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BACKGROUND CF. THE TNVENTION  Field of the Invention: < Y The present
i nventi on rela@es to a nmethod for separating and recovering an obj edtO¥e
conponent (valua e ; substance or inpurity such as a salt), that is widely
practiced in the fermentation industry, the pharmaceutical industry, the
sugar manufacturing industry, the protein and anmino acid industry, the
food industry, the dye industry, the pignent industry, the chem cal
i ndustry, a”dm?,'?ﬁob' ¥BR SEPARATING' &ND SRECHTEEAID YBIEdTIVEC CRMEONENE A
met hod for ciently separating and recovering an objective conponent
froma crude liquid containing the objective conponent through a
conbi nati on of washing and nenbrane treatnent. Discussion of the
Backgr ound: The fi-elplcrERdUND fOFT MEBt ANVBENTIONUStry, the protein
and amino acid industry, and the pharmaceutical industry

Field of the Invention: .

The present invention relates to a method for
séparating and recovering an objective component (valuable
substance or impurity'such as a salt), that is widely practiced
in the fermentation industry, the pharmaceutical industry, the
sugar manufactﬁring industry, the protein and amino acid
industry, the food industry, the dye industry, the pigment
industry, the chemical industry, and the like.

More specifically, it relates to a method for
eff1c1ently separatlng and recoverlng an objectlve component
from a crude llquld contalnlng the objective component through
a combination of washing and membrane treatment.

Discussion of the Background:

The fields of the fermentation industry, the protein
and amino acid industry, and the pharmaceutical industry
involve production of amino acids, brewing, production of
antibiotics, and the like. For example, a product liquid
containing a wvaluable substance, such as an amino acid, is
separafed'from a fermentation broth by means of a separation
membrane, a centrifugal separator or the like, and an objective
component (valuable substance) is concentrated by evaporation
using steaming or the 1like from the prB@uct liquid; on the

other hand, microbial cells still remaln as a separated residue.
av ;@‘



I nvol ve: production of am no acids, brew ng, production of antibiotics,
and the like. For exanple, a product liquid containing a valuable
substance, such as an amino acid, is sepajated froma fermentation broth
by neans of a separation nenbrane, a centrifugal separator or the liKke,
and an objective conponent ‘(val uabl e substance) is concentrated by
evaporation using steamng or the like fromthe product liquid; on the
ot her hand, microbial cells still renmain as a separated residue.

- 2- _ ~I'n ihe dHeel dse0list herdyend Ndiysd r ¥ndhBerRi, gNERE  pighisdt v,
the chem cal industry and the like, salting out is <carried out 1n the

producti on ph@eessy, fohé orReémbyal eidddtB8f ard Sttd liskesn sdlptlridg Yout is
Recovery of a val uabl e substance fromthe separated residue is often
conduct ed byaneiddd amet tireatheergrachettdac poceenyefivl boabd yppdogtachl of
filtration. The menbrane treatnment is also used for renoving the salt
after saltiagsalt.as an impurity. )

Recovery of a valuable substance from the separated

fesidue is often conducted by membrane treatment instead of
conventionally_adopted filtration. The membrane treatment is
also used for removing the salt after salting out.
' Taking ihe fermentation industry and the protein and
amino acid industry, for instance, after a product 1liquid
(valuable substance-containing liquid) is separated from the
fermentation broth, the residue still containing the wvaluable
'substance together with concentrated microbial cells is treated
with a séparation membrane undef préssure to pasé the valuable
substance across the membrane to the other side, i.e., a
permeated liquid side. The permeated liquid is combined with
the product liquid and further worked-up by, for example,
evaporation to recover the product (valuable substance).

The term "valuable substance"” as used herein means a
useful substance to be recovered in the above-mentioned various
industries, such as an amino acid that is separated from a
fermentation liquid or the like, and includes not only a final
product but an intermediate product therefor. In what follows,
a liquid containing a wvaluable substance will be sometimes

referred to as a product liquid.



Taking the fernmentation industry and the protein and amino acid industry,
for instance, after a product liquid (valuable substance-containing
liqui.d) ¥s separated fromthe fermentation broth, the residue still
contai ning the valuable substance togetheB-with concentrated m crobi al
cells is treated wth a separation nenbrane under pressure to pass the
val uabl e substance across the nenbrane to the other side, i.e., a
perneated liquid side. The perneated liquid is conbined with the product

liquid and further gygideed-Ap RYcrbBiagXamyi®, SYSPOR&IHRN L] T eeQyLf14 he
a a

product (val uabl e substance). The term "val uabl e subst ance used

herei n meansormcentatitidd swst ARGE tan bei d@ILd viiBcbRS t§hoygafEN] £ ONEM
various industries, 'such as an amno acid that is separated froma

ferment ati cseparptietl dromhe pidductind quid ygdasuabl cOShys Bahdddbontd Bod but
an internedi ate product therefor. In what follows, a liquid containing a
val uabl e sublsjwirtt)e it isbdi&himtlitree treferweth tad sapazapioduaénbi-ane ths
"3 such. Therefore, it is a generally followed practice to add
water to the concentrated cell suspension thereby to reduce the
viscosity to a preferred level while giving consideration to
the flux value ({/m’-hr) of a finally recovered product liquid
and also to diffuse and dilute the residual valuable substance
throughout the liquid to facilitate the membrane treatment.
Conventional apparatus used for recovering a valuable substance
remaining in a concentrated cell suspension by membrane
treatment include a batch systém shown in Fig. 5(a) and a
continuoﬁs sysﬁem shown iﬁ Fig; 6(5). |
In the batch system of Fig. 5(a), a given amount of ;
concentrated cell suspension (crude liquid 2) containing a
valuable substance is fed to containér 1 equipped with a
stirring mechanism, and washing water 5 is supplied thereto
continuously.
A part of the liquid in container 1 is introduced into
membrane separation unit 4 by means of pump 3, where a product
liquid is’ recovered and separated through the membrane as a
permeated liquid 6 (recovered product liquid) while the
unrecovered liquid 7 is returned to container 1. Because the

liquid level in container 1 is lowered as the recovered product

liquid is separated, it is monitored with a liquid level



Si-nce a mcrobial cell suspension is wusually concentrated to have an
I ncreased viscosity when it is separated froma product |iquid (valuable
substance-containing liquid), it is difficult to treat with a separation
menbrane as such. Therefore, it is a ge#erally foll owed practice to add
water to the concentrated cell suspension thereby to reduce the viscosity
to a preferred level while giving consideration to the flux val ue
([err]/nferr] hr) of a finally recovered product liquid and also to

di ffuse andifiiicia€ot hgnbesistieain)yaladiabl costdsiance ishrasghmitsHdte wieni d
to facilitate the nenbrane treatnent. Conventional apparatus used for
recoveri ng washingbvatsnbSt ances tenmabhtgin ntlse chixgeid r béedll cebhstant.
suspensi on by nenbrane treatnent include a batch systemshown in Fig. 5(a)
and a contThususneystein gwwalivatiieg subgapnce in the ¢ontéetbated sgklem
of Fig. 5(a), a given anpbunt of a concentrated cell suspension (crude
liquid 2) cowspemsienadiffluselsl eintdstthece liguidd ard cm@ssiaser intequipped
wth a stirring mechanism and washing water 5 is supplied thereto

cont i nuous| §ermeated liguig tsigle tthaonighuitdie] ReRBRAAP nePPArEioRt ¥ RHCed
into menbrane separation unit 4 by nmeans of punp.3, where a product .
liquid is recoveredlrid'&yEte®Lt Bidugh (Bhe WBHbPahReasTRde ligquid is
fed batchwise, the washing water 5 is fed continuously. At the
end of the process, the microbial cells are removed from
container 1 at éxit 8. Accordingly, in a strict sense, this
system is not included under the category of a batch system,
but a semi-batch system.

To use a plurality of membrane separation units in
series to recover a valuable substance from liquid has been
long known as disclosed in JP-B-59-18088 (the term "JP-B" as
used herein means an "examined Japanese patent publication”).

Fig. 6(a) shows an example of such a multi-stage
continuous system, in which sets each stage, comprising
container 1 equipped with a stirring mechanism, pump 3 for
discharging part of the liquid of container 1 and returning the
rest of the liquid to container 1, and membrane separation unit
4 are arranged in series, and the liquid is treated in multiple
stages.

Compared with a semi-batch system when repeatedly used
several times, the continuous system having the same stages has

a lower recovery of a final product (valuable substance) and

requires more washing water 5, resulting in a lower valuable



perneated liquid 6 (recovered product liquid) while the wunrecovered |iquid

7 is returned to container 1. Because the |liquid level in container 1 is
| owered as the recovered product liquid is separated, it is nonitored with
a-liquid |evel -4- i ndi cat or (not

shown), and container 1 is replenished witP~ washing water 5 so as to
maintain the liquid |l evel constant. Thus, nobst of the val uabl e substance
in the concentrated cell suspension diffuses into the | i quid and passes

I the syst SueareRrs CEneLaR &N LR AE-FFaRr S”?r‘?&? GBI TEne
vashi ng wat ¢o13ols Lhde oot il kolller £l LAE RO ERTe LhBrgy

m crobial cells are renoved from confainer . Accordi ngly, |n a
strict sensgort Phé weMEimfRuS giicddidleydedcHNEercd ittt 20X, @o apRatah

system but a sem -batch system To use a plurallty of nmenbrane

separati on ghet $ilndl product (valuable substance). . At the end of the
process, the microbial cells are removed from the system at
exit 8.

On the_other hand, in the dye industry, the pigment
industry, the chemical industry and the like, salting out is
carried out in_the production step. After salting out, the
salt as an impurity is removed in the same manner, in theory,
as for the above-described recovery of a valuable substance
remaining in a concentrated cell suspension. That is, while
washlng water is added to a dye contalnlng crude liquid or the
like to dlffuse and dilute the salt into the llquld the thus-
obtained liquid is subjected to membrane treatment to remove
the salt.

