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because of the 15 hardness they inpaft to the products in which they are
used. Thayemt 96%emihance chemical stability and light stability, as well as
ultraviolet radiation resistance, when used in certain products. Therefore,
MAA and net hacryl avietheatid Sacd e(OLAARN) used rhemhzanphtbcasthxonsmf}eqasi rrhélylr esi ns

of excellent transparency, strength, and outdoor dura it The MAA and
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t hat botuseprtbelmestss cemmoh degsisiodki fedithapredusionehMesh Iapd mvshasexiele eserehani del y
used Al I%/AA and net hacryl ate esters has several

di sadvan ngé%?&f &arpor}fg& LQ‘% ﬁl s nmet hod produces | arge anpbunts of waste
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|ncreases production costs. Another disadvantage is .that the final crude
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unaddressed need to produce substanti al | y pure MAA from ACH, which has 5%
or less inpurities economcally and efficiently. The present invention

solves the problens inherent in the prior art by providing
produci ng MAA and nethacryl ate esters using integrated procqgm m m‘mm“\
i ncluding integrated hydrolysis trains, integrated cracking or a

conbi nation 25 thereof. In one of the embodi ments of the present’ ?‘W@entl on,
addi ti onal aspects of t he MAA process and the rret hacryl ate ester process
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3 esters thereof, the process conprising: (i) continuously feeding a first
raw materi al conprising acetone cyanohydrin and a second raw materi al
conprising sulfuric acid, oleumor mxtures thereof into a first hydrolysis
system 5 (ii) continuously feeding a third raw material conprising acetone
cyanohydrin and a fourth raw material conprising sulfuric acid, ol eum or

m xtures thereof into a second hydrol ygis system (iii) continuously

hydrol yzing said first raw material and said second raw material in said
first hydrolysis systemto forma first hydrolysis product conprising oc to
sul f at oi sobut yram de and a- hydroxyi sobutyram de;' . (iv) continuously

hydr ol yzi ihg s&gtrde pRoduelion@guipaiel limk, @agxﬁs@hﬂam érbting QXYL efhbRYed 1 &l d
second hydrolysis systemto forma second hydrolysis product conprising a
sul f at oi SBBRIGSUEHPEAinghd Thubyde orparale BuedrcHAR @& caghy ForeRawnH asiis| iy Hghedi ng
said firs I I S5O al f | 4 t a
cracki ng (t's'%/egr%{ glﬁj%ilt\giC)iplgag’na?l?%{lj%ﬁgblgg}ﬁg% g%islercl%)&s%{%gtfl)?lrt%t? ! %fﬁ?gf{/dg%g&l pnre%é(i:l)uct
and sai d feagnotekysthatiyishssyrabBucdps betwsai thedMAakind gnslystdare eaedf mbdncaon
cracki ng pr.oduct conprisji.n netpacrylanide;wévii) continuously feeding a
first borFHBhAGFOBANA] 8T dRKPREFIPFOUACIOMARGINES B4 R U AT ORBRIRHT on
reactor, while contypleus! e Wa8D, NEd3A B GRIIbIFPrdRBind MAAI £hd GhagdttyIfle
product and an al cohol to an ester formation reactor; (viii) continuously
reacti ng estarslhdsi ses¢rapdisadvariages. Fai tsencee Kiinygeihrd grasiticesiargs andumaéwaster sai d
acid formation reactor to.form.an acid for ,.on product .conpri sing..

et hacr yl Teg 28 258 Somaniued i R 36 GeaBe Rt IR oL R Fo EpdRig? sai
cracki ng @sedutdotan dissdadtagt G0 thd AnARnAS MEAATPREdERE dtfam @AGiMIastnuch@s M an
ester formation product conprising an ester of nethacrylic acid; with the

provi &b t hifb ungdgsiralie dmpurificsi sygh 8y Weemagdispicids agytigeridricigne mgthaskilampide
reactors, (I\;IRM), and o-hydroxyisobutyric acid (HIBA), which are problematic in downstream
processes. These undesirable by-products form in the hydrolysis, cracking, and/or reacting
steps of the process and may cause the formation of intractable polymer solids in down-
stream equipment, resulting in equipment fouling, additional downtime and associated
15 cleanup costs. Heretofore known methods have not been able to remove these impurities
from the crude MAA stream efficiently and effectively to produce desirable substantially pure
MAA.

Thus, there is an unaddressed need for a method for producing MAA and

methacrylate esters using integrated processing steps so that both processes reach maximum
20 economical efficiency. There is also an unaddressed need to produce substantially pure MAA
from ACH, which has 5% or less impurities economically and efficiently.

The present invention solves the problems inherent in the prior art by
providing methods for producing MAA and methacrylate esters using integrated processing
steps, including integrated hydrolysis trains, integrated cracking trains, or a combination

25  thereof. In one of the embodiments of the present invention, additional aspects of the MAA
process and the methacrylate ester process are integrated as well.

Another object of the invention is to provide methods and apparatus for
producing substantially pure MAA that has 5% or less impurities from a crude methacrylic
acid stream.

30 Thus, provided herein is a process for the preparation of methacrylic acid and



parallel, then a first portion of a cracking product fromeach of said
cracking reactors and 30 water is continuously fed to said acid formation
“reactor and a second portion of a cracking 4 product from each of said
cracking reactors and an al cohol is continuously fed to said ester
.formation reactor. Al so provided herein is a process for the preparation of
met hacrylic acid and esters thereof, th8 process conprising: 5 (i)
continuously feeding a first raw material conprising acetone cyanohydrin
and a second raw material conprising oleuminto a hydrolysis system (ii)
continuously hydrolyzing said first raw material and said second raw

mat eri al i ¢stegdihdrebf dieqiryssscaygisem to form a hydrolysis product conpri si ng
ccsulfat0|sobutyran1de and a- hydr oxyi sobut yr am de; glll ByﬁnUOUS|

feeding a first@psritingprser fegding anfig B‘I“S/@ia%e”ﬁlr ?ﬂﬂ‘éﬁfts”‘tcoac fop¢ F}é*’tno BN

system while contdguPusl ynh&afod ﬁsxﬁgewﬁﬂxc%f& RO br %ktqrewﬁe’réﬁfwﬁéosa
product to a second cracking syste?n continuously cracking said first

portion of said hfidtbydrslysis pystfuict |n sal d f| rst crackl ng systemto forma
first cracking product c I,.Si N t hacr continu

cracki g said s(élif)?{ﬁmﬁ‘&‘f n%ﬁdlﬁig aqﬁﬁ r"ﬁ‘ﬁ/&?% %m?ﬂsb% th °nﬁ C%%ﬁogycg ‘Uﬁida
cracking system t uk@rawama@aANEhneirAfis SUupPE QﬂqubleﬁﬂiW mPlti@s thereof into a

met hacryl am de; (vi) continuously feeding said first cracking product and

water to an acid PSPABEYAAYFESSIESE; 20 (vii) continuously feeding said
second cracki ng @lcggtlﬂﬁltou ?%6@88 3’? %%Qﬁ’i' %rtstcrragac’}ﬁ&%tiﬁran&g&ﬁf&éo‘ﬁ rﬁﬁ%datté}fatl in

(viii) continuo y reac doFirs I'ng produc sai

said acid formati edid fR&Chyiroll€ls fspseman f@ehda ffiost NBidtadysip prdueat cdr@pmmgsung
met hacrylic acid; (ix) continuously reacting said second cracking product
and sald al cohol pufatisaueysareide sl E-hydraryienPulysaRiger to form an ester

formation pr Odu(?\%) chrgtrgélr OC% ﬂgdr§§z§1§tsgld tRer ga% pﬁﬁa@ﬁ ol saafdn%urtﬁ‘qulv tr}la(?prglll lxry

provi ded her ei preparation o acrylic aci

esters thereof, tkedpcos@EFdr69EIEYsHME form detondiipidlysimopialyct tergtisify &-
first raw material conprising acetone cyanohydrin and a second raw materi al

conpri si ng sul f ur pufagpisautysineiderpist c-hydrokiyisabuiyanidsf i nto a hydrol ysis

system (v) continuously feeding said first hydrolysis product and said second hydrolysis

15 product to a cracking system;

(vi) continuously cracking said first hydrolysis product and said second hydrolysis
product in said cracking system to form a cracking product comprising
methacrylamide;

(vii) continuously feeding a first portion of said cracking product and water to an acid

20 formation reactor, while continuously feeding a second portion of said cracking
product and an alcohol to an ester formation reactor;

(viii) continuously reacting said first portion of said cracking product and said water
in said acid formation reactor to form an acid formation product comprising
methacrylic acid;

25 (ix) continuously reacting said second portion of said cracking product and said
alcohol in an ester formation reactor to form an ester formation product
comprising an ester of methacrylic acid,

with the proviso that, if said cracking system comprises two or more cracking reactors, in
parallel, then a first portion of a cracking product from each of said cracking reactors and

30  water is continuously fed to said acid formation reactor and a second portion of a cracking



(i1) continuously hydrolyzing said first raw material and said second raw
material in 5 said hydrolysis systemto forma hydrol ysis product

" conprising oc sulfatoisobutyram de and oc-hydroxyi sobutyram de; (iii)
continuously feeding said hydrolysis product into a cracking system (iv)
. continuously cracking said hydrolysis product in said cracking systemto
forma cracking product conprising nethacrylam de; 10 (v) continuously
feeding a first portion of said cracking product and water to an acid
formati on reactor, while continuously feeding a second portion of said
cracki ng product and an al cohol to an ester formation reactor; (vi)

conti nUOHx%ld}i%;rf%}ﬁgh:;hgofsﬁlcfjcrfa&&r?ot reBQbs1.08 aﬂfalc%ﬂ!)]dis%g&@gr%é%a%%ard Ebg t said

water in sald acl rmation reactor to forman aci tion pro
conpri si fgmbBomeattacr yl i ¢ acid; (vii) continuously reacting said second

ortion of said cracking.product, and sai | cohol in said ester formation
Iroeac!tor to folrm an‘gggltpéorq”‘%g : qﬁﬁ%P%%%ﬁ%&fﬁ?"i@ioﬂé’ Hi‘?t SYUF age |

et hacr y hidCestad theredf, itk frb@sPEMNIrimgt hat, if said cracking system conprises
two or nore cracking reactors, in 20 parallel, then a first portion of a

crackfng prodiittconiryendndtedorn & fist ray avikdriag compidting aceiang avanadydiis and a
cont i nuously fed.ifq3al thaAGhCLLRLIRY! 90, 486! AL A seGond portion of a
éﬁa él’ a?' ors gn

cracki ng product Trom'each of s acki ng redc an al cohol is

continuously {ig@ohtnudadlg hedbBrinkGaidBirksoRw Raekigrand Aaiiseeorcion @hterial in
under st andi ng of the present enbodi mrents and advantages 25 thereof may be
acqui red by ref épidi dyydfabysishesysm oifi rfgrraedc riygfqlpys t BIOAYFt] (FOBBAPECOF on

111 Lhe, accom A RSy b G S o erce urbers Indicate
overvpew of tHB) @hasesslydtedifiea Bt $6hfoniof ¢aidtHyomlysis foduct to a first cracking
system, while continuously feeding a second portion of said hydrolysis product to
a second cracking system;
(iv) continuously cracking said first portion of said hydrolysis product in said first
cracking system to form a first cracking product comprising methacrylamide;

15 (v) continuously cracking said second portion of said hydrolysis product in said
second cracking system to form a second cracking product comprising
methacrylamide;

(vi) continuously feeding said first cracking product and water to an acid formation
reactor;

20 (vii) continuously feeding said second cracking product and an alcohol to an ester
formation reactor;

(viii) continuously reacting said first cracking product and said water in said acid
formation reactor to form an acid formation product comprising methacrylic acid;
(ix) continuously reacting said second cracking product and said alcohol in said ester

25 formation reactor to form an ester formation product comprising an ester of
methacrylic acid.

