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(57) Abstract

An integrated process of vent gas treatment for abatement of carbon monoxide and volatile organic compound emissions from a
chemical process plant is provided, and includes provisions for catalytic oxidation of organic pollutants with dioxygen in a vent gas stream
over a solid oxidation catalyst (44), means for :upplying an amount of combustible fluid (31) into the vent gas stream upstream of the
oxidation to facilitate catalytic oxidation of the organic pollutants; and means for controliing the amount of cembustible fluid being supplied
by the supplying means, the controlling means being arranged to provide sufficient reactants for the catalytic oxidation to maintain suitable
reaction temperatures in accordance with the present invention.
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efficiencies for hydrocarbons in a range upward from about 80 percent

to abdut 90 percent or greater. ProcesqgchniealP Field sel ected oxidation
catal ysts in accordance w t h this invention may, advantageously,

4o bt Lo b SIS e oo DRGNP ek il
Background of the Systemsi (fnr abatement of volatile chemical emissions. More
particularly, the present invention relates to apparatus and
methods for abatement of carbon monoxide and volatile organic
compound emissions from industrial processes having a vent gas

10 stream containing potential pollutants.

The instant invention provides vent gas treatments which
include; (A) dispersing into a vent gas stream a controlled amount
of a preselected combustible fluid, (B) simultaneously oxidizing
the combustible fluid and destroying a substantial fraction of the

15 hazardous volatile organic compounds by oxidation over an
oxidation catalyst at elevated temperatures, and (C) controlling
the amount of combustible fluid being delivered to the vent gas
stream S0 as to provide sufficient reactants for the catalytic
oxidation to maintain a suitable range of reaction temperatures.

20 Several aspects of this invention relate to processes for
commercial manufacture of organic acids, particularly dibasic
aromatic acids formed from a corresponding methyl substituted
aromatic compound by liguid-phase oxidation of the methyl
groups by contact with source of dioxygen, such as compressed

25 air, in the presence of an oxidation catalyst system containing one
or more compounds derived from a halogen. Integrated
treatment systems according to this invention are,
advantageously, used for abatement of carbon monoxide and
volatile organic compound emissions from liquid-phase oxidation

. 30 processes of forming aromatic acids.

Processes in accordance with this invention achieve,
typically, destruction efficiencies for carbon monoxide in a range
upward from about 90 percent to about 95 percent and higher,



Both thermal and catalytic incineration is wdely known and 10 wused for

destruction of hazardous vol atile organi c conpounds found in waste air
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which it is desired to destroy, and to avoi d exposure of the sel ected

catal yst to conpounds which destroy its catalytic activity. Many of the

gas streans which nust be treat ont ai nd30 \sr'bgni icarlt amounts of a
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- catal ysts used in conventi onal catalytic incineration are severely

inhibited in their perfBothathermal and catalytiz! imginerations is rwidelyrcknown and
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general ly be usedémt such 3 cat al sta.lfor theg_e gas t, lgams.
ound in waste air and other gas sfreams which result from a
variety of industrial processes.  These streams result from
processes for manufacture of organic chemicals and polymers,
and from operations in which volatile organic solvents are used

15 for cleaning and degreasing purposes in metal processing,
machining and finishing. While catalytic incineration is able to
operate at significantly lower temperatures and with
considerably’ lower residence times than the thermal incineration
alternative, additional equipment including a furnace and/or
20 other heat exchange equipment have, typically, been required to

provide a suitably elevated operating temperature to obtain
catalytic activity for destruction of hazardous volatile organic
compounds from a variety of industrial processes.

In any commercially viable application of catalytic
25 incineration, special care is required in selection of an oxidation
catalyst system appropriate to the volatile organic compounds
which it is desired to destroy, and to avoid exposure of the
selected catalyst to compounds which destroy its catalytic
activity. Many of the gas streams which must be treated cotain
30 significant amounts of a halogen and/or halogenated compounds.
However, some precious metal catalysts used in conventional
catalytic incineration are severely inhibited in their performance
by the halogen atoms from the destruction of these compounds,
and this desirable process cannot generally be used with such

35 catalysts for these gas streams.



WD 96/ 39243 PCT/ US96/ 07153
3 . Recent and continuing i[err]est in reduction of atnospheric
pal lution frominternal conmbustion engines used in autonotive and ot her

vehi cul ar applications is shown by nunerous di scl osures of _appar, S
for such interMa268843operation. It is 5 typically, stated Pﬁﬂ?’giﬁ"‘%é

reduction of atnospheric pollution and/or ghat sone regulatory standard
could be net using the disclosed apparatus. Achi evenent of significant
| nprovenent, however, . rray depend upon conbi nati on of any particul ar

apparatus wth rmdl ﬁlﬁﬁ%n -angd e [
quality 10 inprove t,s | cI gﬁ ner E b?)tt ﬁﬁr?mcgdﬁer& a"“?e‘*ﬁ#'ﬁ’é
conposition of co QN TR aF é'cﬁ?’éoFggWs use aﬂl aptopotive
pol lutants an]g bl e nothierh whicuﬂmalap@drqmwms is shown nby chumgrouse
conposition o ex S e I u. t
Number 5,193, 340 i ? sqﬁéasﬁe"fl PRAFALPS, f&fﬁ%ﬁgﬁnﬁ?ﬁ%ﬁn&gm °p%r?£gﬁte o i ds
Mot or Co. Ltd. |5‘Y§1° 1y, &iate eﬂl’&t ?v?‘ﬁ%’% AROSP Rt e“@ papn; apd
conbusti on enghae sqmei cegulatorylvlsumdtrdsebukhgbmemearmsmgmwxs d
with a trap f'%ﬁygﬂiéposﬁ leve dﬁﬁh%ﬁtmgﬂﬁ?é’ﬁﬁwﬁgﬂ@%ﬁfcﬁﬁp'ﬁﬂwever,

particul ates and t wWhi c char froma

Wien the back predBaye dgpendc upaB; ﬁ@"qhﬂE?Ea e Of dﬁEthamc ?ﬁeawaﬂg 2‘??‘%
of the parti cuI at anodifiede defginehedeésignst | andr speclalt hfuelas t i cEhel eqquality

periodically 3?#) Jemﬁr Eﬂn@lutdgﬂ t é@ﬁ’eral 'ﬂortfi‘r re Bvé{‘e?%?ﬁ” BRE 2fuel

appar at us the er . cont arns or assisting
burni ng of the parQQ@DID&lté%nZEO c@nmpetleésu rf” fP?Q ﬁ‘ prgcursors o
regeneration. pantidlar pollutantd and Pblending tmmnjmmnabebofnw“dst 0

