; KLMNe3e74D| X6DTs*159159* PROCESS FOR MANUFACTURI NG H GH PURI TY METHACRYLI C
ACI D The present invention is related to a process for th I of
substantially pure nethacrylic acid that is at |east 99% Emmlmmmulmmglm
having 0.05% or |ess water content. 5 Methacrylic acid ("1VI A‘Al\”)] oaN

et hacryl ate esters such as nethyl netHacrylate ("MVA'") are used’in a wde
variety of applications. Typical end-use applications include: acrylic

pl asti c sheePREGESHFARMMANSHASTURONGHIGH PEIRIATY METHHACRYELE A cessi ng
aids; acrylic lacquers; floor polishes; sealants; auto transm ssion fluids;
crankcase oi |l nodi f Termescaunomobn sgeclo@dte mgocess dor teexwhdurgen pesi ns; cenent
nodi fiers; water treatnment to polyners; electronic adhesives; netal

coat i ngs; sebsthnégllypurc nidtheerydic dvidathdt ivett Heest 99 %t mire Sitrthes havieg 69Hp&cdmleky
prized in_these applications and others because of the hardness they inpart
to the prdd 5F%m?rﬁ' which they are used. They al so enhance cheni cal

stability and |ight ability, as, ). as ultraviolet radiatjon resistance,
of the’products in M%irh_(?ﬁy{“h é”%rél\’n‘gé& &Pﬂ_elna‘li‘f“‘é',atmteé%ds tﬂ%lcﬂ?\hé[e
esters ar gne@fab®mtdl FSAMAT)aRR! heat ihORSwiue Mbirikiyngf ¥1ﬁ§md3§o@f I3 pRsCehd-asd

e

transparency, strength, and outdoor durability. MAA nar ket is extrenely
cost sensipplicationsHpeude gryliemprastie pieating: inqldige aexnsy pelydinyheenider medifighit | can

It i i.gni fi.6 K d t 2h R A\ ) t
resutt | npgdfcgﬁ‘]g' a(fcﬁnEmgl‘?clr lé?cb;ef;’byﬁg% sf{%?g]}f gﬁﬁmﬁ%n@ﬁ?xmﬂn%%% ullc%\,"’cx{:}ﬁlf&\?@ age

Y%
by wei ght uritie € aving an | rppurl { evel of
| ess t hanoBlmodificreveiugditotive doedirgsy od cxchange eisims asengina oiodificR0 waeet l@atimeni ¢

acid (" )N having an inpurity.level of less th % by wei ght

Wher o1 nGOHUFE: ERERONE Do B Ui e terys Trer PR P60 FEHTNS hi gh
purity gl aatslarereifeaiany lptice i thedc' tipMBthiohs An€ @feaNbdcai@l o(PhO Be&IBedsOhcy
purifying MAA invol ves t,reat_ll‘r;\%‘ct he streamw th an excess of sulfuric acid
to renove 'BAEIOGRC PREUGHAINeYhickAcy aretied ey abigsnianet ehemgehsigbilipsndirebt ci ent
purity T okibiiey, 1 WA SIRLAAICLUAN0P s ALEL Tor B BLUILCAL VAR, BRY S usddt al SO

creates undesiTtabl e su earing residue. Mre S no
purified fThe1989%, MAd anchemedhoylkie deesamatiteneetd trheppliegions eequining wfing oGVAA

or an HPMAA product. Further, such conventi.ona cesses for the renoval
of wat'dr FRSFRAA oD e fuERS ERbUET rf YRS SRS bty P Tna
wast e. ThuyssitBRetiuf,| GatinpRsiemerit ie\IVeckd yield, hdévet RRght] Gnaksuleiasdig@Hdms0
pure) and HPMAA (i.e., MAA that is 99% pure further having | ess than 0.05%
wat er cont'&te (SPELRot been nmet with conventional purification processes.
| ~~~~m-~A~ 2 Therefore, there is an unaddressed need for a nethod to
produce HPMAA al a Medhdwbhasgstery ow poreenian by weteht ofrimppiifiesHevery dpdrable s an
unaddr ess 1.0, P L l; S Lihe.: pr .

speci fi ca'?\{ij %ﬁ?ﬁg%ntga%n llngg'g?}’a '9"’5@)'\%?%5? f}'ﬁ naﬁ%gﬁ)gie?@ﬁé%ro. 5 Otovxrg?e éllrp .dg)gpd‘gl’%(la
preser?0 i megnciybn ol ('CMAAL). pMybA duasing rhempntityi lavel d Ipssi than &t bphyeight

provi di ng_an_ecaononi cgl for producing HPVAA distillation colums to
Pemove varTBied R RoadgRRueiard iR HEE e iEEe 1 Pl asddi) PiE A o
and wat er IndiizemldacilVRBvneam such that the resultant product is at |east
99% pure MAA wi sh not nore than 0.05% water. 10 Thus, provided herein is a

process for the prepaiodlémidnffpréie@hiop PuiityihgdUIAR Blvolves treating the stream with
an cxcess of sulfuric acid to remove some of the water. While this process yields MAA of

25 sufficicnt purity for use in batch production of direct-csterification esters, it also creates
undesirable sulfur-bearing residue. Morcover, the MAA is not purified to 95%, and,

therefore, does not meet the requirements of a GMAA or an HPMAA product. Further, such

conventional processes for the removal of water from MAA have resulted in increased yield

losses and additional waste. Thus, specifications for GMAA (i.e., MAA that is at least 95%

30 pure) and HPMAA (i.e., MAA that is 99% pure further having less than 0.05% water content)

have not been met with conventional purification processes.
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met haacrylic acid, said process conprising: (i) providing a first
distillation colum, a second distillation colum and a third distillation
colum; (ii) feeding a crude nethacrylic acid to an upper section of said
first distillation 15 columm, said crude nethacrylic acid conprising

met hacrylic acid, |light ends and heavy ends; (iii) distilling said crude
nmethactylic acid in said first distillation colum to forma first overhead
vapor stream conpr IBérpigrd, thgke isendsadingdscal rfeed &ir alyutthahtol riredvice HPM A mt a

bot Lo | 1P S I e TR PIEREY ER S Gibentetba bREFPEPRT B MAE

col um; (that cBhsidtedtlyl Mee1S ke brdduesipebifititms lof guictkt SOTZELAFIt) AnS fseltha g OBHTE
distillation colum to forma second overhead vapor stream conpri sing
met hacr ylW#¢Tacid and |ight ends and a second bottom |iquid stream
conprising heavy cads; 25 (vi) feeding at |east a portion of said second
over hdad vapor stréBmArescaln inyppem seees dis afoblegisdinhpicpld iglithe ipkicatartoRy
col umm; (N 4idb St R S : i O f .sal ad
vapor st P gl T Lo oo A B e R e e
vapor st madficaionpofi MiArg td HFMA &nds the 8scaold dsttlhatiow cbintitne o Irtigoved vataugam

conprising nethacrylic acid wherein said nmethacrylic acid has an inpurity
Covel of 'MBEMYESE-eraL: T, HRPUH Y RNt Hon oY) AT ) DA BYSUBI ght
i's wat er .suddghat ih@rshitayt ploAQY istetkahteroed puré MARA WithtnldemoR (BHES65% Watdrhe
preparation of high 5 purity glacial ntthacrylic acid, said process
conprising: (i) providing a first distillation colum, a second

di stijol ati on col umrha)ehravideai Heteiflish ipkdcadsi N teoprepAationi of) hifle eatipglaiLr ude
met hacrylic acid to an upper section of said first distillation col um,
sai d cr udeeRASERiSEF 144 BIOFES UMY ng met hacrylic acid, |ight ends and 1o
heavy ends; (iii) distilling said crude nethactylic acid in said first
distillation ¢glpoRding £ Gk dstiilalist ORI @adcoRAPGELLIBELE ABNGHTRAL % G| T ght

ends and a first bottomliquid stream conprising nmethacrylic acid and heavy
ends; distillation column;
(ii) feeding a crude methacrylic acid to an upper section of said first distillation

15 column, said crude methacrylic acid comprising methacrylic acid, light cnds and

heavy ends;

(ii1) distilling said crude methacrylic acid in said first distillation column to form a
first overhead vapor stream comprising light ends and a first bottom liquid stream

comprising methacrylic acid and heavy ends;

20 (iv) feeding said first bottom liquid stream to a center section of said sccond

distillation column;

(v) distilling said first bottom liquid stream in said second distillation column to forin
a second overhead vapor stream comprising methacrylic acid and light ends and a

second bottom liquid stream comprising heavy cnds;

25 (vi) feeding at least a portion of said second overhead vapor stream to an upper

section of said third distillation columu;

(vn) distilling said at least a portion of said sccond overhead vapor stream in said third

distillation column to form a third overhead vapor stream comprising light ends



(iv) feeding said first bottomliquid streamto a center section of said
second 15 distillation colum; (v) distilling said first bottomliquid
streamin said second distillation colum to forma second overhead vapor
stream conprising nmethacrylic acid and |light ends and a second bottom

|l iquid stream conprising heavy ends; Jvi) feeding at |east a portion of
sai d second overhead vapor streamto an upper 20 section of said third
distillation copmhﬂ'ﬂWﬂibmﬁmiéMPMINﬁ@nsapmpéﬂngém@vwaﬁpomﬁl@mcwﬁlsdﬂd
Second over head t | rma
third overhead g%ﬁ@@&%f%é@ﬁﬂ%@qnﬁﬁhgIEQ?oFHﬁ1@%d agdgogyﬁg%prb ?18§1|IQUId
stream conpri si n@xdﬁaanOE%dﬁ wevglnr lsezvaxwrt hdravm ng a first liquid sidestream
froma |ower section of said third distillation colum, said first 25

i quid sidestream n acrylic id wherein sai d meacr aci d
nasan i pur Gy | ARy e RRREE § 198ish rtierRG R R B AERG ohbled {han
0. 05% bypwy ghtial SeWflc acid, éid Miotdsy ch@ing said third bottomliquid
streamto sald center section of said second distillation col um.

Addi tionally, provlded herein is a still furth rocess for the

prepar at i on of) RiogHMBuRiftyt Giptltatign Hady %CPWFQEFHE‘“O@a‘FQ’}I“‘B’P O‘B%s?sth“d
conprising: 5 (lkuiMicdhng: @ first distillation colum, a second
distillation coI um and a third distillation colum:; (||) feeding a erode
methacrylic acid to a center section of said first distillation col um

sai d erode methECAPEi % CBEF dNEBITHHICSICHY Lordh HIRT §Actien QEisyd Tis Histidaie a)nd
heavy cads; 10 hinh, Shiftiubd b2 1a?@119 aGl légﬁl Hﬁh%%ﬂl\ébx‘gﬁc %Udl éht c§d"<' ﬂldf' rst

distillation colum to form a t overh apor treamconprlsmg
met haerylic aci deapdnds;ght ends and a fi rst bottom liquid stream conpri sing
heavy ends; (iv) feeding at |east a porti on of said first overhead vapor

streamto a”a@(ﬁj’)pcg{tiul?@%aiti Qmﬂ@ nfﬁ“agl'yﬁ??lglaq l%tﬂu] éi’lEc'llir’ar'{]ﬁ gbhﬂﬁﬂ 10315

distilling s 0K OF "said flrst ove vapor st reamln
sai d second di sffirdt lboatrhex xmpéxumraam@onhpmm@llgle@omm\aemhtetaﬂomamrd gten@am
conprising |ight ends ant secodnand ottom.liquid stream conprising

met hacrylic aci SO‘HW&"‘%‘EW“%H&S“C‘ cavy ends;

(iv) feeding said first bottom liquid stream to a center scction of said sccond

15 distillation column;

(v) distilling said first bottom liquid stream in said sccond distillation column to form
a sccond overhead vapor stream comprising methacrylic acid and light ends and a

second bottom liquid stream comprising hcavy ends;

(vi) feeding at least a portion of said second overhead vapor stream (o an upper

20 section of said third distillation column;

(vii) distilling said at least a portion of said second overhead vapor stream in said third
distillation column to form a third overhead vapor stream comprising light ends
and a third bottom liquid stream comprising heavy ends, while withdrawing a first
liquid sidestream from a lower section of said third distillation column, said first

25 liquid sidestrcam comprising methacrylic acid wherein said methacrylic acid has
an impurity level of not more than 1% by weight wherein no more than 0.05% by

weight is water;



(vi) feeding said second bottomliquid streamto a center section of said
third distilling colum; 20 (vii) distilling said second bottom|liquid
streamin said third distillation columm to forma third overhead vapor
stream conprising nmethacrylic acid wherein said nethacrylic acid has an
impurity level of not nore than 1 % hy weight wherein no nore than 0.05% by
weight is water and a thud bottomliquid stream conprising heavy ends; 25
(viii) feedinyiiafeclisgstida tpiod botomm difjuidasidarn o seidpeatcheatov apetidsteamdm t 0 an
upper section Of'Sssﬂgiit'd thli rd distillation col um; 5 (ix) feeding said
third bottom Ii Q"¢ F&&M o said center section of Bald f-11'st
distillation colum. Moreover, the present invention also provides an
apparatus for the Alkdépanidt, ippoviddd ergh ipuriill yutjicaprakssnfot Hecgrypargioacifd, said
appar at us, corrprli Ei np: @ c&i ) a.CLi r.gt distillation colum, said first

di sti| | atBRRULY Bl REDrEYICAdhpid Brages cOmPIiRE upper  secti on adj acent sai d
top, a lower section adjacent said bottomand a center section internediate
sai d spper se@t peRidaipda Saktddib@weion SORIMMQN, sccbid dRtiBRRaneblehis tahd laathiran
colum, said second distillation colum having a top, a bottom an upper
section adj acenflisdgtigncelymng | ower section adj acent said bottom 10 and a
center section internedi ate said upper section and said | ower section;

(iii) a thirdidietink! Athed wQhitMlic &3 do tahidntbrdicstidd bAkhianfsobmuibavi ng a
top, a bottom an upper section adjacent said top, a |ower section adjacent
sai d bott om andcdudBntaidt cryde tricBuciyie a¢idsemativng Bicthacipbie pcid dight epdsaand sai d

| ower section; {1%2wgc§dsfi rst inlet line connected to said upper section of
said first distiTlation col um; 15 (v) a first outlet line connected to
said top of said first distillation colum; (vi) a second outlet |ine
connétti ng saiie) diddlingnsaot creidé chethiapytic deigtin Ishigtfirsndisidlaginm calphnsiai fdrz ent er
section of said.secon istillation col.um: (vii) a third outlet line
connecting sai dﬂfsgﬁv%gedgavia ISUETRGOTP LTS IS hlg%?llh%z(‘)c]l%%d 1\,/\%%% ﬁr%saal"% aufﬁ{r;ler
section of sai dbseswnguidisiséan taiprdmgtebwyendgnd sai d upper section of Bald
2U third distillation colum; (viii) a fourth outlet line connected to said

bot t om of sai@ srecond[ i stti I I.tati n .(ég]_um);_ %{dx\) afifth outlet |ine

connect ed to QAITEFY I SESIAARUIPHL SIS OF P GRS A SWPPCRST Y out | et

| i ne connected t0dsabsl BiefitLihebdlugml d third distillation colum.

