; ghe3eRA . 6T7>&W0 02/ 22236 PCT/ US01/ 24740 PROCESS FOR REMOVI NG METHANCL

FROM WASTE GAS BACKGROUN NTI ON This application relates to a
“met hod f qyohgemY¥s ng neth m ||| t gas streans gener atpgiidd1,34740

cunene-t o- phenol process. known cunene-t o- phenol process,

met hanol is produced as 10 i $6%0%i nor by- product during the cunene

oxi dation reaction step. Several reactor designs exist in the industry
today in which the reaction is typically conducted at 70-130C and 20-120
psig. I n these procesSeRQCHEHSI FORS REDCRING UMRISIAYOL NHromdwrcsrd ¢éad 0 | i qui d cunene
contained in nultiple gas-sparged towers or tanks. The oxygen in the air
serves as raw material to produce the desired internedi ate product, cunene

his "spent
trace

. hydr operoxi de. The nitrogen contained in the air feed Sm‘%@%ﬁl ong with

1-10% r esi dual oxygen exits the top of each of thﬂmmﬁm
air" streanEAQ@%%ﬂNBcDﬁﬂﬂ-lﬁEMNé}NT@Nene and c ‘

.volatile organic conmpounds (VOC s) i ncluding nethanol .*1¥5*or to venti ng,

the current stanﬁlgird bactice is to pass this "spent air" streamthrough a
series of heat exXUAZRGUFALARrIptes tpspe & deroning methang] dromivepdt ed
carbon ads td r ) I contained therein and to
pr event V&é%%t%%p%ﬁgé}eggﬁeﬁgﬁ%nﬁm%ﬁ%&%ﬁ%ﬁ§1 ﬁ%cﬁsdel y recogni zed in the
industry that the activated carbon 20 adsorption beds nentioned above are
ineffective in riendbeivigl khéwiBduaaRd-tS-pRBAGIGYocad nfet B AN bYo@hcdd s

met hanol contained in the "spent air" stream passes through the beds
unadsor bed.a MiBer byrproduct diaing et eumene dxidationgeaetien stepndéesszak pr ovi ded

in the_standard designs are not effective in caondensi ng the nethanol from
the "spent f&ﬁ?tor\%s gxistin gmnah@frryctom i wfHch Shewrqactiop isBpigally t o t he

fact that t | \ .l ream passes.through these
Shl | - and- tLESUEIN SR 20,85 Bhiel dh b SRR B S ol
PCT/ USOL/ 2-ifiréduced ihtol Inglilrupeate é&&&in%ﬂélﬂﬁﬁﬁl&i[}ﬂ@ gzﬁeﬁérr%%aﬁé%%f on
efficiency. This serious hazardous air pollutant (HAP)" em ssion problem

i npacts al |taoksrehbe pspgempl theraidseryes as cdaymatenid] expreodhiceethaisiredpl i cat ed

downst ream.contro)., devi ées nmust b(i I Bst alled in these plants to adequately

control ~and™& AtGRIRGHEY CHREDS; opexpide/Obhe pitegRn eRvRinesl intbeude

" [ inci 1 e s dat i i h q
expengt Ve UIPIOl g AR AR S pUEL L BRI HISLBRERLSN 3RO
(Brinck) daeaéfaes. CPhiBI¥bdrt S4OMERaHY RaiRaRQPS/ it Whid ag?éné %ﬂﬁ%ﬁ?&i*\é’ e
catal ytic oxidizer unit” for 1o purifying exhaust gases from chem ca

processes tatheetraveveolakild ofganic ganpoundsPbOats) indadirdg ngpthetdla®elor tdhi s
process is effective but requires a high capital investment f or the unique
equi prrent , YEREINGq FRfcupert standand: prasHss isteatase fik aisgertaishsireamal yst . Thi s

