1 DESCRIPTION BUTANOL MANUFACTURING METHOD TECHNICAL FIELD [0001] The
present invention relates to a method for producing butanol by separatir butanol from a
butanol-containing solution. BACKGROUND ART [0002] 10Butano] is a compound which is industrially
very important as a raw material of chemicals and pharmaceuticals, and as a solvent and a Mel.
Butanol is generally produced by a chemical synthesis method using propylene as a raw material (oxo
method), but, in view of the recent problems gfidgergpseiRthe crude oil resource and sharp rise in its
prices, and GIIG (greenhouse gas) emission control, technologies fin 15butanol production by
microbial fermentation using biggmassNwhich isNopAossiirmRenak g oayv 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 broth up to only about I to 3% by weight, because of inhibition of the 2 Cgrowth of the
microorganisrhHytHtsHdt. ikédfore, in order to obtain pure butanol from the fermentation broth, a
large quantity é ter contained in the fermentation broth needs to be removed. As a common
method Ihr reLﬁ éﬁof water, vacuum heating is employed, but removal of water is difficult because

butanol has & property g gasibi g0, a2ee BRI AIEL, ASIA00SLINEAEN Dasmen 2 2o

method for separating Ing butanol from a butanol-contaihing solution pro dced y microbial
fermentation, g.mehadisa balisclesedurhered @depmentation broth is concentrated with a reverse
osmosis membrane and the butanol phase of the resulting two-phase-separated concentrate is
subjected to dis{il&{GR @@ reDoyBTbutanol. However, fermentation broths generally contain impurities
such as inorganic salts, saccharides and proteins derived from fermentation media; and alcohols and
organic acids[§efétated as side products. These impurities easily cause fouling of the membrane and
the osmotic pressure may be increased thereby, resulting in requirement of a higher pressure to
achievd concentratidtF P& Brot R WL VaHSE WHRAT B Phuse SBPSFHab ASGRITSNRIGH LT, in cases
where an impurri% havir}%gl %J({f%ce activilalciaﬁ contained, Ewo- hahsg u%P.ar%ti n 1 0is less Iillﬁely to occur,

. . 11 armaceu S 10 as a §oiven utanpl 1S gener .
which is probl%maﬁc. S urtﬁer, since |mpUr2|lf|1es such as colore componenf)s are“Cshtamed in the

butanol phase, ifqmay; B¢ Fitficpiidg %@%g@’n?éﬁ%ﬂ@ﬂ%%ﬂ&%@?é&t LU RUTY Wt (Qypdegree of

coloration, which is problematic. Since Patent Document 2 describes neither examples using a reverse

osmosis mempeanRiNeLEfeciswidMpe s i CARERQS fGRREERY g thiauak 1a &N R ES.A8MOSIS
membrane, it has not been clear whether the method described in Patent Document 2 can be applied

to production dfapputarech [6004]dsLathiel Hatentddbousnens 3 disciosesamiethddchidogesavering a
solvent contained in a dilute aqueous solution with a nanofiltration membrane, and butanol is
20inciuded adulapdifedusanmy i ehebsdIfRmte TRV MathedHmaste Medver toadivesit such as

butanol from the feed side of the nanofiltration membrane, and the mechanism of recovery of butanol
in this method SURIAUSES [0 HBLE SRR SIDEhE S b A RAHONIFAOR e HESR R et meable to

buanol. Pategs agument A deesnckisciose amnsiualesanele o laten el puianglcontaining

solution 25through a nanofiltratiorr nembrane, an re is no des e two-phase
separability of,theireRvaIeR BaHRIHR RHAMOIRAMIIQRUMuUlation of butanol in the

fermentation broth up to only about | 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 is 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



PRIOR ART DOCUMENTS [Patent Documents] [0005] [Patent Document I] Japanese Translated
PCT Patent Application Laid-open No. 2009-539407 [Patent Document 2] W02009/086391 [Patent
Document 3] JP 2006-151821 A SUMMARY OF THE INVENTION PROBLEMS .11) BE SOLVED BY
THE INVENTION [0006] 10The present invention 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 5k PRRHEMSHOORL JNe- e REHOMRRIRS Wik aS el sthidigd;to solve the above

problems, and, in sothis process, unexpectedly discovered that nanofiltration membranes are

permeable to huianahBased onithis fathdherpresentlinventorpidiscovpied-has highiaruke butanol
can be recovered at high efficiency with less input energy by filtering a butanol-containing solution
through a narohijigetédrindesnbegine andaecoverimgph bitawelk-coitamintrgotubionhfrgemdnal lyermeate
side, followed by passing the obtained 20butanol-containing solution through a reverse osmosis
membrane toSARTEAJBINE Biare edHBRHHESAl therethpearm prtintiraiedsrt f9Bhtion. [0008] hat

is, the present invention is constituted by (1) tq (1 1) below. [0009] 25(1) A method for producing
ol the SIS0 LTSI SR T 4 B Eorka U SO e ted hrough a
nanofiliration memiang #10 a.buanalepnialing AN s leaRusred [pm s A Rerpeate side:

Step B, wherein the butanol-containing solution obtained in Step A is passed through a reverse

0smosis memiy ane-andi irereby, cantentraiesioeaeae SMPHRhRSHREPABEHPA-INQ @ butanol phase
and an aqueous phase; and 5Step C, wherein butanol is recovered from the butanol phase obtained in

Step [0010] con@pifitemefhiodtariproducing hutandl soceidingstep{rbwhereirstheFoudaol is
n-butanot or isobutanol. 1[0011]
in cases where an impurity having surface activity is contained, two-phase separation
10 is less likely to occur, which is problematic.  Still further, since impurities such as
colored components are contained in the butanol phase, it may be difficult to purify,
by distillation, butanol at high purity with low degree of coloration, which is
problematic. Since Patent Document 2 describes neither examples using a reverse
osmosis membrane nor effects of impurities in cases of concentration through a
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



(3) The method for producing butanol according to (1) or (2), wherein the butanol-containing solution is
a fermentation broth obtained by microbial fermentation. [0012] (4) The method for producing
butanol according to any of (1) to (3), wherein a funétional 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
20comprises gpeRRsiYERG GREpPONent represented by Chemical Formula I: - Chemical Formula (1)
[0015] 25(wherein R represents -H or -013, and n represents an integer of 0 to 3). [0016] (6) The
method for pragawsing 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] (7) The
method for producini’betaridbacoending apaanyeof rihstatdé P Gvh 8rein; ivpSteptBntheidemsentration is
carried out such that the butanol concentration in the concentrate is not less than 8% by weight. [0018]
(8) The methé\@it?foﬁf)oaﬁ%‘?ﬁ@ butanol according to any of (1) to (7), wherein the agueous phase is

recycled into the flow to be passed th @%t nanafiltration membrane in Step A and/or the reverse
0SMosis membranev[?ﬁaéei%tplglg.cﬁ?ﬁﬁﬁ]ﬁ)"!\9 Hﬁﬁéﬁ#’%ﬁod for producing butanol according to any of (1)
to (8), wherein the r pgt\égﬁ%@gmql?ﬁq? b%HWL%i%%‘%‘ Ry distillation in Step C. 15[0020] (10) The

method for producing butanot according to (9), wherein the butanolcontaining solution recovered from

the vapor sideimvig prikifioatipn hbyndigtiNgtionnis recycled into the flow to be passed through the
nanotiltration membrane in Step A and/or the reverse osmosis membrane in Step B. 2[0021] (11)

The method fBRpBUEMT) TNBEN@CYHDIMNVIA ) OX VI, Twhsrein the butanol-containing solution
recovered from the liquid side in the purification by distillation is further subjected to purification by
distillation, foll8%#d by recovering butanol from the vapor side. 25EFFECT OF THE INVENTION
[0022] By the present invention, highly pure butanol can be separated at high 6 efficiency from a

butanb-containing sbIGHIIGSERIBETHRSHRBTIRIN B PHESRAWIKGRS @gygproblems; 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
15 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
20 butanol-containing solution through a reverse osmosis membrane to increase the
butanol concentration, thereby completing the present invention.
[0008]
That is, the present invention is constituted by (1) to (11) below.
[0009]
25 (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 solution is recovered from the



Fig. | is a schematic diagram showing a preferred embodiment of the present invention. Fig. 2isa

schematic diagram showing a preferred embodiment of the membrane filtration/concentration

apparatus used in the present invention. DESCRIPFION OF SYMBOLS [00241 101.Tank for raw liquid

to be filtered through nanofiltration membrane 2. Nano filtration membrane module 3. Reverse

osmosis membrane module 4. Extraction vessel 5. Distillation column 56.Flow of aqueous butane]

solution 7. Flg;g gjeglfétgmgl’-containing permeate 8. Non-permeated liquid containing a large amount of
I

T
impurities 9. Flow of non-permeated liquid containing concentrated butanol 10. Permeate that

substantially does ngigoptaim&iane sngsaniamsinvaac bk blawmiagurgya phasee@ntaining
butanol in the amount equivalent to the saturation solubility 12. Aqueous phase 13. Butanol phase 14.

