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“ Dewatering process The present invention relates to a process for t DEC
renoval of water from sol utions cont alm‘rt“'lﬁmmlm mmumm yde for the production
of fornmal detwyd®ee43spr mal dehyde is a co t hat ipeTRCBMWRIM2ENt | Y
produced and transported in the form of forratited sol uti ons. Formalin
solutions contain typically between 30% and 60% f or mal dehyde) the bal ance

of the solution being nostly water, usually with sonme nethanol present. The

formal dehyde is predom nantly prespaiatingpigBésgxes Wi th water or nethanol
in the formof glycols or hemformals. There are a nunber of nethods

descri bed imhé bﬁesaat .ﬁoéndohtraé@%% 8 pfr@éessh& tHe RarRsval éﬂﬁht@rffrérﬂrsmi}t:gﬁé"yde 10

solutions with the object of producing ry nmononeric formal dehyde stream
For exanpl eC%Ba'ﬂ'”gdgrnZ%@erd@géﬁrtb‘éﬁ@dﬁ'@“%@“ﬂﬁ"&%@ﬁmﬁe of a
- formal dehyde/ wat er| net hanol m xture by distilling in the presence of a

pol yal kyl enEBomnaidehysiadha ichmmadidy niserdichittiat is apoveniently proddeexkanditranspertedp of

t he colurma wat er and net hanaql moved. from the
bot tom of « hane ST SdRsoRlipes FolBeil s B cBRRmBlS dposEinharig

f or mal dehydeoderfermaiaete/eiesthbalced ehirdasciition damghostp Waks! LIy MthsohRam
wth a C - C, aliphatic_al cohol which reacts with the f or na dehyde to form

a heni for naf“em*ﬁ"@hp"@éﬁ"tbgh% fpmpldeRyds is predanainapity o esgﬁaa%mela&%wnﬁy
di ssoci at edwg%g lor bbthdtor A (O ikt é??ﬂ/cfo%réﬁeﬂﬁf'&’rﬂ s CﬂﬁPé’Qr"e'H Rumb

US- A- 3174912 scribes a process for the renova wat er an co?oured
or gani ¢ i rrpmequ@siefspmncundlne patentdidgratine fdrc_ﬂnermiwmhde offoxmaldehyde

i St ! 8 OGRS offroBSah g8ty AoRber, RHEARMBRILALA ndyacet one

and for I'S renove omTt top of the
col um and smplattml4t9ﬁ2;236tdea¢nbeerﬁmamemcamﬂ oOfret iormaldeMafwaienmethanng a

relatively s u of f or mal deh e|n2 acet st

cont ai ni ng g{n% eg%yngﬁ'iﬂ@ tt?%ﬂrng?ncfeo% ‘P%@‘W |%' @r}éatq?r{nque%y%mever
desirabl e toa;ao&mu@lpntdﬂecematrtadtmafom ocbluawlchn‘dlpmalkybheﬁkndaj waerpadinds into a
process which requires purified formald I‘%(rje because the additional
conpound na?“er%ﬁ’lfl?f?rﬁ CW@%\‘?EH“F%BH?W@ CRIWBE at a subsequent stage. One
process in which fornal dehyde is used is that for the production of nethyl
30 net hads y NktA-68)494fedeschbes @ prasessiar rggovpringiosnaldenydetfom apwedusehyde in

the pr esenc?orﬂ{ald%ﬂé‘g%ams‘f B cb'ﬁtﬁctm(g tfw@ (}Eérq%%dfcasc d ali ;ﬂﬁﬂﬁﬁlﬂa}’coﬂé?\hhéﬁ' €

formalin solution introduces water into the reaction Whi y have a
del et er i ous regotewith Hie forpaldabysieyts ﬁomwhemufo@nal which can.be-sepa@t@Eongbe WO

9916d387 P f% %@%&ue%ggﬁﬁgoéﬁgd'b%ck H‘ﬁ%légﬂol@nﬂ%l& dBydrO' ysis

reactions o ionate react ant nmet haayi at e
product WAt epmpengmteduced as a by-product of . the nethacryl ate synt hesi s
reaction and it is therefore desirable to reduce to a ~ ' mninmumthe
anount 0o WAISSA-3174012 sesaribes dytembss fidrathe Inanomot water araheolvdired ordremid eeds so

that the |evel of ter j.n the reactor, | e ossi bl e.
b aceseas | JAPUTES rasn e PO BRI i BY Sl i e RSl ieRe  add
or its methykaestbRe. SmixB@&tr&s dbhtaininy éﬁ&télﬁ!’%iﬁoﬁﬁald@f ¥lonld d smalhe
presence of nethanol, are di sdosed in US- 3535371) US- 4336403, GB- A 1107234

