Title: PROCESS FOR REMOVI NG METHANOL FROM WASTE GAS Abstrac tion of
even very small anounts of supplenental water to the spent m%’g#ﬁéamaﬂ
poi nts upstreamfromthe heat exchanger cooler(s) used in processing
spent-air streanms from a cunene-to-phenol process allows these heat
exchanger coolers to act as both extractors and condensers. It is
therefore possible to recover fromthe heat exchanger cooler a

met hanol / wat er con%e}%%gse FSFr L (,%Qé/ M@%@n ‘%’élﬂ% &,E‘?%%I ng the amount of

met hanol "in the spen m pri or rge known net hods of
manu facture of phenol from cunene in which an oxygen- cont ai ni ng gas stream
I s passed through liquid cunene to produce an oxidate product and a '
spent-ai r stream corrpri si ng net hanol and cumene and a saturating anount of

wat er, E& W@ eam is passed through one or nore
heat exc anger coolers and a car ed prior to discharge can be inproved.
10 May 2005 PROCESS FOR REMOVI NG METRANOL FROM WASTE GAS BACKGROUND OF THE

| NVENTI ON ThiThisepplicatibhaelated &1 £ ndthod foRidhacyingrmeam\il AbrAReRanol from
vent gas streans generated in a cunene-to-phenol” process. In the well

known cgadieeanss geieeratechine eumeneetotplmiol psogaseduced as a ninor by- product
during the cumene oxidation reaction step. Several reactor designs exist

15- 1300C analbheiBER elorl fifidn 38 HIRR0L ofdkesS aniiabdl i praeibgaiay
i nt rodugastnbﬂbg edrbaubfﬂdﬁ rtﬁe%faﬁtateftsﬁdwoﬂyé duBt.f‘st@,gS aﬂed towers or

tanks. The oxygen in th e r serves as raw materi a pro uce the desired

i nt er merkaator dnsmcdxtstdnrthﬂmdtwﬁ ﬂﬁiagkmdelucﬁhheﬁeéd‘tﬁﬁﬁs 9pidadiiyned in the
air feed stream al ong W th 1-10%resi dual oxygen exits the top of each of
the reemdicied ThG13@6eand 201128 msiginin theseptocessss, airtis contienpuslynene and

et hangits e A P R e s PEb s i o
"spent @nks. The %ﬁ??gen 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
adsofption beds mentioned above are ineffective in removing the methanoi
component and a majority of the methanol contained in the "spent air" stream
passes through the beds unadsorbed Also the vent gas coolers and |
refrigerated condensers prowde_d in the standard designs are not effective in
condehsing the methanel 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—tube exchangers at very high velocity
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through a series of heat exchanger coolers, refrigerated condensers and
activated carbon adsorption beds to recover the cunene val uld Mgy ed
therein and to prevent VOC enissions to the environnment It i.s widely
recogni zed in the industry that the activated carbon adsorption beds

menti oned above are ineffective in renoving the methanol conponent and a -~
maj ority of the nethanol contained in the "spent air" stream passes

t hr ough &gﬁl% Ptgﬁq%%[hﬁﬂ[ the ven S ers and _refrigerated

condensers pr in"the s{ Ho?fe%q %‘i‘ e ot Nipserigus

condens Higzatibeusel pNRkait GIAP)Er ARG br Ly ﬁt@t 9 Ahigamedue to i ts
a

hi gh voIat|I|ty and due to the fact that t rge Vol "spent air"

st ream Ri&%@és?r@ Hearg Mdiyewcbé)qjdrlsmpﬁ%éﬂﬁﬂfv&ﬁeﬂﬁ Ebfnﬁ‘b h

vel ocity heat” transfer and poor condensatlon

H%/‘ 5&5 t?ifu' ting in poor

ef fici ertjc%y cepirgs dnalztélﬁ%nbnastomqum@lmco@wmdmdﬁc@n problem -
| npacts I ducer.s. t oday; expensi ve and conplicated
downst ré@?fm cgl%{%% i‘%‘s\?%ﬁfg‘ %@g‘t} %@I?H%%Véﬁqs Qetel’fé’%ﬂﬁﬁ dherenalo adequat el y

