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20 US-A-3174912 describes a process for the removal of water and coloured drganic
impurities from a dilute aqueous formaldehyde mixture by distillation in the presence
of acetone. A mixed stream containing acetone and formaldehyde and a small
amount of water is removed from the top of the column and separated by partial
condensation into a stream containing a relatively small amount of formaldehyde in

25 acetone and a stream containing a larger proportion of formaldehyde in acetone.

it is, however, desirable to avoid the introduction of additional chemical compounds
into a process which requires purified formaldehyde because the additional compound
may need to be removed from the process at a subsequent stage. -

One process in which formaldehyde is used is that for the production of methyl

30 methacrylate by the reaction of methyl propionate with formaldehyde in the presence
of methanol. The use of formaldehyde as a readily avaiiable formalin solution
introduces water into the reaction which may have a deleterious effect on the catalyst



of nmethanol. The use of fornmal dehyde as a readily available formalin

sol ution I ntroduces water into the reaction which may have a
del eterious effect on the catal yst WO 99/ 64387 -
PCF/ GB99/ 017?’0 99/64387 PETIGB99/01724used

and is likely to pronmote the hydrol ysis %eacti-ons of the methyl propionate
reactant and of the nmethyl nethacrylate product. Water is produced as a
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wher ei n sai.d. W%‘éﬁ ﬁ?%@i@ﬁﬁﬂ?%@%ﬁﬂﬁ? E‘z!ﬁt%éh ns substantially tess
wat er than sa de sol u orrpr Si st i sai d
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product from a formaldehyde solutlon compnsmg formaldehyde water and optionally - _
methanol, wherein said formaldehyde-contaimng product contalns substantlally less
20 water than said formalin solution, comprises distilling said formalin solution in the
presence of a water entraining compound.

The water entraining compound is selected such that it is capable of dissolving water,
formaldehyde, methanol and hemiformal compounds formed by the reaction of
formaldehyde with methanol. The water entraining compound is preferably a

25 saturated or unsaturated carboxylic acid or ester or a carbonyl compound which is
substantially unreactive towards formaldehyde under the conditions of the distillation
and also able to entrain the water, preferably by forming a minimum boiling azeotropic
mixture with water Preferably the water entraining compound forms a heterogeneous
minimum boiling azeotrope with water. Suitable compounds include C, - C, alkanoic

30 acids and their lower alkyl, e.g. C, - C;, esters, and ketones having at least 4 carbon

 atoms such as diethyl ketone. Particularly preferred compounds are esters and

methyl propionate and methyl methacrylate have been found to be especially useful in
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2a The water entraining conmpound is selected such that it is capable of
di ssol ving wat er. Fornmal dehyde, nethanol and hem formal conpounds fornmed by
the reaction of fornmal dehyde with nethanol. The water entrainin con;Pound

i s preferabl YWy at ed or unsat ur at ed ,car boxyl.ise: aci d orP&
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wher ei n said fornal dehyde-containing 10 product contains substanti aI ly | ess
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to a second aspect of the invention we rocess t he
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sol ution by rdormaldshyde; sojutipn ]nntae pres of methyl proprionate. Suitable catalysts ars
known in the art and include silica catalysts having alkali metal sites.

The process of this aspect of the invention is beneficial, in that formaldehyde feed is
recovered as a complex with methanol in a methyl propionate rich stream and water is

20 removed from the process substantially free of organics. integration of the process for
producing formaldehyde of the present invention with a methyl methacrylate producing
process as described has the additional advantage that the overall energy
requirement for the combined process may be reduced compared with other
formaldehyde dewatering methads.

25 Although we have found that the process of the present invention Is particularly
suitable to provide a formaldehyde feedstock for subsequent reaction for methyl
methacrylate production, the invention is not limited to the production of formaldehyde
for such a process and may be suitable to produce dewatered formaldehyde for other
applications.

