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The p~t ~~enlion i.s concerned with a process fer preparing c.a-umatU.-ated \) \'!! ~ 

C3-C0 carboxyhc aces. , \..._ .(}& 
. lV\\O 

Or.e process to prcciuce :ne<-.!taar1lic acid is the catalytic a..-bor.ylaticn oi ~ sW.l~~+ 
ptopylene to give isobutyric acici followed by partial oxidative dehyd."'Oge:-.ation to · 
yield methacr1lic acid. T.ne c:ucie product fror.'t this process is a :ctixtu:e ccntairti.ng 
wate:', isobutyric add., methaaylic acid, and other componer.ts. The water is removed 
using either azeot:opic d!stillation or solver.t ext::action followed by distillation to 
re:nove the exttaction solvent and produce an anhydrous mix:u..-e. Methac:y!ic a.cid is 
typically separated from the anhydrous mix=e using either distillation or 
crystallization techniques. In separations i:wol~.ng distillation the physical and. 
chemical ?L'O~e:ty similarities of methacylic: and isooutyric acids typically require a 
large number of theoretical plates in combination with high reflux ratios to 1c:hleve high 
product purity. ~urthermore, we of distillation as a se?aration te<:.':.ullque is 

complic:ated. by the ~endency oi me~ac...1iic: acid to potyme:ize while being distilled. 
When Ct"/stalli.zation techniques are ern.ployec!. in th! separation. the combination 

of low melting point for isobutyric ac:i.d and low eutectic: temperat-..:re foe 
~sobutyric/ me'!.iacrylic: acid trJxtures requi:e that ve:y low c:ystallization tempe:atures 
boe used.. Suc:h temoeratures have made c:"lstallizat!on ~rocesses di!fic:-..:.lt to ora.ctice .. " . . 
economically. 

Japanese t<okai 62-145044A desc::ibes a distillation r..et.'iod to e'btair. purified 
methac:rylic acid throug!1. the use of at least four separate distillation towers and an 
extract~on c:olum.'\ :o remove ami purify an extraction solve:-.t a:-.ci to remove both high 
and low boiling :mpurities. Japanese I<okai 52-007917 A d~sc::foes a p::cc::~c!.ure for 
separating met:iac:r:1li~ acid from the crudia aqueous product or L~e gas phase 
d~hydrcgenation oi isobutyrlc: acid in whic..~ the crude produc~ is first distilled to 
remove tr.aterials with boiling points less than water and the.". extrac~~d with a 

hydrocarbon solvent ~o remove methacrylic: acid arid rela.ted. tr.ate:ials. ·The soluticn of 

hyd:ocarbcn solve:\t, methacrylic: acid, and related materials is distilled stepwise. first · 
to remove residual water and then to rerr.ove the hydrocarbon sotver.t. This process 
:~sults i.."\ a methacrylic: acid prcduc:t c:omposi.tior. whic.~ is aoout 97"'7o by weight 

:nethacrtlic acid. 
US-A-4.780,568 describes purification of an a.."'1.hycl.rcus mixtu::e of methaayUc 

ac:id, isobutyric acid, and other impurities using a staged crystallization separation ux\it 
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with 3 - 6 eq_ui'-lalent staps ar.ci a seconciar/ :e::ovuy ~--on wi~ cne or :note stages to 
give high pu..-it"f ~~&er/lie ac:d. TL'lis prcxess :equi:es Vf!rf low cystalllzation 
temperatures. Russian htent no. 639,858 desc:iba pu:ifiation of aaylic and 
methac:ylic: acids using a CO'.mtercu:rent flow c:ystallization process invc.lvir.g low 

S to..mperatoJreS. N. Wyr.rt. in C'!tmic:zl Engi71ft1'ing Progrm, ~ 52-60 (1992) describes 
the use oi distillation a.9ld C:::1Stallization together in order to improve product purity. 
Distillation is used tc :emove the bulk of the impurities followed by melt c:ystallization 
to obtain the .Br.al hig.i.i. purity product. 

Because these known p:oasses are often costly, difficul~ to c:ontxol, and./ or 
10 provide a less pure pro<iu<:t tha.7\ often desired, there <:endnues tc be a ne1:d for 

improved methods to effid!1'tly and c:ost eEec:ti.veiy sepa.-ate mr.ha~/lic: ac!d from 
mixtu:es containing isobut"frlc ac:id. 

Ac:cordi."'lg to a fust embodiment oE the present invention there bs provided a 
p:ocess cot' priapar.:tg an a.~·UNaturated C3·C6 3.rboxy!ic: add of greater than 98% by 

1.5 weight purit:1, which comprises the steps of: 
a. oxidatively dehydrogenating a saturated C3·C6 carboxylic acid :n a reactor to 

produce a first product streaxr. c:omprising an et.!3-unsatun:ed C3·C6 
arboxylic acid and the saturate:d. ca:cboxylic acid whe:eL."\ the weig.~t ratio of 
tb.e c:.~-UNaturated to the saturated c:uboxylic aC.d is greater ~~"'about 0.2; 

20 b. fractionally distilling the first product sttea.""n in a distillation unit to produce; 
(1) an overhead. st:ea.."'l'\ whe:ein the weight ratio of the c:.P·u."'\Sal:'.ua.ted to the 

saturated. carboxylic: acid is less than ~'iat ir. the first ptoduct steam and 
(2) a bottoms stream whe:ein the weight ratio of the cx.~·unsaturated lo the 

saturated. c:a:cc:tyllc acid is greater than tha~ itt. fae firs~ produ.ct streax:'\; 
2S c. feeding the overhead strea.'I\ i.'"\to the reactor: 

d. fe-eding the bottoJ:IS stream into a crystallization u.-iit; 

e. melt crystallizing the bottoms stream in the crystallization Ul'\it one or more 
times to oroduc:e . 

(1) a second product stream compr:...sing greater t:.an abou.t 98% by weight. 

30 preferably greate: th~i. about 99.9% by weight of t..i.e a.13-ur.saturated 
carboxylk acid; and 
{2) one or more mother liqu.or streams c:om.pr.sing greater tha.'l abcut 80o/o 
by weight of the a,~-UNatt:rated c:a.rboxylic: add; and 

f. feeding t.h.e one or more mother liquor st:eams into the distillation unit. 
3S Preferably, in this first embodimen~ of the irwer.tion: 

a. the weight ratio of the a,~Ul'\Saturated. to the satt:.rated c:uboxyiic acid in the 

overhead s~-n is less than about O.S, prefe=abty less than about 0.1; and . . . . . . . 