Additionally, the present invention further provides an apparatus for the

25 preparation o igh purit | aci al t hacrylic acid, said apparatus

COHBH Ei ng: R/) d}cstih]ing saiﬁ at ea.)s/t agponion of sgﬁl tj?rst ov¥:rhead vapor strcam in saﬁipsccond
distillation column to form a second overhead vapor strcam comprising light cnds

and a second bottom liquid strcam comprising methacrylic acid and heavy ends;

(vi) feeding said second bottom liquid strcam to a center section of said third

distillation column;

20 (vii) distilling said second bottom liquid stream in said third distillation column to
form a third overhead vapor stream comprising methacrylic acid wherein said
methacrylic acid has an impurity level of not more than 1% by weight wherein no
more than 0.05% by weight is water and a third bottom liquid stream comprising

hcavy ends;

25 (viii) feeding at Jeast a portion of said third overhead vapor stream to an upper section

of said third distillation column;



s (i) afirst distillation colum, said first distillation colum having a
.top) a bottom an upper section adjacent said top, a | ower section adjacent
said bottomand a center section internedi ate said upper section and said
| ower section; (ii) a second distillation columm, said second drstillation
“colum having a top, a 5 bottom an upper section adjacent said top, a

| ower section adj cent said bottom and a center section inter t sald
upper section A& %"é’i”@ pachebird dettomntiaudd jsfryam, 1 papl cetedt factigf o q“@ hm
said third distil}ahiagsn &Qlygn having a top, a bottom an upper section
adj acent said top, a |lower section adjacent said bottomand a center
section internedi ate said upper- section and said | ower section; 10 (iv) a
first i nI et |ine coiHueaved tegnesgnidnygiben aksaprqviles e armraus for e p&ﬁpgtdﬂpm ation
col um; G op of said first
distil I at |&c§3?gg o %f‘lg] A "futlhdlcg'gggﬁ rkgglt tpggd ?F\éﬁé:r%;#ﬁgectl ng said bottom of
said first distillation colum and said center section of said second
di stillsation céDumﬁmtQwﬁmqmacohhmd&@Mﬁheﬂhﬁmnen®ehnedeWgaeahdIwanoﬂnsaid
second distillatign col sect.] an of i cond, ..
distillation col urki“at Uon aﬂce@[ Sé\”ra}jl tggcﬂogﬁpoﬁptlgla?%actcﬁt qadi %)?tgﬁjl Zﬁll%aatclcglr?I
colum; (viii) a &@m&hhmﬁu&hﬁéshdnﬁmCan&Cmmdamqosanﬂahmtton1of sai d second
distillation colum; (ix) a fifth outlet |line connected to said top of said
third distillation co i xth .outl et connected 1o sl | ower
section of said" %%PW@n§q£¥ﬂ$?%}Cgngofﬂ «ma§H *%ﬂ@“glcg Qﬁkﬁa%ﬁﬁ Ppﬂlne
connecting sai d bgdtfoinaffuppéi sectioni ddfhcelit Shidl tb@td RMWeE dctiom adjacenbad bewdrer
section of said second distillation_colum. Additionall t he present
i nvent 1%n still fadafERtepicsPLRieraefialp pud HPRES S§HPN RISy 1@}5{5&“&9&1% of high
purity glacial nmethacrylic acid, said apparatus conprising: (i) a first
distillation CQI:Hmhxrcﬁailsﬁlllzftiloh%'bluﬂinsﬁdlil kigtd ARiGALYERuRAAHaRidg A thP R bokohRt t om
an 25 upper section adjacent said top, a tower section adjacent said bot t om
and a center sectiorpichisestiondidiaeent saiddonpp dawes seetiopridisentsaiddbqtioneand a
sect I on, 7 (I I )ceﬂté?&gggm%lﬁreblla c%Iu'dQJPp&QL&{m’an&?’h(glo%p%gorg' st I l l at I on
col um haV|ng ato an uppef section adjacent said top) a | ower

section adj acent sald bottom
(iv) a first inlet line connected to said upper section of said [irst distillation column;

15 (v) a first outlet line connected to said top of suid first distillation column;

(vi) a second outlet line connccting said bottom of said first distillation column and

satd center section of said second distillation column;

(vii) a third outlet line connecting said top of said second distillation column with said
upper section of said second distillation column and said upper section of said

20 third distillation column;
(viii) a fourth outlel line connected to said bottom of said sccond distillation column;
(ix) a fifth outlet line connected to said top of said third distillation column;
(x) a sixth outlet line connected to said bottom of said third distillation column.

Additionally, the present invention further provides an apparatus for the

25 preparation of high purity glacial methacrylic acid, said apparatus comprising:



and a center section intet~tnediate said upper section and said | ower
.section; (iii) athird distillation colum, said third distillation colum
having a top, a bottom 5 an upper section adjacent said top, a | ower
section adjacent said bottomand a center section intermnmedi ate sai d upper
"section and said |lower section; (iv) abfirst inlet line connected to said
center section of said first distillation colum; (v) a first outlet line
connecting sai &) topsiofistilation eqlvise, sdidsfirsy digiillagan edhunhaving A leraiadpotippesn
section of said f t t n i.on.of id
second 1o distil Idgﬁosﬁgm Cdr%gué}tt 89)18 ‘lgglgel% HIO%aaldg“tCHFrgﬁ'g b%ﬁ?\'%r}ez@g (fcrtl%rasal d
bott om of sai d fisegtonditsimekllagt dacimpped saotign apd isai)l 1@wdrheatidnout | et |1 ne
connected to said top of said second distillation colum; (viii) a fourth

outlet line co ectln bott om of s ation colum wth
sai d center segpl “oft© l(f]d §1§& g‘ltfoﬂl X mﬁ? sty F%\Ctof“g bé@r‘h%“ﬂi%‘l(‘i‘%“ga“ % tth
outletsline conneptiofgaisapptr k@BoRadjaend sdithidpd adowéd dob@dn Qacel @bk sai d
upper section of said third distillation colum and with a product
w t hdrawal |ine; 3&¥ceniesisgetipndpieineadiag siid wpanweiomydsaiddosytsedionof sai d
third distillation colum with said center section of said first
distillation CQ]l}f‘Mhlrchf?{ulE{l&{ bdi¥ohn ! %1 ﬂch?rhld@a\{\ﬂllﬁ'lgond&flﬁlﬂﬁ hhARS 2 ¥ « a%ﬁgm
herein: "top" I's the vapor space 20 existing at the extreme top of
di stillation col urippemesctighpdipeent pad lom @ l@wsupstiex adioFang said thH@me‘)UElrtErre
bottom of a disti t C oxi mat e
upperm)st 1/ 3 of C|C+1la g&?lgbtnll {egﬁl%zﬁe Wcﬁéﬁ?%{% I{hd gd@éf)\g\% qgﬂ l]:’aldj acent to the
"top"; "lower section" is the approximte Iovverm)st 1/3 of the distillation
col unmowhi ch | §vabbiseinkeh inadjnacaet totsaidupper'spasion ofi#aid fisedisellatiorcoluom; is t he
approximate 1/3 of the distillation colum internediate the 25 "upper
section" and t : ion for
transporting vlg}é ﬁg%gl ]eﬁ ﬁﬁ’%&wd t(% %ﬂ?to r??’?q% fit ?hlgél?m%%&t%ﬁ%f bet ween two
or nore units, and may |nclude such col 1~t 710t 1 peri pheral s as val ves,
condensers, f | i) aredcends outdstt dine coxalc@tirtwaichh@toﬂlupf beadt fiorthjdestitlstjonf edunur esd and
advantages wi || be apparent from.t escription of sone
enbodi ment s of tﬁ%‘dlcgl@e ol Offﬁld seconﬂg ﬁ\rlrvén%‘s)%g]r"é given for the purpose
of disclosure and may be considered in conjunction with the acconpanyi ng
drawi ngs. 5 A (m"r)emiamnjtbt le'enamuiecmihgsrddl mgp adfsaitl hecopd dsémtioarcbmmxmirdt sidand
advant ages t her eof rnag (g ﬁ}/ el erring to V\(I ’
descri'pti on takerPPH € lr‘:?'hﬂcﬂ‘ ﬁcc\ﬂp‘? Sfi %'Ogc‘i% %HW 598% KHLOTPhsalhi ch
| i ke reference nupbedisulidaidhealenl i ke features, and Wher ein: Figure 1 is a
di agram of one enbodi rrent of the pr esent inventi on of a process 1 o for
produci ng HPMAA, F% 1? g‘ a di a m of w20 al ernatl v .er.rgo.di nt of the
present i nvent (G HPULN gpYsE §§°‘T“6‘F th’dléil SlepdtE S‘ibeqeﬁhém PR CYUEN R gr am

of another enbodi ment of the present |11Vellt10lt Of a process for
produci ng HPMAfix) a fifth outlet line connected to said top of said third distillation column,

(x) a sixth outlet line connected to said lower section of said third distillation column;

20 (xi) a seventh outlet line connecting said bottom of said third distillation column to

said center section of said second distillation column.

Additionally, the present invention still further provides an apparatus for the

preparation of high purity glacial methacrylic acid, said apparatus comprising:

(i) afirst distillation column, said first distillation column having a top, a bottom, an
25 upper section adjacent said top, a lower section adjacent said bottom and a center

scction intermediate said upper section and said lower scction;



15 The present invention involves nmethods of purifying nethacrylic acid
("MAA") to a high-purity nethacrylic acid ("HPMAA"). HPMAA is defined as
having less than 1 % inpurities and no nore than 0.05% water. The MAA
feedstock that could be beneficially purified in the nethods of the present
invention may be derived from any avail &bl e industrial process; exanples of
such process include but are not limted to, an 20
|sobutanellsobuﬂﬁﬁeﬁ@DWbééd“ﬁﬂ@ceéwﬂﬂaﬁ“@ﬁﬁ@ﬂéd@ﬂﬁ@B@dC@P@@e@@”@brt@P a
propl yene- based pr S he
production of NAAt%ﬁ§®r§es aﬁﬁé%e aﬁd&%t%ﬁgh dr”gag;%%@§5m$&9@§§ LQ%n
subj ected to the smepsem&whmdnnh&sﬁanu&nmthnmgxmn@&mﬂm@ﬂtowmdeaemarat|on
In such a MAA production process, ACH is reacted with an excess of sulfuric

o ki ng 26 1 uF BGOSRyt e AT ShPE pfind Ak ok

the crude MAA streampsr tdeebn Gajatand s@ndomld RWREH séctioh QBRESE Quidasamtimldy a
buoyancy separation) into an MAA product stream and a | ower | ayer

sul fur-bearing resicligescstioreigiprmatige fuAupRcs sreeen srdkwid lowct geliPipuri fi ed vi a
the nethods of the present invention. In one enbodi nent of the nethod of
the present inv R§hﬂﬁthmaMh@@ﬂﬁ@aé?m@ﬁh%ﬁm£§Q9W%rﬁQmEWﬁMH%uﬁmmﬁc%ﬁMQ€ MAA
streamis provided via |line to the first of three inpurity renova
appar atus, HPMAA |ights colunn 1 10. In HPMAA Irdhts colum 1 (O, 9 Irght
ends such as acéY)chBrshrutshdingrcopnestipeipdder of i il digplatiqpraiamp jvwjHy sid

col um 1,10 al so in ﬁJngs%étlﬁtodfléFm fﬁ{t% l]ﬁfdn%lur%ﬁtrd%tuﬂ u@B@r sE&fomonng tWBnd
ancillaries" neans any an second ary equl pment and associ ated pi pi ng

t hat i sloconnect ed digillatieotalwmn; such as vacuum equi pnent, reboilers,
condensers, punps, and process lines including but not limted to feed 5

| I nes, bQrt0117 \Y } ' @e%%n SNt Pr?e dolt_l c':crt]c%qb sargl%ttdr' rd?é’ﬁd #u”ﬂh 951 a?gm &Hg

| i nes, oxygen a di tion |nes U S,

colum 110 and its col umm ancrllarres are preferably constructed of

mat eri al s resi sttanta thiod cwlet bsd amnecBul b adll copnadtseidisedosd distidgmatcolwotni on
resistant to corrosive effects include but arc not limted to: 300 series
stainl ess steel, 4 I

B2 B3 C22 4 ﬁg E"“é@e‘gmﬂetl“wa‘ﬁm&n‘ e‘g‘ﬁlz?‘srlg’g’lnFﬁ%ﬁgﬁ%g‘?ﬁ%]%’“&ommﬁ

t he nanufacturer nuyhsa@unmxsmmsnnﬁﬂmimndddeﬂgkmymummt|zrng covered base
nmetals. "Covered base netal” materials are materials that are generally

t hought 15nOt to Eﬁ%g(ﬁf’f{ho(%tlgp ﬁee%n?écqﬂg sarﬁl’lg oﬁ%alg %’(IIdeO&Stﬁ a‘targtlt ’colﬁ%ﬂh‘rlﬂt gauw th
a covering capa resrs i ng corr6esion

fl uor opol yner (e. supperldeEliddNf, saidnhiahd@stiiGtion cdlan aimbweh brpedded vddrdmml tine;
resistant netals. Covered base netals are constructed by placing a covering

o the base meidl * SHIGOUBTURT A Br s CRlsht AL vt oan foe eSB!

and the process stsrd&acrauegwabedfﬁaﬁmsrtﬁttarlau@mwtrhmctl on is especially
preferred for large-dianeter piping (3.8 cmor |larger nom nal dianeter) and

for heat exchanger t es i.n high fluid-velocit rvice, (fl 20 vel ocity
of 0.15 neter/second'8 PCWﬂﬂewegﬂd“HP%Q?”E%HB@H%W?ghmﬁWeré Pdﬁ?t%@éﬁfmﬁetal

thi cknegs (e3istig Qf 1BRKxEeMBIGY oft DHGKINLSH koliBY:; BEo1lfLds k1R IRVl Stistagtar al
strength. The materials described above such as 300 series stainless steel,
904L, 6- nolthe sxigmg b pha|distiPROnRaluDy; “Uppgy sectn” B the approxing@ieyppegpet
C-276), tantal i vV, t er &

her ei naf t erm?1 F/lggrcrdﬁlt hgt%?l %%@Qﬁrggﬁ’soﬁﬁosggx?g dr?tg%rrgthee??gdjl 181\%% ?&fbn Sope
conponents¢$pﬁhnaaeﬂmaymoarUﬁaﬁhhmgwnmymbamummdwhthPM&&d1uﬁﬂ@mmmhumhc110
if desired. Internals, if pres anme nater

the col um PPUFY Gyt oo e eics Ham i Melior T anE ddpampere e °°
mat eri ass; pper@¥aiRl @nd Ehl%e‘ldw}a?%éculaﬁ”th@é‘ ioh fudc GQthmbnrl’@Nu:ﬁﬁﬁ&ah@v%QQ
series staln ess steel packing, while the |ower portion of the colum

cont ai ns HASTHREL ligvidBn® pHarikiongol Traiy st batecqy @foeerraerefugits 3sé may igdudqpvaln

o nts ool e PEOLOLAL S LA ELE AR, BEGCReCT a1y preferred, as they
have been foun | Cul ﬁ Pedi'st ant pol ynmer accunul ati on.
By the term' perforated pl at e trays as used hereln is meant any tray
conprising a planar portion with a plurality of 10 hol es through said

pl anar portion. Optional tray features, including but not limted to weirs,
downconers, baffles, distr rbutors, valves, bubblecaps, and drain holes,
may al so be present. Exanples of perforated plate trays include sieve
trays) dual fl ow trays, and conbination valve + perforation trays. If trays
are used, it is preferable that two to ten perforated plate trays be 5
used.