Flow of butantirphgise 25t 8:d-tomaf butanbiaitchigh tharityy kenEtowcahtaicing:butapbhand water 17.
High pressure pump 7 18. Tank for raw liquid to be filtered through reverse osmosis membrane 19.
High pressuré§ag 2oinmcunperighrh tsaeaiencapertiadiesthiddgh reverse osmosis membrane
BEST MODE FOR CARRYING QUT THE INVENTION [0025] The present invention will now be

described in more d&fsh. g@f%’&%ﬁ%‘?? e sresfd iR RS e st RRF foiPmbriovalent

alcohols havi@ 4 carbon atoms, and specific examples of the butanol include n-butanol

[0010]

(2) The method for producing butanol according to (1), wherein the butanol is

n-butanol or isobutanol.
10 [0011]

(3) The method for producing butanol according 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]
A e
] n |_/
R R

Chemical Formula (1)
[0015]
25 (wherein R represents -H or -CH3, and n represents an integer of 0 to 3).

[0016]



Obutanol), isobutanol, 2-butanol and 2-methyl-2-propanol. The butanol may comprise either a single
type or a plurality of types of such butanols, and the present invention is preferably applied to a
method for producing n-butanol or isobutanol. [0027] The method for producing the butanol-containing
solution used in the present 15invention 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 frqg agetaldebyde: ivJoe.WeslierBrasesriand SYRINGIs fars propulene, carbon

monoxide and water by the Reppe process. The butanolcontaifiing sélution can also he produced by
fermentation puliie Bf @dnisiperganivNihe Batieh esanagrbielgulyre.ah@astididium butvicum.
[0028] A preferred method for producing the butanol-containing solution used in the present
invention is fermesitationnculturdiofthermiogeargamist®’That is, the butanolcontaining solution used in the
present invention is preferably a fermentation broth 25obtained by fermentation culture of a
microorganisﬁQQItZ)} example, in cases where the butanol is isobutanol, an isobutanol-containing
solution can be pref g%&pro%%gg br%tfée method déscribﬁcﬁ in US 200&0;26 91 B; Appl Mierobiol
8 Biotethnol (2010) @3, B8 8B IR eSS SH N BiBtseHHBEG I Td) b8 S073E or the like,
and, in cases regh is n-butanol. - -containing,soluti be preferably
produced by %ﬁ?%g%o%%%@ggggg*’ir@\%ﬁ%g%%e- %ﬂt%lt%ﬂHoE?gg%rfw%%tga#{?é%%zpcgﬁéﬁ%r%ﬁeg;%gn%gﬁon Handbook
(ed. Japan BigiReistynASIREIRIO Mardheoike [0R29] The present invention is constituted by: Step
A, wherein a butanol-containing solution is filtered through a nanofiltration membrane and a butat ol
ontaining solyiionsis recovered from the permeate side, Step B, wherein the butanol-containing
solution obtained in Step A is passed through a reverse osmosis membrane and thereby concentrated
to cause two-phase Sepgaatisthivdd@ bisdwnohphasmaht eardingéoasyphiade tand.Stdgreinwherein
butanol is recovered from the butanol phase obtained in Step B. Each Step of the present invention
will noW be dESCABRS 1 RAGPE ety o80T edten 19 brraran Shittasio M ridnididiG8ed in the
present invengji(e)n ﬂ')sra%lg,o Iflzec!éxaarr}g)g?ftigee;e@gwgoglstrrl%is%n ]rqréergrt)ar&n%, é\éF mbrane), and generally
defined as "membrane that allows permeation of monova‘lenl?lons, Ut biocks divalent ions". 20The
membrane is[@@rllgdered to have fine voids having sizes of about several nanotneters, and mainly
used to block fine particles, molecules, ions, salts and the like in water. [0031] 'the term 'filtration
through a nanotiltrationThe mbranefBiersutiaL thedidtancbenntaining selutap is)fikaredthrough a
nanofiltration membrane to remove impurities, which are substances other than butanol, mainly into
the feed sideflwhitecay brataimokoothising polifiiahtiy detdieredifrGmiilie permeate side. For example, in
9 cases where the butanol-containing solution is a fermentation broth produced by fermentation culture
of a n%i%roorg&m%m, the fermentation broth is filtered through a nanofiltration membrane to remove,
block or separate im gi' S such gs.inorganic acids, saccharides, organic acids and coloyed

hitghis ;

components which OOt SFRIDG G Butang RIS (NS HRAN y'48Rifion is
allowed to pegmeate as lfggraﬁt? inge the Jpermeated.liquid ining, impurig Iso contains
butanol, the nc())R-per1 e%%eu ﬁqufﬁgep?g%roa%?ty ic?&e%‘?ﬁtglﬂgg gl\?\l/?ﬁ%g{l%r% ed#%%%go?ln%rder to
Increase t_he recavenyiRbRHtaMmAl [Q%%Jql—@e%%ﬂmﬁg@ﬁtﬁ?é kmmtm%%rmffmqf%}m) membranes
generally include macrotnolecular materials such as cellulose acetate polymers, polyamides,
polyesters, palyitoicdds sovdrvinydpotysmessmbiatberpsegent invention, a nanofiltration membrane having
a polyam de in its functional layer is preferably used because of its high purification efficiency. Other
plurakmembriii hhaterials may also be contained in 15 the membrane as long as the functional layer
contains a polyamide. In terms of the membrane structure, either an asymmetric membrane wherein at

least one side of thel W&t 2oy aeedis1ag Srnake AETHEF AN ENAE Hidropsieirhging a

diameter thatb%'{%go Al InsTeases J{P%‘ehc%vd%‘é?n'ﬁ?{ ?ﬂet‘?itﬁ‘?ﬂ:& g?n%%%m‘?c?t%ﬁ%% orto the other
side of the membrane, or a ¢ mposite memprane naving on the dense layer or an
distillation is further subjected to purification by distillation, followed by recovering
butanol from the vapor side.
25 EFFECT OF THE INVENTION
[0022]

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



20asymmetric 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 mernbrane
described in JP 62-201606 A, wherein a nanofiltratidn membrane having a polyamide functional layer
was placed on a support membrane made of a polysulfone membrane material. 25[0033] 10
resistance, high permeability to water and high solute removal perfonnance. Further, in order to allow

maintenance Qﬁﬂéﬂéﬂ@iﬁyoﬂgé‘maﬂzﬁé’&ﬁ&%ﬂ RIgssyre, high permeability to water and high blocking
I

performance, the mermbrane preferably has a Structure in which a polyamide functional layer is
retained by a gpaperHhpede gFaERrogsIAENtang N d@on-woven fabric. For a nanofiltration
membrane having a polyamide functional layer, preferred examples of thc carboxylic component of the
monomers coft¥iitdiiing the polyamide include aromatic carboxylic acids such as trimesic acid,
benzophenone tetracarboxylic acid, trimellitic acid, pyromellitic acid, isophthalic acid, terephthalic acid,
naphthalenedicarboXylic htid, diptetiychifsouylidhavinandisiaidasabbonytictaditheaprdsantiview of
solubility to a film-forming solvent, trimesic acid, isophthalic acid or terephthalic acid, or a mixture
thereofs mor‘é%‘?%tfé’ﬂed. [0034] Preferred examples of the amine component of the monomers
constituting the polyqayde include primapy diamines iavindan arpmalieing(Ehspcn as
mphenylenediamine, ;ﬁp enylenediamine, benzi Ine, methylene isdiani Ine, 4,4'- ﬁctllamlnoblphenyl
ether, dianisidig, Gah riiATRARIRRE M RINGPpardu fse deHARTHRQBIR e RIfer,
3,3'-dioxybenzidine, 1,8-naphthalenediamine, m(p)- rnonomethylphenylenediamine,
3,3'-monomethysaRioHA @NdizEnoapbesyl ether,
204,N,NI-(4-aminobenzoyl)-p(m)-phenylenediamine-2,2'-bis(4-aminophenyl benzimidazole),
2,2'-bis(4-amif¥@dényl benzoxazole) and 2,2l-bis(4-aminophenyl benzothiazole); and secondary
diamines such as piperazine and piperidine and derivatives thereof; and, in particular, a nanofiltration
membréne haling aT@ﬁEtf@héﬂ‘f&bé\“@dﬁ]B%§6Eﬂ’r§fié}’é%§§-ﬁﬁk@@1f§6qw&®§%ining piperazine or
piperidine as 5mon&;nerfs has hi%_? ressure r sjstance and durability as well as heat resistance and
chemical resistance, S 12 TAEPSF eegbrr@féﬁ?élﬂ)(fg §ed. The polyamide more preferably comprises a
cross-linked piperazige polyamide: o cigss;linkespjperidine polyamide as a major component and
further comprises a constituting component represented by the Chemical Formula I. The polyamide
still more prefgrably gompiisas,assepss-linked piperazine polyamide as a major component and further
comprises a constituting component represented by the Chemical Formula I. Further, preferably, in the
Chemical Formula |, h3tiExamplelsuahthe nanofiltration membrane having a polyamide functional layer
comprising a cross- linked piperazine polyamide as a major component and further comprising a
constittting cémponé&htrepreseredterd ©hamital Formula 1 include the one described in JP
62-201606 A, and specific examples of such a nanofiltration membrane include the cross-linked
piperazine polyamid& REHAFMYLHON FRBIMHARE WO manufactured by Toray Industries, Inc., which
has a polyam'gie fung}ionalljra}%g{e%qm rising a. crosg-fgr}keeg r‘?&%gao%i% ugl 1.glgmide as a major