nmet hod al s i ti n i.rable NOX pollutant dug to the

hi gh oper a?[ |h£r‘1%1§ eﬁtﬁgﬁg{ gélg%treg%ﬁ%e _.Cgﬁzer%ﬁgkaré%ﬁ@éép TETTS ri bes the
use ofis a spreivated®irBbn Q¥bEIHHIGH Badd toCrePERGARE chithereRIhE OB | in waste
vent gas to formal dehyde. This nethod is also costly due to catal yst plus

t he conver ghereinanddt prevtnt VO emissiteisytd¢he enviobnnhest.r abl e because it is a
har nf ul VOC pol lutant. US 5892410 (Modic) describes a process for the
purification of ap off ,20 gas contai ning net hanol which origjnates from
oxi dati on of xyIIEF?eW\‘téEtIK r‘éﬁ"r&“%‘i?{;\ké\/@'ﬁ indupiy shatthe agpjuated catbpnent s are
enpl oyed a { ter rent j - e_extracthon colums are
Foquitod | nesPHRATSHT bids SRR bR ar T herls b AT b L el cven
mor e conpl ioahesheAnEXPRARING STAhe PR&haRT dGMEAineH i Y¥Ré &fPent ar kBERNAl Of
VOC s fromvent gases 25 using water are described in US'5186728, 4.948402
and 47841D&asgasithobughh disebeds toatdiscabéd.e Alshidhetwenhiggh cooleesam@dnt cost
coupled with conplicated operation., 2

“P " refr(i\'gerlr}a)teldC concfiensgrs prolv%]ed in the standard designs are not effective in
condensing the methanol from the “spent air” vent gas stream due to its high
volatility and due to the fact that the very large volume "spent air" stream

passes through these shell-and-tube exchangers at very high velocity
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WO 021 22236 PCT/ USO01/2-t740 Thus, there remains a need for process

i nprovenents which will facilitate the renoval of nethanol from

curene-t owpheneisepr ocess vent gases at reasonabl e cost. SUxVEBY010E740HE

| NVENTI ON It has now been surprisingly discovered that injection of even
very small anmounts of supplenental water to the spent-air streamat points
upstream from the heat exchanger cooler(s) allows these heat exchanger

cool ers 0 agcluiase BboPKELAELAS: A8 pEOPUSHIGIAtoh erlicieh 1P SAAI & RSl bl €

to recover fromthe heat exchanger co anol 7 wat er’ ‘con e, 1o
thereby subshedidoaklayr peltiuaind FTAR) eaiiBsiBh pRbbIgR RAPAttsiall duterilAt - ai 1
streamprior to discharge. Thus, the invention provides an inprovenent to
known et hoghehol prosiwgérsctoday; aid plpendivé andcomplicetednd owhnstream coxygdn

containing gas, streamis passed through |iquid cunene to produce an oxidate
pr oduct andgﬁv’§ﬁ%ﬁ}usgl’ﬁ 1’%&?@%&1‘%8?ﬁ§ﬁi g tﬁﬁﬁlﬁﬁﬂ%qenﬁé?@té‘éﬂrﬁfh%rmea 1s

sat ur at.i ng ) ; i i he. -alr. streamis passed
Saturai 00, ARHMoIyNBLSG: SRR YAC YO HOACRPENGA Lot LRAT AR

di scharge. FHienéraRIBVRIER XA IciA@atdr8 RRd¥petial ng&é—b&ﬁbﬁir?"pm ement al
amount of water into the“spent air stream at one or re points upstream

from at | easolummss.of the one or nore heat exchanger coolers, and recovering
a 20 net hanol /wat er condensate fromthe heat exchanger cool ers, thereby

reduci ng the net content of the spent-air stream prior to discharge..
BRI EF DESCRI PTI oba%ggﬂiﬁéllﬁ%&m) FPSG%%M (Brisekkdearike qadplylisent ati on of
a facility ; I r with the
Mventi on’ SomiRR A% Yol B el drBRTRAR S RIERR BARIR o i

| NVENTIoON TharigyigaikhatiBy @it @ForR cREIGS prodssBd © relVePeslatilorgaitt Novel
met hod which allows full Tecovery of the cunene val ue contained™ n the
"spent air" compoustls ézgiuflingmretiantdn fhis ppoessslis gffentivedutwbqliress higle same