]Elhft g?hﬁgsguggffggwﬁﬁfh may "Sing€*Me cohlpositioR df 'ekfikust>gadeddt the trap

Recently issued U. S. Patent Number 5,193,340 in the name

15 of Tetsuya Kamihara and assigned to Nissan Motor Co. Ltd., is a
representative of exhaust  gas systems for internal combustion
engine application. Most diesel engines are now equipped with a
trap filter dispose in an exhaust passageway for trapping
particulates and the like which are discharged from a diesel

20 engine. When the back pressure of the engine increases due to
the accumulation of the particulates trapped by the trap filter,

the particulates are periodically burned to regenerate the trap
filter. In the Kamihara apparatus the trap filter contains an
oxidation catalyst for assisting burning of the particulates

25 collected in the filter prior to regeneration. An injector valve is
provided to inject diesel fuel into the exhaust passageway
upstream of the trap filter, so that the wap filter is supplied with
diesel fuel. The diesel fuel is burned in the tap filter under the
action of the oxidation catalyst thereby burning the particulates

30 so as to achieve a regeneration operation for the trap filter.
When in operation, the amount of diesel fuel injected is controlled

to increase as an intake air amount supplied to the engine
increases and to decrease as an exhaust gas temperature

. increases, to limit or avoid thermal damage to the trap filter.
35 When the particulates are periodically burned to regenerate the
trap filter, the back pressure of the engine due to the



di esel fuel. The diesel fuel is burned in the tap filter under the
action of the oxidation catalyst ereby burning the particulates 30 so as

ta achieve a regeneration operatioTHISCSHRATEHA %EE Jl ter. When in
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periodical l'y- burned to regenerate t he trap filter, the back pressure
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o

operation due to t ti onal
Addi ti onal net h® &ngf |’I°GEP?W°@0rﬂRF§PPBFe dyg; tp.the additional disgel fuel

gases and rej uvenabmgeﬂhe filter bed and its cataly section are,
for exanple, described in U S. Patent No 4,322, 287 10 U S. Patent No.

4,359,862 and U.S. Pat ep t ?&B
Kirk and Martin Al géﬁstefdr‘lﬁﬁoné y%h at eﬂr ﬁﬁenn%gg&?ﬂg& B!BCG E%%e names
of Kashmir S. Kirk #ogases gand mJ“B’l?PﬁEmgaltPe @“ﬁex‘&%o"?ﬁéys‘
section are, for example, described in U S. Patent No. 4,322,287,
10 U.S. Patent No. 4,359,862 and U.S. Patent No. 4,372,111 in the
names of Kashmir S. Kirk and Martin Alperstein, and U.S. Patent
No. 4,359,863 in the names of Kashmir 5. Kirk and Robert B.

Burns, all assigned to Texaco Inc.

An ecarlier example of catalytic incineration equipment in

15 which a gas-permeable bed of solids adapted to exchange heat

with a gas stream is alternately heated with hot effluent from a

catalytic oxidation bed and cooled with gas flowing into the bed

by periodically reversing the direction of gas flow through the

beds is described in U.S. Patent No. 2,946,651 in the name of

20 Eugene J. Houdry and assigned to Oxy-Catalyst, Inc. In operation,

the patent states that sufficient diesel oil was injected into the

heated gas stream and vaporized and then catalytically oxidized

on the catalytic bed being used to heat the bed of gas-permeable

solids. The catalyst employed was in the form of pellets of

25 activated alumina impregnated with 5 percent of copper and

chromium oxides and 0.1 inch in size. The heat exchange bed was

the same size pellets composed of a dense fused alumina
(Corhart).

Additional methods using preheating and or reversing flow

30 for catalytic cleaning of exhaust gases are, for example, described
in U.S. Patent No. 4,059,676 in the names of Kang Yang and James

D. Reedy, and assigned to Continental Oil Company; U.S. Patent No.
4,877,592 in the names of Jury S. Matros, Viktor A. Chumachenko,
Ljudmila J. Zudilina, Alexandr S. Noskov and Evgeny S. Bugdan,

35 and assigned to Institut Kataliza Sibirskogo Otdelenia Akademii
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PCT/ US96/ 07153  is desired to destroy and the active lifetime of the catalyst in that

10 system. Useful catalyst life is often limited due to exposure of
oxidation catalysts to compounds which destroy their catalytic
activity.  Historically, the presence significant amounts of a
halogen and/or organic and inorganic halogenated compounds in
many of waste gas streams which must be treated has prevented

15 the use of catalytic oxidation as a control technology for this
application. It is believed the presence of halogen and/or
compounds derived from halogen, whether or not such compound
are destroyed in the process, deteriorate and temporarily poison
the performance of some precious metal catalyst.

20 Catalysts containing a nobel metal (platinum), optionally in
combination with other metals, for burning combustibles are
described in U.S. Patent No. 3,378,334 in the name of Herman S.
Bioch and assigned to Universal Oil Products Company. Hydrated
metal oxide catalysts have also been described. For example, U.S.

25 Patent No. 4,059,677 in the names of Edward J. Sare and Jerome
M Lavanish, and assigned to PPG Industries, Inc., teaches that a
waste containing C2 - C4 halogenated hydrocarbons, particularly
unsaturated chlorinated hydrocarbons such as vinyl chloride, are
incinerated in the presence of combination the hydrated oxides of

30 manganese and cobalt. A supported catalyst system containing a
Group VIII metal (platinum) is disclosed in U.S. Patent No.
5,145,826 in the names of Eugene H. Hirschberg and George A.
Huff, Jr., and assigned to Amoco Corporation. The disclosures of
U.S. Patent Nos. 3,378,334, 4,059,677 and 5,145,826 are

35 specifically incorporated herein in their entirety by reference.
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assigned to PPG Industries, Inc., teaches that a waste containing C2 -
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George A. chemical process having a waste gas or vent gas stream
containing a mixture of potential pollutants.