Additionally, provided herein is a process for the preparation of

methacrylic acid and esters thereof, the process comprising:



Figure 2 is a process flow diagramillustrating one enbodi nent of the
present invention wherein both the hydrol ysis and cracking systens have
"been integrated. Figure 3 is a process flow diagramillustrating one

enbodi ment of the present invention wherein the hydrolysis systens are
.integrated. 5 Figure 4 depicts an alternative enbodi mrent of the process of
the present invention wherein the cracking systens are integrated. Figure 5
is an illustration of one enbodi ment of the nmethod of the present invention
to produce nethacrylic acid having a purity of at least 95% Figure 1 is a
process flow di agram general |y providing an overview of the lo process of
the present |myeayhipiodfy feBheatRd Al MllerdNShridhg atzasﬁe AbyarheRd o N the
process of maki'ng MAA net hacryl ate esters, nanely, rol ysis,

cracking, reacti mnondsmpramaten@lnqonmmmgusnlfﬁm@a¢1do¢ieurfﬂvesmxslteepber&©fr inther MAA

process are sho t 12, 18, 22, 26, and 30, respectively, in Figure 1.
These steps formﬂ@?ﬂ%ﬁ)’l Sfb esters are shown at 32, 38, 42, 46, and 50,

respectively, dincdntigtdiBlyln ffdﬂlﬁ"x%‘gm ARt YawRRudiR! BRcsad 8dcOn@Sdvenaterial h 1 S
illustrated in 15 Figure along side the nmethacrylic acid train, it is

Wi t hi if t he scopesaist b}‘fedmlesemtem nvenfdron & hhydredybisi predugiet W},ﬁi@t eest er
trains may be adv fa ) he nmet hods provi ded by the
present inventi off ?965%8 ?Pﬁﬂ%%ﬁ oaﬁycg?wﬁo %Yaﬁﬁé"fyl ate train can be

T B 1 The 1 ret o aae el Er e A A o1 rot ety at e edters from
ACH zo invol véy) ﬁwmgpw gragifing padd ArsHolypis Rrodpat &) spid %ra@}v%&y siren welogareer al
chem stry of the <VPAA and nethacrylate esters
may be very si m?rg&i&“g%#{x‘%é %‘ﬁ%ﬁ;ﬁ?&é‘%‘ﬁ%@ l'gure 1 is hydrolysis of the
ACH im a hydr Qb)/&inﬁn&@(ﬁlyefﬁtdm)g pIfiesd pokioa ofiyald @tagRing productisel Wined tocmnichi ns

a- sulfat0|sobutygan1de "SI BAM') and oc- hydrox |sobuéyran1de ("H BAM'). ACH
and an excess of [O5URHQR feactat Mg cantguilhiferdigs 835pRT Porivaf spidiracking j 5 25
preferabl e to usg ARKaANR abd! LW @Y Bkfa #Rk&E and other inpurities in
t he hydrolysis s gp ahe sﬁlfurﬁ% é%.d se?veg as both a specific reactant
and a sol vent (fiprecontimnongsceacumg saiss firsypatibt aof Jaid eretkdngprodunt eethsaihwasni of
e IR R A A R
aci d.1sEi t her hydiedhy@ilse &yt em may contain a single reactor or multiple

reactors 3o connect ed in series and may_ al so e I % one. or nore reactant

addi ti on poi nf(4) continyoysly rféawar%n/gqcem} @8E1N M) ﬁ?&f(ﬁﬁspremlaf’?oﬁ‘?? are
preferred to m nhfdige ih Neid %thatf dn{a g8 rla&c%'vto ‘f‘&'rr?hm' SotdPOfFEmidef | %Hutt than
SIBAM to convert to nethacryl am . As opposed to convent | éna

separ at e product ¢aprprisinges eﬁterommha:mdxcacndet hacryl ate esters, in one

mbodi t. th i the h ti || of th
o1 oces et Lo o UBhAhal S T B YAFS PRITST Ve WREr EhE and: ( ne

hydr oloy sipara$ieE RhdnSa &bt ‘poftfdRdstad @(dcmf{gjf)l@ﬁb(c&lfﬁorﬁ ¥adtest saidl Bsking adabeks bfwan
havi ng parallel hydrolysis trains for MAA at 12 and nethacrylate esters at

32 that e icantnpopsy &dse w@id #cedaéqrm@w feagtes anst a erond RRBIOB i ApHRGKNE i n
e P o SaSuel Rk R AARALIAL dRDLASANLodidY SN AARE! R 0060y ALy 10
be one integrate ydro Si'S I's comopn enter e can conti nue

t hr ough tfenativacdactog step and up to the reaction step, as the reaction
steps for nethacrylate esters an differ. This sharin ui pnent
eohTts i N Subs Aniom e SR ELITO e HERNT SRT By R ROt Bet

capi tgl %%o?,méﬁs’élgeaqu@&w Qaa%ora@ﬁsisron@«nﬁl raRstpaehn kRS 4 esdJhRReh akiinng
costs. Also, the manufacturer may achieve aédltlona savi ngs ‘due to the
econony 1% afcogpan g chive g ibywigebkeairefgren¢ee npnbere gedisate |like dagusabadi nent
of the present invention, one to five hydrolysis reactors are connected in
series tS FBfth an i ntegrated hydrol ysis system for both MAA and

met hacryl at e est er §igRrOAUGE prodess fbw MibgtanPhi®vIdeRCANIVErvadve ofihe grockds df $he
preferred that a series of two to three reactors is used. Any reactors

sui t abl e Presgntawyfatier.i ng hydrol ysis reactions that are known in 20 the art,
such as a continuous stirred tank reactor, may be used in one enbodi nent of
the present invention as hydrolysis reactor 12. However, such reactors
shoul d be resistant to the corrosive effects of the reaction, thus the
hydrol ysis reactors and reactor ancillaries preferably nay be constructed
of material resistant to corrosion. The term"reactor ancillaries" neans
any and all secondary equi pnent, such as exchangers, instrunentation,

m xers and punps, 25 and associated piping that is connected to the
reactor. The term associ ated piping” includes, but is not limted to, feed
| i nes, bottons Iines overfIOM/Ilnes vent Iines, |nh|b|tor addltlon I|nes
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may reduce construction costs by utilizing covered base materials. "Covered
base materials" are materials that generally are thought not to be
corrosion resistant, such as carbon steel, conbined with a covering capabl e
of resisting corrosion such as gl ass, epoxy, elastomer, fluoropolyner

(e.g., TEFLON), or one of the above-listed netals. Covered base materials 5
are constructed by placing a coverinﬁ capabl e of resisting corrosion over,
and optionally bonding the covering to, the base netal. The covering
prevents base-netal contact with the process stream Covered base-netal
construction is especially preferred for large-dianeter piping (3.8 cmor

| arger nom nal di r

fluid-velocity séﬁéﬁg% % gﬁﬁ‘%??%mgﬁﬁﬂgg%gé % ﬁ%%ggndgnhe e%@f
ot her ciongaiventtereimbeh meﬁygmlisnmﬂtcratﬂngeysadmstﬂmve kessisteg@tadm or nor e rret al

t hi ckness) may bgF useg provi de structural ,streng E The terr al s
descri bed above sU&Hedds §tpéc?cﬁ?5e%‘§” dipgram | ﬁé“f}“mg 380 RBqiment ﬁipre%enfml y),
HASTELLiedionGihordh o iBardlysh s)(ieARarcdiidobed /), tantal um -and zirconi um
and covered base-netal ‘naterials are hereinafter referred to as "corrosion
resistant materi dligure Hydemttysqnsalresnamypreewwlyneebmﬂubft @docass of thenpreseat ur e
rangi ng. fr and preferably from75C to | ayC. Tenperatures

Ct
can be Qof (%IrOBI“fq’g ”HWS[?& mgé}/sit%‘ﬁfs RS Ehown in the art, such as use of

internal cooling Kgirk$ @ran' @aitfaEidh af i0ad edfbodinfeat bf e @bthbdef teasksnt
contents through external heat exchangers. The tenperature can be held

const aniiV§Hios iy Aedece Rrthanpdicaicidhaying aurityoH ableaitd5&an be changed during the
course of the re I I Y are
used in series. Iaﬁ?}éerQ is igﬁ%ﬁeﬁ%eacggﬂé&e%ly sedl,q{n r%’?!evr%é ?‘@q{fﬁéé

t enpier agrocess of the lpeesémtrlsventmeas:tndrcaueangel@ fThern ard Gve bamiﬁ;psanahd precess

t enper actors range m 90C .to 105C. The hydrol ysis
react i o?fJfPé‘ taB Weg}racg?aéﬁre?t?ré’r e ?‘H& falsn%&?‘&%éeﬂtCHan YR Y ¥°6‘|” MA

SI BAM  aadoriBAldn. ThHSse stdpg he gt AN biob®s MR shcwny ad 1DMSONE, 78, Nidlesol 0 an
hour. Further, polynerization inhibitors nay be added to t he hydrol Sis
system regpepBvely, én Bigurepb| Phase btepit foomethgerylatetristers a5e 824vohal 3Ro38. 4ddthgnd he

i nhi bit K s d t e raw
materi a %s%egtr]rlgb{]%gtlz? %é?n Of§¥§®%w03WF§EsﬁgﬁgggﬁEe est trilfﬁrﬂ Elﬁ"Iqt)fétrg%%rnleact or
itsed f Fipgoreilt slongeidd de msnhadrylirdcastrain,fit W ithiplte scepe dhths paasemus'&duamd
connected in s ries, then it is refeLabIe to ad the i nhi,bitor to the

first ridTBiiplegRbipen atcepFoiaine THY %.&fitsqngagﬁw mpRYeR e it BeEREh

react or rbﬂqed/bpuelplrasemfm%%bﬁ eﬁoaﬁhaa&eead émyr Bhdidery3le rrll dah @@ eRBidytd or

mul ti pIe i nhi bitor addition points. Sui t abl e 'exanpl es of wat ér-sol ubl e
or al cotsovelkaslauhdtbyl pardtyaeerate frinoyith thhrrlgma@b'bc fod treige hydrol ysi s system

i nclude but are not limted to: Hydroqui none (HQ; 4-nethoxyphenol (MEHQ) ;
5 4-et hoxyphenol ;Th¢- i]"nstoritagwpﬁpmdhqinglebtuﬂrd%ﬁﬁh@nmb;hadryhaocmﬁm@lQH

hydr oqui ngne enz t her di h dr oxybepzene; t.hox nol ;

D S AP SO0 R rintie BCAL 37 -4 B R i, sl chemmstyy 6P 16e

2- acet yiyayslyd oE'é%E'%rblﬁhM/QAQ%hﬁﬂﬂ&gm&@dﬁﬁl@ﬁb@Ner%,sﬂnMrWEhSﬁ@faQbﬁnZene
1, 2- di ner capt obenzene; 2, 3, 5-trinmethylhydroqui none; 4-am nophenol; 20

2- anmi ndideRoin; Figurp 1 Ithﬁr@thﬁylfahﬁ A§; en?ohydr YHiEFYSER EpPrefe; a hydrolysis

b e S ARNEl ol RO BRSBTS AR, B R DSRRSDS i

2- met hy*HIB APTRNGICH tandui )ékceﬁ;ﬁbﬁ‘ﬁhﬁirm adfdl it fe@ o lnycwly@istrmmfdre It id0
di -ten-ar‘%l nitroxide 2 2 6-tetranet hyl - pi peri di nyl oxy;
4- h3fdr J3§ rable tg uge fxgﬂtéﬁeé"taﬁ}qw k?l"ﬁ)lé of Hptﬁwr@)@}her impurities in the hydrolysis step.

4- oxo- 'l;]r%l Snfirit ea%lrdaﬁg\; Eyats bQ)'t}pgr F%ﬂy{'{y l’e‘%ﬁint %d olvent for the reaction. Using

4-di et am no- etrane peri
4- am no;uIIuﬂc Gefd- dtetanaemtanyphs pf [geafatedlthgd 0%%; is a]so prcferred. In an alternative

g- gt g?ge%%t@é{raz Zﬂgqrgﬁigfaﬁ gﬂa %ﬂ{g}]dﬁfgﬁurllghcr}gl cyf oleum may be used in place of
3- am nQy#ude Acid; t ERERTHURNsiPWster] k) Wh@HKYa single reactor or multiple reactors

30  connected in series and may also employ one or more reactant addition points.



