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, errgunsaturat ed
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catal ytic carbonyl ati on of propylene to giv¥e isobutyric acid followed Pz

partial oxidative dehydrogenation to yield nethacrylic acid. The crude ML

product fromthis pr | ] X Ml ter, isobutyrjic acp&(a{h—
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azeotropic distillation or solvent extraction followed by distillation l&v]\ﬂ
renove the extractiTite fredentivertonisRbReiaq with FFHEYEE R Srdbag urldbdbaes V1 é'g,
acid is typi calds)tsg?,g{”?ri@g -Egom t he anhydrous m xt ure‘%ﬁg%ﬁ her e ?\g N
distillation or“crysta ’i'za?l on techniques. In separations involving wio e

distillation the ph§§$ BRres fRPEHReAFerRciio gt isthecamly i dationglagen skt hacr YR g, fe1-
and isobutyric mopylendty giveddchyrrtiestd folovied by patislomidativoledydesyeciticdab pl at es
| n combi nation gk ?neg:\ag. hﬂﬁE G e Blde Qiodfdx AGHINRY SEJEL%@ PLAA R 8
Furthernore, use of distillation as.a separation‘tecnni que 1s c_og%l_ at ed
by the tenddhcy"He: FEPFET YRS SRS 3519 3RG RRYS PERIALTE B8 HEFHF S¥R9Yed
Wien cryst al | i zatngritherazeokipiedstihtorarsblyprkxizactioh ollosyed ytdisilatiohts
combi nati on remove the extzaction solvent and produce an anhydrous mixture. Methacrylic acid is
typically separatec from the anaydrous mixture using either distillation or
crystailization techniques. In separations involving distiilation the physical and.
chemical property similarities of methacrylic and iscbutyric acids typically require a
large number of theoretical plates in combination with kigh reflux ratios to achieve high
product purity. Furthermore, use of distillation as a separation technique is
compiicated by the tendency of methacryiic acid to polymerize while being distiiled.
When crystallization techniques are employed in the separaton, the combination

20 of low melting point for isobutyric acid and low eutectic temperature foc

isobutyric/ methacrylic acid mixtures require that very low crystallization temperatures

be used. Such temperatures have made crystallization processes difficult to practice

economically.

Japanese Kokai 62-145044A descives a distillation method to cotain purified
25 methacrylic acid through the use of at least four separate distillation towers and an
extraction colums to remove and purify an extraction solvent and o remove both high
and low toiling impursities. Japanese Kokai 32-007917A descrives a precadure for
separating methacrylic acid from the crude aquecus product of the gas phase
dehydrogenation of isobutyric acid in which the crude product is first distilied to
30 remove materials with boiling points less than water and then extractad with a
hydrocaroon solvent 0 remove methacrylic acid and related matesials. ‘The soluticn of
hydrocarben solvent, methacrylic acid, and related materials is distilled stepwise, first -
to remove residual water and then to remove the hydrocarbon solven:. This process
results in a methacrylic acid preduct composition which is aoout 57% oy weight
methacrylic acid.
US-A-4.780,568 describes purificaticn of an anhydrous mixturze of methacrylic
acid, isobutyric acid, and other impurities using a staged <rystallization separation unit
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of low nelting point for isobutyric acid and | ow eutectic. t éﬂ%@ﬁrﬁ* 'ép oq_:;l _‘

i sobutyric/methacrylic acid m xtures require that very |ow crj st al IREFaACED
tenperatures be used. Such tenperatures have nmade crystallization processes
difficult to practice econom cally. Japanese Kokai 62-145044A describes a
distillation frethod to obtain purified methacrylic acid through the use of

at least four separate distillation tower and an ext ract i on coI um1 to
renove and puMﬁﬁ-émsx&ﬁmtmgmawim

FectyPeri Q8GR WX
boiling i rrpur %ngé)é %gsicjrl bes a gﬁﬁdﬁre gg)
separating ne cr I|c cid from g ielifs gas phase
dehydr ogenat i 8&‘ P op- 539,898 :mmpémhcm first
distilled to mmbnauésmhsawmhm&xmgwmluaﬁ b wg&g?md t hen
extracted wit C{ 5&%: nmet Y, nd, r el at ed
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rel ated mater ‘s"loédHFgﬂq'aé‘ P @megtmtooderdmpms@@ﬁmwm@'er and
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met hacrylic a i o ichi bout 97% by wei ght
met hacrylic acc% %&ﬁ%ﬂé‘ﬁ}d%’gﬂ)ﬁﬂr} gr ﬁuﬁ,ﬂ
Because these ‘nown processes are often costly, difficult to control, and/or
10 provide a iess pure product than often desired, there contnues tc be a need for

improved methods to efficiently and cost effectively separate methaczylic acid from
mixfures containing isobutyric acid.

According to 2 first embodiment of the prasent inventtion there is provided a
process for praparing an &.f-unsaturated C3-Cg carboxylic acid of greater than 98% by
15 weight purity, which comprises the steps o:

a. oxidatively dehydrogenating a saturated C3-Cg carboxylic acid in a reactor to
produce a first product stream comprising an a.@~unsaturated C3-Cg
carboxylic acid and the saturated carboxylic acid wherein the weight ratio of
the &,f-unsaturated to the saturated carboxylic acic is greater than about 0.2;

20 b. fractionally distilling the first product stream in a distitlation unit to produce;
(1) an overhead stteam wherein the weight ratio of the &.f-unsaturated to the
saturated cacboxylic acid is less than that in the first product stream and
(2) a bottoms siream whersin the weight ratio of the ¢tf-unsaturated to the
saturated cazsexylic acid is greater than that in the first product strearn;
25 c. feeding the overhead stream into the reactor:

d. feeding the bottoms stream into a crystallization unit;

e. melt crystallizing the botioms stream in the crystallization unit one or more
times to produce '

(1) a second product stream comprising greater than about 8% by weight,
30 preferably greater than about 99.9% by weight, of the &,B-unsaturated
carboxylic acid: and
{2) one or more mother liquor streams comptising greater than about 30%
by weight of the o,f-unsaturated carboxylic acid; and
f. feeding the one or more mother liquor streams into the distilladon urit.
3s Preferably, in this first embodiment of the invention:
a. the weight ratio of the &,B-unsaturated to the saturated carboxylic acid in the
~ overhead stream is less than about 0.5, preferably less than about 0.1; and
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nethacryllc acid, isobutyric acid, and oter

crystallization separation unit REPLA
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6 equival ent stages and a secondary recovery section

Wi th one or ‘nore stages to give high puritgyy nethacrylic acid. This process
requires very low crystagllizati on tenperatures. Russi an Patent no. 639, 858
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15

ii. separating the mother liquor stream;

iii. melting from about 5% by weight to about 50% by weight of the crystais to
produce a sacond mother liguor siream;

iv. separating the second mother liquor stream from the remaining crystals;

v. optionally melting the remaining erystals and repeating steps i-iv, wherein
melted remaining <rystais are used in lieu of the bottoms stream, a number of
times sufficient to obtain greater than 58% by weight of the &.B-unsaturated
carboxylic acid in the remaining crystals.

Preferabiy, in this first embodimens of the invention, the mother iiquer and the

seccnd mother liquor are combined prior to feeding to the fractional distillation

~ column.

25 .

33

Preferably, in this first embodiment of the invention, the first preduct stream is
dehydrated prior ‘o fractional distiltation.

According to a second embodiment of the present invention thete is proviced a
process for prepanng an a,f-unsaturated Cj - Cg carboxylic acid of greater than about
98% by weight purity, which corprises the steps of:

a. oxidatively dahydrogenating a saturated C3-Cg castoxylic acid in a reactor to
produge a first product strsam comprising an ¢, B-unsaturated C3-Cg
carboxylic acid and the saturatec carboxylic acid wherein the weight ratio of
o,B-unsaturated to saturated carboxylic acid is greater than apout 15;

b. feeding the first product stream into a crystallization unit;

c. meit crystallizing the first product stream in the crystailization unit one or
more times o produce;

(1) 2 second product stream comgrising greater than about §3% by weight,
preferably greater than §9.9% by weight, of the &,f-unsaturated carboxylic
acid; and :

2) one ot more mother liquor streams comprising greater than abou: 86% by
weight of the ¢,B-unsaturated, carboxylic acid;
d. feeding the cne or mere mother liquor streams inco a distilation unit;
e. fractionally dxs'nllmg the one or mere mether liquor stzeams in the distiilation
upiit to prodx.ce, '
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provide a | ess pure product than often desired, there conti u
need for inproved nmethods to efficiently and cost effe
met hacrylic acid fromm xtures containing isobutyric ac
first enbodi ment of the present invention there is prow ded:a...
preparing an a,[err]-unsaturated C3-C6 carboxylic aci d—‘aﬂf:g:r_eat_e_r »
by wei ght purity, which conprises the- stegs of: a. oxidatively B
dehydrogenating a sra#)urat ea Ca %r%)oxyl ic acid in a reactor to produce a
first product strea err]-unsaturated C3-C6 carboxylic
acid and the satura dmmsm,amd wherein the weight ratio of the
a, -unsat ur at ed togtﬁgds‘ Mﬂéﬁx Aeictor andlf €ater than about 0. 2;

b. fractionally dis the flrst product tream.in a distillation unit
to produce; (1) af &?@Wﬁgﬂ"gm%éﬁ?ﬁh FeStgEReTr ati o of the

a, [err] - urdsat ur at Sceferablyhin thistsenond enhbodintumt yf the irventcn she e®p ofbreit t hat i n

the first prq]qwhﬁ% gggt: (2) a bottons stream wherein the weight ratio
of thea[err - unsat dtot ated ,car .acid eater than
that in the first p‘Fﬁ Fh g‘&’r f%&%%@ﬁ’&fd"?&h%%r%¢&ﬁb t he
reactor; product stream;
ii. separating the mother liquor stream;
10 ifi. melting from about5% by weight to about 50% by weight of the crystals to

produce a second mother liquor stream;
iv. separating the second mother liquor streams from the remaining crystals;
v. feeding the mother liguor stream and the second mother liquor stream to the
fractional distillation column;
15 vi. optionally melting the remaining crystals and repeating steps i-v, wherein the
melted remaining crystals are used in lieu of the first product stream, a
nurmnber of times sufficient to obtain greater than 98% by weight of the o8-
unsaturated carboxylic acid content inl the remaining crystals.

Preferably, in this second embodiment of the invention, the mother Equor stream

20  and the second mother liquor stream are combined prior to feeding to the fractional
distillation column.

Preferably, in this second embodiment of the invention, the weight ratio of the
a,B-unsaturated to the saturated carboxylic acid in the overhead stream is less than
about 0.5, preferably less than abeut 0.1.

25 Preferably, in this second embodiment of the invention, the fixst product stream
is dehydrated prior to melt crystallization.

Preferably, in the process of the present invention, the saturated carboxylic acid
is selected from propionic, butanoic, and isobutyric acids, and more preferably is
isobutyric acid.

30 Preferably, in the process of the present invention, means for holding material
are incorporated in the lines connecting the distillation unit and the arystallization unit.

The present invention provides a process for the separation of an &, §-
unsaturated C3-Cg carboxylic acid from mixtures of the o,8-unsaturated C3-Cg
carboxylic acid and its saturated homologs which comprises combining fractional

35 distillation and melt crystallization processes in which a high proportion of material is
" preferably recycled. By "high proportion” is meant that the amount of material recycied
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K bout Q.1 ;wze; oms process stream in which the weight ratio
is, for example, about 15. In the first embodiment of the invention, the bottoms stream
is fed to a melt cxystallizer which results in two additionai streams; a product stream of
high purity (greater than 98% by weight) a,B-unsaturated carboxylic acid and a residue
stream which is greater than about 80% by weight a,B-unsaturated carboxylic acid and
up to about 20% by weight of saturated carboxylic acid. The overhead stream from the
fractional distillation column is recycled back to the reactor and the crystallizer residue
stream is recycled back to the fractionation column.

Alternatively, in the second embodiment of the invention, the process steps are
reversed, such that melt erystallization is first employed to isolate pure ¢,B-unsaturated
carboxylic acid. The melt crystallizer bottoms stream is then fractionationally distilled
to provide a saturated carboxylic acid rich stream for recycling to the reactorand a
recycle stream rich in &,B-unsaturated carboxylic acid back to the crystallizer.

In a further embodiment of the present invention there is provided a process for
preparing greater than 98% by weight pure ¢,B-unsaturated C3-Cg cartoxylic acids
which comprises

2) oxidatively dehydrogenating a C3-Cg saturated carboxylic acid in a reactor to
produce a first product stream comprising the ¢,B-unsaturated C3-Cg carboxylic acid
and the saturated carboxylic acid wherein the weight ratio of o,3-unsaturated to
saturated carboxylic acid is greater than about 0.2;

b} fractionaily distilling the first product stream in a dis tillation unit to produce;

(1) an overhead stream wherein the weight ratio of a,B-unsaturated to

saturated carboxylic acid is less than that in the first product stream,

preferably less than 0.5, most preferably less than 0.1, and

(2) a bottoms stream wherein the weight ratio of o,f-unsaturated to
saturated carboxylic acid is from about 5 to about 200, preferably greater

than about 9; |

¢) feeding the overhead stream into the reactor;

d) melt crystallizing the bottoms stream in a crystalhzat:on unit to produce

(1) a second product stream comprising the ,B-unsaturated carboxylic
acid wherein the o,B-unsaturated carboxylic acid content is greater than about $8% by
weight of the second product stream and

_ '(2) a mother liquor stream;

P feedmg the mother hquor stream into the distillation unit;
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3 Repl acenent Sheet 7/10/95 b. the weight ratio of tf
a,[err]-unsaturated to the saturated carboxylic acid in the b
is greater than about 5, preferably greater than about 9. Prei
this first enbodi nent of the invention, the step of nelt crystaII|2|ng

conprises: i.-crystallizing from about 50% by wei ght to about 70% by wei ght
of the bottons stream 1i. separating the gﬂ)t her |iquor stream i .
mel ting from aboutf) 38elberystelliging thevesnd Prod Q¥ storanyVe SRtmBls &*l?a to

produce a secwubtﬁﬁtaffﬁ{algtdm@fsﬁﬁ%ﬂ&%ukx ﬁmﬁ%ﬁge,}%@%ﬁ d {gﬁé er
lrla?r;io:]i ﬁ;rgﬁgk{'ﬁg’ﬁ% #ﬂ% gl’ ?'aF@ V\ﬁgl’lel n rrel>/t edI regm ni ng
crystals are used #eﬂms@!ntoltbtb@drcﬁm ﬂien'epimedazmélt&ﬁ?&&uﬁin&ﬂ

suf fici ent 5t Osﬁpmhfbmégﬁﬂaumt98% by weight of the a,[err]- unsaturat ed
carboxylic acid'i

t S oL SIaL AL stal,s. Preferably, inthis first

enbodi ment  of t henrﬁ’ﬁ/%rﬁﬁsﬁﬁ ga %IITYSF tien ig wspfuliny sepiarating mixtures o,B-

unsaturated and saturated carboxylic acids, including but not limited to, methacrylic
acid from isobutyric acid, acrytic acid from propionic acid, crotonic acid from butanocic
acid, and the like. The process is particularly applicable to separations of methacrylic
acid from isobutyric acid and acrylic acid from propionic acid because their simi in
physical/chemical properties such as melting points and boiling points make it difficult
to obtain efficient separations using standard distillation and crystallization techniques.