. JP- A- G300 2ReuNt phyates is femoved fremyibe dor aidhe calunin andesparaldbeR@ddl of how
to prepare hRdéReMoRTtS blstlesim ddRtdiniy bdelivelISmaParheuintd fsthitienyd@in t he

naqui red reaction.
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 formaidehyde in the presence
of methanol. The use of formaldehyde as a readily available formalin solution -

introduces water into the reaction which may have a deleterious effect on the catalyst
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US.44 04U, 913 di scl oses the use of water entraining conpounds such asgg

« “Henzene, Wb 4 5@3 r met hylisobutyl ketone, and FR- A-Z409 QZ’H@(@%&S Q%em
use of saturated C4-C6 hydrodcarbons. (3PB- A 1301533 di scl os

al kanol s being C~--C6 ' conpounds but the al kanols are not need as water
entrai ning conpounds. it is therefore an object of the invention to provide

For mal oyt aset e i Eromts B iAol Teaciansalihesmplbytproplonats | nyent i or
Vi ekt 5 o ASPAEARARY (g Pl elfioite phod b allf RrBaGR0 8 4 irdrlet st °" 1

product i onthe mmm#ﬁhﬁmmmwfi&emﬂ@&mﬁ!?tw:ﬁ] war ~ed to
In

the original fornal dehyde-containing solution. Accor I nventi on,

a proces s minimura the amcrugt of walenthatis inpduced indo ﬂ\engarphonrtone Mthdhe feeds

cai o 1 oomtareay e pEARF o e R g il aniommbl. FikeotsaFcr (haw

sai d f or meforitheypteductiontof Abthys eiatidcpyiae, ifivarieh pioplnkaicl 6&%&@@%& is

solution in the presence of a water entraining conpound ~~ - ao03

D E C 2002reacted with mmremm.mnma dnthepresence of anathansl, srecdisciosad mt |s

Copmotinds YSRBSENY! U Sses, BRABGPAVE e it MBI Bl o,

ent r ai ni ngdiedoqsmirdﬂnsemfemadbovato prepanerthe febdanaterials! partidulshyctheboxyl i ¢

acid or_es r a Cﬁ{[ﬁ%ﬁl cog‘goug d which is substantially unreactfvve
towardsmfo P ons of the distillation and al so able
to entrarnthe water, preferably by forming a m ninumboilin aaeotroprc

ture wi US 4840:913diselesesithy nsmf wateé entrining cpmpoppds, SHFl s
erogene@&r@, (fP.EIU{H,JEQJ; atgs ang {oRPPRIA lzhow@remscﬁuestmhﬂeepmvm

t ndude C kanor'c acl ower al e. C, esters,
and ket os e£4-l=®¢3h3rdyod¢arbonst G-B-Aat&ﬂbﬁ?a?adbnbsalbh uae oﬂalkpnyls bl@i!!ﬂﬂeds

Partrcul arI ref coppoun ds_ar te and
met hyl 91"& 'rréi% "f'b‘iﬁr&? { 8 i?@ie}c‘rngﬁ‘%&s&?’?ﬁo“ &, 03DEC
ADZ WD 99I 64387 PCT/ (B991017Z4 certain processes IS great I y preferred

to use a conmpound which is intended to be |ntroduced into a process in
whi ch t he ‘g8 prajan obleat ofdhg inventiondn Provide arprogess fortthe preparation of a

formaldehyde feed product from a formaidehyde-containing solution.

it is a further object of the invention to provide a process for treatment of a
formaldehyde-containing solution to yvield a formaldehyde feed suitable for use ina

15 methyl-methacrylate production process which contains a reduced amount of water
compared to the original formaldehyde-containing solution. '

/ ) According to the invention, a process for separating a formaldehyde-containing
product from a formaldehyde solution comprising formaldehyde, water and methanol,
wherein said formaldehyde-containing product contains substantially less water than
said formaldehyde solution, comprising distilling said formaldehyde solution in the

presence of a water entraining compound.



