an.a 98%5%9@ SE; ggt DG réﬁ' ﬁ’éﬁ@ﬂ? i§tg C@vered from said butanol phase obtained in
Step B? g The metﬁoapﬁ)%pro&gr%%an% accorcfllng l% claim 1, wherein said butanol is nbutanol or
isobutéinol. 3R etisihdet forogrsihichwiebotanobrboerigdindpio daimbaran 3aidhatenlachnistioral layer

of said angtcaton Laamprane amise R ARE Mamiles L aied foraedbeing bulangl
according to any of claim 3, wherein said polyaniide comprisés a cross-linked piperazine as a major
compdnebi aasstdrttivregm pridesaadotrstioning wobnponent YegpresemddbypaBhenviormt Foimedss 1
-N(C HeKnRRune in Step B.
10.  The method for producing butanol according to claim 8 or 9, wherein said butanol-
containing solution recovered from the liquid side in said purification by distillation is further

subjected to purification by distillation, followed by recovering butanol from the vapor side.



n [Formula I] (wherein R represents -H or -CH3, and n represents an integer of 0 to 3). 5. The method
for producing butanol according to any of claims 1 to 4, wherein, in Step B, the temperature of said
butanol-containing solution during said 37 concentftion is within the range of 4 to 60C. 6. The
method for producing butanol according to any of claims 1 to 5, wherein, in Step B, said concentration
is carried out such that the butanol concentration in the concentrate is not less than 8% by weight. 7.
The method for producing butanol according to gay-Rixgtgims 1 to 6, wherein said aqueous phase is
recycled into the flow to be passed through said nanofiltration membrane in Step A and/or said reverse
osmosis membrane in Step B. 8. The method for producing butanol according to any of claims 1 to 7,
wherein said recovered butanol phase is purified by distillation in Step C. 9. The method for producing
butanol according to claim 8, wiéfeéitisaid MAIo-a0ntRIRING stIGh YBcovered from the vapor side in
said purification by distillation is recycled into the flow to be passed through said nanofiltration
membrane in Step A and/or said reverse osmosis membrane in Step B. 10. The method for producing

butanol according tq 8or9, wh reln said butanolcontai qutlon recoyered from the liquid
side insaid punflcatﬁc}gw Eférl'?lll?ﬁfﬁﬂ @Lﬁiiff@&éa ?d‘ﬁfﬁnh‘?% %?f%}‘&igﬁl BPIOIfotfPBWed by
recovering bu | from th R C BUTAN ANUF ETHOD
5Highly pure é%?gnélgca B%Hﬁp%%ggé t\f\ﬁ?%ﬁ%%%g gr pcrg tﬁgllﬁl 68#&%0 he me@tl}ll\lé gmpnsmg

Step A, Wher%‘ﬂﬁ&%@&%&%&%}kﬂ& 59&1:3'%Gth%@ii%@@aiﬂﬁ?y&hnﬁzQﬁiqué'&@}é%ﬁ’ﬁ%m%%ne and a
butanol-containing solution is recovered from the permeate side; Step B, wherein the

butanol-contgieing: seluiien Gbbal)echinchiepeAvisapassenttmoygd Rteneisainsiadsmantrane and
thereby concentrated to cause two- 10phase separation into a butanol phase and an aqueous phase;
and Step C, whssedritiyatahal isvwerso venas fr omittheabatarbilshdxecobtairedh Step®. two-

10 phase separation into a butanol phase and an aqueous phase; and Step C, wherein

butanol is recovered from the butanol phase obtained in Step B.



