; fge3eQNl . 6T6=& PROCESS FOR REMOVI NG METHANOL FROM WASTE GAS BACKGROUND
OF THE INVENTION This a i i | ates to a nmethod for renoving

met hanol wWa emgsnt gas sﬂ@l%&@mwmmgt ed in a cunene-to-plkremnalsopereess. I n
the well known cunene-to- ess, nethanol is produced as 10 15 a

m nor by-product during the &#®e oxidation reaction step. Several reactor
designs exist in the industry today in which the reaction is typically
conducted at 70-130C and 20-120 psig. In these processes, air is

conti nuously introduced8RIqESs ¥IRQBEMPVINGEEMFTHAROT FRAWITASHE St | pl e
gas-sparged towers or tanks. The oxygen in the air serves as raw nmateri al
to produce the desired internedi ate product, cunene hydroperoxide. The
nitrogen contained in the air feed streamal ong w i si dual oxygen
exits the top of each of the reactors. This "spentm@m&"“ @“Wmﬂﬁ‘ is saturated
wi th wat er,ngm@m@ﬁﬂHEH\TWMNace vol ati £ nic compounds

. (VOC s) including nethanol. Prior to venting, the curr®i*standard practice

is to pass this . nspent..ait" streamthro series of heat exchanger

cool er b ref 11 gohib eRplEHiRm Sr €8 T 4 et P BSbaY Rk et G B8ks o
recover th v, | AERed -6 prevent VOC em ssions to
t he envi rofﬁ?&%’?&aﬁs ggsdé\?\?tgglri%aar eco%%?%ghlg?]&t gE[er?dustry that the activated
carbon 20 adsorption beds nentioned above are ineffective in renoving the
met hanol conpondntthaneelbknagvordunyersd-td-pRemeltpravess, nethanol dsl pradudeel dsspent

air" stream passes through the beds unadsorbed. Al so the vent gas cool ers
and refri gt BiRer kyrpredacduring theieemene pxislasionrgactipnistepgndeveral not

PR B e R AT s 0
o vel oci Ty e Y DBssa o et 1 TedrtiiRg R EiSREDusly VoY
transfer ardtrioduced onddiRpdticamerief dontginey in hulsipie ghvspargedaodeusoni r

pol lutant (HAP) emi ssion probleminpacts all cunene-tophenol producers
t oday; and terk®nEhe exypgen wolths divsgrves apvaw matgnaktmprasiucgdhe desiredist be

installed i.n th l'ant:s to adequat el . d t
em s ons. ISIRHRREIINEI) SRy G RBPOTRE . Jah 8 RS hoHaer Bither at or .

Sootall' (HERY Ml B R OB P e RSl Gt E R SRl
met hods  ut irehatioRd Ehi Cgseitladl"istiRateisPaliratedwith waterlfieh® and @oRtHihé Y1 Ng

exhaust gases from chenical processes to renove volatile organi c conpounds
i ncl udi ng réheairete valatite prganéseormpounds (VOCSs) hneludingimetharolh Pgiordapi t al

investnment for, the uni que equipnent, .including special nulti-pass heat
exchanger s Vaﬁﬁkﬁlfkgaﬁm ‘5‘}%’? entig d"%@t Pegtse §6orﬁa§g§h‘§ h&PFRE it F1EeAB 1

desi r abl | ' i ired.
undesira qmgﬁ§§&@mh$%xsﬂ cBle:&*??,‘}gﬁis%egéf% éo‘r%r{eﬁt%glﬁé‘fs% require

is US 59070 describes t use O oxi de catalytic
process to aeiRdRd ca¥bdbhadeorptibrvbedstoretdvedahe tandedenrilgetymtainethi s net hod
is also costly due to catalyst plus the conversion of nethanol to

f or mal dehydbereain aod tdgsevens ¥ORermissionstto ithe anvigenment.VOC pol | utant. US
5891410 (Modic) describes a process for the purification of an off 20 gas

