WAt er Separation System Background of the Invention Field of the Invention
[ OO0 1] The present invention relates to a water separation system
Background Art o 0 0 2] A device for minng fluids within mcrochannels
(so-called m oreactor), which have been manufactured by a m cro-processing
technol ogy, has been recently used in fields of biotechnol ogy;

phar maceuti cals, chem cal synthesis, or the like. A feature of reactions
using the mcroreactors is, for exanple, a mniaturization of reaction
systens. As constitutional elenents of fluids (i.e. source nol ecules) are
qui ckly diffused, and m x@thtdrySdéfweatiomiSystem zati on of such reaction
systens, a surface area per volune (i.e. specific surface area) relatively
increases. As a result, shortening of reaction tine and inprovenent of
yield can be expected, as a reaction efficiency inproves, conpared with a
bat ch r eagidkgrourdof iBeIdder@® of chenical reactions is an equilibrium
reaction. The equilibriumreaction is a reaction, in which the reaction
rate for a forward reaction beconmes equal to that for a backward reaction
as the rdfield dtbploveddsy and conposition rati o between. reactants and

products [gdpgs) M9t seemingly change. [0 O O 41 One of the equilibrium
reactions.is a reactio raduci.n ter_other than a target product as
product s. }}fsp’%?ﬁe%%@g?g E@f’ger” i %c%vaﬁ% A B oN: ot

réacting al cohols on
carboxylic acids or the like are, specifically, given. Then, the target

product s SpAPoxyl ate esters. As such reactions are equilibrium

reactions,_t e&generat ed target product (for exanple, carboxylate ester) is
hydr ol yze[cp BP ter produced at the sane tinme and

A device for mixing fluids within microchannels (so-called microreactor),
which have been manufactured by a micro-processing technology, has been -
recently used in fields of biotechnology, pharmaceuticals, chemical synthesis,
or the like. A feature of reactions using the microreactors is, for example, a
miniaturization of reaction systems. As constitutional elements of fluids
(i.c. source molecules) are quickly diffused, and mixed by the miniaturization
of such reaction systems, a surface arca per volume (i.e. specific surface area)
relatively increases. As a result, shortening of reaction time and
improvement of yield can be expected, as a reaction efficiency improves,
compared with a batch reaction.

(000 3]

One of chemical reactions is an equilibrium reaction. The equilibrium
resction is a reaction, in which the rcaction rate for a forward reaction
becomes equal to that for a backward reaction as the reaction proceeds, and
composition ratic between reactants and products does not seemingly
change.

foocaoal

One of the equilibrium reactions is & reaction producing water other than a
target product as products. Asan example, esterification reactions reacting
aleohols on carboxylic acids or the like are, specifically, given, Then, the
target products become carboxylate esters. As such reactions are
equilibrium reactions, the generated target product {for example,
carboxylate ester) is hydrolyzed by water produced at the same time and



returns to an original reactant (for exanple, carboxylic acid). That is, a
forward reaction and a backward reaction proceed sinmultaneously. [0 0 O 51
In the case where a rate producing the target product is extrenely faster
than a rate hydrolyzing the target product in such an equilibriumreaction,
there is no problemin view of the normal yield. In the case where the
former rate is conparatively faster than the latter rate, the target
product is quickly hydrolyzed, even if it is produced. As a result, it is

difficult to inprove the yield ofnthe t ar get rod_uct,ndJ{ 0 0 0 Accordingly,
it is constdesed doosepat a:teect@n“eﬁmve)xawa’.ﬂ@rcagg i agdtodédids. @i th the

target pffgrg{!jﬁh rgz&'i];ﬁ;gnds?ncfQBaE]%@ﬁdif&@cﬁ&ﬁ}af‘dﬁbéc{'sﬁﬁﬂ%néoﬂﬂyfmr0Ve the yield in

such a ré on. s can Inprove the yield as the chemcal equilibriumis
shifted to produce the target product. [ 0 0 0 71 As an art separating
(elimpatfiong)yy péter fromthe m xed solution containing the target product

as above .nenti gned r Lstill.at) used_ In
acont ydirde GRECRRS o e profullis el Gyt pradRePRERaRRE Moty
di sti| | atthen 2 mie hydralzaing 4be #Eek PAOGRSE AB §ER ARG R U BASHXbr anes wi t h
af finity thofe anekireklbms ubsiencd thernaepdrdeidon I ehg. casatvehdre the a specific
nmeans ap i ng the separat-i - i . | | own) at
one Ssi deqj?gtﬁ%%me S pagfnt’lfr%g fgg%ggﬁ%tg}?gﬁﬂﬁe% rr gﬁilé%élg&i%)ds ﬁ%}m%%der reduced
pressur e qtickip logpolseed wieacif(isds mueineit. sitter. rofhlis It i3 & ttiPates a
vapor i zatihgﬂm;gtﬂeiyqé;idqum@ga@@eﬁrddmwugh the separation nmenbrane and
reaches the opposi'te side, and can selectively perneate and separate an

obj ect substance for separation by perneation rate difference of each
conponent[.0 pM 610 8 | Water separation arts using pervapci ation have been

various SA(‘f&chﬁgngﬁris considered to separate (remove) water producing together
with the target product outside the reaction system in order to improve the
vield in such a reaction. This can improve the vield as the chemical
equilibrium is shifted to produce the target product.

000 7]
E&s am art separating (eliminating) water from the mixed solution containing
the target product as above mentioned and water, a distillation has been
generally used. In recent years, a pervaparation is drawn atientions O‘L'.l‘le}.‘
than the distillation. The pervaporation is a method using separation
membranes with affinity for an object substance for separation {e.g. water).
As a specific means applying the separation membrane, mixed solution is set
(flown) at one side (supply side) of the separation membrane and is kept
under reduced pressure at an opposite side (permeation side). Thus, it
. facilitates a vaporization of liquid that goes through the separation
membrane and reaches the opposite side, and can selectively permeate and
separate an object substance for separation by permeation rate difference of

each component.

{ooo0s8l |
Water sepuaration arts using pervaporation have been various studied. For

example, Japancse Patent Tnexamined Publication No. 2007 - 203210
(hereinafter, referred to as Patent Literature 1) discloscs a membrane



exanpl e, Japanese Patent Unexam ned Publication No. 2007 - 203210
(hereinafter, referred to as Patent Literature 1) discloses a nenbrane
nodul e that has a tubul ar separation nenbrane with one end closed and with
the other end opened. It discloses a nenbrane nodul e where the other end of
the separation nenbrane is watertightly nounted in a tubular plate provided
in a casing and a target substance is perneated in liquid mxture or in gas
m xture flow ng outside the separation nenbrane, selectively inside the
separation nenbrane. It also discloses a nenbrane nodule filling with

por ous firhbthﬂeithaahs@actetbﬁx&x{mmmeﬁmmmmmnwiﬂeﬂr@f epvhelosagiang and t he

out si de 9lsb1%, SERAM BHAACEAD! ANBch0ud a%%hb}éﬁéfiﬁécﬁﬂé’%ﬁé}h @bl i cat i on

No. 4462% herelna referred {o as |terature 2 dlscloses a
menbr ane ctbpaend @Merséa%tﬁtm BeEhgane iﬁwwmrt}ﬁ §mw din agtyp

nenbr ane JiRguhRvERAAE | dagirgoahan m@aﬂgnmgnwem@egaaaedtmanmdm de t he
react or and evaporat| n e t tant, a
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react ant ﬁ%@é‘t@@%ﬁﬁ o it PerolB MIIeRNE | &rmdﬁlfvdeﬁquhd ntgmatsefﬂ:fedt Ihe |
reactor, to,confjgure.t. of the nenbrane nodul e made
of zeoli tcélsﬁbrﬁ}daﬁ’g Fi'ig? ge%&n I{%@Jh@ [

s configured to supply heat in such a
manner that the reactant and the contam nati ng conponent exist in a state

of evaporpjbap oy t hout condensing theminside the menbrane nodule- to 0 1 0
) Summary_of the _|nven ro emt ved g art

descri bed? #4718} erfte ﬁwéﬁ’g’fzéﬁ D150 ‘gﬁbfgélt?% I%)&ef{fe%t &S%I}]esd performed in
spite of Ratrmuﬂttemfcumtz}sudtmbzsefalane@mhtag@Isaptimlc(ﬂr sepcticBreyBlegli ¥ Thus,
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Then, watei separati on requires.a arati.on o

e Rat Lans, 00121
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contaminating component and the ingredient, and a circulator circulating
compulsively the vapor of the reactant separated in the membrane module in
the liguid phase of the reactor, to configure the separation membrane of the
membrane module made of zeolitc membrane. The heater is configured o
supply heat in such a manner that the reactant and the contaminating
component exist in a state of evaporation without condensing them inside

the membrane module.

[o010]
Summary of the Invention (Problem to be solved)

0011l
in an art described in Patent Literatwre 1, a geparation operation is
performed in spite of a mount of water contained in solution (reaction liquid),
Thus, separation efficiency is low, depending upon a mount of water
coptained. Then, water separation requires a lot of separation operations.

[0o12]
Furthermore, it is required to heat up the solution up to an evaporable
temperature in an art described in Patent Literature 1. As a result, 1t

vesulis in large equipments in size.



results in large equipnments in size. [0 01 3] In an art described in
Patent Literature 2, it is configured to evaporate reactant (ethanol) and
water fromreaction |liquid and separate water flow ng through the nenbrane
nodul e havi ng the separation nenbrane. Only a reactant after separating
water returns to the reaction vessel. In such a way, in an art described in
Patent Literature 2, a circulation cycle is required for water separation.
Then, an equipnment for formng a circulation cycle becones larger in size
and conplicated, The equi pnment for evaporating reacting |iquid my be
required and also t he equi pnment becones large in size. 10 0 1 4 Reaction
liquid pstable in tenperature control by an influence of the
circulate reac ant (returned to_the reaction vessel). Then, it is

di fficul tInt an cohtdestribed dndhitent hitetitmra % hdsionfigessieta evmpaateesul t, the

]yl el d mﬁeﬁ@i&h@‘?\éttﬁﬁﬂaﬁ hed tarmét&r]?&ﬂ%?&% Haﬂlaes[h& &pa?ater@%ﬁgm t he time
rom evaporat i,n e r.eactant, to.a ti i nni ng, wat er ration is
const ant , ?lir%%gbr P AR A SRV e %?‘mﬂrﬁg&iﬂéﬁ? W%h&hﬁfﬂg t he
nunber s oRacint wiferiseparsfinat whtsr retuont tothokeddienreaetli ofin tsutke amay be
restrict egay, (020 adt SdscABePRI ?&Een@ﬁ@@e@@tﬁﬁ %Sg'ﬁrchﬂl\éﬁﬁt 91@ ik §e ﬁow de a

wat er sep I’atl on syst em nproves t 1 oNn Cl ency

with sinpPe Ve BrRATESRd %rad? ?H‘é’rPPF%?tc"gﬁfP@%’P&bﬁt SUCRALEEEEEN ti ne.
Means f orbesoloes Agrgehdnatior engdr airhglinatdd) Ol'He @glipenguickenivapppithgant s have

careful | bl i@ nR) K, LIEAPINE DLOPLE Thyfitndhe GRlhs 1hI1RYf OUNd 3

solution q bove y contro Ilng at egin ng wat er
separati d#%%ased on an amount of product(s), and then they have conpl eted
1t.

[0014]

Reaction hgquid may be unstable in tempersture control by sn influence of

the circulated

reactant (returned to the reaction vessel). Then, it is difficult to control a

reaction within a reaction vessel. As a result, the vield may be low and the

byproduct may happen to be produced. As the time from evaporating the

reactant to a time for beginning water separation is constant, the reaction

time cannot be conirolled omly by changing the numbers of circulation.

That is, a control of the reaction time may be restricted.

[0015]

An object of the present invention is to provide a water separation system,
which improves the water separation efficiency with simple equipment and
is arbitrarily configurable in reaction time,

Means for solving the above problem

[oo1 6]

The present applicants have carefully studied to solve the above problem.
As a result, they found d salution of the above problem by controlling a time
to beginning water separation based on an amount of product(s), and then

they have completed it.