30 The formaldehyde solution is preferably standard formalin which usually contains
water and formaldehyde in approximately equal proportions, usually with a small
quantity of methanol. At least some of the formaldehyde is normally present as



formal dehyde solution in the presence of methyl proprionate. Suitable
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20 azeotrope contains ‘about 14% water (by mass) and the diethyl ketone / water
- azeotrope contalns about 84% diethyl ketone by mass.. Preferably the relative
proportlon of water entrammg compound to formaldehyde in the base of the column is
in the range 5:1 - 20 1 e.g. about 10:1 by mass. However, when the water-entraining

compound is reﬂuxed the amount fed to the column may be adjusted as necessary.

25 The majority of the water is removed as a mixture with the water entraining

compound A stream contalnmg most of the water may be conveniently removed from
" the distillation process asa Ilquld sidestream, e. g. by using a chimney tray or similar

device at an approprlate posmon in the column. A suitable position for withdrawing
such a sidestream may be determined by considering the composition of the liquid

30 phase throughout the column by known methods in the art. Methy! propionate and
water form a heterogeneous azeotrope comprising 92% methyl propionate w/w. This

. azeotropic mixture may be separated in a decanter and the organic phase thus

produced, which comprises mainly methyl propionate may be refluxed into the
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wtth nmethyl propionate, for exanple to enable recircul ated nethanol from
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toget her, 649.fuitheriphitess 'WRESIhS fétalihyié! product from the process of the present

invention is intended to be used as a feedstock together with the water entraining
compound in a further process, e.g. for the production of methyl methacrylate from
formaldehyde and methyl propionate when methyl propionate is used as the
water-entraining compound, then the process of the present invention and the

25 manufacture of methyl proprionate may beneficially be operated in proximity to or
integrated with the further process.

In a preferred arrangement, methyl propionate is produced by a process which
provides a source of methyl propionate mixed with methanol and, optionally, water.
This mixture may be fed to the distillation of the present invention to extract the

30 formaldehyde from a formalin solution. In this way, the separation of the methyl
propionate from the process in which it is produced may be avoided. When the
feedstocks used contain methanol as described, an azeotropic mixture of methyl
propionate and the methanol not complexed with the formaldehyde may be removed
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20 tray which may _r_ep'resent the whole of the liquid flow in the column and phase™
separated in decanter 12. The organic phase is returned to the column below the
chimney tray as stfea_rﬁ 43 whilst fhe équeous phase is passed to column 11 for
further pracessing as stream 41. Column 10 s typicaly operated such that the
majority of the formaldehyde exits the bottom as stream 31 complexed with methanol,
25 free methanol is removed overhead as its azeotrope with methyl propionate as stream
30 whilst water is removed via the sidestream and decanter system.

Column 11 is operated to drive formaldehyde, methanol and methyl proprionate
overhead in stream 42 with some water. This is best achieved at elevated pressures
typically between 3 and 20 bar. The bottoms product is a clean water stream 31 which

30 can either be reused in the process or removed. Stream 42 is shown as being
returned to decanter 12 but it could be returned directly to column 11 or mixed with
stream 22 and hence recirculated to column 10.

L { b i



a second preferred arrangenent, the dewatered fornmal dehyde m xture with

nmet hyl propi onate is used, directly or after an internedi ate

treat ment, vﬁ?{'ﬁk@ met hyl nmet hacryl ate process. Simlarl a et hyI
propi onat e - stream which may 16 be derived fromP&™ BT ¢
produce nethyl propionate, and used in the present I nventi on may also
be used to make nethyl nethacrylate in an integrated process. One
enbodi.nment of igwvention:wi Il now be further deﬁcrl bed, by way of
exanpl e only, wth reference to the acconpanying dravm ng which is a

schemati ¢ pr oCegifmalin consi i 28)5% ?eﬁnal&éﬁyﬂ@'ﬁor?"@ ﬁ’k%h& PR @/ngy%

met hanol and introduced into distillatidn colum

Di stillation URPESWas Mixed wifedethybaippienaje suchjhat methyl rrppipaatesapeseatad sone or

al | of thes$%wmésabftaelmakl ms ab@&%wéeeéist&?a foPQ&/\éF‘am CNinaNRY tray
an additional feed, Lé] ﬂ d which i1 ncludes ano wat er and
met hyl propi SonBEre,pd Wrﬁ%@a%‘(‘%ﬂ en fedlﬁ‘é@'ﬁted‘érqf@éQ Piat%ﬁ)@e@h@vp@umn.pr ocess.