The present invention will now be further described with reference to the
accompanying drawings, in which:

Figure 1 is a process flow diagram of one embodiment of the invention;

Figure 2 is a process flow diagram for a laboratory melt crystallizer; and

Figure 3 is a process flow diagram for an alternative embodiment of the

invention.
One embodiment of the present invention, exemplified by the separation of
methacrylic acid from isobutyric acid, is depicted in Figure 1. The process of Figure 1is
preferred when the ratio of &,B-unsaturated to saturated carboxylic acids in the first
product stream, from the catalytic dehydrogenation reactor 1, is less than about 15. The
first product stream from the catalytic dehydrogenation reactor may containup to
about 40% water. This stream can be fed through line 2 directly into the distillation unit
25 3 orintermedijate steps, such as filtration, extraction, azeotropic distillation, or
dehydration, may be accomplished prior to feeding into the unit. The distiliation unit 3
configuration is not critical. A high efficiency fractionation column is preferred. Most
preferred is a fractionation coiumn which will provide 25-70 theoretical plates ata
reflux ratio of 29-355. Operating parameters also are not critical. However, in order to

30  minimize the distillation temperature, low pressures, preferably below 100 mm
mercury, are preferred. The stream can be fed into the fractionation column atany
convenient point. However, for most efficient operation the composition profile of the
column, at steady state, should be determined and the feed should preferably enter at
that point where the feed and the steady state column compositions are similar.

35 Distillation results in an overhead stream erriched in isobutyric acid. The balance of
the material in the overnead stream is methacrylic acid and low boiling materials which
were present m the fxrs‘ %;Odlfct stream ’l'he overhead stream is recycled back into the

10
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second nother liquor are conbined prior to feeding to the fragtkafah:t

distillation colum. Preferably, in this first enbodi nent of| the ;hﬁ*d;emat;gn
the first product streamis dehydrated prior to fractional ti=stit-atian
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According to a second enbodi nent of the present invention there is prOV|ded
a process-for preparing an a,[err]-unsaturdted C3 - C6 carboxyllc acid of

greater than g@l @h E&é} the
oxi datively dﬁi‘?ﬁ enaﬁﬁi&?u&% car ﬁﬁlﬁa :’é@(i%g%%t or
to produce a i B Co6
c?r boE(yI i i: aciatvantdge néthamlemamwmelaumdmgmﬁbhmmmt tft;.élt i o
of a,[err unsg;,_h; about
15; b. fee Baé%séﬁdsagﬁ?‘kg&oﬁ&n@%%@& ﬂ&é}st—éﬁiﬁkﬁzat | on u%@{i‘g

nel t cry;s_t Il_g‘:@tpﬁ@%*g;;f% ded:u o %"(@“i}qm ?‘Bﬁ%t one
or nore tinmnes presehb oen effesthend ce(hssés atyric in thergacreiiiedd
than about 9§‘Vel@¥re§&a¢3tmdms§é%famapﬁ@£&§h&chf?o%uaofﬂbam&ﬁ'&'a% of the
a,[err]-unsa uralte C%r (,)glamresultmgmhzgnerovera.lyleldandlowe"'oss“ecausethe:ezs

less waste and, therefore, lower operating costs. This is because of the recydiing of these
10  materials back to the reactor.

The distillation unit bottoms stream, which contains at least about 0%
preferably at least about 95%, by weight methacrylic acd, up to about 10% by weight
isobutyric acid, and other minor high boiling impurities, is fed through liné S intoa
melt crystallizer §. Although a batch type crystalizer can be used, a semicontinuous
multistage crystallizer such as diagrammed in Figure 2 whose operation is described
below, or similar technology, is preferred. Distillations may also be conducted ina
batch manner. However, continuous operation is preferred; continuous operation at
steady state is most preferred, In those cases where the distllation unit is operated
continuously, a means must be provided to accept the distiilation unit bottoms stream
20  when the crystallization unit is operating in a batch or semicontinuous manner. This

may be accomplished through the use of a holding tank inline 5, a second
crystallization unit, or similar means.

15

A helding tank ot similar means may be incorporatec into the mother liquor

stream from the crystaitization unit feeding the distillation unit through lines 10 or 11 in
25  order to provide a cantinuous feed o the distillation unit.

In some cases, the vapor pressure of the o,3-unsaturated casboxylic acid may be
greater than that of the saturated carboxylic acid. In such cases, the distillate stream
from the distillation urit is fed to the crystallization unit while the bottoms stream is
recycled back into the catalytic dehydrogenation reactor. The separation of acrylic acid

30 from propionic acid (see Example 10) is such a case.

Accordingly, in a still fuzther embodiment of the present invention there is
provided a process for preparing acrylic add of greater than 98% by weight purity,
which comprises the steps of:

a. oxidatively dehydrogenating propionic acid in a reactor to produce a first

35 product stream comprising acrylic acid and propionic acid wherein the
ratio of acrylic acid to propionic acid is greater than about 0.2;
b.  fractonally distilling the first product stream in a distillation unit under
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(2)  abotioms stream wherein the ratio of acrylic acid o propienic acid
is less than that in the first product stream;
c.  feeding the overhead stream into 2 crystallization: unit;
d. feeding the bottoms stream into the reactor;
e. melt crystallizing the overhead stream in the crystallization uxit one or
more times to produce
{1}  asecond product stream corprising greater than about 96%,
preferably greater than about 99.9%, by weight of acrylic acid; and
one or more mother liguor streams comprising greater than about
80% by weight of acrylic acid; and
feeding the ore or more mother liquor streams into the distillation
column.

2)

Preferably, in this still further embodiment of the invention, the first product
stream is dehydrated prior to fractional distillaticn.

Figure 2 is a flow diagram of a typical melt crystallizer unit 6, e.g. useavle with
the embodiments depicted in Figures 1 and 3. The fractionation column bottoms stream
is fed through line 21 (equivalent to line 5 in Figure 1 and lines 32 or 35 in Figure 3,
described below) into the melt crystallizer collection tank 22 whereupon a circulation
pump 23 circulates the stream through line 24 to a crystallization tube 25 back into the
collection tank. Under typital crystallization conditions, approximatety 50-70% by
weight, preferably 60-65% by weight, of the stream is crystallized on the fube walls.

The temperature of the tue walls is controlled &y circulation of chiiled or heated heat
transfer fluid 26 through a jacket 27 around the crystallization tube. The desired
crystallization temperature will vary with the composition of the stream. For example,
a mixture of 0.5% by weight isobutyric acid in methacrylic acid may requite a
temperature of 14-15°C for crystallization whezeas a mixture of 6% may require 2
temperature of 8°C in order to crystallize 60% by weight of the mixture over a period of
1-1.5 hours. After the feed has crystallized, the mother liquor is removed from the
system through line 28 (equivalent to line 10.in Figure 1 and line 34 in Figure 3) and is
fed to the fractionation column. From about 5% by weight to about 50% by weight,
preferably 10-15% by weight, of the crystallized material is then remelted over a period
of 1-2 hours by increasing the temperature of the heat transfer fluid. The remelted
material (second mother Iié;uor streamn) is removed from the system and may also be fed
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Ii. separating the nother liquor stream iii. nelting from aho 5%3&y
wei ght to about 50% by weight of the crystals to produce a st cond m:wer
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l'iquor stream iv. separating the second nother |iquor st reaf® TTOMCHEe

remai ning crystals; v. feeding the nother |iquor stream and the second
nmot her | i quor streamto the fractional di s¥illation colum; vi. optionally
mel ting the raﬁﬂhﬂ&i@oﬁiﬂﬁid&hﬁmﬁéﬁé the nelted

e

remai ning cry "%Lﬁ}ﬂ‘ J}a‘#‘ggu %?&Q glgsimjrod&fh #tggg? nunber
of times sufflcet to air -
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fracti onal |IJ,at|on CO e YA SReams. of
the inventi on e iArsttreamyis theiinal md«hmmvmem greatee&ma:ﬂsw‘uy weghy at ed
carboxyl i ¢ aci pusenmdthexyiicaridoddcss E&W&é&tﬂz&fg& lﬂl@‘”(u?#’gb.ﬂe v&ffﬁ%ﬁém y
less than abo u&. Saization conditions, for example, the crystallization ané remelt ¢ temperatures and
the feed rate, as well as the number of recrystallization stages, product greater than
99.99% by weight methacrylic acid can be obtained. The second stream is the fnal
mother liquor stream which contains greater than about 80% by weight methacrylic
acid and up to about 20% by weight isobutyric acid, as well as other minor, high boiling
impurities. The mother liquor stceam may be combined with the Sxst product stream
through line 10 and fed back into the fractionating column 2s a combined feed through
line 11. Aiternately, the mother liquor stream and fizst product stream may be
separately fed to the fractionation colurman. Qccasionally, the mother liquor stream may
require purging through line 9 in order to remove heavy impurities. A major
advantage in the present process is that the melt crystallizer dees not have to be
operated under conditicns designed to remove the maximum amount of methacrylic
acid from the column bottoms stream because since the stream is recycled as the mother
liquor stream any methaczylic acid is recovered.

In. those cases when the ratio of ¢, 8-unsaturated to saturated carboxylic acids in
the first product stream is greater than about 13, the alternative process as diagrammed
in Figure 3 may be used. Again, using methacrylic acid as an example, in this
embodiment, the first sroduct stream is Eec: through line 32 to the melt crystallizer 6 to
give a final product stream through line 33 of essentially pure methacrylic acid (greater
than about 98% by weight methacrylic acid, preferably greater than about 95.59% by
weight methacrylic acid). The mother liquor from the crystallizer, which contains at
least about 80% by weight methacrylic acid, is fed through line 34 into the fractionation
column 3. The fracticnation column provides an overhead stream rich in iscbutyric
acid which is fed to the reactor 1 through line 35, and a bottoms stream of a mixture of
about 95% by weight methacrylic and less than about 5% by weight isooutyric acids
which is either combined with the first product stream through lines 36 and 37 and fed
back into the melt crystallizer as a combined feed or fed directly into the melt
crystallizer. As with the process of Figure 1, heavy impuzities may be removed through
lines 36 and 38. '

10
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Preferably, in this second enbodi ment of the invention, the |fi[sfoPEBOULS BEsN
streamis dehydrated prior to nelt crystallization. Prefera '

| , , y, | przbheced
process of the present invention, the saturated carboxylic
from propionic, butanoic, and isobutyric acids, and nore preferably is

i sobutyrjc acid. Preferably, in the proceg® of the present invention, neans
for hol di ng materh@éo

distillation unit ané%éb@?%?%%%%ﬁ%ﬂ&%ﬁgs nne'cfi"lf‘;] 4{%}-"2;?#06#5
provi des a pHeRRIERATRE 2qTyiic asdofigneateritiaf about 38% by reight puaity midichckoSbrises
el d and |15 o tPar 6d, honbl as, wbi ch-compr | oo canbi ni ng 1 ractional
gflst i ?Inat i on and el t W@@ﬁ‘ﬁ’ﬁ%ﬂé ?mg(%é%é%éic F%Hb\%F ST B9dBf o ti on
of mater :c al |t s pr Ief er afitsyprodustsireain c@nptising hapliomid andpropionioaidt t hat t he
amount of naterial rec i 3 as
e meltcrystallizing the first product stream in the <rystallization unit
one oOr more tinmes to prbduce;
10 (I)  asecond product stream comprising greater than about 98%,
preferably greater than about 99.9%, by weight of acrylic acid; and
(2)  oneor more mother liquor streams comprising greater than about
80% by weight of the acrylic acid;
feeding the one or more mother liquor streams into a distillation unit;
fractionally distilling the one or more mother liquor streams in the
distillation unit under conditions wherein the vapor pressure of acrylic
acid is greater than the vapor pressure of propionic acid to produce
(1) an overhead stream and
(2) a bottoms stream;

20 £ feeding the bottoms stream into the reactor; and
& feeding the overhead stream into the melt crystallizer.
In this further embodiment the first product stream is prefesably denydrated
prior to melt crystallization.
In the variations ofthe process, neither the fractionation column nor the melt

25  crystallizer are separately operated in 2 manner which would result in the maximum
separation of methacrylic acid from the product stream in each unit. Rather, each is
operated in a novel and limited manner such that the combination of fractional
distillation and melt crystallization, with two recycle streams in which the bulk of the
material is recycled, provides &,B-unsaturated carboxylic acids of high purity (e.g.

30  greater than about 99.99% by weight), produces very little waste material, and operates
at reasonable temperatures and pressures. This results in an economical, low cost
process.

Some embodiments of the present invention will now be described in detail in

the following Examples. Unless otherwise specified, all percentages in the examples are
35 expressed as percent by weight.

15 e
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fractional distillation results in two process streans; an g%@npﬂcg@ N ]
streamin which the weight ratio of the a,[err]-unsaturated to sa;g,ég»r té i
carboxylic acid is, for exanple, about 0.1 by weight, and at
streamin which the weight ratio is, for exanple, about 15. In the flrst

enbodi nent ‘of the invention, the bottons streamis fed to a nelt '
crystallizer which results in two additioggl streans; a product stream of

high purity (greater than 98% by wei ght é a, |.err] -unsat urat ed carboxylic
acid and a residue streamwhich is gr n about 80% by vvei ght

a. [err]-unsat ur at eMeltarystailidationsacs @indled isif@a Ripetito

tasof
saturated car 1l ia.éfﬁ
distillation Q%ﬁ%&@ﬁ?&e%{l& acﬂﬁgg%ke ?%g&%or %%’ yst a
resi due strea °F’§°9‘%E‘§/'E‘P€éy kst simdations using the Fb gdFer nat | veI Y,
in the secénd thmumy)mm!mmwmanmpsm?mmﬁed

Zuitgr?]habnrsrg![ Ta#&ibg&%{.'y'g%ﬁ&? WD % c FLRPIRAN Sor u' Feam

is then fract :jm%@‘%%f‘aﬁl ?‘Qeééé@b‘?é% 2 Vﬁ‘%wam d

rich stream fmrmwwmvmaaMemmmwmwxdfm

a,[err]-unsat ai&ﬁ ag}nw/ime@ s%i&ﬁ&he&fbrwy bity. A8Maddiddnankur t her

embodi ”e”tmOf S RIEPSpS: nighdRRd Fiotr:]or;ected?oro 05idS is%ica%f& evj;%rrpluse
bv the method described by E. Sebastiani andLLacquamtx, Chem. Eng. Sci,, 22, 1155
{1967).