The difference from the recévery of a wvaluable
substance remaining in a concentrated cell suspension is that
the objective component to be transferred to the permeated
liquid side is not a valuable substance but an impurity (e.g.,
a salt) which should be disposed in principle and that the
residual "liquid (concentrated 1liquid side) is a valuable
substance 6 (e.g., dye) as illustrated in Figs. 5(b) and 6(b),
the system shown in Fig. 5(b) being similar to the system shown
in Fig. 5(a) and the system shown in Fig. 6(b) being similar to

the system shown in Fig. 6(a).



series to recover a valuable substance fromliquid has been |ong known as
di sclosed in JP-B-59-18088 (the term"JP-B" as wused herein neans an

"exdm ned Japanese patent publication"). Fig. 6(a) shows an exanple
of such a nulti-stage continuous system in which sets each stage,
conprising container 1 equipped with a siirring nechanism punp 3 for

di scharging part of the liquid of container 1 and returning the rest of
the liquid to container 1, and nenbrane separation unit 4 are arranged in

series, and the |i gy dsSnq19at ednen fehbirBhe &Fa8eSent for L(RpReIEd
wWith a sem -batch system when repeatedly used several tines, the

continuous Syed@ hawnnobé he St 8g€S @S a asémiebhatEeRO\Bigtedl arfiaal
product (val uabl e substance) and requires nore washing water 5, resulting

in a lover sedtiablcis system sindlbelgnte tiode efty akicorvery bfieareshvas i
product liquid 6. It follows that the recovered product liquid requires
nmor e ener gysubdfaridee, WHdwev@ryp theocedweationah agstemseneithénm demicbt ai n
batch system or a continuous system, involve use of a large
gquantity of washing water, which results in an increased amount
of drainage apd -necessitates large-sized installation for
drainage disposal. In addition, an appreciable amount of the
valuable substaﬁce (e.g., dye) migrates to the permeatéd liquid
side, leading to a product loss.
SUMMARY OF THE INVENTION

An object of the present invention is to provide a
method for separating and recovefing a valuable substance in a
high éonéentraﬁion at an improvéd récovery from é crude liquid
containing the valuable substance, such as a concentrated
microbial cell suspension, which remains after separation of a
product liquid (i.e., wvaluable substaﬁce—containing liquid)
from a production system (e.g., fermentation broth).

Another object of the present invention is to provide
a method for separating and recovering a valuable substance and
improved removal of impurities, such as salts, in a dye-
containing crude liquid or the like by salting out to reduce
the amount of the impurities, such as salts, remaining in the
valuable substance.

Furthermore, an object of the present invention is to

provide an efficient and economical method for separating and



the final product (valuable substance). At the end of the process, the
m crobial cells are renoved fromthe systemat exit 8. On the

ot hér hand, in the dye industry, the pignment industry, the chem cal

i ndustry and the like, salting out is carried out in the production step.
After salting out, the salt as an inpuriyy is renoved in the sanme manner,
in theory, as for the above-described recovery of a val uabl e substance
remaining in a concentrated cell suspension. That is, while washing water
is added to =copt ai nj €l QWU r ' t i ég%ﬁ d
dilute the §§ tg)élgﬁtgget %equl%uafgdl,téjtﬁgb%%@ ‘8%{.‘%1 nlgéi&ﬁsq&tﬁ éés su lja%ctt:%d to

menbrane trealieBlthd SRS td BRoSkior a washinghﬁiﬁiii?ﬁﬁﬂﬁﬁaErQQtéP?
recovery of a valuable “substance remaining in a“concCentrated cel

suspensi on iks rBahcet bRe OBF&CAAYEL. cOnponent to be transferred to the

permeated liquid side is not a val uabl e substance but an inpurity (e.qg.,
a salt) which shoul dobeowkspoaad dbjeRiti Nef ptRe apdebbat tib&ent@®nduiad to
liquid (concentrated liquid side) is a valuable substance 6 (e.g.,

dye) as il | ampravedai meEbgery56li) aanvdlogble stibetayséethebebp impFogind(Db)

being simlar to the system shown
the economy and also to increase the concentration of a
valuable substance in a recovered product liquid thereby
reducing the energy required for subsequent working-up
procedures for-obtaining a final product, for example, the
energy required for concentration by steaming to cause
evaporation at. As for equipment, the present invention aims
at carrying out the above-described separation operation by
using a compact and convenient épparatus that does not need
such.-a iarge .space for -inst;llation. as 1is réquired for a
continuocus system.

These and other objects of the present invention have
been accomplished by a method for separéting and recovering an
objective component from a crude liquid by a membrane in a
semi-batch system, comprising the steps of:

at least two stages of adding a washing liguid to the
crude liquid stored in a container and mixing the washing
liquid with the crude liquid to form a mixture of said crude
liquid and said washing liquid,

wherein successive ones of said at least two

stages are separated by a time lag,



in.Fig.” 5(a) and the system shown in Fig. 6(b) being simlar to the system
shown in Fig. 6(a). - 6-

Accordi ngly, the nenbrane treatnment for inpurity renoval can be carried

out in a sem-batch systemor a continuous systemsimlarly to that for
recovery of a valuable substance. However, th&- conventional systens,

either a sem - batch systemor a continuous system involve use of a |arge
guantity of washing water, which results in an increased anount of

drainage and necessi tat egplaggg- sl 784 Jalsalivg! bAasf ake W NRYY iduspesal .
In addition, an apprecia Pe anount of the wvaluable substance (e.g., dye)

mgrates to the pe%%ﬁ@l%erleﬂw @on%'e%ralt@aﬂgnglho despeadiely legier, of
SUMVARY OF THE | NVENTI ON An object of the present inventionis to

provide a nmethod kae sBHataii8Jcafpofi€t®VEsnddittratidinjaking Suysharce in a
hi gh concentration at an inproved recovery froma crude liquid containing
t he val uabl e substance, whHehefift a Qasterineatefl said. plural stages uses
only a washing 1liquid having essentially a =zero
concentration of the objective component; and
for eaqh of said plur%l stages, performing a step of
membrane treatment of the mixture to transfer the objective
component from éhe crude liquid to a permeated liquid.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 schematically illustrates an example of the
apparatus used in the present invention;
Flg 2 schematlcally illustrates another example of the
apparatus used in the present 1nventlon,
Fig. 3 is a graph of R value vs. lysine recovery;
Fig. 4 is a graph of R value vs. impurity removal;
Figs. 5(a) and 5(b) schematically illustrates a
conventional semi-batch system; and
Figs. 6(a) and 6(b) schematically illustrates a
conventional multi-stage continuous counterflow system; wherein
reference numerals and symbols are as follows:
1, 1’ and 1": Container;
2: Crude liquid;
3, 3’ and 3": Pump;
4, 4’ and 4": Membrane separation unit;

5: Washing liquid;



m-crobi al cell suspension, which remains after separation of a product
liquid (i.e., valuable substance-containing liquid) froma production
systiem (€é.g., fernmentation broth). Anot her object of the present
invention is to provide a nethod for separating and recovering a val uable
substance and inproved renoval of inpurities, such as salts, in a dye-
containing crude liquid or the like by salting out to reduce the anount of
the inmpurities, such as salts, remaining in the valuable substance.

Furthernore, an objgct é@bdﬁ?%dpgﬁ%ﬁﬂkt'SYSHEEQ” is to provide an efficient

and econom cal nethod or separdating an

-7- recovering a MalyialleveHast angaiwhi ch makes it possible to reduce
the requisite amount of a washi ng [iquid, such as water, to reduce the

dr ai nage. or esMer, (mdierobiiagt ceflikhe present |nvent|on isto
i nprove a recovery of a valuabl e substance thereby inproving

9: Exit (drainage); .

A, B, C, D and E: Containers;

a, b, ¢, d, e, £, g, h, 1, k, 1, m, and n: Valves;

G: Memb;ane separation unit;

LC: Liquid level control valve;

LiC: Le&el indicator and controller;

LS: Level switch;

P-1 and P-2: Pumps;

T: Residue tank;

U: Recovered product tank

é: Dralnage tank-'and

: Recovered product tank.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

As a preferred embodiment, the present invention
relates to the above method, further comprising the step of
separating the crude liquid into the permeated liguid and a
residual liquid,

wherein the permeated liquid being obtained by a first
stage membrane treatment of the at least two stages using a
washing 1liquid having the highest objective component
concentration is discharged out of the semi-batch system,

the residual liquid being obtained by a final stage

membrane treatment of the at least two stages using only the



t he- econony and al so to increase the concentration of a val uable substance
in a recovered product liquid thereby reducing the energy required for
subsequent wor ki ng-up procedures for obtaining a final product, for
exanple, the energy required for concentrg}ion by steaming to cause

n

evaporation at. As for equi pnent, the pré?"t I nvention ainms at carrying

out the above-described separation operation by using a conpact and
conveni ent apparatus that does not need such a |arge space for

installati Oclﬂas?‘ﬁiﬁr? T E4M d b Qg esdetilaluQue s¥gbelbnecentratidhese agl
ot her objects of the present invention havé been acconplished by a nethod

for separatobhfedtiivd efaMSIndE ailt KHPtedin theCeapenBAtchl SPsBe) Usked | i qui d
by a nenbrane in a sem-batch system conprising the steps of: at
| east two stages oftlesdiergicatedshiaggid icdhtiad ned bhethe meddrangut tdestmsmerd i n
a container and mxing the washing liquid with the crude liquid to forma
m xture of cfi ther wde léasui twandteged wddlemothamutde first and final
wherei n successive ones of said at |east two stages are separated
by a time |skggges is utilized as a washing liquid.

The above-mentioned method of separation includes an
embodiment in which the objective component to be separated
from the crude liquid is a valuable substance, and the method
further comprisés the step of taking the valuable substance-
containing permeated 1liquid out of the system, and an
embodiment in which the crude 1liquid contains both the
objective component and a valuable substance, the crude liquid
subject to the method forms a residual liquid containing a high
conceﬁtrétion of the valuable sﬁbstaﬁce, and the ﬁethod further
comprises the step of separating the valuable substance-
containing residual liquid.

Water 1s used frequently for washing various
substances. In the present invention, too, water is preferably
used as a washing liquid.