be, used. One -particularly preferred conpound for use in dewatering B3 DEC 2002
«~formalin solution to 5 produce for2al dehyde suitable for use in a process
to react formal dehyde with nmethyl proprionate in the presence of nethanol

is methyl propi-onate. In.one preferred formsof the-invention we therefore
provi de g%- ‘ - (] iy from a

f or mal demﬁgaglgﬁﬁ@&‘ conpri 2? %&eﬁéﬁﬁﬂgﬁggg&%&b@r&gﬁgﬁg@i onaT‘I y

met hanol formpaidebyde, sastharicd and her compaundsifprhed py thereacliomofai ns

Sai d 1 or el iR kodndf Rketer 8hERInd Amckng B RBERUNA <. “accor di ng
to a secsatdratexborinsaturaied darboxyiic 2uid veestepsl 8 earbohyltoRPBUA® Whidkds Pr oduct i on
of net hyl neqtnkiiaaﬁyr]él ate by the reactiaon of formal dehyde wth nethyl

propr i onSYRs nraagtive fowarss formaldshyde ynder thecondltionsoithedistilgion wher ei n

3Ials'([jl I1;5| %ga gglbg #oger%.i“géme sofﬂtl on ?ngﬁgﬁk‘ggs“éﬁ@g&gku%gh%ﬁgm@ns °
proplri O? - i wlaml i %I“hgi‘mét:ra i .rocessug?mrﬁ!s? ‘if:ls ec g?idt ihga

[ :
ovent ; o Fafi RegonSBh i HehdeS Spliebd Gorbsnes Indudeds oSy aletilc o
conpl ex \aeidd ang thelridver aikpl, 83t YL CP! etafl) 3ng Ketdnids %b{nﬁgm st yehdoni s 20

renmoved fromthe process substanti al | y free of organic I ntegration of the

process siens Farticulady prefersed compoundsane estarsench a net hy |

$

met hacryl ?ﬁﬁ j ;&qﬁﬁ i diti t age

that the "36\3’2‘? g‘?\%?%{/‘areq |mﬂzﬁl@?ﬁ“{%ﬁé&%ﬁgﬁﬁﬁﬁ&%%gg@kgﬁgﬂreduced

conpared with other fornal dehyde dewatering methods. 25 Although we have

mnd that the process of the present invention is particularly suitable to
vide a formal dehyde feedstock for subsequent reaction for nethyl

nmet hacryl ate production, the invention is not limted to the production of

f ormal dehyde for such a process and nmay be suitable to produce dewatered

f ormal dehyde for other applications. 30 The formal dehyde solution is

preferably standard formalin which usually contains water and formal dehyde

i n approximately equal proportions, usually with a snall



quantity of nethanol. At |east sonme of the formaldehyde is normally g9t 2002

©as 0 3 DE C 2002 WO 99/64387 PCT/ GB99101724 4 various water-fornal dehyde

or net hanol - f or mal dehyde adducts. Normally the term "fornmal dehyde" will be

used here tw@9oausg7 to the total formal dehyde, whether preseptT/a899/01984

formal dehyde or in the farmof such adddcts. The conposition of formalin

solutions may vary and the process of the invention nmay be operated for a

variety of different formalin conpositions. It is preferred that the

for mal dehy dgyrigpl ;#btéyges S1ths §redtiy prdfeMddtoiRb faadmhpd@mﬁ%ﬁcﬁ .B@n@ho%blt& bation

process. The nethanol / formalin mxture is preferably allowed

equi | i br at dniseduckdinte ariieeessin whichihedevsteregifaanal 64‘!’%% paeHgt IS '@p@ﬂﬁdetg is

pr onot ed, selay allowing the mxture sufficient tine to equilibrate, or

- by stirring or adj usting the 1 p terrperature of the m xture. Preferably a

» sui tabl e anunt anol_J s used rovid rr t hanol to
For il dehy dg g paroualy grelstied Gplptng i aRRh yoneBring 5 Hrmalhisiufen ' 075

- 1.1:1. The preddueveimaiashyie saitamé eediskiin & peodeds B AfactfofmsldehRieWithmamyihy |

propi onate, for exanple to enable recircul ated nmethanol fromthe

distillati CFTOB"I'OWQ)'W% PERSEDES 8&'@6‘“5?@(&%5’?’“&1‘ pfﬂp&f@é% E‘t@ﬁ rrefemed {pg@d. 15
The anpunt z??fth%'ﬁﬁléﬁtldﬁ%é ﬂ’le’ﬂéfﬁ& BWQQ Qﬁoéé%%rf&déé%ﬂathﬂtao the distillation is
in excess o e anount require orm an azeotropic mxture with the