10 2,2,5,5-tetranet hyl - 1- oxa- 3- azacycl opent yl - 3- oxy;
2,2,5,5-tetranet hyl - 3-pyrrolinyl - 1- oxy- 3-car boxylic acid;
2,2,3,3,5,5,6, 6-octanet hyl -1, 4-di azacycl ohexyl -1, 4-di oxy; salts of

4-ni trosophenol ate; 2-nitrosophenol; 15 4-nitrosophenol; copper

di et hyl di t hi ocar bamat e; copper di et hyl dithi ocarbamate; copper

di butyl di t hi ocar bamat e; copper salicyl ate; 20 nethyl ene blue; iron;
phenot hi azi ne (PTZ); 3-oxophenothi azine; 5-oxophenot hi azine; 25
phenot hi azi ne di ner; 1, 4-benzenedi am ne; N-(

1, 4-di net hyl pentyl )-N - phenyl 1, 4- benzenedi am ne; N-(

1, 3-di net hyl but yl 4- benzenedi a
N-ni t rosophenyl hy r%é&?ﬁ R¥%ram803ap ﬂh@ﬁépg%p&i F??thgimaumze&ﬁl

ni t r obefaaneon pf PHBAMIUWRIONES mfe HSHCWT thah ISEB AN 1o Bdnvettrie sn@hackyomide nor e

t hereof; or mxtures of one or nore of the above with nol ecul ar oxygen. The
ponnerK%%?ﬂbn inhibitor is typically used at levels ranging from5 100 ppm
t0 4,000 ppm by VRS Gffoosdf G0 ! BB Jsefite DroBEARA 1ifed N6r MMALOINE! S
reactor alone or may be co i ied Wi |ta | e solvent and then added to
t he 6 eaotetdracryPtedsers, ddosodmismiirserit nﬁthuqbeasemumveanel thethydliotyistseehction far@Bt one,

ACH) trifluoroacetic acid, . nitr ane ur| aC|d ferred
sol vent QF B ProrS S PSFoa RS 1R ?%8 y?‘ﬁﬁ?%fotrgé RY}?‘FEI 8és hﬁ%f’@“éul fur

| 0 conpedpisan GHe aseulﬁ ol BREYNEMAS ThAE [rateler thbavid gepdiglel hydfbrcyga@l tlals

sul furic acid, su gIOXIde met hyl sul f one t et ranet hyl ene sul f one

(" sul fofqa:d\éA)‘\ atdﬁcﬁ“dlmﬁélﬂ%ﬁ}wlaté asters Rl & ther exweally inMelvep dabictvoginet ot e by t he
hydroly I

The. nextirdy STHEHS B BEEES of3he e AbIAHER GARPEIRPiy BRI AEL BN 071
craaki nge tolne 1h&§ﬂa&ﬁy}%ld301?@19ﬂsyﬁt@nl MHas ¢6m@maldh Ne@terprésie Ncan Rradyhake chroughothe

enbodi nent, of the present invention is an integrated cracking train for MAA
pr oduct F@ﬁklaaatemﬂa@rwa% ESI6ETL PSP, S JBRETAFURN SIPRS 105 TESHACEHRF S4& ARFt hi n

the prespoh dip¥entTRQ dhbidle 3 dq R ng:rlacaﬂsﬂgstérﬁlal reograyavt;@s ugegheeven if
a comon hydrolysis process 1s n vice versa. Figure 2 illustrates 20

one enbouhwietrepfvia m@lupﬁtdesmtal |cmlemecilmad vpheﬂoenqi ngodsn ahsidpducyéﬂgnatmn
cracki ngP a%tgn Icg)%tegr gl&eo fgtﬁsﬁ%\?fﬁ xt%a){V\E}h ﬁm na SQ\rmqg#e t%rlh &eoand the

met hacryta SISTS onI |ntemyated
proaeSSoSﬂﬁpacmhﬁmt@h@nnmﬁﬁ§ﬁu@hﬁeﬁaactor strean1spllts at condU|t 17.
Shown in Figure 3 is such a process, e., Where tg. grol ysis is the

i ntegrated procesS. °“EF“Ibﬁ@“@ﬂh‘éflép?lgre?"é‘éﬁ‘tvie‘iﬂpnr Qnefpdiyeinyeolsiireasiors Hén t he

cr acker 5 fRGLRN 6o8L & fo%xarnqh@g% ATl NG A apalShedhbafyeondui

17. Shown in Figure I'S suc ess, i.e. where both hydrolysis and
cr acki nesters @rodutegr. aIfeduluEieguaoeors, atteyped;t s iaprofelred tmtraodiieseott twof tottheepr esent

i nventi on wher ei n c nte at.ed cess but h Si s .is not.
1 o coREe e b Rereeramanisars ok Cle BSH oartim PR e
estegs, tHet &1, Gapaal b)cohfiUdus shfeS UER rtdlradr, iay G8rused fr Gh@BﬁlbUdlﬁlléﬁ)lcﬁﬁﬁlet he
|ncreased volune of 30 cracker reactor mxture. In an alternate enbodi ment,

mul ti pl Bresgminventia ascdrdysiy wheier ayHewever, spch reactors should be resistant to the

corrosive effects of the reaction, thus the hydrolysis reactors and reactor ancillaries preferably

may be constructed of material resistant to corrosion. The term “reactor ancillaries” means

any and all secondary equipment, such as exchangers, instrumentation, mixers and pumps,

25  and associated piping that is connected to the reactor. The term associated piping” includes,

but is not limited to, feed lines, bottoms lines, overflow lines, vent lines, inhibitor addition
lines, and oxygen addition lines.

Suitable materials of construction resistant to corrosive effects include but are

not limited to: stainless steel (e.g., 300 series, 904L, 6-moly), HASTELLOY® (e.g., B, B-2,

30  B-3, C-22, and C-276), tantalum, and zirconium. In some embodiments, the manufacturer



utilized in parallel instead of a single large train to provide the
necessary capacity for an integrated cracking system However, in such an
al ternat e enbodi nent, the cracking product fromeach of the cracking
reactors is split between the MAA production |line and the nethacryl ate
ester production line. 5 Specifically, incorporated within cracker reactor
18 is a heating unit that may conprige at | east one pre-heater and at | east
one heater or a conbination thereof Formng a single heating unit. The
pre-heater and heater are typically heat exchangers that are utilized to
bring the tenperature of the hydrolysis m xture up to a sufficient level to
facilitate the cracking reaction. The exit tenperature of the mxture from
the or abRErdife RGP 5SF G, king N5 tore STBEAR, 8wl S et

t enper atidrgateialé hRt Benetdliyeurd FHNLANRL €6 BE kbirosiantedistimNgRs af camoh 3k€l, t 0

165C. Any conventional heat exchanger may be used in the invention provided
that it cGmabipgd wath i Eovegng cgprblce A EFAHRE BOERH oI RSBy BRATENEIESIgBer,

i scussadeBRaYRer gg;ﬂ.fﬂ%ﬁ;o@, SHb 1A e DERVe-IRXNAGET TdvBieh wd& mh@fifs and
frame heat exthanger's, plate and fin héat exchangers, spiral heat

exchangae sconsindteshigy plasing-4 uderihg abhpablec biirgystisg cBuediorhewdr, idd epddmiigers are
preferaply,. constructed OL gorrosio resistant materials §uch as LhQ se

| i sted ‘Bé&‘/‘ég. the-gavesing Sordhp A7 mittalc r Heeay eringRIE Wnts 2s¢- el CopdiafithBRy er si on

appar at g cessgEfh 2l Hered tabdiBeta] OMsIrBARNOE esfRRIIPPHTHE RF [BgCHARKRE
reactor that is useful in the cracking train of one enbodi nent of the

pr esent pipingdAiconor largdi sanhinglaiiemeterFandoioe hent Paehanpger pbeppplligle Huidoieladsy EP 999
200 A 1, f. . Oct,oher < 1999, Di.scl os L i g flow
Foact or kb TN o 6oy A0 Rea g nRFE o} Bt ety MR Bl

cooher , mefal ¢ickinsssuSafmta? re@®Imetd €hickrRs enayr asedito proxidarseuct@abkirengti he

cracker_reactor mxture prior to reactjon (22 or é%&ﬁgr_evegt gegradati on
of the Epudnadeialy desgribed Thevecsush kasr stpigless Steek fos-e IigSe ﬁi’ yp¥Ybf heat

exchanggr, 05w S iSguUsse : oeh. a8 dircbiumesldSddNgt 0
corrosi@ésggig‘nw rgfagrbﬁtg é?uﬁi%g%z’?ggrptgyaﬁﬁ’a?gs. s;hThe exi t %é'rr%{gfctaot Egre% of the
cr acker baseasttd maatlsare herkinefte réfsrréd/pias dtdryosion redigant amaggeiab? 90C to 110C.

Conduit 21 carri e cr.acker reactor cooler mxture to the eactor to
cont Eue-the. haa TGRS i iaralcTButtes o° 411orerin doht dogh Do 1

et hacr yiateakspeferddPre875°¢ fo ﬁdﬂﬁcmteh%efavdraé @naRicofitrflledtB®8gh Vibupext

step is contacting the cracker reactor 30 cooler mxture with at |east one
ot her sHEEBKNOWRTR it 2y seefeasoyse pbinderpal cootimpceilsiaafefiulation of 3 gogisnidbnal |y
water, | ' duy t i i , ormthe
Fespect Mt BEERA HrEAR it by ReREES, The b @RubERE B nddcohdart 2

addi ti othrqughodtsthé dyddie3 rakdtianalr istanebarshauged tihweng theycobmse lofabd eskciédn, any
desirabl e | ocat 'kon r(ﬁl at'bve tq esterificatjon r.eacffor 42. Such al kanol s may

i ncl udeSSBetalyy ¥ Fb IRy yokyys FHECRHE M5 et EhBT, SPp A, oredfitf Yuf anol . 5
On bhe %B?Fremmy thd) btV SreRe tir@nreddtoi rankbe ik sval Yo 86icdi macmacker
reactor cooler mXxture (which contains MAM anong other things) is reacted
in MAA reametatire 22 subistqueat wacters rengep droanP0iChin 1055Ci nkhedtydrcdybiy repesiaupia

reactor 22 via.condwit 24. reactor 22.i r t rnessuyre of 3.7
atmto 78" tfi‘forrﬁﬁuglcb?’iflg\p%xg?zi 5 yéeg%of%ﬂ%ig%?‘%d ’aaélﬁgf@rf@z't LH|3‘rlséf erably
at 5.1 @kmdcOobtithe ataNvarkfeon 6RCHhinak tosnpenf orned at a tenperature at 50C to
210C, nore preferably at 70C to 190C, nost preferably at, K 80C to 170C. In
the MAA reacti on PiréeePslymerizationgipRibypis gpa E"atadc{cﬁéoé%/%f‘}ﬂ{?]d?fétsﬁt%mr‘%act or
feed: rati f : : i : ed to
v ol yor e . e B Y LT T e o
of ACH inolude bud &e nod limiaddeto /thnlae odteddCiskreamy wpspeant ef tbhyd@lysisIsgserof the

wat er/ npl e of ACHto 5 noles of water/pole of ACH. .15 npst preferably at 7
ol o5 ofYiRl¥s PRSI BRIACH fto TBCHS) ST B Chuar o HUNDIC TRk, Ao B0 7 ound)

however ,onh&atd pleie?i‘éé,athérfil:tiiéj pRferfble t8IL AL IBKLRG ©aAhE figh S-S QR/IQE, M Xt Ure
is high, and consequently, significant damage to MAA reactor 22 and its

r eact ordiffaent Inhities may be ¢xsedded tahechwarater ingiaidupldy Hdigsitedny obe inhitaion,
recg(fl ed .OF a.ctonbi ?ta;i on..of fd;detsoh an Srecycl ed water. The term "recycl ed
wat &F " FJERRLPt LT B PA R EASE PR RUFsr and conpati bl e 20 recover ed
organi cs, such as MAA. A suitabl ~source of recycled water is val uabl es
recovery 28. If recycled water is used, the manufacturer realizes an
overall yield inprovenent. Also, if recycled water is used, it is
preferable to store it in a tank that is operably connected to MAA reactor
22. This recycled water tank nay contain a spray ring apparatus in the
vapor space of the tank to facilitate the renoval of condensed

pol yneri zabl e nononers fromthe 25 interior surfaces of the vapor space to



apparatus is used, it is preferable that a fluid spray, that may conprise a
gas or a liquid, fromthe apparatus be directed toward the roof and the

i nside surfaces of the tank. The spray apparatus nay be operated
continuously or intermttently) as required. Any gas or liquid conprising
materials conpatible with the operation of the MAA reactor nmay be enpl oyed
for 30 the fluid spray; exanples of §uitab| e materials include but are not
limted to air, vapor phase 14 inhibitors, water, MAA and acetone. In
sonme enbodi ments, the fluid spray may conprise recycled water. The fluid
spray may optionally be passed through a heat exchanger to control its

t enperature and tional,l rise e or i i

i nhi bitors, suchr?;%taﬁ ogéa%?lg%i ‘%ﬁs af/er- 815‘%?91 b&e%d.a@h‘r?]fﬁglrb\r{re;?@]@%%%%n spray
syst em iBibitatsTor BR Hdionisagaemrshdude Rkt dnied ed:her vessel s involved in
the processes of the present invention used to produce MAA or nethacryl ate
esters incl udi ng Byownoge (H@Y: t he: hydrol ysis reactors, continuous stirred
tank reactors, hosj Wf@rs, condensers) distillation colums,

andl or product s?{)irnggig&fdgﬁi(g Furt’her, this concept is envisioned to be
applicabl e to thel-ghodpotnobn and storage of other nononers, which may be
subject to or plagued b th?_ probl ens associated with 10 condensati on

pol yneri zati on. EXEMP ’%éh 'such processes include but are not limted to
production of ot hepu¥iypsbndiononers. In an alternate enbodi ment, recycled
water (from for exanple, a recycled water tank that is supplied by

val uabl es recoverdrhepgxypanobe supplied to a methacryl ate ester process at
esterification r . r .the MAA process reactor. In a
preferred 15 errbﬁﬁl @h%négiwgg&gé%%@%’ water tank is an integrated water
tanke feeding recyzdpgdwayenhzéney both the production of MAA and

net hacryl ate esters. Simlarly, a recycled water tank such as that

descri bed above rajpeh@*¥isidyed in methacryl ate ester production. A

sui tabl e source CQ(S-HI%HN)%lﬁQro In6he:i s val uabl es recovery 48. If such a tank
is used, it may al'so be advartageous to add al kanols directly to this tank
ei ther in additi chS-tintegrbutyibytdeembirmheuti | i zing stream 44. |If 20 the recycl ed
water tank is an jnt r%t ed. wat er tank, recycled water is supplied to both
the esterificati ’acreg'gl?:yt 58 P he methacryl ate ester process as well as the
MAAjg eact or in thgdMiAinehomeashentiawever, due to the chem cal differences
between MAA and its esters, an integrated recycled water tank is nost
useful when the rletyinEerrigbersentis generated by both the MAA production
process (such as i’@_dmr&%mbg&eﬁgycovery 28) and the ester production process
25 (such as at 48]) but only consuned in the nethacrylate ester process.
Organi cs in the ragjyetimethylhydoqpnaduced in the nethacryl ate ester process
may not be suitab)e for use in the MAA reactor. In sone enbodi nents,

