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(57) Abstract: Injection of even very small amounts of supplemental water to the spent-air stream at points upsiream from the heat

exchanger cooler(s) used in processing spent-air streams from a comene-to-phenol process allows these heat exchanger coolers to act

as both extractors and condensers. It is therefore possible to recover from the heat exchanger cooler a2 methanol/water condensate,

thereby substantially reducing the amount of methano] in the spent-air stream prior to dischatge. Thus, known methods of mann-

factre of phenol from cumene in which.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 a saturating amount of water; and in which the speni-ait stream
is passed through one or more heat exchanger coolers and a carbon bed prior to discharge can be improved. .



other trace volatile organic conmpounds (VOC s) including nehh nol. Prior to
venting, the current standard practice is to pass this "spé 9ﬂgi Sstream
through a series of heat exchanger coolers, refrigerated condensers and
activated carbon adsorption beds to recover the cunene val ue contai ned
therein and to prevent VOC em ssions to the environment It is wdely
recogni zed in the industry that the activated carbon adsorption beds

menti oned above ar eplliogg%g %%kiﬁ/&ol SN#W EE %ng%ﬁ ecorrponent and a

majority of the netha cont ai ne nthe “spent air am passes
t hrough the beds unadsorbed. Al so the vent gas coolers and refrigerated
condensers provided in the standard designs are not effective in

condensi ng the nmethanol fromthe "spent air" vent gas streamdue to its
hi gh velaatiEhl that the very |l arge volune "spent air”
stream passes through ese shell-and-tube exchangers at very high
velocity 10 May 2005 resulting in poor heat transfer and poor condensation

efficiency. Thissapgflication rehaearcousethbd f@p:}ém@ﬁhg thEWRn o ficts vt pr obl em
i npacts all cunmene-to phenol producers today; and expensive and conplicated

downst r gasFiEerns generaéd bes cnnemede-phestadipreckssn t hese pl ants to adequatel y
control and reduce nethanol em ssions. Such VOC control devices include

cxpers: Ve gl FRleh A5 Ak SRR o R RPA R, S | vt
dect | Dea bl Bylrodeeraifing e RO HASA kiR Y5 Yebtafe Ccatalytic
reactor designs exist in the industry today in which the reaction is typically
conducted at 70-130°C and 20-120 psig. In these processes, air is continuously
introduced into liquid cumene contained in multiple gas-sparged towers or
tanks. The oxygen in the air serves as raw material to produce the desired
intermediate product, cumene hydroperoxide. The nitrogen contained in the
- air feed stream along with 1-10% residual okygen exits the top of each of the
 reactors. This “spent air" stream is saturated with water, cumene and contains
. other trace volatile organic com;‘)o_unds (VOC's) including methanol. Prior to
venting, the current standard practice is to pass this "spent air* stream
through a series of heat exchanger coolers, refrigerated condensers and

activated carbon adsorption beds to recover the cumene value contained

therein and to prevent VOC ermissions to the environment.

It is widely recognized in the industry that the activated carbon
adsorption beds méntioned above are ineffective in removing the methanol
component and a majority of the methanol contained in the “spenf air" stream
passes through thé beds unadsorbed. Also the vent gés coolers and "
refrigerated condensers provide_d in the standard designs are not effective in
condehsing the methanél 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 she]l—and—fube exchangers at very high velocity
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purifyi ng exhaust gases from chem cal processes to renove voI atile organic
?QQ-,ES a high

conpounds i ncluding nethanol. This process is effective but Or'@@(]

capital investnent for the unique equiprment, including special. nmulti-pass
heat exchangers and catalyst. This nethod al so risks the formation of
undesi rabl e NOX pol lutant due to the high operating tenperatures r.equired

US 5907066 (Wachs) describes- the use of a special netal oxi de catalytic
Thi s net hod

process fa %I e vent as.to fornal dehyde.

is al so costlggddﬁe to cata yh{} &%ﬁ:gort% %?%F I%WCYrre f§rious
f or mal ddtydedousain Pollitshi @DAP) BLEAHSE ol lutant. US
5891410 (Modi c) de?(?l’l bes g@process foPhSl?]le puritica |on%§te& 8 of f - gas

cori t ai rRBRNOkProducrs idaiclanch exgiensivesarid esmpliéatadidiwdreah 898 th air.
However jn.this case, special solvents are enployed and expensive