time effectively renoving the nethanol conponent to very |ow |evels to
provi de t heCRR¥&liinges §orothe unidue sAuinTent inghudingrsperial nyalti-passont r ol | ed

addition of ya small_anpunt, of .su nment.al er.into the "spent air
streant | uspe%q,qxgba{tgerrstaglq %@g&ﬁﬁﬁgﬁhﬂﬁpg\'\?}%gr kﬁ&l?ﬁ r&?ﬂf‘&b‘? i gerated
condenser s : r

o ovi tos. an-oREbIENORGRIN G 8¢ 1O HIERER dlerhlife CrlBEnaRAR Rqadd.

wat er -1sxt r atis ¥2076661(Wachs)rtisadbes the-useraf\uadpeptad oestal owitibicatalyiic condenser s

t hensel ves. As used in the sgeci fication and clains of this application, .
the term "witesess feeepvert pathanelinaraata venbgas toformabiehyriee Thistraethasy be

injected into.th e i h ormof a liquid or, as . steam .The term
"suppl ement & alé\%ﬁ%ﬁfyo&é% g‘? ger&ebrsgg L'fs[ (irﬁgrfgpvﬁﬁtc‘tl‘gﬁl Ogﬂh?é‘aa%stf’ E@f@%‘égr?‘y d¢;
stream It Wﬁétd&iﬁab&@é&h@éit@&ﬁ%&ﬂﬂﬁlVUC?HBH&E\t.Of water in the
spent-air streamw |l vary wth process condftions such as tenperature and
pressure, and the |location within the spent-air processing |line

(descreasi ng af t &S 5891410 @eliodic) deaagbes & podcess fardhd pusificaiensdge)off-Addi ti on

of "suppl enental .water" r fer]s il_(l_) addition of water to the spent-air stream
in thels pengé‘%F?ntﬁ’rfBﬁgég‘?tz‘@nP waighhorgiratessfyam gfiration of xylgmewithait woul d

b t | difi Fig, .1 id hemat i

epr eoont at S Sfer TR el bR silemblchedal] SndiBl ofocess wi th

the iWDFOVeHBunﬁt%r@Irréﬂﬁrﬂ[@%ﬁg% éx?fégﬁ?iﬁ%lur%%f@réqgmri%ﬂd@wene) is fed
rs

to a series of vertical reac ru F ) arranged I n series operating
at a 70- 120€mewp thametlkanaigdowrdvéls- $ifilmsand even more complicated and

expensive scrubber-extraction systems for removal of VOC’s from vent gases
25 using water are described in US 5186728, 4948402 and 4734108. All of these
methods suffer due to high investment cost coupled with complicated

operation.



25 pressure. The use of six reactors is not required, and the nunber of
reactors in excess of one is a matter of design choice depending on the
desired ceoupeihyscof the plant and the size of the individugbriReGiSis: An
oxygen 4 WD 02/2223G PCT/ USOL/ 2. 17~0 containing gas (for exanple air) is
fed into the bottom of each of the gassparged reactors and the |iquid
cunmene and gaseous oxygen m Xx and chemcally react to formthe desired
currene hydr oper o . long with.several by-pr.oducts which

i ncl ude di et hyl Eie‘ﬁ%‘{hggc%ﬁ%’ﬁg%ﬁ%? £k g&%ﬁ%’bﬁ’&ﬂ&"&“@%ﬁ% "f’llélﬁg t hanol .

This |i qui dfKitdes theeRG ofimetHASoI T thTunihd-BEbhéSd Or;ala%s(ﬁg,egg gFée%‘ 1)

and passes downstream for further 10 processing to phe one.