recycl ed wat er ta'ﬁ@mgﬁ}éﬂr?ogs t hose described above may be used to recover
recygl ed water stzgamephdngn sources in other production processes, 30 such
as for exanple, ACH, (neth)acrylonitrile (e.g. cyani de-bearing water
streans), or 15Ny ¥riimsthglaminapienobn processes (e.g. nethanol - bearing
distillates). It 4 I Sy d that many other conpatible water streans nmay
simlarly be sui tiéﬁlegcg?tﬁ&ltleﬁgﬁnet hods of the present invention. The addition
of pol yneri zati om-meRaptopleensl;upst ream of or directly to MAA 5 reactor 22 or
nmet hacryl ate ester praocess _esterification reactor 42 nay be useful to
prevent pol ymeri 23 MOpRBUTYISHIEDI t or may be a water sol uble or al cohol

sol ypl e pol yneri zalh@BmiddBhdHol;0r . Sui tabl e exanpl es include those |isted
above. M xtures of two or nore of these inhibitors, or m xtures of one or
nmore of these inhilbidihgdoxgaatophednesi t h nol ecul ar oxygen nay be used. The

ol ymerization inhibitaor. is.typi.cally used at |evels ranging from 100 ppm 1
g t)c/) 4,000 ppm bfyﬁ%abﬁfl.’h%%é{m?fﬁ%’rtor may be added with or without a

sui tabl e dil uent .g_g@my@mb{)maj; continuous stirred tank reactors are
suitable in one enbodi nent of the present invention for MAA reactor 22 and
esterification rddutdeaachoiAs to MAA reactor 22 we have found, however,
tha!'30 the MAA _reacc}i_itgrpﬁlg(&fﬁﬁtygx?dei;s actual Iy a single-phase systemthat does
not “require m Xxi ng; erefore, 'the use of a sinpler, |ess-expensive plug
flowreactor 15 is preferred as MAA reactor 22. In one enbodi nent, such a
plug flow reactor may conprise a cyclndrical vessel with optional internals
such as distributors or baffles. One enbodi nent of the present invention
uses a plug flow reactor that conprises one or nore straight piping runs.
If such a plug flow reactor is used, the |length of the pipe may be
sufficient to maxim ze the yield of MMAMto MAA. Thus, the residence tine
may vary fromone mnute to thirty 20 mnutes or nore. Plug flow in MAA

e - I I ' . Y e e o Y N Y e 1 o



After the reaction step, the MAA reactor m xture (which conprises MAA) 30
passes to separation step 26 and is cooled in at | east one heat exchanger
to 50C to 95C. At 16 this tenperature range, the single-phase MAA reactor
m xture will separate into a MAA product streamand a | ower | ayer

sul fur-bearing residue stream The separation is essentially a buoyancy
separation. Suitable separation vessehs include, but are not limted to,
settling tanks, cyclones, and gravity separators. The separation vessel my
include internal 5 conponents. Internal conponents include but are not
limted to packing, baffles, stilling plates, spray rings, spray nozzles,

or weirs. Any type.of ti.onal heat exchanger may be used in the
separation step, pcgrt%%/fuglgﬁytfoﬁgte’i t is resistant to high-tenperature

corrosi ve envirordiafosteaamahd qissidthyblagve. Exanpl es of suitabl e heat
exchangers i ncl ud ate d frane heat exchangers, plate and fin heat
exchanger s, spi ra‘ﬁhfflé%’fy'%z\gﬁa‘ﬁﬁ@?%‘?ﬂﬁﬁﬁf@ﬁ@'ﬁxy%nd 10 tube heat exchangers.
Such heat exchanggepg-8n% dlehat@blypaRMsisyct ed of corrosion resistant
materials. Heat treated zirconiumis a corrosion resistant material

partfcul arly sui tdedimethylinese 212cmd-tetrantethypiptsdinylTkie t enperature of the
separation vessel, opti Ly may be increased at short intervals during the
separation to redu mtoﬁzré?,{S,gﬁ%{&ﬁe&ﬁ-&ﬂeg)ﬁlg?l%f%r mation in the heat

exchanger / separ at®géthaddoxhE2 b @werarhayy@pigedingloxpear i ng resi due stream from
separation 26 may_ be treated in valuables recovery 28. Val uabl es recovery
28 can have severéab”enBEAnsHAPYTOUdiBAB %S of val uabl es recovery enbodi ments
suitable for use 4. € < ny.ent .disclosed in U S. provisional
pat ent applicati ojn&g%] ?Qgggég%éfwggﬁgl%%ﬁéﬁ 2001 . Organi cs and wat er

t hat0 ar e recover 2,5 5-tetainealnll d soxackcanaeycjor@Btyt doxjne recycl ed (for exanpl e,
back to 20 MAA r r 22) to.increase overal el d.. After treatnent, the
renai nder of the %’3&?%@%‘?@%’5"9@@58@&'g’fyr’%'ﬁ?*ﬁlt’?gyﬁlﬁ?lfieoovered organi cs and
water can be sentp 3 9 3fsH & BREaRIAGES Il aORBkYIANSdiokRC| udi ng sul furic acid
production and amoni um sul fate production, or to disposal. Unlike the

sul fur-bearing resityefet-nitregaphenrtlatpr ocess in methacryl ate esters 25

producti on, hov‘e"ﬁﬁitm%ﬁ)h ye found that it may be useful to add an
antifoam ng agent to e [ower layer sulfur bearing residue stream

treadt ment vessel 4-mitrobophbddk process foll ow ng the separation step. One
exanple of a suitable ant|fqQam ng agent is Map ECO055A, available from

Nal co- Exxon, but CBPPFérd”E?)‘hﬂg&EP‘:f?‘? Fai | abl e agents may be utilized. As a
gener al gui del i neopgersidifyGitetaratant i ty of antifoaming agent is 4.2 liters
per 100, 000 kg of sulfur 30 bearing residue streamfed to the val uabl es
recovery process.Copprs dhvandithigcagfamgifti f oaning 17 agent may be reduced or
el i m nat ed, howevC EP TQEPCS/&gg_ng on the conposition of the stream being
treated. Typically, TRe Cr'iide MAA product stream from separation 26

cont@i ns 80% or mmdteyldSlugs wel |l as MAM hydroxy isobutyric acid ("H BA"),
wat er, and ot her trace conponents. If desired, the crude MAA can be used as
a final product é¥¥n though it 5 contains greater than 5% npurities;
however, it is a : .further process crude MAA to a 95% or hi gher
purity product sgj\rﬁgg%ﬁlg%ggﬁ?ezg’, it is noteworthy that, while crude MAA
streans derived firotophowtA@ihgrocesses may have significantly different
concentrations ofc MAA in t.her’g, such streans may al so benefit fromthe
purification aspectBFHUM%sent i nvention to produce a 95% or hi gher
purisgy product stonesdthiatife Bafeore further purification, the crude MAA stream
from separation 26 nay optionally be stored ~n an MAA storage system |[f
stored, it is prdiebuBrrediamiabol the crude MAA streamprior to storage to

i nhi bit polynerization. > OnNnOS] : cts of the crude MAA on
t he storage equi é@ frﬁ?er@%éﬁ%%f@#@&gg2,4tb§§%<e‘5{1§?1§1frnfn§t orage are preferred
and may be const Nl Bdimdthydbutyl)-DNephenylh Lot artdamitesi st ant material s such
as stainless steel l_ge.g., 15 300 series, 904L, 6-noly), Hastelloys (e. g.,
B, B-2, B3, C 2X-nikiaorbenyibydroxyiamiag and salj Wgiete, vinyl ester resin,
Tefion, fiberglaggi-gkass, or epoxy. Storing the crude MAA provides
settling tine in ich an additional sulfur-bearing residue |ower |ayer my
form If it fornms, this additional |lower |ayer may be easily renoved via

t he conical bottomoutlet of the tank, and transferred back to val uabl es
recovery 28 as di scussed above with respect to the 20 original |ower |ayer
sul fur-bearing residue stream Renoving the additional |ower layer in this
manner protects downstream purification equi pnment fromthe corrosive
effects of this sulfur-bearing residue stream Additionally, such storage
tanks give the manufacturer the ability to run the front end of the process

L Y T M [T B o -, = N 1 ~ 1 R AR A . o



25 system 30 if desired to obtain substantially pure MAA that is at |east
95% pure; such substantially pure MAA streans are herein referred to as

G acial Methacrylic Acid ("GVAA"). One enbodi ment of purification system 30
is shown schematically in Figure 5. Note that the crude MAA feed stream 300
may al so originate froma non-ACH basged process, e.g. an

i sobut ane/i sobut yl ene-based process, an ethyl ene-based process, or an ACH
based 30 process not containing integrated processing steps. 18 To
produce GVAA, in one enbodi nent of the purification aspect of the present
invention shown in Figure 5 a series of colums may be used. The first
colum used in the purification systemis a GWA dehydration colum. A
crude MAA productmg BHHC s provided via line 300 to GVAA dehydration
colum 310, wher gi-Berdzb@hihorRNEls such as acetone 5 and water are renoved
overhead via |line 305. The GVAA deh{dration colum_ and its colum

anci | | alSPBSTSAhEepfy BRERES|Y e 98 AR tEEFobTOr dBR IS PrPeediRUra i tHredtov? al s.
The GVAG; el bR eﬁplmggogﬂfemdu%'iﬁﬁgm% fjgﬁal‘?}nﬁ(sea@gle@é-l}r:ﬁlgﬁl%% y

equi pnent, such as Vacuum equi pnent, reboilers, condensers an unps, and
assoti al @ippm m 4000 [BmM bgseghat ed pi ping is neant piping that is connected

to the columm or .any. secondar ui nt, i ncluding but not 10 Iimted to
feed lines, botto P%ﬁ@?ﬂgbVéVﬁgaﬂgggfﬂégé6V@Phﬁ8mﬁgﬁﬂé§?n9éﬁfn@ih%s,

i nhi bi t egmiAeH WitBR shitfAS solO AN t1RAUIELDOR the R@Stor." efdfdéhed! doRRfts iAdlEde; undown
lines. Suitable materials of construction for the GVAA dehydration colum
and i t sbetcirangi liamited|to.ap¢edane; AEH difluomacetigrasidnditromeiapedingder swfwicraciss s

steel s er e 904L, v)., K \ C 22
and o 278y heb Rterb e oo AL e Ribiing TR el o, B iy S

manué actammunday Suerd sl fur Coofglotrdst inclnde; dait arddyotulimitedz tapgulfase adiet aliir such

as carbon steel, conbined wth a corrogsion;resjstant coyering such as
gl ass, QB n@‘@it%??’ fqt‘iﬂB‘F%EP?nsé‘&O’Eengs.u?fglPE?:sﬂﬁ)‘& %PGH}XE s3t1o¥ e above
listed pepyats»y; as a material of construction. In such instances, the
covering is placed over, and may be optionally bonded to, the base netal to
prevent base met alhecprodaat preidudedt bie thy bydrolysist system 126 bydrelysis migtuae n

referred to.asEﬁﬁ¥§¥§%¥§§§§%netal_constructlon. Covered base netal

CQRIRTISITE ; o
construction 1 p f large diameter piping (3.8 cmor |arger
nominal di anmet er )Thengkxt elep e ahe @¥GBAHRGET oft hB@Sodess &if @B présehdinvaltioaiis y
service (fluid velocity Q? 0. 15 neter/second or nore). Covered base netal

const r ugeskire the elpdysiamiytups B & crasking drainyr SEifed- BoeasmbneE Xdhs, as

vel | as, aenyaYeRaE dn idild %cﬁ%ﬁ%&ain hEA AR GRBNGRE ahyRRENESIR. eRd}d Ot her
conmponents, 25 where sigmifrcant tal thickness (3 nmor nore netal

t hi ckneprojludtionudteid comeppbteddeitisi rthe presenlt inyentémgthht. an| integratedl crassmgaremt s such

as trays_ o acki ng. may be useful .in GVAA dehydration caql umm 0, If used,
rays apey B BREr B Teip B itust Brotf ™ A AE A BePihe! 4 2 8%t ot em
per b®r agtenodirent OEMS prdsBitahMation whereRr RSIE M drolgEY aliEcridieiey 4ré airdrited same
materials 30 as the colum itself or nmay be constructed from one or_nore
di f f er eprocessaseiervtes; the dfAAxpipgiickon ling endithe maehacadate eaphpeductiondite. fhy be

