1 DESCRI PTI ON METHOD FOR EXTRACTI NG METHACRYLI C ACI D
TECHNI CAL FI ELD [0001] The present invention relates
to a method for extracting nmethacrylic acid froma

nmet hacrylic acid aqueous sol ution. The present
application clains the priority of Japanese Patent
Application No. 2005-3713371filed on Decenber 26,
2005, the contents of which are incorporated herein by
ref erence. BACKGROUND ARESC At the tinme of
purifying methacrylic acid by separating water from a
nmet hacrylic acid aqueous solution, a nmethod has been
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fromthe ylrc acid aqueous solution by an
extraction solvent and then nmethacrylic acidis
separated fromthe extraction solvent. As the
TESHNIG FHELEol vent to be used in the extraction of
net hacrylic acid, for exanple, at |east one extracting
[0&dent, which can be converted into (nmeth)acrylic
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me?l?arcgy% a@ﬁ%@%eo%%ﬂﬁ&ﬂ?yl tertiary butyl ether (MIBE)
i's disclosed I n

atent Docunent 1. Methyl nethacryl ate
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n- heptane i s disclosed in Patent Document 2. A mxed .
200HBYEIT flahdmDedempers, 208y the conteptsob vhichare weprperated herein by

fromthe group consisting of benzene, toluene, and
l'ef)?;ﬂll@me; and an aliphatic hydrocarbon selected fromthe

group consisting of n-hexane, n-heptane, and

n-octane, in which the content of the aromatic

BARCROUEEN °3. " Patent Pocument 1 Publ i shed |
[og@panese Translation No. 2001-514643 of the PCT

At the time of purifying methacrylic acid by separating water from a methacrylic acid
aqueous solution, a method has been widely known in which methacrylic acid is extracted
from the methacrylic acid equeous solution by an extraction solvent and then methacrylic
acid is separated from the extraction solvent. As the extraction solvent to be used in the
extraction of methactylic acid, for example, at least one extracting agent, which can be
converted into (meth)acrylic acid, selected from the group consisting of an atkane, alkanol,
alkene, and alkenal each kaving 3 to 4 carbon atoms and methyl tertiary butyl ether (MTBE)
is disclosed in Patent Document 1.

Methyl methacrylate or a mixed solvent of methyl methacrylate and n-heptane is disclosed
in Patent Document 2.

A mixed solvent containing an aromatic hydrocarbon selected from the group consisting
of benzene, toluene, and xylene; and an aliphatic hydrocarbon selected from the group
consisting of n-hexane, n-heptane, and n-octane, in which the content of the aromatic
hydrocarbon is 20 to 70% by mass, is disclosed in Patent Document 3.

Patent Document 1: Published Japanese Translation No. 2001-514643 of the PCT



2 International Publication Patent Docunent 2:

Japanese Patent No. 3246216 Patent Docunent 3:

Japanese Patent Application Laid-Open No. 63-211249

DI SCLOSURE OF | NVENTI ON PROBLEM TO BE SCLVED BY THE

I NVENTI ON [ 0003] However, the extraction sol vent

di scl osed in Patent Docunent2l has insufficient

abi | it f. extracting methacrylic acid and hence its
Iﬂt%*%?‘l‘%{?@wcﬁtf‘?‘i ciency is low, so that a large quantity
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part of the extraction solvent is transferred to the
DISGLOSUREGEINYBNUTGN it takes much time to recover the
extraction solvent fromthe water phase or the | oad
PROBLIA (TEWRE SOLMEILRBYIHE INVENEK @ sed because the
extraction solvent is discharged together with the
tewater, and hence the extraction solvent has been
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problem of "separability. Further, a large quantity of
of teexeudtioncbivent Kaobssa mecdssmsily esed shuthief, phetmwrnactionesdlvent disclosed
because n-heptane as the extraction sol ven% has
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extraction solvent has necessarily been used because
uneéchofidal.i ty of extracting nmethacrylic acid is | ow

[0004] After nethacrylic acid is extracted using _a? .