It is also preferred that HPMAA |ights colum 11U be operated under a
vacuumto mnimze the tenperature at the bottom of the colum. Por

exanple, in a preferred enbodi nent, the pressure at the bottom of the
colum is maintained from50 nmm-1g to 80 mtHg, allow ng the bottom of the
colum to be operated from70C to 1 | UGB 10 At Jcast one heat exchanger may
be used as the heating apparatus for HPMAA |ights colum 110. Desuperheat ed
steamis the preferr@theherd lusibor elgedin deatires endexdyhaiagrsrvsill bef appareeibléem e | s
used as th , e e.:

i st 1 at i oo SMEAFRART ok oRYiBRals O BelRbeyly. Thest cikBlighfie i een pna
| i ght s col domth& pBrpobd off cﬂsdbcisilm”lzmdma@ bisadngideted imdehjwatien vl thbhc&ompwnying

al cohol - squbIe pol ymeri zation 15 inhibitor to I-1PMAA [ights colum 110.
Sui tabl e eXHW®Es include but are not linited to: Hydroqui nonc (HQ):

4- met hoxyphcnol (MEHQ) ; 4-et hoxyphenol ; 4-propoxyphenol; 20 4- butox¥phenol;
4- hept oXyphenol ; hydﬁd&ﬂFﬁ@ﬁ@kﬁbHﬁﬁéﬁ¥VP§ﬂﬁéFcPE*Q“&PW9@FER§5@%£ Ygages

2- et hoxy phgndls qna?yﬁjezacﬁux%clcw f%?é?hﬂéjfoot‘ﬂy'f& ng description taken in conjunction with

2,5-di -tert-butyl hydroqui norie; 2-acctyl hydroqui none; hydroqui none
monobc nzoattles aqconcmelmm diaptings e N eviech lﬂ@ fefQerde mendapt mdcazelke; features, and
2,3, 5- trlnnth Ihydroqu t nonc; 11 4-am nophenol ; 2-am nophenol; 2-N,

N—dlnethyla 6bheno| 2- ntrcaptophcnol 5 4-mer capt ophcnol ; cat cchol
nonobut yl et hcr; 4-et anmi nophcnol dr oxyacet o

pyrogal fol - 1, 2- di net Eéi“@tlh‘&ﬁ iggrain ?f ﬂ[&tﬁﬁ& pﬁﬁle&gﬂy‘ﬁglp‘cq{)m%vcﬂ} N A RIS
di - t cr t robutfyd producoi KEVMAG, - t ert - anyl ni tr oxi de;

2,2,G Gtetranet hyl - pi peridinyl oxy; 15

4- hydr oXy-2, 2, G G t efFigaret RYldidprfR oF 8H NekGYe embodiment of the present invention of
4- oxo-2, 2 G,G-tetranethyl ridinyl oxy;

4- d|nethylaﬁ?%@ﬁﬁbQW@P@¥M%§P§VHtthyI pi peri di nyl oxy;

4-am no- 2, 2, G G tetranet hyl - pi peri di nyl oxy;

4- et hanol oxy- 2, 2, G GFigeter Anee eyl 5 pémp@hqumbogxm@@ of the present invention of a

2,2,5,5-te t | oxy; 3-am no-2,2,5,5-tetranethyl-pyrrol id
i nyloxy %(gggigybo?Mﬂﬁﬁ%hﬁvﬂ% oxa- 3- azacyclopentyl 3 oxXYy;

2,2,5, 5t etramet hyl ¢ car
22,3 3%. 5. & G obt axBU 1T *‘%h PraliiRoupiots 18 Pah e, weugpplc eid
4-n

i trosophevalAa &3 a Bl-gm}iunqsmﬂhmyiic, acﬂd— (r‘ﬂrltPl\/Dés@ph(}ﬂMAAmmdpMed as having less
di met hyl di t

G et 1 05t BRIRLS: W EPRRC S ELINEL 100 BT, A, CORRST o e
bencficially purified in the methods of the pxesent invention may be derived from any
available industrial process; examples of such process include but are not limited to, an

20  isobutanc/isobutylene-based process, an ethylene-based process, or a proplyene-based
process. One example of a proplyene-based process for the production of MAA involves an
acetone cyanohydrin (“ACH”) feedstock being subjccted to the steps of hydrolysis, cracking,
reaction, and separation. In such a MAA production process, ACH is reacted with an excess
of sulfuric acid to hydrolyze the ACH. Then, the hydrolyzed mixture is cracked in a cracking

25  train and then reacted with water to form crude MAA. Finally, the crude MAA stream is then
cooled and allowed to separate (essentially a buoyancy separation) into an MAA product
strcam and a lower layer sulfur-bearing residue stream. The MAA product steam is then

purified via the methods of the prescent invention.

In one embodiment of the method of the present invention to produce
30  HPMAA, shown in Figure 1, a crude MAA stream is provided via line 100 to the first of threc
impurity rcmoval apparatus, HPMAA lights column 110. In HPMAA lights column 110,



12 phenotlliazine (PTZ); 3-oxophenoth | azine; 5-oxophenothiazine;
phenot hi azi ne diner; 5 1,4-bcnzcnedlam nc; N-(

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

1, 3-di nct hyl butyl ) -N -phenyl -1, 4- benzcnedi am ne; N-nitrosophenyl
hydroxyl am nc and salts thereof; nitric9oxide; Io nilrosobenzene;
p- benzqu|none or isoners thereof m xtures of two or_nore thereo

m xtures ofligBhends suchpiseceipng sl waes are Wneq*(eciyredired%rHPé@@elrghtwmn 110
i nhi bi t or 5)119'591)4019@35%0%% Al %e?rwk%?ém'tﬂ&egrlw Ecﬂuﬁn%’l&ﬁ]@n@sg n‘}jéally%y andlal

Preferred diluents inc ut are not limt MAA,  wat er nd organic
m xt ures conmldwmgummemmd asydgiitedicpiping it (is' H@npciediv dicelomni sudasnpe@mallni y
preferred for. use hts c tly,
D th a dAPBRE: ol Spoddrs SeERa rso BgsRR Rl PR L
110 and si t 9ina§) Obltdiag 1iRS, ovlefhet® Bbs, Vdnt liSesPimBibabf fditidAdines, bRy Za '1kldllhb1bl1h@l,’ be
added at a rate of 1 kg to 10 kg of HQ per 10,000 kg of HPMAA |ights col um
f eed; nore’b'?‘é?‘f]é}eé:b’l‘ls}”@dgwké‘“f% 8 kg of I-| Q per 10,000 kg of HPMAA |ights
colum feed; nost preferably 1.5 kg to g. of qu%er 10, 000 kg of I-IPI\/AA
lights colum feed. VRMAPhEEYS |Q9]‘41Wh|1t3pt 6’9% itS5 IcPIefng SN Ties darkie PROferafy

used, It I I ] n

isti)ati of ot aer PR AR IRl SENaR: é@ﬁ%‘%@h@%@%%‘iéﬂ@ﬁ}‘ﬁﬁ)ﬁ%‘%ﬁl“Fhe

t er m " oxygenrroont affedtngpchals, But asc ueiedmhet &:300r gfiey staindesanicely 294L.00qrdlsi ng

fromO.0l %up to 1009 .O<yen-cna"n as added in one or
nore | oat i% '@eﬁsh?tf) W@&&é@ 8ht§ 83 h:]lg %@9 i '%?(golt‘ﬂwﬁ“m an

anci | | ari esjrcERghat umgmh@rmﬁfoaﬁwn%s (R chaRGBSEKE Gay ma@et cb@uéd AMERAI by ty
limts and oxygen solubility within the purification system and these
properti es Wiligngsevareddense matats. a@@tﬁm bf\méﬁhﬁbmaétléﬁ pie kil sHbatappgcopiollat e

oxygen con r

Condi der at | SAEIEREG o Crt B OR sek e SRR RBIAR B CR Ty ring cgpatle

skill in théualrsmng aordos@intshelr aspghase, epxmge}astomcaﬂmpbigmex:(e@; FTERPNSS, qr(onm)nl y
enpl oyed We e that there is an :

ot o G s BTed doriEion RoPuapmaeeley ek Bise b P RIHHERDY Hpane

sySl el TI'S Lilddvephevifanis! of reiimk dof8donbidi, ﬁrﬁjsmréhanwb@mmane aehbrink @8, the t hat
is the av0| dance of high oxygen concentrations within th

nonomer - cortaé ACHY dBF GRYCHAE Proyents congs pelseph die Reseravi ua'ac% thergoggsesticarye
relative t 0 Vi e
ate of polGner e e E R e AR P R bR (PR3 PR,

this reasorarget nmxsmmlocﬂlamawmmérfdneblem Iaanth"tmgoygms omﬂl’@m fu‘liidrgclgaigy frevied fbdd when
no i nhi tor | Ie Eﬂ )thhg dretfe V\/p Gicant

oxygen- Tont §f°ﬁf Hgf P R T |t°bt”é°r%?r%' 488 c?rgp%nﬁ’ésp‘u FF S Rt B em

that the oxygm:sc(mtmn o ABredAstabhickeele map ba upded grohedsthaturgl soeidihr @apect

to the inhibitor addition rate. The optimal oxygen to inhibitor ratio wll

vary with Ipatedpdescripest ahnyeisyeh By £6¢ smeéoftdlwﬁérftqu 904L+ frandlp siapnicsg steel,
| nhi bi tor, 'As*géwds?;@egf dnoh gi,t tﬁrﬁt b Lo el CafNEL Nz SRR N %988 f eed

to the HQ i nhrbrtor e purification systemis maintained at
0. 65 nol es Hase-iBtatrolaes ale firc@idtaimifier wferiekDio moicerrgri@f resistxtynagdrial.” nol es to 8.5
nol es of Oz/nole of HQ nost preferably at 1.5 noles to 6 noles of O-/nole
of 11Q 2s3vhen MEHQ i s lith@alsehgohads suthiabittags or pdcking npiyedearsedth HRABAAA hightsat i o

of oxygen co tai n' as feed to 15 the MEHQ inhibitor feed added to the
our 011 eat G il B85 ity BeretoholLOE GRS T RE G ety

MEl -1 Q ”Drc%ld?ﬁrﬂtﬂla@ MayaBe éorétrﬁ@?&cﬁﬁoxhcbng TR dBferd@riaRki81sOfor Mhimp16) tngOSt
preferably at ? noles nol es of Qz/noble of MEHQ The |i ght ends such as
acet one and'Preit EQIUOfan)Wg Cﬂiumiil ayTeonn 30 pazics akéﬂﬁsbﬁtﬁeldfdcklhb wlils th¢ Jawer PVAA

l'i gh I | 10 I
e: gef,\f,efg l(JPr‘rjrf]lé](mlOft | ?ﬂg}n&e&g\n%pg%&%ﬁt&#ﬂ@ﬂéar i .e Y% alaﬁle?% %isf(ﬁx lﬂg in

recovery veasseAA Tght@tdiith 1 €0. CRIMbeNERS he Mrapodry BRkEiZIRE proferred, AP Glcy HRACKSN ON
HPVAA Ilghts colum 110 and its ancillaries, including condensers and

i nt er connecdPry A BphBRIFYIRbsIesiaRB! 19 Mrdy B‘HWSIW&FW@‘&H&H@H By the tcgﬁp@?réma%
above the b Qf i

ef fective Ckgérﬁ@?]lﬁl S %uurs%égﬁéémlnrﬁmc%ﬁ t a%? tﬁ&%x‘%kﬁ%ﬁé& %gla én@éﬁ(ﬂg}‘v%?&d}g%

from HPMAA |ights colum 110) cool ant having a tenperature above 1 GC nay
be used in the condenser to avoid freezing MMAin the stream In a
preferred enbodi nent, tenpered water in the range of 16C to 35C is used for
t he condenser coolant. In one enbodi nent, a portion of the condensatc may
be recircul ated back to the condensers) and optionally to the vapor inlet
line, to mnimze 30 fouling and i nprove condenser efficiency. The
condcnsate may flow freely out of the recircul at| on I|ne or may be applied

b 1. . o - Y



resistant material, as described above for HPMAA |ights colum 110.

I nt ernal conponents such as trays or packing may be used in HPMAA heavi es
colum 120, if desired. Internals, if present, nay be nade f1' 0111 the sane
materials as the 20 columm itself or nmay be constwcted from one or nore
different materials; for exanple, the u@per portion of HPMAA heavi es col um

120 may coghﬁin‘30 series stainless steel trays, while the | ower portion
of the col s (yRven U Rianr PPRIQY s Orfipia) dray featysfsenerydite Buh npPRRiEhieavsiEs

col um 120.9,RaEdRdratiadcR) &ﬁﬁbﬁtf)@;}’?&l%ﬂ?blﬁﬁ%%&%ﬁﬂd’dlﬁﬁﬁfo@&f gly aRS bkps%chave
been found to be particularly resistant to pol ymer accumul ation. If
trays are useaples pf pelosated plpightays msludpsievd fraye, duwlffav rasnandeofmbinatied vgvat e
trays are us dt is pr rred that .the.heavr.e ol ] oper.at ed
under a vacoamorsomedrh SURbhEshRE o PRAERY LEEpE oL o SR p RO
preferred ewfaibdi nent, the pressure at the bottom of the colum be

mai ntai ned at 60 mHg to 100 mmHg) allow ng the bottom of the columm to be
operated at 75C to 1{56. alfy plefafeli MEHPRRLA apaRang@hn MY ReopsRel asddrhe
heati ng appar at us fqr,L-IPN&A 3U heavi es colum 120. Desuperheated steamis
preferred F4CHURe \h@APIMEsE HENEPCEIR A theobpiasm of the cplumy. r EpoFFapple.sinysed
as the heat,. NAngeimd . ] oY=1s - ) rtex
br eakers a&gﬁéfso‘usgPﬁ#ﬁﬂﬁﬁ¥ﬁ§§ﬁg¥P%ﬁ@@?“?@ﬁﬁﬁhﬁﬁgﬂ%“%ﬁ“%@ﬁo te§?FW§§9
useful to ad80omdgpnllowme telbitbinifOic Glunsuotve @pertted froml T105€ e¢dl HGve, to

| -i PMAA heavies colum 120 with or without a dilucnt. MEHQ is a preferred
inhibiter 5 and nay Belcasidad helit cedtahger nawy baiubdal aa tioki haseng appackusdsr WRAMAA n
one or not .a,| ocatio roughout HPMAA heayi es,colum .20 and its

onci 1 art edinisofnal 1By el et st p e R P e £ 8P Sudeeny o
per 10, 000 k@beificr HPMOA heanéi 1R6t Exhkipar, fieafly Yerig@mal bb cx @Bk i Rf @stahtiyn 1. 5
kg to 12 kg of MEHQ per 10,000 kg of HPMAA heavi es colum feed; nost

pref er abl y colugy. t\prox biagers prerbyopsiubip Undetiryg SHEMMAAIghs£0Ive® 18 um f eed.
to As descri bed above, when phenolic inhibitors, such as HQ and MEI-1Q are
used, it is further BriePBentiersiiei! OXfderiia@opibigiarmigolgl-WhdlprolgaeiEalieh t he
distill %t I qg‘lliBf&;rquM)AE %EE@%&L éﬂgl@f gt%@atole\/&%ng S R]{clu‘ﬂpﬁutl a@x’lcplliﬁ‘rg{cd to:
Oxygen- cont ai ni ng gas may be added 'I'n”one or re locations throughout
HPMAA heavies colum |20 and its colum ancillaries. Operating conditions
and concerns and r ecbhydsqaiedncotien-t o-i nhibitor ratios for HPVAA 15
heavi es colum |20 are jdent.i ose described in connection with
HPMAA |ights col umm %%ﬁaﬂagg&ﬁgg%@§§éguch as H BA and other inpurities) are
removed fromthe bot gamhoaphphd®dAA heavi es col umm 120 via line 130. The HPMAA
heavies colum bOQitotl|ls Stlealll 130 may be di sposed of but fuel val ues
arc preferably recovasPBERRSPY: di sposal . Optional ly, 20 bottons stream |30
may be jourther procegsfebxiypheadl;i ndependent stripping systemto recover

resi dual MAA. In one enbodi nent of an independent stripping system bottons
stream 130 may be hedtlegioxyphen@: or nore gl ass-lined stripping vessels with
live steam (steamth i | .contact with the MAA-containing
heavi es col um bott o%d@ﬁl{g@l}%@&\%{)gﬁz&@%}%f crrect that the stripping vessels
be operated at sub- atlitedipyrkotybepppeessure to maxi m ze the recovery of 25 MAA
The recovered MAA may be recxcl_d back into a MAA process. To minimze
condensati on pol ymer iFZB¥SP86or spaces on | -i PMAA heavies col um 120 and
its ancid | aries, inchudiipgocandenssdns; and interconnecting vapor lines) are
preferably mantaned at a tenperature above the dewpoi nt of MAA
111SL11at 10n al | d el dexdirterthptySydmaiinpieei ng arc effective for this pwpose.
30 The HPMAA heavi es ,C ad stream| 25 contains a significant
anount of MAA as me|F‘§é&&Q?§§$B§§%tone, and other |ight ends. Overhead
stream 125 may 16 hedatuih@ashopacizoat] y condensed. |f overhead stream| 25
is 50 CAldell sed, temPered ter may be used in the condenscr(s) to avoid
freezing the MAA in tHETBEFRRNP 8 %mi ntain the required purity of stream
165, it30lS Oftell |1 QCeggicltdapibd@edcet urn a pol-tion of the condensate back
to HPMAA heavies columm |20 via retlux line 155; the fraction of condensate
returned may 5 vary fromronabylydra@omose: dependi ng on the operating
conditions of |-1PMAA heavies colum 120 and the MAA purity |evel desired.
In a preferred enbodi nent) a portion of the condensate may be recircul ated
back to the condensers) and optionally to the vapor inlet line, to mnimze
fouling and inprove condenser efficiency. The condensate may flow freely
out of the recirculation line or may be applied to the tubeshect, condenser
interior surfaces, and/or 1o inlet vapor line interior walls. If inhibitor
is added to the condenser(s), it may be added through this condensate
recirculation streamto inprove the distribution of the inhibitor. In an