Example 1 - Melt Crystallization Purification of Methacrylic Acid Containing

15 Approximately 0.5% Isobutyric Adid.

A solution containing 0.49% isobutyric acid ("iBuA") in glacial methacrylic acid

is divided into thirds. The first portion is fed to the laboratory melt crystallizer over a
period of approximately 1 hour during which time the temperature is decreased from
14.8°C to 13.8°C for a first stage crystallization. Approximately 60% of the feed

20 crystallized. The temperature is then increased to a range of from 14°C to 16°C over a
period of 1.5 hours causing 10% of the crystallized material to remelt. The mother
liquor, remelt, and crystallized material are each separately collected and analyzed for
{BuA content. The second and third portions are treated in the same manner.
Represénta.tive results for first stage crystallizations are in Table 1. The methacrylic acid

25 ("MAA") purity and the efficiency of the crystallization are determined by monitering
the iBuA content in the crystallized material. |

Tablel
First Stage Crystallization
Feed Mother Liq. Remelt Crystals

No. |We(g)d iBuAb |Wig) iBuA  [Wig) iBuA |[Wi(g) iBuA*
1 |5058 049% {1890 1.094% -1501 0314% 12603 00740%
2 |50L1 049% {1930 1.035% 149.0 0.370% _|257.5 0.0815%
3  |5040 049% 1921 1.095% 628 032% |2492 00720%
Total 15110 049% [5741 1075% |1619 0.334% _|767.0 0.0759%

a = Wi(g) = weightin grams

30 b =iBuA =Isobutyric Acid

—
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preparing greater than 98% by wei ght pure a,[err]-unsaturat BdriG8<CEsT HAS B;EN
carboxylic acids which conprises a) oxidatively dehydrogenaTl ng az”@%m

saturated carboxylic acid in a reactor to produce a first prFodost—Streanr

conprising the a,[err]-unsaturated C3-C6 cf_EboxyI ic acid and the saturated
carboxylic acid wherein the weight ratio of*“a,[err]- unsaturated to

saturated carboxylic aci’BaédWMuAWﬁﬁé‘W t t (?3‘5'@!2?1)
At on Uit 1o produ

distilling the first progygi streamin a disti
an overhead streamwherein the weight ratio of a,[err]-unsaturated to
saturated carboxylic acid is less than that in the first product stream

preferably |ess thaﬁ'nauarstalmdmmmag ﬁrﬂs&othqaumﬂuommb(oﬁ)bmat ons
stream where§ n atﬁwoﬁmamode&hk@feafto

@&HQ%F-”

boxyl y b %?E PRESY
ot oy eedi g (REuG AR Refied o ol el ﬁe?%g%meamz.ngm
the bottons st reusmiizatione Wﬂ%nfmelﬁe&mymlmmmm@mm

product stream keldnat 15/°Qgatstty W7 of tid aryitiRied riiteshl terentlty lalghin, the mother

iquor, remelt, and crystals are separately collected and analyzed for iBuA content,
10 Representative results for second stage crystallizations are in Table 2.

Table 2
Second Stage Crystallization
Feed Mother Liquor Remelt Crystais

Wi(g)d 1iBuA® |Wig) [iBuA |WHg) [iBuA [Wt(g) |iBua’
15020 [C.070% (1820 [0.181% [534 - |0.042% 1260.0  10.0092%

a = Wt(g) = weight in grams
15 b =iBuA = Isobutyric Acid

*Based upon the iBuA content, the crystals are at Jeast 99.95% pure MAA.

Example 2 - Melt Crystallization Purification of Methacrylic Add Containing
Approximately 5% Isobutyric Acid.

20 Using the proceduze of Example 1, a solution: containing approximately 5.8%
iBuA in MAA acid is fed into the laboratory melt exystallizer and over a period of
approximately 80 minutesthe temperature is decreased from 13.5 °C to 8°C.
Approximately 62% of the feed crystallized. The temperature is increased to 14.0°C
over approximately 4.7 hours causing 10% of the crystailized material tc remelt. The

25 mother liquor, remelt, and crystallized matesial are each separately collected and

~ analyzed for isobutyric acid content. Representative results of these analyses are in
Table 3.

Table 3

Feed Mother Liquor Remelt Crystals
Wi(z)2 [{Bud® |Wig) liBud |WHg) iBuA [Wi(g) |iBuA”
5011 15.675% 1930 {1030% |SL.7 5.44% |2536  |0.950%
30  a=Wt(g) = weight in grams
b = iBuA = Isobutyric Acid

*Based upon the iBud content, the crystals are at least 99.05% pure MAA.

i




acid wherein the a,[err]-unsaturated carboxylic acid conten Tré Sgi"é_fﬁTGﬂAS BEEN
t han about 98% by wei ght of the second product stream and ( a nBERBACED
| i quor stream e) feeding the nother |iquor streaminto the i

unit; . 6

Repl acenent Sheet 7/10/95 f) melt crystallizing the

second product streamin a nunber of staggg sufficient to obtain a final
product stream of desired c,[err]-unsaturated carboxylic acid content,

preferably greater than 99. 9% by wei ght; and, g) feeding the nother
fromthe repwggmezf@q*samummm&haasmafvhém Conthinbiy

distillation

separ ati ng m Xt ur

quuor

ﬁfw
%Pr QA%,dess of the present ihvention is usef for
- unsaturated and saturated carboxylic acids,

oty

i ncl uding but not %?W cPrP‘EfduFﬂé! Faempleilea selntion ranfeiningiappyeiimateiyt 405%

acrylic acgd

10

15

20

30

proptonic agid PAC) inaiarlic at@ ("A Y isalivided hRo¥dutifRiREbSRs. Each fraction
is fed into the laboratory melt crystallizer over a period of 19-68 minutes ata
temperature of about 10°C. Approximately 42% of the feed crystallized. Seven to
twenty-seven percent of the crystallized material is remelted over a period of 45-232
minutes. The resulting mother liquor, remelt and crystal fractions are separately

combined and analyzed for PA content. Reore-.«entahve results of these crystallizations
are in Table 4.

Table 4

Feed Mother Liquor Remelt Crystals

Wig)d |PAD _ [WHg) |PA Wi(g) [PA Wi(g) IPA

2600 0.047% {1287 0.07% |1682 10.06% 11140 0.02%

a = Wi(g) = weight in grams
b =PA = Propionic Acid

*Based on the PA content, the crystals are at least $9.98% pure AA.

Comparison Example 1 - A fresh feed containing 80% MAA and 20% iBuA isfed to a
melt crystallizer. The final product specification is set to 0.005% iBuA. To meet this
specification, a calculated 4.6 crystallization stages are requirec. However, the final
mother liquor will contain 70.59% MAA which cannot be recycled.

For the following Examples 4 - 10 and comparison Example 2, distillation column
data are simulated with the steady-state process simulator (FLOWTRAN) as described
above. Simulator input specifications for each stream are specified in the examples.
Melt crystallization (mother liquor, remelt, and crystal amount and purities) data are
extrapolated using the results presented in Examples 1 - 3 above.

Example 4 - A fresh feed containing 80% (MAA) and 20% iBuA is mixed with the
mother liquor stream from the melt crystallizer. The combined stream is fed to the
fractionation colurnn. The distillate specification is set at 90% iBuA, the bottoms stream
‘specification is set at 0.5% iBuA, and the final product specification is set at 0.005%
jBuA. To meet these specifications, the required number of stages {theoretical plates) in
the fractionation column can be 45 (with a reflux ratio of 234) to 55 {with a reflux ratio
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acid, and the like. The process is particularly applicable tt&épéra’frb-ns BEEN
of methacrylic acid fromisobutyric acid and acrylic acid fripm pr aPIOAICED

acid because their simlarity in physical/chem cal propertie3 such as
mel ting point.s and boiling points make it _difficult to obtain efficient
separations using standard distillation a%l crystal lization techni ques The

present i nveng 191), séumint® dh 30echik; ﬁ%,ge‘ﬁ eferen
acconpanyi ng ) g 3 royéj t‘ ﬁﬁ

enbodi ment of%%en{%%@%]ﬁ%gg 1 ted matgrialbalage ?‘gﬁ- gf one

| abor at ory methese BB zer; and Fi gure 3 IS a process flow d| agram for an
al ternative enbodi nent of the I nvention. One enbodi nent of the present
invention, gexenplified by the separati onr Q{Fn thacryl ic acid from
|sobutyr|c acid, is depicted in Fi gur e rocess of Figure 1 is
preferred when the rati o of a, [erﬁ’} 8sat urat ed carboxylic
acids in the first product stream from t he catal yti c dehydrogenati on

reactor 1, i4 less thah et 15. The f1.ndixe®r qduct stream from|t he
catal yti c delydnpeasmt | ONFdedacCl ORedyBl¥ ¢ONEgdN Lpggqnﬁgoutm%s t Produdti|s
stream can beWJgn pTne|Z gy ecyty 1o e grstyrragron sy
Flow, kg/h 45.36 62.55 107.91 10.08 97.83 35.28
(pph)** (100.00) (137.90) (237.50) (2222) | (215.68) (77.78)
MAA % 80.00 99.22 91.14 10.00 99.50 99.995
iBuA % 20.00 0.78 8.86 $0.00 0.50 0.005
*Reference to Figure 1 process flow lines
**pph = pounds per hour

10

Example 5 - The specifications in Example 5 are identical to those in Exampie 4 except
that the specification for iBuA in the bottoms stream is increased to 5.0%. To meet these
specifications, the required number of stages in the fractionation column can be 30 (with
a reflux ratio of 194) to 40 (with a reflux ratio of 61), assuming an overhead pressure of

15 30 mm mercury. The required number of crystallization stages is 3.8. Table 6 details
the calculated material balance for either of these conditions.

Table 6
Example 5 Material Balance
20
Fresh Mixed
Component Feed Recycle Feed Distillate | Bottoms | Product
Fig. 1 Ref.* 2 10 11 4 5 7
Flow, kg/h 45.36 127.63 172,99 10.08 16291 35.28
(pph)** (100.00) . | (281.37) (381.37) (22.22) (359.16) (77.78)
MAA % 80.00 93.62 90.05 10.00 95.00 95.995
iBuA % 20.00 6.38 9.95 90.00 5.00 0.00S

*Reference to Figure 1 process flow lines
**oph = pounds per hour
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3 or internedi ate steps, such as filtration, extraétlon aze ﬁbéqc i

;'M\J L*‘ d

distillation, or dehydration, may be accorrpl I shed prior to feeding: t~ﬁtﬁuﬁhe

'\‘2J

unit. The distillation unit 3 configuration is not critical. AThigh
efficiency fractionation colum is preferfsed. Mst preferred is a
fractionation_colum which will provide 25-70 theoretical plates at a
reflux rati o &amplefissnespesificationy myExampe Goace identical wrtboseds Exacple & sicept
However, in ormmm@emﬁmmmmmmswdoh&nmwwm.m&owmssures

preferabl y belgQue ;g&,m&g ed into
the fractionat otg éurm at gg ni en{?sr #k‘tabﬁa\%ever rms’?%
efficient oper®t Q)Fﬂ%“&P ﬁ%«msmav«é@éady state,

shoul d be det euredsurechf0 dun k:em‘-taeﬁd&!mﬁﬂ:ﬁminﬁeab! Qtvwliﬂhoakngéau.moi nt
where the feedr:%[@&éiﬁb&h@%mﬁd%ﬁerﬁ%m-gﬁr@g eogh cRidfions.m | ar .
|

Distillation results in an overhead stream In i'sobutyric acid. The
bal ance of the material in the overhead streamis nmethacrylic acid and |ow
boiling materials which were present in Tah®7%irst product stream The

overhead streamis recycl ed back Egdntplé 5®aterial Balance

Fresh Mixed
Component Feed Recycle Feed Distillate | Bottoms | Product
Fig. 1 Ref.* 2 10 11 4 5 7
Flow, kg/h 45.36 | 15466 200.02 10.08 183.95 35.28
(pph)** (100.00) . (340.96) | (440.96) (22.22) | (418.75) (77.78)
MAA % 80.00 87.72 85.97 10.00 90.00 99.995
iBuA % 20.00 1228 14.03 $0.00 10.30 0.005
10 “Reference to Figure 1 process flow lines

**pph = pounds per hour

Example 7 - The specifications in Example 7 are identical to those in Example 5 except
that the fresh feed is setat 0% MAA and 40% iBuA. To meet these specifications, the

15  required number of stages in the fractionation column can be 30 (with a reflux ratio of
136) to 40 (with a reflux ratio of 40 ), assuming an overhead pressure of 30 mm mercury.
The required number of czystallization stages is 3.8. Table § details the calculated
material balance for either of these conditions.