count er AFVIESMHEH be ing E‘é‘@)@hﬁ%ﬁzplﬂ@@ mciﬁmtdye:oneqﬂlandd-edﬁc@rder to
renove ar and even nore conplicated and
ex . pehlg[&\ygﬁ Is)i(:glrll'%%le('l’r et ?ﬁb?nc “Feérm B%\%Pemwvd@rmalom vent

gases  UndingrateisebatalicleaanHBR é rld 4734108. Al
ofthese nethods suf f}g} due to Cin |nvest %?ec; gﬁ’ B88wi t h

conpl i c aohunns. operation. 2 10 I\/ay 2005 Thus, there remal ns a need for

process inprovenments which will facil | tate the removal of nethanol from
cunene-t o- ph I oce vent gases reasonabl e cost
P8 5l 11 Rribbon) ahd US 5375562 (Brinck) decribe cataly tic

‘combustion methods utilizing a regenerative catalytic oxidizer unit for
purifying exhaust gases from cherxiical processes to remove volatile organic
compounds including methanol. This process is effective but reqo_ires a high
- capital investment for the unique equipment, including special multi-pass
heat exchangers and catalyst. This method also risks the formation of
~undesirable NOX pollutant due to the lugh operating temperatures requn-ed
US 5907066 (Wachs) describes the use of a special metal oxide catalytlc
process to convert methanol in waste vent gas to formaldehyde This method

" isalso costly due to catalyst pIus the conversion of methanol to formaldehyde
is not deslrable because it is a harmful VOC pollutant.

Us 5891410 (Modic) describes a process for the purification of an off-
gas containing methanol which orilginates from oxidation of xylene with air.
However in this case special solvents are employe'd and expensive

. countercurrent multl-stage extraction colurhns are required i in order to
| remove the methanol to Iow levels. Similar and even more comphcated and
' expenswe scrubber~extractzon systems for removal of VOC's from vent gases
~using Water are descnbed inUS 5186728, 4948402 and 4734108. All of ﬂ1ese
methods suffer due to high i investment cost coupled with complicated - . = -

operation



SUMVARY OF THE | NVENTION It has now been surprisingly discovered that
injection of even very snall anounts of suppl enental water!OMay &05
spent-air streamat points upstreamfromthe heat exchanger cool er(s)

all ows these heat exchanger coolers to act as both extractors and
condensers. It is therefore possible to recover fromthe heat exchanger
cool er a net hanol /water condensate, -thereby substantially reducing the
anount of nethanol in the spent-air stream prior to discharge. Thus, one

enbodi ment NMEYhps,akkAeredinihFRTRYE TBP - t hods for ufacture of
phenol from cunene in which an oxyge f(rhcgeggﬁg;ﬁ?%m%g; ‘é’}‘l‘% y be passed

t hr ough fRfiidate tbarr@mvabobnmdummléfbrﬁﬂﬂﬂé@ewcﬂﬁﬁgﬂéi s§véﬁfgés'e§i r stream
conpri skgg nmet h% ol and cunmene and a saturatihg am)%nt of wat@er; "and in
whi ch t § FOs&t r eam may be passed ; through one or nore heat
exchanger coolers and a carbon bed prior to discharge. The inprovenent may

conprisggmgmp@m%ﬁo&suppl enent al anount of water into the

spent air stream at one ints upstream fromat |east one of the
one or nore heat exchanger cool ers, and recovering a nethanol/water

condensat e f Ioims hewhisdin RAGRBRGE BQQVEE rgducing the methanol
content of the spent-air st?eam prior to %?E%%Z{q{gagao?@?ﬁgﬁn 95 A first

aspect W@W@ﬂ@?@ﬁﬂpﬂ@n&h@h wprtew kallse spdrRidosiréan AFHhact uri ng phenol
fromcu ng. rei n _oxygen-containing gas streamis passed through
liquid ¢ rreﬁﬁl\%th%)m @ﬁﬁa@t eé%'a&gie& gpelestsd allowsdhdsahspentchangest r eam
conpri s¢adle FRINAMAE LAY SHAIRDE and condensers. It is therefore possible to
recover from the heat exchanger cooler a methanol/water condensate,
thereby substantially reducing the amount of methanol in the spent-air stream
prior to discharge. Thus, one embodiment may provide an improvement to known
methods for manufacture of phenol from cumene in which an oxygen-
containing gas streamn may be passed through liquid cumene to produce an oxidate

product and a spent-air stream comprising methanol and cumene and a

saturating amount of water; and in which the spent-air stream may be passed
through one or more heat exchanger coolers and a carbon bed prior to
discharge. The improvement may comprise the steps of 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 recovering a
methanol/water condensate from the heat exchanger coolers, ‘thereby

reducing the methanol content of the spent-air stream prior to discharge.



and an initial anmobunt of water; and wherein the spent-air streamis passed
t hrough one or nore heat exchanger cool ers and a carbon bed0Mayz00fo

di scharge, the inprovenment conprising: injecting a supplenental anount of
water into the spent air streamat one or nore points upstreamfrom at

| east one of the one or nore heat exchanger coolers, and recovering a

nmet hanol / wat er condensate fromthe heat exchanger cool ers, thereby

reduci ng t hefirsRbRandih GRS MveRfion &GRS Memrdl For m%%&fgc?r%ir%é,%or t o di scharge.