control jatiderRoHs CatalRid@ALLHEANR trol..devi ces include
expensive thermal * incinerators, Czi%t yt|c 0% gg%l‘%gsch@?% $ators and

speci al cghgnssr ubbi ng  c¢6l urms. US 5891411 (Grl bbon) and US 537562 (Brinck)
decribe catalytic conbustion nethods utilizing a regenerative catalytic

oxi di zer un| rifying exhaust gases from chem cal processes to
renove vol ati %%B?b@ﬁ@ FddSi53 P26 (Byinel) Heardbe catalysiopr ocess i s

ef fecti I tal .investnent for the unique equi pnent,
i ncl udi %‘gm? g%%élgwédﬁ?? t@%&gah‘é&?ﬂe&'ﬁ% yhcddzer anjtfor Thi s net hod
al so ri plsifying exBaIBE f£Rs SFom chemical processes to remove volatile organic

*

compounds including methanol. This process is effective but requires a high
- capital investment for the unique equipment, including special multi-pass
heat exchangers and catalyst. This method also risks the for:hation of‘ _
~undesirable NOX pollutant due to the lugh operating temperatures requn-ed
US 5907066 (Wachs) describes the use of a special metal oxide catalyttc
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 desuable 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
' expenstve scrubber~extractzon systems for removal of VOC's from vent gases
~using Water are descnbed inUS 5186728, 4948402 and 4734108. All of ﬂtese
methods suffer due to high i investment cost coupled with complicated - . = -

operation



undesirabl e NOX pol [utant due to the high operating tenperatures r.equired.
US 5907066 (Wachs) describes- the use of a special netal oxi0Maxa®dd ytic
process to convert nethanol in waste vent gas to fornmal dehyde. This net hod
is also costly due to catalyst p his the conversion of nethanol to

formal dehyde is not desirable because it is a harnful VOC pollutant. U S
5891410 (Modic) describes a process for the purification of an off- gas
coritaining nethanol w -dch originates from oxidati on of xylene with air.

However in thiBugaserspeciial $RLUERL pratess o rYES XRenshve
countercurrent nulti-stage extractio are FE ‘IV order to
renove tagiliietcthaoemoyal ofwmedvald frcﬁhfﬂdrﬁén@[‘tsi B¥ROT PRI r# gated and
ex . pen |ve scr bber - extraction systens for gm)val éom vent
gases “ite described in US 5186728, 49484. 02 and 4734108. Al |

of t hese rret hods suffer due to high investnent cost coupled with

conpl i cgquA@{pjeb@,{% W&ZOOS Thus, there remains a need for

process i nprovenents cilitate the renoval of methanol from
cunene-t o- phenol process vent gases at reasonabl e cost SUI\/I\/ARY OF THE

| NVENTI ON |t Thhss now lb@-.em&Fﬁ@frir%?y@Eécbv@kéfmaﬁL eﬁcﬁ@f’i‘ ec“ on of even
enmental

very small_ anmounts of supp water to spent éfteﬂéam at points
upst r eafRlipRBt RIAUEPlehante watenkeﬂ(es?aitla@ﬁ@tr&é}ﬂ%& ﬂlﬁﬁ{s exchanger

cool rer s i?gffg%ﬂtf'o%s) b@lt H}f‘ﬁ?t ractors and condensers is'therefore possible
ool epolesfs) atlowstbepahedt axahangepndensat e,
coolers to act as both extractors 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 mar_mfacturé of phenol from cumene in which an oxygen-
eontaining 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.



t hereby substantially reducing the amount of nmethanol in the spent-air
stream prior to discharge. Thus, one embodi ment nay provi d8May 3088r ovenent
to known net hods for manufacture of phenol from cunmene in which an oxygen-
cont ai ning gas stream may be passed through liquid cunmene to produce an

oxi date product and a spent-air stream conprising nmethanol and cunene and
a saturating anount of water; and in which the spent-air stream may be

passed ; 't f@stGBpdRIE 1R prébRiki Ende@in RGN NGR, rs,and a carbon bed prior
to di.scharge. The irrprp(gverrent rray&corrpr ?‘%eogﬁjghg?%%cgurbnigﬁhﬁﬁo cting a