20 . Table 8
Example 7 Material Balance
Fresh Mixed
Component Feed Recycle Feed Distillate | Botioms | Product
Fig. 1 Ref.* 2 10 11 4 3 7
Flow, kg/h | 4536 9116 | 136.52 2016 | 11637 252
{oph)** (100.00) (200.98) (300.98) (44.44) (256.54) (55.56)
MAA % 60.00 93.62 82.45 10.00 95.00 99.995
iBuA % 40.00 6.38 17.55 90.00 5.00 0.005
*Reference to Figure 1 process flow lines
**pph = pounds per hour
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catal ytic dehydrogenation reactor through line 4, recovering |WAktS &nxﬁdl’AS BEEN
ordinarily be wasted isobutyric acid resulting in an overall |yiel dFEnef8EBe

and | ower. costs. Another advantage of this process is that nerther tne

catal ytic dehydrogenation reaction nor t ¢ fractionation need be run under
condi tions whi Exanvglel} eTheapetifications inExdmiplé m@xdehaanmus&nﬂémﬂprehw#i ic acid
and m ni m zi ngHapde FpeRiAtIA fFor! g;,gg# ledegh S 3B Qg :HE&
invention is efgé Qm rﬁ@% gé é@ls&g (r\t:g af,‘lhgp e( eact or
due to side re ons cf SS %@%ﬁ? g’ P ﬁatlon
col urm due to ﬂé?’é’h’éF’?? F’dﬂ (war et of ﬁS’rPJFF“'yPéI d and
| oner costs %eé@mmmWeTh%reanmefthﬂmhm%ﬁgw3331 Dale 9 datailsat i ng
costs. This iStHi!&ﬁEtﬂSﬁdeatdnh&aIaﬁﬁY&HMo%deh&&ﬁ&d@ﬁteri als back to the
reactor. The distillation unit bottons ffjgam which contains at |east
about 90% preferably at |east ab ht methacrylic acid, up to
about 10% by werght—+sebuiyiie O&gm%ﬁé%ﬂé’mfﬁd&;u H-gh—bet+g

Tel U AT O, I: H“ Avawal
purities, 9 ded hdvaBling oo d A ooyl | igerag | Alddiaydh @

crystal lizer siEglRefY agr grm'p JTFib Fr :::llgumkt’ n:c‘;\‘i:;p atidn Tlg dekcribed
bel ow, or si m JRow.tkgflniol 4§36 i s1488ef gr rietl22 Dijst $d.39at if o186.18my| al48.82 be
conducted in al phy* (100.00) | (321.50 | (42157 | (11.11) | (41046) | (38.89)
MAA % 90.00 - 93.62 92.76 10.00 95.00 99.995
iBuA % 10.00 6.38 724 $0.00 5.00 0.00S
*Reference to Figure 1 process flow lines
10 “**pph = pounds per hour

Example 9 - The specifications in Example 9 are identical to those of Example 7 except
that the specification for iBuA in the fresh feed is decreased to 5.0% and the bottoms
streamn specification for iBuA is decreased to 0.5%. Fucthermore, the alternate

15  procedure of Figure 3 is used. To meet these specifications, the required number of
stages in the fractionation column can be 45 (with a reflux ratio of 355) to 55 (with a
reflux ratio of 157), assuming an overhead pressure of 30 mm meccury. The required

number of crystallization stages is 3.3. Table 10 details the calculated material balance
for either of these conditions.

20 Table 10
Exarmple 9 Material Balance
Fresh Mixed Mother
Component | Feed Bottoms Feed Distiliate Liquor Product
Fig. 3 Ref.* 32 37 39 35 34 33
Flow, kg/h 45.36 1123 157.56 2.52 114.82 42.84
{(poh)** {100.00) (247.58) (347.58) (9.33) {253.13) (94.45)
MAA % 95.00 99.50 98.21 10.00 97.54 99.995
iBuA % 5.00 0.50 1.79 90.00 2.46 0.005

*Reference to Figure 3 process flow lines
**pph = pounds per hour
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bat ch manner. However, continuous operation is preferred; contilH 3ZET HAS BEEN
operation at steady state is nost preferred. In those cases Where FPEELACED

distillation unit is operated continuously, a neans must be provided 1o
accept the distillation unit bottonms streamwhen the.crystallization unit
is operating in a batch or senicontinuous Wanner. This may be acconplished
t hrough the use of a holding tank in I|ne 5, a second crystallization unit,

or simlar neaanNfg,ﬁm

t he not her quu m Q’E % ¥l% Z%?%S% umfgﬁd &épg%tg&ed I nto
distillation uni %ﬁg‘arou h |ne cont i NUOUS

feed to the dijst ’FHQ!‘ the kottoms sireamn t he
a,[err]-unsat@r aapesﬁ@a%@makmmmwmmmnmomm To

sat urat ed car boxmeétehese spheifitations thé w&%f%gémﬁéh&@hi&ﬁ%lﬁﬁﬂ@ the
distillation unlmmiﬁﬁdﬁu&%g%B% t ons
streamis recycled b ntckthe .cat a |?¥§§g@% atron re ct . The
separation of ac?egfuf% h&’ d %?%%F ed s such a
case. Accordingl ?““Pﬂbélﬂé‘i‘r h@mm%%mbﬂem%évmml on
there is provfdeld recygediodisesredator apd ihp distillae i fedyd the cgstallizef greater than 98%

by weight purity, Table 11
Example 10 Material Balance
Fresh Mixed .
Component | Feed Recycle Feed | Distillate | Bottoms | Product
Fig. 1 Ref.* 2 10 11 5 4 - 7
Flow, kg/h 45.36 44341 488.77 475.82 12.96 324
(pph) (100.00) | (977.54) 1(1077.54) {(1048.98) (28.57) (71.43)
AA % 80.00 90.34 89.38 - 91.00 30.00 99.995
PA % 20.00 966 | 1062 | 9.0 70.00 0.005
*Reference to Figure 1 process flow lines
15 *pph = pounds per hour

Comparison Example 2 - & fresh feed containing 80% MAA and 20% iBuA is fed toa = - -
fractionation column. The distillation specification is set to 99% iBuA and the bottoms ~ -
strearn specification is set to 0.005% iBuA. To meet these specifications the calculated
20 number of stages (theoretical plates) in the fractionation column is 150 with a reflux
ratio of 50.6, assuming an overhead pressure of 30 mm mercury.
These Examples demonstrate that at steady-state, the amount of material which
is recycled is high compared to the amount of product produced. However, the
product produced is of high purity. Since the recycled material is not lostbut, rather, is
25 recovered as either product or material returned to the dehydrogenation reactor, the
overall combination process is unexpectedly efficient.

_
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whi ch conprises the steps of: a. “oxi dat i vel y dehydrogenatlr‘ng HRY OPE-6NL £ g

acid in a reactormm ,mimﬁe"mm“ st product stream conpri si acry.L&g: \AEh |
and propioni c aci ,I o of acrylic acid to propi Ier i SR U
greater than about 0.2 . " Sfractionally di&tilling the first product
streamin a distillati on uni t under conditions wherein the vapor

pressure of acryli Clasgd is greater than the vapor pressure of propionic
acid to produce (1) an overhead stream wherein the ratio of acrylic acid
to propionic acid f‘g’l than that_in the first product stream and (2)

a bottons stream wh WQ‘WW%&EWW Q6 cachopyliszarid of gremerithhni S
| ess than that in thés%lbvs\tﬁsptmmwhsh:mw&xestepsfoeedl ng the over head

streaminto a crystal | i akid@velytiehydréhenating b SRMaRE Chltg RBLLAIRifh2 S8R0k B ©
t he reactor; produce a first product stream comprising an &, -unsaturated C3-Cg
carboxylic acid and the saturated carboxylic acid wherein the weight ratic of
the o, B-unsaturated to the saturated carboxylic acid is greater than about 0.2;
b. fractionally distilling the first product stream in a distillation unit to produce;
(1) an overhead stream wherein the weight ratio of the &,B-unsaturated to
the saturated carboxylic acid is less than that in the first product stream
and
(2) a bottoms stream wherein the weight ratio of the «,B-unsaturated to the
saturated carboxylic acid is greater than that in the first product stream;
c. feeding the overhead stream intc the reactor;
d. feeding the bottoms stream into a crystallization unit;
e. melt crystaliizing the bottoms stream in the crystallization unit one or more
times to produce
(1) a second prodluct stream comprising greater than about 98% by
weight, preferably greater than about 99.9% by weight, of the ¢,B-
unsaturated carboxylic acid; and
(2) one or more mother liquor streams comprising greater than about 80%
by weight of-the a,B-unsaturated carboxylic acid; and
f. feeding the one or more mother liquor streams into the distillation unit.

2. A process as claimed in claim 1 wherein:
a. the weight ratio of the o, f-unsaturated to the saturated carboxylic acid in the
overhead stream. is less than about (.5; and
b. the weight ratio of the a,-unsaturated to the saturated carboxylic acid in the
bottoms stream is greater than about 5.

3. A process as claimed in claim 2, wherein:
a. the weight ratio of the o, B-unsaturated to the saturated carboxylic acid in the
overhead stream is less than about 0.1; and
b. the weight ratio of the t,B-unsaturated to the saturated carboxylic acid in the
bottoms stream is greater than about 9.
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e. melt crystallizing the overhead streamin the crystalfl iTHé BHEETIRAS BEEN
one or nore t| a second product streamjconpr iFSMMGCED
greater than a u,’% m m&Dy greater than about 99.99% Dy wergnt of ———
acrylic acid; amd re not her ]iquor streans conprising

greater than about 80% by wei ght of acryli cl9aC| d; and f. feedi ng the one
or nore nother liquor streans into the dlstlllatlon colum. Preferably, in
this still further enbodi ment of the invention, the first product streamis

dehydrated prior 4o Afdrakelsa®Bained (A Fi ure s g flow diagram of
a typical nelt crystal{ Li.zer uni tinéﬁiéi%dn%'llg% %Effh&?ﬁfgﬁ’g‘s
depicted in Figures RAW™ 3. The fractionation coI um bottons streamis fed

through line 21 (equi hﬁﬁm%mm%wmmibmm%bmgﬂzfﬁ 39 in
Figure 3, described bel mn}'tomsmmhe nmelt crystallizer collection tank 22

E=)

wher eupon a circul athns Wﬁifaﬁﬂ stream through line 24 to a
crystal lization tube 2§ QK% %W@Q&Y n&%&&g%
crystallization condi t | ons E?ercu?\ | y to
mother liquor stream;
iv. sepmﬁngthesecondmoﬂxerhquorsmm&omthetemﬁ:&ngcrystals;
v. optionally melting the remaining crystals and repeating steps i-iv, wherein

melted remaining crystals are used in lieu of the bottoms stream, a number

of times sufficient to obtain greater than 98% by weight of the o,3-

unsaturated carboxylic acid in the remaining crystals.

5. A process as claimed in claim 4, wherein the mother liquor and the second mother
liquor are combined prior to feeding to the fractional distillation column.

6. A process as claimed in any preceding claim, wherein the fizst product stream is
dehydrated prior to fractional distillation,

7. A process for preparing an &t f-unsaturated C3 - Cg carboxylic acid of greater than
about 98% by weight purity, which comprises the steps of:

a. oxidatively dehydrogenating a saturated C3-Cg carboxylic acid in a reactor to
produce 2 first product stream comprising an o,B-unsaturated C3-Cg
carboxylic acid and the saturated carboxylic acid wherein the weight ratio of
o,B-unsaturated to saturated carboxylic acid is greater than about 15;

b. feeding the first product stream into a crystallization unit;

<. melt crystallizing the first product stream in the crystallization unit one or
more times to produce;

(1) a second product stream comprising greater than about 98% by weight,
preferably greater than 99.9% by weight, of the ¢,8-unsaturated
carboxylic acid; and

(2) one or more mother liquor streams comprising greater than about 80%
by weight of the ¢,f-unsaturated carboxylic acid;

d. feeding the one or more mother liquor streams into a distillation unit;
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AR




e

wei ght, pref r wei ght, of the streamis crystaftyzet "'”‘_“:?fﬁé::--z-::_
t ube vval |'s. Emmm\m mﬂ)f the tube walls is controlled |by"¢f PEGFRHAGBEEN
of chilled orsheated Keat ttansfer fluid 26 through a jacket|L27 aftidCERe

crystal lization tube. The desired crystall2zation tenperature will vary
with the conposition of the stream For exanple, a m xture of 0.5% by

wei ght isobutyric acy c acid may require a tenperature of
14-15[err] C for crysta *on mﬁﬁ%ﬂ;‘ %&F"ngﬁ'@dﬁp@%
temperature of 8[err] c“ﬁ“h Wmamfmwmm«b:gn xt ur e
over a period of 1-1. SQWWMIQMMWﬁ%MM not her

l'i quor is renoved fronuxlmyﬁcyﬁd doliceugh line 28 (equivalent to Iine 10 in

Figure 1 and line 34| 1Gad sfedtothefractionation col um.
From about 5% by wei ghk gwéglg qu%ﬂ/g%y wei ght, preferably 10-15% by

wei ght, of the crystal Is then renelted over a period of 1-2
hours by i ncreasing £ alhmdé&ﬁmkitmthh-ttot:MSfer fluid. The

renmelted material ( s;chmmm&mrmﬁmmcyﬁwoved fromthe system
and may al so be fed
8. A pracess as claimed in claim 7, wherein the step of melt crystallizing comprises:
i. aystallizing from about 50% by weight to about 70% by weight of the first
product stream;
il separating the mother liquor stream;
iii. melting from about 5% by weight to about 50% by weight of the crystals to
produce a second mother liquor stream;
iv. separating the second mother liquor streams from the remaining crystals;
v. feeding the mother liquor stream and the second mother liquor stream to the
fractonal distillation column;
vi. optionally melting the remaining crystals and repeating steps i-v, wherein
the melted remaining crystals are used in lieu of the first product stream, a
number of times sufficient to obtain greater than 98% by weight of the ,f-
unsaturated carboxylic acid content in the remaining crystals.
9. A process as claimed in ciaim 8, whexein the mother liquor stream and the second
mother liquor stream are combined prior to feeding to the fractional distillation
column.

Pt

10. A process as claimed in any of claims 7 to 9, wherein the weight ratio of the B~
unsaturated to the saturated carboxylic acid in the overhead stream is less than
about 0.5, preferably less than about 0.1.

11. A process as claimed in any of claims 7 to 10, wherein the first product stream is
dehydrated prior to melt crystallization.
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to the fractionation colum either separately or conbi ned w tihTHESHBEEhRAS BEEN
li quor. Finall “Il'l ml I“ "I}I]!L"e product is recovered, preferlably BREPLACED
mel ting and colff heilBol | ection tank for a second st'age T

recrystallization or renoved fromthe sy2flem as product through |line 28
(equivalent to line 7 in Figure 1 and line 33 in Figure 3). Under the
condi tions described above, the crystallizer 6 produces two streans. The

first stream ilé PRIofstAsclagnedinany Rreresing claime Whessis: the saturgted saboxylisagidogos by
wei ght, pure netisselecpdd foompropionit] mitaricic, amdisotrrtyrit cids cingliis piefeeably (i n Fi'gur e
1). By varying tigéuyricsdedl | | zation conditions, for exanple, the
crystallization and Tenelt tenperatures and the feed rate, as well as the
nunber of recr)ést allization stages, product greater than 99, 99% by wei ght
met hacryl i ¢ aci¥d ARFcestassinmedBany preseding daim. whersiymeans fordojdingmatesh o

| i quor stream whareincorpetatedin thy loes eonnedting tehdistillatiO/Autiy arvdothe ktystablizitory y| i c
acid and up to apgut 20% by wei ght isobutyric acid, as well as other m nor,
high boiling inpurities. The nother |iquor stream may be conbined with the -
first product streamthrough |ine 10 and fed back into the fractionating
colum as a coWbfRieressfatPEPATG 3Vl aid af greaterthan 8ok X weightPusity Whicky | quor

stream and fir st cqmpribecthestepssefm nay be separately fed to the fractionation
col um. Cccasi ongl b¥idadvesy doRyEREeratifiy Popfnicudidl i 8 Yeactor to produce a first

product stream comprising acrylic acid and propionic acid wherein the ratio

of acrylic acid to propionic acid is greater than about 0.2;

b. fractionally distilling the first product stream in a distillation unit under
conditions wherein the vapor pressure of acrylic acid is greater than the vapor
pressure of propionic acid to produce '
(1)  an overhead stream wherein the ratio of acrylic acid to propionic acid

is greater than that in the first product stream and
()  abottoms stream wherein the ratio of acrylic acid to propionic acid is
Jess than that in the first product stream;

¢. feeding the overhead stream into a crystallization unit;

d. feeding the bottoms stream into the reactor;

e. melt crystallizing the overhead stream in the crystallization unit one or more
times to produce
(1)  asecond product stream comprising greater than about 98%, preferably

greater than about 99.9%, by weight of acrylic acid; and -
(2)  oneor more mother liquor streams comprising greater than about 80%
by weight of acrylic acid; and
£ feeding the one or more mother liquor streams into the distillation column.