A si destream Mbmﬁg fremaNeBotfim mdwér@am% A 50MIR Y hibiGHhn WY ent
t he whol e of th |df|0W|nthe col um and phase ge areg]ﬁgﬁd&is

decanter 12. T‘H'E’ atehFRoled condenser and 3 degapter. & upefaeiy RieRionsts ‘U% added to

chimey tray athe gbtantsnata rabiof momﬂnemélugahis ﬁéb%&ﬁ»m fheRIREARE vl rémikedm 11
for further el esswsgt as stream 4 I S t%lé)l cally operated

such that the DY %fa%ﬁ@%PaﬁﬁwwN%%%d@a{Vﬁ bottom as stream
31 conpl exed % p%w ‘9 '6‘??5“; ee mnet IS renoved overhead as its
azeot rope v h Pﬂ@? Bloplawsigfad was "sef:?"@ S 1Rne strggm ipkendiom,fhe bpttam of enpved
via the si desttheaolumndnd95%f ¢e watetfediwas recoverdddh g aqliéoissoveRRad keshnt O
drive formald I opriona erhead in stream
42 with some wals edm&%tsggg}g °B’§Eﬁe%c°m‘é9%§ gy w aé‘?’é’\‘/é‘?é%f"‘p‘?feﬁg df¢whereas

typi cal | y bet vibepriginal fiam@in tantainéferntetdehpdisto watatirctheirgtioofdliepn wat er stream
31 which 30 can either be reused in the process or renoved. Stream 42 is
shown as bei ngExample2 et urned to decanter 12 but it could be returned

directly to colum 11 or m xed with stream 22 and hence recircul ated
to col unm 116. Inan example of YWRraig S BrEcess of the invention on a continuous basls

PCT/ GB99/ 01724¢rrraiin soluti st X . 5
Exanpl e 1. Homaty Ra oo a1 ne e85k SR alsin g ang 48% 390 Wes hanol

and 40. 8% wat eMixpg with an amfgpmxfnﬁe@methyt propienate andomethani adseltisginia t hat
met hyl  propi ongidgird ERARIRG [y Inass, 20% methyl propionate, 23% methanol, 35% water and
22% formaldehyde. The mixture was allowed to stand for at least 12 hours to allow
20 the formaldehyde adducts to equilibrate. The mixture was then fed to stage 30
(counting from the bottom stage) of a 100 stage Oldershaw column at a rate of 18 ml
per hour. A second feed containing 86% methyl propionate, 9% methanol, 3% water
and 2% formaldehyde was fed to stage 80 of the column at a rate of 162 mi per hour.
A sidestream containing the total column liquid flow was taken from stage 60 and fed
25 toawater-cooled decanter where it was allowed to phase separate. The organic
phase was retumned to the column as a reflux and the aqueous phase was removed.