. on-pe 1quid contamin S .
component and further comprising a consti uﬁng gomp nent represented by the Chemical Formula |

wherein ri-=3.915[008f}.y orARBAGTIALIRNL MeMRIRANG RdsnR @AM A5 @ Spiral-wound membrane
module, and the nanofiltration membrane used in the present invention is also preferably used as a
spiral-wound membreaenaesits: sspaaticayam@lesaidprelstedanativatiammentrane modules
include a nanotiltration membrane GE 20Sepa, manufactured by GE Osmonics, which is a cellulose
acetat&dnanotilfratiorr fmembeagnequsaptoiiltrativni megithitanelsiN® QrandnN¢E OB & | &) trvariufactured by
Alfa-Laval, which have polyamide functional layers; nanofiltration membranes MPS-34 and MPS-36,
manufacturecSBREOHOWEHEHNItration membranes NF-45, NF-200, NF-270 and NF-400,
manufactured hy FilmTec Corporation, which have 25 cross-linked piperazine polyamide functional
layers; and narofiltratioi A&REFShe modules SU-210, SU-220, SU-600, SU-610 and SU-620,
manufactured,; By TOW&&Q@Q&:& Inc., comprising UTC60, manufactured by the same manufacturer,
which 12 has a polyarnide functional layer comprising a cross-linked piperazinc polyamide as a major
component and furthgpasnBUSIRE! ?l{;‘g@stituting component represented by the Chemical Formula I.
The nanofiltration membrane module is preferably the nanofiltration membrane NE99 or NIF99I-IF,
manufacturediBy Alfaibaval butaiehi hiatsi ghpalsigmide functional layer; nanofiltration membrane NF-45,
NF-90, NF-200 or NF-400, manufactured by FilinTec Corporation, which has a cross-linked piperazme
polyamide funidtionaFlayeeontaofilgrhtisnehardbraiee MPS-34 or MPS-36, manufactured by KOCH; or
nanofiltration membrane module SU-210, SU-220, SU600, SU-610 or SU-620, manufactured by Toray
Industries, Inc./ comprEiHy BB MBmanufactured 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 UTCG60,

manufactured by the same manufacturer, which has a polyamidc functional layer comprising a
croce linked ninearazine nolvvamide ac a mainr eomnonent and fiirthar ecomopricinAa 2 conctitiitinA



20Examples 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 inordanic 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 25measuring the concentration of an inorganic salt contained in the raw liquid (feed
liquid) (raw ligyd inoganie,salt,opnAERY BLAM-A G, cRNeeDIation o thedngiganic salt contained in
the permeate (permeate inorganic salt concentration) by an analysis represented by ion
chromatography, andidsipg:&sarapi@ng. Inorganic salt removal rate (%) ( | -(permeate inorganic salt
concentration/raw liquid inorganic salt concentrationflx100(Equation 1) [00371 In terms of the
membrane selfaratidiiopenohqiad ckaofiti estgrofileat chmegibrenesasatinthapndsaent invention, the
nanofiltration membrane preferably shows a removal rate, calculated according to Equation 1, of not
less than 45@@%@%@6@%@%@%@5@1@?@ atrEEEMpePaklNof 25C and a pH of 6.5 is used.
[00381 10In tmg of the permeation peribrrnance of the nanofiltration membrane, a nanofiltration
membrane in I]1 the permeation flow rate of sodium chloride (500 mg/L) per unit membrane area
(m3/m2/day) at a filtﬁ%cjﬂ Rressur &%%-%M%’M%@Q{e's%%ﬁo%p n %.?rés d@{aeﬁerably used. The permeation
flow rate per unit membrane area %membrane permeation ux% can be calculated by measuring the
amount of thegpemmeate, collection time of the permeate and the membrane area, and using Equation
2. Membrane permeation flux (m7mz2/day) = amount of perineate/membrane area/collection time ...
(Equation 2) [0039] Batdne ipenmepiziisytohaenaonfitiatiar miasbr dnenorovtdaal Adpsivieparation of
butanol from an aqueous butanol solution by the above method can be evaluated by calculating the
butanol permbattios fatertbPhatontarsidnendationmts cahthe wakndbited sy méasunhlthe
concentration ofbutanol contained in the raw liquid (feed liquid) (raw liquid butanol concentration) and

the cofcentrattBArhbiielsrYe dritdinre! A1 thés BeEtrsam ol-ddIstaHMg $Bfition) (permeate
butanol concentration) by an an%[l sis represented b EJ"{i h performance liguid chromatography, and
using Equation 3PEA CTE T SRSETae BETeSiorT T o o AT
concentrationyrau lignid pripRalioRcRuTAIaMRARAFAYRIANAIA4RL T fltasien.grough a
nanofiltration membrane may be’carried out under 5pressure, and the filtration pressure is preferably
within the rang®of10.1 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 membranelhrapdibaddinggedutmegabe buvinerediheainémbrdneos usedratha filteation pressure
within the range of 0.5 MPa to 7 MPa, the membrane 10permeation flux is high, so that the aqueous
butanb? solutiBh BiiPhés aficieitlytad ewideopérihaansthnd khevpbasibitity 9 tegringhsgithe membrane
is small, Whiﬁ%is more preferred. The mengsbigarggtL%gspeciglly pre}erably used at a filtration pressure

within the ra eCB?eISI\WIBSIr?OaG}f\?IIiB&aI synth 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



[0041] (Step B) The term "passed through a reverse 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 & concentrate containing butanol is recovered into
the feed side, while water is mainly- allowed to 20permeate into the permeate side and thereby
removed. [0042] In terms of the material of the reverse osmosis membrane used in the present

invention, exagples, it MR iRsluds camapsite MemBranss YIS A%lIgse.acetate

polymer functional layer (hereinafter referred to as cellulose acetate reverse osmosis membranes) and
composite mambrangs havingd polyamidadunationaldaysr (herainaftar refatsaditeoasapab@tnide
reverse osmosis membranes). Examples of the cellulose acetate polymer herein include polymers
prepared withsol&iorgami dapid festbls mbdelieddse thachetw delluloge doethtetoatitiosadiacetate,
cellulose triacetate, cellulose propionate and cellulose butyrate, which may be used solely, as a
mixture, or as &THBEY €BtET- @dﬁﬁ%@@f%’é’?ﬁ%‘?ﬁ%ié@u&@%@é‘?lﬁé}%ﬁér‘ksa@fdf’ér%?s-linked
polymers constituted by aliphatic andior aromatic diamine 5monomers. [0043] Specific examples of
the reverse ogﬁ{ggig )embrane preferably used in the present invention include polyamide reverse
0Smosis menw@@ s UTC-70, SU-710, SU-720, SU-720F, SU-710L, SU-720L, SU-7201.F, SU-720R,
SU-710P, SU-720P, 10SU-810, SU-820, SU-820L, SU-820FA, SUL-G10, SUL-G20, SUL-G20F, SUL-
G | OP, SUL-G20P, fiM$pQsariaseiMBR0G saliaedTVSoRA aetins-IMB0N. seliesnTMAQDE series
and TM800L series, manufactured by Toray Industries, Inc.; cellulose acetate reverse osmosis
membranes SGhltlOOR fiB&ed200R b e nhh0f]tEGeh200MSEn2 A, a3t 22610;05€13hg0, SC-3200,
SC-8100 and SC-8200, manufactured 15by Tora:,v Industries, Inc.; NTR-759HR, NTR-729HF,
NTR-70SWC s@ESion [ TS0 @, RS20 p ES 8 ST Band ¢ I0IR, manafastutadibg Nitto Denko
Corporation; RQ98pHt, R099, HR98PP and CE4040C-30D, manufactured by Alfa-Laval; A Series, GE
Sepa AL SerfelitiSnRAECSSSEAURPRET SLHRLMURNGED 18 SEHBSBIRAHEIN RO HF Series,
CK Series, DK Series, Seaso ries, 20Duratherm RO IIF Series, Durgtherm FIWS Series, PRO RO
Series and P 1’1‘:585 ﬁ_blgcgéﬁri%%f? nﬁoacnau Acture %}S/Gé@)aéei Ogépﬁeos?sgt%né |§%S§1r211 ggﬁg series,

manufactured, Qy.SREHAN GrMRIROLSREIEE. MANYIGCIIEI AVHERAGH aRe BWRA:#040, TW3O-