_______ I | Y Y, 1 I Y L o, T . L Y M Y



|0 1n11111171ZC fouling and i nprove condenser efficiency. The condensal e
may flow freely ULtt of the recirculation |ine or may be applied to the

t ubesheet, condenser interior surfaces, and/or inlet vapor line interior
walls. If inhibitor is added to the condenscr(s), it may be added through
this condensatc reciiculation streamtold nprove the distribution of the
inhibitor. In 30 an especially preferred enbodi nent, at |east a portion of
t hi s condensat c reci4-ewnin@phanl;stream may pass through an apparatus that
sprays the condensatf on tpe Lnterior surfaces of HPMAA finishing colum
140 and/or its ancil TAP"88"Y"8 wash OFF pOylllel'lzabl e CO17det 15ateS. 17
HPMAA product stream-358-@ethslahriddpMAd)f | ni shing col um 140 fromthe bottom
portion of the colum having purity |levels greater than or edual to 99% and
COttallllng 1CSS t h&amcerapohshater. It is preferred that HPMAA stream 150
be cool ed before StQLﬂQ&aEB hdabj.bit pol ymerization. In sone instances,

pol ymer or other undesira Ig 5 CUn1p011C |ls may 17e present in the stream
therefore, it may becattebolnadyiobutylpiticr;l t er HPMAA product stream |50 to renove
any traces of polyne ﬁ&LOtheé updesirable conponents prior to storage.

| -1PMAA fi nishing col G T4PEHE i ts col umm ancillaries are preferably
constructed of corrogB@myiRsyakt@phendnd;eri al, as described above for HPVAA
l'ights colum 110. Internal COnpOnCnts Sllch il1lS trays or packing may be
used i n HPMAA fi ni shPMiggatiel-binlinatbyletherst o desired. Internals, if present,
may be jpnadc from the SanRnpt&el;al s as HPMAA finishing col um 140 itself
or may be consullcted fromohe or nore different materials. For exanple,

t he upper portion of t-PNACElali shing col uim 140 may contain stainless stee
packi ng, while the l&ﬂ%&bﬁ?&ﬁﬁ&ﬂdof t he col um may contain zirconiumtrays.
Perforated plate gays arc speC|§TIy preferred, as they have been found to
be particul arly resigtanandymitkdxdepol yner t 5 accunul ation. If trays at c
used, it is preferable that two to ten pct forated plate frays are used.
Preferably, HPMAA fi ?éﬁ%ﬁﬁmEQPﬂﬁ%W¥WUWE§ybperated under a vacuum to
mnimze the tenper aﬁf-‘HE ok)n2,@E%-Qgﬁﬁlaﬁ%lq;ip&ﬂ%yﬁﬁlyyrm' For exanple, in a
preferred enbodi nent, the pressure at the bottomof the colum is

mai nt ai ned at 50 mrHgok@28®.eriekigmediyl-wpsrigntlére; bot t om of the colum to be
oper at ed between 70C,t 0C. |.eas ne _h exchanger may be used
as the heating appar%ﬁﬁg&?%gg%ﬁé“’éﬁf%EﬁﬁgwgBWﬁ%ﬁgﬁﬁﬁéuperheatcd steamis
preferred as the heat-aexohadggrcsahemi-phrudingloxyf a reboiler is used as the
heat exchanger, it y..be int ?%%L or e ternaJ.tP the distillation colum.
Vortex breakers are FgﬁnﬂgﬁTz ’i'mFﬁﬁaﬁﬂﬂ?ﬁﬁWHW‘ﬁﬁwﬁA fini shing col um
140. Ityi s oftentinegzgge&uhn&ﬁﬂqﬁgohmhﬂbk%ors, such as those |isted above,
to HPMAA 25 f1111511111g colum 140 with or wi thout a diluent. Such

i nhi hilor may be addédiip-dAd-Joetr#pebyinyeraidiByext hr oughout HPMAA fi ni shi ng
columm 140 and its anregidd_ Ar.i The, .pgef, i.nRi hi.tor for HPMAA finishing
colum 140 is MEHQ r?%i%?@?‘%?%ngﬁg%ﬁﬁﬂﬁ%ﬁﬂ?t?? or is added at a rate
that dots not exceed2@Sddeotmethilbpyrardinglpboky¥-Bcatbbxyis acid; t he HPMVA. 4 pr oduct

stream 150. Optional Ly, riable al170Ltnt of 11lhlbitol Illay be
added directly to thé’)é33(%8’[5’ﬁ%mt%’?%@i‘ﬁt4"bt”ra%‘ﬁ?hfg%%%’é’ﬁ¥’ure that the

| - | PMAAspr oduce stregmkbpmmphg@@wggaggntration is within final product

speci fications. 18 As descri bed about, when phenolic inhibitors, such as
HQ and MEHQ are usednitfasophgnelyrt her preferred that oxygen-containi ng gas
be added to the diSthhhﬁkbﬁQn&0|U”“ to enhance the effectiveness of the

i nhi bitor. Oxygen-containing gas may be added in one or nore |ocations

t hroughout HPMAA f i ntagipendgimeilyldithiot4bammel its col unm ancillaries. 5
Operating conditions and concerns and reconmmended oxygen-to-inhibitor

rati os for HPMAA finF%ﬁFh@eﬁﬁﬁﬁﬂﬂcﬁﬁfp¥ﬁeeidentical to those described in
connectjpon Wi th | -1 Pdpet diglthRitGoL4#Baald;0. Anot her enbodi ment of an 1-1PMAA
purification systemis shown in Figure 2 that utilizes a side-draw
configuration for theopaPMaliciteduct stream For one skilled in the tU art,
the simlarities of Lgh]kfgg%gjnent to the systemdepicted in Figure 1 will
be evident. The configuration and function of the first two inpurity
renmoval apparatus (cabmims 210 and 220) is essentially the sane as
described in the previous enbodi nent (colums 1 10 and |20, respectively).
Simlar ly, colums 210 and 220 and their colum ancillaries arc preferably
constructed of corrosion resistant material, as previously described for
HPMAA |ights i5 colum 110. The material exiting colum 220 via Line 265 is
a near-HPMAA quality internmediate stream this streamnmay be further
purified in I-1PMAA finishing colum 240 wherein water and |ight ends are
removed fromthe upper part of the columm through overhead stream 235. In
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As shown in Figure 2, heavy end inpurities, whtch may accunmulate in the 25
bott om of HPMAA Fi ni shing col um 240, are renoved via stream 245 and

recycl ed back to HPMAA heavi es col unm 220. This recycle step allows the MAA
present in stream 245 to be recovered as product in colum 220. Any heavy
ends and undesirable inmpurities present12n stream 245 will exit colum 220
with the other heavy end conponents in stream 230. It should be noted that,
whi | e heavy ends st ré%erﬁ‘P‘i‘ZF‘?r”‘ﬁéﬁ}T%)l ternatively be recycled back to 30 Ilghts
colum 210, this step.gk§peHiitgpal |y equivalent to the enbodi nent shown

| 17 Figure 2 and, as suc%, ] provide simlar benefits to the producer.

20 It is oftentines é@ebmen@tbiaaldd; inhibitors, sLICh as those |isted above,
to HPMAA fl nlS11111g CQ g t;ﬂ 240 OptICIIaIIy Wth a diluent. Inhibitor may
be added 1f1 O 1C O P17 ”EdIlBééatl ons throughout HPMAA fini shing col um
240 andsits ancil | ar i @shenAdnedisibhe: dr aw renoval of the HPMAA product stream
increases inhibitor 5 options for |-1PMAA finishing colum 240. This is due
to the Fact that inhPbilthotigegypeyahay aHthylHéhWn%‘Ugﬁﬁh%ts that exit the
distillation colum U t ! he product streamis
drawn fromthe botto%h(g?j(g1 ok %UF}@ Noﬁl Chgldd?e- yflﬁﬂél,&gﬁ?g% exits along with
it. By way of contraéftmtlmherwhleydmwﬂmnnc argl sditstvrcbl, om t he si de of the
colunni, all of the |rt11k11|(t))|%or is not drawn off with the product, rather the
i nhi bi t or drops to the bottom of the 10 colunnl for removal. Thus, in the
enbodi ment il ustrat efdrobdbekicger e 1 only those inhibitors which are within
the final product specification nay be used in HPMAA finishing colum |[40;
whereas, in the enboBi%®iEUNPPSistrated in Figure 2 a wider variety of
inhibitors may be eng}oyed in HPVMAA finishing colum 240. PTZ is
particularly I SCiul fU"'" m1111171ZI11g pAynCr f01'117atl On Itl the

bott ons of id@na@Hihgrent; 2k tandofi twopr efase thertof; infixygw df oReTd merepf dfeabaty yitladded
(kgpt):‘ OP?‘_L:\}&AO ?cturl]‘ug‘oﬁg%cnueﬂ c)mfa's)%%ésr)?ite %fursrgcll e(c)ngcl; gfce%ngbncd 1118]%1 SEHF% cp(?ElC 8 8]90
PTZ per1s10, PGQerk(g ckiifxetfdPl‘aMlcfel, Nius Rten GotC Gt tB4®/IAAEdVatcl(| hx@toxgplhef giiatdcy
0.05 kg to | of PTZ per 10,000 kg of HPMAA finishing colum 240 feed. If
HQ i nhl bi tc?P”TpgS‘ﬂgé‘éFm’ﬁet is preferred that the inhibitor be added
(optionally 20 with @ydidjk@bhd (@f;%e} lmbﬁmm‘s Jﬂp&ﬁbl OprdRrrk® r&f 1ddQnpaPMI 000
kg of I-1PMAA finishing colum 24 nor e T>erabl 1.3 kg to 8 kg of
HQ per 10, debtskeplwnn Hvand 5 mis be h@eédhleﬁhﬂ orzwohfﬂebmemrmsme OF BY0&T lgpatipny . 5

55,5l B RRBS Qg AR VPR SRR, SELAT 30yl

enbodi nent ialnditgl wyadded added il l@:t[ol w kgOde I\Mztphr 80,000 kpcoft HRMAIA hlgltsl\mumn

t hr oughout HPN finis col urm eca

S de-dr aw CBEE MO TSRS -+ RN b Do BN eGP e teed o°
use hi gher ﬂ\@r@cmhm ii 5 188tk loF I Fedti €806 FIPMHWtJdOMMfeH@ col um
140. In genera sat ?sfagt or ygpcrgoérnancck?v\gfll be ieved in |I-i PMAA
finishing col um 240 vjfent fswenMEé hRiRddishép s HRY @fd MEHGIPMRALkE NIt SHiffeher
colum 30 140, as described above, are utilized. Optionally, a variable
amount of NEHETEh b cxpgenraeptain;m dae e dildasctol thet distillsgorHPAIARNpiooRNBetCeskic cam
250 to pr

wthin Tl naﬁ%ﬁé\bggss Ol?glﬁecmratﬁ%g%g]tn %kﬁg%htcﬁm@ﬁg% ga%g?)@éelg \’%mlrae(ri])&p())ﬁlz%ol iC
i nhi bi t or s, gas uehpdsngiand 14 mitol 1Q0%arxg geis €k ygen- cm&mﬂmg g:lmemyaroefdéwxeabn‘c hat
oxygen-cont ai ni ng,gas be added d] tillati on col enhan e the
eff ect i vend¥s™gFe {4raU905h MBI ?“t M}e‘h Kt &PMMRg ! H)a$m‘rna{ @U@ad@& ifchne
or nore |0C@§dr£ﬂz§ tER?&HQF@%}d'ﬂDNMe{ i Ning a6 8habMy ZidQsand de@enC@)'ldibﬂny
ancillaries. erating conditions and concerns and recommended

oxygen-t o- mmb O rpurisicitivg mteml, anpMivasef PropeiliEs dnusb bantakepd it ragcqugiethice al
to thoseg describe |on wth |

enbodi rrgont (gé e”“‘““gﬁok}ﬁ/f%g% I Cat°or Ogccn{‘atwo bg%g%m?%c%l%%g@fﬁl né ?%{s
enbodi ment , Cdridideutibmgolf tucl ficei®val wapipalahistyatenttor bidiedy tidll putid ¥, andde
MAA to stream 300 to | -1 PMAA. Crude MAA stream 300 is initially fed to t he
first of t 98 PHPAKYEY qre\ﬁw@h%cpﬂafr&t (b8 ComPIRIY HBRlYEs SIS £, Hv
HPMAA heavi es col unmm 310, heavy ends, |ncI uding H BA, are renoved first
fromthe bottomof the colum via line 315. Early renoval of heavies in

t his enbodi nent prevents H BA deconposition to water and light ClICls in
the next two colums. t5 HPMAA heavies columm 310 and its col um
ancillarres arc preferably CO 15t1' UCt Cd of corrosion resistant material,
as previously described for fIPMAA |ight columm 110. Internal conponents
such as trays or packing nmay be used in HPMAA heavies colum 310, if

desi red. Internals |f present may be made fromthe sane materials as the

- ., 1 r N o 11" £ £ e



1 o Operating conditions and concerns and recomended oxygen-to-inhibitor
ratios for |-1PMAA heavies colum 310 arc identical to those described in
connection with HPMAA |ights colum 110. H BA, other heavy cads, and
inpurities are renoved fromthe bottom of the heavies colum via line 3I5
and it may be di sposed of or recovered fir fuel ValLICS. 15 Optionally,
L178 Ileavl CS CULt 111111 bQitontS Call 17B ftll1't11B1' pl' OCBSSed 1t7 an
117dBpendelfpundsiit | thyse iy Ay smraitan’o faces ofacting shalgHicappal inkibigae withipdiberent
of an | dengnfRllon kb ALLOE VLo B SAM Apei|STaBPLIAIT, 20fy ek o
tn one or ligh ng vessels w i ve“st eam