wat er and poghadeiyide-cantaining pmdanyromaﬁanﬁmld@wdséntutlgo comatisinhe water in

the m xture i

propi onat e | hﬁ?@% é{%&ra 15‘%@1%"% %*M°W '%(?%‘é(rggggfrg%pgﬁ@él it dy%éb}%lnm[ghyl
propi ongpe pmduc&%nmmrrsrsubifaetnar@tlmsl watet thaa rsmdafbenéhmmtﬁronz&mses rope

cont ai ns abqut  14% ter na t he d tone / water azeotrope
cont ai ns ab@ﬁtf""@ﬁ?g oéTﬁV%Ri%et %‘i@ 05'9"' S%reserﬁeeq @%ﬁﬁf’?ﬂ%"% ative
proportion of water entraini con‘Round to formalgeh yde in_the base of the
col umm is i ACENENIHRGesesond as;%g,t qf the Inyention, e Pieyide BPropess for tRfever, when

the wat er - efofaktith M nfIR Snetfadrilatedly tHY eshctibR @f mu%hw@lwmmtem col um
tray be adjusted as necessary. 25 The mpjority of the water is renmoved as a

m xt ure wi t BropARNatRinethe dfeseaca chgetharplansof %%?P@a‘iﬁ@bﬁt‘&'i‘ﬂﬁ'ﬁéaﬁost of the
wat er % ﬁrﬁeue)é@@qutpwwcea%ﬁﬂa fdrﬂ&d%ﬁ?d&k&&ﬁdn'@}h@ﬁné’éﬂﬁﬁﬁﬁg%ﬁlda liquid
sidestr using a chimey tray or simlar device at

appropri at efopnaidehxde satutiondn el mrnﬂenqe\ of mathyl Ipsonsiosate. o Buitabie oatalysis awi ng

h id f th
i o 30 RSB PPB AR R SRR bl Egv'mﬁgkg?ﬂ* S EThe arc. ethyl

i t d wat 92%, et hyl
P o onat & IS pRRL ol BReR %ﬁ"@m "é"’*ia L0 i el B I oo
t he gr gan:c f:rq@bgaed tal las%qmﬁmdgwgnl meaEVmémhmgnpthygg?gTat?d %cwm;tebmgirgrlw%zugat e
e re uxe | 0 e .\
Qrotin ] o ofbrveadio Infrprocess yRsEpfaIb dres, SRy Tiroien GRS AREESIE. be
further tregiRdcihg f@mwemde @F el Présdnt Mvehidr witth s ehath@lthathadryiglegveduihg

pressure, to give an aqueous streamwhich is |ar elg free of nethanol,
f or mal dehyderoa?ﬁas aefesaribed Has ieaqditiongbady@ptagedhat the el eneg¥ond
distillati Oﬁdéﬂbﬁeﬁ%r% ¢ ﬁé@ﬁ’roé@&kmhﬁ’ be rédleBRoMpafdd With Sthet O t he
decanter or to t formal dehyde solution” pre-treatnment, if present. Mst of
t he for mal dédinaidenyde dk\eateaeg medwdsom product as a m xture with the water
entrai ning conpound. This mxture nay be used directly if required for a
further yeadithough wemvetfomdtﬂhatdmmpma@hsofathe prasedt inggrtidnds particyarlyi n t he
synt hesi s of f = m xture
cont ai ns sul%g'%w%a‘fr?jg'd sfgﬁ%vé ? ﬁ%en&ﬁ‘;k f?éﬁ@gﬁﬁ@%@%&&@@b%r%ﬁ ed to the
process. Fometsomyate, producﬂ:ohytpemadenpmmrsemﬂ; limited tadihegprodudtibe of fovrealtieélodeusi ng
met hyl propi.onate as the ter entr. a . formalin sql uti ta'ning

f or nal dehydéora?l'ﬁﬁ\ﬁaqrg?eséta WB‘EF”'M @%Pd%%pétegﬁtﬁf&f’wai&fyﬁ%f} ﬁh?ﬂuce a
dewat er ed f @ppRdsfighy de stream containing formal dehyde and water at a 15

wei ght ratio of about 10:1.