In order to accomplish the above objects, the present
invention adopts a semi-batch system in which a crude liquid is
fed batchwise while a washing liquid is fed continuously,
taking a rate of separation of an objective component, i.e.,
recovery of a product (valuable substance) or a removal of an

impurity (e.g., salt) into account, and an improvement to the

washing step 1is added. Unlike the washing step in a



- 8- : wherein said successive ones use washing |iquids

at different concentrations, in descending order, of t he objective
component concentration, and furt her wherein a | ast one of

said, plural stages uses only ajyashing liquid having essentially a
zero concentration of the objective conmponent; and for each

of said plural stages, performng a step of nenbrane treatnment of the
m xture to transfer the objective conponent fromthe crude liquid to a

permeated |} cgrkl&l}cat[l[ona]] lseml-batcﬁ%ggtgﬁ%ﬁnlg\lCgér{a'é BEAVE PGS ing a

Fig. 1 schenmn ustrates an”“exanple of the apparatus used in the
present i nvg #éé’ wantity ofi @ Washeetigathy dddnisksatesanotiherthe

exanpl e of t aratus used in the present invention; Fig. 3is
a graph of ﬁé@/ﬁhmg/scf | i5d NeaglenRy &dtep, the wasliinp sysdtem aieptedfilR
value vs. inpurity renoval; Figs. 5(a) and 5(b) schematically

i I lustratestie ﬁ%ﬁﬁéﬁﬁliﬁﬁﬁntﬂﬂﬂ-ihathhrayﬁéemzeandn that a plurality of
washing liquids different in concentration of an objective
éomponent to be separated are prepared and used in descending
order of the cqpcentration and, in the final stage of washing,
a washing liquid free from the objective component, such as
water, is used.-

According to this manipulation, the requisite amount of
the washing liquid such as water can be diminished, and the
recovery of the product (valuable substance) or the removal of
‘the salt and the like can be lncreased which also leads to
reductlon of the amount of dralnage

As stated above, the practice of the present invention
includes a case in which a valuable substance passes into the
permeated liquid side and a case in whiéh an impurity such as
a salt passes into the permeated liquid side, leaving a
valuable substance in the concentrated liquid side, i.e., the
residual liquid side. Both cases can be accounted for based on
the same principle.

Accordingly, the term "objective component" as used
herein is intended to mean a substance that is to be
transferred into the permeated liquid side through membrane
separation irrespective of whether or not it is a desired

component. Recovery of a valuable substance such as an amino



Ftgs. 6(a) and 6(b) schematically illustrates a conventional nulti-stage

conti nuous counterf | ow systen wherein reference nuneral s and
symbol s are as fol | ows: 1, 1' and 1': Container; 2: Crude
l'i quid; 3, 3 and 3": Punp; 4, 4' and 4': Menbrane
separation unit; 5:* Washi ng quh%a;

-9- 6: Recovered product I|iquid; 7: Unrecovered |iquid,
8: Exit (mcrobial cells); 9: Exit (drainage); A B C D
and E Oontgc':ﬂ?rﬁom a fermenfatPonbrébh @orkes @ndbr the Korhercaged Nin

Val ves; Menbrane separation unit; LC: Liquid |eve

control valygis case, an la@nola¥eh bﬁdtﬁéﬂIMkéﬂpis%@Btﬁﬁhbethe permeated

liquid side so that the "objective component” in a crude liquid
agrees with the valuable substance to be recovered. On the
other hand, desalting of a dye-containing crude 1liquid is
included under the latter case, that is, the salt is the
"objective component" to be transferred into the permeated
liquid side, while the dye remaining in the residual liquid is
the valuable substance. |

In describing the operations carried out in the
invention, an embodiment of recovering an objective component,
such as an amino acid, from a fermentation broth or the like
will be explalned by referrlng té the drawings.

Fig. 1 is an example of the apparatus fof carrying out
the invention, in which washing is effected in three stages.

In Fig. 1, container A is equipped with a stirring
mechanism for a washing operation. To centainer A is supplied
a crude liquid that is a concentrate left after a product
liquid (valuable substance-containing 1liquid) has Dbeen
recovered from a fermentation broth in a preceding step (not
shown). A washing liquid is also supplied to container A and
mixed with the crude liquid. The mixture is introduced into
membrane separation unit G by means of pump P-1, where a
product liquid to be recovered passed into the permeated liquid
side. The residual liquid which is not allowed to pass through

the separation membrane is returned to container A.



LS: - Level switch; P-1 and P-2: Punps; T: Resi due tank;

U. Recovered product tank; X: Drai nage tank; and Y:
Recover ed product tank. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
As a preferred enbodinent, the present invention relates to the
above nethod, further conprising the step of separating the crude |iquid
into the perneated liquid and a residuali3d4 quid, wherein the
perneated |iquid being obtained by a first stage nenbrane treat ment of the

at |east two stages_usin was hi UId h hest ectl
conponent concentr%??dﬁgFS J§Bﬂé$3§ 89 bF '%Eg §V§

t he reS|duaI Li UId bei.n a fJnal st rane_trea nt of
the at |east® §?3g8§cgs ﬁg oﬁﬁylfhused + ?grmeHFQPlon Progegg? a
-10-

residual valuable substance (objective component), and water,
and is usually in a slurried form having fluidity.

The practical procedures are explained below starting
from an empty state of container A.

At the §tart, valves i, k, and 1 are open, with all the
other valves closed. Pump P-1 is in principle operated
continuously eicept when the membrane separation unit is
stopped for cleaning or when any part of the apparatus gets
into trouble. If pump P-1 is once stopped, the 1liquid
increases its viscosity due to thixotropy, tending to cause
dlfflCultY‘ln resuming pumplng to the membrane separatlon unit.

Whlle punp P-1 is in continuous operation, a very small
amount of the liquid can be left in container A, or the system
can be controlled so as to leave little liquid in container A.

The crude liquid 2 is stored in container B. Supply of
the crude liquid 2 to container B may be either continuous or
intermittent.

At first, with valve n open, valve k is slowly closed
while slowly opening valve a with care not to cause damage by
shock to the separation membrane of unit G. The crude liquid
2 stored in container.B is thus fed by pump P-1 so that the
liquid remaining in unit G and the liquid held up in the piping
that is almost free of the objective component, containing a

solid and water, may be pushed into container A.



washing Iiquid having essentially a zero concentration of the objective
conponent is kept in the sem -batch system and t he perneated

| i qui d obtai ned by the nenbrane treatnent of the at |east two stages other
than the first and final stages is utilized as a washing |iquid.

The above-nentioned net hod of separatioql%pcludes an enbodi ment in which

t he objective conponent to be separated romthe crude liquidis a

val uabl e substance, and the nethod further conprises the step of taking

t he val uabl e substance: contalnln r | tqujd out_of the s¥stenA and

an enbodi ment in cHheCRT TR gﬁFﬂga%h?%&%qP%%?% %ﬁ%m GBERIPTR
conponent andda?X€ yabl e substance,, %. %mohﬂ%'gor§gQ§§3§ﬁBS EF t thOd
Qaf "t i-on ua

forms a resﬂi qul d ‘cont al ni ng a concentrat e-va

subst ance, %ﬂ]?% nge JEetiRd funlqRerys B! upen%eb eé{eephe&dse?arﬁtqalgi tb@

val uabl e su containing res I qui used

frequently gigp 1aa@§% Othd/ RS 1R aNeeS s h&sbmscefneﬁen&sl meaﬁa&a
too, water Is pre erably used as a washing liquid In order to

acconpl i sh the eéeaﬁtoeh@%ﬁudé h@l@ﬁﬁéeéltbeiﬂgeﬂll@ﬂe@dﬁﬂtﬁ Bh&enb1@ahgh
systemin mhicﬁ a crude liquid is
liquid that will reduce the effect of the present invention.

The displacement of the held-up liquid can be achieved
by feeding the crude liquid 2 in an amount corresponding to the
previously deteémined amount of the held-up liquid under liquid
level control or timer control.

The crude liquid 2 is further fed to container A with
valve k open and valve n close. When the liquid in c¢ontainer
A reaches a prescribed volume, valve a is closed

Then, valve 1 is closed and valve m is opened. When
the crude liquid 2 is to be preliminarily concentrated, the
ligquid is forwarded to membrane separation unit G with no
addition of a washing 1liquid to trensfer the objective
component to the permeated 1liquid side. Preliminary
concentration of the crude liquid is effective in reducing the
required quantity of a washing liquid. Application of the
preliminary concentration is decided taking the total
efficiency into consideration.

Valve b is opened to start supply of a washing liquid
having a medium concentration of the objective component, and
the mixed liquid is sent to membrane separation unit G by pump

P-1, where a product liquid containing the objective component



fed batthw se while a washing liquid is fed continuously, taking a rate of

separation of an objective conponent, i.e., recovery of a product
(valtuabl e substance) or a renoval of an inpurity (e.g., salt) into
account, and an inprovenent to the washing step is added. Unlike the
washing step in a ' conventiygnal sem -batch systemwhich is

carried out by using a large quantity of a washing liquid such as water in
the beginning of the washing step, the washing systen1adopted in the

present inventlqy é§ﬁ§§$ 0 [di%ed 4isn g%PQEa@e3|Hﬁ§$ﬁ§H %e i MER AW 1drfpi ds

different in conc an obje conmponen arated are

prepared ae'}?e%%dq %SSGEQwGerQ&d?Eo&ﬁcE hgagRnEent (g | LpAHLidg tHee

final stag I ng, a washing quid free fromthe objective
conponent, 196588, kheUSSGuid level ASEOkdnRgihert i sqamrgudsAti on,

the requisite anDunt of the washing liquid such as water can be

di m ni shed,ye¥bdgth 1liquid level control valve LC operates to supply the
medium concentration washing liquid from container C to
container A in an amount corresponding to the amount of the
liquid that hag been passing through the membrane.

Thus, use of a washing liquid containing an objective
component in a high concentration makes it feasible to increase
the concentration of the objective component in the liquid
having passed through a membrane separation unit thereby
attaining a high recovery of the objective component (valuable
substance in this case) even though the amount of a washing
liquid SuCh as water is reduced |

While container A used in this embodiment is equipped
with a stirrer (not shown in Fig. 1), a stirring mechanism
could be omitted only if sufficient miiing of a crude liquid
and a washing liquid is secured by means of the pump. Or, as
a matter of course, other stirring mechanisms may be employed.