Addi tional | gt xeeschaddecost. Fi g. 1, several recycle streanms may feed into the
cunmene oxi di zer reactor train along with the fresh cunene. These recycl es
contain mai ter ne for recovery. During the cunene oxidation
process a 5@%@&@@%@9& | S 20 25 generated which exits the
top of each of the oxidation reactors (A-F) via collector lines 101. This
spent-gir strea i {JHH%' \ onsumed during the reaction,
typically 1-10 \rﬁotﬁ&g%tr@p ?gélg%y | né?%ncgg&c;}g%génd @Baﬁtlﬂlieﬁté‘anﬂqe{’ V#coning air
feed streamsmaliagnoigiteof sappleny@ital water28The SIS ARSI cumene and
wat er and cont ai ns net hanonand VOC as cont a?i}l?énants. %e cg)ncetrrsl'trati ons of
t hese mat er ipstsedrs framithe heatenthangerpmieidsitallows these heat éxehangadi t i ons
enpl oyed which influences their partial pressure and volatility. The "spent

air" streanPYNeISHPASEAS Beth erdractersiasnidscandensensi Akis thexeforapossibleto vapor
streamin s - aj i | i 1 and direct t hrou a series of heat
exchanger c%gp{'e?lgﬁ%ﬁ{h%%a% £ g&;ﬁé’% éﬂggf iad'ﬂetilﬁaoffgﬂ‘ﬁ% FO@?GW\E&’C umene
resenty. Thg, i (XN esign
ot co whi O st R xS R OB E6 Pt e B P il rdhud{D! O
cool er and ptier teedischamgec MAnme ther inventisn provides aniitnpgesemeheseke®wher s can

enpl oy water and/ or refrigerants to inprove perfornmance. The resulting
recover ed V\@Pthﬂéﬁi’fﬁ’é apiae of phepeldfremgmene iy whichyan pxygerhe bot t om of

recovery t iRl RAEREE e bRt Flnteh S Siplhe & et ot gas s

WO 021 22236pdlicHa® als fedthiddr @ﬂ:?g j ar bon beds
(F1) to reg%ve tchg fiangl( tracese%gl?@cu %ﬁﬁ‘gﬁ%ﬁ?ﬁs@%ﬁ%ﬁ% its
di.schasge asmttimtirlg ymstint of wheerahna siphdiich srcsprmviaionfRith is phdsedt unat el y

the nmajori t%of t he net hanol conponent contained in the "spent air" stream
is not renoNEAUSHPNA@rIReredinal exekanger sealenvamd k carkant bed puior ¢ondensat i on

and carbon ti treatnent. and it remains a VOC contam nant in the
"exit gas" (glgégga%%re'gg‘gletlglﬂrﬁge%%g?fﬁgpé?s&5’\/@@ gﬁﬁlefﬂggp?r eMSPBess it
has now beefimdihAEOVREST ihidthe 50 f [ ved from
the very |l arge "spent ailr' strﬁ%ﬁggﬁéhl on é(;(?“glo%@gbisr#gl Sgrrgr%qglnt of
suppl enent afromedtdeastone dfithe baedrimbretheat exdtarger soolegs, andlrecsvdringad E2.

The sug)pl enent al ter or steam extractant can be added to either E1 or E2
al one X or i methamel fweatessondensata from sheiheat exghangarsootarspthetelyr ed process.

Thus the E1_and. E2,exchangers are e to serve both as extractors and

condensers S ugﬁlﬁzthleﬁf‘gﬁ'@gﬂiﬁ Ant 8?&'&3?&?“?‘?\“6?’5@@ PHPT 1@ QESCR8Igeeeded

cunene recovery is also made to function as efficient gas extractors
BRIEF DESCRIPTION OF THE DRAWING

Fig. 1shows a schematic representation of a facility for manufacture of

phenol from cumene in accordance with the invention.