Sons Bt 1243 0 BB R, O RIS TR Pl B e a0 v 11

t enper atandeit i13. Showmiiz Bigurd Dis @xkapreesss ue hwaare udieydralysisisubenntd grated
preferred 5 e dinment, the pressure at the bqttom of the colum, is

P it FGEFat B0 (AR S8R 50 vIREBHCt PER LT GOt ort GOITIEAESE urm ¢ o
be gperghiediabonduit STPRRGUHALcRduif A% §iRwhlRGight 2 8a8éh PR EAAL . axEhanger
may be used as the heating apparatus for the GVAA dehydration col um.
Desuperbmththgdrobysiscandi gadking predhiegrated. sligureet ddpidivanothesrembhosiménsanf the
exchangers. |f a.r%ggiLer i,S used.qs tﬁﬁﬂheat exc qg er. ig may be interna
or ext SR YRR MG SRrkg iSiaE MEHHERROCHS PR S EAEPS ar e al so usef ul
in the bottom of 1t RecoAhdh Gabyrate@ictRRing Okdiims ubdd fos MAWERid ARshausehall to
add one or nore inhibitors such as those |isted above to the GVAA

dehydr atstesh isotappitywihiopldobe wiahhibek it £aniefficeantly npessolsi neisesed 1atyme phhi bi t or
IS pr r Lnhihito n et ! i t such
ns at o ek Rab bRl BTG IR HERASHR HLLER e el b BT o
and its ancillaries. If used, it is preferred that the HQ i nhibitor be
added at a rate of 1 kg to 10 kg of HQ per 10,000 kg of GVAA dehydration
colum feed; nore preferably from1l.3 kg to 8 kg of HQ per 10,000 kg of
GVAA dehydration colum feed; and nost preferably from1l.5 kg to 5 kg of HQ
per 10,000 kg of GVAA dehydration colum feed. If HQis used, it is further
preferred that an oxygen 20 containing gas be added in one or nore

| ocations throughout the GVAA dehydration colum and its ancillaries to
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25 process (in an integrated facility produci ng both MAA and net hacryl ate
esters). The stream may al so be routed to an acetone recovery vessel. A
parti al -condenser arrangenent is preferred, however, wherein stream 305 is
divided into two or nore streans, including at |east one MAA/ water stream
and one water/acetone stream In thisyaay, the MAA/water stream can be
recycled directly into the MAA process and/or the nethacryl ate ester
process 30 and the water/acetone stream can be routed to anot her process
such as an acetone recovery 20 operation, a scrubber, or a flare. If the
MAA/ wat er stream i's condensed after rermval fromthe GVAA dehydration

col um, ered ng.a t 1 t he
condenser 0 'a 8{@@# rnétee%r né lg ?arteh a“nt repam 8)e‘l'ﬁne Pege%m a‘%f) gfﬁr glpf or the

t enper ethtogited craskid® &ystegn. FfweveM irdsugh ah altéraste eﬁtbodnﬁanthe @adkind px@ﬁho@f t he
condensate is 5 recircul ated back to the condenser and opti onaII to the
vapor i APBYt cachngf theocragkingrireastornif sRIY ReRMeannibe oVé /& BFfbRLY lige fzi”ér Baicy. The

condensgl.ga )éhJéspeWptordﬁﬁtdﬁ 1yt of the reci rcuI ation line or nmay be sprayed
onto the tu condenser interior surfaces, and/or inlet vapor |ine
intefior walls. |3pecificalby, trmorposatecddﬁhlmtanackherewmdehsetrt)eaumg nmiy thaemaglded t o

this condensate.recirculation streamto |rr%r50ve tﬂ’g di. strrbu%ron .of the
%

i nhi bi t SYRPHS & Fask s HraTFYedr 4 feasionFonsatsh SHR FRRPinalen fhsiee %{nﬁ?ﬁtr on of
this cogdglsedifigh@al MR bﬁtﬂeﬁ‘ﬂar sid ek} myy;mﬁz htdieRetagads BRE &Y ufilind ©f the
type previously described to wash pol ynerizabl e condensates fromthe

i nt er i oPrigg theateawpersture [pé th\drdb'hydna(tlireanc@I grfutficiens levgh deAacdlitate thed/ or

interco p 0 I vapor
paces. SAPHNLRRGHP o P sl R b B iR ORI AR ARG AERUITE S EBIAP. VT
vapos | froms] 1a)Pe tpr1e5aT. alrhy eib teferititt € theathixdurt érone riat difckeAbeve rhiges dew

poi nt of insul ation and electric or steamtracing are effective for
this pufr%‘sej "Fhe HaEi aPrreeRyaHgRal dealc PEFhaRasy ANt PoRSeoinuA IPYHARt
stream &%51(1%@%&?"1P§ Q4 b iy th’ﬂBerQl%?e LRRksive bRl &' di @I tabGe, aCEL ONE
and water. It fed to a second distillation colum referred to herein as
GVAA pr deunmle&:@ﬂ DI 3Oat eknhmmrmhddtpd:ette Zm:d tohehent Swanm glase fud fimer
separatﬁd fer(o% Lvarious i bt es to @ Cam texc ey g dHct col um
330 and i1 S*EHNEHY @ IF%r?Xé angre 5? of&F abl Y Eonst riic & 5f 2orr 0%t on
resist aﬂtcharageer hral feferbbR &M cseinNyOEdEdsRA xedbtmmmaemrk lsa¢H &stHoee listde any
and all secondary equi pnent, such as vacuum equi pnent, reboilers,

condens €and punps, and associ ated pi ping. By associ at ed prprng |s meant
piping that is coppegl6eh Qrttd}ecr%l MR BN §€eﬁenqrawm%é,&%

including, but not limted to fee i nes, ottoms l'i nes, overheads I|nes
over f | opveferabds, a phagt flow mesctori n@nbremnpladdr a nmnkdrrmecsor tbmygsenseaddmtihen

l i nes, reflux [in rundo nes. Suitab truction

for theS'EmMlS Ha Wy‘gs‘%{’te 6%088??5’ g}‘?dprfstegt ESFLH lénléscfols%rl Euroﬂ%ﬁnﬁp “Mhut are

not 24 i nAbel@Eah@n Not BP19be 960 Aliegled dcdider 3Ebes, DROKLed tBerdBl iY h suitdldAdd ELLOY
B2, B3, C-22 an C-276) tantal um and zirconi um 21 | n sone

enbodr nﬂh‘t’ seaciaie Thathirderarueferaoker reaceruideis desme AAka IEPEAr ewlarswhigh ir#sed zi ng
base msttoadoﬁl th§ l&?ar&k@rsrfe&%rqmtu% eé!) ingcf{r@ergagr aI:tBr ﬂuﬁﬁrre rPgl%t ?&reﬁ&%mi{%@
oXy, r(e.g., LON)

coveri uoro 0

or one mf42) rpee\&btsvc&gtad&t(mdofnbt ataskedsmixturat &he ataclodr rczmtm;tcoulet map belany such

i nst ances, %ge coveri ng |s gl aced. over, .and be 5. opt.i onal I%/)Fbonded to,
the bas¥PFraf 4Fat CECEPETHED BatesTrleHsSothORE 2 P8 h & 15PIsRRSY P¥3f thi s

i's beredfyiloRiehit o High aSnePMEked PRSEiMdiler AABSIT tetdrtker COMRE QdoRASE
metal construction is preferred for |arge ‘diameter piping (3.8 cmor |arger

nomi nal mikterees ypicalinid theorangeaft ¥Lehdhg€r. t ubes in high fluid velocity
service (fluid v of 0.15 neter/seco re). .Cover dbs met al
construction is ei%@titt?%lr%?“&Fé?%%“%“crfr%ﬁﬁmﬁr‘f&%‘%wlg‘?%fsrt?étean%a%Eé as 10
wel | asconaRvaheCOMES Srodel ARERIGOCBAIt NEBbNtBXENBNGRN theheghee)ise sarel ot her
conponents, where significant netal thickness (3 nmor nore netal

t hi ckneygges.s Iydhe meBapivtplg euersproerss uh@INest e it 4PNtar iR e s agrackenpdReht s such
as ay ed.
R S e S LRSS T R
fifteen perforated plate trays are used. Internals, if present, may be nade
fromthe same 15 materials as the colum itself or may be constructed from
one or nore different materials. For exanple, 300 series stainless steel
may be used for both the internals and the colum. GVAA product colum 330
may be operated such that the deconposition of H BA is avoided. Preferably,
t he product columm can be operated under a vacuum (i.e., bel ow atnospheric
pressure) to mnrmze the terrperature at the bot t om of the coI um. For 20
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30 subdivide either one of theminto one or nore sequential colums, t
distillation colums 22 are generally nost useful in the process. If
single colum is used it is referred to as a glacial methacrylic acid
dehydrati on- product colum. GMAA having a purity |evel greater than or
equal to 95% | eaves product colum 33 via line 320. It is at |east
partially condensed. Tenpered water, as discussed 5 above, may be used in

t he condenser to avoid freezing the MAA in the stream In order to naintain
the required purity of the GVAA product, it is often necessary to return a
portion of the condensate back to the product colum via reflux |ine 335;

the fraction of condensate.ret rn rom 0% to_100% endi ng on
he. operHioTAY BBRGTTAIEaf S0 R b EY B NG Thes BRATIFTE) ™ cuel
desir edmeaaa@yraer@terrlsﬁg:&@ﬂﬁammtjeornﬁnter&p ok wetcertr&aobo\{mafomu&rr anemébo to
GWAA product storage. In a preféerred enbodi ment, a portion of

condensgteams gng ey maybatlexdtedae Ryt desirahde lsiinarrelative amtespwtmaﬁaqort@ t he
vapor i t n 0 ncy. The
condenstd ieyO bl 36 " GrhRg ot BbR¥RAAA HERREL SAPLEASCTY L e

ont o5 t hentthdeglee eland, clﬁrtdermeA feRdtRhi d¢p, She kacesy aadd/ @ﬁcldeheealcm)lr eboléapor
line. If inhibitor is added to the condenser, it na%ébe added_to the
condensBIUIE dwhich gogtains MY amopg Rtheh Lipg dv &aried 1HiNMARA| 58P0 dfiththe

i nhi bi t Qkier td?nopmeﬁstﬂa‘t% fhodudRh %ttsmﬁt rERR 8h RBond 2te§@AAaea%ttzm of
this reflux condensate recirculation stream may pass through a spray ring
of the Qgemeqm’ce\prwwteyof died emi foelB aton; msmplpfﬁqubﬂveatﬂzﬁattretoaohdensm @msf rom t he

interior ces,of the nsers

i nt er conie ?tb yo A \§/épa(5lrn © §1£§? I\/me rﬁﬁ’%ﬂ“ ‘M&f % o r§ eﬂtpeta ué% Eg?t%ltﬁl nes
ref ey r ezl 0PQ, @srelRE¥MbIGRE $0°Roa 98T, m@ppreﬁrébrpmsotetdamot@m of the product
colurm via |ine 325 and may be conbined with other sulfur-bearing residue

streans in val uedn thedddey spaction pracgssy i isipryferred thapihe ploichinmesiic reacter feedbycl e
stream LA y

or oduci Hae BoFARRI AR Gr 5 EesBleRapaTe thaER ] G BRs Biher )

pr ef er alreferabdy ghis uetie chag foe b motes i drwatasnde aftACH ttedi mbles of hateGidole pf oduct

val uos e B BESTANEE BeFe L LT B 1SRG ok RESERRR 55 Aatlct

col tym BedttRererab Bt embes b MatePHRIELSSRAH 1 @ﬂtouaadﬂpﬁaadﬁﬁme F QIR Mg System
to recover residual MAA, prior to conbining it with the sulfur-bearing

r esi duehaye famgdshowayep fHeat betpwdi rahel bftheagpriopigs e abihe reactor ppres s pighem t he
GVAA pr 0, AN rippin
vessel < Tps AR, SAME o8 Ge 1WA LR R nd Y el P ISR L PP 1O
cont actrewilt HTHeheatddiBatdoaddad magdpe rﬁxrestd wextycled| anaoimbinavorsofSfrase amal rdcycled 23

preferred that the sfripping ves be operated .at subat nospheri ressure
P x| W5 (16 PER oVESYHIEh A G SRR SRR TFmy e SHL g PR back

intgt hecd\d%dprrgg@&swct% VXA @iitaMeBodBE of esy&édewyt@ft@rvaruamlss rebb\@ry esi due
fromthe stripping vessel, substantially free of residual may then be
conmbi neZb. vif réeyelne V\@tﬁ:lrﬁwsed:b.em mgufaesnedmehmsraemsratldreld/anmeserﬁﬁnr ebddoery 28
(Flgure routed to cry ters Drocess in. an

i nt egr af & ?i)yFle%lerr?r j5 ﬁreéidztc’is r?éef%rdﬁ’lﬁ np lgct:hra§ per er PUECHL 195 ni ni ze
condensMiA0feagot yzmrrhzaédwlad wa@d@@inksp@cmtm atsp:ay ﬁtv/@tﬁag@mdudh tgobapon, its

condensers, and i nt erconnecting p lines are preferably maintained at a
t enper aPateeoibe vank Wedfaeilitatebe ﬁtm%‘fa psondensed| R yHizahie AnERErS ot eam
tragd ngnafigr %Latc@)p hé vgp({r%?aéegtb r@Hﬁthg%?omérﬁtldnsorpfh'b?éﬁdrﬁ@és uﬁ%ﬁéﬂ af 0 add

i nhi bitors such as t ose bove t6¢ the GVAA product columm optionally
Wi th a appirawmts udett 1hysl prefetuble tht aHudd ey, nlvat enay"cWEIEGES a gashirki ltqouid, ifiom

f be added d t t h
PR R R R e r‘?tféé%;w%ca B fhecte8h HinneRl 1o o°
anci | I 3arE@r"ﬁtus|rfla)“§@‘$per‘a{ed'c%ntlﬁroﬁﬂ?fcﬁrlﬁ@ﬁnﬁt@ﬁﬂyt Qegtﬁf@db%tn?rcab%rqgﬂﬂﬂ at a

rate of HQ per 10,0 dehydf ati on col um
f eed; mmrlpmemqbﬂsycompaablpa\u@ the om&clagvftt@ MaAkrga®¢rm4@m10ﬂe@ fo00 kg of