More ‘particularly, it is an object of the present invention to
provide integrated catalytic vent gas treatment systems for
20 abatement of hazardous emissions from industrial processes using
volatile chemicals. '

It is another object of the present invention to provide
integrated catalytic vent gas treatment systems that reduces air
pollution by achieving reduced vent gas particulate levels emitted

25 to the atmosphere.

It is another object of the present invention to provide
integrated catalytic vent gas treatment systems that achieves
reduced carbon monoxide and levels of potential pollutants at
lower operating temperatures.

30 It is another object of the present invention to provide
integrated catalytic vent gas treatment systems that achieves
increased fuel efficiency and reduced fuel requirements while
controlling carbon monoxide and levels of potential poliutants.
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m xture of potentia tants More particularly, it is an
obj ect of the present whﬁntl

e ‘shove objects can be attained by integrated
catalytic vent gas treatment systems according to this invention,

10 other objects and advantages of the invention will become
apparent upon reading the following detailed description and
appended claims.

Summary Of The Invention

15 Economical treatment systems are disclosed for abatement
of carbon monoxide and volatile organic compound emissions
from chemical processes having a vent gas stream containing
potential pollutants and excess dioxygen. Processes according -to
this invention include, broadly, (A) dispersing into the vent gas

20 stream a controlled amount of a preselected combustible fluid, (B)
simultaneously oxidizing the combustible fluid and destroying a
substantial fraction of the organic pollutants by oxidation over an
oxidation catalyst at elevated temperatures, and (C) controlling
the amount of combustible fluid being delivered to the vent gas

25 stream so as to provide sufficient reactants for the catalytic
oxidation to maintain a suitable range of reaction temperatures.

Selection of combustible fluid is critical in order that its
oxidation provide a substantial amount of the heat that is
required to control operating conditions over the oxidation

30 catalyst without deleterious effect on catalyst activity.
Advantageously, compounds in the combustible fluid should be in
the vapor state at operating conditions. Suitable combustible
fluids comprise carbon monoxide, hydrogen, hydrocarbon

This Sheet Has Been Replaced.
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of° hazardous em ssions fromindustrial processes using vol atile

chem cal s. It is another object of the present invention to
pr.ovi de integrated catalytic vent gas treatnent systens that reduces
air pol | ut i B0 9639242 hi evi ng reduced vent gas particul ate | REVEHP; ed
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reduces mel nt enancionivald fdih abodi°306°°Ct IS ABGRUSTES L LRk ifa
" temperature range downward from about 160° C to about -50° C
and more preferably in a temperature range downward from
10 about 130° C to about 30° C. Preselected combustible fluid
comprises a member of the group consisting of carbon monoxide,
hydrogen, Cj to C5 hydrocarbon compounds, C} to C5 organic
compounds containing at least one oxygen atom per molecule and
mixtures thereof, preferably at least one member of the group
15 consisting of carbon monoxide, dihydrogen (H2), methanol,
ethanol, 1-propanol, 2-propanol, 2-butanol and 2-methyl-2-
propanol.

Ilutants at i 0 s bt t
pollutants a tG¥pounBs! 2ahdd gi:%%% abmpounds co&tggungatdts 1886 h&;T

Examples of useful combustible fluids include propane,
butane, pentane, ecthene (ethylene), propene (propylene),
20 1-butene (a-butylene), 2-butene (B-butylene), methylpropene
(isobutylene), 1-pentene (c-amylene), 2-Pentene, 2-methyl-1-
butene, 2-methyl-2-butene, methanol, ethanol, l:propanol.
2-propanol, 1-butanol, 2-butanol, 2-methyl-1-propanol (isobutyl
alcohol), 2-methyl-2-propanol (tert-butyl alcohol),
25 methoxymethane (dimethyl ether), methoxyethane (methyl ethyl
ether), ethoxyethane (diethyl ether), 1-methoxypropane (methyl
n-propyl ether), 2-methoxypropane (methyl isopropyl ether),
l1-methoxybutane (methyl n-butyl ether), methanal
(formaldehyde), ethanal (acetaldehyde), propanal
30 (propionaldehyde), butanal (n-but'yraldehyde), methylpropanal
(isobutyraldehyde), pentanal (n-valeraldehyde),
dimethylpropanal (pivaldehyde), propanone (acetone), butanone
(methyl ethyl ketone), 3-pentanone (diethyl ketone),
2-pentanone (methyl »n-propyl ketone), methane, ethane, and

35 mixtures thereof.



5 It is yet another object of the present invention to provide
I'ntegrated catal ytic vent gas treatnent systens with reduced ener gy
caosts. Wi |l e t he above objects can be attained by integrated
catal ytic vent gas treatnent systens according to this invention, 10 other
obj ects and ad@96B¥43 of the i nvention will becone appar EFIURIEAISS

reading the follow ng detailed description andg appended cl ai ns.
Summary O The Invention 15 - Economi cal treatnent systens are
di scl osed for abatenent of carbon nonoxi de and vol atil e organic

compound e ssions . " Yifltc Hepebr, PIRECIGEndG| 10 2 VBAL 435 HidehidEn:

cont ai ni ng potentia ng excess di oxy.gen. Prog e
according to t8ystemn, for,  abatement ,Q ,cﬂ'ﬁ’(?le'?‘,’“?’éaedi‘é ?néyam‘i?rk%
\(/E)nt gas 20 ist r eafidx orhet rvolatile ccompound emi;siem efronr & ocliemiciabl prddess d,
simul tan . gtEah ' ' :
subst antial fract ﬁ%ﬁﬁﬁh{?ﬁ?ﬁgﬁg;ﬂ? é:p%ﬁéjt ant E&mfalil’ﬁggt %ﬁeg\f}gjr r ﬁllﬂﬂnﬁs