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



The process of the present invention is preferably carried out in 83cREG 2002
- way that the purified formal dehyde product may be used in a further process
for which it is required. Preferably the process of the present invention

i s integratveolomédskr such a further process so that the purifirs/épswmtdehyde
product is supplied directly to that 2p HBurther process. Wen the

f or mal dehyde product fromthe process of the present invention is intended
to be used as a feedstock together with the water entraining conpound in a
;urt hle(r]I ErgoeﬁmS Watgr.r-]folfmaldbhmqoorodattmﬁhmfomharllmlﬂyusfbdmmaﬂbyhatﬂhﬁmm ]

or mal dehy and  net Jropi onat e n met ropjonate i.s used as the
wat er - ent r a?fﬁfrﬂédﬁw)ém@?e 8 R0 B“?%"ctgg'%e @al?q{g%heggéq“wqq{w,ﬂr%ﬁpt and
the 25 manubagbiGmliddmle vt iftheREinPBrdRNRYUAENThd 6bAbbsitidtEofdBRh@ihed i n
proximty to or integrated with the further process. In a preferred

ar r angenent solutionsmayvaiyianddhe praceps otithedavepliommay be @peraigd foif aprasietydds a

sour ce of thyl prapi. 1.xed with nethanol and) optionally, water.
This m xt%rg'fﬁévtgﬁgﬁggg%%f)g&éé%'sti | lati on of the present invention to
extract the 30 faqrnma| dehyde fr a formalin solution, In thi t he
separation &SP erﬁ%{ ﬁ‘ﬂ %ﬁSBW%H]%W@efSP PI"?eprﬁ‘r'B'é%‘g‘é”ﬂ'i' me\?@ﬁﬁbg@'\@ the

produced nmayighfatRnPréests. NhemndtAand| ¢ estriafs kixtiieas pepsthBly RlIBREN &0l as
descri bed, an azeotropic m xture of net hfyl propi onate and the net hanol not
ri@

conpl exed wiegHilipriate $oehfarmalier ohmethsrol-ferrideyde @ddugh speeies ifopromotest/ 64387
PCTI GB99/ 01 t : : halthlehaiit : m may
be recycl edéc?# 'b?eaﬁr%‘egg tl{?&;nﬁs)?grre%uéﬁ é(f)\fntg JFtéﬁgﬂlb%Fééggggmwgﬁﬁt%ﬁ@smﬂhe

f or mal defyy déemnperaturé of iheduistise.oPraferablyraysuitableramaunt oft reathadokis used teact ed

wi th nmethyl propi : | hyl .. C then

t he process pg?v?cf%%ﬁ%ﬁagg %ofﬁ%@%ﬂ ?’otﬁ#&sq%gésj%gg:ggr?; ')ébsni\;g'h?%ré%#egéﬁ% |Ot: ularly
ijf useg ijn gcmji,wsupﬁbieny WBt-m.MnHtHgyhetpfamﬂinmagaieeprpvid@wnithgfqnﬂooesmiﬂme g
escri bed abqgye. Thus, in_ a secon referred arr ement, the dewatere

for ml dohy e N o bRA R BE SRPB P SRV e Bt Teinpack ey 81 af ¢ or an

i nt er nedi at &idtingtinGtTfom BN assisdiated PRidays onpriobesy stépfotbepliseriess. Sinmilarly) a
nmet hyl propionate - nethanol stream which may 10 be derived froma process

to produge nmelbrhouit OPivRRGH éhtraiiify ESRolrd ihfEdUREE iRdithe di¥MIBLGP IS ifRXcdsSO be
used to nmake nmethyl nethacrylate in an integrated process. One enbodi nent

of the i nverfitsnaWPYNt rAGMTagLOMRI AR AZRRIEINIG Thixtiire With Hag water 8Ra REpierash! v,
with refer erbg{(;ormu BWW\%G%EPWéﬂ%OQH%QQﬁM'if el lﬁix@g?] %hﬁ@&t\}d?atﬁé fHafss

di agram 15 mal In solution s mxed wth nethanol I ntroduced Into
di still ati orthe fdrovaidebpderadduntsl Biethybproplanatet fotms amazeotopicroixtute with veiemey

tray facilit Lt ol (=101 i ve
feed 22. Abovér¥ ?ﬁ}ggc |Am%&@?&fqgnr%gﬁ?tglﬁop\%#'f@? , e@&!’ ’%F{shgggknétgg S%Pé\?mi ch
i ncl udesagretdzantvbpe verttains andutnBt?h ywatgrr(by imasa) andithe diethyhketone é wadken deri ved