I 9 k f
GMI% pgpg E)S:B%@kg’?adéjp tdi%tﬂ'f/m@ae ! nC?u eb°u¥ alatnc’?hm%p? e alzraflvla I%hovarl gbloe

anount of add|t|onal i nhi bitor may be added directly to the product r undown
line to ensure that the 20 product-streaminhibitor concentration is within
final product specifications. The specific amount of inhibitor to be added
may be determ ned by anal yzi ng sanpl es of the product stream for inhibitor
concentration manually and/or with in-line process anal yzers, and adjusting
the addition rate accordingly. If nore than one inhibitor is introduced
dlrectly Into the product colunn t he addltlon rates of the |nd|V|duaI
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24 flammability limts and oxygen solubility within the purification
system and these properties should be taken into account when determ ni ng
t he appropriate oxygen concentration to be used for the oxygen-containing
gas. Considerations of such factors are within the ability of one of
ordinary skill in the art, and either qgure oxygen or atnospheric air nmay be
comonly 5 enployed. Surprisingly, we have found that there may be an
inmportant factor affecting the efficacy of inhibition within the
purification systens not previously considered with respect to oxygen
addition - that is the avoi dance of high oxygen concentrations within the
nonomer - i N ti itself. Wh - t i .large
ol at vaady YA 3P R ekbie mhsoibnEogHaan. BAGTERY PR e@hdiel P
rate of r@etlydremiez.alhefMuibypay aRBtdptigndlf®e pagssbthiraghafheprsxokinder @rdntrol
ultimately, nmononer radicals. For this reason, |t is not recommended that
oxygen- ¢S HRBRCFAING YUsBeORPaRE CHATISHENG HPYF PO MESIZ#Hq0s HRiDItOfRs SYERAS

det er i " T . . i

espect A PRA R Pice T FURRARR s S SR My M £ BN e
puri fi campbuyedinsothen veSpisdntileal inythe gidcasbmrof HE presenhimversiopatsedita prhduzet or, it

i f d_that t i f.th - ini feed to th
b S S Rneralits St B Bt & H05 e SRt MhRRE spREHob 5™ ol e
to 10 nednkSre@torofRbRalofepdiidorsyoéRiciiesy, alsabhtonadollndsp b&d/610pBdict BkAs Of

Qz/ nol e of Hg most preferably at 1.5 noles to 6 noles of OZ/ nole of HQ
When NEHOKP.s Fhriler s@iseconerpt iinenvisiensd  to jbe applicablefte theeprogugiiontand siosageiof

oxygen- i ni gas..f.e t - i.ahi b tQr L he

pur 11 1 o e B AE DG R O Wl o Br bRy ) 4 SRR et L aht®
MEH®» noomiepsagibe rpabimeriadtich. SERmhgss bb s&hnprbessesfin@ddarblicare fnol/Hrednost
preferably at 2 les, to 6 noles of O-/nole of MEHQ By way of exanple and
not i nipf%lflftlﬂ‘l‘,(’ft%ﬁ'@rf”&']l B WS Bescription, relating to the operation of the
GVAA puri fi cati onpSys kR &inbodinfnt, ey clddew SE0RRomRS fok Qk&m{yl@,"@%é)@l&d is 25
provided to illustrate the use of the inhibitor in conjunction wi'th an
oxygen- @ker znkithey igsuppligkvrilmbles recoyeyd8) MAADE serplisd teamethaennie estaig
greater 09 i i at f 4,545
i nr o280, G s (851 92 Bl SRR REOLATD Mip % BRI

t enper akmbediakent, ke Bojicleanvatr fahie isCol nmgratesl watemtank, feeting redled @atkp Q.

I nhi bitor solution conprisi qr’}% 3.5% Hgﬁiy;n wat er ~s added ~n nultip

. d | e
| ocat i oR8h thoBrodhstiongi diAA 1 TR FEfFRt i OR R0 GrifcYstfd Y& AMcfichar i es
to yiel ds an: @&smhlansed dby EH‘erB;iﬁS%driﬁ%%dﬁEry?a% & BEodub S SRRETdLEe Rufcel S
added to the reboiler circulation line at "a rate of 5 kglhr. The resultant
rati o obf erydgshwaens ailnabies rgeryegts. tif mah g oankihidsidtibmay glsa b agnsintege@B per

nol e of d pol. r . formation in the.distillati l.u i S fectively
i nhi bi t é°g?%d5"ﬂ%?ﬂ%ﬁhég§¥ tofisy ARk fiahsh ‘%?‘{aéfé?r‘})m &5 %Ppsﬁ"ua% %ﬁaﬁféze%”%‘ém ‘E‘{anﬁ%%
MAA0 i S teedcicledaw AEMARNR 1O ahl Ghite graled Mt tarik, rédyCle@fwalerG9 Quigdielro bbtethpr essur e
at the bottomof the colum is 60mHg and the tenperature at the bottom of

the col EHFrificgtipmirsiewr i dhaamethgorlatoesiasmocesy ay Mg st e MAPuterSAr Hottri si ng
2. 5% MelgA A N SAA ed. i |t . j : g\/l%ﬁ
product “col []Jrrm ar'ldH?\tNg%g’n@Jlel atg%j géérﬁgay%lgﬁg&dgg%g[\%?gf 'ggcaf#gtlltsgﬁte éed rate
of 126 kyddnated Atymsiwater @nlaisrmaoss usedd exchet thet theycledbaitdres ganieracad thodnthei ne at

arate kg/ hr. The resultant ratjo of oxygen-containin as addition to
i b ¢ SIAR B omaGe st e o Bl RS ARGEAINS ot FrOmeh BRES ¢ ho

di sbil | ahbiphs mlsrsm dnBy &nf@kdd ehy/ meMRrPlate@Sier fdcekhe OBERRS M tHeWEtHON,
therefore, is well adapted to carry out the objects and attain both the
ends an®ateh@raddeeninage snatkastylgaesier procese Imayawot de eitatide dest use gn jthih it

t her ei n. agp(‘l)irl e the present invention has been depicted, described, and is
defi ned eby reference to particular enbodi nents of the invention, such
references do notini dealeyerdbddifibitat teOyticdnwhtbe tanky idhi &Nthoed déraribedC ibove
limtation nay be inferred. The invention is capable of considerable 20
nodi f i cERY &R Used tocieaRvenrecyalad waias Streamp Tom sebreeyili SBFraHpdictian PEICAISENd/ or
fungtio a i, | r f | y ol als £ ertinent arts.
Theg%epimcc'g] e gérgdéxélgl ?fjipﬁgg’ g%@%cﬁé%rﬁéﬁéo?g}%h(éfalmnd\?ebﬁ%r?nogﬁ]m;aﬁag %%(egﬁg)l’ zfrry only,
and are not exhaustive of the scope of the invention. Consequently, the
invention is intended to be limted only by the spirit and scope of the
appended cl ainms, giving full cognizance to equivalents in all respects.



26 WHAT IS CLAIMED I S: 1. A process for the preparation of nmethacrylic acid
and esters thereof, the process conprising: (i) continuously feeding a
first raw material conprising acetone cyanohydrin and a 5 second raw
material conprising sulfuric acid, oleumor m xtures thereof into a first
hydrol ysis system (ii) continuously igeding athird raw materi al

conpri sing acetone cyanohydrin and a fourth raw material conpri sing

sul furic acid, oleumor mxtures thereof into a second hydrolysis systemto
(iii) continuously hydrolyzing said first raw material and said second raw
material in said first hydrolysis systemto forma first hydrol ysis product

conpris Sl \ - s - :

cont1 nubanr e Alior R SEBLIL AP Rl AR WRNAKY). SR W KIS el

mat er i abthen cs@mpalibdeoard shydnomagissmidarbt Benstimblo imite medodd ohyldr pleyait S
product . conprisi ng al5 sul fatoi sobutyram de and a- hydr oxyi sobutyram de; (v)
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20 minutes or more. Plug flow in MAA reactor 22 may generally be maintained by use of design
features such as those described with respect to the cracking section. For optimum reactor
design, a pipe having minimal turns is preferred. If turns are required for plant spacing or
other reasons, such turns should be designed to achieve close to plug flow. The diameter of
the pipe may be selected so as to favor plug flow as well. The pipe may also be straight, e.g.
25  no turns, in which case, plug flow is maintained. An alternative to having smooth turns in the
pipe while maintaining plug flow is to have a CRV™ in each turn. Heat-treated zirconium is
a corrosion resistant material particularly suited to be the construction material for MAA
reactor 22 and esterification reactor 42.
After the reaction step, the MAA reactor mixture (which comprises MAA)

30 passes to separation step 26 and is cooled in at least one heat exchanger to 50°C to 95°C. At



15 3. The process for the preparation of methacrylic acid and esters
thereof as clainmed in claim2 further conprising: providing MEHQ i nhi bitor
to at | east one of said first distillation colum and said second
distillation colum; providing an 02-containing gas to said at |east one of
said first distillation colum and sa1gl second distillation colum,;
adjusting the addition rate of MEHQ to said at |east one of said first
distillation colum and said second distillation 20 colum to naintain a
ratio of MEHQ additio2 to a colum feed between 1 kg MEHQ 10, 000 kg col umm
feed and 15 kg MEHQ 10, 000 kg colum feed; adjusting the addition rate of
Ozcontaining gas to said at | east one of said first distillation colum and
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ester formation reactor; gvi ii) continuously reacting said first cracking
product and sai d Wikerthe sylfympefriag ragidue treatment process in methacrylate esters

25  production, however, we have found that it may be useful to add an antifoaming agent to the
lower layer sulfur bearing residue stream treatment vessel in the MAA process following the
separation step. One example of a suitable antifoaming agent is Map EC9055A, available
from Nalco-Exxon, but other commercially available agents may be utilized. As a general
guideline, a sufficient quantity of antifoaming agent is 4.2 liters per 100,000 kg of sulfur-

30  bearing residue stream fed to the valuables recovery process. The quantity of antifoaming



formation reactor to forman acid formati on product conprising nethacrylic
acid; 5 (ix) continuously reacting said second cracking product and said
al cohol in said ester fornation reactor to forman ester formation product
conprising an ester of nethacrylic acid. 7. The process for the preparation
of nmethacrylic acid and esters thereofyas clained in claim1 o 6 further
conprising separating the acid formation product into a nethacrylic acid
product stream and a | ower |ayer sulfur-bearing residue stream distilling
said nethacrylic acid product streamin a first distillation colum to
produce a Iight ends over head strean1conprising acetone and water and a
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and esters thereo? as clainmed in claim7 wherein said first distillation

col unm itdompse thag adiliveneh lawsaiayenmay pe sasily gempvadnaa pist (opipabpotioae outlet of

the tank, and transferred back to valuables recovery 28 as discussed above with respect to the
20  original lower layer sulfur-bearing residue stream. Removing the additional lower layer in
this manner protects downstream purification equipment from the corrosive effects of this
sulfur-bearing residue stream. Additionally, such storage tanks give the manufacturer the
ability to run the front end of the process independent of the back purification end. Crude
MAA streams comprising MAA and impurities may be further processed in purification
25 system 30 if desired to obtain substantially pure MAA that is at Jeast 95% pure; such
substantially pure MAA streams are herein referred to as Glacial Methacrylic Acid
(“GMAA”). One embodiment of purification system 30 is shown schematically in Figure 5.
Note that the crude MAA feed stream 300 may also originate from a non-ACH based process,
e.g. an isobutane/isobutylene-based process, an ethylene-based process, or an ACH based

30  process not containing integrated processing steps.



|0 colum is 50 mmHg to 80 mm Hg and the tenperature at the bottom of the

colum is 70 Cto 110 C and said second distillation colum is operated

such that the pressure at the bottomof the colum is below 70 mm Hg and

the tenperature at the bottomof the colum is below 110 C. t 5 11. A
process for the preparation of nethacqélic acid and esters thereof, the
process conprising: (i) continuously f€eding a first raw material

conpri sing acetone cyanohydrin and a second raw material conpri sing

sul furic acid, oleumor mxtures thereof into a hydrolysis system 20 (ii)
continuously hydrolyzing said firs~raw material and said second raw
material in said hydrolysis systemto forma hydrolysis product conprising

a. sul fat oi sobut y?%@rqﬁéceaWéAhy@rO@mﬂwamew &rithe Pu(‘fl?qtlf’“ci’éﬁ?‘it midhsl y
f eedi _“g S i Ul dﬂ FShi lrpi‘:gq§0§ 2l o@cgnm&n@g bé)ﬂ?etd.e"ﬂhe(ffréf)c?ﬁl%tdsg&'ous| y
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met hacrylic acid; with the proviso that, if said cracking conpri ses
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addition lines, oxygen addition lines, reflux lines, and rundown lines.