<· - : :.<·.-.... ~ . 
.-------· •:.:_· .. . ~ : !"~ .. 
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b. tr.e weight ratio of the a.J!·u.nsaturated to t..~e saturated carboxylic acid in the 

botto=s stream 3s greater than about 5, pre..te:ably greate:: ~ abou: 9. 

Preferably, ir. this first embodiment of the invention. the step of melt 
crystallizing c:omprises: 

5 i. aystallizUi.g from about SOO/o by weight to about 70% by W!ight cf the bottoms 
stream; 

ii. separating the mother liquor st:eam; 

iii. melting from about 5% by weight t~ about SO°IO by weight of the crystals to 

produce a second mother Liq-.:or stum; 

10 iv. separating the second moth.ex liquor s1:ream from the rema.Wng aystals; 

v. optionally rr.elting the rem.U.."l.ir.g cr1stals a."'\d repeati:\g steps i·i\•, wherein 

melted remaining Q')'Stals are use<! in lieu of the bottoms stream, a n~ber of 

ti.tnis sufficient ~o obtain greater ·~"ar. 98% by weight of the cx,()-wisat-..irated 

carbox.ylic acd in the remaining crystals. 

15 Pre:~rabty, ir. this first embodiment of the invention, the mother Uqucr a.9ld the 

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

col um.'"\. 
Preferabl..,, in thls first embodiment of the i.'"\vention,. t."e first orcduc:t strearn is 

# • • 

dehydrated pcior to fractior.al distillation. 

20 According to a second embodiment or the present inve.'1.tior .. there :S provided a 

process for pre?a:mg an a.13-unsaturatec C3 - C6 carboxylic: acid of gceater than about 

98% by weight purity, which coC".prises the steps of: 

a. oxidatively c!<!hydrogenati .... g a saturated C3-C6 carboxylic acd in a reactor to 

produi::e a first ptoduc:t stream comprising an a,p.u,,."\Sati.:rate-3. C3·C6 

25 carboxylic acid a,.-,,c! the saturated carboxylic: add wherein the weight ratio or 
«,~-unsaturated to satu.-ated carboxylic: acid is greater tha.'"\ a.boui lS; 

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

c:. rr.eit crystallizing the first product stream in the crystailizatior. unit one or 

mote times to produce; 
30 (1) a second product stream comprising greater thar~ about 98% by weight, 

preferably greatei: than 99.9% by weight, of the <:1,~-U&"'\satu..--ated c::arboxylic 

add; and 

(2) one or mote mother liquor strearri.s comprising greater than about 8C°lc by 

weight of the a.P-unsaturateci. c:arboxyiic acid; 

35 d. feeding t.~e Ct'\e or more mother liquor steams inco a d.istillatio:\ unit; 

':. t ~· .ftactio~lly distilling the one or more mother liqi.:.or $t:ea:n.s i:\ th~ distiilation 

··.'! UX\it ~b'pr9d.uc:e;· · ,., "''' 
~;. i: .'.:1; ~d: 

--------------
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f. feeding the overhead stream into the.reactor; and 

g. feedix\g the bottoms stream iz\to the melt aystallize:. 

S Preferably, in this second embQdiment of the inventicn, the step of melt 

aystallizing comprises: 
L aystallizing from about 50% by weight to about 70o/o by weight or the fi..--st 

product stream; 

ii. separating the mother liquor stream; 

10 fil. melting from about 5% by weight to about 500k by weight of the crystals to 

produce a second. mother liquor stream; 

iv. separating the second mother liquor streams from the remairt.ing' crystals; 

v. feeding the mo~ liquor stream and the second :nother liquor stream to the 

fractional distillation column; 

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

melted re."l\aining crystals are used in lieu of the first pcoduc:t stream, a 

number of times sufficient to obtain g:eater than 96% by weight of the a,~­

unsatutated carb~xylic acid content iri the remalltlng crystals. 

Pre!erably, i:\ this second embodiment of the invention, the mother liquor 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.,~·Ul'\Saturated to the saturated carboxylic acid in the overhead stream is less than 

about 0.5, preferably less ·than about 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, t.'i.e saturated c:arboxylic acid 

is selected from propionk, butanOic, and isobutyric acids, and mote preferably is 

isobutyric acid. 

30 Pre.ferably, in the process of the present invention, means for hold!r.g material 

are incorporated. in the lines connecting the distillation unit and the .:rystallization unit. 

The present invention provides a process for the separation of an et,~­

unsaturated C3-C6 c:axboxylic acid from mixtures of ~e cx.~-unsatunted C3-C6 

c:arboxylic acid.and. its saturated homologs which comprises c.:otnbirJng .fractional 

3S distillation and melt crystallization processes in which a high proportion of material is 

preferably recycled. By "bigh proportion" is meant that the amount of material recycled 

:, ,. 
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exceeds that removed .from the process as product by a factor of at least 1.SX. rne 

fractional distillation results in two process streams; an overhead process stream in 

which the weight ratio of the ~!'-unsaturated to saturated c:arboxylic add is, for 

example, about 0.1 by weight, and a bottoms process stream in which the weight ratio 

S is, for example, about 15. In the first embodiment of the inventio~ the bottoms stream 

is fed to a melt crystallizer which results in two additional streair.s; a product stream of 

high purity (greater than 98% by weight) a,~unsaturated carboxylic acid and a residue 

stream which is greater than about 80% by weight a.i>-unsaturated carboxylk add and 

up to about 20% by weight of saturated carboxylic add. The overhead stream from the 

10 fractional distillation column is recycled back to the reactor and the crystallizer residue 

stream is recycled back to the fractionation column. 

Altematively, in the second embodiment of the invention, the process steps are 

reversed, suc:h that melt aystallization is first employed to isolate pure a.B-unsaturated 

carboxylic add. The melt crystallizer bottoms stream is then fractionationally distilled 

15 to provide a saturated carboxylic acid rich stream for recycling to the reactor and a 

recycle stream rich in a.13-unsaturated carboxylic: acid bac:k to the crystallizer. 