4040, XEE-4040, LP-4040. LE-40§O, SW30-4040 and SW30OHRLE-4040, manufactured by FilmTec

Corporation. 3b{ed4litrsteps of theharepaiithie mesehranaiRihnempsanges dspirdle-waynd
membranes, hollow fiber membranes and the like may be used as appropriate. 16 [0045] In terms

of the membramecsépatation performance of the reverse osmosis membrane used in the present
invention, the reverse osmosis membrane shows a sodium chloride removal rate of preferably not less
than 90%, préﬂ@ﬁéﬂly not less than 95% when sodium chloride (raw liquid sodium chloride
concentration, 3.5%) at a temperature of 25C and a pli of 6.5 is used at a filtration pressure of 5.5
MPa. The soéﬁ}ﬁ? loride removal rate can be calculated according to Equation 1. [0046] In terms of

the permeation perf?r(lr?;%% [{}P% reverse é)nser%gg(iisi m%g;%r%relgh % V}@Orgg}n&%@g&r&avwg a membrane

permeation flux (m3 not less than for so ride at a fltration pressure of

5.5 MPa is prefamaily-yagsbeines: thefaisPiORGeRERiNmR) hedfsemenigtigheatiy can be increased.
The membrane permeation flux herein means a permeation flow rate per unit membrane area per unit

“membrane that allows permeation of monovalent ions, but blocks divalent ions”.
20 The membrane is considered to have fine voids having sizes of about several
nanometers, and mainly used to block fine particles, molecules, ions, salts and the
like in water.
[0031]
The term “filtration through a nanofiltration membrane” means that the
25 butanol-containing solution is filtered through a nanofiltration membrane to remove
impurities, which are substances other than butanol, mainly into the feed side, while

a butanol-containing solution is recovered from the permeate side. For example, in



pressure which can be calculated by measuring the amount of the permeate, 15collection 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 butafol and high permeability to water (water
permeability) is preferably used. Examples of the method of evaluation of the permeability of a 20
reverse osmosis membrane to butanol herein include evaluation by calculation of the butanol

permeation raie, T utaRA REAMeAoN fale G G raIUiRter v MERSHTRG e, paycentration o

butanol contained in the raw liquid (feed liquid) (raw liquid butanol concentration) and the
concentrationfefitsianehcaiiained inileopermeante tkutaneeaniainiot sokuier) esmapie butanol
concentration) by an 25analysis represented by high performance liquid chromatography, and using
Equation 3. [0048]iltrAtion Mmhabidration¢througthlade vespast dsisunides brahamiay gencarried out
under pressure, and the filtration pressure is preferably within the range of 0.1 MPa to 8 MPa. In cases
where the filtrégidh preduiiiders psganisasidsamralaras srenonane perivleatiotisste ¢ay decrease, while
in cases where the filtration pressure is more than 8 MPa, the membrane may be damaged. In eases

is
where the mePhBTRHA!S dSS0"4E a it Stforh Bre¥sTa Witin T ARGy S NI 2 B3 2 the
membrane p tion.flux is high, so that the.aqueous butanol solution.can he efficient
concentrated%gr{l}(? %ie rgé%%?bl ﬁ)}gc))? §§ﬂt1naea§%ﬁgi é% ?n%%l raneis sma f,e \S/v?%ls&cf%nrﬁglrse%blr%%rlfed. The
membrane is @SpRHFREGIEIARIY Y sefraff. My Fion RiesRIR OV the (RBIEQfid)VPa to 6 MPa.
[0049] The temperature of the butanol-containing solution during its concentration through the
reverse osmasigem@miiane: ihaetdesirictdduanpreferably within the range of 4 to 60C, more
preferably within the range of 20 to 50C. In cases where the temperature of the butanol-containing
solution is les®®dh 4C, 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-contain‘in% solution
exceeds 60C, the rebE18RBSABEIY e MBiHEsAL)Be YR gt arbr s IsE b érakivls of

concentration ma&beluns‘luccessfull 2%@10501 | 1The con%:entration of blutano in thri: concentrate
obtained in STERE RSt TS S S D B B HO R TSELS RN BYE by W GHESh A Vet anly not

less than 15,4 Ry, gt sl MorsAaierabbi natIses i 3y yeldbt A0d SSREfalpreferably

not less than 40% by weight. In casés where the butanol concentration is 25not less than 8% by
weight, the copcantrationy axceersithe.sateralion splvbiiteabputarebie watess Iaading to separation
into two phases, that is, into a butanol phase and an aqueous phase. Upon occurrence of the
two-phase separdittonpthetageeous- OtBephhsel portidmascfurthaiadoncenttatéd bynihencevierse osmosis
membrane, resulting in migration, into the butanol phase, of butanol in an amount by which the amount
of butlanol exdscaentheaBaiitisnasohediibgiThat iy csineeiains bielnamidncehtigtion &f 8ohstantly kept
at the saturation solubility, it is substantially possible to keep 5increasing the butanol concentration at
a constant osMINR BPESET & EITE AN SRR 6 SR ARmBRSHSY SONSASORS BEHAELR] through the
reverse osmosis rggarlgbflane as allready tfgcehn filtered th%%lsg%r]li a nanofiltration emb{an% tthe impurity

. me € Nnds a dense layer, w membr OPOres naving 1amete,
concentration in the SolUfioN Is extre ely low, 36 that the osmotie. pressure s ardPy affected by

impurities, whiglalipwn cRACEHFANARAIIAN PRRFMBNEAIRTRULE HORUHIINSIRCR IRPYHiies having

surface activity have been removed by filtration, two-phase separation easily occurs. 0051.] (Step C)

Butanol can badekifiheehbyibeceyerag shepbitantdpbase o ihenhhéanakelaeongemtrate obtained in
Step B, which has undergone two-phase separation into the butanol phase and the aqueous phase.
Sincezthe obtasweuristiiamodhbsheeryfilieifod thnotighablaggrdhiimatibbyraeetirame tiriStepntocthe
concentration of impurities therein is extremely low. Since butanol remains also in the aqueous phase,
which was ndt¥etovErédinisid Bimeinpet|ifvasem e tnehichuratidic ssfsbmejudréhsqueous phase

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



20may 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. [0062] 25Further, 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 less than | Pa and not more 19

than atmosphexicRressH; 0%@%%9{@%%@%%&%& KRaL mars A" é%&m%&@der a reduced

pressure of not less than Pa and ot more than 80 kPa, still more preferably under a reduced
pressure of netiless thas-d@aPasrdnehenethanibRikte, Josasassiriadhe gistiliation is carried
out under reduced pressure, the distillation 5Stemperature is preferably not less than 20C and not more
than 200C, miogh prefecabliitnod essthad 4G Blodkiot mofe tiar < SRCH PR3 hénptaésidy of
purification of butanol by distillation, butanol with high purity can be mainly recovered from the liquid
side. Howevehasmeaugiargaporhsidie: ToduHtadssngame darciviatstiases suupbareoadpy, the
condensate recovered from the vapor side may be recycled again_into the raw liquid to be subjected

filtration throuyH ¥ HEHBAMEHES M EHbEREThEEPD A BAAIIRRE T PAPSGREERS Ba dbBjected to

filtration throuagh lih reyerse %Waq)sfis memt%ran in Ste to the extraction[ el, to