15. The process of Claim 14, wherein the first product stream is dehydrated prior to
fractional distillation.

16. A process as claimed in claim 14 or claim 15, wherein means for holding material
are incorporated in the lines connecting the distillation unit and the crystallization
urdt.

This Sheet Has Been Reﬂlaced

AT




require purging through 'Tne 9 inmorder to renove heavy inpu |fnq%sq-rwA—nmo

advantage in the
have to be operat Em
of nethacrylic aci

Is recycled as the noth
In those cases when the

car boxylic aci i
al ternative pr g%&ébé%?

nmet hacrylic acid

s that the nelt crystallizgr doe§ w0~y
n! ﬂ%s desi gned to renove the At
e GO botto stream because since the stream

er liquor streamany nethacrylic acid is recovered.

ratio of a [err] unsaturated to saturated

eashestepsiofit hi s embodi ment, the first _product

r treamr reater than about 15,
C PETDAFRG 657 5 agih i preates thaf A G by waight BTt ng

streamis fed throwgh | o:ﬁéatﬁ'ﬂlyt&hidi pml,ha;ﬁg,éc&p SucBafl i Nal
product streamthrough sﬁi‘) | c. a3 1 d.
(greater than about 98% r than
about 99.99% by wei ght ﬁ’ﬁ%ﬁ%‘#? ]é romthe
crystallizer, whicth conieadmsﬂmﬁmeauucammmmmgmmet hacryl ic acid,
is fed through |ine. 34 inelterys damzﬁxgmetﬁ:&rﬁbamm P&?et

col um provi des an over e

the reactor 1 through |
95% by wei ght net hacryl

f.
g

fl?ggrfgﬂ an ; 'I%Qt It gmlssg{mrjtegrh gf agr (rjn \),(\?LIC’;E‘ IofS about

RN GPBUSIRG sRRateyhan Ak ¥8%r i ¢ aci ds

aftdesord p
preferably greater than about 99.9%, weight of acrylic acid, and

(2)  one or more mother liquor streams compising greater than about
80% by weight of the acrylic acid;

feeding the one or more mother liquor streams into a distillation unit;

fractionally distilling the one or more mother liquor streams in the

distillation unit under conditions wherein the vapor pressure of acrylic

acid is greater than the vapor pressure of propionic acid to produce

(1) an overhead stream and

(2) 2 bottoms stream;

feeding the bottoms stream into the reactor; and

feeding the overhead stream into the melt crystallizer

18. A process as claimed in claim 17, wherein the first product stream is dehydrated
prior to melt erystallization.

19. A process as clalmed in claim 17 or claim 18, wherein means for holding material
are incorporated in the lines connecting the distillation unit and the crystallization

unit.

20. An o,B-unsaturated C3-Cg carboxylic acid whenever prepared by a process as
claimed in any preceding claim.
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which is either conbined with the first product streamthrou Tlﬂ_lj éti‘ﬁ??tA%%EEN

37 and fed b_ack into the nmelt crystallizer as a conbi ned fee ﬂ-%?’;’.‘r“"
directly into the nmelt crystallizer. As with the process of ‘”Wé&gly _
impurities may be renoved through lines 36 and 38. Accordihg to a

further enbodi ment of the invention there is provided a process for
preparing acrylic acid of greater than about 98% by wei ght purity, which
conprises the steps of: a. oxi dati velky dehydrogenating propionic acid in
a reactor to produce a first product stream conprising acrylic acid and
propionic acid wherein the ratio of acrylic to propionic acid is greater

t han about 15; b. feeding the first product streaminto a
crystallization unit; c. melt crystallizing the first product streamin
the crystallization unit one or nore tinmes to produce;

ARSTRACT

The present invention provides a process for the preparation of an ¢,8-
unsaturated C3-Cg carboxylic acid of greater than 98% purity, which combines
fractional distillation and melt crystallization procedures. One embodiment of the
process of the invention is depicted schematicaily in Figure 1 wherein 1 represents a
dehydrogenation reactor in which a C3-Cg carboxylic acid is dehydrogenated to
produce on ¢,f-unsaturated C3-Cg carboxylic acid, 3 represents a distillation unit and §
represents a melt crystallizer.
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(1) a -second product stream conprising greater than about

greater than

mot her |iquor streams conprising greater than about 80% by

acrylic acid;
distillation

feeding t
streaminto
product stre
the variatio
melt crystal
t he maxi num

about 99.9% by weight of acrylic acid; and (2

IS EERT Hask BEEN |
L aht NERLAGRD

d. feeding the one or nore nother liquor streans into a
unit; e. fractionally distilling the one or nore nother
5. in the distillation unit under conditions wherein the vapor

'ihgreater t han the vapor pressure of propionic
ead streamand (2) a bottons stream f.

hinto the reactor; and g. feedi ng the overhead
lizer. In this further enbodi nent the first
ehydrated prior to nelt crystallization. In
s of the process) neither the fractionation colum nor the
i zer are :eparately operated in a manner which would result in

L

Fig.1. U~ |
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separ at ®n of nethacrylic acid fromthe product streamin ea WHMESHEETHASBEEN
Rat her, each is operated~in a novel and |limted nmanner such tjhat tMgpLAcsg
conbi nation of fractional distillation and nelt crystalllzatl ' :

recycle streanms in which the bulk of the material is recycl ed, prOV|des
a.[err]-unsaturated carboxylic acids of high purity (e.g. greater than
about 99.99% by wei ght), produces very little waste nmaterial, and operates
at reasonabl e tenperatures and pressures. This results in an econom cal,

| ow cost process. Sone enbodi nents of the present invention will now be
~described in detail in the follow ng Exanples. Unless otherw se specified,
all percentages in-the exanples are expressed as percent by weight.
EXAMPLES Melt crystallizations are conducted using a |aboratory melt
crystallizer as described in Figure 2. Material balances for the fractional
distillation step are obtained

33
35

3L

37 38
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o 3 PLACERTNT SHMEET
from-tonput eri zed steady-state sinulations using the FLOAM I\I:‘Ep"F'T:)’"‘ﬁ‘?"étr‘n‘?H SHEET
(Monsanto Conpany) to provide. simulations of distillation pt

se
programis described in: J. D. Seader, W D. Sei der; and A - 2‘9&% ﬁgHb}s 95
FLOMRAN Simul ation - An Introduction, 2nd ed. Carrbrl dge: CACHE, 1977. In

the sinulation, an ideal solution is assumed for Replacement SmetV|7(/90/95
coefficients. The Chao- Seadel correlati orl I's assuned for liquid fugacity
and an ideal gas is assuned for the vapor fugacity. In addition, the liquid
and vapor fugacities are corrected for organic acid association in the

Chem Eng. - scl . TRSD RO O A A TR B BB LACRERS

Purification of Methacrylic Acid Containing Approxinatel y 0 5% | sobutyric

Acid. A sol uti Thepoedentt BvEtidn49BoricBAEd WithG ;ﬁ@té!;s(fot ?l@fshairated
met hacryl i rQCIdISSJVIddIntOthII‘dS The first portlonls ed to the
Iaborator§:C ARG aGdSar over a period of approximately 1 hour during

¥\hi ch time the Ormpmceasuoeproéuckaneé\asmhcfamdnsme GdtelyticQatmoriydati¢reof ] C for a

1 B oS Suhab AR e e lald

over a Yield methacryhc acid. The crude product from this process is a mixture containing
water, isobutyric acid, methacrylic acid, and other components. The water is removed
using either azeotropic distillation or solvent extraction followed by distillation to
remove the extraction solvent and produce an anhydrous mixture. Methacrylic acid is
typically separated from the anhydrous mixture using either distillation or
crystallization techniques. In separations involving distillation the physical and
chemical property similarities of methacrylic and isobutyric acids typically require a
large number of theoretical plates in combination with high reflux ratios to achieve high
product purity. Furthermore, use of distillation as a separation technique is
complicated by the tendency of methacrylic acid to polymerize while being distilled.

When crystallization techniques are employed in the separation, the combination
of low melting point for isobutyric acid and low eutectic temperature for

 isobutyric/methacrylic acid mixtures require that very low crystallization temperatures
be used. Such temperatures have made crystalhzatlon processes difficult to prachce
economically.

Japanese Kokai 62-145044A describes a distillation method to obtain purified
methacrylic acid through the use of at least four separate distillation towers and an
extraction column to remove and purify an extraction solvent and to remove both high
and low boiling impurities. Japanese Kokai 52-007917A describes a procedure for
séparating methacrylic acid from the crude aqueous product of the gas phase
dehydrogenatié:n of isobutyric acid in which the crude product is first distilled to
remove materials with boiling points less than water and then extracted with a
hydrocarbon solvent to remove methacrylic acid and related materials. The solution of
hydrocarbon solvent, methacrylic acid, and related materials is distilled stepwise, first
to remove residual water and then to remove the hydrocarbon solvent. This process
results in a methacrylic acid product composition which is about 97% by weight
methacrylic acid. .

US-A-4,780,568 descnbes purification of an anhydrous mixture of methacrylic
acid, isobutyric acid, and other impurities using a staged crystallization separation unit -
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treated in the same manner. Representatiye results for first—st

crystallizations are in Table 1. The netkacrylic Ihplalct{mmsheptjr'iﬂﬁ/aﬁd

the effic
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Distillation is used to remove the bulk of the impurities followed by melt crystallization
tc obtain the final high purity product.

Because these known processes are often costly, difficult to control, and/or
provide a less pure product than often desired, there continues to be a need for
improved methods to efficiently and cost effectively separate methacrylic acid from
mixtures containing isobutyric acid.

According to a first embodiment of the present invention there is provided a
process for preparing an o,f-unsaturated C3-Cg carboxyhc acid of greater than 98% by
weight purity, which comprises the steps of:

a. oxidatively dehydrogenating a saturated C3-Cg carboxylic acid in a reactor to
produce a first product stream comprising an ¢, f-unsaturated C3-Cg
carboxylic acid and the saturated carboxylic acid wherein the weight ratio of
the o, B-unsaturated to the saturated carboxylic acid is greater than about 0.2;

b. fractionally distilling the first produét stream in a distillation unit to produce;
(1) an overhead stream wherein the weight ratio of the o,f-unsaturated to the

saturated carboxylic acid is less than that in the first product stream and
(2) a bottoms stream wherein the weight ratio of the o, f-unsaturated to the
saturated carboxylic acid is greater than that in the first product stream,; -

c. feeding the overhead stream into the reactor;

d. feeding the bottoms stream into a crystallization unit;

e. melt crystallizing the bottoms stream in the crystallization unit one or more

times to produce
(1) a second product stream comprising greater than about 98% by weight,
preferably greater than about 99.9% by weight, of the c,B-unsaturated
carboxylic acid; and
(2) one or more mother liquor streams comprising greater than about 80%
by weight of the ¢,f-unsaturated carboxylic acid; and
f. feeding the one or more mother liquor streams into the distillation unit.
Preferably, in this first embodiment of the inventior:
a. the weight ratio of the ¢t,B-unsaturated to the saturated carboxylic acid in the
overhead stream is less than about 0.5, preferably less than about 0.1; and



*Based upon the i BuA content, the crystals are approxi mat ellyn?d'%y%ﬁ%‘"‘zﬂ

MAA. The crystallized portions fromthe first stage crystal Isﬁ%at |]oasoere1995
conbi ned and approximately one third fed to the | aboratory:ne

crystal lizer and over a period of 50 nminutes the tenperature is decreased
from17.0[err]Cto 16.1[err]C for a secohd stage %&Ne@%ﬁnbnt&heeh 7/10/95
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15. 7[err] C causi he naterral to Fhe
mot her | i quor, B%ﬁPFﬁs sﬁﬁ?ﬁ“\:‘? f@%ﬁé Qelth paefarap Eéﬁaé@ttbanahduta%al yzed
for i BuA cont ePdeferiely; asius afswmbo@mgr&@fméuﬁeﬁﬁm tﬁé@&g Sfmetkal |i zations

are in Ta&&gtaﬁlﬁgg‘ﬁ%p%séecond St age Crystal I i zat I on Fee Mot her

Li quor sttal s W ( | i BuA[err] W(g) |
i BUA W (g) L lerystallizing fpepnggbout 5 /Bby\’wewht to about 70% by weight of the bottoms

stream;

ii. separating the mother liquor stream;

iii. melting from about 5% by weight to about 50% by weight of the crystals to

produce a second mother liquor stream;

iv. separating the second mother liquor stream from the remaining crystals

~ v. optionally melting the remaining crystals and repeating steps i-iv, wherein
melted remaining crystals are used in lieu of the bottoms stream, a number of
times sufficient to obtain greater than 98% by weight of the ,3-unsaturated
carboxylic acid in the remaining crystals.

Preferably, in this first embodiment of the invention, the mother liquor and the
second mother liquor are combined prior to feeding to the fractional distillation
column.