In a further embodiment of the present invention there is provided a process for 

preparing greater than 98o/o by weight pure a,13-unsaturated C3·C6 carboxylic: adds 

which comprises 

20 a) oxidatively dehydrogenating a C3-C6 saturated carboxylk acid in a reactor to 

produce a first product stream comprising the a..13-unsaturated C3·C6 carboxylic: add 

and the saturated c:arboxylic: acid wherein the weight ratio of a.~-unsaturated to 

saturated c:arboxylk acid is greater than about 0.2; 
b) fractionally distilling the first product stream in a distillation unit to produce; 

25 (1) an overhead stream wherein the weight ratio of et.~·unsaturated to 

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

preferably less than 0.5. ?:tost preferably less than 0.1, a..t'\d 
(2) a bottoms stream wherein the weight ratio of <l,~-unsaturated to 

satutated c:arboxylic add is horn about 5 to about 200, p::eferably gTeater 

30 than about 9; 

35 

' . ! . :'. ! 

c} feeding the overhead stream into the reactot; . . 

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

(1} a second product stream comprising the a,~·unsat-..irated catboxylic 

add wherein the <Xt~u.nsaturated carboxylic acid content is greater than about 98% by 

weight of the secoX\d product stream and 

, _ ('.2.) a mother liquor stream; 
~~~~J ;~~: L::: ~ - ·e) fe~g th,e mother liquor stream into the distillation unit; 
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£) melt crystallizing the Rr:Onct product meam in a number oi $tages sufficient 
to obtain a final product: streall\ of desired a.a-unsaturated ca:boxylic acid content:, 
preferably greater than 99.9% by weight; and, · 

g) feeding the mothu liquor from the repeated melt aystallization stages of 
5 step [) into the disti.llation unit. 

Tne process of the present invention is useful for separating mixtures a,j3. 
unsaturated and saturated carboxylic acids, including but not limited to, met."iaaylic 
add from isobutyrlc acid. acrylic: acid from propionic: add, crotoriic acid from butanoic 
acid. and the like. The process is particularly applicable to separations of methaaylic: 

10 ac:id from isobutyric acid and acrylic acid from propionk acid beause their similarity in 
physical/ chemical properties such as melting points and boiling points make it diffic...Ut 
to obtain efficient separations using standard dlstillation and crystallization tec.iniques. 

The present invention will now be fut".her described with reference to the 
accompanying drawings, in which: 

lS Figure l is a process flow diagram of one embodiment oi the invention; 
Figure 2 is a process flow diagram for a laboratory melt crystallizer; and 
Figure 3 l$ a process flow diagram for an alternative embodime."l.t of the 
invention. 
One embodiment of the present invention, exemplified by the separation of 

20 methacrylic add from isobutyric acid, is depicted in Figure 1. The process of Figure l is 
preferted when the tatio of c:x,~·unsaturated to saturated carboxylic acids in the first 
product stream, from the catalytic dehydro~nation reactor 1. is less than about 15. The 
first produc:~ stream from the catalytic: dehydrogenation reactor may ccntain up to 
about 40% water. This stream can be fed through line 2 directly into the distillation unit 

25 3 or intermediate steps. such as filtration_ extraction, azeot:opic dis'fillativn, or 
dehydration, may be accomplished prior to feeding into the unit. The distillation unit 3 
c:onfiguratior. is not critical. A high efficiency fractionation column is prefe~. Most 
prefemed is a fractionation column which will. provide 25-70 theoretical plates at a 
reflux ratio of 29·355. Operating parameters also are ·.:\ot critic:a.l. However, in order to 

30 minimize the distillation temperature, low pressures, preferably below 100 nun 
mercury, a:-e 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 ~'"'ld the feed should preferably enter at 
that point where the feed and the steady state column compositions are similar. 

35 Dbtilla.tion results in an overhead stream enriched in iaobutytic acid. The balance of 
the material in the overhead stream is munacrylic add and low boiling materials wbich 

were present~~·~ nrt ~~r'J:~ sr:-m~ ':The overhead stream is recycled back into th~ 
'>·~ • • '· ·::.if l.... . .. - . 
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catalytic dehydrogenation reactor tr.rough line 4, recovering what ~..ll.d ordinarily be 

wasted iscoutyric acid :resulting in an overall yield. inaease and lower costs. Another 

advantage of this procm is that neither the catalytic dehydroger.ation reaction nor the 

fractionation nftd be run under conditions which would result in ma.ximizing the 

S amount of methacrylic acid and minimizing the amount of isobu~c add produced. 

The present :nventlon is efkctive tc reduce losses of isobutyrlc acid in the reactor due to 

side reactions and losses oi methaaylic: add i..., the fractionation colu....-ut due to 

polymerization, again res-..Uti:ng in higher overall yield and lowe: costs because there is 

less waste and, the:efore, lowe: operating costs. This is becat:Se of the r~Jc:ling oi these 

10 materials back to the reactor. 

The distillation unit bottoms stream, whic:h contains at least about 9C'o/o 

preferably at least about 95%, by w~ght methac:ylic: acid, l!P to about 10,.., by weight 

isobutyric: acid, and other ctinor high boili.•g impurities, is .fed. through line 5 into a 

melt crystallizer 6. Although a batch type c:rJStalizer can be used, a semicontinaous 

15 multistage crystallizer ·such as diagrammed in rigure 2 whose ope:ation is described 

below, or si.ctilar tec.~'\ology, is preferred. Distillations may also be conducted in a 

batch manner. However, continuous operation is preferred; continuous operation at 

steady state is most ?referred. In those cases where the distillation urjt is operated 

contir.uously, a means must be provided to accept the distiitaticn unit bottoms stream 

20 when the crystallization u.'lit is operatL"..g in a batc.l\ or semicontinuous mar.r.er. 'This 

may be ac:c:omplished th.rough the use of a holding tank in line 5, a second 