Suitable materials of construction for the GMAA dehydration column and its
column ancillaries include, but are not limited to: stainless steels (e.g., 300 series, 904L, 6-
moly), HASTELLOY® (e.g., B, B2, B3, C-22 and C-276), tantalum and zirconium.

15 In some embodiments, the manufacturer may reduce construction costs by
utilizing base metals, such as carbon steel, combined with a corrosion-resistant covering —
such as glass, epoxy, elastomer, fluoropolymer (e.g., TEFLON®), or one of the above listed
metals — as a material of construction. In such instances, the covering is placed over, and may
be optionally bonded to, the base metal to prevent base metal contact with the process stream;

20  this is herein referred to as covered base metal.construction. Covered base metal construction
is preferred for large diameter piping (3.8 cm or larger nominal diameter) and for heat
exchanger tubes in high fluid velocity service (fluid velocity of 0.15 meter/second or more).
Covered base metal construction is especially preferred for pressure-containing vessels, as
well as manway covers, flange covers, heat exchanger tubesheets, and other components,

25  where significant metal thickness (3 mm or more metal thickness) is used to provide
structural strength.

Internal components such as trays or packing may be useful in GMAA
dehydration column 310. If used, trays are preferred; if trays are used, it is preferable to use
two to ten perforated plate trays. Internals, if present, may be made from the same materials

30 as the column itself or may be constructed from one or more different materials; for example,



water is continuously fed to said acid formati on reactor and a second
portion of a cracking 1 o product fromeach of said cracking reactors and
an al cohol is continuously fed to said ester formation reactor. 12. The
process for the preparation of nmethacrylic acid and esters thereof as
claimed in claim1l further conprisinggseparating the acid formation
product into a nmethacrylic acid pro3uct 15 streamand a | ower |ayer

sul fur-bearing residue stream distilling said nethacrylic acid product
streamin a first distillation colum to produce a |ight ends overhead
stream conprising acetone and water and a bottoms stream and then
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30 and the water/acetone stream can be routed to another process such as an acetone recovery



second cracking system (v) continuously cracking said first portion of
said hydrolysis product in said first 5 cracking systemto forma first
cracki ng product conprising nmethacrylam de; (vi) continuously cracking said
second portion of said hydrolysis product in said second cracking systemto
forma second cracking product conprighng nethacrylamde; (viii)
continuously feeding said first cracking product and water to an acid 10
formation reactor; (ix) continuously feeding said second cracking product
and an al cohol to an ester formation reactor; (x) continuously reacting
said first cracking product and said water in said acid formation reactor
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some HIBA, but has lost a substantial amount of acetone and water. It is fed to a second
distillation column referred to herein as GMAA product column 330. In GMAA product

20 column 330, MAA is further separated from various impurities to produce GMAA. The
GMAA product column 330 and its column ancillaries are preferably constructed of corrosion
resistant materials. The GMAA dehydration column ancillaries include any and all secondary
equipment, such as vacuum equipment, reboilers, condensers and pumps, and associated
piping. By associated piping is meant piping that is connected to the column or any secondary

25  equipment, including, but not limited to feed lines, bottoms lines, overheads lines overflow
lines, vent lines, inhibitor addition lines, oxygen addition lines, reflux lines, and rundown
lines.

Suitable materials of construction for the GMAA dehydration column and its

column ancillaries include, but are not limited to: stainless steels (300 series, 904L, 6-moly),

30 HASTELLOY® (e.g., B, B2, B3, C-22 an C-276), tantalum and zirconium.
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this is herein referred to as covered base metal construction. Covered base metal construction

is preferred for large diameter piping (3.8 cm or larger nominal diameter) and for heat

exchanger tubes in high fluid velocity service (fluid velocity of 0.15 meter/second or more).

Covered base metal construction is especially preferred for pressure-containing vessels, as

10  well as manway covers, flange covers, heat exchanger tubesheets, and other components,

where significant metal thickness (3 mm or more metal thickness) is used to provide

structural strength. Internal components such as trays or packing may be used in GMAA

product column 330, if desired. Trays are preferred; if trays are used, it is preferable that five

to fifteen perforated plate trays are used. Internals, if present, may be made from the same

15  materials as the column itself or may be constructed from one or more different materials.
For example, 300 series stainless steel may be used for both the internals and the column.

GMAA product column 330 may be operated such that the decomposition of

HIBA is avoided. Preferably, the product column can be operated under a vacuum (i.e.,

below atmospheric pressure) to minimize the temperature at the bottom of the column. For

20 example, in one embodiment, the pressure at-the bottom of the column is maintained below

150 mmHg, allowing the bottom of the column to be operated below 125°C. In a preferred

embodiment, the pressure at the bottom of the column is maintained below 70mmHg, and the

bottom of the column is operated below 110°C. At least one heat exchanger may be used as

the heating apparatus for the GMAA product column. Desuperheated steam is preferred as

25  the heat exchanger’s heat source. If a reboiler is used as the heat exchanger, it may be

internal or external to the column. Vortex breakers are also useful in the bottom of the

GMAA product column.
Although it may be within the scope of one embodiment of the present
invention to combine the GMAA dehydration column and the GMAA product column or to

30 subdivide either one of them into one or more sequential columns, two distillation columns
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GMAA having a purity level greater than or equal to 95% leaves product
column 330 via line 320. It is at least partially condensed. Tempered water, as discussed
5 above, may be used in the condenser to avoid freezing the MAA in the stream. In order to
maintain the required purity of the GMAA product, it is often necessary to return a portion of
the condensate back to the product column via reflux line 335; the fraction of condensate
returned may vary from 0% to 100%, depending on the operating conditions of the product
column and the GMAA purity level desired. The remaining condensate is then transferred via
10  line 350 to GMAA product storage. In a preferred embodiment, a portion of the condensate is
recirculated back to the condenser, and optionally to the vapor inlet line, to minimize fouling
and improve condenser efficiency. The condensate may flow freely out of the recirculation
line or may be sprayed onto the tubesheet, condenser interior surfaces, and/or the inlet vapor
line. If inhibitor is added to the condenser, it may be added to the condensate recirculation
15 stream to improve the distribution of the inhibitor. In an especially preferred embodiment, at
least a portion of this reflux condensate recirculation stream may pass through a spray ring of
the type previously described to wash polymerizable condensates from the interior surfaces

of the product column, its condensers, and/or interconnection vapor lines.
MAA, HIBA, and other impurities (oftentimes referred to as heavy ends) are
20 removed from the bottom of the product column via line 325 and may be combined with
other sulfur-bearing residue streams in values recovery 28 (Figure 1), or may be routed to a
recycle stree{m in the methacrylate esters process (in an integrated facility producing both
MAA and methacrylate esters). The bottoms line 325 is preferably constructed of corrosion
resistant materials. The GMAA product column bottoms stream may also be disposed of, but
25  preferably fuel values may be recovered before disposal. Optionally, the GMAA product
column bottoms can be further processed in an independent stripping system to recover
residual MAA, prior to combining it with the sulfur-bearing residue streams. In one
embodiment of an independent stripping system, the GMAA product column bottoms are
heated in one or more glass-lined stripping vessels with live steam. Live steam is steam that

30 comes into direct contact with the MAA-containing product column bottoms stream. It is
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recovery of MAA. The recovered MAA may be recycled back into the MAA process, for
example, via the recycle water tank. The residue from the stripping vessel, substantially free
of residual MAA, may then be combined with the sulfur-bearing residue streams for values
5 recovery 28 (Figure 1) or may be routed to the methacrylate esters process in an integrated
facility producing both MAA and methacrylate esters.
To minimize condensation polymerization, vapor spaces on the GMAA
product column, its condensers, and interconnecting vapor lines are preferably maintained at a
temperature above the dew point of MAA; insulation and electric or steam tracing are suitable
10 for this purpose.
It is oftentimes useful to add inhibitors such as those listed above to the
GMAA product column optionally with a diluent. Methyl ether of hydroquinone (“MEHQ”)
inhibitor is especially preferred and may be added directly, or with a diluent such as MAA, in
one or more locations throughout the GMAA product column and its ancillaries. If used, it is
15  preferred that the inhibitor be added at a rate of 1 kg to 15 kg of MEHQ per 10,000 kg of
GMAA dehydration column feed; more preferably at a rate of 1.5 kg to 12 kg of MEHQ per
10,000 kg of GMAA dehydration column feed; most preferably at a rate of 2 kg to 9 kg of
MEHQ per 10,000 kg of GMAA dehydration column feed. Optionally, a variable amount of
additional inhibitor may be added directly to the product rundown line to ensure that the
20  product-stream inhibitor concentration is within final product specifications. The specific
amount of inhibitor to be added may be determined by analyzing samples of the product
stream for inhibitor concentration manually and/or with in-line process analyzers, and
adjusting the addition rate accordingly. If more than one inhibitor is introduced directly 1nto
the product column, the addition rates of the individual inhibitors may be reduced relative to
25  the rates disclosed above. If MEHQ inhibitor is used, 1t is further preferred that oxygen-
containing gas be added to the distillation column to enhance the effectiveness of the MEHQ
inhibitor. Oxygen-containing gas may be added in one or more locations throughout the
distillation column and its ancillaries.

The addition of oxygen-containing gas is especially advantageous for phenolic

30 inhibitors, such as HQ and MEHQ. Operating temperatures and pressures impact the
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flammability limits and oxygen solubility within the purification system, and these properties

should be taken into account when determining the appropriate oxygen concentration to be

used for the oxygen-containing gas. Considerations of such factors are within the ability of

one of ordinary skill in the art, and either pure oxygen or atmospheric air may be commonly
5 employed.

Surprisingly, we have found that there may be an important factor affecting the
efficacy of inhibition within the purification systems not previously considered with respect
to oxygen addition ~ that is the avoidance of high oxygen concentrations within the
monomer-containing solution itself. When oxygen concentrations are large relative to

10  inhibitor concentrations, oxygen can actually increase the rate of polymerization by
promoting the formation of peroxide and, ultimately, monomer radicals. For this reason, it is
not recommended that oxygen-containing gas be added when no inhibitor is present. We
have determined that the optimal oxygen to inhibitor ratio will vary with respect to the
inhibitor used, as well as the residence time within the purification system. Specifically,

15 when HQ is the selected inhibitor, it is preferred that the ratio of the oxygen-containing gas
feed to the HQ inhibitor feed added to the purification system is maintained at 0.65 mole to
10 moles of O,/mole of HQ; more preferably at 1 mole to 8.5 moles of Oy/mole of HQ; most
preferably at 1.5 moles to 6 moles of Oy/mole of HQ. When MEHQ is the selected inhibitor,
it is preferred that the ratio of oxygen-containing gas feed to the MEHQ inhibitor feed added

20  to the purification system be maintained at 1 mole to 11.5 moles of O,/mole of MEHQ; more
preferably at 1.5 moles to 9 moles of Oy/mole of MEHQ; most preferably at 2 moles to 6
moles of Oy/mole of MEHQ.

By way of example and not limitation, the following description, relating to
the operation of the GMAA purification system that is within the scope of this invention, is

25 provided to illustrate the use of the inhibitor in conjunction with an oxygen-containing gas:

EXAMPLE 1:
A crude MAA feed stream, comprising greater than 80%MAA, is fed to a
GMAA dehydration column at a rate of 4,545 kg/hr. The pressure at the bottom of the
30 column is 65mmHg and the temperature at the bottom of the column is maintained at 90°C to

100°C. Inhibitor solution comprising 3.5% HQ in water 1s added in multiple locations
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The resultant ratio of oxygen-containing gas addition to inhibitor is 4.5 moles O, per mole of

HQ, and polymer formation in the distillation column is effectively inhibited.

EXAMPLE 2:
An MAA feed stream, comprising greater than 90% MAA, is fed to a GMAA

product column at a rate of 9,090 kg/hr. The pressure at the bottom of the column is
60mmHg and the temperature at the bottom of the column is maintained at 100°C to 105°C.

10  Inhibitor solution comprising 2.5% MeHQ in GMAA is added in multiple locations
throughout the GMAA product column and its ancillaries to yield an overall solution feed
rate of 126 kg/hr. Atmospheric air is added to the reboiler circulation line at a rate of 9
kg/hr. The resultant ratio of oxygen-containing gas addition to inhibitor is 2.6 moles O; per
mole of MeHQ, and polymer formation in the distillation column is effectively inhibited.