When container C becomes empty, valves b and m are
closed, and valves g and c are opened, and a washing liquid
containing the objective component in a low concentration is
fed from container D to container A. At the same time, the
permeated liquid having the objective component in a medium
concentration is delivered to container C and reserved for use

as a medium concentration washing liquid.



recovery of the product (val uable substance) or the renoval of the salt
and the |like can be increased, which also leads to reduction of the anount
of drai nage. As stated above, the practice of the present invention
i ncludes a case in which a val uabl e substance passes into the perneated

| iquid side and a case in which an inpurity such as a salt passes into the
pernmeated liquid side, leaving a valuable substance in the concentrated
liquid side, i.e., the residual liquid side. Both cases can be accounted

for based on the' sale, IHIGEALGe of tne odAEARALNOLYS 4N iy talkegt  ve

conponent" as used erern Is I ntende nean a su ance t IS to be

transferred, gt qoweﬁgxgééﬁ%@{@piéﬁ qwgghﬁhge,fﬂe;éx%ghfé@,nb@ﬁae cSHRRAMRI 0P

i rrespective of ‘whet or not it is a désire conponent. Recovery of a
val uabl e supstanes eMsPyasvalyéd 80and g are closed, and valves d and f-12-

acid froma fernentation broth comes under the forner case. In this case,
an anmino achfeOlpdird.i kerpagyes fidgl tRespRergeatade, washing water in
container E is fed to container A. The permeated liguid having
ﬁ low concentration of the objective component that has passed
through membrane separation unit G is forwarded to container D
and reserved for use as a low concentration washing liquid.
When cohtainer E becomes empty, valves d and f are
closed. Valve e is opened, and container E is replenished with
fresh washing water 5. The amount of washing water 5 to be
supplied to container E is decided according to a prescribed
volume ratio (R) of washing water 5, W (m’), to crude liquid,
A (m3j, ﬁ = W/V (hereinafter £eferred to as aﬁ "R value").
After the final washing stage, valve h is opened, and the
residual liquid mainly comprising microbial cells is sent to
the residue tank T. Valve h is closed wﬁen the liquid level in
container A drops to the level of level switch LS provided in
the lower part of container A so that container A may retain a
slight amount of the liquid in order to prevent pump P-1 from
drawing nothing. The R value as referred to above can be
decided appropriately, taking into consideration the
characteristics of the crude liquid, the physical properties of
the objective component to be .recovered or removed, the

conditions of operations such as the treating time, and the

specifications of the apparatus.



|l i quid 'side so that the "objective conponent” in a crude liquid agrees
with the val uabl e substance to be recovered. On the other hand, desalting
of a dyetcontaining crude liquid is included under the |atter case, that
is, the salt is the "objective conponent” to be transferred into the
permeated liquid side, while the dye rendi’ning in the residual liquidis

t he val uabl e subst ance. In describing the operations carried
out in the invention an enbodi ment of recovering an objective

conponent, such asy ,?Qngpaﬁglgeﬁe G I GELENER bONBeQ! I Ofiebbeabi e

wi || be explai ned by referring to raw ngs. 1is an

exanpl € of Lhe ARRANJ YadHOTa Céﬁfdd{lgréwéo Egetbn\fﬁ&t&l%ncddké/\'m chiyasdi ng
is effected 1 n three”stages. In Fig. 1, container A is equipped

with a stirpbng- uﬁEQﬂ&ﬂhéﬂ% Ahefcd@shigid ORadet.i on. To container Ais
supplied a crude liquid t Is a concentrate left after a product Iliquid

(val uabl e substancengosd@icf rdisplapiindg thkaheldeap. liquddewethf aoarade
fermentation broth in a preceding step (not shown). A washing liquidis
al so suppl i gtiqhodcantiai nke #hans-dedcebead ehbbiémentdetia fueild-ubhdiguidure
is introduced into menbrane separation unit G by neans of punp P-1, where
a can be once mixed with a crude liquid, and the mixture is
preliminarily qoncentrated before adding a washing liquid. 1In
this case, the permeated liquid may be returned to container C
for use as a meéium concentration washing liquid. If desired,
the residual liquid may be concentrated prior to discharge in
order to increase the recovery.
A cycle of treatment completes at the time when

‘container A becomes nearly empty; and the cycle is repeated.

| As described above,' thé present invention is
characterized in that washing liquids containing an objective
component to be separated at different concentrations are fed
successively with a time lag in deséending order of the
concentration and that the permeated liquid separated in the
course of multi-stage washing is taken advantage of for the
next stage of washing. In the present invention such an
operation is expressed in the term "time-lagged multi-stage
washing operation”. While in the foregoing description the
permeated liquid having passed through the membrane separation
unit G is directly returned to a container for reuse, it may be

once kept in a reservoir before it 1is transferred to the

washing liquid container for the sake of convenience for system



product’ liquid to be recovered passed into the perneated liquid side. The

resi'dual liquid which is not allowed to pass through the separation
menbraneis returned to contai ner A
- 13- The crude liquid treated in this particul ar enbodi nent

conprises mcrobial cells used in a ferneqgati on process, a residual
val uabl e substance (objective conponent), and water, and is usually in a
slurried formhaving fluidity. The practical procedures are

expl ai ned b&é?!‘%ﬁt ALt 'ﬂg: £ nex?gptsifegngat e @ﬁecegh@bﬂgﬁraélon of theAl

the start, and 1 are open, th all the other valves closed.

Pump P-1 'Sllgﬁl@réﬁﬁ'ﬁéf% 6@&“&hf{%ﬂhhﬂ%%@sEESQ%GQQE.When the menbrane
separation unit is stopped for cleaning or when any part of the apparatus

gets _|nto_trouble.1n dHe RIMADBmbrtS deReedisgoppedig.t hethequultil seagases
its viscosity due to thixotropy, tending to cause difficulty in resumng

punpi ng to washikgpRiatiepatenpoilsesithree stages\isiwg puwpsRihg Sigquid

continuous operation, a very small
having a medium concentration (container C), a washing liquid
having a low concentration (container D), and water as a
washing liquid_(container E). It is theoretically possible to
reduce the washing liquid as the number of the washing stages
increases. Howéver, to increase the number of the stages is
accompanied by difficulty in practice. Therefore, the liquid
kept in the container can be provided with a concentration
gradient to improve the efficiency instead of increasing the
number of stages.

A concentration gfadien£ caﬁ be given by; for example,
(1) slowly supplying the washing liquid along the inner wall of
the washing liquid container, (2) slowly supplying the washing
liquid to the washing 1liquid container along a chain, ({(3)
partitioning the washing liquid container with plates, or (4)
making the washing liquid container vertically long.

As can be understood from the foregoing, the crude
ligquid which can be treated by the method of the present
invention includes liquids left after separating a valuable
objective component through various solid-liquid separation
steps in the fermentation industry, the pharmaceutical
industry, the sugar manufacturing industry, the protein and

amino acid industry, the food industry or the like which still



amount of the liquid can be left in container A or the system can be

controlled so as to leave little liquid in container A The crude
liquid 2°is stored in container B. Supply of the crude liquid 2 to
container B nay be either continuous or intermttent. At first,

with valve n open, valve k i's slowy cles®d while slowy opening valve a
wth care not to cause damage by shock to the separation nenbrane of unit
G The crude quuid 2 stored in container Bis thus fed by punp P-1 so

that the nbﬂ ebPivdl tofpBREnt heobbenbs BELH HRel BepheaRihng
that is aInDst ree 0 obj ective conponen containing a solid and
wat er, may PésPa'éé‘Edlllﬁhgdﬁom&i}ﬂﬁj Peen sub]ected to salting out and
-14- his ‘operation, the-liquid flows fromcontainer A and

enters ar eébﬂlﬂ&ﬁw al vialuablan®ubst £0¢é espputiergwiaht Aesabtipl yhef dyde

crude liquid whereby the held-up liquid is displaced by the crude |iquid.

Thi s di spl acedestrys thd enideeént industry, the chemical industry, and the
like. The crude liquid applicable to the present invention
Qill be easily understood by those skilled in the art from the
foregoing desc;iption.

The membrane separation unit which can be used for
separating and éecovering an objective component from the crude
liquid includes various known separation membranes, such as a
microfiltration membrane, an ultrafiltration membrane, a loose
RO membrane (nanofiltration membrane), and the like.

The washing liquid to be used is selected appropriately
in aécoréance ﬁith the chéracte?istics and physiéal properties
of the objective component and the crude liquid. Various kinds
of organic or inorganic solutions are employable as a washing
ligquid. Examples thereof include water; alcohols, acids, and
alkali solutions. In many cases use of water is effective. If
desired, the washing liquid can contain additives, such as a
coagulant, a dispersant, a surfactant, a pH adjusting agent, a
defoaming agent and the like as far as the valuable substance
to be recovered is not adversely affected.

The method of the present invention improves the
recovery of a valuable substance from a residue that is left
after separating a .product liquid (valuable substance-

containing liquid), for example, a concentrated microbial cell



to prevent the crude liquid s being diluted with the hel d-up

liquid that

W I |I" reduce the effect of the present invention. The di spl acenent

of the held-up liquid can be achieved by feeding the crude
anount corresponding to the previously determ ned anount of
liquid under liquid |evel control or tiT€r control

iquid 2 in an
t he hel d-up
The crude

liquid 2 is further fed to container Awith valve k open and valve n
cl ose. Wen the quuid in container A reaches a prescribed volune, valve a

Lhe. o ude |Faupan§l? iHE hrainial 3 able ilnt dhos JMIEACEs YOEE

rily concentra

'iquird i

forvar ded t g HERDLAY r§€gﬁgay BoHOLE %glﬁm BPom ﬁdkékﬂén%téoﬂ"aﬁ?bﬂﬂ

liquid to trans cti compon

perneated Iliquid

si de. thé’ksbymtaafp&oﬁ@@%t 26806t Oﬁlhhﬁdcmﬁd@nbl Quigids ehiesbive in
reducing the required quantity of a washing liquid. Application of the

prelim narysgpBegAtEatbfBehtraeconled SaKingripe t1é anetledd | Lhph6yes Nthe
consi derati on. Valve b-is opened to start supply of a washing
liquid havireglogalredf uan chnperity) isarcnfad ke salljtechiate isoopnnanhedain at he
mxed liquid is sent to nenbrane separation unit G by punp P-1, where a

product |iqdyd-containimg thadebjktquik edtponesglting out,
provide a product liquid having a <reduced

concentration.

thereby to

impurity

The method of the present invention is efficient and

economical because the amount of washing liquid, such as water,
can be saved, and the amount of drainage can be reduced.

The present invention is also effective in saving
energy used in the subsequent :purification step, such as
steaﬁing"used for concentratioﬁ, bécause of the-high valuable
substance concentration.of the recovered liquid. Compared with
a single-stage semi-batch system which is an improvement over
the common continuous membrane treatmen£ and has recently been
spreading, the present invention makes it possible to reduce
the cost of steaming by half.