Effect of the Invention [0 O 1 71 The present invention provides a water
separation system which inproves the water separation efficiency with
sinple equipnent and is arbitrarily config-urable in reaction time. Brief
Description of Drawings fo O 1 3] Figure 1 is a schematic view showi ng a
configuration of the water separation systemaccording to the first

enbodi nent. Figure 2 is a schematic view showing a configuration of the
wat er separation neans applied in the water separation systemaccording to
the first enbodinment. Figure 3 is a. view explaining a reaction rate

const ant E:@tcafmgﬂgl@nﬁggction proceeded in the water separation neans
accor di ng @ t}j first embodinent. Figure 4 is a graph showi ng a change of
rat es reI at \/-[e otime. Figure 6 is a schematic view showi ng a

conf i gur diheopresént hwenkivrpredies atwater sgpbeticactystat,mghich mn;&os@cond

enbodi nenrte &a&w@ Q:ﬁt?ozfﬂ‘e tdv&hvéﬁx‘ﬁlé%ﬂgﬁﬂt GO ik OMAALL AT,

chemcal re oce§S| ng device e wat er separati on system
accor di n§® nent_ F| gure 7 is a flowhart at the tinme of
control for the |rrproverrent of the water separation efficiency according to

t he secong;erhodigent of g {,&;]%8 Is a schematic view showi ng a configuration
of the V\ﬁter se a1 |00n system according to the third enbodinent. Figure 9
a

is a gr %ing results of enbodi nments.
Figure 1 is a schematic view showing a configuration of the water separation

system according to the first embodiment.

Figure 2 is a schematic view showing a configuration of the water separation
means applied in the water separation system according to the first
embodiment.

Figure 3 is a view explainming a reaction rate constant concerning a reaction
proceeded in the water separation means according to the first embodiment.

Fipure 4 is o graph showing a change of rates relative to time.

Figure 5 is a schematic view showing a configuration of the water separation
system according to the second embodiment.

Figure 6 is a schematic view showing a configuration of chemical reaction
processing device applied in the water separation system according to the
second embodiment.

Figure 7 is a flowchart at the time of control for the improvement of the
water separation efficiency according to the second embodiment.

Figure 8 is a schematic view showing a configuration of the water separation
system according to the third embodiment.

Figure 9 is a graph showing results of embodiments,

Embodiments for carrying out Invention

[001 9]

Although embodiments (the present embodiments} for carrying out the
present invention will be, hereinafter, described with reference to drawings,
the present embodiments are not restricted by the following mattexs and can
be put in practice by arbitrarily changing without departing from a gist of
the present invention. :

o



Enbodi ments for carrying out Invention [00 1 9] Although enbodi ments (the
present enbodi nents) for carrying out the present invention will be,
herei nafter, described with reference to drawi ngs, the present enbodi nents
are not restricted by the followng matters and can be put in practice by
arbitrarily changing without departing froma gist of' the present
invention. {0 0 2 0 1. First Enbodinment < Configuration > Figure 1 is a
schematic view showing a configuration of a water separation system 100
according to the first enbodi nent. The water separation system 100 as shown
in FigurgOK}Q§3h wat er separation system separating water from product
sol utiony(k Em?% %@E#£Ion) obtained after a chem cal reaction of oleic
aC|d and m&@ﬁa ough ol eic acid and nethanol are used as an exanpl e
react &n rafighfot restricted to these if it is reactants generating
Wat er by Fipemi Tad byuckeagtit Ripw Elﬁm@m% d cfihauebn tohe ﬁ&ﬁe@lsb #taltionbe

describedyLal erohen g o) She apschaRdgRianay ors shemlali . ract ed

as reacta Eem an es Ion reaction |s roceeded), the
met hyl oleges dHQ Wnarrﬂe Fraddcieds water hprarabipn divatsme aenar@@mgonent ot her

thag w?t @FatBNBREn tﬂi@rfitﬂftoﬁﬂ@ﬁ@h C(ﬁﬂ@ﬂﬂﬁrgoﬁ%ﬁnﬁn)cﬁdtbﬂﬁda&t@ pd}ﬁﬁ:sil@él Ehe _
product use e fi C. aci shown in
Figure 1[¢ &W&t%iﬁo %@ﬁ?‘gﬁp‘gr@@%ﬁnﬁm f&ghqu@lhp‘?l% i Eﬂaﬁé%‘&gﬁn@l “c acid tank
| a, amm%%%mmmkﬁmmmmmmmmmmhmmmMmmmmmfm

M Xi NG 3,0aRe GHEBIE FMer WGARELNLIR Q46884 N0 Section 4, a tenperature,
control | & 5, a mcroréactor for water separation 6, a t enperat ure

controller 7, a back-pressure valve 8, a product naterial tank 9, a cold
trap 10, [@ @écbhpressor 11, and a controller 12. In Figure 1, it represents

a pi pi Ng A4 3:80hk fqe'f;%mm BRUESENA 1&&&1 FhBY (ROIef 2308 hdhEadiepr esent s
an electric Si g 3 (3
are ¢ mzc y reacted as reactants specifically, an esterification reaction is

proceeded), the methyl oleate and water are produced. In this embodiment,
a component other than water among the produced components is called as a
“product”. The product used in the first embodiment is “cleic acid”.

fooz22]

As shown in Figure 1, a water separation system 100 is provided with an
oleic acid tank la, a methanol tank 1b, a pair of pumps 2a and 2b, a
microreactor for mixing 3, a chemical reaction processing section 4, a
temperature, controller 5, a microreactor for water separation 6, a
temperature controller 7, a back-pressure valve 8, a product material tank 3,
a cold trap 10, a decompressor 11, and a controller 12. In Figure 1, it
represents a piping as a sclid line represents a piping and a dashed line
represents an electrical signal line.

[002 3]

The oleic acid tank 1a is used for storing the oleic acid as a reactant. The
methanol tank 1b is used for storing the methanol as the other reactant.
Then, it is designed to supply the oleic acid and methanol from these tanks to
the microreactor for mixing 3 by the pumps 2a and 2b.



The oleic acid tank la is used for storing the oleic acid as a reactant.
The nmethanol tank Ib is used for storing the nethanol as the other

reactant. Then, it is designed to supply the oleic acid and nethanol from
these tanks to the mcroreactor for mxing 3 by the punps 2a and 2b. [0 O
2 4] The punps 2a and 2b are configured by, for exanple, a syringe punp, a
manual syringe, a plunger punp, a diaphragm punp, a screw punp, or the

| i ke. A solution supply device with use of a water head difference may be

used in place of a punp. [0 0 2 5] The microreactor for mxing 3 (mxing

nmeans) i goused4for mxing oleic acid and nethanol The m croreactor for

m §I ?ﬁe?n s confl %ured ch ttt:]&{qq%gga %P’a%e e fgetahmgeaﬁgmﬁug\pl ied to

Pot éactorofor moxing 3 is
not partlmmwlwasimlp&mwrwm BB hERF R iRFUIRR P BFH KUPROT B8t ant s

rapidly. ﬁ%r XM 6n 6 g@n@m@twﬁtmecfo& widter Hbad aiféasher mbgrbeni xi ng 3
may be Y- ped ngape structure formng multilayer flow, or the like,
and al so %® é?rﬁ\ls?r‘:& FIRF™3Rrai | abl e microreactor. [ 0 2 6 Al though two ki nds
of reactants are m xed at the mcroreactor for mxing 3 in the first

enbodi rren,j( % ray be designed to mx three or nore kinds of reactants. For

exanpl e, the case %ere thrgei ki.nds of rkeacta S ale E %?sdl y m xed,

it may beﬂbﬁr BUTTEERRCUIT VT FRRT o rEER RS FS ﬁ?)?is‘fﬁ F HRTPRG I FESW channel

m xi ng tm@pmletmﬁdofTh@mtme&tm&armg)aild@d gkl aaeh chat pleic

m cror eacécéangr %Ph)é L@g@f L1l Ve e, mﬂ@gﬁ@ﬁ@&@ﬁg%aﬁ@ﬁ(bﬁg to mx
$ 4re rially connect

two ki nds Of ‘reac ﬁsgl mxtrdgactants in turn, the
desi r abl ethei migrorasgimsefor) mepng o 48 FWF PHEF U NTREYCt5%H 28 be degree of
m xture ignfbgrdd &r:ﬁbeelﬁé edactaotts mgpidhy For SXBOIpl@aﬁJEnﬂﬂﬂ a:ruqtureesf ricted.

React ant s, e %Jﬁb&eg Tl %685Phe ¥¥haBl, "REAL Yo, T X Bbthde Brming

multilaver flow, or the like, and also a commercially available microreactor.

[0026]

Although two kinds of reactants are mixed at the microreactor for mixing 3
in the first embodiment, it may be designed to mix three or more kinds of
resctants. For example, in the case where three kinds of reactants are
previously mixed, it may be provided with a microreactor for mixing 3 having
a flow channel mixing three kinds of reactants may be provided in place of
the microreactor for mixing 3. A plurality of microreactors for mixing to mix
two kinds of reactants are serially connected to mix reactants in turn, the
desirable kinds (numbers) of reactants may be mixed.

[0027]

A degree of mixture in the microreactor for mixing 3 is not particularly
restricted. Reactants may be uniformly mixed or not uniformly mixed (.e.
emulsification).

[00228]

A typical length of channel diameter of the microreactor for mixing 3 is not
particularly restricted. It is desirable that the typical length may be several
millimeters or less from a viewpoint of utilizing an effect based on a reaction
in a space on the micrometer order. It is also desirable that the typical
length may be ranged from tens of micrometers to one millimeter from a



A typical length of channel dianmeter of the mcroreactor for mxing 3 is
not particularly restricted_ It is desirable that the typical Iength nay be
several mllinmeters or less froma viewwoint of utilizing an effect based
on a reaction in a space on the mcroneter order. It is also desirable that
the typical length may be ranged fromtens of mcroneters to one mllineter
froma viewpoint of mxing reactants quickly by nolecular diffusion. [0 O
2 9 As a constitutional elenent of the mcroreactor for mxing 3, any
material may be used if they are not affected by a chem cal reaction. As
such a mai& otk of Shd ke B85St Ghick by el 180T Hnass, hastel |l oy,
silicone resin, fluorine-based resin, or the like is given as an exanple.
Besi des t hese naterlals gl ass I|n|ng, coated surface of nmetal fornmed by

ni ckel, ¢6I@2 @t the like, oxidind surface of silicone, and i nproved

mat er i al Ay CUKARHORAT Q%hﬁh@%@%é%’mﬁﬁe g fafﬁa%@n 3/'891 LgmQf thermal

conductivity, and re to,u tal as a onstitutional
el ement &2 Xh‘é b i rlgrgg%t‘%? ri‘°(§r dlnéyis'él chems 1‘83‘Ft|"f3rbr feact

qui ckly atatariehestataksy esedlj ailiqpnocesb, ngla&epthmm%y,a&ﬂicﬁher reﬁkﬁgcrl bed, it
e oot BRENL BaRLOYLLR, Bl B ﬁr{@tlyrggv&@%rgﬁldﬁglmé;%meﬁ 4qt shown, in

t he m croreactor connect’l m croreactor for
i xi ng 3nafffer1@1§nﬁiazah@#n%03f&ﬁcﬁuﬁfaﬁe gt m@teglr@a@@érbmm dh8re. This
causes i M@pm&@d efpeicat uil‘ l%ﬂlModé{: a@zﬁhdﬁ@&e&@ﬁ ngaﬁem@emawﬂesmdt h of
reaction, utio e ac g section
4. As a ﬁsﬁa%z oe tnh%p b%a‘ﬁgegigug rg’%lhg ‘%ﬁ% Scal gfl ﬂé@ t% &E C%P%B{?W am)r e
effici enﬁtlgengﬁh 0t 3s 1desimadle e vse anetad st ﬁowqﬁﬁﬁ‘é’@%ﬁln@e%@tlﬁﬁm (cheni cal
reacti on pEReeSshMer MBaNsY 31 s configured to proceed the chemcal reaction
of reactants m xed at the mcroreactor for mxing 3. In the first

‘enbodi nent, a pi pi ng (mcrochannel) flow ng after discharging reaction

sol ution[Er@@®he nicroreactor for mxi ng 3 (that is, a mxture of oleic

acid and H%tr@@mlr)eaéﬂl@&fck@% @éhérﬂﬁapf@!&ﬁﬁ|pr6&a%§ﬁig%c1ﬁ61@@%%slhfhﬁ- section 4.
Thus, th ehm cal act |b?n tinme. gan be contro Ie chan%ﬂeg a length of

t he pi pi eg, éteE‘-"t FHEADIE fo AT ?ﬁepe{nFW“Wn‘?Pé‘i m?%’ég Grag Erictly
speaki ng, m:)t fmho'abpvze the heivreabcive ot noring ﬁwndmapusnm romeectingt theasses after

the reacta}fedife Mr@tkihl & Ba FublpPsS 3¢ abA M X BGrdddtBhindd!

temperature. This causes increasing temperature width or decreasing

temperature width of reaction sclution to be small at the chemical reaction
processing section 4. As a result, this can cause the chemical reaction to
proceed more cfficiently.