and net hanol contam nant devices. Thus no additional investnment is required
for methanol containnent equi pnment and the full anmount of the val uable
cumene coppappAedei N the "spent air" streamis recovered wipdwousoiper@l ty. 20
Because cunene is insoluble in water, the condensate recovered in

condensate collection line 4 has two phases: a top organic (cunene) phase
and a bottom (aqueous) phase which are easily separated. Conventionally, a

portion of f‘mﬁpmﬁ% @l%aﬁgmi ﬁl‘@@ . for exanple using a
settling drQ e end o coir}ldensa'teIcol ec clsgln line 4, with about 50% of

the 25 water being recycled along with the cunene and conbined with the
cunene feed. Thi FThepesednt ReveiiticieparadeésdsinsplpeineRperslve,rid'Rov@lt hod of the
invention, although it may be desirable to renbve a greater portion of the
bot t om (aqueeikdd pthdsk allbors faldarpdeery $fithe cumede veludeordaimedtinghe net hanol
introduced jnto the feed stream This seggrﬁt ed net hanol /, teE_l is then 6
VO U2/ 22236 SPENt ROy eRtstrenrp fii fatmend-tigRenel RESSRSphileat thg sarreast e

handl i ng systemsuc. a Bi.oTr.eat r i nvention
nandl | ng YRR n B BT AhpolhR AT AbviRE e
mul ti plse pog%v%ide &H@i-étghﬁsa BihiRsoHs dRrdl10 Tk REs Beerd RAN Bdt'a ®hntRAEdexi ting
the first heat exchanger cooler (El) after the bulk of the in-situ water
has been r eadstitibractch sinell\aemdurst ofsapplanental orger indathe Spedt airtstreaat’er . An
addition at_this point provides an increase in_the anmount of water in the
"spent ai r"just peigmtais iatrgiueton interthe spplers and refiigesatadcopdenserpact i on

Wi thin the sub uent. cogl er. era t t . added -at

t he second g’feﬁ‘fﬁ@q‘?@%ﬁ ﬁﬁ %‘?{tfg{rﬁg?cees%tt#%et %@@@é@ﬁﬁﬁ%@%ﬁs %I\(i/)er saturate
the spent - AbffectiVeBthdll Sffifethaid) deRRAAFby ﬂﬁﬁhhhg a W R dx@Factidntadgl very
smal | amount of supplenental water required to provide the dramatic

i mpr ovigent cordiégrishtionaeaovad pspess afitlgashe comdehseostlemsebgesdevi ces or

mul ti-stage scrubber 15 type colums are required to obtain the dramatic
VOC reduction. For exanple, a 2-7gpmf I(gw of water injected into the 40,000

SCFM "spent ai r " Astysegrinithe speaficatinand slaimg @f dhi isatiopdiedmtiat i on
f >500 < 50 [t .wikl b Lated fhat t.all. faciliti
W T be oper Aol Tefeen S Bis ol esP b FEETS Dbl PaL b s, T
general sengg, thbﬁragcféasgg%pgef’&mafgggtﬁf% 8 afsteatt Tre ferRM RRPRmMENRRP005 to

0. 0002 gal l ons pe cubi c spent-air. Achieving such an
subst ant i al wmetfarédrsteddditicmal wratet added tditte speny-asnstréanindt will bas)
extraction ratio is (%ui te unexpected based on mass bal ance_consi derati ons
and suh perppresiaied thatithe atoewal phwpter dn tea spantwir streamapidl varywith

i I ti- . I i i I f
xt r act ant . PFEARSS BRI o6h 88 SRPEFIGFE Fon Pt Heeier 8 i ger <
are rade t0tﬁ&éepegﬁﬁphpoc%é.&mg%r&r(aeg&éaﬁﬁgq&eﬁ_ea& Réat@Hahgi exi sting

eded ahd no a

equi pment is n ditional caprtal investnent is required. 7
WD 02/ 22236 c&6let sl eisd pAssube). e Aidakitién oé timipyjenientalssaten” feferstes on a
cunmene-t o-phenol process, the same process inprovenment could be

i ncor por at eg@diition of watergpdhe spent-aifi sERapy idhe SPENtpE Rrogessing kpe g a