crystalliution unit, or similar means. 

A hclding tank oc sir.lila: mear.s may b'! incorporated. i."\to the mother liquor 

stream from the c:ystail:z~tion unit f ~ding the distillation unit ilirough lines 10 or 11 in 

25 order to provide a c::ntinuous feed to the distillation unit. 

rn some cases, the vapor pressure of the ix,~unsaturated ca:boxylic acid may be 

greater than that of the sat'J.Iated carboxylic acid. In such cases, the d.istillata stream 

from the distillation ur.it is fed to the crvstallization unit while the bottoms stream is , 
recycled 'back into the catalytic de.~ydrogenati.on reactor. Tne separation of acrylic: acid 

30 f:rom propionic add (see Example 10) is such a case. 
Accordingly, in a still .fu..-ther embodiment of the p:e;ent inv'!ntior. there is 

provided a process for preparing acrylic acid of g=eater than 98% by weig.}i.t purlt'/, 

which comprises the steps of: 
a. oxidatively dehydrogenating propionic acid in a reactor to produce a first 

3S product stream com.prising aayllc add and propionic: acid wherein the 

ratio of acrylic acid to propionic acid is greater than abo1.it 0.2; 

b. fractionally distilling the first ptod-.ict s~am in a distilla.tion unit under 

·1 
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conciltions wherei.."l the vapor prmure of acrylic acid is greater than the 
vapor prew.ue of propionic add to produce 

(1) an overhead stream wherein the ratio of acrylic add to propionic 

ac:id is greater than that in the fhst product stream a.."\d 

(2) a bo~oms stream wherein the ratio of acrylic acid to p:opionic acid 

is less than that in the fi.."'St product stream; 

feeding the overhead strea.."n into a crJStallization ur.i.t; 

feeding the bottoxr"5. st:eam _into che reactor; 

melt c..-ysta!lizing the overhead stream in the crr-talllzation \L"lit one or 
more times to produce 

\l) a second product stream COC\pns;.ng greater tha.."'l about 98%, 

preferably greater than about 99.9%, by weight of acrylic acid; and 

(2) one or more mother liquor streams comprising greate: than about 

80% by weight of acrylic acid; and 

feeding the one or more m~ther liquor streams into the dw..illation 

column. 
Preferably, in this still further embodiment or the invention, the first product 

stream is dehydrated prior to fractional d:stillaticn. 

Figure 2 is a flow diagram of a typical melt crystallizer ur~t 6, e.g. useaole with 
20 the embodiments depicted in Figures l and 3. 1ne .fractionation colur.'ln bottoms stream 

is fed through line 21 (equiva!er.t to line 5i1'Figure1 and lines 32 or 39 in rigu.."e 3, 

descn"bed below) i.'"lto the melt crystallize:- collection tank 22 whereupon a circulation 

pump 23 circulates the stream through line 24 to a aystamzation tube 25 back into the 

collection tank. Under typital crystallization conditions, approximately 50-70% by 

2S weight, preferably 60-65% by "Height, of the stream is crystallized on the tube walls. 

T'ne temperat:u:~ of the tube walls is controlled by circulation of chilled or heated heat 

transfer fluid 26 through a jacket 27 around the c:ystallization tube. The desired 

crystallization temperature will 'lar/ with the composition of the stream. For example, 

a mixture of O.So/o by weight isobutyric: acid in metha(j,-ylic ac:id may require a 

30 te?r.perature of 14-15°C for crystallization whe:eas a Ir.ixtute oi 6% may require a 

temperature of 6°C in order to cr1stallize 60% by weignt of the mixture over a period of 

1-1.S hours. After the ~eed has c:rystallized, the mother liquor is removed from the 

system fr.ro~g.h line 28 (eq~ivalent to lin,e 10.in Figure land lh\e 34 in Figure 3) and is 

fed to the fractionation column. From about 5% by weight to about 500/o by weight, 

35 preferably 10-15% by weight, of the crystallized material is thien remelted over a period 

of 1·2 hoc.rs by increasing the temperature of the heat tl"al'\sfer fluid. The remelted 

material (second mother liquor sln!am} is removed from the system and rr.ay also be fed 
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to the fractionation calumn eithe:: sepamtely or combined With the ir.cthc liquor. 
Finall.y1 the crystalline praduc:ti.s recovered;. preieraCly by melt::tg a:td coil!dng in the 
collection tan.le for a second stage recr-JSta.!Jization or removed from th.e system as 
product through 1.i:\e 28 (e<{t.:ivalent to l~e 7 in Pigure land line 33 in Figu:e3). 

S Under the conditions desc:ibed above, the crystallizer o produces two streams. 
The first strea111. is the ii.~ product stream whic:.i. contai..-is gl'eater thar. 95% by weight, 
pure methac::ylic: acid w!Uch is recovered ~ough line 7 (in Pigu:e l). By varying the 
aystallization conditions, for ~ple, the.crystallization anC:. remelt tempe.oratu.i.-es and. 
the feed rate. 3$ well as the nW?tber .Qf recrystallization stages, product pater than 

10 99.990/o by weight methacylic: add. an be obtai..~. The seconc stream is the r.r.al 
mother liquor stream which contair\s greater than about 80% by weight m~~aylic 
acid and up to about 20°1o by weight.isobutyrk acid, as well as other minor, high boiling 
impurities. The mother liquor stream may be combined .,...;th the fi.."'St product stream 

th..'"Ough llne 10 and fed back into the £ractior.ating column as a combined ~ through 
15 line 11. Aite:nately, the ::-.other liquor ~tream and fi:st product stream may be 

separately fed to the fractionation column. Occasionally, the mother liquQt stream may 
require purging through line 9 in order to remove heavy impurities. A major 
advantage in the present process is that the :nelt a:ystallize: dces !'\Ot have to be 
operated ur.der conditions designed to remove t1e rna.·dm~m a::i.our.t of met&'°\aaylic 

20 acid fror:i. the column bottoms stream be<:ause since the st:earr. is :eqc:!eci as the mother 
liquor stream ui.y methac:ylic acid is recovered. 

Ir. those cases when the ratio of cc.~·UI\Satu:ated to sat-..i:ated c:arboxylic acids in 
the first product strear:i. ls great!r than about 15, the aite::i.ative p:~ as diagrammed 
i.."'I. Figure 3 may be used. A-gain, ..:sing methac:rylic acid as an example, in this 