o BB B8 e ARBLCIREH SRR e b T Bl BB SRS 20
Ehiase tSﬁpal’ ﬁjrepbr'tm? demremttrhminq Izmnmtgfein?cf?rp’fmh ydesinrthg ﬁasedf the :.tollwnng'rs;lt um
el ow t he chi me r a rea S e, ,aqueous se 1.s ssed to
ool o 15 1 op e B 20 dce Sngbad 1 elireid “HEHRGR G e iR BaAgng
operat ed sucdbnigtindlidiefiiRé®thé drbint fee b ﬂ’fdﬁdltﬂﬁﬁwﬁ? beXidiustédgs hetdsearyas
stream 31 conpl exed with nethanol, 25 free nethanol is renoved overhead as

i ts azeob L OphaVnkfbrifEdfihe watdiid RIMER AR $EHAFEWIR N ivkaibr dFRings renmoved
via the Stdestream and decanter system Colum 11 is operated to drive

f or mal dehydeSompaungnd} stegaim ﬁemtnwnqom@ﬁrqumwetebmw ipe £envenienthagmayed fioth
sone water. | Sepib S i At r ; i I en 3
o020 bar | PRGRATRbed R Rilid SiokhEudth o HVRTY FEnirf By 2y ot shiileh®

ei ther be redevizk atrantdpproprate pesition inghe eeldmnStA suitablé2asiiop Hovwithkdrawiggng

mxod i th sTRERTS R e e diringTal ol @rpglilch e Td - ©f

30 phase throughout the column by known methods in the art. Methyl propionate and

o)

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 methy! propionate may be refiuxed into the



O 3 DED 2~ WD 99164387 7 PCT/ GB99/ 01724 ~xanole 1 Formalin consisti ng(J %TDEC 202
© 28.5% f ormal dehyde, 30. 7% net hanol and 40. 8% water by mass was m xed with

met hyl propionate such that nethyl propionate represented 43.5% by mass of

t he m xt urwoO 9pred3s7was al l owed to stand for several hours soPCH&BIVEIE2H

m xture equilibrated and was then fed t® plate 15 of a 40 plated O dershaw
col um, nunbering fromthe bottom upwards, at a rate of 150nil/h. The col um
was equi pped with a water cool ed condenser and a decanter. Pure nethyl

pr opi onat e digtflatisioedcéss. tThe aleeons piiasetpraduceddront thd@@ohntbr may e fortrgani C

phase fromthe decanter s, refluxed o the colum whil st the agueous phase
was col | ectt@i’t%{ﬂﬁ %??599@3%?‘"%@"9’@30 Qf?*eﬂ'ﬁté‘y pheIRAeRPRPaRHTE e ¥R ecovered i n

the streamdqksiks &frcdi WARNIOIEFGEN Rbe bhendtRanBIModiieiyde ahd Wignyrat er fed was

recovered in the aqueous overhead stream The bottons stream contai ned
f or mal dehy deopinaater Tha ovaepds fromdhe seeprgzbstiiatiancunit candegerylethibadkde mal i n

cont al peg ftﬁé TR EANAR o%?cg ﬁ@toeercallltg{ biR tﬁé‘rfarﬂ‘naﬂfepgldelsﬁutio%u}réﬂre%pngrﬁ%rp | e of
operating the process o € I nventron on a contfnuous SI's, tormalin
sol uti on cqmweseriti ng of 55% wat er, 35% f or mal dehyde and 10% net hanol was

m xed with an azeotropic m xture of nethyl propionate and net hanol

resul ting iMost dtithe feFrRal@@Rjddl i taken de)a Bidtiw) prdtetaRtd wixture alhana viater2 3%
net hanol , 35% water and 22% f or mal dehyde. The m xture was all owed to stand

for at | easNirEINIRGEREPQURdy) THEMBGIE RAY R WeRdriteptiei eaguired foraduBlien | i brat e.
The m xturgqg ntiH%anl%btﬁ CombadiRisHe h@@%%&&gﬁ@%&%ﬁ%%fﬁéﬂﬁé of a

100 stage A dershaw colum at a rate of ' hour. "A second fe€e
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produce a dewatered formaldehyde stream containing formaldehyde and water at a

15 weight ratio of about 10:1.