suppl gﬁ’é‘ﬁf"é‘ e WBERE of water into the spent air streamat one or nore

. - ) 1one.0f4 &he, h n
POi Nt SINUPEdeRaED tﬁ.ﬁ&ﬁ'%gh seash OBsd {HRs Pl figBld IRhEndGe Ry G Ian e

cool ers, and recoveri a neth /wat er eénsa

exchangerxidais! prosluct led alypent-aitutidagn tb@fmmgﬂ@th&mlta@m cthehbe spent-air
stream pri or _Lg di scharge. 10 May 2005 first aspect of the present

i nvenfly ounihet Watkrt and welrrreictherspegt-plrestisdant iopassudene, wher ei n
an ox - €0 L)) as, streamis passed,thrqugh |jquid cunene to produce
an oxi gat gﬁp%%lﬁgk&g%g‘eﬁt%&@gﬁ? FOCQFFSe%ﬁ# EGM%PH@FHMOI and cunene
and aaigcﬁﬁg@&@ﬁpmv&ﬁeﬂ%'r@g .wherein the spent-air streamis passed
t hrough one” or nore heat exchanger “cool ers and a carbon bed prior to

di scharge, the inprovenment conprising: injecting a supplenental anount of

wat er into the #pectingasupplereannhimeone.tof wREENPE k¢ Spetstir eam from at
| east .one of the one or hore heat exchanger cool ers, and recovering a

met hattoT Y&t 8PC O3 FRRIFRIats Bsiree frentat least vaa géthe ook ersnoteher eby
r edugi g e&pﬁa%%gpérsc% ent of the spent-air :

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 streamy;

{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.




streamprior to discharge. A second aspect of the present invention

provi des a nethod for renoving methanol froma spent-air SOMRWEnprising
nmet hanol , a water insoluble organic conpound and an initial anount of

water, said net
anount of water

hod conprising the steps of: (a) injecting a supplenental
into the spent- air streany (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

nmet hanol / wat er

m xture fromthe spent-air strean-L 3 a 10 May 2005 A third

aspect of the present invention provides a facility for the manufacture of
phenol by oxidation of cunene conprising: (a) at |east one vertical

reactor; b) a rce of c f eed i ne conn e Vert.ical
eactor to the soakESsr R RGent hedliongirvifes e e ohin Bebidir ¥s F he
Vertical r egietdbybgidationnl cwokhe cogprnggen- cont ai ni ng gas into the bottom of
the vertical reactor; (e) a spent-air collection Iine connected to the
vertical reactor for collecting, a spent-air streamfromthe top of the
vertical reactor; (f) a spent air processing |ine connected to the spent
air collection I|i ne sal dtigent air t|cl;)crai)ce55| ng line transporting the

col | ected spent -

ast one ver 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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air streamthrough at |east one heat exchanger cool er and an activated
carbon bed; (g) a water injection |line connected to a sourt®&May20@f er and
to the spent air processing |line at a point upstreamfromthe heat
exchanger cooler; and (h) a condensate collection Iine connected to the
heat exchanger cooler. 3 b 10 May 2005 BRI EF DESCRI PTI ON OF THE DRAW NG
Fig. | shows a schematic representation of a facility for manufacture of

. phenol from cunene in accordance with the invention 3 ¢ 10 May 2005

DETAI LED DESCRI MON OF THE | NVENTI ON The present invention provides a

si mpl e, inexpensive, and novel nethod which allows full recovery of the

cunene vay j e "spent air" vent streamfroma

cunene-tgép éﬁgﬁ%€?§§ﬂ1§$qtﬁfﬂaﬁngﬂﬂﬁngéme time effectively renoving the
met hanol conponent to very low |levels to, provide the required em ssions
control. It hagjsbges, ;9. .a controlled addition of a small anount of
suppl enent }?Am wa?-gr | nt Oyfg g%ﬁéi"g%té‘%ePéﬁ?e@%?%ﬁf a faqility forirpanufactuirs of

i nt r oductpremal fitcon icheneiRAh IS o RIAGcE Sk ed..condensers greatly enhances
t he performance of these exchangers%éﬁ%gﬁégé?ﬂgg“an effective nethod of
met hanol renoval by initiating a water-extraction and condensation-renoval
process within the condensers thensel ves. :