Fowever 1 thi s EREFRErTer b e AT EHhoy 8 et |
CoUNt o1 OU 1 e S b3t AR BKEA BN RS IRy ELE: L RBVEel HerlB] ¢ ©

remove the net evel's. ar and even nor an’p?l cated and
expensi ve sompiieint @xitragiajcritysofthe iethanol cwmaiaed oh tOGpent aiftsiresin gases
25 using water are described in US 5186728, 4.948402 and 4734108. All of
t hese26ret haehsseuthireughl the bedshunadsorbed+ Adsn theosnt gesgpelgrsvnd conpl i cat ed

operation. 2.. WD 02/22236 PCT/USpD1{2~7.10 Thus,,there renai a need for
process inﬁreff\’i%‘?@m‘ﬁc LReRi I?rlovfcg%‘{ mgbﬁtsgarf%éarm HSP%E%%%‘F %y om
cunene-t o- : a 04 HE
VENT! O BT e B RO 085t e e e MGt il v
very smal | wintildysarf dae ppHentiet tHatwhé eeryt Rrideokinta tspint akl sB@aiAt points
upstream from the heat exchanger cool ers) allTows these heat exchanger
coolers to }msseaatbrbughtmsershcﬁ@‘d-m@@ aegersats veryt high veleeitt ore possi bl e
to recover fromthe heat exchanger cool er a nethanol /water condensate, 1o
t hereby substantially reducing the amount of nethanol in the spent-air
stream



prior to discharge. Thus, the invention provides an inprovenent to known
nmet hods for manufacture of phenol from cunene in which an oxygencont ai ni ng
gas streagppiosnaésed through liquid cunmene to produce an @gmese/2prsoduct
and a spent-air stream conprising nethanol and cunene and a 15 saturating
anount of water; and in which the spent-air streamis passed through one or
nore heat exchanger coolers and a carbon bed prior to discharge. The

POy e oA BE0odd Kedt R o T BEG! LA RARLRIRING) FERMGRE " o

into the spen ream at one or e upstream ¥fom at Qadt one
of the one Riz4¥HHEs AR mitsﬁtag? P) 6RR4sPh1® r@t'il@n{ﬂi[sat@é AN Quihete-to- _
nmet hanol / wat er condensate f the heat e changer cool ers, thereby reducing
t he net hanophemoitpentiucdrstthday;zant expensiteraateanplicated diivendteeane coBRbEF
DESCRI PTI ON_OF THE DRAW NG Fi g, ’(];‘1 shows a schenatic representation of a
facility fodemwmaétm installechinyihese ptﬁﬂf%tméﬁe,qwelamm IgABRe t he

i nventLon. 2223 [ 2- 4 1. CRIL PT] ON THE

| WENTT O TR SRESIATE o Voo cenedTd g u%?«%?&ﬁ@ novel

met hod whi Cﬁcﬁ{ér%s,fddtélyf@69@&6&%&4&%&9%& sg ﬁoé?:}ébﬂiﬁg in the
"spent air" vent streamfrom a cunene-to-phenol roce S, while~at the sane

ti me effectéolamnst enovi ng t he net hanol conponent to very lowlevels to 5

provide the required emissions control. It has been found that a controlled
addition of a small_amount of ﬁp enental water info the "spent air

streant just pri Hrs 1L (Gﬁ’tbbga and &/5 5375562 (Rrinde)| dacsibgcatalilic | ger at ed

condensers enh erfornan e_of ,tthese e chan .S and

oot dos ancifBhdert eeﬁ@?ﬁ%aﬁﬁrm%a RV R SRiEANTR S

wat er 4gxtr aﬁﬁh%gng é@fﬂoﬁ{'cﬁ@rﬁk\é@ rd%e@é‘&st% r\éhid%'eﬂrdl&t@leccﬁ ggiaser s
thenselves | he specification and clains of this application,

the term \A@dmpounéﬁ ﬂrd;udmgtmethmloéc ks pequess sseffddd®é buf hequisdser highy be
|nj ected into the process in the formof a I|qU|d or as steam The term
'suppl ement eapited inyestmentfar the uaigne eguipment: includingsreeial multmass - ai r

stpeﬁ?marr Sﬁ”e%mbﬁ?ngere/aﬁgr altlﬁgtgdg'ehat t%‘aﬁd?qgﬁ?glﬁn% gl?cfyﬁva er“lolélrnf’pfe?:ture and
pressur e, apfdbapORROX oI dud RAHRRER opktal r%%gégéfaalﬂeg@@gue o