[D031]

The chemical reaction processing section 4 (chemical reaction processing
means) is configured to proceed the chemical reaction of reactants mixed at
the microreactor for mixing 8. In the first embodiment, a piping
(microchannel) flowing after discharging reaction solution from the
microreactor for mixing 3 (that is, a mixture of oleic acid and methanol)
functions as the chemical reaction processing section 4. Thus, the chemical
regction time can be controlled by changing a length of the piping or &
sectional area of the flow channel. ‘

[0032]
Strictly speaking, the above “chemical reaction time” means a time that
passes after the reactants are mixed in the microrcactor for mixing 3 until it



begi ns separating water supplied to a mcroreactor for water separation (as
| ater described). A residence tinme inside the mcroreactor for mxing 3 1is
further shorter than a residence tine inside the chem cal reaction

processi ng section 4. Although the chem cal reaction actually proceeds
inside the mcroreactor for water separation 6, the water separation
process proceeds nore preferentially than the chem cal reaction, as an

equi libriumof chem cal reaction is shifted at the sanme tine as water is
separated. Thus, the "chem cal reaction time" in this specification neans a
r esi dencdegimesepasititey wherehepliedlo neaddroeacprdoewaiagepecitian(. [0 0 3 3
|| The aboyg, cheglicdd. f,lsz%gla@ﬂcet L mxt;@@?&&ﬂwo%al&%&gx hihPG A | ength of

the piping and cont r%#f—l a&g aci supplied to
the mi cr SRERET Bhorfes thgfng 17! nmrﬁa%e gidedde ghewirgl reaghignpsosessinge di anet er
of the pispitien af e Aesiganthe ahewsisdeneaetibh Rrhallyt heowbéniingtlergact i on

process! g RECLOR i R0LLE00 bl BenGaGE: Al sch LAMAT Akl fBeauUNt of

reacti on so an’d resi nce em cal

react i on IPISC @S@fpﬁ?glt@é]é’t than 4thsr shemdpali reackenc ase anf eqwibihirivgr 20fs al |
anount Ofchéﬁ@ﬁl'r@zﬁbtﬁﬁﬂ idtslh@aed dhens beik Gahe bEIESEOD: g@@mﬂ@dcommgl led with

t he abov re_-; tion nthls tes of the

react ant @uﬁ%ﬁ’xpg’ﬂf “Isnr?é‘ HPer dPe ?3?6?%@%’{2%%11@ E'céﬁs1 EE TPl | ed by

t he cont r113$1ﬂerthé_Qhea:smdbs%@pﬁl@eurdtaB%ng8[3@1@1% 4 ] The constituent materi al
of the chem cal reaction processing section 4 is not particularly
restrictzg. For .exanpl e, the same material as the mcroreactor for mxing 3
may be used: exanple, a material of tubes such as Tefl on (Registered

Tr adenar I{Dhemh{:tvbehbialml mmctiloa tﬁmednay&bé cavirdksinmefixdigeariength of thehe cheni cal

reaction é%% ety %gﬂ 1&2@%{&%&1@%&2{&%{1 L&t Ad then a

fl ow cha |arreter explai n {g( for, exanp m ¢croreactor for

m xi ng 3 THEYOIsactGs der BlPJGG%@ -3 3FH§ e Aparak %'u‘ii%‘gf ’(Sllel ‘@Wt‘%‘&{gt rol | er of
chem c?l tﬁ@%ﬁml@@ré eomesat, urrepidescd timecianhe ehbinigl rbeetioanpecatinge at the

t m r tion 4.
SLZZ". 19| chgg%xf ?t‘”u P&%ﬁé O@E&f%ééée o@%%!?ﬁ%‘r Clg'l‘c%z &ﬁ&ﬁt"&f xg&&%ﬁ? %%1{18 og€Ctio

r at particularly
restrict din thheothie bapdt atﬂeéldeéﬁ%ﬁ’d’é? Inpibiet ghemigtlerRdgHOD pYREsSE Neat er , or

the Iike @éﬁc&dsn H%ﬁ”ol@fa § L &6 hf dsvwied lsmalbdabuet dsfa@abtam mdusm vent, or

et hyl ene e,.use nt tion
Cemer ar ule £ I iRy P8 RS %P%Q‘?%% ey
not be prtbwi ched, tldﬁeq:\?@m) Wmtﬁﬂﬁrbhﬁlre@@ﬁﬂ?soﬁfth@ F‘%IF%E%S’FOW eaction

heat and @i GliQ6BaFLA Be cdrrdllcd t@khﬂt@nmogépwaﬁﬂeécrﬂﬁa wRi-er separation 6
(water separation neans) is for separating water in the reaction solution

flowi ng through the chem cal reaction processing section 4. Materials or
f1 ow chanreD #liddnet er constituting the microreactor for water separation 6

I s not paﬂxé &#‘Hs@lt{lé(nﬁ Iﬁﬁﬁerrlagto?ghe @ém%ﬁ@cﬁon%&e@ﬁh&%@&lﬁ@|1§hﬂﬁd in the

m croreac mX|n e al.so.applied one of the
M cr or eackHiCRIAT I EREEHRS §€fpg§é‘t‘f’iﬁﬂ%l P %é“ 89?[1?133&5 t%\ lﬁxfog?%l(it?/r of the

m cror eaCﬁ)@rmmfrq; 3 wedyehe asphr Harexatipimya bmtwdwfdabe& @u@bm&ﬂﬂﬁ n series.
These mi ¢ s%&te%lfﬁaﬁéxﬂ%ﬁs ROV 186 T A5hd G4l T %%vaewﬁmlagaxh@te& be desired

e
wat er separ g%lo ni'Coreactor for wate paration,6 has a
poi nt - syn¥et gheneierifiegeiion P’&‘r‘e%%n$§?‘§}°nd%§%?‘i’ho@f Yr%eisérr“g:ﬁé Figure 2,

a pl ural i {henof fbRenahesangaetaresplaneddirefor sepaplkt tlonméeroegacty fpr ovided in
a mniml s ac%]%ve%euseéhe case of serial connection of a plurality of the

m cror eac ay

foo35]
The temperature controller 5 (controller of chemical reaction temperature) is

for controlling the temperature at the time of chemical reactions in the
chemical reaction processing section 4. Specific constafution of the
temperature controller & is not particularfy restricted. The thermostatic



[0 O 3 81 Aspecific configuration of the mcroreactor for water separation
6 in the first enbodinent will be described with reference to Figure 2. [ O
0 3 91 The mcroreactor for water separation 6 has an approxi mately di sk
shape and has a flange nenber at the upper and | ower ends. This fl ange
menber is provided with an inlet 20d (See Figure 2B) for discharging water
and an outlet 20e for discharging process liquid after separating water
fromthe reaction solution. [0 O 4 01 An inside structure of the

m croreactor for water separation 6 is configured as shown in Figure 2B. As
shown i nchagibes RRict demuppengmia hbaeerorehd Sikefwithasaot fiolbaichrasf or wat er

separati i Laurat i h i atq of the
ppor - endt ah b B BP BT it B b Blec Aol B B} SISO 1

expl anat icase Where the ichepHealpfenctpr derprerfioie At pms dpaparatore. 6hies nainly
conf i gur egmbyraautd rohtr6liie MRadlehe,2thiA\iodObd Nerovitlea! Ste2bding0en a second
di sc member, 2h Daving, 2, Rootrdiand, Dot Lon 24 and A, m cror eact or body 22
made frofftHe ]fcl ange RRd % (§i SR HEnDer MTESAEOFYt di sc nmenber 20,
t he second disc nenber 21 and the flange 22a are fixed by a screw 20a (6
pi eces i fgFhguse 2) penetrating therethrough. [ 0 0 4 21 The packing

(0-ring) ,23a, .23b for ﬁreventisfr}?% | eak %rFA{)Crovi dedtbetween heffi rst disc
menber 20 Bn#PREKET R UFHEE TEABEIOD P TRIBLRPHGDI ME0H £ Pr ovi ded
bet ween theasdienaatirs ke thebmaciin ayptutitre fowang che@egh [the Ochpngcdl

reaction processing section 4. Materials or flow channel diameter

constituting the microreactor for watey separation 6 is not particularly
restricted. TFor example, the matters explained in the microreactor for
mixing 3 may be also apphed.

[0037]

Only one of the microreactor for water separation 6 may be provided. A
plurality of the mieroreactors for water separation 6 may be provided to
connect in series. These microreactors can be provided as required,
sccording to the desired water separation time. The microreactor for water
separation 6 has a point-symmetry configuration as later described with
reference to Figure 2, a plurality of the microreactors for water separation 6
may be provided in & minimal space even in the case of serial connection of a
plurality of the microreactors.

[0038]
A specific configuration of the microreactor for water sep argtion 6 in the first
embodiment will be described with reference to Figure 2.

[0039]

The microreactor for water separation 6 has an approximately disk shape
and has a flange member at the upper and lower ends.  This flange member
is provided with zn inlet 20d (See Figure 2B) for discharging water and an
sutlet 20e for discharging process liquid after separating water from the

reaction solution.
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The separation nenbrane 24 is for separating water fromthe reaction
solution. The separation nenbrane 24 is nmade of T-typed zeolite nenbrane.
The separation nenbrane 24 is provided to surround the upper and | ower
protrudi ng portions 2la through a parking as not shown. In addition, the
packi ng may be fixed to connecting the second disc nenber 21 with the upper
and | ower ends of the separation nenbrane 24. This prevents leak. [0 0 4 4]
A space formed between an outside surface of the separation nmenbrane 24 and
inside wall surface of the disk nenber 22b beconmes a reaction sol ution
channel 295 dorp$ending the reaction solution. A space forned inside the
separation nenbrane 24 kept under reduced pressure by a deconpressor 11 (as
later dedtdt Fﬁ”g‘:’) StrgghyEe o ‘?@WW@%’” Fetrparnesa tipd 658 S9RBETSEA menbr ane
24 and i ssdbswhdndéguredi dis {Hoben tieFiagke 8B| the bepedesdrlbbeddndsidfat is, a
space ingy : ] r channel 26
For Tl ow g gt s ReREkest: FRABIARFS Rark HATyge ELSLBRE, T SOl it on
channel 25ionfgaraianrlthe upperenband sidgividhbemainie desaiteddndadentol et 20e
comuni cai@plifr dghpldhetial es (as not shown) provided at equal intervals
along a circunferential direction of the second disc nmenber 21,
respectively Such holes cause the reaction solution to flow uniformy

i nsi de tﬁ@fﬁﬂci reactor for water separation 6. Thus, it prevents from

2 | g\i\n % me?ﬁmaa@a@@&][f?p&amvgepmw@ i&a Qﬁﬁt hn:tyi ed : l-ﬁg?@edég& lnefik§ et tcut , [g 0
e wat er or.fl aw chan an e, qutle muni cat e eac
other, i W?ﬁ?#@&ﬁ%&tﬁaﬁéﬁm : iZZ‘%C’t ﬁe%f’?’bduag)c.mﬁé%f zﬁ%wﬂ%m ained in
t he reactpromudoigadrtinn Séadinta theroreuted mdys2 mefe froohther®ng222ahr ough t he

inlet 20Q.j4s, §R fdl&ﬁra&dzm Pl AL 8idcNRe SBRARA! {HLFRIPERR & 243N d

di schar ge_out Iﬁgﬁ rou%E t he @gt ei) vapor flf(‘_\)N czgannel 26_and the outl et
20d. On t4edB gt 2R TS B &Y # gEF e (0% 1 ceeesi BuF B tai ni ng

met hyl olpeatehtiabtteerctltomrhi s separated fromthe reaction solution is
configured to discharge outside through the outlet 20. [0 04 7 In addition,
the inlet 20c of the mcroreactor for water separation 6 in the first
enbodi mer{tO P& 3éal ed. As above nenti oned, the mcroreactor for water

separ at i hebpdrksna(Peingd 23y 03 foy provdritiny kakareglrovided hetweant g of t he

vertical A/ er i i l a Eﬂfgﬁ r:L¢rpoi nt. Thus,
inthe c ég_g\%&aeergﬁ%le%q %ﬁ?%@g %éfcgﬁﬁe% %@%@%&ggﬁ br%p%gr té:rllsgle%ar ation 6
are connasteded betwaen the seepydl Gk prpnban Hgand Ve fpegd 2% rection, it may be
configured not to seal or to seal the inlet or the outlet, as needed. [0 04
8] Each ctf h{ hknlet and outlet is configured to be connectable to a tube
(pi ping). OS‘{%e ?’f]ically, a screw hole for fitting is formed at each of the

i nl et andllutkpraionnoemdhonn 24atfd farheenaypting swatsyf frgr & EB2EEENect to

each of the.dhdl et TRd RpitRlondinstahfithed 4 tiki Rghdas oNOT thaMWeolite
membrane. The separation membrane 24 is provided to surround the upper
and lower protruding portions 21a through a packing as not shown. In
addition, the packing may be fixed to connecting the second disc member 2]
with the upper and lower ends of the separation membrane 24. This

prevents leak.