Furthermore, the system of the present invention
achieves a satisfactory valuable substance recovery as a whole
thereby to reduce the organic matter in the waste liquid. This
makes a contribution to reduction in burden of drainage
disposal as is easily understandable for one skilled in the

art.



- 15- at a high concentration is separated through the nenbrane and
deli'vered to a recovered product tank U On separating the product

liquid, the liquid | evel of container A decreases, whereupon liquid |evel -
control valve LC operates to supply the nedium concentration washing
liquid fromcontainer Cto <container A ijyj_an anount corresponding to the
anmount of the 1liquid that has been passing through the nenbrane.

Thus, use of a washing liquid containing an objective conponent in a high

concentration nakesTﬁé %ﬁ%%#?kﬁstof%PCE%QE in he, ﬁ”Q§ﬂ§rﬁé£Rﬁ%oﬂxéh%he

obj ective conponent i n quid avi ng passed t hrough a nenbrane

separ ati on yabLohher en ldAl BNGRGrdi Wonkay ChKaOlc oo OiAC ictlin

conponent (val e ubstance in this cas€) even though the anount of a
washi ng |'EHh€iﬁHSQsa§y%@%ﬁI rSed B 0%s space foiih@ta@nkaibar A used in

this enbodinment is equipped wth a stirrer (‘'not shown in Fig. 1), a
stirring nechani smrThe present invention will now be illustrated by way of
Examples, but it should be understood that the present
invention is not limited thereto.
EXAMPLE 1

A microorganism capable of producing lysine, a kind of
amino acid, w&é cultured to obtain a fermentation broth
containing lysine. The fermentatioh broth was 5-fold
concentrated by minuteness filtration membrane treatment to
recover a clear lysine-containing solution (product liquid) as
a filtrate. The 5-fold concentfate left after the membrane
treatﬁen£ and éontaining 6.8 g/aﬂ of lysine was uged as a crude
liquid 2 of the present invention.

The crude liquid 2 (50 {) was treated to recover lysine
by using the apparatus shown in fig. 1 in which an
ultrafiltration membrane (NTU-3250 produced by Nitto Denko
Corporation; fraction molecular weight: 20,000) was used as a
separation membrane. The objective component which was
contained in the crude liquid 2 and to be separated was lysine,
i.e., a valuable substance. Water was used as a washing
liquid.

A 5 (¢ portion of the crude 1liquid 2 (lysine

concentration: 6.8 g/dl) reserved in container B was

transferred to container A (7-liter volume). With pump P-1 and



could be omtted only if sufficient mxing of a crude liquid and a washing
liquid is secured by neans of the punp. O, as a matter of course, other
stirring-mechani snms may be enpl oyed. When cont ai ner C becones
enpty, valves b and mare closed, and valves g and c are opened, and a
washing liquid containing the objectlve:fonponent in a | ow concentration
is fed fromcontainer Dto container A" At the same tinme, the perneated
liquid having the objective conponent in a nmedium concentration is

Cosht o T g gRla 00l SN PN LObplR8e s RS, 1 MBS REPNGE L 125400

t he vol une of the.perneated

PR %r_con Lhqi g 898iss bbat gLasbhecbavengngenbrapkon

5 econes enp
cl osed, and vggv8§ Q

ned,yde! N (ﬁledf | pad %%ngg 29 yrom

ar
mashlng mater in contalner % ed to contaiher A The perfreated 1 quid
having a | ayneQ9REPt¢E ald %n‘&falhﬁ?: RO &M ItHe ROFRRPEVad &%itﬂ%ﬁﬁ;d%%@em

t hrough nenbrane separation unit Gis forwarded to contai ner
container A into membrane separation unit G through pump P-1.

The recovered product 1liquid having passed through the
separation memo;ane into the permeated liquid side was sent to
a recovered product liquid tank U. The recovered product
liquid had an a&erage lysine concentration of 4.81 g/d¢?.

The feed of the medium concentration washing liquid to
container A was controlled by means of the liquid level control
valve LC in such a manner that the amount being fed
corresponded to the amount of the lquld pa551ng through the
membrane so that the volume of the liquid in container A might
be kept constant (1lst stage).

When the amount of the permeated liquid reached 6.65 ¢
which corresponded to the amount ‘of the fed medium
concentration washing liquid, and container C became empty, the
same amount (6.65 ¢) of a washing liquid having a low lysine
concentration of 0.88 g/d{ was slowly fed from container D to
container A. The 1liquid having passed through membrane
separation unit G had an average lysine concentration of
2.35 g/d¢. The liquid was sent to container C for use as a
medium concentration washing liquid in the subsequent washing

cycle (2nd stage).



and reserved for use as a | ow concentration washing |iquid.

cont'ai ner

When
E becones enpty, valves d and f are closed. Valve e is opened,

and‘cont&iner Eis replenished with fresh washing water 5. The anount of
washing water 5 to be supplied to container E is decided according to a
prescribed Volune ratio (R)-of washing water 5 W(nferr]), to crude

l'iquid,

V(mMerr]), R= WYV (hereinafter referred to as an "R val ue").

After the final washing stage, valve h is opened, and the residual liquid

e o : | h
o ol used whem b IQUI%ﬁ% %ﬁﬁdﬁ%ld% e Egmeé?gggﬁgig%fﬁie IeveIV%PV?eve

is cl osed when the

In cont a ner

swtch LS pm\ihfleeoﬂe H%Bﬁdéa"‘ﬁé tabu fONE Al 1RS f%cﬁqotvh%fone%tt%@%nA

my retain a

unt of |qU|d In order to prevent punp P-1 f

drawi ng not Waaamg IfﬂsquvaJaH@ @énf&iﬁ‘éfe@' B AROE RS e @aakd@fount
appropri ately, taki ng into consi deration the characteristics of

the crude |iguicd, ot hef phystiiaat wakepetbresimfl Walshink vasi srowbpf@Etrono be
recovered or renoved, the conditions of operations such as the treating

tinme, and thentﬁﬁﬁéthpablOﬁﬁt@inéh&AapmeaIlEquld having passed through

ﬁembrane separation unit G had an average lysine concentration
of 0.88 g/d{. The liquid was sent to container D for use as a
low concentration washing liquid in the next washing cycle (3rd
stage). _

After 6.65 ¢ of water was fed, the residue comprising
the microbial cells was forwarded to a residue tank T. The
residue had a lysine concentration of 0.42 g/dt.

The feed of the washing ligquid or washing water to
contéine; A was controlled so aé to correspond to.the amount of
the liquid passing through the membrane separation unit so that
the amount of the liquid in container A was maintained constant
throughout the above stages by means of a liguid level
controller.

The above washing cycle was repeated 10 times for each
batch, and 50 ¢ of the crude liquid was treated undexr the
condition R = 1.33. As a result, the recovery of lysine as a
valuable substance from the crude liquid was 93.8%.

The total amount of fresh water used in each 3xrd stage
of 10 cycles was 66.5 (. The low concentration washing liquid
and fresh water increased its lysine concentration as they pass

through the membrane and were reused as a medium concentration

rom



-17- ' The nmenbrane separation unit to be used is desirably one
haV|ng such a structure so as to hardly cause a liquid hold-up in the
perreated |iquid side. I nstead of displacing the held-up liquid
with a crude liquid as in the above-described enbodi nent, the hel d-up
liquid can be once mixed with a crude liguid, and the mxture is
prelimnarily concentrated before adding a washing liquid. In this case,
the permeated |iquid may be returned to container C for use as a medium

concent rat! QnsAsly "9:kLoul dankl 4os660. cohbEntesldbn! gl T RS,

concentrated prio I scharge in er to rncrease the rec
A cycle of tg q@quqpletes at the time when container A becones nearly
enpty, and the cycle i3S repeated. : As described above, the

present invention The s&har@aidd 126 ikdnwhBat r&@sdl NG Ithguégﬁe%r?éf“a@g an
obj ective conponent to be separated at different concentrations are fe

successi vel yiedictibadt | fifovey iekceptCenst Ngraafydely ofhé he G@Dﬁ@nt(r@tslh%gand
that the perneated |iquid separated in the course of nulti-stage washing
I s taken adwatkeagerablef driguieél volume ratio). The results obtained are
plotted with hollow lozenge marks (o) in Fig. 3, in which the
abscissa indicates R = washing water/crude liquid, and the
ordinate the percentage of lysine recovery (%).
- COMPARATIVE EXAMPLE 1
For comparison, 50 { of the sameé crude liquid as used
in Example 1 was treated in a single-stage semi-batch system by
using the apparatus shown in Fig. 5(a). The same
‘ultrafiltration membrane as used in Example 1 was used as a
separatlon membrane. | '
The crude 1liquid 2 (50 {; 1lysine concentration:
6.8 g/dt) was put in container 1 and treated under the
condition of R = 2. More specifically; twice as much washing
water as the crude liquid (i.e., 100 () was slowly fed to
container 1 to recover a lysine-containing solution having a
lysine concentration of 2:94 g/d{. The residue comprising the
microbial cells had a lysine concentration of 0.92 g/df, and
the recovery of lysine from the crude liquid was 86.4%.
The same crude liquid was treated in the same manner,
except for varying the R value (washing water/crude liquid

volume ratio). The results obtained are plotted with hollow

square marks () in Fig. 3.



next stage of washing. In the present invention such an operation is
expressed in the termtine-lagged nulti-stage washing operation". \Wile
in the foregoing description the perneated |iquid having passed through

t he nenbrane separation wunit Gis directly returned to a container for
reuse, it may be once kept 'in a reservaig_before it is transferred to the
washing liquid container for the sake of convenience for system

- 18- design or for subsequent st eps. The concentration of the Iliquid

can be adj usted mhlﬁgﬂi@bé S fso f|EhEh§aﬁ5beth§n%h?uld

according to Fig |-sta e was |ng operatlon conprises

stages usingag yesitaed iﬁ%l&ré”@@m%@ d&ﬁ'ﬁkﬁbﬁ@%@ﬁh&é&ﬂ?@w(@ ey O,
a washing liquid having a | ow concentrati on (contai ner , an mater as a

washi ng |i qubsingCentaappardus |dhdvwn L Qrief.i @qlal)yeqqs?pbhewieh £Rdus&né he

washing liquid as the nunber of the washing stages increases. However, to

i ncrease thelouabeltphtide meéAPesanéSas used in Example 1. The lYSlne
recovery was 87.7% under the condition of R = 1.5. The results
ebtained at a varied R value are shown in Fig. 3 with hollow
triangle marks_(A).