There actittlo diffpenee in specitio gravitics betparmmpethyl methacrylate disclosed in

met hacrylic acid fromthe extracti sql vent, .i.S
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extraction solvent has insufficient ability of extracting methacrylic acid and hence its
extraction efficiency is low in the mixed solvent of n-heptane and methyl methacrylate.

The mixed solvent disclosed in Patent Document 3 includes aliphatic hydrocarbons
represented by n-heptane, and hence a large quantity of the extraction solvent has necessarily
been used because its ability of extracting methacrylic acid is low.

[0004]

After methacrylic acid is extracted using an extraction solvent, usually, separation of
methacrylic acid from the extraction solvent is carried out. As the separation method,
distillation method is widely applied in view of simplicity of operation and equipment.

The distillation method is usually carried out under reduced pressure because it is
necessary to keep the distillation temperature low in order 1o inhibit the polymerization of

methacrylic acid, However, the extraction solvents disclosed in the patent documents 1 to 3



The distillation nethod is usually carried out under
reduced pressure because it is necessary to keep the
distillation tenperature low in order to inhibit the
pol yneri zation of nethacrylic acid. However, the
extraction solvents disclosed in the patent docunents
1 to 3 3 have low boiling ppints and differences of

boi | i ng_ poi nts between these extraction solvents . andl ¢
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t he above-nmentioned circunstances, and it is an
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of l owi ng nmethod for extracting nmethacrylic acid.
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Iciency for methacrylic acid is high, and noreover,
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THE | NVENTI ON [ 0007]

aqueous solution; and

(b) causing methacrylic acid to transfer to the extraction solvent.
EFFECT OF THE INVENTION
[0006]

According to the method for extracting methacrylic acid of the present invention, the
extraction efficiency for methacrylic acid is high, and moreover, the method is economical.
BEST MODE FOR CARRYING OUT THE INVENTION
{6007]

The extraction method of the present invention is not particularly limited as long as the
desired quantity of methacrylic acid can be recovered. As an operation of extraction, any one
of a continuous extraction, continuous multistage extraction, single batch extraction, and
multiple baich extraction or a combination of them may be carried out. Among them, the
continuous multistage extraction is preferable. A flow direction of a liquid in the continuous

extraction is not particularly limited, and countercurrent or concurrent can be used.



The extraction nethod of the present invention is not
particularly limted as long as the desired quantity
of methacrylic acid can be recovered. As an operation
of extraction, any one of a continuous extraction,
conti nuous multi stage extraction, single batch
extraction, and nultiple bajch extraction or a
conbi nation of them may be carried out. Among them
Espebially, comitercunert isypriferablesfymn therviewnoietof extrastion eifigisne: A
flow direction of a liquid in the continuous
[0068} raction is not particularly limted, and
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Invention, thoug is not particularly limted, an
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oxy erl IS gﬁwpl ified. The content of nmethacrylic acid
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oridginated fromthe synthesis of nethacrylic acid ma%]/
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0{)' ted. [0009] As an extraction solvent to be used in
[ present invention, an extraction sol vent
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to obtain t-butyl nethacrylate from for exanple, an
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to be used in t{he progduction of the solvent is not
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particularly limited, however, the higher the purity is better for minimizing the effect of
unexpected impurities.
[0010]

The extraction solvent may be t-butyl methacrylate alone or one containing another
additional solvent. As the other solvent, for example, hydrocarbons, aromatic hydrocarbons,
esters, ketones, or alcohols are listed, and it can be properly selected in accordance with
availability or budget. Among these solvents, esters are preferable and methyl methacrylate
is more preferable because it has a high extraction ability of methacrylic acid and its
solubility to water is low, and moreover there is a large difference in specific gravity

between it and water. Namely, as the extraction solvent, a mixture of t-butyl methacrylate




unexpected inpurities. [0010] The extraction sol vent
may be t-butyl nethacryl ate al one or one containing
anot her additional solvent. As the other solvent, for
exanpl e, hydrocarbons, aromatic hydrocarbons, esters,
ketones, or alcohols are listed, and it can be
properly selected in accordagce with availability or
budget. Anobng these solvents, esters are preferable
ambmﬁgwhmﬂ¢wﬂﬂ€whanmﬁﬁéﬂ% is nore preferable because it
has a high extraction ability of nethacrylic acid and
[0g11} solubility to water is | ow, and noreover there is
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The extraction anmount of nethacrylic acid fromthe
[0dEX)hacryl i ¢ acid aqueous solution can