(004 4]

A space formed between an outside surface of the separation membrane 24
and inside wall surface of the disk member 22b becomes a reaction solution
channel 25 for sending the reaction solution. A space formed ingside the
separation membrane 24 kept under reduced pressure by a decompressor 11
(as lster described). Thus, vaporized water permeates the separation
membranc 24 and is discharged outside (the detail will be described). That

11



[0 04 9] Returning to Figure 1, whole a configuration of the water
separation system 100 w Il be subsequently described. [0 O 5 0] The
tenperature controlling machine 7 (water separation tenperature control
means) is used for controlling a tenperature of the mcroreactor for water
separation 6_That is, it is used for controlling a tenperature at the tine
of separating water fromthe reaction solution. A specific configuration of
the tenperature controlling nmachine 7 is not particularly restricted, for
exanpl e, the sane as the above tenperature controller 5 nay be used. [0 O 5
b In thg, fi éﬁéceqml TRNapakitfors Yedreh Ry 20 €oles iagwathrSughrtfat a
tenperature oﬁ {St%%rnﬁ em cal reactlon differs froma tenperature at the tine
of vvaterliéﬁgﬁ’ﬁ QR BHREF P ¥or exanpl e, the tenperature control ler 5,
7 may be designed such that a tenperature of the chem cal reaction

i ncreasesqang =4 terrperatgre OL wat er separation ﬂecreases As the chen cal
reaction,_does. n wi t hout -goi n t he ation .ener gy it is
easy to Eg?)d@@a @%g%é?a‘iﬁé’&c‘f@ 1o gﬁ?ﬁ&ﬁgﬁgﬁ oﬁ%? and, it is
pr ef er abbdution shparalt?s gt oy cwletleenarm teitpty Qiromgh ﬂ'wshqlﬁe asawar at i on

menbr ane go%@iﬁ%vﬁegué@e%)eal'1ﬁt89%§re§$ﬂ%;%ﬁfmﬁf%r@ﬁ?§l &iRstisha#eRe Thus, the

tenperature ¢ en at e tine of %Lhe chem cal

react i on%efq8d gisciy ’oqesmié'ﬁ yse capge ‘?Smﬁcﬁmnfﬁ%u 38k- pressure
val ve 8 is flawvadid@nflgrineidarnthe tiingrtactbhdor watcs: mpasaihm:t Bo nThhaniiel 25 and

the outl %eveg& expl 3, &%ﬂg%%ek%:&ﬂcﬁf 8% Fﬂx%%fre pssl b%cdgﬂg&essur e

val ve 8 I'€és pressure~on reaction solution channel 25 to conpress

and preve I§mﬂirom evapor ating net hanol having a |low boiling point. As a

result, a differential pressure between the reaction solution channel 25

and the \I(:/Qttg é;fpor fl ow channel 26 becones |arge. Then, water separation
ép

due to t ation nenbrane 24 can be pronpted_ In the @aég where the
desired ffbapetat vary biw chrnnebAp epdihe eutloh2Pdreemugicate gt £t 0 be | ower

in terrpe'i@taugﬁﬁaﬁaﬁagf@s Rebivhng 80 AFsrdf whas cWamrobomdnﬁ@tahaﬂhel the
back pressure val ve

ovi d r mat eri al
tank 9 i $EAFUORHP ‘Ffé?n §? Sh"pF élgg Sfjfﬁu? eglgﬁlt?];a%c}%t 1%%ui%'rhﬁ'iteat e
pr oduced 20y ia cbaﬁgme(dntcoiaemme the |sap@m1qmeml¢a:mmne Shend ﬂt?%Wl guration

of the progygl, hgﬁ'tﬁé whaBa oi» 8o QhaBAkL 26 HhAthY FEKIIVECT €6k thand it may
be the sane con guratl on

ol.ei.c acid tank la an anol tank
’b. " At apkbrdrensl g8 FEVRES BRdC oy e Mgt (P RLERLE TPERL Cltar B hamt hano
may be praubded sepfradled fAdm the reaction solution is configured to disch arge
outside through the outlet 20.

(604 7]

In addition, the inlet 20c of the microreactor for water geparation 6 in the
first embodiment iz sealed. As above mentioned, the microreactor for water
separation 6 has a point-symmetry configuration about the center of the
vertical (longer) direction of the microreactor as a symmetric point. Thus,
in the case where a plurality of the microreactors for watex separation 6 are
connected, or in the case of replacing a vertical direction, it may be
configured not to seal or to seal the inlet or the outlet, as needed.

[004 8]
Each of the inlet and outlet is configured to be connectable to a tube (piping).

Specifically, a screw hole for fitting is formed at each of the inlet and outlet
as not shown, and the tube is configured to connect to sach of the inlet and

outlet by using a fitting as not shown.
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The cold trap 10 is configured to connect to the water vapor flow channel
26 and the outlet 20d explained with reference to Figure 2. That is, it is
configured to separate in the mcroreactor for water separation 6 and coo
down vaporized water discharged outside. Thus, the vaporized water (water
vapor) changes into liquid water and then the separated water can be easily
recovered. [0 O 5 5] The deconpressor 11 is used for maintaining the water
vapor flow channel 26 under reduced pressure. The deconpressor n pronotes
wat er separation caused by the separation nenbrane 24. Specific
configur@bupqL@I t he deconpressor 11 is not particularly restricted and

t hen any e. used The . controller

confi gurgge rrg%?eﬁ ipbgw:gﬁlew?}?é %’Fﬁ%‘gﬁ%toflo%%?? Wéat?ﬁtsepﬁﬁat&%ﬁﬁrs %ﬁn reaction
pr ocessi §0gaBttieombdeq Smélyi dascabedy is configured to control the flow
rates of the reactants into the mcroreactor for mxing 3 by controlling

t he purrp? ‘ﬁ (gﬂ 2b by the controller 12. Thus, the chem cal reaction tine
as above 'NeN Qhed is controlled. At this tinme, the controller 12 controls
the flowThat ésnpérative renotiings nbabet: ch (watet iseparhtiphetqgmpehatirsi n t he

process 'cbﬂﬁbﬂxg]eéﬂw teqldeeatf?r E&‘z&mﬂbﬂ %Cteng?érstm' of 86 bniBroxd Fhr ks the

f eedback contr { , 'S c% ured to
control t%%h%?ﬁréﬁpnrseag‘ aBl’tStlF h?eu%eﬁ‘c{?rtcﬁ’é’l?m Hﬁg%ﬁ%:ﬁ? “’Fee Heon tine is
shor t enedihof h@acaser dhta tanghe samtioh sofutidie  Awpedifictcoffiptiwglonol eate) in
the B oceeSub aHbO AN LSuRsBbonAEthihd 1 Nea6a5e Rl S PRl i QRDWE Of L he

pr oduct t erei con o-contraol Ssuch that the
cheni cal exempld.dhe same asihe BEOHEMReERt ‘#@é@ﬂ%ﬂ%?@@é’s}éﬁi Wefdsection 4 is
shortened in the case of a large anount of nethyl oleate discharged from
the chem @n’¢d5r ?cti on processing section 4 and the chem cal reaction tine
in the c# a reaction processing section 4 is prolonged in the case of a

smal | andonthef firsst kypbodirente dies sHsegedntyoRet Besignadnictsh Fladcd on
processi NGn3erdthed offthd EhebhivalBreheton @j&&g HFon aCﬂéﬂiﬂeﬁéﬂutr@ﬁt thetialove will be

descri bed. m1§’]he contraller ,ca redi c | ol eat e,
e he cirurT sapheaiph ere PRt | Bty pufBeB P lorfia RERS BB HTEL BY |
ment i onedi sy denpasgdednsushpisited a@mnm’c@fe wﬁethpr@@ﬁmltca]«ml‘?ﬁﬂt% actual |y

produced gpnunts ofgmet Ry eta%atee,oﬂ tvva'tér Jgégmdmh%m@as@cr aasehof the
chem cal Treaction shoul further ired @_{ 8&1&1& he act ual l'y
e

produced @WBUHY BECHERNH eso‘il‘&a??cfe%d 0 f‘nﬁﬂmtghgeyé’? AnDun
product . Arey, teisulaky t beocebidai edlighearacidm témperaturgr oCongedthahi s can

produce mpre nethvl,flGket ARG NBEE wathr Bt0a So@ed temperature, as the
separation membrane 24 (See Figure 2} is generally poor in heat resistance.
Thus, the temperature can be designed to differ between at the time of the
chemical reaction and at the time of water separation.

[0052]

The back-pressure valve 8 is a valve for connecting to the reaction solution
chennel 25 and the outlet 20¢ explained with reference to Figure 2. The
back-pressure valve 8 applies pressure on the reaction solution ¢hannel 25 to
comprees and prevents from evaporating methanol having a low boiling
point. As a result, a differential pressure between the reaction solution
channel 25 and the water vapor flow chamnel 26 becomes large. Then,
water separation due to the separation membrane 24 can be promoted. In
the case where the desired temperatures of the temperature controller 5, 7
are set to be lower in temperature than the boiling points of oleic acid and
rethanol, the back-pressure valve 8 cannot be provided.

13



On the other hand, it is judged that an anount of produced nethyl ol eate
does not increase even at a |longer chemcal reaction tine, in the case
where an amount of produced nethyl oleate is approximately the same as the
actual ly produced anmobunt of nmethyl oleate. As a result, it is controlled to
gradual ly shorten the chemical reaction tinme. This control saves the

chem cal reaction tine. DD O 6 01 A neasuring nethod of produced anount of
met hyl oleate is not particularly restricted. For exanple, the measuring
met hod may be used with density, refractivity, FT-1R(Fourier Transform

| nfrared [§p@cgtgpscopy) W(U traviolet Infrared Spect roscopy) HPLC( Hi gh

Performa e uid Chro ogr.aphy) Gas .Chronmmt o , or. the like_
06 ii CWHaF@I ’?:L@'Feri&ga Hg ipsf%ﬁ%?lf% @BWPE&TPF%%‘QE icyRtagRIngenper at ur e[
control I inmethphclebteepfdaned By dlherctios, ofviien seidlesd rmedthaenherSaktfe of the
t enper at %Bﬁ%ﬁ%&gﬁ'df‘tﬁg &ﬂétn%aﬁem%ﬁysf %ﬁev@mmg#g Llgigeptroller 12,

the contro is.co gure to contr er re con rolllng
machi ne 30dnt mag fenthegame fanggurating g8 fherdeigracid dankelaoppaithed. [0 0 6 2

] I'n addigét@anolttaakdont Bojangrfod Beparatiagfr guirdring (hehieepidiakcilr ocessi ng
Unit), s%gg%eqﬁg? r&%ﬁ‘??r‘#&&%%s[o' 0 6 3 ] <Function and Effect> Next, the

function cribed with reference to Figures 3 and 4. [0
06 4] As shown in Figure 3, the equilibriumreaction in the supply side
of the sépanat4dn nenbrane 24 (e. g reaction solution channel 25), an

equi libriymr ti ro L i on ratec nt k or a
forward r(ﬁ?c ?%%apq% Bémlr]gggfeidoﬁ Ta %Ctggﬁé? ?ﬁteﬁﬁaﬁ% a}éaatf%i?g reaction.
Strictly asdethe patlett Bod raxabained pithcebasngeute Eigwer 2st 5’%1&1: ng 4 i xture of
the r eaCt«:@Hﬁé&l‘éﬂttblseﬁQPatg%hhﬂe Iﬁi&@ﬁeﬁcﬂcﬁ b Qladbetbpalhiisn fd S @osihows, for
conveni ence of e nation, 5‘%{3 res(% t.i,ng &E]I \Rgactl on. i nside the

ni cr or ealdCHR f"BPorgﬁeW’%%rpaﬁl 257" eI i £ YRR ERe"etBpl y si de
per meat eswhbe vepparchrigre méobigaitewatbr byndgbinghel eezmam%wetertcan\bat er vapor,
and reachgsiy r&grl&gatl on side (is. water vapor channel 26). The perneation

rate constan .e. separation rate constant) for perneating the separation
menbr ane 24 or vvater vapor is set
[0 05 5]

The decompressor 11 is used for maintaining the water vapor flow channel
26 under reduced pressure, The decompressor 11 promotes water
separation caused by the separation membrane 24. Specific configuration
of the decompressor 11 is not particularly restricted and then any
decompressor may be used.