(descreasr ng after eac t exc anger co r passa

of "suppl entst507066 @vactrs;fdes&ﬁbes thddistiofa speciabiretalioxiddeatapaftt - ai r stream
in the spent-air processing line to a zo |level which is higher than would .
be present prraepetotweremethaned in mste Vet gasitg fomnplrd@hydesﬂalsse%@du c

representation of out a.cu e-to ol s wth
the i npr ove’r?eaﬁ?% st?lypckﬂeeﬁﬂ,?g ?P%etﬁg%ﬂvem{’gmﬁ%}?ﬁ ?‘P ;ﬁ ﬁ)@ is fed
to a series I c VO poliitaaipoed in series operating
at a 70- 120&%0&‘?%%%%?%?5@2%@1§%ga%¥qloo ps%cg1 2§ﬁgressure The use of six
reactors is not required, and the nunber of reactors in excess of one is a
matter of desi gnUSrﬁﬂ%ﬂm(EMedﬂj) desaribdsteprieess fod theparcificytiof of hr off-ant and

the size of the individual reactors. An oxygen 4 WO 02/ 2223G
PCT/ USOL/ 2- 835 aantaisvieg methgnelawhiche rlemtﬁﬁrféorarcmdatson ebxylgne witlaisot t om of

each of the_gassparged reactors and aseous oxygen
% and chebCui e i Bl SR Tt fieh it atd b BT RS8R e (G )
product alo I lﬁ'ﬂné zyl al cohol
(DVBA) ac%%%%ﬁ?{?ﬂmn Sty g eﬁeﬁ’#ﬁgﬁ%\l@@l Thi s ﬂﬁd‘é oXi ?a?twép?rqoduct

m xture exi tembtretltmtetttmttotox(zEeveis.Fs;ymlér) arahelvqmame compiichteeizemd or

further processing to henol and acetone. Additionally as shown in Fig.1,
several rec¥pensiie scanbbersgxtraction systems forgiemaial @f(r Gefroragens gasasai n
along with the fresh cu The r and cunene
for récover VSIW‘?’W@ ’Eeth %ﬂé@% ggﬁe‘éh' %’?@g@é ‘34’92%@% )’gﬁlrcﬁ tb .
streamis ¢ ghq@y nlelsl n reactors
(A-F) via collecto I nes ?ﬁ?%ﬁ h?gsspen?§grr #giaﬁﬁggﬁﬁgﬂﬁgkgesrdua
oxygen not opesgdiged during the reaction, typically 1-10 vol % plus any
inert nitrogen 15 contained in the incomng air feed stream This
"spent-air" vapor streamis also saturated with cunene and water and
cont ai ns nmet hanol and VOC as contam nants. The concentrations of these
materials is variable and is dependent on the reaction conditions enpl oyed
whi ch influences their partial pressure and volatility. 20 The "spent air"
streans fromeach of the reactors is conbined into one | arge vapor stream
in spent-air processing line 1 and directed through a series of heat
exchanger coolers (El, E2) for condensation and renoval of the cunene
present. The number of heat exchanger coolers in excess of one is a design
chorce mhrch depends on the effrcrency of an |nd|vrdual heat 25 exchanger

- o o . Y " . o —yr - o o



rcT/usov2a~ao stream passes through activated carbon beds (Fl1) to renove
the final traces of cunene and other VOC prior to its discharge as "exit
gas" to w{igodbizesprhere and environnent. Unfortunately the pray@oityr4ef the
met hanol conponent contained in the "spent air" streamis not renoved
during the above descri bed normal practice of condensation and carbon
adsorption treatnent, and it remains as a VOC contam nant. in the "exit gas"

di scharged to t t : i . i tv has now
been di scover e_dh?‘ﬁ%f [ﬁg@@@ anpﬁ?éécgﬂorﬁgoé%?ec H%ég%eg{eson‘%\%%‘??%mthe very
| ar ge " sperfhcilitdté thd feaovalyofatleiHanehfron umenésiidipheAdDpicesd vantizisesrent al
water into the feed inlet of the existing coolers E1 and E2. The

suppl enent &t reasomablercast.eam extract ant can be added to either El or E2

al one, or in conbination to both E1 and E2 which is the preferred process.
Thus the El han r e to serve both as extractors and
condensers %@meéﬁ ﬁf\gﬂ@ﬂﬁﬁeady in place for_ the 15 needed
cunmene recovery is also made to function as efficient gas extractors and
met hangl cont am & .éé?lSSl]rE L i Iz %@E{I&’“@v quired for
met ha2§c))l cont ai g{r]rg%%ngq\t}? prment gﬁ@%gﬁgg%&g@hﬁw t he vé?ﬁvfg?e cunene
cont ai ned istdlh#moanedf Aipplementawater foehe\speatiaitstivaut appoidts y. 20
Because cunene is insoluble in water, the condensate recovered in