preferred tztvatdancttpeofs hlgbpm«ygen/emsexhtmubas &ptanatledrrmnomuknoamnmgphmmucm ps@8sur e
to naxinizay%he recovery of MAA PMAA heavi es col unmm over head

stream 305 YORT NN CEEGHIY PR Al gﬁﬁuﬁ%“ﬁ? W%AhﬁgohéPWmﬁgmﬁﬁ?eP“gﬁéé?Bne
ot her Iightac@Rd$incaith the AG&oARINMAGZafdn BieFYotNLee iR BeavhRSerGRlitin)
overhead stream 305 is prcierably at |east partially condensed. To nmintain
the requi r €ltPrpiF feagongft is 10 reepmEnghfQicst oxyganscopfaindig ghe oe gddedywhen np dlypitprg
portion of GRN t I 5;

t he fract|8%%§§ ?@gﬁ eﬁéa gkyé S%EEBQ?QV@§3F§9#H@E#%5?toﬁpgﬁéé'%2%%% i ng
on the opertatthmglrdmnmhm dystas), ofat #Hehkyeheantm gegab bmad®idOn arpdestxh]l&dIVMo }NUhI t y
| evel desired. The gﬁanln condensg e i s then transg rred V|a11 i ne

a second i HHHFL ‘B° FERBIPE Y ERRFNE us e CRVRA PPEHE © EBIPURRE90Y! 1’@%3?‘ d
water nmay bespesiad ihdinkiBRoMBaAY Veisenah tie e@a@@nﬁmbﬁax ft & PrRired fheme rNe JYRA
in the stream To m nim ze condensation yneri zation, vapor spaces on 30
HPMAA heavi {88 O8YACHeANIBING 2878 {adsio ahrcHR @F’)Hbé@r fepchadded| P ghecRIHISAESY /SRS

| nt er connechiinkaneh.cb TS 0A0enPECELOIRIK SA! AbRSHeBlnd 4 ATRGRAISES
about the dcwpol nt MAA; “i nsul ation and electfic or steamtracing arc

ef fective fmoolcs bi @z/pxukeptdsléQ thost argberelflgar £8 mol@&3o émbads orle(hi/mob qﬂdrf@l Wfheof

th d | at K t lly t
e Coneen IR HAL L5 S B SRR L 1o

ef fici ency. hd MERQNAaBiISAt fecd@Med LOWe it 0RUYsIh bt hridtgstd Qul Abledro lii.oe or
may be applied to the tubesheet, condenser interior Surfaces, and/or inlet

vapor |ine PAcepi Gy/male af MERR: mptaprpferadly 3t d-Spaied o 3 mpiss ob Oa/FiieplisdMEH st

may be addegdod Qrdibiiisy GONABNRS & & moRS bf OYhRId AMBliHeam to inprove the
distribution of the inhibitor. In an especially preferred enbodi nent, at

l'east a portion of thiygeanda0sahes ﬁ&e‘dnth& hicPiRk r“ﬁmbmemmsmmwegh an
apparatus that sprays the condensate on e interi 6r surfaces of HPMAA
heavi es col @fnthe mmOﬁalHBW’rA ilights @nlpininl bltol ‘es ling 1ABgHs dicfalrpmlayhrerrtczyalbﬂ dor use

condcns es, ton e
Tant s Bburs e aee gt B et pL AT S83MBbfhe RRGhRLCasine 50 Tane

its colum mhﬁmlzbabmﬂmza:roﬁ pphefegizatan| yapoo Bgiceiat HéIvD’-fA mghus @sluain H@Sﬂnﬂtxant
material, as eVIOUS| descri bed for HPMAA Iights colum 1 | 0. Internpal
conponent s % rig IRy é‘%Q?Pd‘ij’é%fkr‘%‘“ﬁé?“%c“ﬂ%éﬁ’w if“?s F‘PWC‘P\’%H{‘%’“&‘B‘F‘E

320, tf desj ﬁ@%cxitﬂ%e‘fb@% $he Bé\vM&S&nMAA[mMs@ﬁlotnrﬁﬂecl&rtﬁ’é'no? RRaSAMRing are
materials as t5 the columm itself or nmay be constructed fromone or nore

di fferent ndfeskylos thiPeurpeeat ed plate frays are especially preferred, as

t hey have been found to be particularly resistant to MAA pol yner

accurmul giion. If trayg @tsm %?% céntdeﬁséd R 1%51%9,(&4%%#@41’1\&)4@ st &umn 110,
perforated plate frays are used is preferre I ghts col um
320 be operatobuit hindeg adempauure almwml ﬁﬁcrmmy Heheed errprerca;hdmxeerab avhe fbotzingm of

the colum. For.exanple, in a pref d 20 enbodi nt ress at the
bott om of i MAL ST TS el it MPIRGES SPOSH R 5 00, e FiTGatho € het
bott om of tHecGokitot heREnRE: 3b&GE L oZngzﬁdellncl:p(t; pofon SaRt conBEhsh@Rtay
eXChal |l gCr fray be Used as the heating apparatus for HPMAA | i ghts col um

320. Desupebhissiredated bagh oghpeetdensede) wg apiendlvap te eanenddet lgichenmikvifece.
If a rebotl t heat xchang [ r rna
to the ool uainGahd oRRe oiBedoE, (RIS 0t cahydtie iy AP LERIo o HEaa

i ghts coIummuamﬂmnnmemsnmpmempwnESOuaeﬁmkh&ncﬁd&namauamxmnﬁamsnhﬂmthﬂms
such as those |isted above) hts col unn 320Q. The inhjbitors may
be added tOVEtpHéLE%PWr dfe éc&fl ‘VHbB?Y Wag%da;odpq EFé‘HF“‘C’i(ﬁ Brieydie 4gpe through

| ocations throughout HPMAA |ights colum 320 and its ancillaries. PTZ is
particularly useful for mnimzing polyner formation in the colum bottons
and is 30 preferred. If PTZ is used in HPMAA |ights colum 320, it is
preferably added (optionally with diluent) at a rate of 0.05 kg to 12 kg oC
PTZ per 10.000 kg of columm feed: snore 24 preferably 0.1 kg to 10 kg of
P TZ per 10,000 kg of columm feed; and host preferably 0.4 kg to 5 kg of
PTZ per 10,000 kg of colum feed. If 1-1Qis used in I: IPNAA Ilghts colunn
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to snore |ocations throughout 1-1PMAA |ights colum 320 and its colum
ancillaries. Qperating conditions and concerns and recomended
oxygen-to-inhibitor ratios for HPMAA |ights colum 320 are identical to

t hose described 111 COIInCCtIUt Wth HPMAA 11gl7tS CUtinln 1 10. The
MAA, acetone, and water arc taken off of4the top of HPMAA Iights colum 320
via line 325. A partial-condenser arrangenent is preferred, wherein stream
325 t5 is é‘tns|C@a%@cm%rr%qnéphaymte%epérhéedmpwe the (disgfirption fof dhe dnipips Ingarsg
condensed, l b h n

freezing Mﬁeu%\&:z% g %gefé\?%ﬁémgdd%%éﬁlltlﬁll%ﬁglﬁf 5; ncgfn %n%g)ta ?%é\tésrzﬁl&?rg??lggg?dgh
vapor spacesaygrasHiRrnagh ki gpnmtusdlmtmnmsszme amdiemic@ <a1 th€intdriot iuﬂfm off ARMAA ng

Cemper at r d AIbsYBE OGRTRL PR Ph B o B BPe c or Steam -

tracing are 20 effective for this purpose. In a preferred enbodi nent, a
portionsof the CondCDsatcﬂwli’r&yhbbﬁnfe&ciariﬁlui%adlebm larrhipeheet Ganitiens evhesi

optionally to paor inlet line, to 11111t111117C foyling and inprove
condenser ~ &fF{R |1§%63]‘V’%”%’dﬁﬁé’ﬁ§§t“es“ﬁﬂa§f Rq! l&&ﬂ& ?tieaswa@(l wigfgtreaih s

rccircul atifg waddRc@bnc@¥ae 18RAL Wag th@Mm&/“htébQ‘éédne@im b&x@&@?éascﬁfecﬂlmn@d ior
surfaces, and/or inlet vapor line interior wal inhibitor is added to
the condengerMAR praegss bed Higdedertagetphy §l€@mr@9rb§a9@€Q5> prenglior eacadsi soph 8% leam
to i nprove I f i nhi or. In an especially preferred
enbodi ment atéa}?m{ygg%tcl}g&&}é@tgn81%&@8%%@2“ tJg‘{cl)(‘hdensat e recircul ation stream may
pass through an apparatus shat sprays the condensate on the interior
sur f ace® of HPI\/AA heaI\PlVé%Ad'(gthlemm lad dwooems sgcaandil § lcanthios MAoAwaghheof ¥

o hoavy onteeGoF EnBPuRRnOmtR ol bt are g R e G oLt oo

to a third vend. Siaah 1iSRUEd tythe eRBNAImpARPATeaiodS, apparbRVNPNI AR IR IV ie0coh@hri M
340. In I-1PVMAA finishing C011111111 340, MAA 15 separated.fromthe
remai ni ng hHedvynedMprip iravics ey b?%d‘er‘cE@WNA&RU*11*6$25°4UCF43M%9*?H%M%

col um 340 R&hclids gnrdawrme %@&Jrh&awoﬁﬁuermm efiefsapl 1erm@zm‘;z,sMpé%ﬁqufcmove
corrosion resi stan material, as previously described for I'-1PMAA |iglus

col um 1B | dﬂBIAntﬂérfmi‘Iame‘(gr’rﬁ@h/én\tﬂél sné Ho glscampppe inrlatpapiocergingedjepse HBMAA n
HPMAA fi ni e tte
fromthe 53{3?@9’ %@éﬁ%‘; éﬂggdtL 9&3&,{15 qm”‘ulu{ 51?%?1@1&'[%\( Qé)ﬁﬁg%%qstofﬁ%{lggm roth
one or nor ecdithift@rosdial, matlactibddaboRefot HPMAetdh@lhtat@mﬁmay& arc especially
preferred, as they have been found to be particularly resistant to MAA

pol ymer accurrul ati onlméxﬁaltdoabpmcaﬂtscsumseﬁua)istor packpizahiertahlsed tnaPMAAVEeatias
fifteen perf pl ate S are _used. I-IPNAAflnlshln columm 340 is
preferably et fﬂb ﬁaeﬁ‘eé Skt G @EsToBrY PHMAgE igRy ! f“e“%ﬁ?h‘i‘%“‘{sr”aic‘éc

anount syof JdghkBh hscuacvr%gesh S REREPRLY onERMAME Wifelent SAlcRgIsCR): RIMHAEANE S
operated under a vacuum(i.e., below atnospheric pressure) to 1n1111111LZC
bott ors t erHPEPIaRAITie) Oi:HPNb%rhpan@es qabanen pR ey cerfridrdBderiesntiainiesesiqst 8%ur e

at the bott i gh 4 S b AL 100
nmHg, al | ovm\gqulé:qilhe Y)MA@t odr%no? ll}l@%ﬁ%%mhlﬁss |4r1fgn'§§1 lrj[trnﬂ} %ﬁ%p 1?&1%% operat&ed at
75C to 1 15 aviét cdlmasti2@nBerfieatd phchtaaygere evpecidig pufetedass thiehhedremfpuappa t

atus for the 15 fjnj h|n col um. Desuper heat ed st amls preferred_as the
heat excharf§&f pé‘“ﬁé%iﬁyéj?ftht%‘éto MAA PPBSS ?Cé}““i"é‘“?&e HQys t"ﬁé‘bhieétt“&?é‘ﬁ @er

it may be ipkarRab rabeyderdal plhe tltazﬁal’é%éélmit is YRITE0H (RKI QRKRIaSI1cREQuRh 3920
useful in the bottom of HPMAAI?I ni shing col um 340 HPMVAA having purity

| evel s gr ediceppartieth upderedaguuny O OWpiaNE IheskoliomancOPOSWater ckEariBsinHPVAA
finishutg co S

Tenper ed_ et et Tk BBy 8 retize 2R oRudh of SRAGARAY b Bt B AR e ”
stream In torldemnﬂmg,hm&\ainigltmaaﬂdtdonidfeher@w:mrtecbcp;pe:iatcy an?5°Che ! HROAA pr oduct ,
it s Otell necessary to return a portion of the condensate back to HPMAA
finishing colum 340 Atil@sr@fcltex dxti@gdahiy dchied 4sabé haringhppandeBsHPRIAA
returned may vary from0%to | 00% depending on the operating conditions of
HPMAA f3thi sh?r‘h‘@s eV 284 Beaigrhepad slennAs Bﬁﬁgﬁ“ﬂ? ap BipdieagrsPinger’s ffe sopuce.
remai ni ng condensate, exits via HPMAA product stream 350 fromthe top
portion of the columm having purity levels greater than or equal to 99% and
containing |l ess than 0.05% wafer. The HPMAA product may be cool ed before
storage to inhibit polynerization. To mnimze condensation polynerization,
vapor spaces on HPMAA finishing colUlln 340 and its ancillaries, including
condensers and i nterconnecting vapor lines, are preferably 30 maintained at
a tenperature above the dewpoint of MAA Insulation and electric or steam
tracing are suitable for this purpose. In a preferred enbodinent, a portion
of HPIVAA fi n| Shl ng. coI um 340 eondensate ‘rnay be reC| rcuI at ed back to the

o o ~r~s 2 1 - = r 1



27 If nore than one inhibitor is introduced directly into HPMAA fi ni shing

colum 340, the addition rates of the individual inhibitors may be reduced
relative to the rates disclosed above. Regardless of the inhibitors used in
the finishing colum and their respective addition rates) a variabl e anount
of MEHQ rnhibllor may be added dn-cctly1%5o0 5 stream 350 to ensure that the

| - 1 PMAA pr guct strean1|nh|B g concentration is within final Broduct
speci fi cat i'tbAJEPRET Helier Adae AB\FEChARERN ILIHBNBF iHeHHReLEXERY, tod %ﬁd&§“HQ

and MEHQ ayditek brlkers hie als® ugémlhh%{elﬁrn@fflﬁffrcglqmlhh@b oxygen-contai ning gas be
added to the distillation colum to enhance the effectiveness of the

inlubitor. Oxygen- COﬂt@éﬁynnglegﬁs%fmacﬁeon@qgﬁt@xc lnlngpﬁscﬁlcﬁ aﬁh&‘éﬁﬁtehgg@%' ons
t hroughout HPMAA fini shing col utm 340 and its colum anci |l ari es. Cperatlng

condi ti ons tatPMdAdErYiss emlamn ¢2® mithrd edthoxtyay dicnt- iIMBHR is @rprefatrédmhibator

f hij 340 d h bed
ui th rpuaa T R St A el ey e SBherd JbDRE AR, ThsPly e SIRERCM e

f ol | owi ng dﬁ%ﬁgﬂoﬂt HBMAK 8taatds Rglufn@ 126 ahd@s oRETaES. oI usdd, MEH IR Ae addcd at
purification systemthat is wl11111l the scope of this nlvention,

provi ded t & fieahdthede &5 kael NTQ per K00 Kgios HPSFAM hevdes aohenn fopd wicam ‘alé
oxygen- Contrf%rg' ex%? 1 Sﬁwp(fzké m%%gex %Ob%%f%lﬁ@ﬁm he‘ﬁQgPEélﬁI'nﬂgccd

greater than SU ht s “col um at a rat

4,545 kg/ hrmosm@f%arbéys%&g@%kg oHEDEX peo i @@0 m@‘ }d;wamhemexv solﬁﬁnrfnelélg and t he
terrperature at the bottomof the colum is maintained at 90C to 1U0C.