A sec?rnd aspect _of the present invention provides a “or renovi ng
met hafi8™ “UPFSmYae&Bent - ai r stream conprising methanol, a water insol uble

; L Bl o L ut
Cheor oSy AR g Bas M barilis PRI Bl BBl IR TE PPRUES T he cpont -
ai r seneafflafelprodassand atspenspanitraink coiiRRIEHRARY SIEAIALLYat er

t hr o\tljvgh a heat. exchanger cooler; and (c) separating a condensate containing
the waPdrn mbal Bpeunteigyater and veharetrhthesipenktirstream ir passedm t he

spent yal t -1 10 2005 third aspect, of the present invention
pr ovi g?gugﬁf%g??ﬁnf%?%?a?%%gﬁ ‘é‘?;cﬁﬁFsearéfac ehprigkieat i on of cumene

conpr dgichgige, 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

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

stream prior to discharge..

A second aspect of the present invention provides a method for removing methanol

from a spent-air stream
comprising methanol, a water insoluble organic compound and an initial
amount of water, said method comprising the steps of:
(@)  injecting a supplemental amount of water into the spent-
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.




(a) at |east one vertical reactor; (b) a source of cunene; gﬁ) a feed line
connecting the Vertical reactor to the source of cumene; (I@Mare 095r feed

| ine connected to the Vertical reactor for introduci ng OxYgen-cont ai ning
~gas into the bottomof the vertical reactor; (e) a spent-air collection
line connected to the vertical reactor for collecting, a spent-air stream
fromthe top of the vertical reactor; (f) a spent air processing |ine
connected to the spent air collection line, said spent-air processing |line
transporting the collected spent- air streamthrough at | east one heat
exchanger cooler and an activated carbon bed; (g) a water injection |line
connected to a source of water and to the spent air processing line at a

poi nt upstream f exchanger .cooler; a condensat e

col lection Iine %gﬁ.n(}eéstpgg cl?foth‘:fi RESHE AV ention dhavides %8‘(])‘?3@}0" BaERES ©5005
BRI EF DESCRpHeNdi GNoCHat Do BRAME beanfristhe: | shows a schematic representation of
a facility for manufacture of .phenol from cunene in accordance with the

invention 3 c

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

(0  afeedline connecting the vertical reactor to the source of

cumene;

(d)  anair feed line connected to the vertical reactor for
introducing oxygen-containing gas into the bottom of the vertical reactor;

()  aspent-air collection fine conriected to the vertical reactor

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

3] a spent air processing line conriected to the spent air
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;

()  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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10 May 2005 DETAILED DESCRI MON OF THE | NVENTI ON The present invention
provi des a sinple, inexpensive, and novel method which al|taydPs
recovery of the cunene value contained in the "spent air" vent streamfrom
a cunene-to-phenol process, while at the sane time effectively renoving

t he net hanol conponent to very low levels to, provide the required

em ssions control. It has been found that a controlled addition of a snal
anount of supplenental water into the "spent air streani just prior to its
introduction into the coolers and refrigerated condensers greatly enhances
t he performance of these exchangers and provides an effective nethod of

met hanol E?ﬂﬁyﬁﬁﬁgﬁy%ﬂﬁékgéﬁp a water-extraction and condensation-renoval
process wthin S dAMBAWENG As used in the specification and
clainms of this application, the term "water"” refers to the nol ecul ar

speci es "H20".fj .hijected .into the process in the formof a
IPqui d or as SI'?I -é% iheg?g&/n%[g%%cp PERiAYation @&Cﬂi%eifoemaﬂufaaﬁlﬁlébfonal

wat er ad@&nwﬂdmcmmidccéﬂai@%mtﬂ% be _appreciated that the
amount of water in the spent-air stream w 69§?9'mﬁth process conditions
such as tenperature and pressure, and the location within the spent-air
processing line (descreasing after each heat exchanger cool er/condenser
passage). Addition of "supplenental water" refers to addition of water to
the spent-air streamin the spent-air processing line to a level whichis
hi gher than woul d be present in the absence of such addition. Fig. | -
provi des a schematic representation of a plant for carrying out a




cumene-t o- phenol process with the inprovements of the present invention.
Currene (i sopropyl benzene) is fed to a series of vertical rdQ@dMaf2000A thru F