condensat e upstieant from thenkeat exehangay cpplestss allaws shessrhpatieschiangeene) phase
and a bottom (aqueous hase whi ch are egsily separated. Conventionally, a
portion of CREPHH S(lgﬁﬁe%géftoﬁﬁ%@ Cpgg?’é?%%eﬁ,‘s there SlPﬁ’P%lﬁ ©ong a
settling dr i i ] about 50% of
et L9, ITUEByRE IR 0Bl eAARHEBRAI R APk cchadhaly, 2DoLt S0
cuneng t eedherbbysubstintiallfse@iicinghe amdihticf m@hhAsRCGhespeitaiatiath of the
invention, although it may be desirable to renove a greater portion of the
bot t om (aquetudp discheege.f Thusxthapheertiorpravidessatuiapraversentutntknowvmet hanol
introduced into the feed stream _Thig .separated nethanol/water is then 6
WO 02/ 222360bprs PoatERs e, RRbENP A8 GHeR YRR AT EERUl d viast o
handl i ng syste C I I . .knyention
nandl | ng. SShEIGE R el TS g i T 05RRRL g

mul tiple pﬁirBHﬁctér&Ph'é bRfaRRtRAf édRPribidglMethahBPAAd @linerldrPdn exi ting
the first hHeat exchanger cooler (El) after the bulk of the in-situ water
has been r extwatingrnoinet ofematess arehin whidhothespgnt-airstueaat iscpasséch wat er. An
addition at_this point provides an increaise in the amunt of water in the

"spent ai rthEqugthene prmprgihgatexchpager egalewsiansea oxadporibegdepHer ¥t racti on

wi thin the se ool er ef er , ; [ ed at
the second cgl%]%&rag‘%{ Sﬁslﬁ?rfl %5:3\?&1 g{‘to&%eg%%%rtg%ggeggh%\%kcgﬂoﬁ%§f le(])r@%r?tggt urate
the spent - gihowit SFalatef ifte theispeRfaid §884Tn AforelirimbRySsintoApstgedrhe very
smal | amount of supplenental water required to provide the dramatic

i mpr ovenentfrorfat i¢est one of thoosper imwire hast éxdpingercodlens; and recovieciag or
mufti-stage scrubber 15 tyge colums are required to obtajn the dramatic
VOC r &iuct iBethangl/ wiatgrgpadensate fxganthe hgat srchianger coRjeEstBereblt o t he 40, 000

SCFM "spent_ qi r." re h n [ ne tration
from >500 6ﬁﬁﬁlﬂg§h§6‘?%ﬁ$8]l ?0%‘3%5&3@@3%%? é%?gﬁgmélggpﬁéogﬁgﬁ% acilities

W ll be operated at the sane flow rate for the spent-air stream Thus, in a
gener al serglEEFRIDES@RIPTION GPTHE PRAWING a rate of from about 0.00005 to
0. 0002 gal l ons per standard cubic foot of spent-air. Achieving such an
substanti al nethanol reduction utilizing this very small (water:gas)
extraction rati Figslghows aschepaticagptrsentation Of@écﬂii}’éﬂbma@@lﬁ@ﬂtd@r@&i ons
and such perforpmance woul d .normal |y be expected only if one 25 used

expensi ve W@P&ééu@?ﬁ%@ﬁ?m@&ﬁﬁ?ﬁﬂﬁbﬁﬁﬁawwlw th |arge vol unes of

extractant. However in our present invention the existing heat exchangers




are made to act as both extractors and condensers so only the existing

equi pnent i s needed and no additional capital investnent is required. 7 W
O 021 2223§0Rek21360 / 2~7~t 0 Whil e the foregoi ng di scussi on pEQUSARIDID A
cunene-t o- phenol process, the sane process inprovenent coul d be