As used in the specification and clains of this application, the term
"water" refers to the nol ecul ar species "H20". The water nd{ My #10bect ed

into the process in the formof a liquid or as steam The term

"supplemental water” refers to additional water added to the spent-air
stream It wll be appreciated that the amount of water in the spent-air °
streamw ||l vary with process conditions such as tenperature and pressure,
and theth i} PO HES @R'ﬁ’i[‘ﬁdl@ ' ing line (descreasing after
each heatggéchanger coo er/gﬁmm. Addi ti on of "suppl enental
water" refers to addition of water to the spent-air streamin the
spent - ai r pr ddessiesent invention droV R a M @,ih&éﬁ@r&lf'@é dnldPilovgul d be present
in the absence of such addition. Fig. | provides a s¢hematic representation
of a pl dnethogrwhighialiongs bul resovegnenthetampéenvalupronesaediit Ihé he

t invention. Cunene (isopropyl benzene) is fed to0

i xents of, th

gng;??/ggglg%nst\?gﬁ t"ieglglsgégé'sf?%a famenedorphendl prgeass whileat gse spoeat i ng at a

70-120' g - ' T f si

{nct or S RERRSYy Ferh B0 Al B P RV GIow Iveltue of one s a

TRt ter proviekithe refdied ednato AhRHl. | NAAANchIdundanach [ynabugle plant and
y

the size of the individual reactors. An oxygen 4 1 cont ai ni ng
gas (fordditiameia smnall argotntof supplenentd water ditothe Mspéntdiesgasms par ged

reactors and the.li.quid cunmene, and gaseous oxygen nix and -chen-tically
react t’é""‘f1 BH?FF%%@EP&B&“%M&TWQP & ppdirefigaraimd gondarsers al ong wi t h

| ¢ ' ' . ' hyl,b 1 al coh DVBA), .
acet oprEeand S M bl ol qftne: PR tmd X rbleneh m xtur e exits
the | aseffectivelmethod offmbtitinol ke aPBp HitiatWS R AR lPcHo 1Re"

condensation-removal process within the condensers themselves.

As used in the specification and claims of this appliéétion, the term

“water” refers to the molecular species “H,0”. The water may be injected

| into the process in the form of a 1iquid or as steaﬁ. The term ”suppléﬁental
water” refers to additional water added to the spent-air stream. It 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 spent-air 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 fepresentaﬁon of a plant for carrying outa
cumene-to-phenol process with the improveme‘nfs of the present-invention.
Cumene (isopropylbénzene). isfedtoa series of vefﬁcal reactors ( A thru F )
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 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



processing to phenol and acetone. . Additionally as shown in Fig. 1,
several recycle streams may feed into the cunmene oxidi zer 1P&eyt2905t r ai n
along with the fresh cunene. These recycles contain mainly water and
cunene for recovery. During the cunene oxidation process a "spent air"
vapor streamis generated which exits the top of each of the oxidation
reactors (A-F) via collector lines 101. This spent-air stream contai.ns.

r esi duatombamieg gest(foraoasmyplechis4s Felinith ehé BabOHE eé‘d‘:%fctﬁla?és-l' 10 vol %

plus any inert nitrogen contained in the incomng air feed stream This

" spent - BPargedagartoss srd ithe Equidiwmesanndaasepus oxygemetie andd wat er and

cont ai n&gmet Q@nol %ﬂd VOCl%g cpnéam’ nants._ The concentrations of these
) _

mat er i al-SSTCaly teat); tQ fopmy the degupd cympnedydmppereddei(ch®ameducons enpl oyed
whi ch i ' i 4 latili he " t air"
st Irgarr:s from ea?ﬁbgﬁpﬁﬁﬁactgo@ﬁﬁ%f e?@’g%é/tﬁx oelrg‘bfi%lcpépge \S/gggr a;“t;eam
| Spen(DBBAD meestiaer () lualhdhiS! SohIRUARISETipauce heat

exchanger cool ers , 132) for.condensation and renov e cumene ‘pre

sent. TRax@RExis die lshreaskaFrigdiigc dphnd passeseimenstredmdoefigher desi gn

choi ce which .delgzeg)g_ge ogaltaae effi ciga y. of an individual heat exchanger
cool er BIRFSPHiBE RHGEPE AFSopey | reflyrasshexn ingHig- 1Tiseveral cool ers can