The extraction amount of methacrylic acid from the methacrylic acid aqueous solution can
be controlied by extraction conditions such as an extraction temperature, an extraction
pressure, and an extractor, and the amount of an extraction solvent to be used.

As the extraction temperature becomes lower, the extraction efficiency for methactylic
acid is more improved. However, as the extraction temperature becomes lower, the amount
of energy for cooling increases, so that the temperature is preferably in the range of 0 to
60°C as the extraction temperature. The extraction pressure may be any one of an
atmospheric pressure, elevated pressure, and reduced pressure, especially, the atmospheric
pressure is preferable becanse a simple extractor and an easy extraction operation can be
adopted.

As the extractor, for example, a mixer-settler extractor, rotating disk extraction column, or
perforated-tray extraction column can be used.

[0013]



be controlled by extraction conditions such as an
extraction tenperature, an extraction pressure, and
an extractor, and the anount of an extraction sol vent
to be used. As the extraction tenperature becones

| ower, the extraction efficiency for nethacrylic acid
is nore inproved. However, ag the extraction

t enperature becones |ower, the anount —of energy f
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an easy extraction operation can be adopted.. As the
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the extraction solvent to be used is preferably in the
deprsps§€ of 0.5 to 15 tines with respect to the tota
m@ﬁis of the nmethacrylic acid aqueous sol ution. \Wen
amount of the extraction solvent to be used is
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the anount of the extraction solvent to he used is 15

sohution énto cortast withtheeextraptinmrrolvent to depsit thecwlidAnddp sepgrate the
separatjon of nethacrylic¢ acid fr e.extr@ctio?

’ | mt
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sqlid is.d | t.ed ion solvent is
“’&?f{:i’élaﬁ %115( %%@h@%ﬁ%&“@ﬁ%ﬁ%&ous solution, it is
[ggﬂﬂferable to previously bring the nethacrylic acid
aqueous solution into contact with the extraction
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deposited solid by a solid-liquid separation nmeans .
extractingasethacrylicacidand nekcelant inthe exiractienieffipiency fop methacrylic acid

introduce only the Iiquid copponent info a tractof. ..
berape sputyl mcthag/rylate is conq}ilined in extract&on soivent. F er, the meftiod is
economical because it does not take much time and energy for recovering the extraction
solvent from water phase since t-butyl methacrylate has low solubility to water, there is a
large difference in specific gravity between t-butyl methacrylate and water, and hence t-butyl
methacrylate is excellent in separability from water phase.

[0016]

After methacrylic acid has been transferred to the extraction solvent by the
above-mentioned method, methacrylic acid is separated from the extraction solvent and
purified to obtain methacrylic acid having a high purity. As the method for separating
methacrylic acid from the extraction solvent, though it is not particularly limited, separation
by distillation is preferable because it is economical and easy, and in particular, separation by
distillation under reduced pressure is more preferable from the viewpoint of inhibiting

polymerization.



The nethod for extracting nethacrylic acid as

expl ai ned above has a high ability of extracting

nmet hacrylic acid and is excellent in the extraction

efficiency for nmethacrylic acid because t-butyl

met hacrylate is contained in the extraction sol vent.

Further, the method is econgnical because it does not

take nmuch tine and energy for recovering the .
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from the xylene is sent to an extraction step together with the xylene. On the other hand,

t-butyl methacrylate has excellent separability to methacrylic acid, and hence recovery
efficiency of methacrylic acid is high.