| nhi bit®r sol ution céspleisibad aBQ\@‘VmH@x phenatit erhibiraddadad HQmard MRIEK, are

| ocations thr t he col um I [ies to i e
oo a1 AP Sttt BTG o b8 NeBn G A BE Sadeho M BhOE Sl B 80 £ S
reboil er cidghfiatcatiheOdTfdcli Nt ofahé athebiek. Dxlyediicontainife gisemiy baaddedat ioge of
oxygen-containing gas addition to inhibitor is 4.5 noles OZ per nole of HQ

and pol ynmerm®s Pgiipas i Bipueheut nBPMiAY i iepyies galves! Jih nd éff‘é’é‘tlm/el“y‘”a““
i nhi bi ted, (ﬁmk/ﬁ%\ iftbhs Wc&%%s Shé ?&%r&gmrd@kéﬁgogﬁlﬁgﬁ(ﬁﬁathﬂaml ﬁﬁR@A%A

is fed to the HP heaV|es col um at aratée of 9, kg/

pressur & athcaties batmon 20f are héerttkghlutmtllose @am’pddgmamjmtﬁ@nt wn’péﬂ%ﬂ’lﬂﬁeha‘nl@t he
bot t om of Q%ﬁggo m is maintained at 100C 30 to 105C. Inhibitor solution
conpri sing 7 [-1Qin GWA is added In multiple | ocations throughout

t he HPMVAA heévies colum a S.to n._oQver

solution feed rate O#PTQ%r@gﬁﬁplﬁggﬁggﬂﬁgpr%lgpmtﬁgzga&ggwegﬁowth?gég??er
circul ati onflHIMAAtheavieat@wah 120 kig/iihe.130he&he BPM A Antavidtdotindf bottoms stieam
oxygen-contai ning gas addition to _inhibitor is 2.G moles Uz

NEHO, and plofymiyrbercisnesqds qf huf fug| yalyepaee premstabhyigeopgic be@%wop s3lg Opuoml?y,
efff." Gd VQoyiohd dkdakb Ilﬁ@gray be further processed in an independent stripping system to recover

residual MAA. In one embodiment of an independent stripping system, bottoms stream 130
may be heated in one or more glass-lined stripping vessels with live steam (stcam that comcs
into direct contact with the MA A-containing heavies column bottoms strcam). It is preferred
that the stripping vessels be operated at sub-atmospheric pressure to maximize the recovery of

25 MAA. The recovered MAA may be recycled back into a MAA process.

To minimize condensation polymerization, vapor spaces on HPMAA hcavics
column 120 and its ancillaries, including condenscrs and intcrconnecting vapor lines, are
preferably maintained at a temperaturc above the dewpoint of MAA; insulation and electric or

steam tracing are cffective for this purpose.

30 The HPMAA hecavics column overhcad strcam 125 contains a significant

amount of MAA as wcll as water, acetone, and other light ends. Overhead stream 125 may



5 The present invention, therefore, is well adapted to carry out the
objects anti attain both tile ends and the advantages nentioned, as well as
ot her benefits inherent therein. While the present invention has been

depi cted, described, and is defined by reference to particul ar enbodi nents
of the invention, such references do not6inply a limtation on the
invention, and no such limtation is to be inferred. The invention is
capabl e of beshispderdipllecanderssdi Hiayathrahstreamt I at sootendenser, sumperdds waleionuyof
equi val ent ... t C 0 f
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i nvention. nt | ihvention is iptended to _be |imted onI by
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t he prepar ation of hi pur i ? met hacrylic acid, said process conprising:

(i) provi dilAg adf fhe M @t“lltb’l vélodesiced. urfﬂ a grofestcdnembRANEnt At pasiore of uken and
a third di %rof)c!cln?ﬁé ﬁ)lgy cb'x ’laﬁr?dstgcgc*\ }o {hg%gﬂclgg c?(nﬁz(nld%gugﬁtﬂp%{h\élvlqtgch%&q O an

upper section of said firs FRLT 6N ol ude acry
aci d conpr its ntigimizet foaldigydnddimpedvd cohdeghtr céfindsicandhheandynsaredsqy flow iikely out

distilling said ci-tidc. methacr o |df| st distillation ¢colum
A A Ry Iy M AN A ALt R

bot t om foi quheL Sdpor AR kil RNPAIsST IGnHTBRIIAE ildddCloatié doRREsAERMY nRPS; adlibd)
feeding said fast bottomliquid streamto a center wtion of sald second

di stillati époes t!pmn@onéwataw%q11|CP1Pil@ig5tgeamdt0flinp§1vc st gigtrPriiUPIdhe inhidier i i sai d
d distjl
secon I'S 1ln cls Jqﬂglp&?éx}é d¥b%d1d%rn[naﬁk§ 3‘186 it doef’rt}mge&d%ﬁﬂ dl gt'cru?\%gh tic un

conpri sing nethacrylic aci a I's second bottom ['i dui d
st r eam conpuriygiasgthlvegh wn emdsxtus(mt)spfagetﬂxb rgndehsadieasthe aipon sidawcpdf H%Md\A

cerond ovetasag VARSh,oA” SAR' B, SRubBBS o35S O ool bl Rt o

vapor sfsr eammnmg@bﬁhehmté @oﬂbﬁtm& MA A QRd G@he i irhpurfies, My eheh Miahdergvenhaas
vapor stream coggrl Si ng ght ends 20 and a third bottom|iquid stream

conpri si ng #eth P’&/’f‘?‘@‘“é@i‘a‘?%@ﬂéi‘*% said methacrylic acid has an inpurity
| evel of not nore than 1 % by wei ght wherein no nore than O. 05%)a])é/ wei ght
is water. 2. The prodBSEnfslng wachpegyaicaidgnhasfight cgrs {6 Ry eAEion

G vi ded 18 L SRR PnaTe YRl %Eiﬁ‘hﬁon
bei ng fed tvhesan dmb@ér%trseutll?’énnzorfbes;amtdllhymondtn@hdsmld 4 Hguion Icoteuay seenng
col um. B3, A33roRCelbsft (b RRa B IR brE T GreaBiief S8Rl st S
sai d process tleoPirh S Th@iinimize condensation polymerization, vapor spaces on HPMAA hmshmo
column 140 and its ancillaries, including condensers and interconnectling vapor lines, are
preferably maintained at a temperature above the dewpoint of MAA; insulation and electric or
stcam tracing are effective for this purpose. In a pieferred embodiment, a portion of the
25  condensate may be recirculated back to the condenser(s) and optionally to the vapor inlet line,
to minimize fouling and improve condenser efficiency. The condensate may flow [recly out
of the recirculation line or may be applicd to the tubesheet, condenser intcrior surfaces, and/or
inlet vapor line interior walls. If inhibitor is added to the condenser(s), it may be added
through this condensatc recirculation strcam to improve the distribution of the inhibitor. In
30 an especially preferred cmbodiment, at least a portion of this condensate recirculation stream

may pass through an apparatus that sprays the condensate on the interior surfaces of HPMAA

finishing column 140 and/or its ancillares to wash off polymerizable condensates.



30 (i) providing a first distillation colum, a second distillation colum
and a third distillation colum; (ii) feeding a cl-ude nethacrylic acid to
an upper section of said first dlstlllatloll colum, said crude nmethacrylic
acid conprising nmethacrylic acid, light ends and 5 heavy ends; (iii)
distilling said crude nethactylic acid 1h said first distillation colum to

forma first overhead vapor stream conprising |ight ends and a first

batO |l liquid st re’éﬁi\’bfg?m’tf?%‘i:h@f% lrw%cwlsﬁl’ %dhmﬁ'a%éakwmem&&‘omitbt)

feeding saiydyfr Eém!?,?totrqm'dogm dh If d& @-Ezﬁ% ffaftdro &Hﬂf $3h8, ShFond
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i Si th I id a gh ds d d bott I
compr 15110 TELIRGI LA S5ich bl o0 Shde 53, Sesond botpm LLGUL

second averdagaenchaPRhy s¢ HERO LR tRNsHRRE ihcldoRER trhAMbOdesald td MitkAHPMAA
distillation colum; (SV”) distilling said at |least a portion of said

second overela! S$EFEr! 89 v AN ehpalymarios eiher ‘éltqeﬁhlb&HOm?ﬁ“Q%S PR a
third overh VWAﬁtﬁlﬁ@Q‘Sgc&mﬁ} ﬂ(ﬂ%dh %ﬁmﬁ?ﬂﬁll A 290 #)mfér xkﬂmll:c'l qui d

stream conpri si ng heavy en rawl ng a | rst fi qU| estream
froma | onwed cgemtmommthntsmmdx11tlhasr<di:sd|\xtl|abb\&tﬁoohIP¢/h$A|n1glutssallmlm fl|0r sihteR(!

| i quid sidestream co acr e.acid
haa-an | paPrPY T BTG HOE TorEobh RSk fartie WA Er ciRihi fhan
0. 05% by Weleghdd. higcrn@l,eif ;préseit] iy frrediRdraaike tdhd thaleabls MHRMUADfisEBAM t O
said center section of said sCC011d distillation colum. 25 4. The process

for the pr &R |49ntSH on Mg bp GPIYCRETAMRNE iMorediflgreat Batetiig PP aMaiem 3

wherein saig, PpShigY &f I@Fﬁg\AVﬁHQ{llxééJlﬁﬁmJ—l@n\q& YGrQﬁgstlchs 8cd b &dindd Mhfié ON
and a second portion, said first portion being f to sai d upper section of

sai d third thd savidr Imttncmnofcdﬁb mumsmaﬁ csetamndmpoxmm omvsbePen@rzitedj ptate aaysupper
section of said,s 811”6(9 A | Iati

cpl um. 31 5. A process, for the

ot aparat ot G Y grear e ¢ et Rk P Boliuve odain b BLERERTMAA ke
15 accumulation. If trays aic used, it 1s preferable that two to ten petforated plate trays are used.
Prefcrably, HPMAA finishing column 140 is operated under a vacuum to

minimize the temperature in the bottom of the column. For example, in a preferred

embodiment, the pressuie at the bottom of the column is maintained at 50 mmHg to 80

mmHg, allowing the bottom of the column to be operated between 70°C to 110°C.

20 At least onc heat exchanger may be uscd as the heating apparatus for the
finishing column. Desuperheated steam is preferred as the heat exchanger’s heat source. If a
reboiler is used as the heat exchanger, it may be internal or external to the distillation column.

Vortex breakers are also useful in the bottom of HPMAA finishing column 140.

It is oftentimes useful to add inhibitors, such as those listed above, to HPMAA

25  finishing column 140 with or without a diluent. Such inhibitor may be added in onc or morc
locations throughout HPMAA finishing column 140 and its ancillarics. The prefeired
inhibitor for HPMAA finishing column 140 is MEHQ. It is preferred that the inhibitor is
added at a rate that docs not excced product inhibitor specifications in the HPMAA product
strcam 150. Optionally, a variable amount of MEHQ inhibitor may be added directly to the

30  HPMAA product stream 150 to ensure that thc HPMAA product stream inhibitor

concentration is within final product spccifications.



(i) providing a first distillation colum) a Second distillation colum and
a thuot distillation colum; (ii) feeding a crude nethacrylic acid to a
center section of said first distillation 5 colum, said crude nethacrylie
acid conprising nethacrylic acid, |light ends and heavy ends; (iii)
distilling said crude nethacrylic acid 18 said first distillation colum to
forma first overhead vapor stream conprising nethacrylic acid and |ight

ends and a first bot SrHFsEGH dbate adgn EBeHIE Pkt agh andl apd MERR, are
feeding at Js@@sh@fuﬂﬂglﬂd%n?c{ hﬁladxg'ﬁél tauﬂ\{f Xl,)ed%g:\d\d@uo rthé&l'ﬂtﬂga”u]gﬁ Qol‘a[}mtwper

section of sai'd secon I st at| stillin ast a
portion of adhhitefthe sftfccuvmhmaﬁjthvaxpmhmost rQaa{ga:n conganidg se&:rmyi bdiagdddl ihati @n

colum to Form secon overh p trea I Si ht end and a
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(vi) feedi n@?@@un@ RGOS RALbABsi QY k& omincadd 6xg'g&1 Qﬂﬁﬁl@ﬂoﬁ@@ésl t@anMAs@I d

third distillation colum; (vii) distilling said second bottoml|i %:’dd'@}
peh

streamin sEHENIRGHFIEMA] KO 3F ddqniipal ol these deseriisd rin gommictien o R
stream corrpcrouhﬁhlp?ld‘ret hacrylic acid wherein said nethacrylic acid has an
inmpurity |evel not nore than 1 % by wei ght wherein no 20 nore than 0.05%

by weight is water and g kanﬁfh 88101?”?1 IHP@’[’A% é‘n‘éﬁ{&q‘% HPB':E%HB%*]{?%Y uc?ds

(viii) feeding at |east a overh vapor
upper sect itbm wilizea ddd- dhnwcbodﬁxgﬁ atloh dbd tber HEB1 Anpy: Od(UCt)G)IBéﬁYBEﬂDIﬂQ)CS)Rl“dd irhihe d

bottomllqwd tream.to sajd center section of said first 2 till t|on
col um. ‘G "*fhéFcpf‘B@é"é‘éesf‘gtt““t ogimsghio ':“Fdﬁ“‘(‘if’ ‘Eﬂ"@?‘r‘ dﬁf&tye ic“( h}fr%)'l‘ Bt aci d
according t’ﬂlecdoﬁf@leﬁld’mﬁlﬂquﬁbu%ﬁ-bﬂthﬁ'firtﬁQw@\ﬁﬁﬁd}ﬁa%lﬂ(ﬁfﬁp@ryﬁ&[@QJBIL'nﬁnsdll‘@)'dﬂ@d
into a first gortlon and a second portion, pOl'tlotl bd ng

fed to an upers SEOtiplht the sdmesay Ererfed: HSthcm\SMlemoﬂmnt ColugiTF| 1RO ashil 20,

seCd | d por%@@n%@'gngu&ﬁﬁf End B BE Ln cf%é 'aOQ h| g%ﬂhxﬂn% &ﬂ%s%@%&é# il on

colum. 7 pr ocess he pr eparation puri nl e Ic’acid
accordi ng tonshaiah bf whieosomn ratalt tnimterchl omepfwamisl\yaqimcntzctlr anr}ﬂlPM&Adllnghtded

TN (R AR AR T R R
1nte1mcdmle stream; this stream may be further purified in HPMAA finishing column 240
wherein water and hight ends are removed {rom the upper part of the column through
overhead strcam 235. In the embodiment of Figure 2, however, the HPMAA is withdrawn
from the side of a third impurity removal apparatus, HPMAA finishing column 240, rather

20 than drawn from the bottom. The finishing column bottoms stream 245, comprising hecavy
ends, may be recycled, for example to column 220 (as shown) or optionally to column 210, to
maximize MAA yield. HPMAA finishing column 240 and its column ancillaries are
preferably constructed of corrosion resistant material, as previously described for HPMAA

lights column 110.