[005 8]

The controller 12 is configured to control the chemical reaction time in the
chemical reaction processing section 4. BSpecifically, it is configured to
control the flow rates of the reactants into the microreactor for mixing 3 by
controlling the pumps 2a and 2b by the controller 12. Thus, the chemical
reaction time as above mentioned is controlled. At this time, the controller
12 controls the flow rates of the reactants based on a ratio of the product in
the process liguid flowing into the product material tank 3. That is, the
feedback control is made.

[0057]

Specifically, it is configured to control the chemical reaction time such that
the chemical reaction time is shortened in the case of a large amount of the
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as k2. [o 0 6 51 As shown in Figure 4, when the reaction tinme becones

| onger, the reaction rate for the forward reaction (forward reaction rate)
decreases according to the residues of reactants. Wen the reaction rate
becones faster, an ampbunt of water existing in the reaction systemal so
results in increasing as the reaction proceeds. On the other hand, in the
wat er separation due to the separation nenbrane 24, as an anount of water
in the reaction solution becones |arger, the separation rate becones
faster. In consideration of the above matter, as a |longer reaction tine

s e TRl b TR 2R LR ity 1 vt o
reaction, S”i‘aﬂg E‘ﬁv&?gﬁ? @58‘% ﬁ‘ﬂ%evgi‘ “ﬂfﬁroi’f’éé% hds swedithe f orward
reaction. colitrel saalettbah that ehémmal heati&okviand redhti dreningdr eagesn as t he

reaction ep%bcg&%sﬁgcs%ﬁﬁén '40{%9&{mé%ﬁnint #h% 48 d;:ﬁ £ 9N e”&m@%@ﬂ%@cg%“m even

if ther tine Is react on r s equal to

t he backwadade regsarsd ?ra{nethw%ﬁ’éa F%ﬁtw!rrwﬁcesw@ sardienichienddiet i on i s
hard to pheséed.rchitiod hehe war the chemvial efeapried UabtaBivsataidacaeases

gr adual |y, B0de 20l AURUAS 0P Yhek @eas:;ft%tf@% b ToibR FEACkLaNLRApem does not

change. e ar ion I clrenc and a cut of
t he mst@hﬁmﬁ*@imﬁmwé@rb@@ﬁmﬂf@l@# wat er separation can be, therefore,

obt ai ned by appropriately setting the reaction time according to an anount
of the pr[?}dﬁ s perfornmed by the water separation system 100.

Conpl i cat i ncreasing the size of the equi pnment can be al so prevented
in order Ano’t‘za&om i revntuntleng e rabgee ivaH bd desatibaRur thher sptelleasan

tenper at y.e30f aﬁ%émqiﬂ;ﬁmuééa%et f§ ofd=@b! ¥ gantdeldrg cohh8lkepr oduct can

be restricted to odi nent xt, referring to

D o L i ket P L0 Bt s b R, (I BB A HERES 01| b
descri bechmmurcteﬁailé prddemwlt&lﬁétesaammwmém(atﬂmxt;emst)ofasetﬂllﬂbomiteert separ at i on
system 100 %&%ﬁ'tgﬂﬁ e 2eqeR0l &%Maﬂx@ﬁcﬁ%&ﬂ&%%ﬁhe@%ﬁﬁ% det ai | ed

expl anati o mtte 81 <Confi on>, hown in Figure
5, in thefoﬁvétcé?e YBEH HiY %H@%E&?ﬁ%@ an%?"é%é’%n&%ﬁyf‘%fﬁﬁ‘fei Jﬁr}e $e8ssi ng
section %hb&xpé@w‘z dadvoni: of prdithee. chemiresiliy Gactlieon carzeecissn t:ngmj:ewl ces 131,
132 and 1333000t MGR fHANOGlceGRBI RN GIUI bitd WAder, 142 aNd 143. A

configuration reaction processing eV|ce 13
[005 9]
On the other hand, it is judged that an amount of produced methyl oleate
does not increasze even at a longer chemicsl reaction time, in the cage where
an amount of produced methyl oleate is approximately the same as the
actually produced amount of methyl oleate. As a result, it 18 controlled to
gradually shorten the chemical reaction time. This control saves the

chemical reaction time.

[006 0l

A measuring method of produced amount of methyl oleate is not particularly
restricted. For example, the measuring method may he used with density,
refractivity, FT-IR(Fourier Transform Infrared Spectroscopy), UV(Ultraviolet
Infrared Spectroscopy), HPLC(High Performance Liqud Chromatography),
G0(Gas Chromatography), or the like.

15



is showmn in Figure 6A. [0 0 6 9 The chem cal reaction processing device 13
has a m crochannel 13b of a typical length that is enbedded inside a
substrate 13d As shown in Figure 6A, the m crochannel 13b has one open end
as an inlet 13a on the front side, and the other open end as an outlet 13c
on the rear side. As a result, the reaction solution entered fromthe inlet
13a is designed to flow through the m crochannel 13b and go out fromthe
outlet 13c. [0 O 7 O] The constiutent material of the chem cal reaction
processing device 13 is not particularly restricted. For exanple, the sane

mat eri al of the m croreactor for mixing 3 as described above may be
used. A Iow c annel neter ,of the chem. cal reacti orh tprocessr ng device 13
is not parei eomEpNgy r]@st cReffncticd copirplling & QRENSF LA Re as a flow

channel diosnelier hathinbes mhdfor et ag, Wwhen m aemgadsr;en[tpeﬁmaua df theFurt her,

tsﬂgwrstt |r ﬁ%éﬂggra%L%éA&%t%dﬁ%%ﬂ%ﬂﬂﬁ % ;ag'{a Ty lr:gﬂfttx%?ﬁlﬂbb [Ehé &t&tgﬂéxh@ structure

hr |t|on each of the
cheni cal theaertxhlepr b dgs gt c®s ‘“"1%”%% ﬁat%é@ﬂ%erar‘tl’fgefz‘é‘ﬁ?“]@ﬁﬁnnel

st ruct ur exddhowa 5faﬁdﬂeﬁichqtatﬂ@ dieiticd esmperatamd yas barebiefinddhe devi ces may
have an identical channel structure and the other devices may have
dlfferent channels. Preferably, all of the m crochannels in the chem cal
reactionlpr®e8si ng devi ces 13 may have an identical structure in view of

uni f or m ng JAEaicd eRD V¥ trflREl1OrFRRENeE deFAPUNEahahPeaksgiagEinion

pr ocessi n devi ce g 2 d maki ng chem cal reaction control easy. Further,

t he chem Arenea it Bh ‘%Pocessr ng device 13 may be formed in one piece or
may be di sasserrbl ed. 1QU 7 2] Further, the inlet 13a and the outlet The are
di sposed [{yop Respoi nt symretrr c about the center of the vertical (Ionger)
directi on o? the CIAI I reacti on processing device 13. In such an
arrange UTGFIOP 7 ~13a and the outlet 13c, a length of the

m cr ochamett, 113b hestiohearehsiféop veillabe ddstrybednwythneliraycetp Figres 3t he

devi ces, a%%éhown in Figure 6B. Furthernore, a plurality of the chem cal

reaction processi ng devices 13 can be connected w th a m ni num dead
volunme. [0 O 7 31

(0064l

As shown in Figure 3, the cquilibrinm reaction in the supply side of the
geparation membrane 24 (e.g. reaction solution channel 25), an equilibrium
reaction proceeds with a reaction rate constant ki for a forward reaction, and
& Teaction rate constant ks for a rearward resction. Strictly speaking, the
reaction proceeds just after starting a mixture of the reactants until the
methyl oleate is isolated. This figure shows, for convenience of explanation,
by restricting to a reaction inside the microreactor for water separation 6.
The liquid water in the supply side permeates the separation membrane 24
by being decompressed to water vapor, and reaches a permeation side (i.e.
water vapor channel 26). The permeation rate constant (i.e. separation rate
constant) for permeating the separation membrane 24 or water vapor 1s set

as k.

[0065]

As shown in Figure 4, when the reaction time becomes longer, the reaction
rate for the forward reaction (forward reaction rate) decreases according to
the residues of reactants. When the reaction rate hecomes faster, an
amount of water existing in the reaction sysfem also regults in increasing as
the reaction proceeds. On the other hand, in the water separation due to
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Further, each of the inlet 13a and the outlet 13c has a screw hole for
fitting (not shown). Wth the unillustrated fittings, the tube can, be
connected to either of the inlet 13a and the outlet 13c, [0 O 7 4] In the
wat er separation system 200 shown in Figure 5, a plurality of the chem cal
reacti on processing devices 13 are nmutually connected through the channel
controlling units 14. The controller 12 is designed to change the nunber of
the chem cal reaction processing devices 13 that the reaction sol ution
flows through by swtching over the channel controlling unit 14. A length

of the migLachanteh dalbeaR N 035 Ao (IANER DY, BrLOnklgN AR Of the

chem cal  reacti on processi ng sect 1![6'33 cont I’g em cal _reaction

time easiPPPmaplayeer she smorftipn pte becames bytsr ?é‘ﬁﬁ?léer"%tﬁ@ pitheure is
meant t o abbesridtteeughs ldngesiaagtien mlm:m&bs mammﬂnoﬁwamammgzgdaw ce

13(131 trolled
thgit t%]et%‘lg?( %ﬂ%ﬁ%? e}%g)%ﬁ&e)% 'ltﬂllﬁ%g’at Rem cﬁqﬂr eaction gfeogce)gsrgg gev?ges

132 or 133. Furthernore, when the mxture is neant to flow through the two
cheni cal [pea@ 69n processing devices 13 (any two of the devices 131, 132

and 133 thro three.che al ea tion. cessin Ces 13
(131 153 dhe et e R Dl P i e o B SR Bhefle e

| i kewi se asovedhes the formmrgereppiéon haﬁ‘h@@ﬁlﬂ?ha%mlfgf t}teﬁéﬂcéﬁ’@ﬁﬁéﬁ&f@@ﬁt rol units
14 may benGeRkdD!dLthd Pee@ﬁglﬁrmﬁa@ mgmleg 1@19@&96\2&11@% tiengtdetph tihe

m crochannel s 13b | n, addi tion,
st ho CRAFEP® BORISTOFY T S in (G 1 VEoRag DB PV 8RO foiach. of 1 he
channel s befomenteqokl ¢6 thhebadiimeed caciontadd in hemsh Sl sThemt thehe sol ut i on

flows thrgyg hcaﬂetabﬂbtglis hhiy B 9%&&@ I o%éir@bﬂ %h@fwé&’cﬁﬁ bemteal reaction
processi ng cgw ces 13 i,s gonnected in se t he chem cal

react i on TpF0AB¥ERMy Fadualy. ;a0 PrOWgh E’?@ed" Bm%ltﬁlg)m? Kol lin g
Met hod> Hekiminndbéenot dhehee.r i Hight sep Eragioreeffigienheolwnter él.e. ri'egh(nbldﬁs ed in the
wat er sepaq{daé R 4 ﬁgt %&9@@@9%1 laMbddi AU o Watl,e!r s@ﬁaﬂﬁ:ﬁﬁ{ thede, The

controlle he cont_r ol erations shown 1n f1 owchart of
Figure 7.t ﬁﬁf?%ﬁbt%w%%wg%ﬁte %P&FW %F@“@Bﬁﬁ%@?ﬁ’f P& %ency is

j udged baggsanchtlehprgacohs tpeefoampdrity offe pzramﬁue@hm&mh)slsramheaﬂé That is,

since the.st I r produced
Cn the T g)éac ;ﬁ?fma%o%r%ﬁcﬁ{n%re[ﬁ{ﬂ%th%estx%%mhte ﬁ'%l ggl}%gagg%gﬁﬂr bat e moans
the i ncr dagedenaeteio ciwsplata thareasiipp iqé’ggy g‘h‘% @%@ﬁ??é%? 1t"ﬁ’e enhanced
product i qif tRE kb&dtBRCNq@H 1Wafaly corftColRdl tBe by-Absdarct ShepeFe@Rictal 1 udy for
i mprovi ngﬂm{ie vvat er separation starts (Step S101). In the beginning, oleic
acid and are mxed at the predetermned flowrate (i.e. a certain
reaction tine) (Step S101), and then the chem cal reaction starts to
produce Ebyé ate and water. The water separation efficiency is
a
b

cal cul at an amount of the presently produced nethyl ol eate and
conpar ed Gilljfefor etical efficiency. If the water separation

ef fi ci enchiekis yefistging to Pimuirehamovatel iseparajisod jyetomas20th agtefim 88) , the
reaction g dtzﬁeﬁﬁgwlﬂ%@ BEcPRidNG SRbIIN Heek, 3R sidie wftd fhaabéeh study is

termnated 4o o At bk 100%s! 8PS 2l b AOD by RS digler the

numerals, and the detailed explanations will be omitted.