25 embodiment, the first ?•Oduct st:~a..""n is fee! through line 32 ~o the me!t crystallizer 6 to 
give a fL..,al product stream through iine 33 of essentiall:· p..::e methac::ylic acid (greater 
than about 98% by weight methacrylic: ac:id, preferably greater than about 99.99% by 
weight methacrylic acid). The mother liquor from the crystallizer, which contains at 
least about 800/o by weight methacrylic: add, is fed through line 34: into th.e fractionation 

30 column 3. The fractionation column provides an overhead st:eam rich in iscbutyric: 
acid which is fed to the reac~ot' 1 through line 35, and a bottoms stream of a mixture of 
about 95% by weight methacrylic and less than about So/o by weight isobuty:ic adds 
which is either combined with t:h.e first product str~"Il through lh9tes 36 and 37 and fed 
back into the melt aystallizer as a combined feed or fed directly iri.to the melt 

35 crystallizer. As with tr.'ie process of Fig\ire 1, heavy impurities may be reir.oved through 
lines 36 and 38. 
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According to a further embodimer.t of the invention there is ?fQV:..ded a precess 
for prepar..ng acrylic add of greater than about 98% by .,,eight purity. wbich. comprises 
the steps of: 

a. oxidatively dehydrogenating propionic acid in a reactor to pi:~duce a 

S first product stream comprising acrylic add and propionic acid 
wherein the ratio of acrylic to propionic add is greater than about 15; 

b. feeding the fi.-st product stream into a crystallization UA-Ut; 
c. melt c::ystallizing the first prociuct stream in the aystallization unit 

one or more times to produce; 

10 (1) a second product stream comprising greater than about 98%, 

prefe:abty greater than about 99.90/o, by weight of aaylic acid; and 
(2) one or more mother liquor stremr.s comprising greater than about 

80% by weight of the acrylic acid; 
d. feeding the one or more mother liquor st:eams into a distillation Ul'lit; 

15 e. fractionally distilling the one or more mother liquor streams in the 
distillation uilit u.nde: conditions wherein the vapor pressure of acrylic 
acid is greater than the vapor pressure of propionic acid to produce 
(1) an overhead st:eam and 
(2) a bottoms stream; 

20 f. feeding the bottoms stream into the reactor; and 
g. reeding the overhead stream into the melt aystallizer. 
In this further embodiment the first product stream is preie:ably dehydrated 

prior to melt c:ystallization. 
In the variations of:the process, neither the fractionation c:o!um.nnor the melt 

2S crystallizer are separately operated in a mar.ner which would result in the maximum 
separation of methaaylic acid from the product stream in each unit. Rather, each is 
operated in a novel and limited manner such that the combination .,f fractional 
distillation and melt crystallization, with two recycle streams in which the bulk of the 
material is recycled, provides cx,j3-unsaturated carboxylic acids oE high purity (e.g. 

30 greater t.'i.an 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 iil 
the following Examples. Unless otherwise specified, all percentages in the examples are 

35 expressed as percent by weight. 
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WMPqS 
Melt crystallizatiorta are conducted using a laboratory melt o:ystallizer as 

descn'bed in Figure 2. Material balances for the .fractional distillation step are obtained 

from computerized steady-state simulations using the PLOWI'R&'J program 

5 {Monsanto Company) to provide simulations o£ distillation processes. Thjs program is 

descn"bed in: f. D. Seader, W. D. Seider, and A. C. Pauls, ELOY.TRAN Simulatiqtt -An 

Introduction, 21'\d ed. Cambridge: CACHE, 1977. In the simulation, an ideal solution is 

assumed for the liquid activity coefficients. The Chao-Seadel cor:elation is ass\m'.ed for 

liquid fugac:ity and an ideal gas is a&$Umed for the vapor fugadty. L4t addition, the 

10 liquid and vapor fugadties are conected !or organic· acid association in the vapor phase 

by the method described by E. Sebutiani and L Lacquaniti, Chim . .Eng. Sci., l2, 1155 

(1967). 

Example l-Melt Crystallization Purification of Methacrylic Acid Containing 
15 Approximately 0.5"/o Isobutyric: Acid. 

A solution containing 0.49% isobutyric: acid ("iBuA j in glacial methac:ylic acid 

is divided into thirds. The fi?st porlion is fed. to the labotatory melt crystallizer over a 

period of approximately 1 hour during which time the temperature is deaeased from 

14.8°C to 13.S°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 c:ausing 10% of the crystallized material to remelt. The mother 

liquo:r, remelt, and crystallized material are eac:h separately collected and analyzed for 

iBuA content. The second and third portions are treated in the same manner. 

Repres~tative results for first stage crystallizations are in Table 1. T.ne met.loiacrylic acid 

25 ("MAA") purity and the efficiency of the aystalli:zation are determined by monitoring 

the iBuA content in the crystall~ed material 

Feed 

Tablel 
Firs s c tall" t ta2e ~rvs· izati.on 

Mother Liq. Remelt 

No. Wt(.v:)a iBuAb ·1 Wt(9:\ iBuA WtCi:) iBuA 

1 505.8 0.49% 189.0 1.094o/o . 50.1 0.314% 

2 501.1 0.49o/o 193.0 l.OSSo/o 49.0 0.370% 

3 504.0 0.49% 192.l 1.095% 62.8 0.322% 

Total 1511.0 0.49% 574.l 1.075% 161.9 0.334% 

a • Wt(g) •weight in grams 

30 b = iBuA = lsobutyrlc: Acid 

Crystals 

Wt(9:l iBuA• 

260.3 0.074<Wo 

257.5 0.081So/o 

249.2 0.07200/o 

767.0 0.0159% 
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•Based upOn the iBuA content, the~ are approximately 99.93% pure 
MAA. 

T"Ae aystallized porticms from the first 3tage aystallizatio.m are <:ombmed and 

5 approximately one thitd fed to the laboratory melt aysta1lizer and ovc a period of 50 

minutes the temperature is deaeased. from 17.0°C to 16.1°C for a second. stage 
crystallization. Approximately 64% of the feed crystalli%ed. The tempeature is then 

held at 15.1'°C causing 10% of the crystallized mater..al to remelt. Again, the mother 

liquor. remelt and c::ystals are separately .collected and. am.lyzed for iBuA content. 