Fig. 3 shows the results of Exemple 1 and Comparative
Example 1. Ae is apparent from the Figure, the method
according to the present invention attains a higher recovery of
a valuable substance as compared with a single-stage semi-batch
system and a three-stage continuous counterflow system that are
‘typical conventional methods.

Additienally, the recevered liquid obeained in the
present invention has a higher valuable substance
concentration, and the amount of fresh washing water to be used
can be reduced.

When the valuable substance is recovered from the
resulting product liquid by removing water with steaming or the
like in the post treatment, the steaming or the like can be
saved owing to the high valuable substance concentration of the
recovered product 1liquid, which will bring about a great
economical advantage.

EXAMPLE 2

A mixed aqueous solution of dextran (molecular weight:

2,000,000) and sodium chloride (NaCl) was treated to remove



acconpanled by difficulty in practice. Therefore, the liquid kept in the
cont ai ner can be provided with a concentration gradient to inprove the
efficiency instead of increasing the nunber of stages. A
concentration gradient can be given by, for exanple, (1) slowy supplying
the washing liquid along the inner wall_ogf the washing |liquid container,
(2) slowy supplying the washing liquid to the washing |iquid container

al ong a chain (3) partitioning the washing liquid container with plates,

or (4) O%%f&rﬁ‘e ;ﬁﬁ%@}ff&% ' Lgui g, Cﬁﬂ{ﬁkf@r rdt'i“g!:é%l %Or&axt an as /% can

be understo rom oregol ng, can be treated by

the method pf &meors%%%%tanc'envefﬁ'a{lg eslsadeéhé 'oqgj'e%} i EoRbbREnEERA@L T Ng

a val uabl e obj ective conmponent t hrough vafi ous | i qui d”separation
steps in thenderdreniat iuidxdusidd, tohecpBar g@fﬁ&&t&&' 1i§dugt ré’ldé h% ugar
0

manuf acturing 1 ndustry, the protein and am acid industry, the f

i ndustry orséperdt ¥éh Wntraiid ldreatment is sodium chloride, and dextraﬂf%
as a valuable substance is recovered in the concentrated liquid
Side.

Using the apparatus of Fig. 2 which is basically the
same as that used in Example 1, whose like reference letters
designate the séme component, in which the same ultrafiltration
membrane as used in Example 1 was used, a mixed aqueous
solution containing 2 mg/d{ of dextran and 2‘g/d2 of NaCl was
treated in accordance with the same procedure as for the amino
‘acid recovery to remove NaCl ‘Water was used as a washing
llquld ' | |

A 5 ( portion of the crude liquid (NaCl concentration:
2 g/dl) reserved in container B was transferred to container A
(7-1liter volume). With pump P-1 and liqﬁid level control valve
LC of container A operating, 6.65 { (1.33 times (R = 1.33) as
much as 5 { of the crude liquid) of a washing liquid containing
NaCl at a medium concentration of 0.69 g/di¢ was slowly fed from
container C to container A, and the mixture was introduced from
container A into membrane separation unit G through pump P-1.
The NaCl-containing liquid separated by the membrane treatment
into the permeated liquid side was sent to a drainage tank X.
The average NaCl concentration of the NaCl-containing permeated

liquid was 1.42 g/d¢.



contain the objective conmponent together with the separation residue;
I|qU|ds havi ng been subjected to salting out and containing a valuable
substance together with a salt in the dye industry, the pignent industry,
the chem cal industry, and the |ike. The crude liquid applicable to the
present invention wll be easily understgg% by those skilled in the art
fromthe foregoing description. e nenbrane separation unit

whi ch can be used for separating and recoverlng an objective conmponent

fromthe crude |1 ciidl Jue WdesnLonbaitsn KINKLASRANL GASIERHY 4983;aSHsh s

a mcrofiltration nenbrane an ultra tratlon nmenbr ane, ["o0s

nmenbrane (napRfiltdAt %s”EHPEEBﬁed%}P mdaGis! bkeche 11 dquld ljéb'%l“@éxh‘tflgl
liquid to be used is selected appropriately 1n accordance with the

char act eri s{h&ge antt Physi CAlcr APeifdrier Ofthhlie ehkbechh¥@neonpenggt gad the
crude liquid. Various kinds of organic or inorganic solutions are

enpl oyabl e @srfedpEiid) td i the damduatpd £st hdel boiid Nnsdsslengat Bfoudth colwl s,

acids, and alkali solutions. |In nany cases use of water is effective. |If
desired, theembsdmegsd itduatd thenvobniai of acdde tliives d duchoasadnetoAguigint , a
di spersant, a surfactant, a pH adjusting agent, a defoam ng agent and the
i ke as farbaskepe ceistaite (Sisdstsdage ) -

When the amount of the permeated liquid reached 6.65 ¢
which was equal to the amount of the fed medium concentration
washing liquid; and container C became empty, 6.65 ¢ of a
washing liquid having a low NaCl concentration of 0.26 g/dt was
slowly fed from container D to container A. The liquid having
passed through membrane separation unit G, which had an average
NaCl concentration of 0.69 g/dﬂ/’was sent to container C for
use AS a"medium concentraﬁion wéshiﬁg liguid in éhe subsequent
washing cycle (2nd stage).

When the amount of the permeated liquid reached 6.65 ¢
which corresponded to the amount of the fed low concentration
washing liquid, and container D became empty, 6.65 ¢ of washing
water for final washing was slowly fed from container E to
container A. The 1liquid having passed through membrane
separation unit G had an average NaCl concentration of
0.26 g/d¢. The liquid was sent to container D for use as a low
concentration washing liquid in the next washing cycle (3rd
stage).

After 6.65 ( of water was fed, the residue containing

dextran was forwarded to a recovered product tank Y. The



to be recovered is not adversely affected. The nethod of the
present invention inproves the recovery of a valuable substance froma
residue that is left after separating a product liquid (val uable
substance- containing liquid), for exanple, a concentrated m crobial cel

- 20- suspension still containing a val uabl e substance whic
after separating a product liquid fromZ8-fermentation broth,
provi de a product |iquid having a high valuable substance co
Simlarly, oL 1B QHES AR ovk@BRY &laddf ad NNk Rk
réégéigyiﬁggﬁf%ye-cgntaiﬁ c? i Né S

that is co ng crude |1 qui

his |left
thereby to
ncentration.

Yehiga salt

after salting out,

thereby to O}E;MG/EQ~ a product liquid having a reduced inpurity
concentrati on. The net hod of -the present invention is efficient

and

econoni ca

begagserddit @fDURE Qfashasly MUdui@lick GHehiAag watekr, tocan

be saved, and the anount of drainage can be reduced.

container A was controlled so as to correspond to the amount of
the liquid passing through the membrane separation unit so that
the amount of the liquid in container A was maintained constant
throughout the_ above stages by means of a 1liquid 1level
controller.

The aboée washing cycle was repeated 10 times for each
batch to treat the whole amount of the crude liquid (50 ¢)
under the condition of R = 1.33. As a result, the removal of
NaCl as an impurity from the crude dextran-containing liquid
was 93.2%.

‘ éhe total amount éf freéh water used in éach 3rd stage
of 10 cycles was 66.5 ¢. The low concentration washing liquid
and fresh water increased its NaCl concentration as they pass
through the membrane and were reused as a medium concentration
washing 1liquid and a 1low concentration washing 1liquid,
respectively.

The same crude liquid was treated in the same manner as
described above, except for varying the R value (washing
water/crude liquid volume ratio). The results obtained are
plotted with hollow lozenge marks (¢) in Fig. 4, in which the
abscissa indicates R = washing water/crude liquid, and the

ordinate the percentage of impurity removal (%).



The present invention is also effective in saving energy used in the
subsequent purification step, such as steam ng used for concentration,
beciuse of the high valuable substance concentration of the recovered
liquid. Conpared with a single-stage sem -batch systemwhich is an

| mprovenent over the common conti nuoug9nenbrane treatnment and has recently
been spreading, the present invention nmakes it possible to reduce the
cost of steami ng by half. Furthernore, the system of the present
invention achieves a satisfactguwbataltyak! exambsgapce recovery as a whol e
thereby to reduce the organic matter in the waste liquid. This makes a

contribution to redigst icmpatiendesoof draiiRageamdi spodal 1aguid easised
under st andabl e for one skilled in the art.

-21- in EbfEnfARPr Qtextiranh-Nacl yhhged Wqidmmsreblad ioh )t Wes Prestad
i nvention is nore conpact and conveni ent than a continuous system needi ng
| ess space {®rai BSinglleaisitage semi-batch system by using the apparatus
shown in Fig. 5(b). The same ultrafiltration membrane as used
iﬁ Example 1 was used as a separation membrane.

The crgde liquid 2 (50 (¢; dextran concentration:
2 mg/d{; NaCl concentration: 2 g/d{) was put in container 1 and
treated under tﬂe condition of R = 2. More specifically, twice
as much washing water 5 as the crude liquid 2 (i.e., 100 () was
slowly fed to container 1 to recover a dextran-containing
solution having a reduced impurity content. The recovered
dextran-containing solution had an NaCl concentration of
0.27 é/dé, and-the impurify reﬁovai from the crﬁde liquid was
85.5%.

The same crude liquid was treated in the same manner,
except for varying the R value (washihg water/crude liquid
volume ratio). The results obtained are plotted with hollow
square marks (0) in Fig. 4.

For further comparison, 50 ¢ of the same crude liquid
was treated in a three-stage continuous counterflow system by
using the apparatus shown in Fig. 6(b) equipped with the same
ultrafiltration membrane as used in Example 1. The NaCl
removal was 87.2% under the condition of R = 1.5. The results

obtained at a varied R value are shown in Fig. 4 with hollow

triangle marks (a).



The_preéent invention will now be illustrated by way of Exanples, but it
shoul d be understood that the present invention is not limted thereto.