cont ai ni ng t hanal, and. wat er -i nso | e _organi gs that are regcovered by
condenfat i o ?V#H{}E,Ch ésn]g‘\ﬁ\rg?ﬁg}? rh‘é’;?@i‘?%ﬁ’r?ﬁ?g‘ én?fh‘?/%?ﬁe 8§°F §u§‘ %%@ﬁl&ﬁ“ f or
renovi ng net hanol froma spent-air stream conprising nethanol, a water

i nsol ubl e organi fFig.OIf%QHme@a%ca&niaﬁE&éﬁdes&mﬁah_d!fa_ pMahefor cafryaRg eudance
with thi nethod, a supplenental anount of water is injected into the

spent-ai r stusene-tbhshapd proedss veith daminaprbvenpaite v theaprasaneinvantonhen
passed t hrough a heat exchanger cooler; and a lo congensate co tailpg ng the
wat er - i nsol Graerg Geepropyheenzens) IsdadIte ageres of vertical reactors ( A thru

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-
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m xture fromthe spent-air streamis recovered. The foll ow ng exanples are
provided to illustrate the present invention, but are not nmeant to |imt
its scopew@mbs, No. 1 (conparative) A commerci al cumene oi(tc{% ocess
operates continuously as 1s depicted in Fig.1l but wthout ad tlona

suppl enmental water, at 80-120C reaction terrperature and 70-90psig pressure,
with a very |arge 40 000 SCFM "spent air' gas stream bei ng generated as

P ent it SCPBHE GE GoF Ptmpieda if i s BbeABap alfs/so'ﬁ %fga%: the |

% 8 t
567 5 CurendPRipued He3Btoré AnAtHe Bhuid Bttere Bnl gk A Do iBnbbPand udon 247 40
.Si mul t aneousheangliyngasntd i@hﬁpﬂﬁtd&I@af&hﬁléﬁssycﬁ‘o%eﬁix1H@§C}ﬁ?ptr(y git 95t ream

gave the foll ow ng conposition: Oxygen, vol % i troge
Wat er, vol %@lg)wﬂlhﬁveralmyhprodmﬁs Wuﬁanmludq)@meth?ﬂaehzybanahobon of the

above sanpli ults shows t 300ppm cont ai ned net hanol is not
ef f ecti-vel y(ﬂMidawoBgm&\% oA MEtRaRYon h—‘isé!ﬁ%wl@ﬁtetpﬁ@du@pent air'
stream when d ELl and E2 she and- t ube
type condenggggm. qﬁgﬁ%ltl{% (glrgg ]?‘hﬁg ?gaﬁa %S C{lor"?’%&r%?%}ﬁﬂﬂﬁrgg _
utilizing tpeossseRest sherfot anEReline! | Aabﬁtldﬂa‘ll SRNATRIER, 118ERGRAdI i on
provi ded tolpt?he feed |I?11I{ets of both of the exigti ng she -gna-tuﬁéera
exchanger / c vetymlesstEdams thasPfeet intohihe dumerle dxidiz2r Seappor Bhiveloag with added
to the E1 condenser inlet streamand 5.0 gpmwater was added to the inlet
of the E2 c&MiBKeRFumeses Jheparecysiss contein mpinlynwatariangl armeneafarg devi ces
vere ep on%l J%lng this trial period a total of 133 sanples of the exit
yz

gas were ana by an in-line process gas chromat ograph. Measurenents
were al so taken on gas from between the two 20 heat exchangers El and E2.

The suppl enent al Dwigg tiRdelirheRe oﬂﬂﬁti%htﬁx%@éds@*’sﬁieﬁ‘t’ hi#eda of 58! ' Qant

reduction (i.e. 52.8% in nethanol content as the data below s

02/ 2223G begeneratéd sehitle exitefehtapgrreach of the oxidation reactors (A-F) via
collector lines 101. This spent-air stream contains residual oxygen not
consumed during the reaction, typically 1-10 vol%, plus any inert nitrogen

15 contained in the incoming air feed stream. This “spent-air” vapor stream is.