I ncorporated into other processes which produce a spent-air stxeam

cont ai ni ng net hanol and water-insol uble organics that are recovered by

condensat | opETHYED BESUIIMTORPBROTHATNVINTRIRN | on IS a method for

removi ng nethanol froma spént-alrr stréamcoinprising nmethanol, a water
I nsol ubl e organi c conpound and an initial anmount of water. In accordance

with this met hOdThaE@mlt@fﬂ@éﬁtﬁin ?mi‘-iid@s DsinYFleSekpensivedrkbnovél0 t he
spent-air stream The spent-air stream and suppl enental water are then

passed t hr omgithed méich ellowsfylrecansryof thewdumene vehredmomdaineddnrthei ni ng t he
wat er -i nsol ybl e oy gani ¢ and met hanol / watgr m xture fromthe spent-air
streamis r&PSREAEJVeRhErean i dFummensiaphene prosessquhileptithe sameat e t he

present inv ' . | it i e, EX l,e, No. 1
(conpare A @%{r‘relrréé%g Flggfyc%rr?g%@% %ﬁgg’?‘%tgég%lr%?‘eé%ﬁ%ge@&%& I%Vgﬁ%pﬂﬁg%sl y as 15
depi ct €d i npfdddd theltedMitdiDerniatidistdopiall. at hasBRéefRiHEhatRl@hirdlfed80- 120C
reaction tenperature and 70-90psig pressure, with a very |arge 40,000 SCFM
"spent ai r' additiont ofeesmbi iangpuger sapeteraentabwatefintdthenspent aiogereatri'on. A

gas chromat ographi ¢ analysis of the spent-air streamprior to the first
heat exchaniy8k PHEBFQ s mirgdyetion Lﬂtpdfw 89PlgEs %@iﬁ@gﬁg@raﬁﬁd copdensaidn, vol %

3.5 Nitroge | 9 - ol %7 ne Py 1800 . Met hanol , ppnv
300 8 WO g’fﬁ%‘% z’é%‘%%&%l ﬂ?%gﬁ%orﬁa:‘%‘ﬁ %iﬂr‘rgﬁe%ﬁﬁe‘gm PRydmen

chr omat ogr agiéivanabiidBolhetitiol ?émbvaﬁis‘;; iniHA QAR Rr e ErabQbh AN
conposition: Oxygen, vol % 3.5 N trogen, vol % 91-94 5 Water, vol % 3.0
Cunmendp ppreorcderBatibhiramuival ppoces® 8Gthin theparidasersothehiselwdzove sanpl i ng
results shows that the 300ppm contai ned net hanol is not effectively renoved

by condensation and cgr,bon treainment of 1~o0 the "spent air' stream when no
suppl enent al  wat 8¢ useddn e speritieatiompandhglajms of this application thy serm

he. process B, anisroode nblichfagSptelt Dbol e Wik SRALHEHIFOHYr ovi o
to the feedirtgtké pr&ess in the form of a liquid or as steam. The term “supplemental

water” refers to additional water added to the spent-air stream. It will be

15 appreciated that the amount of water in the spent-air stream will vary with

process conditions such as temperature and pressure, and the location within

the spent-air processing line (descreasing after each heat exchanger

cooler/condenser passage). Addition of “supplemental water” refers to

addition of water to the spent-air stream in the spent-air processing line to a

20 level which is higher than would be present in the absence of such addition.

Fig. 1 provides a schematic representation of a plant for carrying out a
cumene-to-phenol process with the improvements of the present invention.
Cumene (isopropylbenzene) is fed to a series of vertical reactors ( A thru F)
arranged in series operating at a 70-120°C temperature range and 70-100 psig

25 pressure. The use of six reactors is not required, and the number of reactors
in excess of one is a matter of design choice depending on the desired

capacity of the plant and the size of the individual reactors. An oxygen-

4



both of the existing shell-and-tube exchanger/coolers E1 and E2. In this
trial ~5 2.5 gpm of water was added to the E1 condenser inlet stream and
5.0 gpm wppes2mas added to the inlet of the E2 condenser. pidg/isoecizad
vapor-1|liquid contacting or mxing devices were enployed. During this trial
period a total of 133 sanples of the exit gas were analyzed by an in-line
process gas chromat ograph. Measurenents were al so taken on gas from between

et acsi on STROTENS B S0F hrhelf fie i fed g B BoBtR bR aatCb et Lo 2"
content s i figedat xS ER A R RARPZIRARE LAY B hiRlarteal _exchanger

bet ween heat” eXchangers exit gas$ Exanple No.~3 nmet hanol 150 ppm

met hanol  14dheppialip tréaotad fHIGTAhESMEsiAedlddbere hydroiperopide(CHP) plodias
conducted utilizing the process of Exanple No.2 with supplenmental water
addi tion, cilpnggvishiseveral hp-mpedystivhishdnclude dimethylherzyladechwh wer e