-arranged in series operating at a 70-120' C tenperature range and 70-100

psig 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 capacity of the plant and the size of the individual reactors. An

oxygen DEPAMBFDAIMSCREEHCHY QE% le air) is fed into the
bottom of each of the gas sparge Wﬂmt he |iquid cunene, and
gaseous oxygen m x and chen-tically react to formthe desired cunene
hydr oper oxi del'HeGhRsemtrintraation Proviesiat é{%@kpéﬁéi‘% %g'%t‘&f]éihl ch include )

di met hyl bert zyl _al cohol DVBA), acet ophenone (‘AP), anol. This
i qui d enethedsvhichaliows fulkresowerxof thetduenténasvalue aohetinéF ih #hé 9. 1) and

passes downstream for fur processi ng tQ phenol and acetone. .
Addi t i on%?‘ﬂs; K ﬁ%ﬁﬁe éﬁ?ﬁ"aimr?é‘@éprﬂ enfé@ye¢qgs,swhdam&m§ameed into the

th h Th |
Cont ai noid bigcVerp ChAbull AR Beffholcbprip G o etaifene. ot dat | on
pr ocess peovisledht réduited aRBSsiShS EFMHE Iﬂ?d%%é%h‘?@uﬁﬁ an séb%gh&?ht op of

each of the oxidation reactors (A-F) via collector Tines

spent - apfldifiqrealn swall srneuntoef sipgilemengd watet intoche UspshidiF stgahe

% plus any inert nitrogen contained in the

reactiop al |
i nconi n’disgpilfoofg é&@éﬁ?mﬁ iitothgcrplexs andugfrigeratacbeondensers
greatly enhances the performance of these exchangers and provides an

o

 effective method of methanol removal by initiating a water-extraction and

condensation-removal process within the condensers themselves.

As used in the specification and claims of this appliéétion the term
“water” refers to the molecular: spec1es “Hz0”. The water may be injected
into the process in the form of a hqmd or as steam. The term ”supplemental
 Water” refers to additional water added to the spent-air stream. Tt will be
appréciafed 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 spentfair processing line (descreasing after each heat exchangér |
* cooler/condenser passage). Addition of “supplemental water” refers to
addition of water to-the spent-air stream in the spent-air processing line toa
level which is higher than would be present in the absence of such addition.

Fig. 1 provides a schematic i'epresentaﬁon of a plant for carrying outa
cumene-to-phenol process with the Jmprovements of the present invention,
Cumene (mopropylbenzene) is fed to a series of vertical reactors (AthruF)
arranged in series operating at a 70-120°C temperature range and 70-100 psig
pressure. The use of six reactors is not required, and the number of reactors
in excess of oneis a matter of design choice dependmg on the desired

capacny of the plant and the size of the mdn&dual reactors. An oxygen-

4



al so saturated with cunene and water and contai ns nmet hanol and VOC as
contam nants. The concentrations of these materials is varil@May28Q8 i s
dependent on the reaction conditions enployed which influences their

partial pressure and volatility. The "spent air" streans from each of the
reactors is conbined into one |arge vapor streamin spent-air processing
line 1 and directed through a series of heat exchanger coolers (El, .132)

f or . condenisitingrgaar(tbrreamvple af) iéf@iﬁiwﬂi@b@ﬁwnﬁ@méach%ﬁh@?%@-er of heat

exchanger coolers in excess of one is a design choice whi depends on the

ef fi ci efRgresH reactonsend doalighishcumene had geseaundeyganthik hadr equi r ed
charactegristics of the exi S, .These coolers can enploy water and/or
refrige mcatﬁ I]eﬁf)trt(?&@“’p"é&'fggﬁﬁﬁﬁéw hydroperexige gredugbt cumene
condens _ ' he. t t,om o h oolers and is
typi cal fﬂgf?‘ ecytgl%gg&tagwﬁ’h@()cﬁ#% | ocr%{ ‘?‘%‘i%‘?’%“%ib%l\%@g‘ofhr ough -
condens@IBIRAY) | &etdpienoneg AP), Mok nethiiol’ SPRBUIREA oxEdsteroQudpy 2005

stream passes through activated carbon beds (Fi) to renove the final traces

of cundWsturn@xis Hee layOastdrF indFigt 3) eind phesegelmenstecdrh fgpfirther t he
at nosphere and . en iroPrre&t Unfortﬁaaiﬁely the majority of the nethanol
conponeROEEHPGitALRera! and acetopen:

above ' [ ondensation d. car bon sorption
Froat oy e Sefealtit ARy foBd 260 8 oRelerBRPARRRR oo B Sopgowihe:
di scharedrésh duifieié. "Dh@ReRycIEP¥EYAEN mainly water and cumene for

recovery.