S, |

oxi dati on cat aPystansd eNce§s dOXYEEBer aMPTESs ,Paéﬂﬁ&("%;' c8nfYstem gcludes; an
anount, of cgrrbuslg }chﬁdaﬁbui vessel, ngonminingr ad solidt bxidation gamlyst, dispesed imo
as to provide suffjegi r t f e s ' '

mai ntain a sui tabltyér z’%‘é ggr%ﬁ%@?bgﬁfgﬂg f@l’%ﬁire‘éés.r'.rﬁl.nng tﬂ%&%&gc‘#ﬁ%ﬁe of
Combust i bl e fluid Vefito@as; streamy, UpSiEsam naf fhe; oxidatign SAtalyst; , means. for
subz_t ?_nt i al amountsupplying hast agitﬁtnti of combastibleedliid cimbr ahe ovenat igag
condi tions ov t tippn S o eleterl .
on catalyst 18 Gpaitpat bf "l oXiBhoh  protbute ibasefCte | ficifilie Eaiafytic
fluid should be i rpxidationhcof ahe frgapic; PoHAMants, g mMeANS ¢ fOf s determining o

conbusti bl e  fettiptra®dPof tRe CREMOgasOdownsicearhy of ahen oxidation: avakalyst;
and means for controlling the amount of combustible fluid being
delivered by the supplying means, the controlling means being
15 arranged to provide sufficient reactants for the catalytic oxidation
to maintain suitable reaction temperatures.

Vent gas treatment systems according to the instant
invention may, advantageously, include a gas to gas heat
exchanger, disposed in both the oxidation effluent stream from

20 the oxidation vessel and the untreated vent gas stream to
transfer heat therebetween. Optionally a gas scrubber may be
disposed in the oxidation effluent down stream of the gas to gas
heat exchanger.

In another aspect, the invention is a process of vent gas

25 treatment for abatement of carbon monoxide, volatile
hydrocarbon and alkyl halide compound emissions from a
chemical process plant having a vent gas stream containing
organic pollutants and excess dioxygen. This process includes: (A)
Dispersing into the vent gas stream a controlled amount of

30 combustible fluid where temperatures of the vent gas stream are
in a range of temperature upward from about 25° C, typically in a
range of temperature from about 30° C to about 600° C; (B)
Oxidizing the combustible fluid and destroying a substantial
fraction of the organic pollutants by oxidation over a selected

35 solid oxidation catalyst at temperatures in a range upward from
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PCT/ US96/ 07153 8 conpounds, and
or.gani ¢ conpounds containing at |east one oxygen at om per nol ecul e.
CGeneral ly, organic coggounds usef ul as conbustible fluids accordlng to
this invention of conpounds, such as al kanes, alk

al cohol s, ethers, aldehydes 5 (al kanals), ketgyes (alkanones), organlc
acids and m xtures t hereof , which have normal boiling points in a

t enper ature range downward from about 200 C to about -165[err] C,

pggf gr ably ig a abé@t][THSDatGVQyﬁlé‘ﬂ ﬁoyvatnﬁgéi ffdrﬁnaﬁhﬂum(!!ﬁ@ Ebta@oabm°

- and nore_pre y a tenpefature r r@nm

about 130[err] Ct at a(% g tﬁ?‘i‘é‘g gﬁfean}?dwgugfl éﬁ‘nls{}s ﬁuldl%emg

conprises a menber dehvcrsﬂ gtouthec overits tgasg stfeasar b@na&DI‘&OxImelde sufficient

hydrogen, (ferr] t?ea%ﬁ{sl fW%@CéMGWGHﬁSﬁ 161 ﬂ.raidtai:p ﬁs%fabwrﬁﬁgbc

conpounds contajni n gast one o abp{‘? p o‘fc 93,3 mxI Ures

t her eof , preferébl ot s repgtop O‘ﬁ@m ‘S\aﬁﬂp 58 ?sﬁPbe“s&’r

car bon nonoxi de, dﬂu;dsagenptﬂeeabuy). sehdtadolirom the hgroup romsisting! of

2- propanol, 2-butag ?P@%Hu iﬂuczc uﬂﬁgpéaﬂiammg at_least d@&ar&é&i
|nc et hen

useful conbustible %r o‘gﬁa,n but ane, GE‘ a aB
(et hyl ene), propendtQPr AFF éHB AT83RIG FoMpoNpds  bave 2, normal
([err]-butylene), botlifnyl mpeina a temperature range downward from about 200°
10 C to about -165° C, preferably in a temperature range downward
from about 160° C to about -50° C and more preferably in a
temperature range downward from about 130° C to about 30° C.

Several aspects of this invention relate to catalytic oxidation

processes for commercial manufacture of organic acids and/or

15 their anhydrides, particularly dibasic aromatic acids such as

isophthalic acid, terephthalic acid, 2,6-naphthalene dicarboxylic

acid, or anhydride such as trimellitic anhydride and the like. One

or more compound derived from a halogen is, typically, a critical

component of the oxidation catalyst system used for commercial

20 manufacture of dibasic aromatic acids. Processes, for example, in

which the vent gas stream comprises an effluent containing

nitrogen, excess dioxygen, volatile hydrocarbon compounds and

other organic compounds, such as volatile alkyl halide

compounds, from a liquid-phase oxidation process of forming an

25 aromatic acid from a corresponding methyl substituted aromatic

compound by contact” with source of dioxygen, such as

compressed air, in the presence of an oxidation catalyst system at

elevated pressures and temperatures. Integrated treatment

systems according to this invention are, advantageously, used for

30 abatement of carbon monoxide and volatile organic compound

emissions from liquid-phase oxidation process of forming

aromatic acids, such as isophthalic acid, terephthalic acid, 2,6-
naphthalene dicarboxylic acid and other dibasic acids.