anal yzed b JN-11ine proces h t h...Th t,h I t ent
reduced fr o APApAiFORNEBRRE LAPhANGIREHITEhe TS UL OHIBRORABEr  down Lo
a 242 m i 1 Lt N j I I

o111 i oncy. ESERL R e tyB cAReR I in O, LIFERL PSR} DR lnl L RREE o i i
suppl enent rd&éﬁ@lﬁ%w phehoharel scutone1g Aduitibaally as ekewalinBigm| evideal 2,

during which tinme 41 sanples were anal yzed. The net hanol content was
successf ul | secydéstrednisrmay 265 penthie aumepe oxidipgrmreabior irainkiengwith 55. 6 %
met hanol repoval ;efficie when conparing the initial ,spent-gair streamto
the exit gaie fesh cumps, bhessqeqysles JonteRanminly veaterend caBers 1o 1. In a
net hod, f or y&g,cture of phenol from cunmene, wherein an oxygen-contai ni ng
gas stream’i s passed through liquid cunmene to produce an oxi date product
and a spent-air stream conprising nethanol and cunene and an initial anount
of water; and whPuging theuspaid oxitation pecdess a “ppestesirt vapostraane ior nor e

heat exchanger coolers and a carbon bed prior to discharge, the inprovement
conpri si ng: gengraked which @uﬁsﬁhem@mpéeadh&hw oxidatiarereactars (AHD dpent air

stream at one, or re ints upstreamfrom at .| east,one of the one or nore
heat exchan‘"rj’jlrEC g?‘?ﬁsslma%“ﬁ e Featg Canmléﬁﬂﬁ‘}aa/é)f‘é(ge’&&ﬁ&ensat e from
t he heat ex r r eby I i %Boi h%%tz of the
spent-air s r_egl%%“{odr ﬁg{r}_ln otﬁafé%ﬁlg?‘géfﬁlgaﬂﬂ%ggiv%bgg}ﬁen %‘F?%pal T, wher ein
the waser igrthinedtifdhaindonitigaipfeelrstraaah OVhis¥sPORPRIrt ¥afoPSPdareias.l ons per
standard cubic foot of spent I5 air.

also saturated with cumene and water and contains methanol and VOC as

contaminants. The concentrations of these materials is variable and is

dependent on the reaction conditions employed which influences their partial

pressure and volatility.

20 The “spent air” streams from each of the reactors is combined into one
large vapor stream in spent-air processing line 1 and directed through a series
of heat exchanger coolers (E1, E2) for.condensation and removal of the
cumene present. The number of heat exchanger coolers in excess of one is a
design choice which depends on the efficiency of an individual heat

25 exchanger cooler and the required characteristics of the exit gas. These
coolers can employ water and/ or refrigerants to improve performance. The
resulting recovered wet cumene condensate stream flows by gravity from the
bottom of the coolers and is typically recycled to the oxidation reactors for

recovery through condensate collection line 4. Next, the “spent-air” gas
5



3. The inprovenment of claim1, wherein two heat exchanger cool ers are used,
and wherein water is injected at two points, one point upstreamfromthe
first of wberhycheat exchanger coolers, and a second poi rgcyESH 2880 from
the second of the two heat exchanger cool ers, but downstream 20 fromthe
first of the two heat exchanger coolers. 4. The inprovenent of claim 3,
wherein the water is injected at each of the two points at a rate of about

0. 00005 to 0002 n r._standard cupi of spent-air. 11 WO
02/ 22236 P&Fﬁ%’ﬁ'ﬂ%ﬁ%@“é‘.‘gﬁ aﬁéi’%‘&ﬁ CP%‘?“P E?f%?/&ﬂgtt%‘?‘%ﬁ% Fi'“? 66#1 traces &bt - ai r
stream conpgi; 4 4 by o n
initial armEH?{egl? aﬁi@epgg@épﬂﬁgéﬂsggﬁpﬂé%??\g %ﬁggg&(g@gﬂg%ﬁﬂg%@ﬁ ream
(a) injectiagdenviyopneerent al anount of water into the spent (b) passing the
spent-air stream and suppl enental water through a heat exchanger cooler;

and (c) separating a condensate containing the water-insoluble organic and
a net hanol / wat er Unfertunately she mejorityeofithgimetbanalgamponent cpnéained flod of