‘During the cumene oxidation process a “spent air” vapor stream is
generated which exits the top of each of the oxidation reactors (A-F) via
collector lines 101._ This spent-air sfream contains residual oxygen not

~consumed during the reaction, typically 1-10 vol%, plus any inert nitrogen
contained in the incoming air feed stream. This “spent-air” vapbr stream is-
 also saturated with cumene and water and contains methanol and VOC as
contamingﬁts. The cOﬁcentfaﬁons of these materials is Variable and is
dependent on the reaction conditions employéd which inﬂuences their parﬁal

- _pfe's‘suré and volatility.

Ijixe "spglflt air” streams from each of the reactors is combined into one
large vapor stream in spent‘-_ai'r in-odessing line 1 and directed through a series
" of heat eXchanger' coolers (E1, EZj -for;cohdensation and removal of the
. cumene Pfésent. The number of heat exchah_ger coolers in excess of oneisa
design choice which depends on the efficiency of an individual heat
B exc:hangef cooler and the requjfed characteristics of the éxit gas. These _
coolers can employ water and/ or refrigefanfs to improve performance. The
resulting recovered wet cumene condensate stream flows by grévity from thé
bottom of the coolers and is typically reéycled to the oxidation reactors for
. recovery through condensate collection line 4. N e_xt,- the “spent-air” gas )
.5
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in the present process it has now been discovered that the nethanol can be
effectively renoved fromthe very large "spent air" stream!BWaydi06 on of a
smal | amount of supplenmental water into the feed inlet of the existing

coolers El and E2-, The supplenental water or steam extractant can be

added to either El or E2 alone, or in conbination to both El and E2 which
Is the preferred process. Thus the El and E2 exchangers are made to serve
both as extractors and condensers so that this equi pnment already in place

fox t hestreamdedsesthrnaghectvated dagsbal BEdSEHS tbQefdRetthefinabualdd &i ent gas
extractors and nethanol contam nant devi ceS. Thus no additional investnent

is reqGlreacrBe ohenXhSF peiontiaitsdischasgriapfiexit gasidta the dtmosphetnt of t he
val uabl e_gunmene contained in the "spent air" streamis recovered w thout
penal t y BEEXHSE ™ ittene is insoluble in water, the condensate recovered *in
condensate collection line 4 has two phases: a top organic (cunene) phase

d b | ' d. .Co ' I 1y:
2 portion of "HRARRI (ROARTa Gt BERRR] ot FBREA habBIRC Lomg A

set t | i nthedfapenbhirt Bereantisafoteefdead deirgdotHeemidveddsciBed nofdal About 50% oi
the water being recycled along with the cumene and conbined with the

cumene Praséige ofgprdennationygrsl estrben pdseaption treaeeritpanddt femdihg aset hod of
the i ion, althou I be.desirapl e to renmoye a greater portion of
the botERn PRAmEBHES e exliehe” iskarasc i e smisphees. (Hewastnt of

et hanojy thePreQIH P8 RUChL ol aftn His &V Bed Mhat RERALRLES crta‘iglt]géamm [water is

then 6 ,
effectively removed from the very large “spent air” stream by addition of a

small amount of supplemental water into the feed inlet of the existing coolers
El and E2. The supplemental water or steam extractant can be added to
either E1 or E2 alone, or in combination to both E1 and E2 which is the
preferred process. Thus the El and E2 exchangers are made ‘to'serve both as

“extractors and condensers so that this equipment alreadyiﬁ place for the

- needed cumene recovery is also made to function as efficient gas extractors
and methanol ,cdn_tanm'nant deﬁges. Thus no additional investment is |
required for mé&mdi containment equipment and the full amount of the
valuable cumene contained in the “spent air” stream is recovered without

- penalty.