After operating the column continuously for 12 hours, the total products collected from
the top and bottom streams from the column were analysed. The top product from the
column was an azeotropic mixture of methanol and methyl propionate. The bottom

30 product from the column contained approx. 0.3% water, 4.75% formaldehyde with the
balance being methyl propionate. Therefore the mass ratio of water to formaidehyde
had been reduced from 1.57 : 1 in the formalin solution to 0.06 : 1 in the bottom



43.5% by mass of the m xture. This was allowed to stand for several hours
so that the 5 mxture equilibrated and was then fed to plate 15 of a 40

pl at ed A dershaw col um, nunbering fromthe bottomupwards, at a rate
of 150m / h. WRe%eS$Turm was equi pped with a water cool®s3TBNEter and
a decanter. Pure nethyl propionate was gdded to the decanter at a rate
of 360m /hr. The organic phase fromthe decanter was refl uxed to the
col um "whil st the a ugaus hase was col |l ected and anal ysed. 10 90% of the
fornaldehydecwgﬂnﬁﬁgu?éﬁsvﬁTed in the streamtaken fromthe bottom of

the colum and 95% of the water fed was recovered in the agueous overhead
stream The bottons stream contai ned formal dehyde: water in-the ratio
of 1:0.076 whereas the original formalin contained forml dehyde to
water in the ratio of 1:1.4. Exanmple 2 15 1In an exanple of operating
the process of the invention on a continuous basis, formalin solution
consi sting of 55% water, 35% fornmal dehyde and 10% net hanol was m xed
with an azeotropic mxture of nethyl propionate and nethanol resulting in a
m xture contai ning, by mass, 20% net hyl propionate, 23% nethanol, 35% water
and 22% f or mal dehyde. The miXxture was allowed to stand for at |east 12
hours to allow 20 the fornmal dehyde adducts to equilibrate. The m xture was
then fed to stage 30 (counting fromthe bottom stage) of a 100 stage
A dershaw colum at a rate of 18 m per hour. A second feed containing
86% net hyl propionate, 9% nmethanol, 3% water and 2% f or mal dehyde was
fed to stage 80 of the colum at a rate of 162 m per hour. A

si destream contai ning the total colum |iquid flow was taken from stage 60 .
and fed 25 to a water-cool ed decanter where it was allowed to_ phase
separate. The organic phase was returned to the colum as a reflux and
t he aqueous phase was renoved. After operating the columm continuously
for 12 hours, the total products collected from the top and bottom )
streans fromthe colum were anal ysed. The top product fromthe col um
was an azeotrepic o xtyre of nethanol and nethyl propionate. The bottom 30
product fromthe colum centained. appr.ox..0.3%water,. 4. /5% T ornmal dehyde

with the - -balance being nethyl propionate. Therefore the nmass ratio of
water to formal dehyde . - - had been reduced from1.57: 1'in the formalin

solution to.0.06:.1 in the bottom. ....: -~ WD 99/ 64387
PCT/ GB99/01724 . . . e 8



col um product stream . 9
W99/ 64387 . PCT/ gh99/ 01724 d ai ns
1. A process for se ar ating a formal dehyde- cant ai ni ng product from a

f or mal dehyde WO 99/64 sol ution conpri sgng O(;lmﬂdehyde

met hanol , wherein said f or mal dehy Wmmﬁuct cont ai ns
tion,
the

subst ant_i ally less water than said

conpri sing di %@H&l ng said formal dehyde sol ut ion in

presence of a r entraining conpound. 2 A process as

et hanol ' at a ol Broota ofherding s RGN R b les 6 aTocenyce

3. A process awlutibmiomapfising foimaidehyde, water endtontheallﬁrmeﬂwndlewaelr@aidjt ion is
pre-m xed Haté%ﬁlgﬂé-&{n@au%@?%%éf Tp8r‘ita.ﬁ§§$b?s&9. ml@?ésg%tetrti‘r%n@a i1 1ation

process such t ornaldehyde
is in the rand@"ﬂﬁ|®h¥dqs®dt@n, comprising dlStl"mg spid farmaidsbpdssegioplintheed in any of

t he precedi nga‘fr ?eln@@ m'ie‘?'eﬂ rélniﬁ nt rai ni ng conpound
conprises a s urate or unsa ura car oxyI ic acid or ester or car bonyl
conpound