(i sobutylene), 1-pentene ([err]-anylene), 2-Pentene, 2-nethyl-1-

but ene, 2-nethyl -2-butene, nethanol, ethanol, |-propanol, 2- propanol ,
1-.but anol, 2-butanol, 2-nethyl-1-propanol (isobutyl al cohol ),

2- met hyl - 2- pr opanol (tert-butyl al cohol ), 25 nethoxynet hane (di nethyl
et her), net hoxyNOR6#R4 net hyl et hyl et her), ethoxyethane ("G‘Trﬂisﬁwls:* '
et her), 1-nethoxypropane (nethyl n- pr opyl ﬁet her), 2-methoxypropane
(met hyl isopropyl ether), 1- net hoxybut ane (et hyl n-butyl ether),
met hanal (f ormal dehyde), et hanal (acet al dehyde), propanal 30

ropi | dehyd but
(Prop onal genyde), DUl aangtd: Butaied waandpgﬁ SRk, e, folowing
(i val duhyde) " pr sasnHOR a@Bdo AEPEndEs 4 AIMES kgt im FORBREIPR Mot @3

3- pent anone (d| elgerbm gaﬁytn“g?)figure. 2- pent anone (rret hyl n-propyl ketone),
nmet hane, ethane, and 3 m xtures thereof. WO 96/ 39243

PCT/ US96/ 07153 Brief Description Of The Drawing |n broad
aspect, the invention is a vent gas trealnent system for abat enent of

car borj nmonoxi d vol at i, e dr ocar bo

em sspons fro a chem Lc‘i\e ﬂi’ ég& Pmmsaﬁspﬂ@#l}] g‘é@j%réliﬁ@ffﬁﬁﬁ@zhwh

cont ai ni ng pot ent |chlaramemm atiles ]ﬁ'esemd ioxentien.di epresenbriavpationcitself] v
a system include WL as ‘i&'v fee ﬁﬁﬁ'é@t nfay" bRED B whdeeitoBdO dtadver)

| di
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cat al yst; neans f@mbodiments taken in conjunction with the annexed drawing, in
10 which:

FIG. 1 is a simplified diagrammatic "representation of a
portion of an integrated process of vent gas treatment for
abatement of carbon monoxide and volatile organic compound
emissions from a chemical process plant, and includes provisions

15 for catalytic oxidation of organic pollutants with dioxygen in a
vent gas stream over a solid oxidation catalyst, means for
supplying an amount of combustible fluid into the vent gas
stream upstream of the oxidation pressure vessel to facilitate
catalytic oxidation of the organic pollutants; and means for

20 controlling the amount of combustible fluid being supplied by the
supplying means, the controlling means being arranged to
provide sufficient reactants for the catalytic oxidation to maintain
suitable reaction temperatures in accordance with the present
invention.

25 Brief Description Of The Invention

Catalytic vent gas treatment systems for abatement of
volatile chemical emissions according to this invention are,
suitably, used for destruction of volatile organic compounds found
in waste air and other gas streams involved with a wide variety

. 30 of industrial processes. Such streams result, for example, from
processes for manufacture of organic chemicals and polymers,
fabric coating, food processing, rubber fabrication operations, and
from operations in which volatile organic solvents are used for



suppl yi ng an anount of conbustible fluid |nto the vent ‘gas 10 upstream of
t he oxi dation pressure vessel to fLﬁWl# oxi dation of the

<

or.gani ¢ pollutants; means for dete at ure of the vent gas
downst ream of the oxidation catal y ans for controlling the
anount of conbuWOi9688248| ui d bei ng del’i vered by the suppl yiRCFUPREIMS3 t he
controlling neans being 15 arranged to provideg sufficient reactants for
the catal ytic oxidation to maintain suitadi% reaction t emper at ur es.

Vent gas treatnment systens according to the instant i nvention may,

fhe x| dation eff| §sﬁ?3§$‘ﬁ3§$n+?oﬂ$§'e@eﬁégees Y, ARS8 R professiis.
~untreated vent gasmachiming @pd finishidgsfer heat therebetween. Optionally a
gas scrubber may be di sposed in the oxidation effluent down stream of
the gas to gas heat excharjenmt gas streams suitablenfot treatmeme ixi the vatalytic
inventionisapro f
carbon nonoxi de, ??f’em& Bﬁésaaoclg{r' on an alcffﬁprh%b%ggﬁgg{me'ﬁh that
eni ssions from®& qambustible Bt § Presemce, H&Yseﬁeﬂt temperatures within
pon} aijni ng(A) orgﬂm oopuhhugam:ﬁgeahm ﬂxece:asalguoxy&gme ThThesy afxmals are
-~ includes: NGOyt t
of 30 conbusti bl e&ﬁgﬁ}% bhpt g’r?%e?“p sgﬁf t%ﬁ@?ﬂ%@%@&g@é ezﬂ a{%m'
in a range of tenphydresasbon,eempppads -aBB t OPEANi¢ r componnds ceantgining aother
;ﬁnge ?TL tterfEFrat Uasorhs Guchbas toxyges, nitrégen) kdiogénsS@fidGhe( Bke . Gonefhll
e conbusti n c
or gani ¢ pol | ut Bé& OXI d pg?l&é%/e?wgu&éel ec I?Bgé aénmgowfu?f &#‘grgtg n&lﬂﬁnes,
catal yst at terrperalkm&salna&c@hﬂlje upthers. f raldehydes (alkanals), ketones
(alkanones), organic acids and mixtures thereof, which form

vapors found in a vent gas stream.

For safe operation the amount of orgamic compounds in the

15 waste air or vent gas streams should, generally, be substantially

below the lower explosive limit (LEL) at operating conditions,

preferably in a range downward from about 50 percent of the

LEL, and more preferably below about 25 percent of the LEL. The

composition of the gas streams is, typically, monitored by on-line

20 analysis equipment for safe operation, while controlling the

amount of combustible fluid being delivered to the vent gas

stream so as to provide sufficient reactants for the catalytic
oxidation to maintain a suitable range of reaction temperatures. -

The range of total reactor pressure useful in this invention

25 runs between sub-atmospheric and about 1000 psig, preferably

between sub atmospheric and about 600 psig, more preferably

between atmospheric and about 300 psig, and most preferably
from about 10 psig to about 200 psig.