Preferably, in this ﬁrst embodiment of the invention, the first product stream is
dehydrated prior to fractional distillation. :

According to a second embodiment of the present invention there is provided a
process for preparing an o,B-unsaturated C3 - Cg carboxylic acid of greater than about
98% by weight purity, which comprises the steps of:

' a. oxidatively dehydrogenating a saturated C3-Cg carboxylic acid in a reactor to
produce a first product stream comprising an ¢,B-unsaturated C3-Cg
carboxylic acid and the saturated carboxylic acid wherein the weight ratio of
o, B-unsaturated to saturated carboxylic acid is greater than about 15;

b. feeding the first product stream into a crystallization unit;

c¢. melt crystallizing the first product stream in the crystalhzanon unit one or

more times to produce;
(1) a second product stream comprising greater than about 98% by weight,

preferably greater than 99.9% by weight, of the ¢,B-unsaturated carboxylic
acid; and

(2) one or more mother liquor streams comprising greater than about 80% by
weight of the a,f-unsaturated carboxylic acid;
d. feeding the one or more mother liquor streams into a distillation unit;
e. fractionally distilling the one or more mother liquor streams in the distillation
unit to produce;
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Crystallization Purification of Methacryfic Acid Contai ni ng ApproxT matery
5% | sobutyric Acid. Using the procedure of Exanpl eplacensaritiBhest Fon0ME5I ng.
approxi mately 5. @)anBwérheadséamcirdl i s fed into the |aboratory nelt

crystallizer and Df approximately 80 minutes the tenperat ufe
I s decreased fro‘nﬁ%?g |errl.ik ‘0 8[err]C. Approximately 62% of the feed
crystal lized. frifeedinghs evashead yream inde heirqastorarglC over approximately 4.7

hours causing glof’éé@fngtthéb@&M&k@&EéﬁQﬂtd‘&EQﬁ&@ krys@lligeel t . The not her

anal yzed for IRSHRIFSH I O e OuhEBRP I s FaEnUet Be P r At noge

anal yses c&ystalliz:fl'gbd)mpﬁsesTabl e 3 Feed Mot her Li quor Renel t
Grystal i. crystallizing from about 50% by weight to about 70% by weight of the ﬁrst
product stream;

ii. separating the mother liquor stream;

' iii. melting from about 5% by weight to about 50% by weight of the crystals to
produce a second mother liquor stream;

iv. separating the second mother liquor streams from the remauung crystals

v. feeding the mother liquor stream and the second mother liquor stream to the

fractional distillation column; '

vi. optionally melting the remaining crystals and repeating steps i-v, wherein the

melted remauhmv crystals are used in lieu of the first product stream, a
number of times sufficient to obtain greater than 98% by wexght of the o8-
unsaturated carboxylic-acid content in the remaining crystals.

_Preferably, in this second embodiment of the invention, the mother liquor stream
and the second mother liquor stream are combined prior to feeding to the fractional
distillation column. '

Preferably, in this second embodiment of the invention, the weight ratio of the
o,B-unsaturated to the saturated carboxylic acid in the overhead stream is less than
about 0.5, preferably less than about 0.1. '

Preferably, in this second embodiment of the invention, the first product stream
is dehydrated prior to melt crystallization. -

Preferably, in the process of the present invention, the saturated carboxylic acid
is selected from propionic, butanoic, and isobutyric ac_ids, and more preferably is
isobutyric acid. .

Preferably, in the process of the present invention, means for holdmg material -
are incorporated in the lines connecting the distillation unit and the crystallization unit.

The present invention provides a process for the separation of an .8~
unsaturated C3-Cg carboxylic acid from mixtures of the c,B-unsaturated C3-Cg
carboxylic acid and its saturated homologs which comprises combining fractional
distillation and melt crystallization processes in which a high proportion of material is
prefecably recycled. By "high proportion” is meant that the amount of material recycled
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is fed to a melt crystallizer which results in two additional streams; a product stream of
high purity (greater than 98% by weight) o, B-unsaturated carboxylic acid and a residue -
stream which is greater than about 80% by weight o,B-unsaturated carboxylic acid and
up to about 20% by weight of saturated carboxylic acid. The overhead stream from the -
fractional distillation column is recycled back to the reactor and the crystallizer residue
stream is recycled back to the fractionation column. .

Alternatively, in the second embodiment of the invention, the process steps are
reversed, such that melt crystallization is first employed to isolate pure a,B—unsaturated
carboxylic acid. The melt crystallizer bottoms stream is then fractionationally distilled
to provide a saturated carboxylic acid rich stream for recycling to the reactor and a
recycle stream rich in o,B-unsaturated carboxylic acid back to the crystallizer.

In a further embodiment of the present invention there is provided a process for
preparing greater than 98% by weight pure o,-unsaturated C3-Cg carboxylic acids |
which comprises :

a) oxidatively dehydrogenatmg a C3-Cg saturated carboxyhc acid in a reactor to
produce a first product stream comprising the o,B-unsaturated C3-Cg carboxylic acid
and the saturated carboxylic acid wherein the weight ratio of &,8-unsaturated to
saturated carboxylic acid is greater than about 0.2;

b) fractionally distilling the first product stream in a distillation unit to produce,

(1) an overhead stream wherein the weight ratio of a,f-unsaturated to

saturated carboxylic acid is less than that in the first product stream,

preferably less than 0.5, most preferably less than 0.1, and

(2) a bottoms stream wherein the weight ratio of o, -unsaturated to

saturated carboxylic acid is from about 5 to about 200, preferably greater

than about 9; _- '

c) feeding the overhead stream into the reactor;

d) melt crystallizing the bottoms stream in a crystallization unit to produce .

(1) a second product stream comprising the o,B-unsaturated carboxylic
acid wherein the o,B-unsaturated carboxylic acid content is greater than ab.out 98% by
weight of the second product stream and

 (2) a mother liquor stream;
e) feeding the mother liquor stream into the distillation unit;
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conbi n‘ed and anal yzed for PA content. Representative resultls of -t
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di still ati%FP Qd?medld?tm I ated with the steady-state process
si mul at or ( FLOHe phocess afdhe présenit inbervtion Siusefiud for separatingspedufesogfs ons for
each streqiQhatRfrhd s4irdtdd LRABRFAREES including but not limited to, methacrylic
acid from isobutyric acid, acrylic acid from propionic acid, crotonic acid from butanoic
acid, and the like. The process is particularly applicable to separations of methacryhc
acid from isobutyric acid and acrylic acid from propionic acid because their similarity in
physical/chemical properties such as melting points and boiling points make it difficult
to obtain efficient separations using standard distillation and crystallization techniques.

The present invéntion will now be further described with reference to the o
accompanying drawings, in which:

Figure 1 is a process flow diagram of one embodiment of the invention;

Figure 2 is a process flow diagram for a laboratory melt crystallizer; and

| Figure 3 is a process flow diagram for an alternative embodiment of the

invention.

One embodiment of the present invention, exemplified by the separation of
methacrylic acid from isobutyric acid, is depicted in Figure 1. The process of Figure lis
preferred when the ratio of ¢,B-unsaturated to saturated carbokylic acids in the first
product stream, from the catalytic dehydrogenation reactor 1, is less than about 15. The-
first product stream from the catalytic dehydrogéﬁatiori reactor may contain up to
-about 40% water. This stream can be fed through line 2 directly into the distillation unit
3 or intermediate steps, such as filtration, extraction, azeotropic distillation, or '
dehydration, may be accomplished prior to feeding into the unit. The distillation unit3
configuration is not critical. A high efficiency fractionation column is preferred. Most-
preferred is a fractionation column which will provide 25-70 theoretical plates at a

 reflux ratio of 29-355. Operating parameters also are not critical. However, in order to
minimize the distillation temperature, low pressures, preferably below 100 mm
mercury, are preferred. The stream can be fed into the fractionation column at any
convenient point. However, for most efficient operation the composition profile of the
column, at steady state, should be determined and the feed should preferably enter at
that point where the feed and the steady state column compositions are similar.
Distillation results in an overhead stream enriched in isobutyric acid. The balance of

'the material in the overhead stream is methacrylic acid and low boiling materials which

were present in the first product stream. The overhead stream is recycled back into the
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Tabl e 5 amount of methacrylic acid and minimizing the amount of isobutyric acid produced.

The present invention is effective to reduce losses of isobutyric acid in the reactor due to
side reactions and losses of methacrylic acid in the fractionation column due to
polymerization, again resulting in higher overall yield and lower costs because there is
less waste and, therefore, lower operating costs. This is because of the recycling of these
materials back to the reactor. :

The distillation unit bottoms stream, which contains at least about 90%
preferably at least about 95%, by weight methacrylic acid, up to about 10% by weight-
isobutyric acid, and other minor high boiling impurities, is fed through line 5 into a
melt crystallizer 6. Although a batch type crystalizer can be used, a semicontinuous
multistage crystallizer such as diagrammed in Figure 2 whose operation is described
below, or similar technology, is preferred. Distillations:may also be conducted ina
batch manner. However, continuous operation is preferred; continuous operation at
steady state is most preferred. In those cases where the distillation unit is operated
continuously, a means must be provided to accept the distillation unit bottoms stream
whén the crystallization unit is operating in a batch or semicontinuous manner. This
may be accomplished through the use of a holding tank in line 5, a second
crystallization unit, or similar means.

| A holding tank or similar means may be incorporated into the mother liquor
stream from the crystallization unit feeding the distillation unit through lines 10 or 11 in
order to provide a continuous feed to the distillation unit. _ '

, In some cases, the vapor pressure of the o,B-unsaturated carboxylic acid may be
greater than that of the saturated carboxylic acid. In such cases, the distillate stream
from the distillation unit is fed to the crystallization unit while the bottoms stream is
recycled back into the catalytic dehydrogenation reactor. The separation of acrylic acid
from propionic acid (see Example 10) is such a case.

Accordingly, in a still further embodiment of the present invention there is
provided a process for preparing acrylic acid of greater than 98% by weight purity,
which comprises the steps of: -

a. oxidatively dehydrogenating propioric acid in a reactor to produce a first

product stream comprising acrylic acid and propionic acid wherein the
ratio of acrylic acid to propionic acid is greater than about 0.2;
b. fractionally distilling the first product stream in a distillation unit under
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d.  feeding the bottoms stream into the reactor;
e. melt crystallizing the overhead stream in the crystallization unit one or
more times to produce
(1)  asecond product stream comprising greater than about 98%,
preferably greater than about 99.9%, by weight of acrylic acid; and
(2)  one or more mother liquor streams comprising greater than about
80% by weight of acrylic acid; and

£ feeding the one or more mother liquor streams into the distillation

column.

Preferably, in this still further embodiment of the invention, the first product
stream is dehydrated prior to fractional distillation. :

Figure 2 is a flow diagram of a typical melt crystallizer unit 6, e.g. useable with
the embodiments depicted in Figures 1 and 3. The fractionation column bottoms stream
is fed through line 21 (equivalent to line 5 in Figure 1 and lines 32 or 39 in Figure 3,
described below) into the melt crystallizer collection tank 22 whereupon a circulation
pump 23 circulates the stream through line 24 to a crystallization tube 25 back into the
collection tank. Under typical crystallization conditions, approximately 50-70% by
weight, preferably 60-65% by weight, of the stream is crystallized on the tube walls.

The temperature of the tube walls is controlled by circulation of chilled or heated heat
transfer fluid 26 through a jacket 27 around the crystallization tube. The desired
crystallization temperature will vary with the composition of the stream. For example,
a mixture of 0.5% by weight isobutyric acid in methacrylic acid may require a
temperature of 14-15°C for crystallization whereas a mixture of 6% may require a
temperature of 8°C in order to crystallize 60% by weight of the mixture over a period of
1-1.5 hours. After the feed has crystallized, the mother liquor is removed from the
system through line 28 (equivalent to line 10 in Figure 1 and line 34 in Figure 3) and is
fed to the fractionation column. From about 5% by weight to about 50% by weight,
preferably 10-15% by weight, of the crystallized material is then remelted over a period
of 1-2 hours by increasing the temperature of the heat transfer fluid. The remelted
material (second mother liquor stream) is removed from the system and may also be fed
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: product through line 28 (equivalent to line 7 in Figure 1 and line 33 in Figure 3).
Under the conditions described above, the crystallizer 6 produces two streams.
The first stream is the final product stream which contains greater than 98% by weight,
pure methacrylic acid which is recovered through line 7 (in Figure 1). By varying the
crystallization conditions, for example, the crystallization and remelt temperatures and
the feed rate, as well as the number of recrystallization stages, product greater than
99.99% by weight methacrylic acid can be obtained. The second stream is the final
mother liquor stream which contains greater than about 80% by weight methacrylic
acid and up to about 20% by weight isobutyric acid, as well as other minor, high boiling
impurities. The mother liquor stream may be combined with the first product stream
through line 10 and fed back into the fractionating column as a combined feed through
line 11. Alternately, the mother liquor stream and first product stream may be |
separately fed to the fractionation column. Occasionally, the mother liquor stream may
require purging through line 9 in order to remove heavy impurities. A major
advantage in the present process is that the melt crystallizer does not have to be
operated under conditions designed to remove the maximum amount of methacrylic -
acid from the column bottoms stream because since the stream is recycled as the mother
liquor stream any methacrylic acid is recovered. ) |
. In those cases when the ratio of o, B-unsaturated to saturated carboxylic acids in
the first product stream is greater than about 15, the alternative process as diagrammed
in Figure 3 may be used. Again, using methacrylic acid as an example, in this .
embodiment, the first product stream is fed through line 32 to the melt crystallizer 6 to
give a final product stream through line 33 of essentially pure methacrylic acid (greater
than about 98% by weight methacrylic acid, preferably greater than about 99.99% by
weight methacrylic acid). The mother liquor from the crystallizer, which contains at
‘'least about 80% by weight methacrylic acid, is fed through line 34 into the fractionation
column 3. The fractionation column provides an overhead stream rich in isobutyric
acid which is fed to the reactor 1 through line 35, and a bottoms stream of a mixture of
about 95% by weight methacrylic and less than about 5% by weight isobutyric acids
which is either combined with the first product stream through lines 36 and 37 and fed
back into the melt crystallizer as a combined feed or f_ed directly into the melt
crystallizer. As with the process of Figure 1, heavy impurities may be removed through
lines 36 and 38.
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c.  melt crystallizing the first product stream in the crystallization unit _
© one'or more times to produce; ' |
(1)  asecond product stream comprising greater than about 98%,
preferably greater than about 99.9%, by weight of acrylic acid; and
(2)  one or more mother liquor streams comprising greater than about
80% by weight of the acrylic acid;
feeding the one or more mother liquor streams into a distillation unit;

e. fractionally distilling the one or more mother liquor streams in the
distillation unit under conditions wherein the vapor pressure of acrylic
acid is greater than the vapor pressure of propxomc acid to produce
(1) an overhead stream and
(2) a bottoms stream;

£ feeding the bottoms stream into the reactor, and

g. feeding the overhead stream into the melt crystallizer.