enpl oy . & ferl ' Qye performnce., The . resulting
rec overl\ea%&wgt%rg%gg%é e%tgmelé §E1 g@gg@ﬁéﬁpﬁﬁc&%pwlppgme bot t om of
the cootherfsesti¢lirhend.YPhesd! devyF18S ¥6nhiaith fr&_jﬁlgew% Al &ﬁﬂéﬁ@ﬁ:ﬁ‘or s for
recovery through condensate collection line 4. Next, the "spent-air" gas 5
10 May IZgOgery. |
‘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 stream 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
contamhmﬁts. The cOﬁcentfaﬁons of these materials is variable and is
dependent on the reaction conditions employed which influences their partial

- _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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stream passes through activated carbon beds (Fi) to renove the final traces
of cumene and other VOC prior to its discharge as "exit gd89Mayx2Goke

at nrosphere and environnent Unfortunately the majority of the nethanol
conponent contained in the "spent air" streamis not renoved during the
above described normal practice o f condensation and carbon adsorption -
treatnent, and it remains as a VOC contam nant in the "exit gas"”

di scharged to the atnobsphere. However in the present process it has now
been di strexmrmdsehtiroufh artvhrdaarbanbéds (Fr) t6 gbnbeok¥hé BRRVEEcLI HmM the very
| arge."spent air" streamby addition of -a Snmall anmount of suppl enental

wat er i fagengangdcther NQKE poiorthétsalischargejas bexieges” & theratmisapheréhe
supplenenaal wat er gr steam extractant can be added to either El or E2

al one, BPYHVESRET™tion to both El and E2 which is the preferred process.
Thus the El and E2 exchangers are nade to serve both as extractors and

condensers sprb@tink | ﬁ@%ﬁ ' x the needed cunene’

recovery is also maée f(t)ﬁ?tﬂr? ti nOfggée |8i|1§1n@[§§§n£egl( CrOMF Mand net hanol
cont am Hexftspday it streAhiis M ragdived Ading MeHicRMedcfibed 88Magd O

met hanol contai nment equi prent and the fun anmount of the valuable cunmene

cont ai nBERGtige pheondensationiand earben adserptipotrententi ahdiit renpeinabs y. Because
d *in condensate

. fuble jn water, th densat
col | ect o3 Foatiinpmt v i “switass” dbchares to-hectmaspbrey. Haweseand a
bot t j } on ally,
A e T e e e s S A e
set t| i neffebtivelyaterhbeed Adne thevagd peat btlohelnl bpadfiitigf bla About 50% ol

the water being recycled along"™with the cunene and ctonbined wth the
cunmene 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 alreadyih 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



feed. This sane type of separation is performed in the nethod of the

i nvention, although it nmay be desirable to renove a great erlQMay &35 of the
bott om (aqueous) phase, for exanple 75% to reduce the amount of nethanol

i ntroduced into the feed stream This separated nmethanol/water is then 6 10

May 2005 processed through an appropriate |liquid waste handling system
such as a BioTreatnent plant. The process of the invention is particularly

ef fecti BeoMagdH Lgr -acti | Lple points,
i ncl udi K’goan adg{i}?iugﬁ toaptpﬁébﬁ%%s%gﬁtd avg:gér& Héa?l ng%]%gﬁl?eh %@ﬁgaf I rst heat
exchangBioTreatrent(jllapt.aft er the bulk of the in-situ water has been renoved

and the vent streamis no |longer saturated wthwater. An addition at this

point provides an increase in the anount of water in the "spent air"”
stream and algppEecessyéthe swveation i parfirudariy effectivewheadhe svatai t hi n t he

subsequent._cool er. .BPrefer | v,..the anpunt . of. wat er ded at the 'second.