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



bet ween heat exchangers exit gas Exanple No. 3 301 ppm net hanol 150 ppm
nmet hanol 141 ppm net hanol PCT/USOL/ 2d7: 10 A two day plant trial was

conduct edyglogbhiz Ng the process of Exanple No.2 with supplmrendoals4wat er
addition, during which tine 87 sanples of the "exit gas" stream were

anal yzed by an in-line process gas chromatograph. The nethanol content was
reduced from 341 ppm concentration before the first heat exchanger, down to

a 142 ppmconcentration in ihe.exit S epr ting a 58. A%,r.enoval

i1 oi bncy. SEeamgrEeRorygh deERter s bERLAATHY rfofa I ARAIIERER Y 1
suppl ement a 8andtsthti YO@RERE ¥ N distHalSe RS 958682 toftkaWRhS 2,
duri ng whi ckuﬁgheagl sanpl es &ere anal ;zed?&rﬁ% met%%nolo conten?ﬁﬂvgse
successf ul | yndetvietnieram 287 ppm down to 127 ppm which achieves a 55.6 %
met hanol renoval efficiency when conparing the initial spent-air streamto

the exit gas. 10 WD 02/22236 WHAT IS CLAIMED I'S: PCT/USOL/ 2~740 1. In a
met hod for nanuf dbfortenstely teaniajgnityefdhasnethanplganponentseptrined imt ai ni ng

gas stream i, passed. t,hrough.liquid cu e.to,prqduce, an .oxi,dat e product
and a sSpent B§ S égmsﬁﬁz?%} *Sé?‘ﬂd'emvﬁgerfg?n%H'P%%?Pé'ﬁedeasﬁﬁgﬁﬂ ORM8t al  amount
of water; a I m | ¢ | S6HeA ) 5RY HrePENS re
heat exchan g?éﬂggc?ﬁg?rslagﬁs a czﬁcg%%b%gc?%gﬁ%t?orggédi s%hé?ge,gﬁtehe Im%? geement
conpri si ng: V(O eehtamginans iptheetaxit gds” alisuhatged towtiecatmiotphetd ellopantr ai r
stream at one or nore points upstreamfromat |east one of the one or nore
heat exchandrtheprssentspraogass it bas newohesn digcevered thatdhewaethanebeanebsat e from

the heat | ers,. thereby reducing the nethanol content of th
Spent - ai 1 sEHESHSIY ROV JTOrmiaF SEry RIBS nPniaTo Vi DyPadISimese wher ei n

Stancara cubrETiERbGf Sadbritentl wlB I e e S ot er ol

two heat ex@E1aR@EE2.CORE efippRiteritalodatcRt svdadh ektat¥ahecan be adidedted at two
poi nts, one point upstreamfromthe first of the two heat exchanger

cool ers, aneithesEt ond2mdone, axisconbinationta bethslEkand E3fwhich is the heat
Rt T VR IR XC 0 S
g Fon. per “Sransy ahdEphiEnRa} St uind &flimhy Aholly B PRI e 0002
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



PCT/ USQL/ 24740 5. A nethod for renoving methanol froma spent-air stream
conpri sing nethanol, a water insoluble organic conpound and an initial

anount of wweé2nasesai d method conprising the steps of: 5 ai g,cf/tugmm( a}
injecting a suppl emental anount of water into the spent (b) passing the

spent-air stream and suppl enental water through a heat exchanger cool er;
and (c) separating a condensatehcont aining the vvaterl-longol _LII_E| e o[ ﬁagl cf and
a net hanol / ' fromthe .spent-gir strean, . e nethod o
claimb5, wh recl%%lse{%@%ggtagiar?%f’ﬁﬂﬁé%% gu#ite hagddpgsyetenrysuchas aret hod of
cl aim 6, Vmgfcﬁi'r@a&ﬁ@-lt\ﬁﬁhﬁ{_ is injected at a rate of from about 0.00005 to
0.0002 gal l ons per standard cubic foot of spent-air. 8. A facility for the
manuf act ure of phenol by oxidation of cunene 15 conprising: cunene; (a) at

| east one verti cihe peeasseof tHeblnvantonicpatfcutaripstiective) wheh ediwatde
connecting the vertical re &gr to the source of 20 (d) an air feed line
connect ed t@‘tﬁfém&’eﬁ’&elnééﬁa‘? glonultipleipaintsdinsludingapgadditionttaithe ng gas