In this further embodiment the first product stream is preferably dehydrated
prior to melt crystallization. _

In the variations ofthe process, neither the fractionation column nor the melt :
crystalhzer are separately operated in a manner which would result in the maximum
separation of methacrylic acid from the product stream in each unit. Rather, each is
operated in a novel and limited manner such that the combination of fractional
distillation and melt crystallization, with two recycle streams in which the bulk of the
material is recycled, provides «,f-unsaturated carboxylic acids of high purity (e.g.
greater than about 99.99% by weight), produces very little waste material, and operates
at reasonable temperatures and pressures. This results in an economical, low cost
process.

Some embodiments of the present invention will now be described in detail in

the following Examples. Unless otherwise specified, all percentages in the examples are
expressed as percent by weight.
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liquid fugacity and an ideal gas is assumed for the vapor fugacity. In addition, the -
liquid and vapor fugacities are corrected for organic acid association in the vapor phase
by the method described by E. Sebastiani and L. Lacquaniti, Chem. Eng. Sci., 22, 1155
(1967). '

Example 1 - Melt Crystallization Purification of Methacrylic Acid Containing
Approximately 0.5% Isobutyric Acid.

A solution containing 0.49% isobutyric acid ("1BuA.") in glac1al methacrylic acid
is divided into thirds. The first portion is fed to the laboratory melt crystallizer over a
period of approximately 1 hour during which time the temperature is decreased from
14.8°C to 13.8°C for a first stage crystallization. Approximately 60% of the feed
crystallized. The temperature is then increased to a range of from 14°C to 16°C overa -
period of 1.5 hours causing 10% of the crystallized material to remelt. The mother
liquor, remelt, and crystallized material are each separatelj collected and analyzed for
iBuA content. The second and third portions are treated in the same manner.
Representanve results for first stage crystallizations are in Table 1. The methacryhc ac1d

("MAA") purity and the efficiency of the crystallization are determined by monitoring
the iBuA content in the crystalhzed material. '

Table 1
First Stage Crystallization
Feed Mother Liq. Remelt Crystals

No. |Wig)?2 iBuAb [Wig) iBuA Wt(g) iBuA |Wi(g) iBuA*
1 |505.8 .0.49% |189.0 1.094% |50.1 0.314% |260.3 0.0740%
2 |501.1 0.49% |1930 1.035% [49.0 0.370% |257.5 0.0815%
3  |5040 0.49% 1921 1.095% |62.8 0.322% [249.2 0.0720%
Total |1511.0 0.49% |574.1 1.075% |161.9 0.334% |767.0 0.0759%

a = Wt(g) = weight in grams
b = iBuA = Isobutyric Acid
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7 The crystallized portions from the first stage crystallizations are combined and

approximately one third fed to the laboratory melt crystallizer and over a period of 50
minutes the temperature is decreased from 17.0°C to 16.1°C for a second stage
crystallization. Approximately 64% of the feed crystallized. The temperature is then
held at 15.7°C causing 10% of the crystallized material to remelt. Again, the mother
liquor, remelt, and crystals are separately collected and analyzed for iBuA content.
Representative results for second stage crystallizations are in Table 2.

Table 2
Second Stage Crystallization
- Feed Mother Liquor Remelt Crystals
Wt(g)2 iBuAb [Wt(g) |iBuA Wt(g) |iBuA Wi(g) |iBuA*
502.0 0.070% |182.0 0.181% |53.4 0.042% |260.0 0.0092%

a = Wt(g) = weight in grams
‘b =iBuA =Isobutyric Acid
*Based upon the iBuA content, the crystals are at least 99.99% pure MAA.

Example 2 - Melt Crystallization Purification of Methacrylic Acid Containing
Approximately 5% Isobutyric Acid. '_ ' :
Using the procedure of Example 1, a solution containing approximately 5.8% -
iBuA in MAA acid is fed into the laboratory melt crystallizer and over a period of
approximately 80 minutes the temperature is decreased from 13.5°C to 8°C.
Approximately 62% of the feed crystallized. The temperature is increased to 14.0°C
over approximately 4.7 hours causing 10% of the crystallized material to remelt. The "
mother liquor, remelt, and cr?stallizéd material are each separately collected and
analyzed for isobutyric acid content. Representative results of these analyses are in

Table 3.
Table 3
~ Feed Mother Liquor Remelt Crystals
IWt(g)2 |iBuAP |Wt(g) |iBuA |Wi(g) |iBuA [Wt(g) |iBuA*
501.1 5.675% }193.0 10.30% |51.7 5.44% 253.6 0.950%

b a=Wt(g) = weight in grams
b = iBuA = Isobutyric Acid
*Based upon the iBuA content, the crystals are at least 99.05% pure MAA.
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twenty-seven percent of the crystallized material is remelted over a period of 45-232
minutes. The resulting mother liquor, remelt and crystal fractions are separately
combined and analyzed for PA content. Representative results of these crystallizations

are in Table 4. _
' ' Table 4

Feed - Mother Liquér Remelt Crystals
Wt(g)2 | PAD Wt(g) |PA Wt(g) |PA Wit(g) |PA
2600 0.047% ]1287 007% 1168.2 0.06% }1140 0.02%
a = Wt(g) = weight in grams

- b =PA = Propionic Acid
*Based on the PA content, the crystals are at least 99.98% pure AA.

Comparison Example 1 - A fresh feed containing 80% MAA and 20% iBuA is fed to a
melt crystallizer. The final product specification is set to 0.005% iBuA. To meet this
specification, a calculated 4.6 crystallization stages are required. However, the final
mother liquor will contain 70.59% MAA which cannot be recycled.

For the following Examples 4 - 10 and comparison Example 2, distillation column
data are simulated with the steady-state process simulator (FLOWTRAN) as described
above. Simulator input specifications for each stream are specified in the examples.
Melt crystallization (mother quuor, remelt, and crystal amount and purities) data are
extrapolated using the results presented in Examples 1 - 3 above.

Example 4 - A fresh feed containing 80% (MAA) and 20% iBuA is mixed with the
mother liquor stream from the melt crystallizer. The combined stream is fed to the
fractionation column. The distillate specification is set at 90% iBuA, the bottoms stream
specification is set at 0.5% iBuA, and the final product specification is set at 0.005%
iBuA. To meet these specifications, the required number of stages (theoretical plates) in
the fractionation column can be 45 (with a reflux ratio of 234) to 55 (with a reflux ratio
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Example 4 Material Balance
Fresh Mixed _

Component Feed Recycle Feed Distillate | Bottoms | Product
Fig. 1 Ref.* 2 10 11 4 5 7
Flow, kg/h 45.36 62.55 107.91 10.08 97.83 35.28
(pph)** (100.00) (137.90) (237.90) {22.22) (215.68) (77.78).
MAA % 80.00 99.22 91.14 10.00 99.50 99.995
iBuA % 20.00 0.78 8.86 90.00 0.50 0.005

*Reference to Figure 1 process flow lines

**pph = pounds per hour

Example 5 - The specifications in Example 5 are identical to those in Example 4 except
that the specification for iBuA in the bottoms stream is increased to 5.0%. To meet these
specifications, the required number of stages in the fractionation column can be 30 (with
a reflux ratio of 194) to 40 (with a reflux ratio of 61), assuming an overhead pressure of

the calculated material balance for either of these conditions.

30 mm mercury. The required number of ¢rystallization stages is 3.8. Table 6 details

Table 6
Example 5 Material Balance
Fresh Mixed _
Component | . Feed Recycle Feed Distillate | Bottoms | Product
Fig. 1 Ref.* 2 10 11 4 5 7
Flow, kg/h 45.36 127.63 172.99 10.08 16291 3528 -
(pph)** (100.00) (281.37) (381.37) (22.22) (359.16) (77.78)
MAA % 80.00 93.62 90.05 10.00 95.00 99.995
iBuA % 20.00 6.38 9.95 90.00 5.00 0.005

*Reference to Figure 1 process flow lines
**pph = pounds per hour
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Table 7
Example 6 Material Balance

Fresh Mixed
Component Feed Recycle Feed Distillate | Bottoms | Product’
Fig. 1 Ref* 2 10 11 4 5 7
‘Flow, kg/h | 45.36 154.66 200.02 10.08 189.95 35.28 .
(pph)** (100.00) (340.96) (440.96) (22.22) (418.75) (77.78)
MAA % 80.00 87.72 85.97 10.00 90.00 99.995
iBuA % 20.00 12.28 14.03 90.00 10.00 0.005

*Reference to Fig\ire 1 p_rocéss flow lines
**pph = pounds per hour

Example 7 - The specifications in Example 7 are identical to those in Example 5 except
that the fresh feed is set at 60% MAA and 40% iBuA. To meet these specifications, the |
required number of stages in the fractionation column can be 30 (with a reflux ratio of
136) to 40 (with a reflux ratio of 40 ), aésuming an overhead pressure of 30 mm mercury.
The required number of crystallization stages is 3.8. Table 8 details the calculated
material balance for either of these conditions.

Table 8
Example 7 Material Balance
- Fresh Mixed
Component Feed Recycle . Feed Distillate | Bottoms Product
Fig. 1 Ref.* 2 10 11 4 5 7
Flow, kg/h 45.36 91.16 136.52 20.16 116.37 25.2
(pph)** (100.00) (200.98) (300.98) (44.44) (256.54) (55.56)
MAA % 60.00 93.62 82.45 10.00 95.00 99.995
iBuA % 40.00 638 | 1755 90.00 5.00 0.005

*Reference to Figure 1 process flow lines
**pph = pounds per hour
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the calculated material balance for either of these conditions.

Table 9
: - Example 8 Material Balance
Fresh Mixed

Component Feed Recycle Feed Distillate | Bottoms | Product
Fig. 1 Ref.* -2 10 11 4 5 7
Flow, kg/h 45.36 145.86 '191.22 50.39 186.18 .4032 =
(pph)** (100.00) (321.57) (421.57) (11.11) (410.46) -(88.89)_'
MAA % 90.00 93.62 92.76 10.00 95.00 99.995
iBuA % 10.00 6.38 7.24 90.00 5.00 0.005

*Reference to Figure 1 process flow lines
**pph = pounds per hour

Example 9 - The specifications in Example 9 are identical to those of Example 7 except
that the specification for iBuA in the fresh feed is decreased to 5.0% and the bottoms
stream specification for iBuA is decreased to 0.5%. Furthermore, the alternate
procedure of Figure 3 is used. To meet thése specifications, the required number of
stages in the fractionation column can be 45 (with a reflux ratio of 355) to 55 (with a
reflux ratio of 157), assuming an overhead pressure of 30 mm mercury. The required |
number of crystallization stages is 3.3. Table 10 details the calculated material baldnce’
for either of these conditions. .
Table 10

Example 9 Material Balance
" Fresh ' Mixed | Mother

Component Feed Bottoms Feed Distillate Liquor Product
Fig. 3 Ref.* 32 37 39 35 34 33
Flow, kg/h 45.36 1123 157.56 252 114.82 4284
{pph)** (100.00) (247.58) (347.58) (5.55) (253.13) (94.45)
MAA % 95.00 99.50 98.21 10.00 97.54 99.995
BuA % 5.00 050 179 | 90.00 2.46 0.005

*Reference to Figure 3 process flow lines
**pph = pounds per hour
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material balance. In this case, since the AA is more volatile than PA, the bottoms stream

is recycled to the reactor and the distillate is fed to the crystallizer.

_ Table 11
Example 10 Material Balance

Fresh ‘ Mixed
Component Feed Recycle Feed Distillate | Bottoms | Product
Fig. 1 Ref.* 2 10 11 5 .4 7
Flow, kg/h 45.36 443.41 488.77 475.82 12.96 324
(pph) (100.00) | (977.54) |(1077.54) |(1048.98) (28.57) (71.43)
AA % 80.00 90.34 89.38 91.00 30.00 - 99.995 -
PA % 20.00 9.66 '10.62 9.00 70.00 - 0.005

*Reference to Figure 1 process flow lines
~**pph = pounds per hour

Q_Qmmﬁmﬁ_mpls_ A fresh feed containing 80% MAA and 20% iBuA is fed to a
fractionation column. The distillation specification is set to 99% iBuA and the bottoms
‘stream specification is set to 0.005% iBuA. To meet these specifications the calculdted
number of stages (theoretical plates) in the fractionation column is 150 with a reflux
ratio of 50.6, assuming an overhead pressure of 30 mm mercury.

These Examples demonstrate that at steady-state, the amount of material which
is recycled is high compared to the amount of product produced. However, the
product produced is of high purity. Since the recycled material is not lost but, rather, is
recovered as either product or material returned to the dehydrogenation reactor, the .
overall combination process is unexpectedly efficient.
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process as clai erei n Ehe—step pelt—eily
conprises: i. crystallizing from about 50% by wei ght to
wei ght of the first product stream ii. 18 separ at iRepladement Sbeet |7bf(l6v’95
stream iii. melting from about 5% by weight to about 50% by wei ght of
the crystals to produce a second nother |iquor stream -19- iv.

separ at i n@lafms:second not her |iquor streans fromthe remaining crystals; v.
feeding the nother |iquor stream and the second nother |iquor streamto the
fractional distillation colum; ' :

1. A process for preparing an o,B-unsaturated C3-Cg carboxylic acid of greater than

98% by weight purity, which comprises the steps of: :
a. oxidatively dehydrogenating a saturated C3-Cg carboxylic acid in a reactor to
produce a first product stream comprising an o, B-unsaturated C3-Cg
carboxylic acid and the saturated carboxylic acid wherein the weight ratio of
the o,B-unsaturated to the saturated carboxylic acid is greater than about 0.2;
b. fractionally distilling the first product stream in a distillation unit to produce;
(1) an overhead stream wherein the weight ratio of the ¢,B-unsaturated to
the saturated carboxylic acid is less than that in the first product stream’
and _ '
(2) 2 bottoms stream wherein the weight ratio of the o, B-unsaturated to the
saturated carboxylic acid is greater than that in the first product stream;
c. feeding the overhead stream into the reactor;
d. feeding the bottoms stream into a crystallization unit;
e. melt crystallizing the bottoms stream in the crystallization unit one or more
times to produce “
(1) a second product stream comprising greater than about 98% by
weight, preferably greater than about 99.9% by weight, of the c.,B-
unsaturated carboxylic acid; and
(2) one or more mother liquor streams comprising greater than about 80%
by weight ofthe o.f-unsaturated carboxylic acid; and '
f. feeding the one or more mother liquor streams into the distillation whit

2. A process as claimed in claim 1 wherein: _
a. the weight ratio of the o,B-unsaturated to the saturated carboxylic acid in the
overhead stream is less than about 0.5; and .
b. the weight ratio of the o,B-unsaturated to the saturated carboxylic acid in the
bottoms stream is greater than about 5.