st age ig’r‘]@ﬁﬁ&f%‘fl@?ﬂt@ Bd‘?‘é% gfﬁ@?gﬂd?og&em@bm ad‘%\dﬂﬂ"‘s@t ate the

spent - ak o LS : .Sl ' ' - ery snall
anount | GPe s et BRI B IGE by Hlariesh Sob R RN Mk e IR TTY ST
Fur t her th ®-sinowapadchas bega emmioftgd Gndohie acint Berege Mk Q@ioﬁ?eﬁéﬁ&ka@&ag e

scrubber- type colums are required to obtain the dramatic V(DC reduction.
For exwith watey. 2Angpsiditionet s peingprovidestadnirease iththel@noodt 8EFM " spent
air" stream Qﬁs"beeq sh]o&/n t 0 reduce net han .onge tratigg from >500 ppm
to < SWaBHn U "t alfe SR S sy GV e PRSI TRET 86 wi || be
oper al egllcrdiyithRTThd diBled ¥kt cbBler! PreRRANY; Bl aribbfifb; walli's: 11 2

general sense, the water 1Is _
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.
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injected at a rate of from about 0.00005 to 0.0002 gallons per standard
cubic foot of spent-air. Achieving such an substantial netiRdd2008duction
utilizing this very small (water:gas) extraction ratio is quite unexpected
based on mass bal ance considerations and such performance would normal |y
be expected only if one used expensive nulti-stage extractor colums -
operating with large volunes of extractant. However in our present

i nvention the _existing heat exchangers are made to act as both extractors
and condenser¥hie thfgregoimgedissussinn fmuisesien atuiremneedpheraslhrgeaddi ti or

I al capk al_investnment is required. . 7 10 May 2005 Wile the foregoing

di scussi On°T0¢HEREHHIpre U‘?FE‘%B teuidrhanisrorpasatedsnte ptharprecessesess

i rrprovem&h?%@gcéjgs'&&g_)e{ipg#g%ﬁgcr?k%%#% her! qu(ice ‘E{%F%’Ymigg produce a

spent-air stfeam cont-alning ¢ cs that are

recover e%ﬂc&@d&dﬁf@ﬁécb@@redﬁ?#ﬁon&eﬁé&ﬁbﬁer'l“}ﬁépgﬁlrtﬂér égcbc;%crrfo lr)F ention is.a

met hod for renoving nmethanol Troma spent-air stream ehg nmet hanol ;
a wat er IVieagIont5.¢ mededi for cemprimgl neathamol fidtintd PentaiPspéardl Water. In
accordance with this thod, a supplenental anount of water is injected
into th%O%‘BE’ﬁF‘Wt@rﬁa%“@t%’é‘sg ¢ opganie companandandsapphitiabnt al  wat er

th ' t exs | er; d d t
ot o rimBERE S Wl I b BoflERce SRR IRE Shohod, A bupBlkensiial smowR@Ec ur e from

t he spewhteriis irjédted hicStHeapRNeafittrebs. LR are provided to
il lustrate thlergpresent ~invention, but "ggésﬁ%{%egﬁ?%o Cllm' t-its scope:

Exnpl e ﬂtkpplel@gpmm urp) 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

Methanol, ppmv 300



A commerci al curnene oxidation process operates conti nuousl é dep| cted

in Fig.

reacti
"l spe

heat
Ni t roge
300 8

1 but wthout additional of supplenental water,

on tenperature and 70-90psig pressure, with a very Iarge 40,000 SCFM
nt air" gas stream being generated as part of the normal operation.
gas chromat ographic analysis of the spent-air stream prior to the first

exchanger cooler El gave the follow ng conposition: Oxygen,.

vol % 3.5

| % 89-91 Water A800 Met hanol nv
X SaERlNg AR ésﬁ?@am?m@%aﬁférﬁ% $XEFSe anal ysi s of

% 3.5

t he "ex W ng conposition: Oxygen, vol
N|trogeéntgr %%@&88@%5%&7%}5@ 0 Curnene, ppmv < 20 Methanol, ppnv
290 A conparison of the above sanpling results shows that the 300ppm

ned x?%@ﬁjvdﬂ% not 335fective|y removed by condensation and carbon

cont ai

treat nent of

t he El

and E2 -shel | -and-tube type condensers. Rx~amle No. 2
-Nltrogen, 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.