EXANPLE 1 A m croorgani sm capabl e of producing |lysine, a kind of
amno acid, was cultured to obtain a fernentation broth containing
| ysi ne. The fernentation ~broth waszp5-fold concentrated by m nuteness

filtration nenbrane treatnent to recover a clear |ysine-containing
solution (product liquid) as a filtrate. The 5-fold concentrate |eft

after the nenbrane i gq&q@&hFﬁggggqgﬁﬁthnngE§aﬂbgge5rhngf%ﬁﬁﬁgggaﬁ@§

used as a crude liqu resent invention. _ crude
liquid 2 (,59x[aﬁ£ﬂe) as tieatgd JPIRGAVEErbYSithe BY¥sHPtEg e appened us
shown in Fig. 1°in ich an ultrafiltration menbrane (NTU- 3250 produced by
Nitto Denkogc&BEROR4t t8NLhEr BebEBAL "RhEEHE 86n Wt €iins 28, ROGhewasmpeeiit s a

separation nenbrane. The "objective conponent which was contained in
the crude | ignbdal a8dcéMpdec&apaitatedinadc-ytage, seiniebatch vpstabl @nd
substance. Water was used as a washing |iquid. A5 [err] portion

of the crude khguedsPagéysbneinuous counterflow system that are typical
éonventional methods.

Additionally, the recovered product liquid obtained in
the present invention has a higher_ valuable substance
concentration, énd the amount of fresh washing water to be used
can be reduced.

While the invention has been described in detail and
with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes and
modifica£ions éan be made theréin without depar£ing from the
spirit and scope thereof.

This application is based on application No. Hei 8-
311147 filed on October 19, 1996, and an application claiming
its domestic priority filed on September 5, 1997 in Japan, the

entire content of which is incorporated hereinto by reference.



concentration: 6. ] erved in container B was transferred
to container A (7;1; EH‘ 'Mjﬁith punp P-1 and :
-22+- Isi qui d | evel} " L'C operating, 1.33 times (R =1.33) as

much water containing |ysine at a nmedium concentration of 2.35 g/d[err] as
5 [err] of the crude liquid-was slowy_jed from container C to container
A, and the mxture was introduced from container A into menbrane
separation unit G through punp P-1. The recovered product |iquid having
passed trW(uﬁHbtfgac §ﬁ@@§p&%qn menbrane into the perneated liquid side was
sent to a recovere&’pro uct liquid tank U The recovered product liquid
had an average |ysine qopgeRbadtdoBephratShgHit eecbvering an obfertised of
the medi um concentration washing liquid to container A was controlled by
means of thedddtdrt | @M £08tE@k 1Y@hve bf bnmemblhaaendmner demat-hdiwh
amount being fed corresponded to the anount of the |liquid passing through

the menbrangssm ! impdie iviel whe etepbeofiquid in container A night be
kept constant (1lst stage).

at least two stages of adding a washing liguid to the

crude liquid stored in a container and mixing the washing
liquid with the crude liquid to form a mixture of said crude
liquid and séid washing liquid,
wﬁerein successive ones of said at least two
stages are separated by a time lag,
wherein said successive ones use Qashing liquids
at different concentrations, in descending order, of
the objective component concentration, and further

-. ﬁherein a iast ohe 6f said plurai stages uses

only a washing 1liquid having essentially a zero

concentration of the objective component; and

for each of said plural stages; performing a step of
membrane treatment of the mixture to transfer the objective
component from the crude liquid to a permeated liquid.

2. The method according to Claim 1, further comprising
the step of separating the crude ligquid into the permeated
liquid and a residual liquid,

wherein the permeated liquid being obtained by a first
stage membrane treatment of the at least two stages using a
washing 1liquid having the highest objective component

concentration is discharged out of the semi-batch system,



Wiaen the anount of the pernmeated |iquid reached 6.65 [erT] —whmTh
corresponded to the anount of the fed nedium concentratifﬂ! TR e el
and ‘cont ai ner C becane enpty, the sane anpbunt (6.65 [err ’mm ’"@H 'Igm
liquid having a low |l ysine concentration of 0.88 g/d[err]*was 3l owl ys
fromcontainer Dto container A Thessliquid having passed through
menbrane separation unit G had an average |ysine concentration of 2.35
g/d[err]. The liquid was sent to container C for use as a nedi um
concentration washi lLi_quid in {:he .suhseque ' cycl n e).
- 23- V\hehlﬂtg hé14 e%#odt}r?tl o)Tﬂf'hlzpreerlr %&%%%U#W%W eéc ﬁgé‘gé g?%[tg%?r]
whi oh cor r espanded LG JAGAIDWH Wle e Il d QuCaragaLr ddion Ashi
liquid, an contginer Bﬁgécane enpfy, t he sane gﬁoun?% (G.éSQIé}r ) of

washi ng watgysHiQly flijdalidvaabing waseat oMM vy £d:d¥OreofcitidislorE dfO the
container A The liquid having passed through nenbrane separation unit G

had an averagedtivieneompoaent’ aki RBpt in the semi-batch system, and

the permeated liquid obtained by the membrane treatment
df the at least two stages other than the first and final
stages is utilized as a washing liquid.

3. The method according to Claim 1 or 2,

wherein-the objective component to be separated from
the crude liquid is a valuable substance, and

the method further comprises the step of taking the
valuable substance-containing permeated liquid out of the
system.

| 4. Thé method acéordiﬁg to Claim 1 or é,

wherein the crude liquid contains both the objective
component and a valuable subsfance,

the crude liquid subject to the ﬁethod forms a residual
liquid containing a high concentration of the valuable
substance, and

the method further comprises the step of separating the
valuable substance-containing residual liquid. ‘

5. The method according to any one of Claims 1 to 4,
wherein the washing liquid of the last one of said plural

stages is water.



of 0.88 g/d[err]. The liquid was sent to container D for use as a |ow
concenttation washing liquid in the next washing cycle (3rd stage).

Aftér 6.65 [err] of water was fed, the reg-due conprising the mcrobial
cells was forwarded to a residue tank T. The residue had a |ysine
concentration of 0.42 g/d[err]. The feed of the washing liquid or
washi ng wat METHOD CHOR a$ BRARAYT IRG AN tREDOVERING @gJﬁﬁTéﬁErG@%ﬁgE%‘B t he
anount of the liquid passing through the nmenbrane separation unit so that

the amount of the liquidin g h RQT | 'tﬁ%d constant throughout
t he above stages by neans of gé‘f[ﬁia%‘?do eve 15‘%50%@0 er. The above

washing cycl e was nenradiesh 100t %ﬁaﬁ:ﬁiiﬁ?cﬁndb%&%vggﬁﬁi%r{ &bJedidde

crude liquid was treated under the  condifion R = a result, the
recovery ofcdmifdrithtasffom vVal dahtie w?ﬁian@? far @idnibi@aner Ude d i spihd-vsch

93. 8% The total amount of fresh water used in each 3rd stage of
10 cycl es v@gstdm S5 iylddinbheheowtepscetit:r ati beawBshvtigstages dof aadt frrgesh
wat er increased its |lysine concentration as they pass through the nmenbrane
and were reusetshhing liegiidmtoohbentrade dniquid stored in a container and
mixing the washing liquid with the crude 1liquid to form a
mixture of the_crude liquid and the washing liquid, wherein
successive onés of the at least two stages are separated by a
time lag, where;'.n the successive ones use washing liquids at
different concentrations, in descending order, of the objective
component concentration, and further wherein a last one of the
plural stages uses only a washing liquid having essentially a
zero concentration of the objectfve component; and for each of
the plurél stages, perforﬁing 5 ste§ of membrané treatment of

the mixture to transfer the objective component from the crude

liquid to a permeated ligquid.

Figure 6(b) THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Replaced

i




-24- washing liquid and a | ow concentration mashlng”quU1d-~-—«

respectlvely The same crude |iquid wasTk n the sane nmanner
- descri bed above, except for varying the R val AT fler/ crude

quuid vol ume rati o). The results obtained are Ig ” hol | ow

| ozenge marks (o) .in Fig. 3, in which % absci s R = washing

wat er/crude |iquid, and the or di nat elthe percentage of |ysine recovery

(9. COMPARATI VE EXAMPLE 1 For conparison, 50

[err] of the sanme crude liquid as used in Exanple 1 was treated in a

si ngl e-stage sem -batch systemby wusing the apparatus shown in Fig.
5(a). The sanme wultrafiltration nmenbrane as used in Exanple 1 was
used as a separation nenbrane. : The crude liquid 2 (50 [err];
| ysine concentration: 6.8 g/d[err]) was put in container 1 and treated
under the condition of R= 2. Mre specifically, twice as nucn““
water as the crude liquid (i.e., 100 [err]) was slowy fed to :

o -

5
«Q
P—2

of
il

FIG.1°
5

L

THIS SHEET HAS BEEN
REPLACED




contaiher 1 to recover a | ysi ne-cont ai ni ng solution having a |ysine
concentration of 2.94 g/d[err]. The residue conprising thernisihét @RiBsdn RERALS

had a | ysine concentration of 0.92 g/d[err], and the recov G
fromthe crude |liquid was 86. 4% The sane crude “E“lﬂﬂmamnlgm
in the sane manner, except ‘for varying the R value (washin

liquid volune ratio). The results obtai#&d are plotted with hollow square
marks ([err]) in Fig. 3. - 25-

For further conparison, 50 [err] of the sane crude liquid was treated in a
t hree- st age conti nuous counterfl ow system by using the apparatus shown in
Fig. 6(a) equipped with the sane wultrafiltration nenbrane as used in

Exanple 1. The lysine recovery was 87. 7% under the condition of ‘ = 1.5.
np

ed

The results obtained at a varied R value are shown in Fig. 3-w-{Imholl ow
triangle marks ([err]). Fig. 3 shows the results of Exanpleil amd
Conparative Exanple 1. As is apparent fromthe Fi gur,gi t he mpt hdd
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according to the present invention attains a higher recovery of a valuable
substance as conpared with a single-stage sem -batch syshans,apfs&een Replaced

t hree- sttage conti nuous counterflow systemthat are typicaljggpnm
met hods. Additionally, the recovered |iquid obtai Hﬁﬂ”mﬁlmm

pr esent i nvention has -a  higher 3s¢aluable substa
concentration, and the anount of fresh washing water to be used can be
reduced. When t he val uabl e substance is recovered fromthe
resulting product liquid by renoving water with steamng or the like in

the post treatnent, the steamng or the like.can be saved owing to the
hi gh val uabl e substance concentration of the recovered product E’, qui d,

which will bring abo g gredat | econpiical_advart age; -
EXAMPLE 2 A In xed laqueqgus so] utiomn of cextra'n (nok ecul ar wei ght :
2, 000, 000) and sodiu oride J(NaCl) wasjtreatled tg renoye