. Bécduse cumnene is imolﬁble in water, the condensate recovered in

_condensate collection line 4 has two phases: a top-organic (éumene) i)hase and

a bottom (aqueoﬁs)'phase which are easily s'eparated.” Convéx_ltiona]]y, a

portion of the bottom (aqueous) phése is reino‘ved, for example'using a

settling drum at thg end .of condensate collection line 4, with about 50% of the . .

water being recycled along with the cqmehe and combined with the cumene
feed. This same type of séparatién is performed in the method ofrthe .
‘invention, although it may be desirable to remove a greater pbrt:ion of the
“bottom (aqueous) | phase, for exafnple 75%, toreduce the amount of methanol

introduced into the feed stream. This separated methanol/ water is then
6



10 May 2005 processed through an appropriate Iiquid waste handling system
such as a BioTreatnent plant. The process of the invention 1GMaaP®iul arly
effective when the water extraction agent is added at multiple points,
including an addition to the 1llspent air" streamexiting the first heat
exchanger cooler (El) after the bulk of the in-situ water has been renpved
and the vent streamis no |longer saturated wthwater. An addition at this

poi nt p | Wal N bl . f e ) nt air"”
O e A e Y e S A
subsequBidTreathent pl2nef er ably, the anount of water added at the 'second
stage is sufficient to resaturate or even sonewhat oversaturate the
spent-air stream A surprising aspect of this invention is, the very snall
anount of sdppiPeERees & thedrwentien is partiaudarly effedéve wheorthemvater i npr ovenent .

Furth . I al -1 1 qui ting, devi . ti-st :
Cer ubbe Rttt s Tn addAER b S BB e SR © ebc 1 oduct i on.
F . - . . ini ected.i M" t
R A S N e S 15 A

to < Sthepiprsitd watéd haslieappmesediaed thealent stredn is mddohibt Sftukdel be
operated at the sane flowrate for the spent-air strean-L Thus, in a
gener al wWidhwater; hAngsidition at thimpeisnt gaouides andinerease fn tha amount 0f 00005 t o

0. 0002 gall an r_stangard cubi f oot. of spent.-air., Achieying such an
cubst antpir dnh St A At o 1 e vy Znd sthge of |

extraction within the subsequent cooler. Preferably, the amount of water

—

added at the second stage is sufficient to resaturate or even somewhat

oversaturate the spent-air stream.

A surprising aspect of this invention is the very smaﬂ amount of
supplemental water requiredr to provide the dramatic improvement.

: memore, no special gas-liquid contacting devices or multi-stage_"scrubber—
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
injected ata rate of from about 0.00005 to 0.0002 galions 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
consicierations and such performance would normally be expected only if one
used expensive multi-stage extractor columns opérating with large volumes
of extractant. However in our present invention the existing heat exchangers
are made to act as both extractors and c’:on_densefs SO only'the eﬁsﬁng

equipment is needed and no additional capital investment is required.

7



smal | (water:gas) extraction ratio is quite unexpected based on nass

bal ance considerations and such performance woul d nor nal | Yi0é2ye396ct ed
only if one wused expensive nmulti-stage extractor colums operating with

| arge volunmes of extractant. However in our present invention the existing
heat exchangers are nade to act as both extractors and condensers so only
the existing equipnme nt is needed and no additior ial capital investnent is
required. 7_10 May 2005 While the foregoing discussion focuses on a
curene- t o- phébile fhotregoingndissussiomfamesson apumesretopherdlhrdRess,
incorpohﬁted I nto other processes . which produce a spent-air stream .

cont ai ni Mg HBE RERTIS IREraeent srydie imcomparatedinte pthergrecessesver ed by
condens gf; ri. ect of the .inventjon is.a t hod for

r enovi ngrrgtgﬁg%_oi %?%’?%‘%gﬁ{e&g‘?‘%mﬁ?‘éw iag‘fjln afptripgalsble 3 wat er

i nsol ubb: aﬁm@iaeaf@félﬁvéﬁcﬁﬁﬁ 8Rdémtatioa! THRED n, accordance
W th thj;'gme't hod, a suppl enent g.| arml?nltOﬁ'of m%g%rtﬁér%‘%egéPﬁgﬁ nto the :
spent - aifventioads almathodsioe reraiving methanalfeomaikpRine MBNEéaat er are then

passed thr.og%h a heat c§x~hange,r cogler; and a condensate containing the
wat er - | F’SW@'EHT - Rerter wsaluble prganierompourdand 4m bmitiahe spent - ai r

stream} | owi n amples .are provided to illustrate the
oL o AROREEr L8tk MR RU R HATRLES oL S P ded Lo st r ol
( gpnparwhtetd) iffle@@AMRICHR! spent ARNGrith IFht 3Pl AF SHIAPSIQL €S continuously
as ' :

supplemental water are then passed through a heat exchariger cooler; and a

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 coimnefcial cumene oxidation process operates continuously as
depicted in Fig. 1 but uritixout additional of supplémental 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 Vth_e following composition:
Oxygen, vol% 3.5
Nitrogen, vol%  89-91
-Water, vol % 7.5-
. C'umene, ppmv :1‘8':00