With respect to volatile organic solvents such as xylene, harmful influence on the human
body has been reported. It is possible that these volatile organic solvents will be restricted for
use from the viewpoint of securing safety because there is a possibility of their diffusion into
the atmosphere at the time of their use or their entrainment into products owing to their
insufficient separation. For example, Ministry of Health, Labour and Welfare of Japan has
determined a guideline value of Xylene concentration in the air inside a room as 0.2 ppm.

According to the method of the present invention, these materials are not used and a high



nmet hacrylate is used as the extraction solvent, which

has a high boiling point and there is Ilittle

di fference in boiling point between t-butyl

met hacryl ate and nmet hacrylic acid. Consequently, it

is possible to cool the vapor by cold water and the

|i ke, and hence it does notgneed to use any speci al

cogling nmedia for condensa ion.so that this is
extzactpo At ofl methacryicasid caade REMNSE: a hi gh boi | i ng poi nt
[mﬁ§fer than t-butyl netbacrylate, for exanple, each
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EXAMPLES
{0019)

Hereinafter, the present invention will be explained in detail by using Examples and
Comparative Examples, however, the present invention is not limited to these Examples.

In the Examples and Comparative Examples, quantitative analysis of methacrylic acid and
extraction solvents were carried out with gas chromatography, and quantitative analysis of
water was carried out with Karl Fischer moisture meter.

Extraction efficiency for methacrylic acid (MAA) and concentration of extraction solvent
in water phase are obtained from the following equations.

Extraction efficiency for MAA[%] = Mass of MAA in an upper layer [g}/Mass of MAA
charged [g] x 100



o-xyl ene 144.4 p-xylene 138.4 mxylene 139.1

n- hexane 68.7 n-heptane 98.4 n-octane 125.7 Methyl
tertiary butyl ether 55.2 t-butyl nethacrylate 134.4
EXAMPLES [0019] Hereinafter, the present invention
will be explained in detail by using Exanples and
Conpar ati ve Exanpl es, howeve?®, the present invention

. 1 i Lo, .
copol AR SobURSE SR B B A
m{;ﬁg?ﬁ%&g%ﬁ&%&mﬁr ghaid @Fkilop sol vents were carried

gas chromat ography, and quantitative anal ysis
[0020] water was carried out with Karl Fischer noisture
meter. Extraction efficiency for nethacrylic acid
Exgmpla)l and concentration of extraction solvent in
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@0 dxtTaet Mbihbdryfdadid. affien themesuiiant 2k rach eiad lefioto stnd for 5
solution (methacrylc acid of 19.8% by mass, water of
ho@B, deripley weastsken fadro gechad ag upperdayer which ds the axtiastior prlvent layer

conmposed of . 100% by mass qf. t-butyl t ha te
end @ dRveeT I YHICh AL WRIF AR SO PSR %ﬁ&i’w&&fy@ﬁ”ﬁ?
comtenBatioA U the extraction solvent in water phase were measured. The results are shown

in Table 2.

[00211
Table 2
Example 1 Example 2
TBMA + MMA
Extraction soivent TBMA (TBMA of 66.2% by
mass)
Aqueous MAA
Amount charged at 70.02 70.02
solution (g)
the time of
. Extraction
extraction 30.01 30.25
solvent (g)
Extraction efficiency for MAA (%) 78.8 824
Concentration of extraction solvent in
0.1 0.5
water phase (%)
[0022]

In Table 2, TBMA represents t-butyl methacrylate and MMA represents methyl



tenperature to extract methacrylc acid. After the
resultant extract was left to stand for 5 hours,
sanpl es were taken from each of an upper |ayer which
is the extraction solvent layer and a | ower |ayer
which is water layer, and the extraction efficiency
for MAA and the concentratijgn of the extraction
solvent in water phase were neasured. The results are
metHacorylate, respFaiyely. 2. [ 0021] Table 2 Exanple 1 Exanple 2
TBMA + MVA  Extraction solvent TBVA (TBMA of 66. 2% by
[O%Ls) Agqueous MAA Anount charged at 70.02 70.02

EsoI u?i on (g) the time of Extraction extraction 30.01
X&EPISS ol vent (g) Extraction efficiency for MAA (%