(006 8]

<Configuration> _

As shown in Figure 5, in the water separation system 200, a chermical
reaction processing section 4 is provided with three chemical reaction
procesging devices 1531, 132 and 133 and three channel controlling units 141,
142 apd 143. A confipuration of the chemical reaction processing device 13

is shown in Figure 6A.
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[0OO 7 91 On the contrary; in Step 5103, this is the case that the water
separation efficiency is judged not to be enhanced (No in Step 5103). If
the flow rates of oleic add and net hanol are changeable (Yes in Step S104),
the flow rates are changed by controlling the punps 2a and 2b to repeat
Steps 5102 and 5103. If the flowrates are not changeable (No in Step 5104,
for exanple, the punps 2a and 2b are already operated at the maxi num

out put, although the flow rates are neant to be changed), the chem cal
reacti on processing device 13 will be studied (Step S105). [o a 8 01

Speci ficqhlyeg §pe nunber of the chem cal reaction processing devices 13,

t hrough which the reactjion solution flows, is determ ned _ by controlling the
channel ddiit FRSIRIGH; FeapiionTaeessle fpdce Henheaa regeehamali b phaset again.
Af t elr t heysiesltlongetf st idhembbdivddabide @aeibsomienodessi BEowe v @Q@u&di ?

conpl et egh,s Lf. r.at.l 1.Gi V- kS 4 ed t e..g00 Yes in
Step 510%}‘%’ Fiﬁﬁ(%ﬁ%%%ﬁ:@%&%gﬂgﬁg%bggg% %ir%&talg%gl If}‘gescr_ﬂgég%d@& ig%&b%(?eﬁg optim zed
and the @pitheriheoppast el ap aurrtiftiacan iy wgs silel 0 Afnal rsalt)theand t he
oper at i ORe£@i{thi svlh@t??m Bfifed et tindidlétonZa id @aslﬁ))glﬁadi ﬂodﬂd(’WNOSEﬁﬁxggliﬂﬁ, silI) 6; he ]
wat er separation o cy. I u 0 be goo in Step , the
nunber of‘I%tc’fa]Oézhg?% 1gghgen%n%%?uﬁffé%%glgggugg%)%%cssi ng devices 13 is changed (Yes
in Step S107) and. then Steps 5105 and 3106 are repeated. On the contrary,
in Step 38077 ¢1 the nunber of the chem cal reaction processing devices 13

i s unchangeabl e.(No,i n St.e 07, for.exanple, when all .the. chen cal
eact oo XaEERnS bRt aietiERo e thatdia ST e Se heiaritd B e
react i on peitrenlaglymeatticted. bEopreshmpdedile sheewanterideparthtt of thenper at ure
e vt Stiofotef ARt Rl it B AARBEELUIR. S oAl A 40K @Ramidls)  Then,
LT o oncimEan b1 e hemictl ratna? itidSh e e el T 1 kor PRZGEHAARCCT o))
and S111Yestftd, Gnd danlbe, Siregxabids, thefsane #nhdlowechanaebdisegar &ri on

efficien cogni zed i(No. 4 n Step S109), the changeablity of the water -
separat i gﬁe?%ﬁ%jgr ature is is?l%udi ed(Step 5112). If changeable, Steps S108 and

5109 are repeated. On the contrary, if unchangeable, - the tenperature
control | ifmgomachi ne 7 may be al ready operated at naxi num out put or the

operatio e '%Si_m ReSi: St nper at ur e
dimt of %thﬂg%é%% gﬁzﬁgﬁl@%e%égn%?gﬁ a %Egﬁ’g Eﬁ%ﬂﬁag_ggalrl%ﬁ%gcﬁt,%ﬁper ature is
meant t o shewckuiesepwn fe Higwre Ghnapferaphentinean onopat hdn % reaction
tine ter rgapRt@sht N@estitilyreaMon pr&iegfingldiceSt Bpsdyl havanddiSkidyt. [0 0 8 31

[3. Enbodinenty 3L HELSEA VAL redt HALETaSERE A bOY 4 BFLAPAeASRT ding to
may have an identical channel structure and the other devices may have
different channels. Preferably, all of the microchannels in the chemical
reaction processing devices 183 may have an identical structure in view of
uniforming heat removal performance of each the chemical reaction
processing device 13 and making chemical reaction control easy. Further,
the chemical reaction processing device 13 may be formed in one piece or

may be disassembled.

007 2]

Further, the inlet 13a and the outlet 13c are disposed to be point symmetric
about the center of the vertical (longer) direction of the chemical reaciion
processing device 13. In such an arrangement of the inlet 13a and the
outlet 13¢, a length of the microchannel 13b can be easily changed by only
making a pile of the devices, as shown in Figure 6B, Furthermore, a
plurality of the chemical reaction processing devices 18 can be connected

18



be described referring to Fig-ure 8. Here, the sane units (nenbers) as the
wat er separation systens 100 and 200 in Figures 1 and 5 are denoted by the
same nunerals, and the detailed description will be omtted. [0 O 8 4 ]
<Configuration> The water separation system 300 has the neasurenent device
15 (in-line neasuring device) for automatically nmeasuring an anmount of the
product (nethyl oleate). In the enbodi nent; the neasurenent device 15 is
provi ded between the back-pressure valve 8 and the product material tank 9.
The neasurenent device 15 may be provi ded between the microreactor for

wat er se Ucﬂ%_'rﬁi?_u]%uﬂpgeéd@al%%k pressure valve 8. [ 0 0 8 5 The specific

configura | on he measurement device 15 is free fromparticul ar
limtation, and any autonated nmeasurenent device, to which the
above- rrer[td @rpeg} met hod i s appli cabl e may be enpl oyed. Accordingly,

providin C oi,d a co ate trolling
operatio %&%&(%ﬁ%’t&ﬁg ﬁ qu%t%ﬁt}%slsy n%stl?ﬁ‘?h’ d’-%&ﬁmarmunt of
t he produset spwme me(tbs& us‘f@ﬂt@ﬂl ingwbitbevebe caheei m&cmﬂe:m nput of

the neasyigdr apHeNbIRN1 RSV k9 18dhe control ler 12 can significantly
reduce the time lag occurring in the above feedback control. As a result,

the water separation efficiency is enhanced nore accurately. Exanples [0 08
6 Herei ndfx@r7, 41 he enbodi ments of the present invention are described in

mor e, dot Al ek Mot ideK ARLASI00 BIGYE in TRAATPIECR SAOM A0cDe

construe e ScC of the enbodi ment of ent |nvent|on
[ 087 ]ch%c%wrﬂogé&gﬁ%ﬁsmﬁq egesd eﬁa@yﬂ%ﬁ%wpﬁaﬁé‘aﬂuﬁw r
produced dhagethentwillihe nefitzyl4. ol Hat @nfrdkerol 2ic dedgkdatid cheigattel . The

wat er Se@fﬂ%ér ayeskg{:;ﬂﬁc%? regﬁnog‘pg 8.5{111 M&slm Va2t H%eegcéc@mhhe reaction

system [el na ns were descr
zolution flows through by switching over the channel controlling unit 14. A

length of the microchannel 13b can be easily changed by a configuration of
the chemical reaction processing section 4 to control the chemical reaction
time easily.

[0075]

Specifically, when, for example, the mixture is meant to flow through the
single cherical reaction processing device 13(131), the channel controlling
umits 141 and 143 may be controlled so that the mixture reaches neither the
chemical reaction processing devices 132 or 133. Furthermore, when the
mixture is meant to flow through the two chemical reaction processing
devices 13 (any two of the devices 131, 132 and 133), or through the three
chemical reaction processing devices 13 (131, 182 and 133), the chemical
coptrol units 14 may be controlled likewise to easily change the channels.
That is, the channel control units 14 may be controlled in order to easily
change the length of the mierochannels 13h that the solution flows through,

[00786]

In addition, as the channel controlling unit 14, a valve may be provided in
sach of the channels. A control of the valve can control the channels that
the solution flows through. Although, in Figure 8, a plurahty of the
chemical reaction processing devices 13 is connected in series, only one of the

chemical reaction processing device 13 may be connected.

19



[0 O 8 8] Exanple 1 <Configuration> Methanol used in Exanples was the
speci al grade chem cal of nethanol manufactured by Wako Pure Chem cal

| ndustries, Ltd. The nmethanol used in Exanples was m xed with the speci al
grade chem cal of concentrated sulfuric acid as a catal yst manufactured by
Wako Pure Chem cal Industries, Ltd. as a catalyst. The obtai ned net hanol
solution was used. The m xed anount of the concentrated sulfuric acid was
1.6 nmass percent to the entire nethanol solution. [008 9 ] Aeic acid used
i n Exanpl es was t he Wake grade chem cal of ol eic acid manufactured by Wako
Pure Cheniycgl; $pdustries, Ltd. Oeic acid used in Exanples was sieved using
az25zm rresh st ainl ess, si eve manufactured by As One Corporation for

renovi ng TH98te8%% MreEhedthuri ties. This treatnent prevented vari ous pores
such as preRatterarsfepipte Mignmndy dre cadirbl emibed ngedlingdedwater0 9 01 The

T XI NG T a8 el ieen LG & A6k ANG.IPEANGL: SOLUBEEN WEScAfid. The

excess a was use to accel erate em.ca reacti on_ The
f1 ow rat d2t perfgranenithe spalSt GPeFaiiong xawn InotheMereharti of Were. Bos nrain,

and the fﬁt&%drai@%nﬁﬁné@ié}ﬁrﬁkhm@n i ratibhnaffcieddyals judged besetiot al suppl y

flow rate_of ) S t #l,n. [00911
Hitachi Mt 8%1 ef%% gtém ﬁ/IO%E’r %{g(%g’g%gt rci'/lg%}% Ivg]é;&t %%ﬂ'ﬂgﬁnnuf actured by
Hi t achi mltcaduomem@m@b@éweem the msthﬂsééaﬁ% E—ﬂéé’dﬂtﬁh@m@-&é@dﬁt e Mcro
Process SgaMeh M5 a2QR)rowas aneyist efnpmmdsmummmmmwhfeeedn ng.

g, e SR e SRS S%fﬁﬁ?a% “SbiRiY M KSR ot el y
t aki ng t yrodudtivnpdfidienes efgvitery. oduct i on and feed. The oper atl on could feed
wi thout interruption the reactants of the volume |arger than the syringe
punp capa[m ty ][0 09 21

After Step 8102, a study for improving the water separation starts (Step

5101). In the beginning, oleic acid and methanol are mixed at the

predetermined flow rate (i.e. a certain reaction time) (Step S101), and then

the chernieal reaction starts to produce methyl oleate and water. The water

separation efficiency is calculated based on an amount of the presently

produced methyl oleate and compared with the theoretical efficiency. If the

water separation efficiency is judged to be enhanced {i.e. good) (Yes in Step

§103), the reaction time is regarded as being optimized and the optimization

study ig terminated (Steps 5110 and S111), and the operation continues

under the condition.