Vent gas treatments in accordance with the present

30 invention, include contacting the waste gas stream with a catalyst
in the presence of excess oxygen at suitable temperatures which
are, typically, in a range downward from about 600° C.
Operations of the present invention are, advantageously, carried

out at inlet temperatures to the oxidation catalyst in a range

Sheet Has Been Replaced
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10 * about 150[err] C, typically in a range fromabout 200[err] Cto
about 600[ err] C, and (C) Controlling the amount of conmbustible fluid

bei ng delivered to the vent gas streamso as to provide syffi 5@553 '
reactants for t'WRR¥K ytic oxidation to maintain a suitable ﬁﬂﬂ%b of

reaction tenperatures. One class of suitabl ejgonbustible fluids is,
preferably, selected fromthe group consisting of . hydrogen and organic
conpounds containing at |east one oxygen atom per nol ecul e, which

organic corrpounds I bi Igpea n

downward from abou err ab%lt 350 oda?m?%gaﬁt smprg’er b %q’g‘ﬁ e
tenperature range mﬂgmn o fﬂ?ﬁn m e‘?ﬁ amg and, g: n%'é“t g2
nmore preferably i rparticulart eamlyat wystemnge&ﬂﬂrymsr oﬂdrnm adlsert the0 réadtion

about 30lerr] C. product coniFufitin A8PCEhHiIfrik,S bt CBbh OhckElcHR ! e

catal ytic oxidati ,Lor cojguiercla nuf act ure { Oi i C

aci ds” and/or 19 trﬁ!?méﬁnﬁyﬁﬁr cdheiy  papilibrigm, at JjQWEY Energy,lqve %i(?%er
such gs i sophtdpka&nglctdnptmm) haIdehc iad trus; ceatalyist hisl mo¢ consumed
di carboxylic 36! the YealiOHd" ﬁﬁﬁ@cm rPBihbﬁéd Coxar&uéﬁvﬂﬁ.daw e

like. One or nore conp nis, typical

critical c onp ATEFRNGS; ?ﬁ@ﬁ% a5 o‘FP‘BHPE!‘%t‘%y&%nWG%@d 8§45, s@?ﬁ%r@? al
20 nmanuf act ure ofseetensoperatingeiconditionss. Processes, for exanple, in

whi ch the vent gas stream conpri ses an effluent cont ai ni ng ni trogen,

excess gi oxygq§ h’ vol a]‘ Iﬂﬁl hi/ Oﬁséﬁiprﬂﬁnca”li’our s Jl'?rvé’lo&i’t@é§ ran
oxi Gat 1 on’ pr ocess BVERR “hror ot el Ahpon’ 38: £ aBleraBly >

oxi dation process WFSPm
met hyl subst it ut echeaweent |about lﬂm)pchm lapd abouti 50,000 t hr-1sobased wpon
di oxygen, such aSyglu mecﬁ?p&ﬁigféi air, in the presence of an oxidation
catal yst system at el evat e pressures and tenperatures. I nt egr at ed
t reat nent

In accordance with the present invention, the oxidation
16 catalyst comprises a combustion promoting metal deposed on a
catalyst support.  Base metal catalysts can be used for treatment
of waste streams containing CO and/or organic compounds which
have a high relative destructibility, such as alcohols, cellosolves,
aldehydes and the like. In general, the higher the molecular
20 weight of a particular class of organic compound, the higher its
relative destructibility. Nobel metal catalysts are,
advantageously, used for treatment of waste streams containing
organic compounds which have lower relative destructibility,
such as aromatics, ketones, acetates, alkanes, halogenated

25 hydrocarbons and the like.

In the instant invention the catalyst can be used in any
convenient configuration, shape or size which exposes the
oxidation promoting components of the catalyst to the gas stream
to be treated. For example, catalyst can be in the form of pills,

30 pellets, granules, rings, spheres, etc. Particulate forms are
especially desirable where large volumes of catalysts are needed,
an for use in circumstances in which periodic replacement of the
catalyst may be desired. In circumstances in which less mass is
desirable or in which movement or agitation of particles of

35 catalyst may result in aurition. dusting and resulting loss of



systens according to this invention are, advantageously, used for 30

abat enent of carbon nonoxi de and vol atile organi ¢ conpound en ssi ons
from |iqui d-phase oxidation process of form ng aromati c acids, such as
isophthalic acid, terephthalic acid, 2,6- napht hal ene di car box@é%?gf‘m d
and ot her di basWO WD 96/ 39243 PCT/U 1
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detail ed explanation is provided in the foll ow ng description and
appended cl ai ns taken in conjunction with the acconpanyi ng figure.
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t hose novel features r,act e.t e Qreé i nven

present invention iF es, a mggo Hyip aPreferreds |, peapcorﬁapc%eg{tnbgle
under st ood, howeverpresent bynvaimonpmtalgstshmré,oltymmlhg. tusedf indess cpélletednorof

preferred enbodj ithik2¥6fmi N conjunction with the annexed drawing, in
10 whi ch: _ %Eﬁﬁgﬁ“gj Is a sinplified di agramrat I C represent ation of
a portion of. an integrated procegss_of,vent treat nt, fq

abat ement of caPpon m)n%%lesgﬂﬁo%l PTIéhSrg%(’Fﬁ 5’8 Sﬁmy“ c@ﬂt sRF odess

froma chenmical prcasslyticadly , activei oy Lefesn plmsmn;‘,hQS daxidadanalrgaction.
oxi dati on of orgampeﬂ%m ! 3Ré Ssuppdit Gtsowﬁms hﬂdahas a sﬁﬁhcaaﬁeﬁt iRcludREE"
230140, O a1 0n gt 2 talor I Sorkd on me°HiBlct % & 1M Hom hhout 25 m?
/gm to about 250 mZIgm, preferably from about 50 m2/gm to

10 about 200 m2/gm, and more preferably from about 80 m?/gm to

about 150 m2/gm for best results. Suitable supports for use in

the present invention include mullite, spinel, sand, silica, alumina,

silica aluinina, titania, zirconia, alpha alumina, gamma alumina,

delta alumina, and eta alumina. Supports comprising alpha

15 alumina, gamma alumina, silica, or silica alumina are preferred.

Supports comprising alpha alumina or gamma alumina are more

~ preferred.