"g& s%m?\ér&edﬁ@@ﬁﬁﬁ%&ﬂﬁi RN Wire 8XtE@ Bt RBept Hay SNExtiabtiéh sblvent
. b ter phase (% [0022] |In Table 2, TBMA

comfFEed 8£66 IVtbyhnisy bf tRitflacethdcayiate andi3M/B¥% byapase o€ methyl

methyl 10 nethacrylate, respectively. [0023]
methacrylate was used instead of 100% by mass of t-butyl methacrylaté to extract
methacrylic acid. The extraction efficiency for MAA and the concentration of the extraction
solvent in water phase were measured in the same manner as in Example 1. The results are
shown in Table 2.

10024]
Comparative Example 1 ‘

The same procedures as in Example 1 were carried out except that an extraction solvent
composed of 100% by mass of heptane was used instead of 100% by mass of t-butyl
methacrylate to extract methacrylic acid. The extraction efficiency for MAA and the
concentration of the extraction solvent in water phase were measured in the same manner as
in Example 1. The results are shown in Table 3.

{0025]
Comparative Example 2

The same procedures as in Example 1 were carried out except that an extraction solvent
composed of 100% by mass of methacrolein was used instead of 100% by mass of t-butyl
methacrylate to extract methacrylic acid. The extraction efficiency for MAA and the
concentration of the extraction solvent in water phase were measured in the same manner as
in Example 1. The results are shown in Table 3.

{0026]
Comparative Example 3

The same procedures as in Example 1 were cartied out except that an extraction solvent
composed of 66.6% by mass of heptane and 33.4% by mass of methyl methacrylate were
used instead of 100% by mass of t-butyl methacrylate to extract methacrylic acid. The

extraction efficiency for MAA and the concentration of the extraction solvent in water phase



Exanpl e 2 The sanme procedures as in Exanple 1 were

carried out except that an extraction sol vent

conposed of 66.2% by mass of t-butyl nethacryl ate and

33.8% by mass of nethyl nethacrylate was used instead

of 100% by mass of t-butyl nethacrylate to extract

met hacrylic acid. The extragion efficiency for MAA

and the concentration of the extraction solvent_ in
wemahensupt isthe weme mapues as wdEiampithb The pesulingrs shovain; Tgble 3.

Exanple 1. The results are shown in Table 2. [0024]
[O@B}maratwe Exanpl e 1 The same procedures as in

nple 1 were carried out except that an extraction
a¥BFvent conposed of 100% by mass of hept ane was used—

i nstead of 100% by rras_s(;ﬂ;lg%gxbyt )domp[rgk@ C Cynp! Bx.t30

extract nmethacrylic ac edt ract i oR—effi-ereney

for MAA and the concentration gf the ext HepﬁamHMMA
solvent in water phasel were neagured in the sa

Extraqidarsolenti N Exanpl e 1| Héptaner esUlM4Lar e shﬂ\iﬁp’tﬂmoféélﬁé
3. [0025] Conparativel Exanple 4 The sane|procedures
as in Exanple | were chrried out] except tha¥ M&p

extraction solf vént  cojrposed of [100% by nass of
met hacr ol ej Aqueass M&ed | nst ead of| _10Q% by rrg 560
AmO%bl‘ElFl}ql-’SEdnet hacryl.ate t@-@@(tract M¥nacryli @ gm d. The
E‘F’UaCt nl ¥R @hcy for MAA arld the concentration
B¥ePlext FacTiQn SOl VERT TH watier phase \ere neasur ed

exl 4he sanpEHEHR as #&Ogan'pl 2& The ng ﬁﬁhts are
k ;

own in Th h {3 [002 npar e Exanple 3 The
sane DFOCG e§ gg = anplp 1 were Pnrripd out
t sol ven onposedgsaf 66. 6%
Y] rmqeqfhér:%?ﬁ anf ane Q@E‘J 25;.9/”% hv r?c?cse: of -.Llhy%

c&%&ﬂt@ﬁbﬂb%&awlﬁow&m instead f 100% by mass of
t-butyl nethacrylate to0@xtract |rethacryli d.Gaci d. The

m@&tdir@hésb@%)effl ci ency tor MAA and the condgentration of

the—extractton—sotvent i mwater phase
[0028]