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 E1 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 ;

A

spent air" stream when no supplenental water is added to



A three day plant trial was conducted utilizing the process of Exanpl e

No. 1, but with supplenental water addition provided to the @é’l@daopéets 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 streamand 5.0
gpm water was added to the inlet of the E2 condenser. No special .
vapor-liquid contacting or m xi ng devices were enployed. During this trial
period a tot% of 133 sanpl es of the exit gas were analyzed by an in-line
process gas PeforeBastdpatsnchangesur ene303 pmmenethanol aken on gas from
between, the two heat exchangers El and E2. The suppl enental water

addi tion and owdeda i.gni fican uction (i.e. 518% in
met hanol con gﬁ%éeglch‘%éﬁ%x Bel 0- Al gﬁg\ﬂc}’m@lﬁ%"’ﬂﬁﬁ 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 emental water *
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 concentratl on before the first heat exchanger, down

G el oncy” BIRRTIRY R el Beohtondered i Tinnneie prowsoataampiet e w i b
suppl erRELAkitHALPHlemental 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.
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addition according to the process of Exanple No. 2, during which tine 41
sanpl es were anal yzed. The methanol content was successf ul 1) MayR@®&d from
287 ppm down 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 CLAINVMD IS: 1. In a nethod for manufacture of phenol from cunene,
wherein an oxygen-containing gas streamis passed through liquid cunene to
produce an oxidate product and a spent-air stream conprising nethanol and
cunene WHAZASGHAIMED®unt of water; and wherein the spent-air streamis
passed through one or nore heat exchanger cool ers and a carbon bed prior

I T
CoS, o, By T8 ol AAEAPIREL AL A YEeEd 10

met hano cona t he*heat exc y
reduci ngGiri dvddand pwothict and agsplenthit sttt edinpising atathamolardeuhendi schar ge.
2. The inprovenent of claim1l, wherein the water is injected at a rate of
f r om abamd an pdtabameunt ohwaterarndvehesein thespeat-aingiam ivpessedl spent- air.
3. The igPro enent of cIaiEn 1. wherei nltvvo eat excﬁa& er .coolers are
used, ar enf of A heat pxghanegy coelersgnd 6 RION BREPIGIAP  upstream from
the fi r%s%@&%&%ﬁ@%m@ﬁ?@%@%ﬁ%@m ers, and a second poi nt

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.
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upstreamfiromth e second of the two heat exchanger cool ers, but
downstream fromthe first of the two heat exchanger cool erl§May20Pfe

i mprovenment of claim 3, wherein the water is fifJected at each of the two
points at a rate of about 0.00005 to 0.0002 gallons per standard cubic
foot of spent-air. 10 May 2005 5. A nethod for renoving nethanol froma *
" spent-air stream conprising net hanol a wat er insoluble organic conpound

and an initig| a@ﬁ@th@éf&@fe‘?ﬁov %tﬂ?mﬁ&g r| SI the steps of. (a)

injecting a suppl emental anount S &AM st ream (b)
Passi ngcomgrispenmethandl amﬂﬁﬁoﬁibﬂ’@b m{d%ﬁ}}%gaf heat
exchanger cool and (c) separating a condens te contail ni he :
wat er - | FEOGH gW%@‘gémd:n@ﬂcbdampmlsmg’Mtﬁé gfxture fromthe spent-air °
stream 6. The nethod of claim5, wherein the wat er -i nsol ubl e inorganic is
cunene. 7. The nmejRod of. claim6, wherein the water is injected at a rate
of from about 0.8B005We L2 S%Piewwgwh@%wat&runtmtﬁm '
spent - adif str8amA facility for the manufacture of phenol by oxidation of
cunefie corrprl sing. (a) at |least one vertical reactor; (b) a source of
cunene; (C) a feed fine connecting the vertical reactor to the source of

cunmene: (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.

| 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



(d) an air feed line connected to the vertical reactor for introducing
oxygen-cont ahung gas into the bottom of the vertical reactdpﬂWT%§0Q§
spent-air collection |ine connected to the vertical reactor for

collecting. a spent-air streamfromthe top of the vertical reactor; 12 10
May 2005 a spent air processing |line connected to the spent air collection
line, said spent-air processing line transporting the collected spent- air
stream t hrough "at | east one heat exchanger cool er, and an actjvated carbon
bed; (g) a water i}lj ec@ispRnt pisPreensame lipe eqnnectes fodtbespenkaisr and to the

spent airypprocessing.qdine.at i_nt stream f.romit he heat, exchanger
ool er OGRS, Mad el BPictis B REPL USRS RHFRED
exchanggfr tRahethroligh 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) a condensate collection line connected to the heat

exchanger cooler.
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