The support component of the oxidation catalyst may be
pure or a composite of materials. Composite supports are
20 advantageous where there is a desire to add particular chemical
or physical characteristics to the catalyst. For example, the
oxidation catalyst can comprise a substrate and a substrate
coating in order to attain the particular benefits of both, substrate
materials having high attrition resistance and substrate coating
25 materials having high surface area. The substrate and substrate
"coating can be combined through conventional impregnation
techniques. Suitable materials for use as a composite substrate
for the oxidation catalyst are mullite, spinel, alpha alumina, and
sand. Alpha alumina is the preferred composite substrate.
30 Suitable materials for use as a composite substrate coating are
silica, alumina, titania, silica alumina, zirconia, alpha alumina,
gamma alumina, delta alumina, and eta alumina. Composite
substrate coatings comprising silica, titania, silica alumina, and
gamma alumina are preferred. Composite substrates comprising

35 gamma alumina are more preferred.



stream upstreamof the oxidation pressure vessel to facilitate
catal ytic oxidation of the organic pollutants; and neans for 20
cantrol ling the amount of comnbustible fluid being supplied by the

suppl ying neans, the controlling nmeans being arranged to provi de
sufficient readV@®62%2#dr the catal ytic oxXidation to maintain PCTUSIPUS} o
reaction tenperatures in accordance with the p{(ﬁsent I nvention. 25
Brief Description O The Invention talytic vent gas treatnent
systens for abatenent of vol atil e chem cal em ssions according to this
| nvention are, Sul 8! Yooniitidil pORbENG! Btal’ ofOlthé! PRoBESAOF the
conpounds found in waste alr and ot

IgL dds stregms i nvo ﬁd \&nnt a,
wide variety 30 oPTessBtsinvention cans be, the Shypes, used ,or  gengrally; known in
exanpl e, from tips care s e spromoten the aoxidationf ofr garbion ghenoxides tandarbon
pol yners, fabidxife ! e cB! 6F GisleRdlar! oy}t | e GlbdaP Lan be in
oper at’i ons, and rom oper.dtions iin which volatile organic sl vept's .are
used for Swggpmggﬁ form, such as an oxide, rather “than being in the

PCT/ US96/ 07153 elemental state. The combustion promdéting metalatcdang comprise
cl eani ng and/ or degteasing p ' 0 1190, ' L:AL
BvH2SoHr" Mvﬁﬁytﬁm&btﬁe Cﬁ%giblﬁe either ”ggfﬂg%{l? ag¢

fini shing. . as streans sujt or tr [
the catal ytic ghemically,: combined. s c Spitahle. £OMPusHop Rromoting Hmetals for
materials that 5 gse Gonthestpiocess nof htheprpresene imventipgenrat thenmransitiones

within 10 group elements of the Periodic Table (IUPAC), preferably the
Group VIII metals, more preferably the precious metals, and
more preferably yet, platinum and palladium.  Platinum is
preferred by reason of its ability to sustain high activity for
oxidation of carbon monoxide.

15 The percentage of combustion promoting metal to add to
the oxidation catalyst used in the present invention is a function
of catalyst cost and process effectiveness. The preferred
concentration of promoter metal is that which achieves process
objectives at minimum catalyst cost. Generally, the combustion

20 promoting metal is a costly component of the oxidation catalyst.
Higher metal concentrations and lower volume usage reduces the
support and oxidation catalyst costs. Suitable metal
concentrations on the combustion promoter catalyst of the
present invention can range by weight from about 0.1 ppm to

25 about 15,000 ppm, preferably from about 0.5 ppm to about
10,000 ppm, and more preferably from about 1 ppm to about
8,000 ppm for best results.

A platinam group component can be incorporated in the

support in any suitable -manner , such as by coprecipitation or

30 cogellation with the support, ion-exchange, or by impregnation.
Preferably, the platinum group component is substantially
uniformly disposed on the support. One preferred method for
adding the platinum group component to the support involves the
utilization of a water soluble compound of the platinum group

35 component to impregnate the support prior to calcination. For



t he operating range of the catalytic device. These materials are

generally, but not linmited to, carbon nonoxide, hydrogen, hydr ocar bon
canmpounds, and organi ¢ conpounds contai ni ng ot her atons such as oxygen,
ni.trogen, hal ogens and the like . Cenerally, 10 potential pollutants
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bet ween sub at nosphert c, an out ° 6 &sll ngrfgam;,)r.eflera}}bql% . ..betyee

at mospheric and alR%Xida8gs. psithe mesty 1’8#‘@? rBpysjcal charaelenshics 18 Blé?g
to about 200 psig.practice of theerpresemnt tpresesenare | pressurer ddwope adrosst ithe
present 30 '."Ibentéﬁﬂlrysl %&%chibn&ﬂB%WSte gas streamwth a

catal yst in the presence of excess oxygen at suitable tenperatures
Operations of the preseiterAleReriany  WRTL %égteﬁi’ g. Rfation catalgses .
inl et tenperatureshavse teen odessaibiedn Forapyamples H.S.aRgtent No. 3,378,334, the
disclosure of which is specifically incorporated herein in its
entirety by reference, describes a fixed bed of spherical catalyst
15 particles containing up to about 5 percent of a catalytically active
metal such as platinum, palladium, iridium, ruthenium, rhodium,
various mixtures including platinum-iron, platinum-cobalt,
platinum-nickel, palladium-iron, palladium-cobalt, palladium-
nickel, platinum-palladium, palladium-copper-cobalt, platinum-
20 copper-lithium-cobalt, platinum-cobalt-copper, copper-cobalt-
nickel-platinum, platinum-palladium-cobalt, manganese-
platinum, platinum-cobalt-manganese, lithium-platinum-cobalt,
copper-cobalt-lithium, etc. These oxidation catalysts are
generally constituted in a manner similar to other hydrocarbon
25 conversion catalysts in that they comprise a high surface area
refractory inorganic oxide base or support such as ‘alumina,
alumina-silica, alumina-zirconia, etc. upon which are deposited by
precipitation or impregnation techmiques, one or more activating
components, i.e., catalytically active metals or metal oxides.
30 Particularly desirable activating component for burning
combustible gases are the metals of the platinum family,
especially platinum and palladium; these show excellent
conversion activity for carbon monoxide, hydrocarbons, and
oxygenated hydrocarbons over prolonged periods of time.
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13 * downward from about 550[err] C to about 50 C, dependi ng upon the
conposition of the waste gas streamand the nature of a parti cul ar
catal yst system Catalysts do not alter the reaction product

conposi tion at W@&MM i um but can accelerate the 5 reactant PORRY 1 Fhei r
equi libriumat |ower energy |levels (|ower perating tenperatures).