. mide aye TCICIT %C am PCSBO?r éOCrElII'g Xyl1¢ coOmponen V?%ﬁe . .
increase the fotal ecovery o butanal. E@rt%er,eby élstlﬁlng 1§ Ltanol récovered from the Iquid side
again and reGayRERGRWIRRALIRIP NSp(AReR Mt B PMIM LIRURIRL faRhesfuithelincreased.
[0054] An outline of the method of the present invention for producing butanol will now be
described referfifitgitoaaidrawingp eighnk shiewsrborkafenad, emmbeadimert Qf3othe presasidnvention,
and, in this embodiment, a flow of a butanol-containing solution, 6, is filtered through a nanofiltration
membrane toisepuhate tadi owveiphtthal itowi &f replutaiolaberdinindi paerediteh enyéradbafigie of a
non-permeated liquid containing impurities, 8. The flow of a butanol-containing pen-eate, 7, is filtered
through a revarska8eydlng & 4 e e isrchenipahnea d iuRImisLstdning a large
amount of imPurities, 8, 's.rec¥cll1teag into the tflow c%agn a(%u ous butanol T%ﬁuti n, 6, or into a raw liquid
tank I. The flow 7 lbiEed B AT S heb LG RPIRA Y Arih SsHBLIL FRARTEYShE [¥&parated into a
flow of a non-pepmeated 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 liquid wherein
butanol is conjgestrated, 9, is received by an extraction vessel 4 and undergoes two-phase separation
into a butanol phase and an aqueous phase containing butanel in an amount equivalent to the
saturation solubility. Pacflome dethenatisedubsepiase comjadning bildanolonotheramowntueaigvaéent to the
saturation solubility, 11, is recycled into the flow of a butanol-containing permeate, 7, to be subjected
to filtrafion thisUgtils ickiderssnaasidiananes famen  pirte thel o gh Arsediuisons butanol solution, 6,
or into the raw liquid tank I, .and a flow of the butanol 1Qphase, 14, is sent to a distillation column. The

butanol phas@Sa TBHA e BRAS BORRsHaR R Srarddimromathy sBays iar e distiration column as

a flow of butapql witq)hi h purity, 15, and a floyw.containing butanol.and water, 16, is recycled into the
q g0PHEEY L ?} ’t‘hﬁ’ i .
flow of a butanol-containiny peetrr%régiaer,nﬂd% e%ué&:l e %8 }R;ﬁlgﬂgm %iﬁg a4f£\verse 0SMosis

membrane or o, g Jpheh A ARHENYS HARANIL SRR, B3Ik i e jauid tank 1.
EXAMPLES
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



[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 Isobutanol Model Fermenthtion broth (Preparation of isobutanol Model
Fermentation broth) A solution was prepared such that it contains, in 48 L of pure water, 10% by
25weight isobutanol (manufactured by Wako Pure Chemical Industries, Ltd.), 10% by weight glucose

(manufacture by ek, PUTE et A siag i, S X Vel e ganufactured by

. 1 )
Oriental Yeast Co., Ltd.), 5% by weight zinc 11 sulfate (manufactured hemical

Industries, Ltdehro%nbsdweight @meniumranifate (MaRyiasegelyMake BrreGhgmical Industries,
Ltd.) and 5% by weight acetic acid (manufactured by Wako Pure Chemical Industries, Ltd.), followed

by adjusting thenghtifes6, cubjediing theaesinltinglsatuitenatoaawipalavingoiaint 22 fiarhi2® minutes) and
diluting the solution 10-fold with pure water to provide a model fermentation broth. Components
contained in tRAGERS Fevneiitdtivhcoroperend isoriedtesonuthnbhsieahhialyrdd by the following
measurement methodséé[0057] Analysis of Isobutanol Concentration by HPLC 0Column used: Luna

5u N112 100A YHSHRECHIASY bl PifehBeates FReyWiobifs PhadeaydtSmtrie water = 3:1 Detector: RI.

[0058] -Analy%‘iaslr,l gﬁﬁlqc%sg g]%%ggggy%n Q){)HPaITT% 9%%“”1“0”5‘1‘91%: [c_rucna 5u.NH 10r(()),§\§manufactured
by Phenomenex, nc.Sl Mobile phase: acetoni e water = 5-1 Detector’ (I}?i’.pfﬂ)ﬁg f%na?ysis of inorganic

ion concentraipns;byion SREQAIAgIAPRY AAThe SanseRtAtANS Al jpamand acetate ions as

impurities were measured underthe following conditions. Column (AS22 (manufactured by Dionex
Corporation))c elgenit (la & snseditspeacaaipte/thd Onvhsodimarhytroges ey panate), temperature

(35C). [0060] 25Measurement of Degree of Coloration of Aqueous Solution As an index to represent
the degree ofdsseificedion)bf GRe (Hdiatanehdardining sohltionf ARKA(Hatematoior number) was
used. The measurement was
10 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 NFO9HF, 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 nanofiltration 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



22 carried out with a color meter for petroleum products, OME 2000 (manufactured by Nippon
Denshoku Industries Co., Ltd.). [0061] Analysis of Purity by Gas Chromatography (GC) 5A gas
chromatography: GC-2010 (manufactured by Sh nadzu Corporation) was used to perform an analysis
under the following conditions, to calculate the CG purity according to (isobutanol peak arca)/(total
peak area) 100. Column: TC-I, 0.53 mm I.D. x 15 m,(GL Science) Mobile phase: helium gas (7.9
muUninn., 50 t i IN: on: . i - (Eiltration. Experiment. with Nanofiltration
Membrane) Ra%T%)Op&gar%{v@ ﬁ%]%l %gﬁgl&gﬁgv%ﬂ% %Fglg‘%za]i;)é)gslz_{lé %L'kgeg %8 a&tlanglg)%% ﬁ/ ermentation
broth obtained as;deseriirdakana wasded. sphsegueihafipednpnatiratenmeamtyane module 2
(SU-610; membrane area, 7 m2; manufactured by Toray Industries, Inc.) was placed in a special
container, andha OighmceSBoragurnp ITheamopératze aicubeperatiay pregsuferadlf.thel.0, 2.0 or 4.0
MPa (Examples 1 to 4). In this operation, the permeate 7 was recovered, while the non-permeated

liquid 8 was réanefdirat thencabTrpgidNER oL NrRPHS anpasiictued byohHadeowéradiiidivids 20 was

obtained. The concentrations of isobutanol, glucose, sulfate ions and acetic acid contained in the

model fermerft@OY BRIt IR NG Fkesterarrrt il g amb aag fiket of V610G Sk EAB PIA) of these

liquids; were measured. The result showp.in Table 1. [Table ] "J. = 6a> cE,EEE,cO61r,,0"" 6
611c 1.2, O- @f’ %ﬁgﬂé 1geif{lk}ggtar%é §)§1E§IHH%C Borporal%lon, W 131 ilas across-linked pipérazine

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,

10 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

15 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]

20 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

25 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



oc =Cc000 7,C7CI-CE000-06-0770'0-ci77"rf-101"Xtnd"'-;6 ONOO0G6-CI, EJE2
-lc.G. rNcfl-1- - 9' ¢:d 24 [0064] As shown in Table 1, at any of the pressures, an
isobutanol-containing solution from which glucose aAd sulfate ions were efficiently removed by the
nanofiltration membrane module was recovered from the permeate side of the Snanofiltration
membrane. Further, since a clear isobutanol-containing solution (APHA 1) was obtained from the

model fermentaipn ot ISR REPERIRMIbRIR R 4SIRE Khakether mpurities were also

removed by the nanofiltration membrane.
Inorganic salt removal rate (%) = (1-(permeate inorganic salt concentration/raw

liquid inorganic salt concentration))x100 ... (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 (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 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.



[0065] 1(Concentration Experiment with Reverse Osmosis Membrane) 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-inéh reverse osmosis membrane module 3 (TM-810;
membrane area, 7 m2. manufactured by Toray Industries, Inc.) was placed 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 ouisidg Af g BYRIE FerBig e RAzRermeaiRd ligyid e was returned into the raw

liquid tank 18, by which concentration was repeated. The concentrations of isobutanol, glucose and
sulfate ions cosaineddidihewaniguiditaok dbcaneathe recobraneatoeation flux of the 20permeate

10 were measured. The results are shown in Table 2. [0066] [Table 2] Amount of permeate removed
[kg] Concentrdfsflin raw liquid [vvt(141] Amount of liquid fed i /dayl ' 1[m Membrane permeation flux
[rntim2 ;day] Isobutanol ,Glucose 1 Sulfate ion 0.00

The filtration through a nanofiltration membrane may be carried out under

5 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

10 permeation flux is 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]

15 (Step B)

The term “passed through a reverse 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 concentrate
containing butanol is recovered into the feed side, while water is mainly allowed to

20 permeate into the permeate side and thereby removed.
[0042]

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

25 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



1 Aceticacid 0.22,1,, i 005100 122.71.131000.60.10.00 0.28122.71.13 200 0.9 0.1 0.00

10

15

20

25

15

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

[0043]

Specific 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, TMB00 series, TM800C series, TM800A series, TM800H series,
TMBSOOE series and TM8OOL 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, HR98PP 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 PRO RO 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.