Methanel, ppmv 300



depicted in Fig. 1 but wi thout additional of suppl enental water,
C reaction tenperature and 70-90psi g pressure, thOME\Yé’IOQ5I ar ge

80-120'
40, 000
operati
to the
Oxygen, .
Met hano
anal ysi
vol % 3.

t he 300ppm _cont ai ned net hanol

SCFM "I spent air" gas stream being generated as part of t

he nor mal

on. A gas chromatographic analysis of the spent-air stream prior

first heat exchanger cooler El gave the follow ng conposit
vol % 3.5 N trogen, vol%89 91 Water, vol % 7.5 Cunene,

I on:
ppnv 1800

nv 300 Si nul t.aneoys. s | i,ng..and, chr omat ogr aphi c
éma SO SRR At EPEIR GREP R SR T OIS Lion - Otygen.
vol % 3.0 Curnene, ppnmv < 20
Met hano r%‘;&gg'g /g\&g(%)&n%lﬁ%%lﬁé é‘/lgbthe above sanpling results shows t hat

is not effectively renoved by condensati on

and carbon t BRWolof th®s5"spent air" stream when no suppl enmental water
Is added to thé El and E2 .-shell-and-tube type condensers. :

Nitrogen, vol%  91-94
Water, vol % 3.0
Cuméne, ppmv <20
Methanol, 'ppm-v 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.

Exal\mple-No. 2 .

A three day plant frial was conducted utlllzmg the process of Example
No.1, but with supplemental water addition prov1ded to the feed inlets of

both of the existing shell-and-tube exchanger/ coolers El and E2. In this trial
2.5 gpm of water was added to the EI 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 ;



Rx~amle No. 2 Athree day plant trial was conducted UtI|IZIE%ﬂthe process
of Exanple No.1, but with suppl enmental water addition prodf 85t he feed
irdets of both of the existing shell-and-tube exchanger/coolers El and E2.
In this trial 2.5 gpmof water was added to the El condenser inlet stream
and 5.0 gpm water was added to the inlet of the E2 condenser. No special -
vapor-liquid contacting or m Xxing devi ces were enpl oyed. During this trial
period a tot% of 133 sanpl es of the exit gas were analyzed by an in-line
process gas PefsreBestdpatgnchangesur ened0d ppenenethanot aken on gas from
between, the two heat exchangers El and E2. The suppl enental water

addi tion and OV|ded a si.gni fican uction (i.e. 518% in
met hanol con gﬁ%é%fh%%%m Belo A.?ﬁﬂﬁgnngm¥§anaﬁ 2005 before first -
heat exchanger 301 ppm net hanol between heat exchangers 150 ppm net hanol
exit gas l4lefipghgret hanol Exgnple No: lant trial was:
conducted utilizing the process of Ex%%rglp@lﬁ%?@%o?h suppl enent al wat er
addition, during which tine 87 sanples of the exit gas" stream were
anal yze@xampleNpn3 | i ne process gas chromatograph. The methanol content was
reduced from 341 ppm concentration before the first heat' exchanger, down

to a 142 nc ntrtlo n the exit gas
PP G 3 r}aiwas con ucted%tthzmg the process of Example

i

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

Another two day plant trial was conducted with sﬁppleménts;i 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



representing a 58.4%renoval efficiency. ExapTle No. 4 Another two day
plant trial was conducted with supplemental water additiod0Maycdd8bng to
the process of Exanple No. 2, during which time 41 sanples were anal yzed.
The met hanol content was successfully reduced from 287 ppmdown to 127ppm
whi ch achi eves a 55. 6% net hanol renoval efficiency when conparing the
initial spent-air streamto the exit gas. 10 10 May 2005 VMAT LS CLAI NMD
IS: 1. In a nmethod for manufacture of phenol from cunene, wherein an
oxygen- WHATAE(-H4BEE  }oeam i s passed through |iquid cunene to produce an
oxi date product and a spent-air stream conprising nethanol and cunene and

an initial anpunt of water; .and wherein t ) t-air streamis passed

Chr ough one. cr mor @ e EaGURHERHee P hAT BoRa FBBT B TSFEBr 1o

di schar g okfifen SRUANENE Bhs CRURI 18 ipiicd 86 h'ii%pu?dé&ﬁi%h%r{ﬁg}:éhu unt of
water into t spent ai stream at one or re ‘pornts upstreamfrom at

| east onrg etidhteepmiicoandarsperbadt steomah eoggristiephtithanelthd eonerei ng a

met hanol /wat er condensate fromthe heat exchanger coolers, thereby

r educi ngndhan irdtiabarapusbef waterp andehesgmthegpent-ginrsdegamis passed di scharge.