The process of the present invention is preferably carried out in such a way that the
purified formaldehyde product may be used in a further process for which it is
required. Preferably the process of the present invention is integrated with such a
further process so that the purified formaidehyde product is supplied directly to that

20 further process. When the formaldehyde 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 methy! 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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1, wherein the water entraining conpound is selec froma group
consi sting 8fOPPNSiR 'ﬁﬂ@?@dﬂ'ES’P“XJﬁ@%ffﬁira@tiétﬁr@%'ﬂﬁﬁﬁﬁt@e%I"dSUCBﬁ' 'E%tf‘hé'r and a

car bonyl  compmifiiate process. Similarly, a methyl propionate - methanol stream, which may
10 be derived from a process to produce methyl propionate, and used in the present

invention may also be used to make methyl methacrylate in an integrated process.

One embodiment of the invention will now be further described, by way of example
only, with reference to the accompanying drawing which is a schematic process
diagram.

15 Formalin solution is mixed with methano! and introduced into distiliation column 10 as
feed 22. Distillation unit 10 includes a chimney tray facility to withdraw some or all of
the liquid at a location above feed 22. Above the chimney tray an additional feed, 21,
is admitted which includes methanol, water and methyl propionate which may have
been derived from a previous process. A sidestream, 40, is removed at the chimney

20 tray which may represent 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 stream 43 whilst the aqueous phase is passed to column 11 for
further processing as stream 41. Column 10 is typically 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.



9. A process as clained in claim3, wherein the water entraining con&%@&c 2R
I's nmethyl propionate or nethyl nethacrylate. 5. A process as clained in
claim1l1, wherein the ratio of water entraining conpound to formal dehyde in

t he base owdm4sgrl uim is in the range 5:1 ~ 20:1 by nass. BcTAHINOLRS$S as
clainmed in claiml1, wherein a liquid sidestreamcontaining the greater part

of the water contained in said fornal dehyde solution is withdrawn fromthe
disti-llation process. 7. A process as clainmed in claim1, wherein said

process is Exingfg ated with a further process so that the

f or mal dehydecont ai ni ng product is supplied directly to said further

process. 8. : i l>ai ' ' , o]){:lﬁ@ ' ' r rocess
is a proces[:s&?%pﬁtg ﬁ?ﬁsﬁﬁgéﬁg{g iﬂﬁ%é?aw%bsﬁdﬁm%/t aCFﬁnglta;@&b'géP\&_%MNT SHEET
0 3 D E C 2vass was gixed withomethy! propiohaie rsuidh that olefhyrpropionate reipreseated f urt her
process is fQr 0 ' f | crylate, 9.
process forﬁ'%cb&ﬁﬁ%%sc&i%%p@*ﬁ%éﬁ ﬁﬁ"’a%"ﬁ\ggﬁ# %%@ E&?ts?ﬁ%a%éoaﬁéglsgﬁwa& ®
- f or mal dely deixwiré Bquitbriatdd andowastiehded 1o didte 15raf a100#ateldl O1BdrsAa0 colans, of a

sui tabl e catal yst, wherein said formal deh [

] de c rises a .
f or mal dehy JBRRRERNG; o EheRaltom pPyaras#t 842 Q%f’ﬁ'%}bfr GRIHDR&aSKAUPPER by

means of digitd & Wald oBled doPtiBRded ARy desamtet. iPdiRe Bty SroBloR8R\Ss Sdddbhy! -
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cont ai ni ng pro t as clainmed.in.claim1l1l wherein the ter_entraining

conpound is{)rP'ﬁs'E’j ms Sream gﬂgtpg\eg)gorﬁghc{%;y&m%{g@pwea@gp 0\0’8"&&9@&&% SHEET
0 a ~ E ¢ 2(QrigihalfarmAlinedritaided forpbRBRAYE foGtaterinand REE oftiack for a process
conprising separating a fornmal dehyde-contai ni ng product froma fornmal dehyde

solution co Sk f or mal dehyde, water and net hanol, wherein said
f or mal dehyde-contal ni ng product contains substantially |ess water than said

™) S92 bty SAGBAT iecest h y SARERMR, L
conpound anf¢realirdsdlatioresansisfide Of:ﬁio aiatagrngS Yrformaldehyde and 18%bmethanolfwashe
feed stock fQlaqWiifh SRhsbdifopfffkiure of methyl propionate and methanol resulting in a
mixture containing, by mass, 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 to a water-cooled decanter where it was allowed to phase separate. The organic

phase was returned 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 mefhyl propionate. Therefore the mass ratio of water to formaldehyde

had been reduced_ from 1.57 : 1 in the formalin solution to 0.06 : 1 in the bottom