0.38122.71.083001.43.30.10.30.010.01t0.61 22.71.01400 1.47 22.70.87 4204.6 10.4

0.02 2.06
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[0045]
In terms of the membrane separation performance of the reverse osmosis
membrane used in the present invention, the reverse osmosis membrane shows a
sodium chloride removal rate of preferably not less than 90%, preferably not less
5 than 95% when sodium chloride (raw liquid sodium chloride concentration, 3.5%) at
a temperature of 25°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 Equation 1.
[0046]
In terms of the permeation performance of the reverse osmosis membrane, a
10 membrane having a membrane permeation flux (m’/(m?sday)) 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,
15 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
20 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
25 analysis represented by high performance liquid chromatography, and using
Equation 3.

[0048]



192.70.64 440 7.7 0.6 0.8 0.03 0.04 3.434.12F, 22.7 22.7 0.48 0.41,4459.2 45011.50,9
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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 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

5 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

10 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 is 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

15 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.

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

25 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-



5.15 22.7 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 concentratidh 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 pagtion, (agkeqys ASERAS SSRGS 0 e (A aud Ank, apd the

concentration proc without any decrease | € amount of the permeate, with a constant

membrane pefReAtian iy Hhsuwams lighidatesthmerncantiation wasigerverachaist ispbutanol in the
upper phase was recovered, and the recovery was found to be 60.1% (Experiment 1). When the same

experiment wastiepbateck dhthesaaveripoisobilitanol MasifosinddohbériimYa fhxgarinienti). [0068]
(Distillation of Isobutanol) The isobutanol phase recovered in Experiment 2 was distilled at 10 kPa
at 80C, or at nensianihlydeny BreoBOraiiv treubdpor Sideswasnsedyaresiineorketits 26

5 increasing 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 €)

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

15 concentrate 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 nanofiltration 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 less than 1 Pa and not more



are shown in Table 3. [0069] [Table 31 Concentration/0] Distillation Distillation AP HAyield [N GC
purity [%1 conditionlsobutanol i Glucose Sulfate . lon Acetic acid Before distillation 84.3 0.30 0.15
89.9 0.08 38 After 19

15

20

25

than atmospheric pressure (normal pressure, about 101 kPa), more preferably under a
reduced pressure of not less than 100 Pa and not more than 80 kPa, still more
preferably under a reduced pressure of not less than 100 Pa and not more than 50 kPa.
In cases where the distillation is carried out under reduced pressure, the distillation
temperature is 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
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
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
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
containing a large amount of impurities, 8, is recycled into the flow of an aqueous
butanol solution, 6, or into a raw liquid tank 1. The flow 7 subjected to filtration

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



distillation 10 kPa100.0 0.00 0.00 0.00 395 99.9 -1 99.91 | After distillation Normal! pressure82.9 0.00
0.00 0.00 398 [00701 As shown in Table 3, as a result of the distillation, isobutanol with low
degree of coloration and at high purity could be obtathed. The distillation yields were as high as 95%
and 98%, respectively. [00711 Examples 5 to 7 0Concentration/Separation of Nanofiltrat
on-membrane Permeate by Reverse Osmosis Membrane A model fermentation broth was

prepared in the, saMe PanMeEAR CEIRER ARVe SHENthak g nitial fce Ration of isobutanot was
1.5, 2.0 or 3.0% by weight (Examples 5 to 7). This was subjected to concentration through the

nanoffitration sLissnembraoenatid buMis ihdhesame Paanenas ThExamMBIRahoanskhRAREate was
obtained. The permeate in an amount of 460 L each was further subjected to removal/concentration

using the revérge dsimosis memblaneomeduteadnderstiresanddganditivagias e&Exbinpld 3, and the
isobutanol phase was recovered from the raw liquid tank after the concentration. The results of
evaluation of HREFECSTENP TPt SeRAIEI afe shetwRdhriamand apaqueous phase

5 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, is sent to a distillation column. The butanol phase sent to the distillation
column is 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 isobutanol 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 Isobutanol 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



[0072] [Table 4] [0073] As shown in Table 4, it was revealed that, as the sobutanol concentration after
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 operation results in a higher recovery. It could be
confirmed that the operation/concentration can be stably carried out until the isobutanol concentration

1Greaches 6 ¢{frhy %ﬂﬁa&%@éb§%l@§@&%ﬁéﬁmmqlﬂd&%&‘?@{é}‘}l%"/@‘?w lmgnt, and

Purification, by Distillation, of Isobutanol Model Fermentation Broth with Reverse Osmosis Membrane

The above-desefibadischltanohmedel fesmentation Piothouamrgnatesinan ainauat,470 L, and its
concentration/two-phase separation with the reverse osmosis membrane was attempted under the

same conditidysvasght Esetmple B(witholat caed/ ing \Wak diltragdrbtmocsg indhes manofifttation membrane.
[0075] 2 O(Concentration Experiment with Reverse Osmosis Membrane) To the raw liquid tank 18

shown in Fig.follaved bitesipeiagifs P 6f AhRGBIRAMOIGHEHBE fREHE AN G BrbHIPEBhred in the
| les 1 28 tp 4 was fed, and.a 4 . si b dule 3

(T-510, merkrand AN s AR POy LT TS DS LB M apecial

container, follaywed Pé(rﬁ‘%‘t%ﬁ%%%%?reé%‘d{go%m?cﬁ%iﬁ@%ﬁ%% RaR ée%rﬁ%ﬁgw&ab%?ﬁ operation

was carried out by discharging the permeate 10 to the outside of the system. while returning the

non-permeatgddigi#chidd i@ baeramiliguighiank4%yhe eorcany atioraehisabHtanals glucose and

sulfate ions contained in the raw liquid tank 18, and the membrane permeation flux of the permeate 10
were measurgsThe results are shown in Table 5. [0076] 10[Table 5] Amount!Concentration in raw
ofl permeate ! IsobutanolGlucose removed 1! Lk gi liquid [wtrYQ] Sulfate ion Acetic
* 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 Su 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



d aci/m2 Amount ii of liquid fed [m day] Membrane permeation flux rin3./day] 01.01.0 0.66 0.50 22.7
0.211001.21.21.7 0.841.150.50 0.64 22.7 0,21 2001.7 22.7 0.20 3002.7 2.7 1.82

10

15

20

22

carried out with a color meter for petroleum products, OME 2000 (manufactured by
Nippon Denshoku Industries Co., Ltd.).

[0061]

Analysis of Purity by Gas Chromatography (GC)

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 L.D. x 15 m, df=1.5 um (GL Science)
Mobile phase: helium gas (7.9 mL/min., 50 to 200°C: 5°C/min.)
Detection: FID 250°C.

[0062]

(Filtration Experiment with Nanofiltration Membrane)

To the raw liquid tank 1 shown in Fig. 2, 480 L of the isobutanol 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 1 to
4). 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 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.



0.87 22.7 0.19 4006.6 6.6 4.43 1.38 22.7 0.16 4209.2 9.2 15.3 6.20 10.33 3.36 22.7 0.12 44015.3
4.70 22.7 0.09 [0077] As shown in Table 5, isobutanol was concentrated by the reverse osmosis

membrane m However since the isobutanol #odel fermentation broth comprised a large
amount of imp. gﬂ)eré,lﬁ?e amount of the permeate was low due to 15the influence of the osmotic
pressure. As the centr atjon-continted,-the membrane permeation flux further decreased, and the
membrane permeat ongrax became |0 whenithe amount of permeate exceeded 440 L, so that the
experiment was te qmngted At this time| 30 L of the solution was remaining in the raw liquid tank and
was separated intEtwo phasesasmExample 3. However, the interface 20between the phases was
fuzzy and the two-pha‘@é separabgity wasdow. The upper phase was recovered, and the recovery of
isobutanol was foundio?oe 82606 | "
=
2o | © =) < =)
Sl 258 || | o |
é é/-) b e W Wy W
5l B
5122218158915
© g = 3 = = o <
2
-
2l 8
528y ‘
HEE EE R
15,
Bam | = o |~ >
E§ 58212182182 1¢
2 3
dizzizlzlels
5585 2222
5=
gl & _
S3EE8| 8|88 %
“s 252 S| S )
8
=
ST 2 322
§ é E &R R |X
g
El B g =
g 225158 /2 2|8
gl g2l || 3|
ol &2
E__
SEEES - |- | - -
S ESZ
3
8
® o | M o — <
= Cé SX | o et ] 6|
Sl E&==— | v ') <t <t
5 2
E
3 E'g Tleolale|n
S| =2 < =] < <
3| &
HER-E8Q
EEE 0l e e i
8
2§
22 o _
£525%7 3|5 2|5
5 EZ g2 o < o <
=g -
o L
o =T
g2 £ |wlal=|s=
83 ||~ <
i
2 2 2 L
| Ea|EwlE
STEEET
A5 IO fat I o6