25 Walcr, acetone, and other light ends are removed from HPMAA finishing
column 240 via overhead stream 235. A partial-condenser arrangement is preferred, whercin
overhead stream 235 is partially condensed into a liquid. If overhead stieam 233 is so
condensed, tempered water may be used in the condenser(s) to avoid freczing the MAA in the
stream. To minimize condensation polymerization, the HPMAA finishing column 240 and

30 its ancillaries, including condenscrs and interconnecting vapor lines, arc preferably
maintained at a temperature above the dewpoint of MAA; -insulation and electric or steam

tracing aic effective for this purpose. When trays arc used in HPMAA finishing column 240,



portion being wtthdrawn as a product stream 8.Atl apparatus for the
preparation of high purity methacrylic acid, SlId appai'atuS
CAllpl'Istilg: (i) a first distillation colum, said first distillation
colum having a top, a bottom an upper section adjacent said top, a | ower
Section adjacent said bottomand a cente9 to section internedi ate said
upper section and said | ower section; (ii) a second distil]ation colum,
sai d secondmgng?IW&Fﬁ@MS8@Hﬂﬁﬁ“ﬁhﬁﬁﬁﬂﬁhmvﬁﬁ°mhﬁ%®9ﬂ%ﬁfFﬁﬁmﬁbﬂéﬁe%%%¥ﬁ%n
adj acent sajid Al Rymé d-ONRIaGEC IV OD RAHEE&Hd ?ﬂtéjtr%‘gtdﬁ@m B PHERALE! In a
section |nterned|ate sai d upper sectlon and I"ower éectlon (11i) a
third dist |m¢faxtl¢<br¢nﬁao¢huwnt _sgiodianhiof dhdicgtddnbade irany cbgl uqm\cuﬂm;i ﬂilgcka @aps a
hottoln, ~ 5 cen

oo & bot 1 orrondihsdtR e osibondly SAL FRbero Rl kR0 TrinfRES BEEE R ARKATET,

| oner sexct i @Adentérerfi@ercyr S‘hc tdtldedsalel g TONReal etk dfohSRtitculypa Ning 6€ P Be Of
said first distillation colum; (v) a first outlet |line connected to said
top of sai *PPiigdie thg Wheshpslt sopHCnse interor yupfasesgandderdplgt viper dae ipiergr wallindEt i ng

sai d bOtt0“hﬂﬁu§%h@d&hﬁ§hmﬂkﬁh&ké )'@ﬂm?%%q&ﬂﬂﬁﬂgmgﬁuﬁ@h%d&%ﬂkQEm§ﬁFmbP” of
sai d second distillation colum; (Vi) hird out i ne connecting said

top of sai dtisapdninpipwt the Uatritotow of Wembiliitoh Egingespgepely psdenddoymboflingeat, gt
second di Stllcal.sl qtﬂoptxonc(?tjvtlﬂlﬁ}qtjo%gc at@lrf,(hxcgplf?n StT Qa]:n{ %q%g)acsst%lo%aﬂ qn aggaldtu% {d{ om

distillation I ne nnec

of Bal ditsecsprys dticsédndtrabiean o hntemor sAfades of HPM AAL finisHifg ecﬁlmlnh neoaatvoeat ed
to said top of said third distillation colum; (x) a sixth outlet |Itnc
connect ed ﬂﬂcgéPﬁ“Bdf%bﬁqBPygﬁﬂﬁ‘FHPP@”B?%%lIIatlon colum. 33 9. An
apparatus for the preparation of hig urity nmethacrylic acid, said
appar at us conpri si ng: @4§Ad”P¢Féﬁ“ﬂWE$§ O x5 AEN Ay finjsfing qolungh 24P framythe ¢

distillati %&@t%hﬂﬁﬂh@\gnﬁ ﬁxﬂ?ﬂcv@ls%%&?Wan%? Y RPRS 9B Ghd At ARh@ke N sl d
tOp, a |l ower section ad J acen{) said bottomand a center 5 section

i nt er medi at@0¥ai #agppePreabict isoraran@>&adh dpicfewdty seelel oheforei isjorage s e dnidbit
distill ?St I [Q)p%x%l andmt ngcxrgovsp&qge Ielgductt Idtlrc;lt'm%tfll SR tl]CcOC.M'ém? tlpcac\()lun% @aéwnphmfm as .

bottom "an ‘u | acen ction acent said
bott om and &' m&:rmew Scmftgumnom)ntrercmedf adie tlscalbdﬂtoupcpfehc Scﬂcmn,oﬂloansdoxsmpcbxlcdmer

section; (||| ?k%ﬁ4£ tlllatl 2%%nﬁ g h rd distillation colum
having a t off’ %’058 '&6”‘&3‘?”\%&6 TR AT SRTCY ATPIBPT A b ere
section adjReRAf ofS@k doRfAnt ERYmBNEE &her undesirable impurities may form and be present in
HPMAA product drawn directly from the bottom of the column. While optional filtration of
20 product strcam 250 may be used as desciibed in the previous embodiment depicted in Figure
1, the use of the side-draw configuration in this embodiment may reduce the level of potential
impurities in the HPMAA product stream. Thus, the nced for filtration may be minimized

and the cost of operation reduced, providing an advantage [or the manufacturer.

As shown in Figure 2, heavy end impuritics, which may accumulate in the

25  bottom of HPMAA finishing column 240, are removed via stream 245 and recycled back to
HPMAA heavies column 220. This recycle step allows the MAA present in stieam 245 to be
recovered as product in column 220. Any heavy ends and undesirable impuritics present in
stream 245 will exit column 220 with the other heavy end components in stream 230. It
should be noted that, while heavy ends stream 245 may alternatively be recycled back to

30 lights column 210, this step is functionally equivalent to the embodiment shown in Figure 2

and, as such, will provide similar benefits to the producer.



center section internediate said upper section and said | ower section; (iv)
a first inlet line connected to said upper section of said first
distillation colum; (v) a first outlet Iine connected to said top of said
first distillation colum; (vi) a second outlet |ine connecting said bottom
of acid first distillation colum and 180said center section of said second

distillation colum; ., g'ohéml%ek merﬁgl tg%c\ %xbuon[!eiu%ﬁné‘ﬁq?&é 1”\9%15;%'09& opppfasal d

second distillation co
distill at| oﬁmxdrmthnﬂuzanc%@aophaupﬂpemtﬁecnmwm ofnhstdiod ridyi bed adticg tii lonator amore

col um; iii). a four I ine co nect 0 said bottom of said second
distillati olﬂc%‘SP%WﬁQ“gE@” %E‘é f‘fnisflt“ﬁ cgiuingt Iai‘%és &‘BHﬂ“é‘ET ‘ed to said top of
said third distillation colum; a sixth outlet |line connected. to said
| ower section of saidf WFC}COF"WSFFWPY ‘étqfdhc UM Pl sHCUBVBFHERCD IRNIRT| § ne
connecting §abfs RPE@MIAR“ME%? c&lmnnd’4g' $hishd cﬁ{e'lé’angt HWmthﬁm%ﬁ'cﬁie g&ﬁ%ﬁp

section of said second distilFation colum. . An appar at us

pr epar at i onheafy hq)lgtfplpnulﬁltbcy qmtthadrsyllntmnamhd\m Slam@ghatthpéaoapms Z?ElUEO\MWII $eng:
34 (i) a fir tion sai st di st havi a
Copy . bot BTy PHOB PR cBEN o6 b e b7 Mo B B e acant
sai d bot t ony.amy @aycﬁfﬁcﬁfrdﬁe@hdrﬂﬂﬂc ipRdCRIENTE Qi 81E 1S e VPP tseedlingn, Anef sai d

| ower sectio (i a second distillation colum, said second distil I ation

col urm havif ‘béo‘t‘éﬁ“" drasmpeif (i) the BTagepre Fatacs dbg BYibAQS dropntlo disi RpUeEO! the

lover sectimnRdi@GeRbvaaithudqh ttl%xﬁMuﬁmﬁ@Msﬁﬁte@@ﬁ?&ﬁﬂe i Rher el at8isai d
upper section and said |ower section; (iii) stillation colum,

sai d third hish jarq \atthlorhhecﬁmimnochlatvmglﬁaattogpna)abﬁbmeﬂomH@ﬁAapfpmﬂmsga@qlumn
adj acent Saf4% Rvﬁ?x’e s m &mbo 1(131;[c|npnlugd tcC rfégme lélt\pdweglc(? 11?11181?({1‘% gw(.\?' b5: a

section interme pper séction an Yowers
first inl eterﬁp]ﬂy&:dd@ﬁlﬁﬁﬂ@tﬁmkﬁmg&bldrrm@ﬂt).el’ section of said first
distillation colunu~; (v) a first outlet line connecting said top of said

first distillation CCP"IUHEIpmfhtdﬂdﬁ)aﬂﬂdﬁﬂlID(Ii}GﬁmBﬁZitn'g@Blyﬁfcr Sadindtidd ihSke bottoms of
distill at| on_colum and said E er section of said second distillation

col umm; '3 vi Pluns ey patefated) e drfds Pedratdy added (eRSopwhn Wih 8 dileenpiat &¢

distillati olmgcal(mm kele s(d bf)PﬁZ bdyi ooy glo@mmm mmﬁgcéo%ﬁ o4SRLE hap of
said second distillation colum; (viii) fourth outlet Iine connecting

sai d bot t onrreferabhi (Hogbg;@rﬁjkgjq)fsﬂ’lm pqtl[)@ﬁo & PUHHAMAA finishing column 240 feed; most
preferably 0.05 kg to 1 kg of PTZ per 10,000 kg of HPMAA finishing column 240 feed.

If HQ inhibitor is used, it is preferred that the inhibitor be added (optionally
20 with a diluent) at a rate of 1 kg to 10 kg of HQ per 10,000 kg of HPMAA finshing column
240 feed; more preferably 1.3 kg to 8 kg of HQ per 10,000 kg of HPMAA finishing column
240 feed; most preferably 1.5 kg to 5 kg of HQ per 10,000 kg of HPMAA finishing column
240 feed.

MEHQ inhibitor may also be added to HPMAA finishing column 240 in this

25  embodiment and may be added directly, or with a diluent such as MAA, throughout HPMAA
finishing column 240 and its ancillaries. Because of the side-draw configuration of HPMAA
finishing column 240, it is possible to use higher MEHQ inhibitor addition rates than in
HPMAA finishing column 140. In general, satisfactory performance will be achieved in
HPMAA finishing column 240 if the MEHQ addition rates for HPMAA f{inishing column

30 140, as described above, are utilized. Optionally, a variable amount of MEHQ inhibitor may
be added directly to the HPMAA product stream 250 to ensure that the HPMAA product

stream inhibitor concentration is within final product specifications.



with said center section of said third distillation colum; (ix) a fifth
outlet line connecting said top of said third distillation colum with said
upper section of said third distillation colum and with a product

wi thdrawal line; 20 (x) ~I SIXLh Qutlet |line connecting said bottom of said
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been found to be particularly resistant to MAA polymer accumulation. If trays are used, 1t 18

preferable that five to fifteen perforated plate trays arc used. It is preferred that HPMAA
heavies column 310 be operated under a vacuum to minimize the temperature of the bottom
of the column. For example, in a prefericd embodiment, the pressurc at the bottom of the
25  column is maintained at 60 mmHg to 100 mmHg, allowing the bottom of the column to be
operated at 75°C to 115°C. Preferably, at least one heat exchanger may be used as the heating
apparatus for HPMAA heavies column 310. Desuperheated steam is preferred as the heat
exchanger’s heat source. If a reboiler is used as the heat exchanger, it may be internal or
cxternal to the column. Vortex breakers are also useful in the bottom of HPMAA heavics

30 column 310.

It is oftentimes uscful to add inhibitors such as those listed above, with or

without diluents, to HPMAA heavies column 310. HQ inhibitor is especially preferred and
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vapor lines, are preferably maintained at a tempcerature above the dewpoint of MAA;

insulation and clectric or steam tracing arc effective for this purpose. In a preferred
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condematc may ﬂow freely out of the recirculation line or may be applicd to the tubesheet,
condenser interior surfaces, and/or inlet vapor line interior walls. If inlubitor is added to the
5  condenser, it may be added to this condensate recirculation strcam to improve the distribution
of the inhibitor. In an especially preferred embodiment, at least a portion of this condensate
recirculation stream may pass through an apparatus that sprays the condensate on the interior

surfaces of HPMAA hcavies column 310 and/or its ancillaries to wash off polymerizable

condensates.

10 HPMAA lights column 320 removes water, acetone, and other light impuritics
from the MAA via stream 325. HPMAA lights column 320 and its column ancillaries are
preferrably constructed of corrosion resistant material, as previously described for HPMAA
lights cofumn 110. Internal components such as trays or packing may be used in HPMAA
lights column 320, if desired. Internals, if present, may be made from the same materials as

15 the column itsclf or may be constructed from onc or more different materials. Perforated
plate trays are especially preferred, as they have been found to be particularly resistant to
MAA polymer accumulation. If trays are used, it is preferable that two to ten perforated plate
trays are used. It is preferred that HPMAA lights column 320 be operated under a vacuum to
minimize the temperature at the bottom of the column. For example, in a preferred

20 cmbodiment, the pressure at the bottom of the column is maintained at 50 mmHg to 80
mmHg, allowing the bottom of the column to be operated at 70°C to 110°C. At least one heat
cxchanger may be used as the heating apparatus for HPMAA lights column 320.
Desuperheated steam is preferred as 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

25  uscful in the bottom of HPMAA lights column 320.

It is oftentimes useful to add one or more inhibitors, such as thosc listed above,
to HPMAA lights column 320. The inhibitors may be added to the column directly, or with a
diluent, in one or more locations throughout HPMAA lights column 320 and its ancillaries.
PTZ is particularly useful for minimizing polymer formation in the column bottoms and is

30 preferred.

1f PTZ 1s vsed in HPMAA lights column 320, it is preferably added (optionally
with diluent) at a rate of 0.05 kg to 12 kg of PTZ per 10.000 kg of column fecd: more
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If HQ is used in HPMAA lights column 320, it is preferably added (optionally

with diluent) at a rate of 1 kg to 10 kg of HQ per 10,000 kg of column feed; more preferably
5 1.3kgto 8 kg of HQ per 10,000 kg of column feed; most preferably 1.5 kg to 5 kg of HQ per
10,000 kg of column feed.

As described above, when phenolic inhibitors, such as HQ and MEHQ, arc
used, it is further preferred that oxygen-containing gas be added to the distillation column to
enhance the cffectiveness of the inhibitor. Oxygen-containing gas may be added in onc or

10 more locations throughout HPMAA lights column 320 and its column ancillaries. Operating
conditions and concerns and recommended oxygen-to-inhibitor ratios for HPMAA lights

column 320 are identical to those described in connection with HPMAA lights column 110.

The MAA, acetone, and water arc taken off of the top of HPMAA lights

column 320 via line 325. A partial-condenser arrangement is preferred, wherein stream 325

15 is at least partially condensed into a liqud. If stream 325 is so condensed, tempered water
may be used in the condenser(s) to avoid freezing MAA in the strcam. To munimize
condensation polymerization, vapor spaces on HPMAA lights column 320 and its ancillarics,
including condensers and interconnecting vapor lines, are preferably maintamed at a
temperature above the dewpoint of MAA; insulation and electric or steam tracing are

20 effective for this purpose. In a preferred embodiment, a portion of the condensate may be
recirculated back to the condenser and optionally to the vapor inlet line, to minimize fouling

and improve condenscr efficiency. The condensate may flow frecly out of the recirculation

line or may be applicd to the tubeshceet, condenser interior surfaces, and/or inlet vapor line
interior walls, If inhibitor 1s added to the condenser, it may be added to this condensate

25  recirculation stream to improve the distribution of the inhibitor. In an especially preferred
embodiment, at least a portion of this condensate recirculation stream may pass through an
apparatus that sprays the condensate on the interior surfaces of HPMAA heavies column 320

and/or its ancillarics to wash of{ polymerizable condensates.