14. A process as clained in claim13, wherein said formal dehyde sol uOBREC 202
contains nethanol at a nmolar ratio of nethanol to formal dehyde of 0.3 --
1.5:1. 15. A pxvcess as clainmed in claim13 or 14, wherein the fornal dehyde
sol ution iwawomasgrxed with a quantity of methanol before thecqicHobbiali on
process such that the nolar ratio of nethanol to fornmal dehyde is in the
range 0.3 - 1.5:1. 16. A process as clained in claim13, 14 or 15, wherein
the water entraining conpound is selected froma group consisting of a
saturat ed Qplupisprbllidiskdagar boxylic acid, an ester and a carbonyl conmpound.
17. A process as clainmed in claim 16, V\/ner ein the water entraining conpound
is methyl propionate or nethyl nethacrylate. 18. A process as clained in
any preced~.ng claim wherein the ratio of water entraining conpound to
formal dehyde in the base of the colum is in the range 5:1 ~ 20:1 by nass.
19. A process as clainmed in any preceding claim wherein a liquid
sidestream containing the greater part of the water contained in said

f ormal dehyde solution is withdrawn fromthe dist~.llation process. .
REPLACEMENT SHEET ~2 0 3 DEC 2U02 20. A process as clained in any preceding
claim wherein said process i$ integrated with a further process so that

t he formal dehyde-contai ning product is supplied directly to said further
process. 21. A process as clainmed in claim20, wherein said further
pxocess is a pracess for the production of nethyl nmethacryZate.
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) -1 #10%dtdntially less water than said formaldehyde solution,

comprising distilling said formaldehyde solution in the presence of
a water entraining compound such that the formaldehyde containing

product is recovered as a complex with methanol.

2. A process as claimed in claim 1, wherein the formaldehyde
solution is pre-mixed with a quantity of methanol before the
distillation process such that the molar ratio of methanol to
formaldehyde is in the range 0.3 - 1.5:1.

3. A process as claimed in claim 1, wherein the water entraining
compound is selected from a group consisting of a saturated or
unsaturated carboxylic acid, an ester and a carbonyl compound.

4. A process as claimed in claim 3, wherein the water entraining
compound is methyl propionate or methyl methacrylate.

5. A process as claimed in claim 1, 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.

6. A process as claimed in claim 1, wherein a liquid sidestream
containing the greater part of the water contained in said
formaldehyde sclution is withdrawn from the distillation process.

7. A process as claimed in claim 1, wherein said process is
integrated with a further process so that the formaldehyde-
containing product is supplied directly to said further process.

8. A process as claimed in claim 7, wherein said further process is
a process for the production of methyl methacrylate.
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10. A formaldehyde containing product produced from an aqueous
formaldehyde solution feedstock which contains a greater
concentration of water than said formaldehyde containing product,
by distilling saild aqueous formaldehyde solution with a water
entraining compound.

11, A formaldehyde containing product as claimed in claim 10,
wherein the water entraining compound is selected from a group
consisting of a saturated or unsaturated carboxylic acid, an ester
and a carbonyl compound.

12. A formaldehyde containing product as claimed in claim 11,
wherein the water entraining compound is methyl propionate or
methyl methacrylate,
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105 105 13. A method of preparation of a feed stock for a process comprising

separating a formaldehyde-containing product from a formaldehyde
solution comprising formaldehyde, water and methanol, wherein said
formaldehyde-containing product contains substantially less water
than said formaldehyde solution, comprising distilling said
formaldehyde solution in the presence of a water entraining
compound, wherein said water entraining compound and said
formaldehyde containing product form the basis of the feed stock
for the said process.

14, A process as claimed in c¢laim 13, wherein said formaldehyde
solution contains methanol at a molar ratio of methanol to
formaldehyde of 0.3 - 1.5:1,

15, A process as claimed in claim 13 or 14, wherein the formaldehyde
solution is pre-mixed with a quantity of methanol before the
distillation process such that the molar ratio of methanol to
formaldehyde is in the range 0.3 - 1.5:1,

16. A process as claimed in claim 13, 14 or 15, wherein the water
entraining compound is selected from a group consisting of a
saturated or unsaturated carboxylic acid, an ester and a carbonyl

compound.

17. A process as claimed in claim 16, wherein the water entraining
compound is methyl propionate ¢r methyl methacrylate.

18. A process as claimed in any preceding claim, 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.

19. A process as claimed in any preceding claim, wherein a liquid
sidestream containing the greater part of the water contained in
said formaldehyde solution is withdrawn from the distillation
process,
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is a process for the production of methyl methacrylate.