[o0079]

On the contrary, in Step 5103, this is the case that the water geparation
efficiency is judged not to be enhanced (No in Step 8108). If the flow rates
of oleic acid and methanol are changeable (Ves in Step $104), the flow rates
are changed by controlling the pumps 2a and 2h to repeat Steps 5102 and
2103, If the flow rates are not changeable (No in Step 5104, for example,
the pumps Za and 2b are already operated at the maximum output, although
the flow rates are meant to be changed), the chemical reaction processing
device 15 will be studied (Step 5105).

[oo8o0]
Specifically, the number of the chemical reaction processing devices 13,
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The m croreactor Mcro Process Server (CMPS-004) manufactured by Hitachi

Pl ant Technol ogi es, Ltd. was used as the mcroreactor for mxing 3. [0 0 9
3 ) Further, the chem cal reaction processing section 4 was provided with a
fluorine-based resin tube (manufactured by G. Sciences, Inc.) having an
outer diameter of 3mm an inner dianeter of 2Zmmand a length of 10m [o 0 9
4 The mcroreactor for water separation 6 shown in Figure 2 was provided
with a tube having an inner dianeter of 16 mm and a separation nenbrane 24
of T-type zeolites nenbrane (manufactured by Mtsui Engi neering &

Cubb. . The magromaich fhe)oadifor 33 B@‘“ﬁ%%é b io depERLAn, i“f%f“{’ﬁﬁ%ﬁ BE of satmm
The di améb8rEehge nttﬁ’g gfi V\?g Er" ch%fref‘%%“% s mber 21 and
of the flﬂmngetbagattwmﬁrahé cliBnimal ﬂ'dwhmmmesingu&temesiiiame:tmpletedl; he T-type
zeolite np %Q&er\@@fm@%wﬁﬁ@ie&@yé o 80fhd BondERE W Skd SGHNIRS ¢ he

T-type zeolitg menrane was :? resu t.h of the reaction

sol ution %ﬁanﬁb@ D10, Feachion BN R TegRTEed mg[”ﬁ:l@l@dTﬁneom‘?ect t he
i nl et 20LiptMbkhtitdetwlyt lscterROeated (Bt $He axﬁhﬁﬂlﬁnaﬁd)lthé ivparaghannel 25,

t he secon%jmgl:L Egsgggg} b o 23n IR, sRrovided with four holes of a dianeter of
0_2mm al SR THE &l Feunterence at equal intervals. In this nmanner, the tine

t aken by the reaction solution to flow fromthe inlet 20b of the
m croreadtpop & @f wat er separatlon 6 to the outlet 20e was nearly equal to

t he theor cal I ow. [ 0 09
6 The quzﬁ?ﬁ B Sf]:g}g Fwa er patsrﬁaﬂg\é%ag%%géaﬁ%%ﬁ?éatw% é%d@ he residue
of ol ei ¢ iad¥tdpWoeh éhtﬁ @ﬂmr% ithey Hprgtebe &lﬁﬁrfﬁﬁ% PISRFHERFBA% ogr aphy
(HPLC) . 15013thn§ed (Yes in Step 8107) and then Steps S105 and S106 are repeated.

On the contrary, in Step 8107, if the number of the chemical resction

processing devices 13 is unchangeable (MNo in Step 8107, for example, when
all the chemieal reaction processing devices 13 are already used, although
the chemical reaction time is meant to be prolonged), the water separation
temperature is changed by controlling the temperature controller 7 (Step
Q108). Then, the water separation efficiency is judged (Step $109). The
enhanced efficiency terminates an optimization study (Yes in Step 5109,
Sieps 5110 and S111).

foosz2l

In Step $109, if no enhanced water separation efficiency is recognized (No in
Step S5109), the changeablity of the water separation temperature is
studied(Step §112). If changeable, Steps 3108 and 5109 are repeated. On
the contrary, if unchangeable, — the temperature controlling machine 7
may be already operated at maximum output or the operation temperature
may have reached the thermal resistance temperature limit of the
separation membrane 24, although the separation temperature is meant to
be raised— the unattainable optimization of the chemical reaction time
terminates the study (No in Step S112, Steps 5118 and $111).

[c o83l
(3. Embodiment 3] | |
Hereinafter, a water separation system 300 according to Embodiment 3 will

be described referring to Figure 8. Here, the same units (members} as the
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<Operation Conditions> At first, the mcroreactor for mxing 3 was i mersed
in a thernostatic bath of a tenperature of 60 C. Into the reactor 3, the

ol eic acid and the nethanol solution were supplied at a total supply flow
rate of 1.023nL/mn to obtain the reaction solution. The reaction solution
fl ew through the chem cal reaction processing section 4 imrersed in a
thernostatic bath of a tenperature of 60 C. (i.e. the set tenperature of
the tenperature controller 5 corresponded to 60 C.) Subsequently, the
solution flew at the sane supply flow rate through the rnicroreactor for

wat er se ratlon BLS 4 t he set
t enper at P@ aglcine‘h %jaér)(ga%%t%% ]F’%é&%ggoa?ﬁegsg%\gg%ﬂ% di’%&%) The
sol uti onSﬁM@WW@lﬁghﬂ ﬁ@@@&é@ﬂdﬁﬁwtmﬂl%ﬁl bhemHé?d.25. The deconpression
device 11 deconpressed the vapor flow channel 26 to -0.085 MPa. and water
in the cEgQﬂgl jévas vapori zed and separated. The separated water was
col | ected”i old trap 10 cooled with ice. [ 0 0 9 8 The starting point
of the wilenfigemdicari on was set to 31 minutes after nixing the oleic acid

and the ggLhanak ségéﬁ%ioﬁ”sysﬂ'diétsdosha@%héhéﬁbﬂk@xﬁ&@&éﬁée tibe(xﬁrhﬁe ng, the
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reduce the time lag occurring in the above feedback control. As a result, the

water separation efficiency is enhanced more aceurately.

Examples

[00886]

Hercinafter, the embodiments of the present invention are described in more
detail referring to Examples. However, Examples should not be construed
as limiting the scope of the embodiment of the present invention.

[0087] |

The water separation efficiency was investigated. Water was produced
together with methyl oleate from oleic acid and methanol. The water
separation system 100, as shown in Figure 1, was used in the reaction
systemt. Hereinafter, the detailed conditions were described.
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Conpar ative Exanple 2 A batch nethod was studied in Conparative Exanple 2.
In the batch nethod, a T-type zeolite nmenbrane, which can be deconpressed,
was prepared by sandw ching the menbrane between silicone rubber stoppers.
A tube was inserted into one of the stoppers and the T-type zeolite

menbr ane can be deconpressed. 100 nL of oleic acid was stirred in a 200-nL
round-bottom flask immersed in a thernostatic bath of a tenperature of 60C
Wiile stirring, 13.9 nL of the methanol solution containing concentrated
sulfuric acid. by 1.6 nmass percent was poured into the flask in three
portionsifas glg nute to obtain the reaction solution. The stirring was
conti nued, whil.e_the chem cal reaction proceeded. [ 0 1 0 2 The |l ength of

t he nmenb g8 ddwi ched bet ween t he upper and | ower silicone rubber

st opper s <flasfigaetatie>20 nm The nenbrane's sandvvi ched part was constantly

i mrer sedqj hggg;n%g@pm P SN 'w%\ir}l tgé h ERSBOhekeephl bhendthissinal )
pressure the fenbr [ S mgnn ter,in the
system p@?%ﬁﬂ@@r‘%ﬁgyﬁ%}f%’ (?Ebe’%j&a%%iﬁ ]ﬁ?gé(ﬁ?hd%&%ﬁ%g}g? X‘@ &#ﬁe separ at ed
wat er wasn Gotdreglkeedvin neixebvdth thp speclabdirade ichemecal Af @nbeniratedfter the

wat er sep iﬁ# BHRNALd B WELOPlrotRE&h Rl IndWigriegact i on

sol ution %g%m%ld ég]%c 813 1 gées Sl> JFi ure 9d|jL (l_j%striai}e%s t he

rel ati ondKilpas Berahlapt-t &H‘Eﬁ@ﬁ@ ?5‘5’98 kalliicy HEStart of the
m Xxi ng, |muﬁzhgtﬁ@em@atram:hsmlﬁmm teidewadéBemathpenpeet dstheeenisret he yi el ds

of the ms*t‘l%‘l%lat Ofaaal‘u? Igal culated by Fornula 1 described below. In Formula 1,
[ol ei c adt Heah 1;[(f"ue nol ar concentration of the oleic acid in the

reaction solution, and [nethyl ol eate] neans the m)l ar concentration of the
met hyl ol{eah e i;;r] the reaction solution. Yield 1% = {[methyl ol eate] /

([oleic Z&@&] N B‘élf B%E{e é'yl }ﬁg}ﬁgég@l ﬁﬁel%k[o ész:&wél”oﬁéwla@ldl as shown

in Figur S&par &t | on s ujlibriumstate was
att ai ned manifachieedibel Wake PsroClamiet; ‘{SF@‘?SA/&{{E g)g‘?i’égﬁ’cdi WiFdi Wer eased t he

yield. ngﬁx,i_,ﬂ eg%@@klwegl 1_@,11\1\?5 %Ughnfm@'hi‘itaiﬂim dibrat mahufdveu@dripar at i ve
Exanpl e conventi,o met h

, t f
55 m nut &% e YRR e K s PhRypsittites. P BRbBAEE DT 107 ©
Exanpl e ZrefentbdoveidqusFamehench ag poreswaf ﬁrﬁepﬁgm@ IBRYRBAr4hEohe

conventi onal . pRLBALS.

[0090]
The mixing ratio between oleic acid and methanol solution was 7.18:1. The

oxcess amount of methanol was used to accelerate the chemical reaction.
The flow rate to the microreactor for mixing 3 of oleic acid was 0.898 mL/min,
and the flow rates of methanol was 0.125 mL/min. That is, the total supply
flow rate of the pumps 2a and 2b combined was set to 1.023 mL/min.

[0091] _

Hitachi Microreactor System Micro FProcess Server (MPS-a200)
manufactured by Hitachi Plant Technologies, Litd., was used to feed the
reactants. Micro Process Server (M’PS -a200) was a system using syringe
pumps for feeding. During feedmg, Micro Process Server (MPS-a200)
program flow mode was used to operate two syringe pumps (corresponding to
pumps Za and 9b) repeatedly taking turns in performing introduction apd
foed. The operation could feed without interruption the reactants of the

volume larger than the syringe pump capacity.
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Conparative Exanples 1 and 2 reveal ed al nost identical behaviors to each
other. Here, Conparative Exanple 1 had no chem cal reaction processing
section 4, and Conparative Exanple 2 was a conventional batch nethod. In
addition, no water separation was observed within the reaction tine of 55
m nutes in Conparative Exanple 1 (not shown in figures). [0 1 0 6 ]
Further, the rate constants hi, k-, and k2 in Exanple 1, Conparative
Exanples 1 and 2 are calculated by Formula 2 described bel ow (See Figure
3.). The specific formul ae for conputation are shown as follows. d[oleic
acid] / [oIe|c+ kl i met hyl ol eatel fwater W d[inethyl teeth] / at

=aci di th %:‘( t hyl ol t f wat e t
[if"el'cra”%hai"ﬂfwweﬂ e Pty ooy it GMORECS cepmubibsedabb (1)]2 [0

10 7] Tablch: Plshdshidiesiss Mitdr wapfisddes showdervesmatdrSor mRane 3Const ant

[0093]

Further, the chemical reaction processing section 4 was provided with a
fluorine-based resin tube (manufactured by GL Sciences, Inc.) having an
outer diameter of 3mm, an inner diameter of 2mm and a length of 10m.

[0094]

The microreactor for water separation 6 shown in Figure 2 was provided
with a tube having an inner diameter of 16 mm, and a separation membrane
24 of Ttype zeolites membrape {(manufactured by Mitsui Engineering &
Shipbuilding Co., Itd.), as the separation membrane 24, disposed inside the
tube. The microreactor for water separation 6 has a total length of 331mm.
The diameters of the first dise member 20, of the second disc member 21 and
of the flange 22a were all 40mm. The measured outer diameter of the
T-type zevlite membrane was measured 12.3 mm, and the measured length
of the T-type zeolite membrane was 300 mm. As a result, the width of the
reaction solution channel 25 was 2mm or smaller (1.85mm).

009 5]
'Ffo connect the inlet 20b with the outlet 20e through the reaction solution
channel 25, the second disc member 21 was provided with four holes of a
diameter of 0.2mm along the circumference at equal intervals. In this
manner, the time taken by the reaction solution to flow from the inlet 20b of
the microreactor for water separation 6 to the outlet 20e was nearly equal to
the theoretical value. The holes provided the proper solution flow.