29 [0078] (Distillation of Isobutanol) The isobutanol phase recovered as described above was
subjected to distillation as in Example 3 at 10 kPa at 80C, or at noal pressure at 95C, and the vapor
side was recovered. The results are shown in Tabl@4. [0079] [Table 6] Distillation condition
Concentration wt%] API Distillation yield MI GC1 purityi [%] )hutanol Glucose : .SulfateAcetic
ionlacid Before distillation 68.5 6.39:4 .553.26

[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 mz; 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 18, and the membrane permeation flux of the

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



351 - 80.9 After distillation 10 kPa 99.00.000.00001 96 75 94.2 After distillation Normal pressure
62.80.000.000.05 96 83 99.5 [0080] As shown in Table 6, the isobutanol obtained by the distillation
showed a Ohigh degree of coloration, and the distiliation yields were 75% and 83%, respectively.
[0081] Examples 8 to | | Separation/Purification of n-Butanol Model Fermentation Broth (Preparation of
n-Butanol Model Fermentation Broth) 15A solution was prepared such that it contains, in 48 L of pure
water, 10% byypgight 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
(manufacturedrgyl©riental Yeast Co., Ltd.), 5% by weight zinc sulfate (manufactured by Wako Pure

Chemlcal In '~|uotr=nb Lid ). 504 hyvawaiaht 20ammaoaning crilfate man |'Fgr-'h|ra by \vl\vlakc Pure Chemlcal

A "o, I_u}, J70U LA A% B RIRRAYARIA® I N} E=J o < \llull
Industries, Lt d@‘*‘é"“&“%f o by we.gﬁ?ceﬁl A Diguie byl by-Wako Ruet Chamisatamdustries, Ltd.),
Ibllowed by ag&;gltégg the pH to 6, subjecting the resylting solytion ta abitosldvingeateation
removed I[sobutanol Glucose ‘on acid 3fed . ﬂI{X
[ke] [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 1.4 0.1 0.01 0.61 22.7 1.01
400 3.3 0.3 0.01 1.47 22.7 0.87
420 4.6 0.4 0.02 2.06 22.7 0.64
440 7.7 0.6 0.03 3.43 22.7 0.48
445 9.2 0.8 0.04 4.12 22.7 0.41
450 11.5 0.9 0.05 5.15 22.7 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
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]
(Distillation 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



30 121C 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 methods2&s those for the cases of isobutanol described in
Examples | 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 asdescribgd;abgve was fed. Subsequently, a 4-inch nanofiltration membrane module 2
(SU-610; membrane area, /7 m2manufactured by foray Industries, Inc.) was placed in a special
container, anggadygh 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 ré¢Tiatiied fto the raw liquid tank 1, and, as a result, 470 I. of a recovered liquid was

A |

obtained. Theconcentrationsof n=butanot-gtucos ifate-tons-and-acetig-acid; 15contained in the
g e C cen‘t’ra Yo Wih Brtilarg
model fermentation brothisairithe IEL,UVUIt:gnhqw : c;[;;f&fgc degtee|o mjpraﬁghl / EH,%)myyere
measured. The results & EhSwnbrape |75 oos3] [Table 7hc@2 19 . -+ H5%] . 3:1$%2 Fr, ?277-
Acetic acid qereemiration 84.3 030 | 015 | 008 | 38 : 89.9
istillation
& After. 10 kPa 100.0 0.00 0.00 0.00 3 95 99.9
istillation
i After | Normal 83.9 000 | 000 | 0.00 3 98 99.9
istillation | 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
obtained. 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.



Recovered Removal liquid ale (10801.0 (VOL 01-880.0 OT61700 Model fermentation c-0 S.70 C.0

,1-C  Rem(rati c-..... .66 '66 Sulfate ion coneent 'lloutdetloul Recovered leimen liquid
27
[0072]
[Table 4]
Isobutanol concentration [wt%] Isobutanol
Nanofiltration After .
Model concentration | Amount
. membrane- . Recovery
fermentation with reverse | recovered 0
permeated . rate [%]
broth .o 0SMosis kgl
liquid
membrane
Example 5 1.5 0.72 33.8 23 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 concentration
5 after 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 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



100099.0 1,00.099.0 Z.00.099.0 0.66 : 0.001 tanolConcentration 1 Glucose concentrati Oil Permeation
I. Model. Recovered Removal lermentation liquid rate rate ,.1 V961170011 VLL1 1ti 0" ColC1/0! ii!
68.810.04196.4'61.20.0396.91 pub!" L 69.01¢d
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15

20

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,
while returning the non-permeated liquid 20 to the raw liquid tank 18. The
concentrations of isobutanol, 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]
[Table 5]
Amount Concentration in raw liquid [wt%]
of Am'om} t Membrane
permeate Sulfate | Acetic of ?%uld permeation flux
removed Isobutanol Glucose on acid ~e [m® /mz/day]
[ke] [m’/day]
0 1.0 1.0 0.66 0.50 22.7 0.21
100 1.2 1.2 0.84 0.50 22.7 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
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
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%.
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[0078]

(Distillation of Isobutanol)

E 860 OCOMIT 911'r. !
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The isobutanol 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

vapor side was recovered. The results are shown in Table 6.

[0079]
[Table 6]
Distillation Concentration [wt%)] Distillation GC
S . Sulfate | Acetic | APHA yield purity
condition | Isobutanol | Glucose on acid (%] [%]
Before ] 68.5 639 | 455 | 326 | 351 - 80.9
distillation
After 10 kPa 99.0 0.00 | 000 | 001 9% 75 942
distillation
After | Normal 62.8 000 | 000 | 005 | 9 83 99.5
distillation | pressure
[0080]

As shown in Table 6, the isobutanol obtained by the distillation showed a

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)

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

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




.. 0-: O-17 .t-ccd 2 0, 01 aiduiuxj kditmx 32 [0084] As shown in Table 7, at any of the pressures,
an n-hutanol-eontaining solution from which glucose and sulfate ions were efficiently removed by the
nanofiltration membrane module was recovered froffl the permeate side of the nanofiltration
membrane, Further, since a clear -butanol-containing solution (API-IA 1) was obtained from the model
fermentation broth, which had been brown, it was assumed that other impurities were also removed

through the nagpifitiafiop m&%&%&m@%&%%@gﬁﬁg{féﬁiQB-E%H%Q%%‘%‘” t@%%ﬁ%"v% osis

Membrane) To the raw 18, 47 e recovered liq -butanol‘nanofiltration

membrane pefReatR:HRREIGIBS 5@ ahRINetk B Ao veFamRe ilinvaaded vesipsequently, a

4-inch reverse osmosis membrane module 3 (TM-810; membrane area, 7 in-; manufactured by bray
Industries, Inandyasifilatedinaadpegiabooiytait ey tiedihe apakatingdprasstielohathigle fsessure pump
19 was adjusted to 5 MPa. The permeate 10 was discharged to the outside of the system, while the
non-permeatébkliRpsis 20190k teereirdesdiresdtebraanpipsid tankend Gymphiehvedmoenpigtion was
repeated. The concentrations of n-butanol, glucose and sulfate ions contained in the raw liquid tank
18, and the md ne permeation flux of the permeate 10 were measured. The results are shown in
Table 8. 33 [89 6 ate remov ga[]kﬁ%] Concentration in raw liquid [wt11/0]

Amount of quuﬂ%eggi[-(lf}r%%%%i%?ﬁ% gm%%r%ﬁ%ramon
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 mz; manufactured by

10 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

15 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.
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[Table 7]

0.000.10 22.7 1.10 2001.2 0.1 0.000.14 77.7 1.05 3001.9 0.1
[0083]

permeation flux [m3/m2/day] 1.10 n-Butanol Glucose 1 Sulfate 'Acetic ionacid 0.000.08 00.7 1000.9

0.00.1




0.010.22 22.7 22.7 1.01 4004.7 0.3 0.010.54 0.88 420 6,6 0.5'0.020.70 22.7 0.62 440 10.9

0.60.031.22 77.7 0.36 445 450 13.2 0.8,0.041.50 1.00.0585 22.7 0.36 16.5 27.7 0.36 455
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 mz; 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 liquid 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.