laim5, wh ,n_the, - l.ubl e i g i .o (4 Th t hod of
Claim & vheve! PR B ariEnt B ot Brorsda g e e arEEARrT2b0005 o
0.0002 gal | gRgciilof ehAflbidliditRiccdiBoh adbof R rhimerdt, ot iiRhMiby ad T the
manuf act ure*of phenol by oxi dation of cunene conprising: cunene;, (a) at

| east one v&QCcehtaninahoin tHellexit gaslirdischatgeditetie athm)sphefe ddoWener
connecting the vertical reactor to the source of 20 (d) an air feed line
connect ed t & theepresent proicesssis bag nopobeandiseanesed ghatthganethonoktan bgy gas

into the bot f th tical tor; t - ai | Lecti | i
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extractors and condensers so that this equipment already in place for. the
15 needed cumene recovery is also made to function as efficient gas extractors
and methanol contaminant devices. Thus no additional investment is
required for methanol containment equipment and the full amount of the
valuable cumene contained in the “spent air” stream is recovered without

penalty.

20 Because cumene is insoluble in water, the condensate recovered in
condensate collection line 4 has two phases: a top organic (cumene) phase and
a bottom (aqueous) phase which are easily separated. Conventionally, a
portion of the bottom (aqueous) phase is removed, for example using a
settling drum at the end of condensate collection line 4, with about 50% of the

25 water being recycled along with the cumene and combined with the cumene
feed. This same type of separation is performed in the method of the
invention, although it may be desirable to remove a greater portion of the
bottom (aqueous) phase, for example 75%, to reduce the amount of methanol

introduced into the feed stream. This separated methanol/water is then
6
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supplemental water required to provide the dramatic improvement.

Furthermore, no special gas-liquid contacting devices or multi-stage scrubber-
15 type columns are required to obtain the dramatic VOC reduction. For

example, a 2-7gpm flow of water injected into the 40,000 SCFM "spent air"

stream has been shown to reduce methanol concentration from >500 ppm to

< 50 ppm. It will be appreciated that not all facilities will be operated at the

same flow rate for the spent-air stream. Thus, in a general sense, the water is
20 injected at a rate of from about 0.00005 to 0.0002 gallons per standard cubic

foot of spent-air.

Achieving such an substantial methanol reduction utilizing this very
small (water:gas) extraction ratio is quite unexpected based on mass balance
considerations and such performance would normally be expected only if one

25 used expensive multi-stage extractor columns operating with large volumes
of extractant. However in our present invention the existing heat exchangers
are made to act as both extractors and condensers so only the existing

equipment is needed and no additional capital investment is required.
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which produce a spent-air stream containing methanol and water-insoluble
organics that are recovered by condensation. Thus, a further aspect of the
5 invention is a method for removing methanol from a spent-air stream
comprising methanol, a water insoluble organic compound and an initial
amount of water. In accordance with this method, a supplemental amount of
water is injected into the spent-air stream. The spent-air stream and
supplemental water are then passed through a heat exchanger cooler; and a
10 condensate containing the water-insoluble organic and a methanol/water

mixture from the spent-air stream is recovered.

The following examples are provided to illustrate the present

invention, but are not meant to limit its scope :

Example No.1 (comparative)

A commercial cumene oxidation process operates continuously as
15 depicted in Fig. 1 but without additional of supplemental water, at 80-120°C
reaction temperature and 70-90psig pressure, with a very large 40,000 SCFM
“spent air” gas stream being generated as part of the normal operation. A gas
chromatographic analysis of the spent-air stream prior to the first heat

exchanger cooler E1 gave the following composition:
20 Oxygen, vol% 3.5
Nitrogen, vol%  89-91
Water, vol % 7.5
Cumene, ppmv 1800

Methanol, ppmv 300
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stream gave the following composition:
Oxygen, vol% 3.5
Nitrogen, vol%  91-94
5 Water, vol % 3.0
Cumene, ppmv =~ <20
Methanol, ppmv 290

A comparison of the above sampling results shows that the 300ppm contained
methanol is not effectively removed by condensation and carbon treatment of
10 the “spent air” stream when no supplemental water is added to the E1 and E2

shell-and-tube type condensers.