10 Representative results for second stage crystallizations are in Table 2. 

Wt( iBuA 
53.4 0.0420/o 

a = Wt(g) • weight it\ grams 
15 b = iBuA • Isobutyric: Add 

•Based upon the iBuA content, the crystals are at least 99.99% pure MAA. 

Example z -Melt Crystallization Purification of Me~~.ac::ylic Acid Cor.ta:ning 
Approximately 50/o Isobutyric Acid. 

20 Using the·proc:edu.re of Example 1, a solutior. c:ontalning approximately 5.8% 

i:BuA in MA.A acid is fed into the laboratOt"'/ n-.elt crystallizer and over a period of 

approximately SO mim.:.tes'fue temperature is decreased from 13.5 °C to 8°C. 
Approximately 62% of the feed aystallized. The temperatt:re is increased to 14.0°C 

over approximately 4.7 hours causing 10% of the crystallized material to remelt. Tne 

25 mother liquor, remelt. a.'\d crystallized mate:ial are each separately collected and 

analyzed for isobutyrlc acid con~nt. Representative results of these analyses are in 

Table3. 

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

Table3 

•Based upon the iBuA content, the crystals are at least 99.05% pure MAA. 
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Example 3 - Melt Crystallization Purification of Acrylic Acid Containing Approximately 
0.050/o Propionic Acid. 

Using the procedure of Exampl4! 1~ a solution containing approximately 0.05% 

5 propionic add ("PA'') in ac:cylic add ('.AA j is divided into four fractions. Each fraction 

is fed into the laboratory melt crystallizer over a period of 19-68 minutes at a 
temperature of about lC°C. Approximately 42% of the feed aystallized. Seven to 

twenty-seven percent of the crystallized material is remelted over a period of 4S-232 

minutes. The resulting mother liquor, remelt and crystal fractions a:e separately 

10 combined and analyzed for PA content. Representative results of these crystallizations 

are in Table 4. 
Table4 

Feed Mother tiQuor Remelt Crvstals 
Wt(;l;)a PAb Wt(a) PA Wt(i:) IPA Wt(g) PA 
2600 0.047% 1287 0.07% 168.2 I 0.06% 1140 0.02% 

a = Wt(g) = weight in grams 
15 b =PA= Propionk Acid 

•Based on the PA content, the crystals are at least 99.98% pure AA. 

Comparison Example 1- A fresh feed containing 80o/o MAA and 20% iBuA is fed to a 

melt crystallizer. The final product specification is set to 0.005% iBuA. To meet this 

20 specification, a calculated 4.6 crystallization stages are requirer:!.. However, the final 

mother liquor will contain 70.59% MAA which car.not be recycled. 

For the following Examples 4 - 10 and c:omparioon Example 2, distillation column 
data are simulated with the steady-state process simulator (FLOW!RAN} as described 

2S above. Simulator input specifications for each stream are specified in the examples. 

Melt crystallization (mother liquor, remelt, and aystal 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 

30 mother liquor stream from the melt o:ystallizer. The combined stream is fed to the 

fractionation column. The distillate specification is set at 90% iBuA, the bottoms stream 

·specification is set at O.So/o iBuA, and the final product specification i& set at 0.005% 
iBuA. To meet these specifications, the requited number of stages (theoretical plates) in 

lhe fractionation column can be 45 (with a reflux ratio of 234) to SS (with a reflux ratio 

.... 
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of 101), a.sS\lming an cVerhead pressure cf 30 mm mercury. The required number of 

c:rystallization stages is 2.6. Table 5 details the calculated material balance or either of 
these conditions. 

Component 
I 

Fist.1 Rei."' 

Flow,kg/h 
(pph) ... 

MAAo/o 
iBuA% 

Tables 
Example 4 Material Balance 

Fresh . Mixed 
Feed Recvc:Ie Feed Distillate 

2 10 11 4 
45.36 62.55 107.91 10.08 

(100.00) (137.90) (237.90) (22.n) 

80.00 99.22 91.14 10.00 
20.00 0.78 8.86 90.00 

•Reference to Figure 1 process flow lines 

••pph-= pounds per hour 

Bottoms Product 
5 7 

9i.83 35.28 
<215.68} (77.78} 

99.50 99.995 
0.50 o.oos 

;'.xam.,te 5 ·The specifications in Example S are identicat to those in Example 4 exc:ept 

that the specification for i'BuA in the bottoms stteam is increased to 5.0%. To meet these 

sped.fic:ations, 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. pressw:e of 

15 30 mm mercury. T'.ne required number of crystallization stages is 3.8. Table 6 details 

the calculated material balance for either of these conditions. 

20 

Component 
Fig:. l Ref.• 

Flow,kg/h 
{pph)•• . 

MAA% 

iBuA o/o 

-d~~: a:~ ... ~~· .. 
·····: 

Table6 

Example 5 Material Balance 

Fresh Mixed 
Feed Recvcle Feed Distillate 

2 10 11 4 

45.36 127.63 172.99 10.08 

{100.00). (281.37) (381.37) (22.22) 

80.00 93.62 90.0S 10.00 

20.00 6.38 9.95 90.00 

.. Referenc:e to Figure 1 process flow lines 
itotpph = pounds per hour 

Bottoms Product 

5 7 

162.91 35.28 

I (359.16) (77.78) 

95.0() 99.995 

5.00 o.oos 
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'E.1amplt 6 ·The ~edficaticms in bample 6 are identical to those in :Example 4 except 
that the specii.,caticn for iBuA in the bottoms stream is W:ased to l0.0%. To meet 

these spcdficatioN, the~ number of stages in the fractionaticn column is 25 

(with a reflux :atio of 197} to 3.5 (with a reflux ratio oE 42), assuming art overhead 

5 pressure of 30 mm meri:.iry and the ~""ed ru.u:Wer of aystallizaticn stages is 4.2. 

Table 7 details the calc:-..tlated material balance for either of these conditions. 

Table7 

lD e6 teri nee Exam l Ma al Bala 
rresh Mixed 

Cotn1'onent Feed. Recvcle red Dbtillate 

:Fi~. l Ref.• ., 10 11 4 .. 
Row,kg/h 45.36 I 154.66 200.02 10.08 
Cooh)•• (100.00) ! (340.96) (440.96) (22.22) 

MAAO/o 80.00 87.72. 85.97 10.00 

iBuA o/o 20.00 12.28 14.03 90.00 

10 •Reference to Figure l process flow lines 

••pph = pounds per hour 

Bottoms 
5 

189.95 
(418.iS) 

90.00 
10.~0 

Pteduct 
7 

35.28 
m.18) 

99.995 
0.005 

E:cample 7-The specifications in Example 7 are identical to those in Examples except 

that the fresh feed is set at 60o/o MAA and 40% i'BuA. To meet these specifications, the 

15 required number or 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 c::ystallization stages is 3.8. Table 8 details the calculated 