3. A process as claimed in claim 2, wherein:

a. the weight ratio of the o, B-unsaturated to the saturated carboxylic acid in the
overhead stream is less than about 0.1; and '

b. the weight ratio of the a,B-unsaturated to the saturated carboxylic acid in the

bottoms stream is greater than about 9.
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of the a,[err]-unsaturat ic acid content in the remarnrng

crystals. 3. A process as cl ai rred inqgl aim 2, ReplasiementsSihaxthdy'10/ior
stream and the second nother |iquor streamare conbi ned prior to feeding to
the fractional distillation colum. 4. A process as clained in any one

of claims 1 to 3, wherein the weight ratio of the a,[err]- unsaturated to

t he saturated carboxyllc cidin the over head streégls | ess . than about
0.5, prefér ébpspcg@s@ aige Ryeceding claim, whersin e step @ mqkmmﬁ%wg

of the precQg al s, wher ei n t he f| rst product streamis dehydrated
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but anoi ¢, and |sdimﬂﬂomssrrm1;ds and is preferably isobutyric acid. 7. A

process as cl ahmg d “?gﬁh@%@?&@ ot k@biy,. Wherei n neans for hol ding
ra n

material are incor ) eS conhecting the dlégtllatlon upit and
the crystallizi mﬁtma fromegabout 5% by weighy to ab O‘Hr%)darh}’rfge 9f the gstalsdp

greater than aboyiro8te Ryesspidahbther lijir stream;
iv. separating the second mother liquor stream from the remaining crystals;
v. optionally melting the remaining crystals and repeating steps i-iv, wherein
melted remaining crystals are used in lieu of the bottoms stream, a number
of times sufficient to obtain greater than 98% by weight of the o,p-
unsaturated carboxylic acid in the remaining crystals. )

5. A process as claimed in claim 4, wherein the mother liquor and the second mother
liquor are combined prior to feeding to the fractional distillation column.

6. A process as claimed in any preceding claim, wherein the first producf stream is _. -
dehydrated prior to fractional distillation.. '

7. A process for preparing an o,B-unsaturated C3 - Cg carboxylic acid of greater than

about 98% by weight purity, which comprises the steps of: ' |

a. oxidatively dehydrogenating a saturated C3-Cg carboxylic acid in a reactor to
produce a first product stream comprising an o,B-unsaturated C3-C¢ '

carboxylic acid and the saturated carboxylic acid wherein the weight ratio of

o,B-unsaturated to saturated carboxylic acid is greater than about 15;

b. feeding the first product stream into a crystallization unit;
c. melt crystallizing the first product stream in the crystamzatxon unitoneor -
- more times to produce;

(1) a second product stream comprising greater than about 98% by weight,
preferably greater than 99.9% by weight, of the o,B-unsaturated
carboxylic acid; and

(2) one or more mother liquor streams comprising greater than about 80%
by weight of the o, B-unsaturated carboxylic acid;

d. feeding the one or more mother liquor streams into a distillation unit;

This Sheet Has Been Replaced
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in the crystal Ilzatlon un|t one or nore tines to produce; (1) a second
product stream conprising greater t han about 98% preferably greater than
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fractionally distC§ tanngylh:ea@ahas ]ess ﬁhanethmvaper ptessmmrofsthe satusated G3€¢
distillation carboxylic acid to produce;
(1) an overhead stream and
(2) a bottoms stream ;
f. feeding the overhead stream into the reactor; and
g. feeding the bottoms stream into the melt crystallizer.

8. A process as claimed in claim 7, wherein the step of melt crystallizing comprises:
i. crystallizing from about 50% by weight to about 70% by weight of the first :
product stream; | ' '
ii. separating the mother liquor stream;
ili. melting from about 5% by weight to about 50% by weight of the crystals to
produce a second mother liquor stream;
iv. separating the second mother liquor streams from the remaining crystals;
v. feeding the mother liquor stream and the second mother liquor stream to the
fractional distillation column;
vi. optionally melting the remaining crystals and repeating steps i-v, wherein
the melted remaining crystals are used in lieu of the first product stream, a
number of times sufficient to obtain greater than 98% by weight of the a,8-
unsaturated -carboxylic acid content in the remaining crystals.
9. A process as claimed in claim 8, wherein the mother liquor stream and the second
mother liquor stream are combined prior to feeding to the fractional distillation
“column.

10. A process as claimed in any of claims 7 to 9, wherein the weight ratio of the o,B-
unsaturated to the saturated carboxylic acid in the overhead stream is less than
about 0.5, preferably less than about 0.1.

11. A process as claimed in any of claims 7 to 10, wherein the first product stream is
dehydrated prior to melt crystallization.

This Sheet Has Been Replaced




unit under condi tLl““mHUtI ﬂjm vapor pressure of acrylic HEPUACSMENE SHgET
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streamand (2)° a. bot t ons stream f. feeding the botto Bream - nt-os - |
the reactor; and g. feeding the overhead streaminto the nelt '
crystallizer. 9. A process as clainedjin cl ai nRéplasbeiesit'SHe® 7/16/035
product streamis dehydrated prior to nelt crystallization. 10. A process

as claimed in claim8 or claim9, wherein nmeans for holding material are
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process as tdobutyrc acidany preceding claim wherein the saturated carboxylic
aci d
13. A process as claimed in any preceding claim, wherein means for holding material
are incorporated in the lines connecting the distillation unit and the crystallization
unit.

14. A process for Preparing acrylic acid of greater than 98% by weight purity which _
. comprises the steps of:

a. oxidatively dehydrogenating propionic acid in a reactor to produce a ﬁrst
product stream comprising acrylic acid and propionic acid wherein the ratio
of acrylic acid to propionic acid is greater than about 0.2;

b. fractionally distilling the first product stream in a distillation unit under
conditions wherein the vapor pressure of acryhc acid is greater than the vapor
pressure of propionic acid to produce '

(1)  anoverhead stream wherein the ratio of acrylic acid to proplomc acid -
is greater than that in the first product stream and
(2} abottoms stream wherein the ratio of acrylic acid to propionic acid is
less than that in the first product stream;

c. feeding the overhead stream into a crystallization unit;

d. feeding the bottoms stream into the reactor;

e. melt crystallizing the overhead stream in the crystalhzahon unit one or.more
times to produce
(1)  asecond product stream comprising greater than about 98%, preferably

greater than about 99.9%, by weight of acrylic acid; and
(2)  one or more mother liquor streams comprising greater than about 80%
by weight of acrylic acid; and

f. feeding the one or more mother liquor streams into the dxstxllanon column. -

15. The proceés of Claim 14, wherein the first product stream is dehydrated prior to
fractional distillation.

16. A process as claimed in claim 14 or claim 15, wherein means for holding material

are incorporated in the lines connecting the distillation unit and the crystallization
unit. '
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whi ch conprises the steps of: a. oxidati.vely dehydrogenating propionic acid
in a reactor to produce a first product stream conprising acrylic acid and
propionic acid wherein the ratio of acrylic acid to propionic acid is
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the ratio of acrylic to propionic acid is greater than about 15;
b. feeding the first product stream into a crystalhzahon unit;
c. melt crystallizing the first product stream in the crystalhazahon unit one
or more times to produce;
(1)  asecond product stream comprising greater than about 98%,
preferably greater than about 99.9%, weight of acrylic acid, and
(2)  one or more mother liquor streams compising greater than about
80% by weight of the acrylic acid;
feeding the one or more mother liquor streams into a distillation unit;
e. fractionally distilling the one or more mother liquor streams in the
- distillation unit under conditions wherein the vapor pressure of acrylic
acid is greater than the vapor pressure of propionic acid to produce
(1) an overhead stream and
(2).a bottoms stream;
f feeding the bottoms stream into the reactor;and
g feeding the overhead stream into the melt crystallizer

18. A process as claimed in claim 17, wherein the first product stream is dehydrated
prior to melt crystallization.

19. A process as claimed in claim 17 or claim 18, wherein means for holding material
are incorporated in the lines connecting the distillation unit and the crystallization

20. An o,B-unsaturated C3-Cg carboxylic acid whenever prepared by a process as
claimed in any preceding claim.
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" o
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, 17.- A process for preparing acrylic acid of greater thanlabout 98A)%¥ 5
wei ght purity, which conprises the steps of: a. oxi dat uy&d;yﬂUD]g ,,,,,, :

dehydrogenating propionic acid in a reactor to produce a
stream conprising acrylic acid and propionic a d, wh r-pit f
acrylic to propionic acid is greater than about ‘%ngﬁpsbggﬁ{ﬁgt?%g first
product streaminto a crystalllz$ Pon .unit; c. nelt crystallizing the
first product streamin the crysté li azation unit one or nmore times to
produce; (1) a second product stream conprising greater than about 98%
preferably greater than about 99.9% weight of acrylic acid, and (2)° one
or nore nother liquor streans conpising greater than about 80% by wei ght of
the acrylic acid; d. feeding the one or nore nother liquor streans into a
distillation unit; e. fractionally distilling the one or nore nother

| i quor streans in the '

3
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Fig.3.




distillation unit under conditions wherein the vapor pressul REFLAGEMANICSHEET

acid is greater than the vapor pressure of propionic acid tp prodmﬁﬂﬁéﬁs
overhead streamand (2). a bottons stream f. f eedi ng t hel| Hete o

into the reactor; and g. feeding the overhead streami nt o The—ert

crystallizer 18. A process as clained in clai m17Replacement (Sheeti 7£0/95
product streamis dehydrated prior to nelt crystallization. 19. A process
as clainmed in claim17 or claim 18, wherein nmeans for holding naterial are
incorporated in the lines connecting the distillation unit and the
crystallization unit. 20. An a,[err]-unsaturated C3-C6 carboxylic acid
whenever prepared by a process as clainmed in any preceding claim

ABSTRACT

PREPARATION OF a, & -UNSATURATED C,-C¢ CARBOXYLIC ACIDS

The present invention provides a process for the preparation of an o3~
unsaturated C3-Cg carboxylic acid of greater than 98% purity, which combines
fractional distillation and melt crystallization procedures. One embodiment of the
process of the invention is depicted schematically in Figure 1 wherein 1 represents a
dehydrogenation reactor in which a C3-Cg carboxylic acid is dehydrogenated to
produce on ¢,B-unsaturated C3-Cg carboxylic acid, 3 represents a distillation unitand 6
représents a melt crystallizer.
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CLAIMS:

1. A process for preparing an ¢, B-unsaturated C,-C carboxylic acid of greater than about
98% by weight purity, which comprises the steps of: _

a. - oxidatively dehydrogenating a saturated C,-C4 carboxylic acid in a reactor to
produce a first product stream comprising an «,B-unsaturated C,-C, carboxylic
acid and the saturated carboxylic acid wherein the weight ratio of «,p-
unsaturated to saturated carboxylic acid is greater than about 15;

b. feeding the first product stream into a crystallization unit; |

c. ‘melt crystallizing the first product stream in the crystallization unit one or

more times to produce; '
(1)  asecond product stream comprising greater than about 98% by weight,
preferably greater than 99.9% by weight, of the «,B-unsaturated
_ carboxylic acid; and _ |
2) one or more mother liquor streams comprising' greater than a_.l_)_out 80%
‘ by weight of the e, B-unsaturated carboxylic acid;
* feeding the one or more mother liquor streams into a distillation unit;
e.  fractionally distilling the one or more mother liquor streams in .the distillation

unit to produce;

A

(¢)) an overhead stream and

(2)  abottoms stream;"

feeding the overhead stream into the reactor; and

g feeding the bottoms stream into the melt crystallizer.

h

2. A process as claimed in claim 1, wherein the step of melt crystallizing comprises:
i. crystallizing from about 50% by weight to about 70% by weight of the first
| product stream; |
ii. separating the mother liquor stream;
iii. melting from about 5% by weight to about 50% by weight of the crystals to

produce a second mother liquor stream;
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iv. separating the second mother liquor streams from the remaining crystals;

V. feeding the mother liquor stream and the second mother liquor stream to the
fractional distillation column; '

vi. _ optionally melting the remaining crystals and repeating steps i-v, wherein the
melted remaining crystals are used in lieu of the first product stream, a number
of times sufficient to obtain greater than 98% by weight of the ¢,B-unsaturated

. carboxylic acid content in the remaining crystals. |

3. A process as claimed in claim 2, wherein the mother liquor stream and the second
- mother liquor stream are combined prior to feeding to the fractional distillation column.

4. A process as claimed in any one of claims 1 to 3, wherein the weight ratio of the «,f3-
unsaturated to the saturated carboxylic acid in the overhead stream is less than about 0.5,
preferably less than about 0.1.

5. A process as claimed in any one of the preceding claims, wherein the first product
stream is dehrydrated prior to melt crystallization. '

6. A process as claimed in any preceding claim, wherein the saturated carboxylic acid
" is selected from propionic, butanoic, and isobutyric acids, and is preferably isobutyric acid.

7. . A process as claimed in any preceding claim, wherein means for holding material are

incorporated in the lines connecting the distillation unit and the crystallization unit.

8. A process for preparing acrylic acid of gréater than about 98% by weight purity,
which comprises the steps of:
a. oxidatively dehydrogenating propionic acid in a reactor to produce a first
product stream comprising acrylic acid and propionic acid wherein the ratio
of acrylic to pfopionic acid is greater than about 15;

b. feeding the first product stream into a crystallization unit;
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c. melt crystallizing the first prdduct stream in the crystallization unit one or
more times to produce;
(1)  asecond product stream comprising greater than about 98%, preferably
greater than about 99.9%, weight of acrylic acid, and
(2)  one or more mother liquor streams comprising greater than about 80%
by weight of the acrylic acid; '
d. feeding the one or more mother liquor streams into a distillation unit;

e fractionally distilling the one or more mother liquor streams in the distillation
unit under conditions wherein the vapor pressure of acrylic acid is greater than
the vapor pressure of propionic acid to produce

"(1) an overhead stream and
) a bottoms stream;
f. feeding the bottoms stream into the reactor; and .
g feeding the overhead stream into the melt crystallizer.

9. A process as claimed in claim 8, wherein the first product stream is dehydrated prior
to melt crystallization. '

- 10. A process as claimed in claim 8 or claim 9, wherein means for holding material are
incorporated in the lines connecting the distillation unit and the crystallization unit.

11.  An e,B-unsaturated C;-C, carboxylic acid whenever prepared by a process as claimed
in any preceding claim. |