Example No. 2

A three day plant trial was conducted utilizing the process of Example
No.1, but with supplemental water addition provided to the feed inlets of
both of the existing shell-and-tube exchanger/coolers E1 and E2. In this trial
15 2.5 gpm of water was added to the E1 condenser inlet stream and 5.0 gpm
water was added to the inlet of the E2 condenser. No special vapor-liquid
contacting or mixing devices were employed. During this trial period a total
of 133 samples of the exit gas were analyzed by an in-line process gas
chromatograph. Measurements were also taken on gas from between the two
20 heat exchangers E1 and E2. The supplemental water addition and extraction
provided a significant reduction (i.e. 52.8%) in methanol content as the data

below shows :



10 10 ! 10% U& ()- !'10% U& ()- y 10% U& ()-Y 310% U& ()- 3"&10%

U& ()-910% U& ()-::::[;;<dEYNC 10 10 ! 9% 10% U& ()- MP$"10% U& ()- "10%
U& () - 1Q00 82426, ML0% U& () - " 10% U&' () - <<<<==!="=#=dErcT/0$1440 UOT;
s10% U& ()- 8Y 10% U& ()- 5Y

before first heat exchanger 301 ppm methanol
between heat exchangers | 150 ppm methanol
exit gas 141 ppm methanol

Example No. 3

A two day plant trial was conducted utilizing the process of Example
5 No.2 with supplemental water addition, during which time 87 samples of the
“exit gas” stream were analyzed by an in-line process gas chromatograph.
The methanol content was reduced from 341 ppm concentration before the
first heat exchanger, down to a 142 ppm concentration in the exit gas,

representing a 58.4% removal efficiency.

Example No, 4

10 Another two day plant trial was conducted with supplementai water
addition according to the process of Example No. 2, during which time 41
samples were analyzed. The methanol content was successfully reduced from
287 ppm down to 127 ppm which achieves a 55.6% methanol removal

efficiency when comparing the initial spent-air stream to the exit gas.

10
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WHAT IS CLAIMED IS:

1. In a method for manufacture of phenol from cumene, wherein
an oxygen-containing gas stream is passed through liquid cumene to produce
an oxidate product and a spent-air stream comprising methanol and cumene
and an initial amount of water; and wherein the spent-air stream is passed

5 through one or more heat exchanger coolers and a carbon bed prior to

discharge, the improvement comprising:

injecting a supplemental amount of water into the spent air
stream at one or more points upstream from at least one of the one or more

heat exchanger coolers, and

10 recovering a methanol/water condensate from the heat
exchanger coolers, thereby reducing the methanol content of the spent-air

stream prior to discharge.

2. The improvement of claim 1, wherein the water is injected at a
rate of from about 0.00005 to 0.0002 gallons per standard cubic foot of spent-

15 air.

3. The improvement of claim 1, wherein two heat exchanger
coolers are used, and wherein water is injected at two points, one point
upstream from the first of the two heat exchanger coolers, and a second point
upstream from the second of the two heat exchanger coolers, but downstream

20 from the first of the two heat exchanger coolers.

4, The improvement of claim 3, wherein the water is injected at
each of the two points at a rate of about 0.00005 to 0.0002 gallons per standard

cubic foot of spent-air.
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comprising methanol, a water insoluble organic compound and an initial

amount of water, said method comprising the steps of:

(a) injecting a supplemental amount of water into the spent-

5 air stream;

(b)  passing the spent-air stream and supplemental water

through a heat exchanger cooler; and

(¢)  separating a condensate containing the water-insoluble

organic and a methanol/water mixture from the spent-air stream.

10 6. The method of claim 5, wherein the water-insoluble inorganic is
cumene.
7. The method of claim 6, wherein the water is injected at a rate of

from about 0.00005 to 0.0002 gallons per standard cubic foot of spent-air.

8. A facility for the manufacture of phenol by oxidation of cumene

15 comprising:
(a) at least one vertical reactor;
(b) a source of cumene;

(©)  afeed line connecting the vertical reactor to the source of

cumene;

20 (d)  an air feed line connected to the vertical reactor for

introducing oxygen-containing gas into the bottom of the vertical reactor;

(e)  aspent-air collection line connected to the vertical reactor

for collecting a spent-air stream from the top of the vertical reactor;

12
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collection line, said spent-air processing line transporting the collected spent-
air stream through at least one heat exchanger cooler and an activated carbon

bed;

5 (g) awater injection line connected to a source of water and
to the spent air processing line at a point upstream from the heat exchanger

cooler; and

(h)  acondensate collection line connected to the heat

exchanger cooler.
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