material balance for eith~r of these conditiot\S. 

20 

Component 

Fist. 1 Ref.• 
Plow, kg/h 
(pph)-

MAAo/o 
iBuA% 

~· '.._; 

·t, -~ """;· 
.. r ... ~ .. 

Table S 
E xampe ateria l7M 'lBala nee 

Fresh Mixed 
Feed Recvcle Feed Distillate 

2 10 11 4 

45.36 91.16 136.52 2.0.16 

(100.00) (200.98) (300.98) (44:.44) 

60.00 93.62 82.45 10.00 

40.00 6.38 ti.SS 90.00 

•Referenc:e to Figure 1 process flow lines 

••pph =pounds per hour 

Bottoms Product 

5 7 

\ 116.37 25.2 
(256.54) (55.56) 

I 95.00 99.995 

I S.00 o.oos 
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Emnple a • The spediiatioN in Example 8 are identical tO these in :Example 7 except 

that the specification for iBuA in the fresh feed is decreased to 10.0%. To meet these 

specifications, the required number of stages in the fncticnation column can be 30 (With 

a relwc ratio of 232) to 40 {with a re.flwc ratio of 79), assuming an overhad pressure of 

5 30 mm mercury. The required number of aystallization stages is 3.8. Table 9 details 

the calculated material balance fer either of these conditions. 

Table9 

Exam 1 8 Material Balan L'P e ce 
Fresh Mixed ! 

Com..,onent Peed R~rcle Feed Distillate I Bottoms Product 

Pi2. 1 Ref.• 2 10 11 4 5 
I 

7 

Flow, kg/h 45.36 145.86 191.22 50.39 186.18 40.32 
(ooh)•• {100.00) (321.57) (421.57) (11.11) (410.46) (88.89) 

MAAo/o 90.00 93.62 92.76 10.00 95.00 99.995 

i'BuA % 10.00 6.38 7.24 90.00 5.00 0.005 

•Reference to FigoJre 1 process flow lines 
10 •'"pph = pounds per hour 

Example 9 - The specifications in Exaople 9 are identical to those of 'E."(ample 7 except 

that the specification for i'BuA in the fresh feed :.S decreased. to 5.0% and the bottoi:r.s 

stream specification for iBuA is decreased to 0.5°/1>. Furthermore, the altemate 

15 procedure of Figu:e 3 is used. To meet t.'°\ese specifications, the required number of 

stages h'\ the fractionation column c:an be 45 (with a reflux ratio of 3.55) to 55 (with a 

reflux ratio of 157), ass~g an O"lerhead pr!SSure of 30 mm mercury. The :equired 

number of crystallization stages is 3.3. Tab le 10 details the calculated material balance 

for either of these conditions. 

20 Table 10 

Coml:)onent 

Fi£. 3 Ref.• 
Flow, kg/h 
Cooh} ... 

MAA% 

i'BuA% 

l 9M "lBl i::xampie atena a ance 
Fresh Mixed 
FHd Bottoms Feed Distillate 

32 37 39 35 

45.36 112.3 I 157.56 2.52 

(100.00) (247.58} (347.58) (S.55) 

95.00 99.50 98.21 10.00 

5.00 I a.so 1.79 I 90.00 

•Referenct to Figure 3 process flow lines 
.. itpph = pounds per hour 

I Mother I 

Uc:iuor Product 
34 33 

114.82 I 42.84 
(253.13) (94.4.S) 

97.54 99.995 

2.46 0.005 
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Rumple U2 ·A ~h feed contammg 80% AA and 20% PA is mixed with the motto.er 
liquor stream from the melt aystallizer. The combined stnam is fed to the 
fractionation column. The distillate specification is set at 9% PA. the bottoms st:eam 

5 speci!icaticn is set at 70% PA and the final p:aduct specification b set: at 0.005% PA. To 
meet these specifications the ~ number of stages in the &actionation column is 
70 with a reflux ratio of '1.9 assuming an overhead pressure of l mm merouy. The 
required .number of crystallization stages is 10.8. Table 11 details the cal..-ulated 
material balance. Jn this case, since the AA is more volatile than PA, the bottoms stream 

10 is recycled to the reactor and the distillate is fed to the aystallizer. 

Tabiell 
Example 10 Matetial Balance 

fresh Mixed I Coml'onent Feed Recvcle Feed Distillate Bottoms 1 Product 
Pi2. t Ref.• 2. 10 11 s 4 .7 
Flow,kg/h 45.36 44.3.41 488.7'7 415.82 12..96 32.4 
(pph) (100.00) (917..54) (1017.54) (1048.98) (28.5'1) (71.43) 

AA% 80.00 90.34 89.38 . 91.00 30.00 99S95 
PA% 20.00 9.66 10.62 9.00 70.00 0.005 

•Referenc:e to Pigure 1 process flow lines 
15 ••pph = pounds per hour 

Co~ariaon 'Example 2 • 6 fresh feed contahiing 800/o MAA and 20% iBuA is f~ to a :·. ·· ·· 
frac:tionation c:olum.."1.. The distillation specification is set to 99% iBuA arid the bottoms ·. 
stream specification is set to 0.005% iBuA. To meet these spec:ilicatior-.s the ealculated 

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. 

T.nese Examples demonstrate that at steady-state, the amou.--it of material which 
is recycled is high compared to the amount of product produced. However, the 
product produced is of high purity. Since the rec:ycled. material is not lost but, rather. is 

25 recovered as either pcod.uc:t or material returned to the dehydrogenation reac:tor. the 
overall combination proce" is unexpectedly e£Sdent. 
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Claims: 

1. A process for preparing an a,P-unsaturated C3-C6 carboxylic add of greater than 
98% by weight purity, which comprises the steps of: 

a. oxidatively dehydtogenating a. saturated C3-Qs carboxylic acid in a reactor to 
produce a first product strtam comprising an a.P.unsaturated C3-C6 
carboxylic add and the saturated carboxylic add wherein the weight: ratio of 
the a.(5-unsaturated. to the saturated carboxylic acid is greater than about 0.2: 

b. &ac:tionally distilling the first product stream in a distillation unit to produce; 
(1) an overhead stream wherein the weight ratio of the a.IS-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 cx.P·unsaturated to the 
saturated c:arboxylic acid is greater than that in the first prod~ct stream; 

c. feeding the overhead stream into the reactor; 
d. feeding th~ bottoms .stream into a aystallization unit; 
e. melt aysta.lllzlng the bottoms stream in the crystallization unit one o:r more 

times to produce 
(1) a second product stream com.prising great!%" than about 98% by 
weight, preferably greater than about 99.9% by weight, of +he a,~ 
unsa~-ated carboxylic add; and 
(2) one or more mother liquor streams comprising greater than about 80°10 
by weight of-the a,~unsaturated carboxylic acid; and 

f. feeding the one or more mother liquor streams into the distillation unit. 

2. A process as claimed in claim l wherein: 
a. the weight ratio of the cx.~-unsaturated to the saturated carboxyllc acid in the 

overhead stream. is less than about 0.5; and 