-26-
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subStance. In this case, the objective conponent that sho HaSBeenReplaced
transferred to the perneated liquid side by separation ne "w

is sodiumchloride, and dextran as a valuable substance is

the concentrated liquid side. Usisng t he apparatus of Fig. 2 whi c
is basically the sane as that used in Exanple 1, whose |ike reference

| etters designate the same conmponent, in which the same ultrafiltration
menbrane as used in Exanple 1 was used, a m xed aqueous solution
containing 2 ng/d[ferr] of dextran and 2 g/d[err] of NaCO was treated in
accordance with the sanme procedure as for the amno acid recoverycr>

renove Nad . Wat er was—used—as—a—washi-rg—-guid- 5[ &Pr]
portion of the crude |iquid (NaQ con entra]tlon. 2 g/d[err]) reser‘?/ed in
contai ner B was transt d to cpntainer A| (7-It{ter jolune)}. Wth punp P-1
and liquid |evel cont glve |LC of {container A operlating] 6.65 [err]
(1.33 times (R = 1.33 much gs 5 [err] jof the crude liquid) gf a
washing liquid contaidgi NaCl @t a fqedi um concentrat|ion of 0.69 g/d[err]

sodi um chloride as an inpurity and recover dextran as a v ﬁ?ﬁ) e

was slowy fed from itner J to container A jand tlhe m xture jwas
i ntroduced from
o
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contai her A into nmenbrane separation unit G through punp—P—-24—The ____
NaCr-caontaining liquid separated by the nenbrane treatnent, into the

————

perneatéd liquid side was sent to a drainage tank X. The BNalemui
concentration of the NaC -containing perneated liquid was;

-27- The feed of the medi um gggcentrati on washin J"!
container A was controlled by neans of the |iquid |evel control

in such a manner that the anount being fed corresponded to the anDunt of
the liquid passing through the nenbrane so that the volune of the liquid
in container A mght be kept constant (1lst stage). When t he
anount of the perneated liquid reached 6.65 [err] which was equal to the
anount of the fed medi um concentration washing liquid, and container C
becane enpty, 6.65 [err] of a washing liquid having a | ow NaC
concentration of 0.26 g/d[err] was slowy féd fromcontainer Dto
container AL The liquid having .

FIG. 5(a)

19)]

/4

FIG. 5(b)
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passed t hrough nmenmbrane separation unit G which had an average NaC
concentration of 0.69 g/d[err], was sent to container C ﬂbwsmﬂ§b85smaqmmﬂi

medi um concentration washing liquid in the subsequent

st age). When t he anpbunt of the perneated I|qU|d r rr]
whi ch corresponded to the amount of thegjed | ow concentration

liquid, and contai ner D becane enpty, 6.65 [err] of washing mater for
final washing was slowy fed fromcontainer E to container A The

l'i quid having passed through nenbrane separation unit G had an average
NaCl concentration of 0.26 g/d[err]. The liquid was sent to container D
for use as a low concentration washing liquid in the next washing cycle

(3rd stage). After 6.65 [err] of water was fed, the residue
containing dextran was forwarde®Pto a recovered product tanfyY. The
- 28- product liquid thus recovgred had an Nad concentratidn of
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0.12 g/dlerr]. The feed of the washing liquid or washing water to
container A was controlled so as to correspond to the amount of the liquid

passi ng t hrough the nenbrane separation it so that the anmount of the
liquid in container A was nmaintained con nt througho gxgj§t_“_
by neans of a liquid | evel controller. The abp¥ nig; T

was repeated 10 tines for each batch to treat the whol ¢ hnnunt of Tthe
crude liquid (50 [err]) under the condition of R = 1.3B./ Asgapresubt, ithe
renoval of NaC as an inpurity fromthe crude dext r an- foc ntalnlng |qU|d
was 93. 2% The total anmount of fresh water used —each-3r-d age
of 10 cycles was 66.5 [err]. The low concentration washing liquid and

fresh water increased its NaC concent as they pass tRhroughthe—
menbrane and were reused as a nedlun1 E;nt1ation washing liquid and a

| ow concentration washing |liquid, respectively. The sane crude
liquid was treated in the same manner as described above, except for
varying the R value (washing water/crude liquid volunme ratio). The
results obtained are U
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plotted wth hollow | ozenge marks ([err]) in Fig. 4, in which the abscissa
indicates R = washing water/crude |liquid, and the ordinate the percentage
of inmpurity renoval (%. - :
COMPARATI VE EXANMPLE 2 For conpar?/Bon, 50 [err] of 4h
liquid as used in Exanple 2 (dextran-Nad nixed aqueous sl {
treated in a single-stage senm -batch system by using the apparia gsc 99
in Fig. 5(b). The sanme ultrafiltrati on menbrane as used ih anple 1 was
used as a separation nenbrane. The crude liquid 2| (50 tertts———o
dextran concentration: 2 ng/d[ferr]; Nad concentration: 2{g/d[err]) was
put in container 1 and treated under the condition of R= 2. Mre —~————
specifically, twice as nmuch washing as the crude liquid 2 (i.e.,
100 [err]) was slowy fed to contai nﬁé}%r ecover a dextran-containing
sol ution having a reduced inpurity content. The recovered
dextran-containing solution had an NaC concentration of 0.27
g/d[err], and the inpurity renmoval fromthe crude |iquid was
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85. 5% The sane crude liquid was treated in the sane manner,
except for varying the R value (washing water/crude |iquit-—velune- ratto)
The results obtained are plotted with hollow square markli; ([err}:) A Ptg
4, For further conparison, 50 Bfr] of the samz,- ¢r ude’ I|qU| o was
treated in a three-stage conti nuous counterfl ow system by usi pg -t ey Iy
apparatus shown in Fig. 6(b) equipped with the sane uItraflltratlon Lo
menbrane as used in Exanple 1. The NaCd renoval was $7~-2% under—t het
condition of R=1.5. The results obtained at a varied|{R val ue are shovvn
in Fig. 4 wwth hollow triangle marks (A). T
- 30- Fi g. 4—shepws—therresuhts—eotBanphe—2—and ﬁﬂurnﬁpa-ln-a-t—l-' v )
Exanpl e 2. As is|apparént fromthd resullts, {he nethod faccordi Ry to the
present invention &t a higher ijnpuritly refoval As conpar edwith a

si ngl e- st age semi - patjc ystenp and

e e v e o by
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a three-stage continuous counterflow systemthat are typrﬁﬁt;weﬁﬂveﬂtr@nal
et hods. Additionally, the recovered product |ig .

the present invention has a higher val uabl e substance | ¢0
the amount of fresh washing water to beqfsed can be rﬁduceq N G

7
the invention has been described in detail and wth referenc@”fo Speti
exanpl es thereof, it wll be apparent to one skllleddlnnthe—ar{ -that-i

Wi | e
ific
vari ous changes and nodifications can be nmade therein without departing
fromthe spirit and scope thereof. Thi s appllcarrUH'IS“based“ on
application No. Hei 8- 311147 filed on COctober 19, 1996, and an
application claimpg _its donestic priority filed on Septen EbQ? in
Japan, the entire|contept of |whichl|is ingorporpted hereinto by fef%erence.
-31- VHAT IS CL | S: 1. A nmethod for separatijng an
recovering an objecgtijv
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conponent froma crude liquid by a nenbrane in a sem -batch system
.conprising the steps of: at |l east two stages of adding a washi ng
liquid to the crude liquid stored in a container and mi{Xipg The washlng“
liquid with the crude liquid to forma §/@ture of said drude 4|qU|d aﬁd
sai d washing |iquid, wher ei n successive ones of said at Ieast
t wo stages are separated by a tine |ag, i ; T H LwhetEyn sald
successi ve ones use washing |iquids at dlfferent concentratloqs

i n descendi ng order, of t he objective conponeng concentrati-on;: and
further wherein a |last one of said plural :stages uses

only a washing liquid having essentially a zero concentrati on of

t he obj ective component; and for each of said plural stages,
performng a step of nenbrane trea (: m xture to transfer the

obj ective conponent fromthe crude |iquid t0“a perneated |iquid.

2. The nmethod according to Caiml1, further conprising the step of
separating the crude liquid into the perneated liquid and a residual

l'i qui d, wherein the pejneated |iquifNbeing obtdingd by a first

7
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FIG. 5 (b)
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stage nenbrane treatnment of the at |east two stages usi
‘havi ng the hi ghest objective conponent concentration i
the sem -batch system ; SRR '
the residual |iquid being obtained by H/Bi nal stage menbyane treatnent éf
the at least two stages using only the washing |iquid ha@iﬁ@iéﬁééﬁ?ﬁaﬂly a
zero concentration of the objective conponent is kept §nithe semni-bat¢hj

)

system and the permeated |iquid obtained by the menbrane ,
treatnment of the at |least two stages other than the fitst and final. .. ../}
stages is utilized as a washing |iquid. 3. The method according to
Caiml or 2, wherein the objective conponent to be separated from
the crude liquid is a val uabl e substance, and t he net hod further
conprises the step of taking the valuable substance-containing perneated
liquid out of the system <o 4. The met hod accordi ng toftiain11 or
2, A
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| cruéSEWHMQMbd}Wh?H@ P E4  conponent and a

- val ufip . Bubst ance, the crude liquid subject to the method forms 3
regld liquid icant ai ni ng a high concentration of the valuahle

SUJfﬂxTc@FEEEABSTRAC’H he et hod further conprises the step of separating

S A bR ¢ ©f the

A method for separating and recovering an objective component from a crude liquid (2) by a
membrane in a semi-batch system, including the steps of: at least two stages of adding a
washing liquid to the crude liquid stored in a container (A) and mixing the washing liquid with
the crude liquid to form a mixture of the crude liquid and the washing liquid, wherein
successive ones of the at least two stages are separated by a time lag, wherein the successive
ones use washing liquids at different concentraticns in descending order, of the objective
component conceniration, and further wherein a last one of the plural stages uses only a |
washing liquid (5) having essentially a zero concentration of the obiective component, and for
each of the plural stages, performing a step of membrane freatment (G) of the mixture to
transfer the objective component from the crude liquid to a permeated liquid.

Figure 1.
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