21.9 1.310.067.50 22.7 0.36 460 32.9 1.7 0.093.74 22.7 0.36 [0087] As shown in Table 8, when
n-butanol was concentrated through the reverse osmosis membrane module to a high concentration
and the concentration in the raw liquid tank reachedhe 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 i@@g d to the raw liquid tank, and the 10concentration proceeded without any decrease
in the amount of the permeate, with a constant membrane permeation flux. The raw liquid which was
concentrated Rty amount of the permeated liquid reached 460 L was recovered and n-butanol in

the upper phase-wasrecovered;-and-the-recovery-of-n-butanclwas found-to-be-83.1%.[0088]
(Distillation ofr"usf@@‘f&hc!) SALLER R lgydL8ihlod as described abovetsasalistilled at
normal pres suret-;:r?geta?e&: and the vapor side wasJecovere e reﬁm%%n%(r;e shawnmiertibable 34 [0089]
[Table 91 CoE&g&Uggtiom[ﬁxﬁi‘@PﬂP 11ADistidlat onigllleffd [ L C puiyalysl Butar}‘nﬂl{&SulfaieAcetic

[ke] [m’/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 0.00 0.14 22.7 1.05

300 1.9 0.1 0.01 0.22 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 0.03 1.22 22.7 0.36

445 13.2 0.8 0.04 1.50 22.7 0.36

450 16.5 1.0 0.05 1.85 22.7 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
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 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.



Glucose ionacid Before distillation 84.0 0.420.020.90 /5 98.9I After Idistillation 83.6 0.000.000,00 398
99.9 [0090] As shown in Table 9, as a result of the distillation, n-butanol with low degree of
coloration and at high purity could be obtained. Theéldistillation yield was as high as 98%. [0091]
Examples 12 to 14 Concentration/Separation of Nanotiltration-membrane Permeate by Reverse
Osmosis Membrane A model fermentation broth was prepared similarly to the above-described
cases, such tf@g initial concentration of n-butanol was 1.5, 2.0 or 3.0% by weight (Examples 12 to
14). This was subjécted to concentration through the nanofiltration membrane at 2.0 MPa in the same
manner as in ixg@ple 3, and a permeate was 15obtained. The permeate in an amount of 455 L each
was further spbjected-to-removal/concentration-using-the-reverse-osmosis-membrane mnf*"l under
the same conditions as jn-Example 28CHAUAL L Kiltanol phase w eco%ﬁ%k?tff’é‘rr the aw liquid
tank atfter the concentration, tano}a rasultssof ev%\‘ﬂfétﬁon f\éﬁigcre covery of nbutif ]ol are gﬁﬁwn in Table
10. 35 100921% Ba%,uc 10}

distillation 84.0 0.42 0.02 0.90 25 - 98.9
 After 83.6 0.00 0.00 0.00 3 98 99.9

distillation

[0090]

As shown in Table 9, as a result of the distillation, n-butanol with low degree
5 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
10 Membrane
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 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
liquid tank after the concentration. The results of evaluation of the recovery of n-

butanol are shown in Table 10.



n-ButanolConcentration [w t%] n-Butanol Model fermentation broth .,After Nanofiltration F
concentration membrane- with reverse permeated osmosis liquid membrane 1.0333.9 Amount
recovered [kg] Recovery rate [%1 Example 12 1.534.0 83.5' Example 13 1.0 1.3843.2 2.08f64.6 5.9

10

15

20

[0092]
[Table 10]
n-ButanolConcentration [wt%] n-Butanol
Nanofiltration After .
Model concentration | Amount
. membrane- . Recovery
fermentation with reverse | recovered o
permeated . rate [%o]
broth S 0sSmosis [kg]
liquid
membrane
Example 12 1.5 1.03 33.9 4.0 83.5
Example 13 2.0 1.38 432 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 is highly pure, and can be used as a

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



90.5 1 Example 14 3.0 9.597.5 100931 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 lithé@mount 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 1. Oreaches about 6§ﬂ/%myeight. [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 butanolcontaining solution through a nanofiltration membrane and recovering a
butanol- 1 5containing solution from the peiteat side, followed by passing the obtained
butanol-containing saluimhokhfougtodukeng tsemsinesis imehodraneminthereby concentrating the
solution to cause two-phase separation into a butanol phase and an aqueous phase. INDUSTRIAL
APPLICABILITY 2[0%98]A. wiBueama|winaineipitegpelssanimelieisd iy pure, and can be used
as a raw material glchemicals and pharmaceuticals, and as a solvent and a fuel. 36 CLAIMS 1. A
method for protEPHEERE M RERe AR O BUEIAB PN INE SSIUHR, &R S BIRENGcontaining
solution is filtered th{gggig;a nanofiltration membrane and a butanol-containing solution is recovered

from the pern?gg%qeeglde; Step B, wherein said butanol-containing solution obtained in Step A is

passed through a reygrse 0sMmesis MRMBAANS-anddhereRYIcARRAIMAIRY IR GRYSE fwe;phase

separation into a butanol phase and an aqueous phase; and Step C, wherein butanol is recovered
from said butanouphase \@biaingaosisStRmBra dilteeaibpdofeepriadidcingdudtand)-peearding to claim I,
wherein said butanol is n-butanol or isobutanol The method for producing butanol according to
claim | or 2, whpreitigaidtbathniehebphaitingdsolutiprdssepfeseiemtation broth obtained by microbial
fermentation. 4. The method for producing butanol according to any of claims I to 3, wherein a
functiofal layer of saitfhandtigsidRYREMdReCEsIAH S RPN ERMehase Phwstidd for producing
butanol accorgltinpg§o any of claims 1 to 4, wherein 20said polyamide comprises a cross-linked

J

piperazine as A thajor component and further comprises a constituting component represented by

Chemical Forsula 13N(GHNg 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 said
15 butanol-containing solution is a fermentation broth obtained by microbial
fermentation.
4. The method for producing butanol according to any of claims 1 to 3, wherein
a functional layer of said nanofiltration membrane comprises a polyamide.
5. The method for producing butanol according to any of claims 1 to 4, wherein

20 said polyamide comprises a cross-linked piperazine as a major component and

further comprises a constituting component represented by Chemical Formula 1:
el
N n\-|—/
R R

Chemical Formula (1)
(wherein R represents -H or -CHj3, and n represents an integer of 0 to 3).
25 6. The method for producing butanol according to any of claims 1 to 5, wherein,

in Step B, the temperature of said butanol-containing solution during said



'n RR Chemical Formula ( 1) (wherein R represents -H or -CH3, and n represents an integer of 0 to 3).
256.The method for producing butanol according to any of claims | to 5, wherein, in Step B, the
temperature of said butanol-containing solution durfig said 37 concentration is within the range of 4 to
60C 7. The method for producing butanol according to any of claims 1 to 6, wherein, in Step B, said
concentration is carried out such that the butanol concentration in the concentrate is not less than 8%

by weight. 8-65%::%%@?89iE%tﬁ’x‘iﬂ%@%&l&%@Q%%‘%ﬁ@dmg to any of claims 1 to 7, wherein said

aqueous phase is recycled into the flow to be passed through said nanofiltration membrane in Step A

and/or said reyerse PEE@SIHINGBIYRAGIH SiRRASH LTBRIME G fUTRIeBHEING BUtaReragcording to
any of claims 1 to 8 Therein said recovered butanol phase is purified by distillation in Step C. 1

010.The metho&fgr Brodidoingdeutaatonascardistyca slaimigst whdreimshich butamati@ontairing solution
recovered from he vapor side in said purification by distillation is recycled into the flow to be passed
through said reRfSHItFEGOR MklpBrEEe fYSepvaighid/or said reverse osmosis membrane in Step B.

11.The methaod for producing hutanol according to claim 9 or 10, wherein said 15butanol-containing
solution reco%ered %ﬁ%%%ﬁafﬁ H‘f’&&%‘gﬁ?ﬁi&&% B AR ENAASS RSt SUBREEEE to

purification bléaq!is QHQEI(QU%’ ﬁﬁ'a!?é"ﬁ?‘%‘ewcﬁgﬁ%’%r%ﬂg HH&? (o {)ggggstehcp t}\{%%%ﬁségg'nanoﬁltration
membrane in Step A and/or said reverse osmosis membrane in Step B.
9. The method for producing butanol according to any of claims 1 to 8, wherein
said recovered butanol phase is purified by distillation in Step C.

10 10. The method for producing butanol according to claim 9, wherein said
butanol-containing solution recovered 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.

11.  The method for producing butanol according to claim 9 or 10, wherein said

15 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.