\ _ FH o ; 3
connecsed L GPEMLEb: PFaLiliaR me BRSRAt etdhanger Roler G50 akteatie buficedn 11 om
the top of {HeanWehl Waftr Ha8¥ebRrembded a¥ tREARRER G 1L H?%ég?gr%ﬁ%%& ) s:i q

spent air processing line connected to the spent air Co

spent-air pwithessieng AnadditiGmspibis poiht ?)lwvi@l@b bﬁqh&‘éawﬁﬂ%eadrﬁo%ﬁﬁ &am
through at |east one heat exchanger cooler and an activated carbon bed; (g)
a wat er injWaiardn the mpead alré streamrancha gies@every effertive and stagetdfe spent air

' ' . .. D0I f he. heat h er cooler; and (h)
B condensat RGP therBitaiaicontero Froieratiu t%%eﬁél{@%cpf welsrer. 13
. Al L A&y A9. . : "o + :
PY+r, g?{vq%%%%%gﬁﬁ?%@aﬁgﬁgﬁé%ﬁ% a'% Qé?‘geé] %Oé?ﬁ‘é(f‘@é\] calU ca]calc
a] ca] ca] ca] madrsathieatk ché epémtadie Fabsml) calc: al {'; T$' H

A surprising aspect of this invention is the very small amount of
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 baséd 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.

7
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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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*110%& ()-SI"10%& ()-M///0] 000gE7 10
Nitrogen, vol%  91-94
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

the “spent air” stream when no supplemental water is added to the E1 and E2

shell-and-tube type condensers.

15

20

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
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
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 :

% 1 7 077|3
ﬁé‘ﬁsl %@i&/ﬁ&ﬁ# AO/m?t%@P 7C(La)“1 %519 pbe( )em gas{ ( ( ( dESETL

@

@ F 10%& ()- @L0%: ()- @ 10%& ()-



111 #10%Rh& () - Y10%G& ()- FY10%G& ()-"s10%G& () - &10%G& () - 10 10
002223337"?E7 10  &#10%G7& ()-! &#100PP& ()- | 10%3& () - 410%& () -
#1098 (wbjo2AReUUE () - 3(55i 677777WXVB7 1 10G 10G 10G,  PCT/USO1/24740 |
1096G& ()-!. z#109PP& ()-!. z#109ZCZC& () - ! SH@L09PPE& () -! SH@10%UE ()- 777778
88dEMB7 1 10G 1s10% & ()- 10% & ()- 10%& ()- 310% & ()-

F"10% & ()-910% & ()-899::::!: dEMBY
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 supplementéi 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



1 10G 1m0% & ()- L10% & ()- 10% & (); 110%& ()- z 10% & ()-I\/T','lo%&: ()-
!;<;{;;<<:dEI\/B(7)1 10G 1503 10% & ()- - 10%& ()- % 10% & ()-L, &$"10% & ()-
| " 1006 & (WO 0ADB& () - ==, =2=A=B=C=D=P=xmbC 1 10G &10% h& g,h,%g%%%
10/ S 10% & ()-y8m 10% & ()- 52 10% & ()- &310% & () - P=" ====>>dEnb

3 10% h& ()-y, 10% h& ()-y3 10%h& ()- s10%h& ()- , F10% h& ()-"" 10%

h& ()->+>0?>2?@"<nbC 1 10! %1098h8h&’ () - ! &YE10%&F&& ()- #f10%

he: ()- el LONHRRTQE CI3ARAMN; O - M

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 imprbvement 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 imp'rovement 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

(c)  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:
(@)  atleast one vertical reactor;
(b)  asource of cumene;

(c)  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;
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cooler; and

(h)  acondensate collection line connected to the heat

exchanger cooler.
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