2. The ijpr nt of claiml,. wherein th r. i S;inj
1 tﬂpol?éi'le ORE br Shor Hea exéhangeer %bo ets Snd 3 cElbor bed %fotr%g at a

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

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 imprévement of claim 1, wherein the water is injected ata

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

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
B upstream from the second of the two heat exchanger coolers, but downstream

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

 cabic foot of spent-air.

11



rate of from about 0.00005 to 0.0002 gallons per standard cubic foot of
spent- air. 3. The inprovenent of claimi, wherein two heat!0ddel¥§er
cool ers are used, and wherein water is injected at two points, one point
upstreamfromthe first of the two heat exchanger coolers, and a second
point wupstreamfiromth e second of the two heat exchanger cool ers, but
downstream fromthe first of the two heat exchanger coolers. 4. The

i nprovenent gf cl & @ fifJected at each of the two

points at a rate of ae’l?(;t.jétMN§1r ﬁ%@hgﬁ%&%ﬁgﬁﬁﬁ?%@wsgﬁéﬁHard cubi ¢

f oot of coppnisirgg methandlpy vw85insdluble BRIE bBho ﬁﬁﬁ[}%—* “b‘éﬁfnm froma
nsol u

spent-air stre?m conprising nethanol, a water c conpound
and an fROUDEP “ﬁﬁ%ﬁ@ld)meﬂmdacqnlpmsmmmq)mrl sing the steps of. (a)
injecting a suppl enmental anount of water into the spent- air stream (b)
Passi ng the spent st.ream and suppl enental water through a heat .
exchanger cool er; (ajnd PH?C%%F%PP‘%&‘%@@#&@H@E@%W@tﬂnmtm&r@gehe- '

wat er - igigedrbe® organi c and amet hanol /water mxture fromthe spent-air
stream 6. The nethod of claim5, wherein the water-insoluble inorganic is
cunene. 7. The nethod of claim6, wherein the water is injected at a rate

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

through a heat exchanger cooler; and

b

{)  separating a condensate containing the water-insoluble

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

| 6. 'I'he‘ method of claim 5, wherein thé water-insoluble inorgahic is
cumene. '
7. The method of claim 6, wherein the water i is injected at a rate of

from about 0.00005 to 0.0002 ga]]ons per standard cubic foot of spent-air,

8 A facili’ty for the manufacture of phenol By oxidation of cumene
comprising: 7 a

(@)  atleast one vertical reactor;
()  asource of cumene;

(c)  afeed line connecting the vertical reactor to the source of
cumene; '

(d)  anairfeed line connected to the vertical reactor for | 5

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

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

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

-12



from about 0.00005 to U002 gal l ons per standard cubic foot of spent air. 8.
A facility for the manufacture of phenol by oxidation of c URdaye2005
conprising. (a) at |least one vertical reactor; (b) a source of cunene; (O
a feed fine connecting the vertical reactor to the source of cunene; (d)
an air feed line connected to the vertical reactor for introducing
oxygen-contahung gas into the bottomof the vertical reactor; (e) a
spent-air collectiogn |ine connected to the vertical reactor _ for
collecting. a speﬁ@ alPf§ﬁﬂéEWﬁFP@ﬁﬁ?ﬁ@ﬂﬂ%ﬁﬁﬁﬁmF%%“V@ﬁﬁP@%ﬁaﬁeactor 12 10

May 2003 e55| I|ne .connect t t _air collection
l'ine, 5?%3 5‘6’2‘61%& ear”%” gg}:ﬁr Fy5Re {TS%%Pﬁﬂ%go p}? Coélgﬁggcﬁpgggspent -oair
stream biyeigh BirdugRsit 1@&%{16%&1%@&%%&” cNE Sd aRdc@vatddichitidLd carbon
bed; (g) a water injection |1 ne connected to a source of water and to the
spent abedprocessing |line at a point upstreamfromthe heat exchanger
cooler; and (h) a condensate collection |[ine connected to the heat
exchanger cool er. L. ] .
(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) a condensate collection line connected to the heat

exchanger cooler.
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