15 The present invention, therefore, is well adapted to carry out the objects and
attain both the ends and the advantages mentioned, as well as other benefits inherent therein.
While the present invention has been depicted, described, and is defined by reference to
particular embodiments of the invention, such references do not imply a limitation on the
invention, an no such limitation may be inferred. The invention is capable of considerable

20 modification, alteration, and substitution of equivalents in form and/or function, as will occur
to those of ordinary skill in the pertinent arts. The depicted and described embodiments of
the invention are exemplary only, and are not exhaustive of the scope of the invention.
Consequently, the invention is intended to be limited only by the spirit and scope of the

appended claims, giving full cognizance to equivalents in all respects.
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1. A process for the preparation of methacrylic acid and esters thereof, the process
comprising:

(1) continuously feeding a first raw material comprising acetone cyanohydrin and a

5 second raw material comprising sulfuric acid, oleum or mixtures thereof into a
first hydrolysis system;

(ii) continuously feeding a third raw material comprising acetone cyanohydrin and a
fourth raw material comprising sulfuric acid, oleum or mixtures thereof into a
second hydrolysis system

10 (iii) continuously hydrolyzing said first raw material and said second raw material in
said first hydrolysis system to form a first hydrolysis product comprising o-
sulfatoisobutyramide and a-hydroxyisobutyramide;

(iv) continuously hydrolyzing said third raw material and said fourth raw material in
said second hydrolysis system to form a second hydrolysis product comprising o~

15 sulfatoisobutyramide and o-hydroxyisobutyramide;

(v) continuously feeding said first hydrolysis product and said second hydrolysis
product to a cracking system;

(vi) continuously cracking said first hydrolysis product and said second hydrolysis
product in said cracking system to form a cracking product comprising

20 methacrylamide;

(vii) continuously feeding a first portion of said cracking product and water to an acid
formation reactor, while continuously feeding a second portion of said cracking
product and an alcohol to an ester formation reactor;

(viii) continuously reacting said first portion of said cracking product and said water

25 in said acid formation reactor to form an acid formation product comprising
methacrylic acid;

(ix) continuously reacting said second portion of said cracking product and said
alcohol in said ester formation reactor to form an ester formation product

comprising an ester of methacrylic acid,
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water is continuously fed to said acid formation reactor and a second portion of a cracking
product from each of said cracking reactors and an alcohol is continuously fed to said ester

5  formation reactor.

2. The process for the preparation of methacrylic acid and esters thereof as claimed in claim 1
further comprising separating the acid formation product into a methacrylic acid product
stream and a lower layer sulfur-bearing residue stream; distilling said methacrylic acid
10  product stream in a first distillation column to produce a light ends overhead stream
comprising acetone and water and a bottoms stream, and then distilling said bottoms stream
in a second distillation column to form an overhead product stream comprising at least 95%

methacrylic acid and a bottoms stream comprising heavy ends.

15 3. The process for the preparation of methacrylic acid and esters thereof as claimed in claim 2
further comprising: providing MEHQ inhibitor to at least one of said first distillation column
and said second distillation column; providing an O,-containing gas to said at least one of
said first distillation column and said second distillation column; adjusting the addition rate
of MEHQ to said at least one of said first distillation column and said second distillation

20 column to maintain a ratio of MEHQ addition to a column feed between 1 kg MEHQ/10,000
kg column feed and 15 kg MEHQ/10,000 kg column feed; adjusting the addition rate of O,-
containing gas to said at least one of said first distillation column and said second distillation
column to maintain a molar ratio of O, to MEHQ between 1.0 mole O,/mole MEHQ and 11.5
moles Oy/mole MEHQ.

25
4. The process for the preparation of methacrylic acid and esters thereof as claimed in claim 2
further comprising: providing HQ inhibitor to at least one of said first distillation column and
said second distillation column; providing an O,-containing gas to said at least one of said
first distillation column and said second distillation column; adjusting the addition rate of HQ

30 to said at least one of said first distillation column and said second distillation column to
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maintain a ratio of HQ addition to a column feed between 1 kg HQ/10,000 kg column feed
and 10 kg HQ/10,000 kg column feed; adjusting the addition rate of O,-containing gas to said
at least one of said first distillation column and said second distillation column to maintain a

molar ratio of O, to HQ between 0.65 mole Oy/mole MEHQ and 10 moles O,/mole MEHQ.

5. The process for the preparation of methacrylic acid and esters thereof as claimed in claim
2 wherein said first distillation column is operated such that the pressure at the bottom of the
column is 50 mm Hg to 80 mm Hg and the temperature at the bottom of the column is 70 °C
to 110 °C and said second distillation column is operated such that the pressure at the bottom
of the column is below 70 mm Hg and the temperature at the bottom of the column is below

110 °C.

6. A process for the preparation of methacrylic acid and esters thereof, the process
comprising:

(i) continuously feeding a first raw material comprising acetone cyanohydrin and a
second raw material comprising oleum into a hydrolysis system;

(ii) continuously hydrolyzing said first raw material and said second raw material in
said hydrolysis system to form a hydrolysis product comprising «-
sulfatoisobutyramide and ct-hydroxyisobutyramide;

(iii) continuously feeding a first portion of said hydrolysis product to a first cracking
system, while continuously feeding a second portion of said hydrolysis product to
a second cracking system;

(iv) continuously cracking said first portion of said hydrolysis product in said first
cracking system to form a first cracking product comprising methacrylamide;

(v) continuously cracking said second portion of said hydrolysis product in said
second cracking system to form a second cracking product comprising
methacrylamide;

(vi) continuously feeding said first cracking product and water to an acid formation

reactor;

I sl
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#10%z& () -1 (vm) conmgl?ously reacting said first cracking product and said water in said acid

formation reactor to form an acid formation product comprising methacrylic acid;
5 (ix) continuously reacting said second cracking product and said alcohol in said ester
formation reactor to form an ester formation product comprising an ester of

methacrylic acid.

7. The process for the preparation of methacrylic acid and esters thereof as claimed in claim
10 6 further comprising separating the acid formation product into a methacrylic acid product
stream and a lower layer sulfur-bearing residue stream; distilling said methacrylic acid
product stream in a first distillation column to produce a light ends overhead stream
comprising acetone and water and a bottoms stream, and then distilling said bottoms stream
in a second distillation column to form an overhead product stream comprising at least 95%

15 methacrylic acid and a bottoms stream comprising heavy ends.

8. The process for the preparation of methacrylic acid and esters thereof as claimed in claim 7
further comprising: providing MEHQ inhibitor to at least one of said first distillation column
and said second distillation column; providing an Oz-containing gas to said at least one of

20  said first distillation column and said second distillation column; adjusting the addition rate
of MEHQ to said at least one of said first distillation column and said second distillation
column to maintain a ratio of MEHQ addition to a column feed between 1 kg MEHQ/10,000
kg column feed and 15 kg MEHQ/10,000 kg column feed; adjusting the addition rate of O,-
containing gas to said at least one of said first distillation column and said second distillation

25  column to maintain a molar ratio of O, to MEHQ between 1.0 mole Os/mole MEHQ and 11.5
moles O»/mole MEHQ.

9. The process for the preparation of methacrylic acid and esters thereof as claimed in claim 7
further comprising: providing HQ inhibitor to at least one of said first distillation column and

30 said second distillation column; providing an O,-containing gas to said at least one of said
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and 10 kg HQ/10,000 kg column feed; adjusting the addition rate of O;-containing gas to said
5 at least one of said first distillation column and said second distillation column to maintain a

molar ratio of O, to HQ between 0.65 mole O,/mole HQ and 10 moles Oz/mole HQ.

10. The process for the preparation of methacrylic acid and esters thereof as claimed in claim
7 wherein said first distillation column is operated such that the pressure at the bottom of the
10  column is 50 mm Hg to 80 mm Hg and the temperature at the bottom of the column is 70 °C
to 110 °C and said second distillation column is operated such that the pressure at the bottom
of the column is below 70 mm Hg and the temperature at the bottom of the column is below

110 °C.

15 11. A process for the preparation of methacrylic acid and esters thereof, the process
comprising:
(i) continuously feeding a first raw material comprising acetone cyanohydrin and a
second raw material comprising sulfuric acid, oleum or mixtures thereof into a
hydrolysis system;

20 (ii) continuously hydrolyzing said first-raw material and said second raw material in
said hydrolysis system to form a hydrolysis product comprising -
sulfatoisobutyramide and o-hydroxyisobutyramide;

(iii) continuously feeding said hydrolysis product into a cracking system;
(iv) continuously cracking said hydrolysis product in said cracking system to form a

25 cracking product comprising methacrylamide;

(v) continuously feeding a first portion of said cracking product and water to an acid
formation reactor, while continuously feeding a second portion of said cracking

product and an alcohol to an ester formation reactor;
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(vi) continuously reacting said first portion of said cracking product and said water in
said acid formation reactor to form an acid formation product comprising
methacrylic acid;

(vii) continuously reacting said second portion of said cracking product and said

5 alcohol in said ester formation reactor to form an ester formation product
comprising an ester of methacrylic acid;

with the proviso that, if said cracking system comprises two or more cracking reactors, in

parallel, then a first portion of a cracking product from each of said cracking reactors and

water is continuously fed to said acid formation reactor and a second portion of a cracking

10 product from each of said cracking reactors and an alcohol is continuously fed to said ester

formation reactor.

12. The process for the preparation of methacrylic acid and esters thereof as claimed in claim
11 further comprising separating the acid formation product into a methacrylic acid product

15 stream and a lower layer sulfur-bearing residue stream; distilling said methacrylic acid
product stream in a first distillation column to produce a light ends overhead stream
comprising acetone and water and a bottoms stream, and then distilling said bottoms stream
in a second distillation column to form an overhead product stream comprising at least 95%
methacrylic acid and a bottoms stream comprising heavy ends.

20 -
13. The process for the preparation of methacrylic acid and esters thereof as claimed in claim
12 further comprising: providing MEHQ inhibitor to at least one of said first distillation
column and said second distillation column; providing an O-containing gas to said at least
one of said first distillation column and said second distillation column; adjusting the addition

25  rate of MEHQ to said at least one of said first distillation column and said second distillation
column to maintain a ratio of MEHQ addition to a column feed between 1 kg MEHQ/10,000
kg column feed and 15 kg MEHQ/10,000 kg column feed; adjusting the addition rate of O,-
containing gas to said at least one of said first distillation column and said second distillation
column to maintain a molar ratio of O, to MEHQ between 1.0 mole O,/mole MEHQ and 11.5

30  moles Oy/mole MEHQ.
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5 of HQ to said at least one of said first distillation column and said second distillation column
to maintain a ratio of HQ addition to a column feed between 1 kg HQ/10,000 kg column feed
and 10 kg HQ/10,000 kg column feed; adjusting the addition rate of Oz-containing gas to said
at least one of said first distillation column and said second distillation column to maintain a
molar ratio of O, to HQ between 0.65 mole O,/mole HQ and 10 moles O./mole HQ.

10
15. The process for the preparation of methacrylic acid and esters thereof as claimed in claim
12 wherein said first distillation column is operated such that the pressure at the bottom of
the column is 50 mm Hg to 80 mm Hg and the temperature at the bottom of the column is 70
°C to 110 °C and said second distillation column is operated such that the pressure at the

15  bottom of the column is below 70 mm Hg and the temperature at the bottom of the column is

below 110 °C.

16. A process for the preparation of methacrylic acid and esters thereof, the process
comprising:

20 (i) continuously feeding a first raw material comprising acetone cyanohydrin and a
second raw material comprising sulfuric acid, oleum, or mixtures thereof into a
hydrolysis system;

(ii) feeding an inhibitor composition comprising a polymerization inhibitor and a
solvent therefor into said hydrolysis system, said solvent comprising sulfuric acid,

25 sulfur dioxide, methyl! sulfone, tetramethylene sulfone or dimethyl sulfoxide;

(iii) continuously hydrolyzing said first raw material and said second raw material in
said hydrolysis system to form a hydrolysis product comprising -

sulfatoisobutyramide and ot-hydroxyisobutyramide;
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(iv) continuously feeding a first portion of said hydrolysis product to a first cracking
system, while continuously feeding a second portion of said hydrolysis product to a
second cracking system;

(v) continuously cracking said first portion of said hydrolysis product in said first
cracking system to form a first cracking product comprising methacrylamide;

(vi) continuously cracking said second portion of said hydrolysis product in said
second cracking system to form a second cracking product comprising
methacrylamide;

(viii) continuously feeding said first cracking product and water to an acid

formation reactor;

(ix) continuously feeding said second cracking product and an alcohol to an ester
formation reactor;

(x) continuously reacting said first cracking product and said water in said acid
formation reactor to form an acid formation product comprising methacrylic acid;

(xi) continuously reacting said second cracking product and said alcohol in said

ester formation reactor to form an ester formation product comprising n ester of

methacrylic acid.