In Table 3, MMA represents methyl methacrylate and MAL represents methacrolein,
respectively.
[0029]

The extraction efficiency for MAA was high in the case of Examples 1 and 2, in each of
which the extraction solvent containing t-butyl methacrylate was used. Further, the amount
of t-butyl methacrylate transferred to water phase was small in both cases. Consequently,
methacrylic acid can be extracted in high efficiency and at low cost according to the methods
of Examples 1 and 2.

On the other hand, in the case of Comparative Examples 1 in which the extraction solvent
composed of heptane was used, the extraction efficiency for MAA was low.

In the case of Comparative Examples 2 in which the extraction solvent composed of

methacrolein was used, the amount of methacrolein transfetred to water phase was large, and



11 were neasured in the same manner as in Exanple 1.
The results are shown in Table 3. [0027] Table 3
Conmp. Ex. 1 Conp. Ex. 2 Conp. Ex. 3 Heptane + MVA
‘Extraction sol vent Heptane MAL (Heptane of 66.6% by
mass) Anount charged Aqueous MAA 70.00 70.02 70.06
solution (g) at the tinme of IExtraction extraction

ol B A AR R RS i

un?%%% j on solvent 0.0 4.1 0.6 in water phase (%

In Table 3, MVA represents nethyl nethacrylate
RitHe MRk of EBNPSEBINEARRIpIACrin miidh, the Examptiat dohehy conitBaDT
The extraction efficiency for MAA was high in the case

hemthnefand npdtied nietlwacylate wasusedhe ettractipn efficieney fox MAx paglpw.
sol vent containing t-butyl nethacrylate was used.
Further, the amount of t-butyl nethacrylate
transferred to water phase was small in both cases.
Consequently, nmethacrylic acid can be extracted in
hi gh efficiency and at | ow cost according to the
net hods of Exanples 1 and 2.



On the other hand, in the case of Conparative Exanples
1 in which the extraction solvent conposed of heptane
was used, the extraction efficiency for MAA was | ow.
In the case of Conparative Exanples 2 in which the
extraction sol vent conposed of nethacrolein was used,
the anount of nethacrolein tigansferred to water phase
was Iarge and 12 it took nuch tine to recover
Whebistedesmed i n from t he water phase and hence, this was

M@%ﬁ‘t’fm 55 'nt?ff@ase por PRI 6 bikfs XD oS 2
(a)réﬁ{hﬂél ency G Y120 oSSRy 3}1%@2@5}1@@% Ovethacrylic acid

VWhat is clained is: 1.

a &oﬁ?ﬁd’lﬁ%ﬂm,&{d ext ractl ng met hacrylic acid, conprising
the steps of: (a) adding an extraction soI vent

(bYuangiig sethgorylibadiy to amsfeatorthe exteaction %DlYf@t hacrylic acid

aqueous solution; and (b) causin acr li.c acj.d t )
2. Themethed for sxtrarsing sethaetyi %ﬁmg@ﬁf’é‘% Ala b WHET (e e fection

solRicH Pl oL PRI Bl Pt e o' o

e L w Blvherein thEehount of
3. ﬁ}%?%%%o?g? g ra%?% (r?nga%%tcha Hlﬂ?"%ttzblaédwﬁfaflccor ding to
th&é;&éaeﬁ&n soNVRAf 1B1b8 vhdiEis Y E’dng@f)f 0516 1 § Hinesedth oespeu kostha total
be used is in the range of 0.5 to 15 tinmes with
mﬁs@&ﬁﬂhﬁhueﬂmtyﬂleamdtaqheoummmt the netbacrylic acid
aqueous sol ution. 4. The nethod for e

4. fﬂae mathog |f¢r@x§@¢nmgm}@cmhq@cxld@cgqrgmmttzct ! az,r%l}eﬂmg amass fraction
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