A high purity MAA stream 330 with a small amount of heavy ends is removed
30 from the bottom of the lights column and is fed to a third and final impurity removal
apparatus, HPMAA finishing column 340. In HPMAA finishing column 340, MAA is

separated from the remaming heavy end impurities to produce HPMAA.
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10 finishing column 340 is operated under a vacuum (i.e., below atmospheric pressure) to
minimize bottoms temperature. For example, in a preferred embodiment, the pressure at the
bottom of HPMAA {inishing column 340 is maintained at 60 mmHg to 100 mmHg, allowing
the bottom of HPMAA finishing column 340 to be operated at 75°C to 115°C.

At least onc heat cxchanger may be used as the heating appatatus for the
15 fimshing column. Desuperheated steam 1s preferred as the heat exchanger’s heat source. If a
reboiler is used as the hcat exchanger, it may be internal or external to the column. Vortex

breakers are also useful in the bottom of HPMAA finishing column 340

HPMAA having purity levels greater than or equal to 99% and less than 0.05%

water leaves HPMAA finishing column 340 via line 335 and is at lcast partially condensed.

20  Tempered water may be used in the condenscr to avoid freczing MAA in the stream. In
order 10 maintain the required purity of the HPMAA product, it is often necessary to return a
portion of the condensate back to HPMAA finishing column 340 via reflux line 360; the
fraction of condensate returned may vary from 0% to 100%, depending on the operating
conditions of HPMAA finishing column 340 and the HPMAA purity level desired. The

25 remaining condensate, exits via HPMAA product stream 350 from the top portion of the
column having purity levels greater than or equal to 99% and containing less than 0.05%
water. The HPMAA product may be cooled before storage to inhibit polymerization. To
minimize condensation polymerization, vapor spaces on HPMAA finishing column 340 and

its ancillaries, including condensers and interconnccting vapor lines, are preferably

30 maintained at a temperature above the dewpoint of MAA. Insulation and electric or stcam
tracing are suitable for this purpose. In a picferred embodiment, a portion of HPMAA

finishing column 340 condensate may be recirculated back to the condenser. and optionally to
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HIBA and other impuritics are removed from the bottom of HPMAA finishing
10 column 340 via line 345. The recovery of the MAA is maximized by recycling this stream to

HPMAA heavies column 310.

It is oftentimes useful to add one or more inhibitors, such as those listed above,

to HPMAA finishing column 340, optionally with a diluent. Such inhibitor may be added m

onc or more locations throughout HPMAA finishing column 340 and its ancillaries. PTZ is

15 particularly useful for minimizing polymer formation in the bottom of HPMAA {inishing

column 340 and is preferied. If used, PTZ is preferably added (optionally with diluent) at a

rate of 0.005 kg to 8 kg of PTZ per 10,000 kg of HPMAA finishing column 340 fced; morc

preferably0.01 kg to 5 kg of PTZ per 10,000 kg of HPMAA finishing column 340 fced: most

preferably 0.05 kg to 1 kg of PTZ per 10,000 kg of HPMAA finishing column 340 feed. If

20 HQ is used, it is preferred that the inhibitor be added at a rate from 1 kg to 10 kg of HQ per

10,000 kg of HPMAA finishing column 340 fced; more preferably 1.3 kg to 8 kg of HQ per

10,000 kg of HPMAA finishing column 340 feed; most preferably 1.5 kg to 5 kg of HQ per
10,000 kg of HPMAA finishing column 340 fced.

MEHQ may also be added to HPMAA finishing column 340 dircctly, or with a

25 diluent such as MAA, in one or more locations in HPMAA f{inishing column 340 and its
associated cquipment. If MEHQ is used, it is preferred that the inhibitor be added at a rate

from 1 kg to 15 kg of McHQ per 10,000 kg of feed strcam 330. Because the HPMAA
product is taken overhead, however, 1t is not critical to restrict the MEHQ inhibitor addition

ratc to HPMAA {inishing column 340 to this range. To one skilled in the art it will be

30 apparent that, because the HPMAA is taken overhead, it may be possible to make a product
within the required specifications even if the preferred inhibitor addition rates are exceeded;

however, operation exceeding preferred inhibitor rates will be mefficient.
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enhance the effcctivencss of the inhibitor. Oxygen-containing gas may be added 1n one or
10 more locations throughout HPMAA finishing column 340 and its column ancillaries.
Operating conditions and concerns and recommended oxygen-to-inhibitor ratios for HPMAA
fimshing column 340 are identical to those described in connection with HPMAA lights

column 110.

By way of example, and not limitation, the following description, 1clating to
15 the operation of the HPMAA purification system that is within the scope of this mmvention, is

provided to illustrate the usc of the inhibitor in conjunction with an oxygen-containing gas:
EXAMPLE |

A crude MAA feed strcam, comprising greater than 80% MAA, is fed to

HPMAA lights column 110 at a rate of 4,545 kg/hr. The pressure at the bottom of the column

20 is 65mm Hg 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 is added in multiple locations throughout the
IIPMAA lights column and its ancillaries to yield an overall solution feed ratc of 23 kg/hr.
Atmospheric air is added to the reboiler circulation line at a rate of 5 kg/hr. The resultant ratio

of oxygen-containing gas addition to inhibitor is 4.5 moles O, per mole of HQ, and polymer

25  formation in the distillation column is effectively inhibited.
EXAMPLE 2

An MAA feed strcam, comprising greater than 90% MAA, is fed to the

HPMAA hcavies column 120 at a rate of 9,090 kg/hr. The pressure at the bottom of the
column is 60mm Hg and the temperature at the bottom of the column is maintained at 100°C

30 to 105°C. Inhibitor solution comprising 2.5% MEHQ in GMAA is added i multiple

locations throughout the HPMAA heavics column and its ancillaries to yield an overall
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attain both the ends and the advantages mentioned, as well as other bencfits 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, and no such limitation is to be inferred. The invention is capable of considerable
{0 modification, alteration, and substitution of cquivalents 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 arec 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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PH#109HH& () - , (NSpboVillhg a first distillation column, a sccond distillation column and a third

distillation column;

5 (ii) feeding a crude methacrylic acid to an upper section of said first distillation
column, said crude methacrylic acid comprising methacryhic acid, light ends and

heavy ends;

(ii1) distilling said crude methacrylic acid in said first distillation column to form a
first overhead vapor stream comprising light cnds and a first bottom liquid stream

10 comprising methacrylic acid and heavy ends;

(iv) feeding said first bottom hquid stream to a center scction of said sccond

distillation column;

(v) distilling said first bottom liquid strcam in said second distillation column to form
a second overhead vapor stream comprising methacrylic acid and light ends and a

15 second bottom liquid stream comprising heavy ends;

(vi) feeding at lcast a portion of said second overhead vapor stream to an upper

scction of said third distillation column;

(vii) distilling said at least a portion of said second overhead vapor stream in said third

distillation column to form a third overhead vapor stream comprising light ends

20 and a third bottom liquid strcam comprising methacrylic acid wherein said
methacrylic acid has an impurity level of not more than 1% by weight wherein no

more than 0.05% by wcight is water.

2. The process for the preparation of high purity methacrylic acid according to claim |
wherein said second overhead vapor stream is divided into a first portion and a second
25  portion, said first portion being fed to said upper section of said third distillation column, said

second portion being fed to an upper section of said second distillation column.

3.A process for the preparation of high purity methacrylic acid, said process comprising:
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ml! 10% & () - 210% gfug[)avcxj@acbvapon stream comprlsmg light ends and a first bottom liquid strcam

comprising mecthacrylic acid and heavy ends;

(iv) feeding said first bottom liquid stream to a center section of said second

10 distiilation column;

(v) distilling said first bottom liquid stream in said second distllation column to form
a second overhead vapor stream comprising methacrylic acid and light ends and a

second bottom liquid stream comprising heavy ends;

(vi) fecding at least a portion of said second overhead vapor stream to an upper

15 section of said third distillation column;

(vii) distilling said at Icast a portion of said sccond overhead vapor stream in said third
distillation column to form a third overhead vapor strecam comprising light ends
and a third bottom liquid strcam comprising heavy ends, while withdrawing a first
liquid sidestream from a lower section of said third distillation column, said first

20 liquid sidestream comprising methacrylic acid wherein said methacrylhic acid has
an impurity level of not more than 1% by weight wherein no morc than 0.05% by

weight is water;

(viii) fecding said third bottom liquid stream to said center scction of said sccond

distillation column.

25 4. The process for the preparation of high purity methacrylic acid according to claim 3
wherein said second overhead vapor stream is divided into a first portion and a sccond
portion, said first portion being fed to said upper section of said third distillation column, said

second portion being fed to an upper scction of said second distillation column.
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distittation column;
(i) feeding a crude methacrylic acid to a center section of said first distillation
5 column, said crude mecthacrylic acid comprising methacrylic acid, light cnds and

heavy ends;

(i11) distilling said crude methacrylic acid in said first distillation column to form a
first overhead vapor stream comprising methacrylic acid and light ends and a faist

bottom liquid stream comprising heavy ends;

10 (iv) feeding at least a portion of said first overhead vapor strcam to an upper section of

said second distiltation column;

(v) distilling said at least a portion of said first overhead vapor stream in said second
distillation column to form a seccond overhead vapor stieam comprising light ends

and a second bottom liquid strecam comprising methacrylic acid and heavy ends;

15 (vi) feeding said sccond bottom liquid stream to a center scction of said third

distillation column;

(vii) distilling said second bottom liquid stream in said third distillation column to
form a third overhead vapor stream comprising methacrylic acid wherein said
methacrylic acid has an impurity level of not more than 1% by weight wherein no

20 morc than 0.05% by weight is water and a third bottom liquid strcam comprising

heavy ends;

(viii) feceding at least a portion of said thitd overhead vapor stream to an upper section

of said third distillation column;

(ix) feeding said third bottom liquid stream to said center section of said first

25 distillation column.

6. The process for the preparation of high purity methacrylic acid according to claim 5

wherein said first overhead vapor stream is divided into a first portion and a second portion,
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7. The process for the preparation of high purity methacrylic acid according to claim 5
wherein said third overhead vapor stream is divided into a first portion and a sccond portion,

5  said first portion being fed to an upper scction of said third distillation column, said second

portion being withdrawn as a product stream.
8.An apparatus for the preparation of high purity methacrylic acid, said apparatus comprising:

(i) a first distillation column, said first distillation column having a top, a bottom, an
upper section adjacent said top, a lower scction adjacent said bottom and a center

10 section intermediate said upper scction and said lowcer scction,

(ii) a second distillation column, said second distillation column having a top, a
bottom, an upper section adjacent said top, a lower section adjacent said bottom

and a center scction intermediate said upper section and said lower section;

(iii) a third distillation column, said third distillation column having a top, a bottom,
i5 an upper section adjacent said top, a lower section adjacent said bottom and a

center section intermediate said upper section and said lower section;
(iv) a first inlet line connected to said upper scction of said first distillation columu;
(v) afirst outlet line connected to said top of said first distillation column:

(vi) a second outlet line connecting said bottom of said first distillation column and

20 said center section of said sccond distillation column;

(vii) a third outlet line connecting said top of said sccond distitlation column with said
upper scction of said second distillation column and said upper section of said

third distillation column;
(vii1) a fourth outlet line connected to said bottom of said second distillation column;
25 (ix) a fifth outlet line connected to said top of said third distillation column;

(x) a sixth outiet line connected to said bottom of said third distillation column.
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U& () -10% upper scction adjacent said top, a lower section adjacent said bottom and a center

5 scction intermediate said upper section and said lower section:

(i1) a second distillation column, said second distillation column having a top, a
bottom, an upper section adjacent said top, a lower section adjacent said botlom

and a center section intermediate said upper section and said lower section;

(iii) a third distillation column, said third distillation column having a top, a bottom,
10 an upper section adjacent said top, a lower section adjacent said bottom and a

center section intermediate said upper section and said lower section;
(iv) a first inlet line connected to said upper section of said first distillation column;
(v) a first outlet line connected to said top of said first distillation column;

(vi) a second outlet line connecting said bottom of said first distillation column and

15 said center section of said second distillation column;

(vii) a third outlet line connecting said top of said second distillation column with said
upper section of said second distillation column and said upper section of said

third distillation column;
(viii) a fourth outlet line connected to said bottom of said second distillation column;
20 (ix) a fifth outlet line connected to said top of said third distiilation column;
(x) a sixth outlet line connected to said lower section of said third distillation column;

(xi) a seventh outlet line connecting said bottom of said third distllation column to

said center section of said second distillation column.

10. An apparatus for thc preparation of high purity methacrylic acid, said apparatus

25  comprising:
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upper scction adjacent said top, a lower section adjacent said bottom and a center

section intermediate said upper section and said lower section;

(ii) a sccond distillation column, said sccond distillation column having a top, a
5 bottom, an upper scction adjacent said top, a lower section adjacent said bottom

and a center section intermediate said upper section and said lower scction;

(1ii) a third distillation column, said third distillation column having a top, a bottom,
an upper section adjacent said top, a lower section adjacent said bottom and a

center scction intermediate said upper scction and said lower scction;
10 (iv) a first inlet line connected to said center section of said first distillation column;

(v) a first outlet line connecting said top of said first distillation column with said
upper scction of said first distillation column and said upper section of said second

distillation column;
(vi) a second outlet line connected to said bottom of said first distillation column;
15 (vii) a third outlet line connected to said top of said sccond distillation column;

(viii) a fourth outlet line connecting said bottom of said second distillation column

with said center section of said third distillation column;

(ix) a fifth outlet line connecting said top of said third distillation column with said

upper section of said third distillation column and with a product withdrawal line;

20 (x) a sixth outlet linc connecting said bottom of said third distillation column with

said center section of said first distillation column.

11. An apparatus for the preparation of high purity methacrylic acid, said apparatus
comprising at least one distillation column and its ancillaries, said at least one distillation
column and its ancillaries being designed to operate at less than atmospheric pressure. said at
25  least one distillation column comprising perforated plate trays, said at least one distillation

column and 1ts ancillaries being constructed, at least in part, of a corrosion resistant material
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(i1) providing a crude methacrylic acid feed to said apparatus;

(iii)  purifying said crude methacrylic acid feed by distillation in said at least one

distillation unit;
10 (iv)  providing MEHQ inhibitor to said at least one distillation unit;
(v) providing an Oz-containing gas to said at least one distillation unit;

(vi)  adjusting the addition rate of MEHQ to said at least one distillation unit to
maintain a ratio of MEHQ addition to crude methacrylic acid feed between 1
kg MEHQ/10,000 kg crude methacrylic acid feed and 15kg MEHQ/10,000 kg

15 crude methacrylic acid feed;

(vii)  adjusting the addition rate of O,-containing gas to said at least one distillation
unit to maintain a molar ratio of O, to MEHQ between 1.0 mole Oy/mole

MEHQ and 11.5 moles Oy/mole MEHQ.

13. A process for the preparation of high purity methacrylic acid, said process comprising:

20 (1) providing an apparatus for the preparation of high purty methacrylic acid
comprising at least one distillation unit, said distillation unit comprising a

distillation column and column ancillaries;
(i)  providing a crude methacrylic acid feed to said apparatus;

(iif)  purifying said crude methaciylic acid feed by distillation in said at least one

25 distillation unit;



(iv)

v)

(vi)

(vi1)
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providing HQ inhibitor to said at Icast one distillation unit;
providing an O,-containing gas to said at Jeast one distillation unit;

adjusting the addition rate of HQ to said at least onc distillation unit to
maintain a ratio of HQ addition to crude methacrylic acid fced between 1 kg
HQ/10,000 kg crude mcthacrylic acid feed and 10kg HQ/10,000 kg crude

methacrylic acid feced,;

adjusting the addition rate of O-containing gas to said at least one distullation
unit to maintain a molar ratio of O, to HQ between 0.65 mole Oy/mole HQ and

10 moles O,/mole HQ.