: : prace wher the wat er
ent rai ni ng con‘sbﬁ‘rﬂﬁocesgas éa'%eg " @%’Wpaiiwigs %ﬁ'%ﬁ‘?rm%?‘%'ﬁ on ?teo nc?P hyl
met hacryl at e. methanol at a molar Gatio Af pethers $o fesmaltehydedf 0.31- &631. of t he precedi ng
clainms, wherein the ratio of water entrai ning conmpound to

formal dehyde i3 WAAmrodeas as dainteldén claimu2awhesgein ttnetfctrmaldalntgle sblufion is pre-mixed
20: 1 by n'as% wr a qu ntr{y%? me?han@l LAY ﬁt%sdlsﬁatﬁb gl'd@& éu?,tl)l fHAY thB nididr % 1’CI aim

wher ei n alqu| e greater part of the
wat er cont ai nemeilhﬁm!!én ignnaiderremeiehwe rargeuPidor. 9% Wi t hdr awn
fromthe distillation process. 8. A process as clained in any
precedi ng cl aifn Awresass as slaimed(in aneefdhe preredinggiaime herein the water entraining

compound comprises a saturated or unsaturated carboxylic acid or ester or carbonyi
compound.

15 5. A process as claimed in claim 4, wherein the water entraining compound
comprises methyl propionate or methyl methacrylate.

6. A process as claimed in any of the preceding claims, wherein the ratio of water
entraining compound to formaldehyde in the base of the column is in the range 5:1 -
20:1 by mass.

20 7. Aprocess as claimed in any preceding claim, wherein a liquid sidestream
containing the greater part of the water contained in sald formaldehyde solution is
withdrawn from the distillation process.

8. A process as claimed in any preceding claim, wherein said process is integrated
with a further process so that the formaldehyde-containing product is supplied directly
25 to said further process.

9. A process as claimed in claim 8, wherein said further process is a process for the
production of methyl methacrylate.

10. A process for the production of methyl methacrylate by the reaction of
formaldehyde with methyl proprionate in the presence of methanol and of a suitable
30 catalyst, wherein said formaldehyde comprises a formaldehyde-containing product

~ This Sheet Hag Been
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with a further process so that the fornmal dmm,' product IS
supplied directly 25 to said furt mmmmm[ﬂ!’ : 9. A
process as clainmed in claim S8, vvherel n sai d*f ufther ®prac iS a process
for the WO 99/64387 pr oducti on of, thyl nethacryl ate. I/GB99/01724 10,
A process for the production of rret hyl ni hacryl ate by the reaction of

for mal dehyde wi th net hyl propr| onate in the presence of nethanol and of a
sui tabl e 30, cat al wherejp said for hyde co i ses a

f or nal dehyde- 86%4{*&?%91@36% pgldehyde soluiorby m?@sﬁ%ﬂ%a% formaidehyde

T/ GB99/ 01724 solution in the presence of methyl propricnate. 10 pr oduced
froma formal dehyde sol ution by neans of distilling said forml dehyde
solution in the pXfasadehydé cdsmalhyg piodog pradneédfrom an aqubbus frrhaldehgteehyde

D ¢ I
Coh o oy Sk B S A s AR oot AR i L
folr mtal dehydse ¢dombiiehydegoptaimihgqirodubly byidlsﬁliriglsaamgpqaemut fermlz mA@ﬁ?amﬂeggde
sol ution compoun

iAot Ko fhdngY, ~OTP - 1

cont ai ni ng pr aim1l, wherein the water ent rai ni ng

COMPOUNG  COMP, 25t fiBhleeihyfio AR AL AL SRUGR. for i leS! o7 O

car bonyl conmp e con alhirng proadact as ¢l ai med in
claim 12, wheesfrainibgcompaupd compnssaarsaiumtgcgprammm_qamwpylpseqs_ onestendr

pr opI onate or cg;%ll;wlcorgs&jﬁgcr yI ate.

10 13. A formaldehyde contamlng product as clalmed |n claim 12, whereln the water
entraining compound comprises methyi proplonate or methyl methacryiate.
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