b. the weight ratio of the a,P.unsatura.l'ed to the saturated carboxylic add in the 

bottoms stream is greater than about 5. 

3. A process as claimed in clalln 2, wherein: 
a. the weight ratio of the a,~unsaturated to the saturated carboxylic acid in the 

overhead stream is less than about 0.1; and 
b. the weight ratio of the CX.~·unsaturated .to the saturated carboxylic add in the 

bottoll'l.s stream is greater than about 9. 
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4. A precess as c:1aimed. in my pieceding cJaimr wherein the step cf melt aystallizmg 
comprises: 

i. aystallizing from about 50% by weight to about 10% by weight of the 
bottoms stream; 

ii. separating the mother liquor stream; 

lii. melting ftcm about 5% by weight to about 50% by weight of the aysta1s to 
produce a second mother liquor stream; 

iv. separating the second mother liquor stream from the remaining aystals; 
v. optionally melting the remaining crystals and repeating steps i-iv, wherein 

melted remaining aystals are used in lieu. of the bottoms stream, a number 
of times suffic:ient to obtain greater than 98% by weight of the a.~-
1.U'ISaturated 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 &actional distillation colUJ:M. 

6. A process as claimed in any preceding claim. wherein the 5.:st product stream is 
d~ydrated prior to fractional distillation. 

7. A process for preparing an u.P-umaturatecl C3 - C6 carboxylic add of greater than 
about 98% by weight puxity, which comprises the steps of: 

a. oxidatively deh"drogeNting a saturated C3-C6 carboxylic acid in a reactor to 
produce a first product stream comprising 11'\ a,j5-unsaturated C'3-C6 
carboxylic acid and the saturated carboxylic add wherein the weight ratio of 
cx.~-unsatw:ated to sa.turated catboxylic: add is greater than about 15; 

b. feeding the first product stream into a aystal.lization unit; 
c. melt crystalliiing 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 a,~unsaturated 
carboxylic add; and 

(2) one or more mother liquor streams comprising greater than about 80% 
by weight of the a.~unsatu.rated carboxylic acid; 

d. feeding the one or more mother liquor streams h\to a cUstillation unit; 
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e. .fractionally diatilling the one or more mother liquor meams in the distillation 
unit under conditiom wherein the vap0r piessure of the a.~·UN•turated C3-
~ carboxylic acid is lesa than the vapor pressu:e of the saturated Ca-C6 
carboxylic acid to produce; ( 
(l) 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 aystallizer. 

8. A process as claimed in claim 7, wherein the step of melt aystallizing comprises: 
i. aystalliz:ing from about 50% by weight to about 700/o by weight of the first 

product stream; 
ii separating the mother liquor stream; 
ill. 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 <:rJStals; 
v. feeding the mother liquor stream and the second mother liquor s~am to the 

fractional distillation column; 
vi. optionally melting the remaining crystals and repeating steps i·v, wherein 

the melted remaining c:rystals are used in lieu of the first product stream., a 
numb« of times sufficient to obtain greater than 98% by weight of the cx.P­
unsaturated carboxylic acid content in the :remaining crystals. 

9. A proc:ess as claimed in c:iaim 8, wherein the mother liquor st:eam and the second 
mother liquor stteam are combined prior to feeding to the fractional distillation 
c:olumn. 

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

11. A proc:ess as daimed in any of claims 7 to 10, wherein the first product stream is 
dehydrated prior to melt crystallization. 
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12. A process as claimed in any preceding claim, wherein the saturated carboxyllc acid 
is selected from pmpionic, butanoic, and isobutyric adds, and is preferably 
isobutyric add. 

13. A process as claimed in any prec:edmg claim, wherein means for holding material 
are incorporated in the lines connecting the distillation unit and the aystallization 

u:Ut. 

14. A process for preparing aaylic acid of greater than 980/o 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 U\d 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 
conditioN wherein the vapor pressure of acrylic: add is greater than the vapor 
pressure of propionic acid to produce · 
(1) an overhead stream wherein the ratio of acrylic add to propionic acid 

is greater than that in the first product stream and 
(2) a bottoms stream wherein the ratio of acrylic acid to propionic ac:id 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 aystallization unit one or more 

times to produce 
(1) a second product stream comprising greater than about 98%, preferably 

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

by weight of acrylic acid; and 
f. 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 mea?1& for holding material 
are incorporated in the lines eonnecting the distillation unit and the aystallization 

unit. 
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17. A process for preparing acrylic acid of greater 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 add and propionic acid wherein 
the ratio of aaylic to propionic: add is greater than about 15; 

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

c. melt: crystallizing the first product stream in the aystalliazation unit one 
or more times to produce; 

(1) a second 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; 

d. feedirig 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 add to produce 
(1) an overhead stream and 
(2) a bottoms stream; 

f. feeding the bottoms stream illto the reactor; and 
g. feeding the overhead stream into the melt aystallizer 

18. A process as claimed i,t\ claim 17, wherein the first product stream .is dehydrated 
prior to melt aystallization. 

19. A process as claimed in claim 17 or claiml8, wherein means for holding material 
are incorporated in the lines coMecting the distillation unit and the crystallization 
unit. -

20. An a.~·unsaturated C3-C6 carboxylic add whenever prepared by a process as 
claimed in any preceding claim. 