[0096]

The quantitative analysis of the product (methyl oleate) and the residue of
oleic acid was performed using High Performance Ligquid Chromatography
(HPLC).
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[oog 7]

<COperation Conditions>

At first, the microreactor for mixing 3 was immersed in a thermostatic bath
of a temperature of 60 °C. Into the reactor 3, the ocleic acid and the
methanol solution were supplied at a total supply flow rate of 1.023ml/min
to obtain the reaction solution. The reaction solution flew through the
chemical reaction processing section 4 Immersed in a thermostatic bath of a
temperature of 60 °C. (i.e. the set temperature of the temperature controller
5 corresponded to 60 °C.) Subsequently, the solution flew at the same
supply flow rate through the microreactor for water separation 8 immersed
in a thermostatic bath of 60 °C (i.e. the set temperature of the temperature
controller 7 corresponded to 60°C.). The solution flew through the reaction
solution channel 25. The decompression device 11 decompressed the vapor
flow channel 26 to -0.085 MPa. and water in the channel was vaporized and
separated. The separated water was collected in a cold trap 10 cooled with
ice.

(0098l

The starting point of the water separation was set to 31 minutes after mixing
the oleic acid and the methanol solution. That is, at 31 minutes after the
mixing, the reaction solution began to be supplied to the microreactor for
water separation 6. Further, the so-called “stopped flow method” was
applied to make the water separation time longer. That is, the supply flow
was halted for 30 minutes from 56 minutes after the mixing and then it was
resumed.

[0 065 9]

Further, the preset temperatures of the temperature controller (not shown)
mounted on the microreactor for mixing 3 and of the temperature controllers
5 and 7 were all set to 60°C. The temperature was a little lower than the
boiling point of methanal (64.7°C.).

Even small amount of the vaporized methanol in the reactants may reduce
the contact areas among the reactants, lowering the reaction rate. To avoid
such a problem, the pressure of the reaction system was maintained at 138
kPa (20 psi) or more by controlling the back-pressure valve 8.
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Reaction TS [mn] 1

fo100]

Comparative Example 1

A study was conducted in the same procedures as the above Examples except
that the chemical reaction processing section 4 was provided with a
fluororesin tube (manufactured by GL Sciences, Inc.) of an outer diameter of
about 1.6 mm, an inner diameter of 1 mm, and a length of 0.1 m. In this
case, the chemical reaction processing section 4 was very short. The
reaction solution discharged from the microreactor for mixing 3 was
immediately supplied to the microreactor for water separation 6.

[D101]

Comparative Example 2

A batch method was studied in Comparative Example 2. In the batch
method, a Ttype zeolite membrane, which can be decompressed, was
prepared by sandwiching the membrane between silicone rubber stoppers.
A tube was inserted into one of the stoppers and the T-type zeolite membrane
can be decompressed. 100 mL of oleic acid was stirred i a 200-mL
round-bottom flask immersed in a thermostatic bath of a temperature of
60°C. While stirring, 13.9 mL of the methanol solution containing
concentrated sulfuric acid by 1.6 mass percent was poured into the flask In
three portions for 1 minute to obtain the reaction solution. The stirring was
continued while the chemical reaction proceeded.

o102l

The length of the membrane sandwiched between the upper and lower
silicone rubber stoppers was set to 20 mm. The membrane’s sandwiched
part was congtantly immersed in the reaction solution. A decompressor
kept the internal pressure the membrane at ~0.085 MPa. In this manner,
the water in the system permeated the membrane to be evaporated and
separated. The separated water was collected in a cold trap cooled with ice.
At § hours after the water separation, the produced amount of methyl oleate
in the reaction solution was measured.
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55 "'" in Table 1 indicates no cal cul ati on nade because of no
nmeasurenent of the water separation. [0 1 0 8] Hereinafter, the conparison
of Exanple 1 with Conparative Exanples 1 or 2 is discussed referring to the
rate constants. In Exanple 1, the water separation started at 31 m nute of
the reaction tine. In Conparative Exanple, the water separation started at
the starting point of the reaction. In Conparative Exanple 2, the batch

nmet hod was performed. A direct conparison between Exanple 1 and Conparative
Exanple 1 or 2 may carry some risk of oversinplification. Nevertheless, the
wat er separafixdn rate constant k2 of Exanple 1 is 103 tines larger than

t hat of Aative Exanple 1 and 10B tinmes |arger than that of Conparative

Exanpl e 2, e result clearly shows that a micrareactoy for,water
separ at | Breure Syillpstrntes Ehe FpiRionsiuRe hedwesn %@s@? Bs%%fl?eoﬁla‘?s% n achieve a

hi ghly efifdecirenttheatert ofepanmaiximy ie. the chemical reaction time. Here, the
yields mesns the yields of the methyl oleate calculated by Formula 1
described below. In Formula 1, loleic acidl means the molar concentration
of the oleic acid in the reaction solution, and [methyl oleate]l means the molar
concentration of the methyl oleate in the reaction solution.

Vield (%] = {fmethyl oleate] / (oleic acid] + [methy] oleatel)} X 100 1

[0104]

In Example 1, as shown in Figure 9A, before the water sep aration started, an
equilibrium state was attained with the yield of 52%. Starting the water
separation increased the yield. The increased yield was much higher than
that of the Comparative Example 2 of the conventional method.
Particularly, at the reaction time of 85 minutes, the vield reached 63 %, 7 %
higher than that of Comparative Example 2.

(010 5]

Further, as shown in Figure 9B comparing the conventionzl methods,
Comparative Examples 1 and 2 revealed almost identical behaviors to each
other. Here, Comparative Example 1 had no chemical reaction processing
section 4, and Comparative Example 2 was a conventional batch method.
Tn addition, no water separation was cbserved within the reaction time of 55
minutes in Comparative Example 1 (not shown in figures).

(01086} |
Further, the rate constants ki, k- and ks in Example 1, Comparative
Examples 1 and 2 are caleulated by Formula 2 described below (See Figure
3). The specific formulae for computation ave shown as follows.

dloleic acidl / dt = - kaloleic acidiimethanol] + k4lmethyl oleatellwater (D1

dlmethyl oleate] / dt = kiloleic acid] [methanol] — k-1lmethyl oleatel [water (D]

dlwater M1/ dt = kiloleic acidllmethanol] - kalmethyl olestel[water (D] -
k2lwater(D] 2
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[01 0091 In addition, the forward reaction rate constant ki before
starting the water separation (i.e. before 31 mnutes) in Exanple 1 is

| arger than that of either Conparative Exanple 1 or 2. The conpari son
dearly shows that a chem cal reaction processing section 4 can shorten the
chem cal reaction tine. [ 0 1 1 01 The above-nentioned results show t hat

t he embobDeAts] of the present invention can effectively separate water and
achi eve *rg‘ﬁe@ &{b% Yo @Sy &y F tBBALLSE xRl cal reaction time. [o 1 1 1]
Ref er ence meral List 3mcroreactor for mXxing (mxing unit) 4cheni cal
reaction processing section (chemcal reaction processing unit)
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6m croreactor for water separation 7water separation tenperature controller
12controller (controlling unit) 13chem cal reaction processing device
16neasur enent device (in-line measuring device) CLAIM(S) 1A water
separation system separating water from product sol ution obtained after
chem cal reaction of reactants, conprising: a m xer mxed by a supply of
the reactants, a chem cal reaction processing neans connected bel ow t he

m xer to proceed a chenmical reaction of the m xed reactants, a water
separati on neans connected bel ow the chem cal reaction processing

wen + Tahle 1 indicates no calculation made because of no measurement of :
the water separation.

[0108]

Hersinafter, the comparison of Ezample 1with Comparative Examples Lor 2
is discussed referring to the rate constants. In Example 1, the water
separation started at 31 minute of the reaction time. In Compam?ive
Example, the water separation started at the starting point of the reaction.
In Comparative Example 2, the batch method was performed. A direct
comparison between Example 1 and Comparative Example 1 or 2 may carry
some risk of oversimplification. Nevertheless, the water sepuration rate
constant ks of Example 1 is 10% times larger than that of Comparative
Example 1 and 10? times larger than that of Comparative Example 2. The
result clearly shows that & microreactor for water separation used with a
chemical reaction processing section 4 can achieve a highly efficient water
separation.

109
22 additiin, the forward reaction rate constant ky before starting the water
separation (ie. before 31 minutes) in Example 1 is larger than that of exther
Comparative BExample 1 or 2. The comparison clearly shows *;hat. a
chemical Teaction processing section 4 can shorten the chemical reaction

tirme,

[o110] |

The above-mentioned results show that the embodiments of the present
invention can effectively separate water and achieve the higher yields at a
shorter chernical reaction time.
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means to separate the produced water at the chem cal reaction processing
nmeans, and a controller controlling a chemcal reaction tinme in the
chem cal reaction processing neans, wherein the controller is controlled to
shorten a chem cal reaction tinme in the chem cal reaction processing neans,
in the case of a |large amobunt of product material in a solution discharged
fromthe chem cal reaction processing neans, and to prol ong the chem cal
reaction time in the chemcal reaction processing nmeans, in the case of a
smal | amount of product material in a solution discharged fromthe chem cal
reactionlﬁfﬁﬁpﬁiing means 2. The water separation system according to Caim
e

1, wherei ontroller is provided wiwth a function controlling a fl ow
rate of rRefetemge SNumeral List
3 microreactor for mixing (mixing 1init)
4 chemical reaction processing section {chemical reaction processing
unit)
5 temperature controller {controller of chemical reaction temperature)
6 microreactor for water separation
7 water separation temperature controller
12 controller {(controlling unit)
13 chemical reaction processing device
15 measurement device (in-line measuring device)
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supplied to the mxer, and a chem cal reaction is controlled by controlling
the supply flow rate of reactants_ 3. The water separation system according
to Claim1, wherein the chemi cal reaction processing neans has a

m crochannel to control the chem cal reaction time by changing a | ength of
t he m crochannel . 4. The water separation systemaccording to Caim 3,
wherein the chem cal reaction processing neans is configured by a device
having the m crochannel with a predeterm ned |Iength, and the-length of the
m crochannel is set by serially ing one device or a plurality of the

devices. 5. The water separation system according to any one of Clains 1
to 4, further conprising

1 A water separation system separating water from product solution
obtained after chemical reaction of reactants,

comprising:

a mixer mixed by a supply of the reactants,

a chemical reaction processing means connected below the mixer fo proceed a
chemical reaction of the mixed reactants,

a water separation means connected below the chemical reaction processing
means to separate the produced water at the chemical reaction processing
means, and

a coniroller controlling a chemical reaction time in the chemical reaction
pProcessing means,

wherain ' .

the controller is controlled to shorten a chemical reaction time in the
chemical reaction processing means, in the case of a large amount of product
material in a solution discharged from the chemical reaction processing
means, and

to prolong the chemical reaction time in the chemical reaction processing
means, in the case of a small amount of product material in a solution
discharged from the chemieal reaction processing means

2. The water separation system according to Claim 1,

whercin

the controller is provided with a function controlling a flow rate of reactants
supplied to the mixer, and

a chemical reaction is controlled by controlling the supply flow rate of
reactants.

3. The water separation system according to Claim 1,

wherein

ihe chemical reaction processing means has a microchannel to control the
chemical reaction time by changing a length of the microchannel,
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the chem cal reaction tenperature control neans controlling a tenperature
at the tinme of chem cal reaction, and a water separation tenperature
control neans controlling a tenperature at the tine of water separation, to
set nutually different tenperatures for between chem cal reaction and water
separation. 6. The water separation system according to any one of C ains
1 to 5, further conprising an in-line measuring means neasuring an anount

of product material. ‘

4, The water separation system according to Claim 3,

wherein

the chemical reaction processing means 1s configured by a device having the
microchannel with a predetermined length, and

the length of the microchannel is set by serially connecting one device or a
plurality of the devices.

5. The water separation system according to any one of Claims 1 to 4,
further comprising

the chemical reaction temperature control means controlling a temperature
at the time of chemical reaction, and

a water separation temperature contrel means controlling a femperature at
the time of water separation,

to set mutually differsnt temperatures for between chemical reaction and

water separation.
8. The water separation system according to any one of Claims 110 5,

further comprising
an in-line measuring means measuring an amount of product material.
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