While a true catalyst is not consuned in rﬁe reaction, catalysts nay be
poi soned or deactivated by the presence of particul ar conpounds in the

waste gas stream or $ uSGBEs © cars ?@& ”Eoﬁﬁ?ﬂiﬁdooflﬁhenﬂﬁg,um&hoe&iﬂr e?ﬁ

of wuseful vol une r}]’i* space  ve] oCl et ween 0,
and about 200, 000 Phatingm) and - platingm ISPGT% WBen aal%’ﬂ?fo’i’é'%mﬁr FEpPport
about 50, 000 hr[er‘dekcnbe&erbsppoﬁvely oS Patentt Nosst 4,059,675, 4,050:676

accordance with f dpsgveweonmééisseﬁsdabfOnwl’l.?ch Cairg! YapeieiBatiy oS

a conbustion prom) ng fne

al.ys
metal catal yst® camcorporated rheref ebH i entiggty er%fgrg‘h‘?ﬁs comfi E}rﬁb
CO ang/ or organi c passntoteathesvsen of Oolhwe 4.0 weight| pescent ohnhenmm bon id vy,

such as al cohol s I Y, e he
hi gher the nol ecul’@rgl égﬁﬂii\ﬁpgshﬁup a @t&@@g&lbg clhll&or W%%%%
the higher its  compaoundse °°BE%‘!‘F'!B:H’B| £9 4. carbqm, eﬂtomﬁat% %&1‘9@8 sat
are, advant agqeast! ¥s many hedrogemtaroms ak chilotines latomss at aehperamges

g; gﬁg't f Cgorrpo nes\fhéf hlteggtveaboﬂfeﬁgﬁﬂ é%]:i?”ghge%crogxﬁt oatdrt! Yeaches RYE"of'S
bimetallic catalyst wherem both finely divided metallic
ruthenium and a noble metal, i.e. 1 to 20 parts of finely divided
metallic platinum per part of ruthenium, are supported on a non-
oxidizing support for decomposing chlorinated hydrocarbon

15 compounds containing up to 4 carbon atoms and containing at
least as many hydrogen ‘atoms as chlorine atoms at temperatures

of at least about 350° C. Chlorinated compounds which are
decomposed include vinyl chloride and mixtures of C1 chlorinated
compounds and C2 chlorinated compounds containing vinyl

20 chloride having a total number of hydrogen atoms in the mixture
at least equal to the total number of chlorine atoms. Oxidation
products CO2, H20, HCl, and Cl2 are produced using these

catalysts.

Suitable catalysts containing (a) iron dispersed on an
25 alumina support and a rare earth metal, particularly oxides of
iron and praseodymium, and (b) an intermediate oxide of
tungsten in which the average valence state of the tungsten
radical is greater than 4 and less than 6, are described in U.S.
Patent No. 4,610,975, the disclosure of which is specifically

30 incorporated herein in its enmtirety by reference.

Catalysts containing palladium and/or platinum and at
least three promoter components carried on a porous support are
described in U.S. Patent No. 4,857,499, the disclosure of which is
specifically incorporated herein in its entirety by reference. The .

35 first promoter component includes one of the rare earth



25 hydrocarbons and the |ike. In the instant invention the
catal yst can be used in any conveni ent configuration, shape or size

whi ch exposes the oxi dation pronoting conponents of the catalyst to the
gas stream to be treated. For exanple, catalyst can be in_the form of
pills, 30 pel  WOSARMBnul es, rings, spheres, etc.  Particul ZCEYUSIVHAB,, e
especi ally desirable where | arge volunes of ¢ %@Jysts are needed, an
for use in circunstances in which periodic-reglacenent of the cat al yst
may be desired. In circunstances in which | ess nmass is desirable or in

whi ch novenent or | L on pagti Gl 5 3 st L I n
attrition. dusti ngggér{ég{r‘tasguI#?Hgﬁ#%s?aﬁh%u&’ ﬁ@39&%‘0dﬁw@ and
PCT/ US96/ 07153  neodymium, alkaline earth metals such-jas bariumystyantinm and g
or undue increase galchimssand xidesicthereofcthe secoadt iproasoten componentc

f [ f d.. ' ofs ' ' 3
arer typrcal ty. usAPRAEE igasfinth. biiicGn #.%'ﬁof*i’fﬁ‘?%t efRG b e’ Wi ©
support for theéd oRTemotes, compaoneps: includes,one.cQf the heayy, metaly |spch as

active or even inehjcked tireonitinilacobalt) ¢rmt iand. mangané¥esandbbyides hthevephor t
I's porous and has a surface area, including the area of the pores on

merr]lom proferabl v f MAFEootaLly. ppdielarty yael cagys n@?ﬁﬁw
and nore preferabl ymnlawaéownaeﬂwgwqa toxide, vapadinm, 0X148.c tin /ORIe o
best results. Sui and! ehsumubles mealsisplatinum, palladium, and rhodium are
10 described in U.S. Patent No. 5,176,897, the disclosure of which is
specifically incorporated herein in its entirety by reference, for
use with an effective amount of water to convert halogen
containing organic compounds to carbon dioxide and the
corresponding halo acid.

15 The following examples will serve to illustrate certain
| specific embodiments of the herein disclosed invention. These
examples should not, however, be construed as limiting the scope
of the novel invention, as there are many variations which may
be made thereon without departing from the spirit of the
20 disclosed invention, as those of skill in the art will recognize.

Examples Of The Invention
General -

In the following examples, simultaneous oxidation of
combustible fluids and destruction of substantial fractions of

25 potentially hazardous volatile organic compounds by oxidation
over an oxidation catalyst at elevated temperatures were carried

out using a small cylindrical reactor (3/4 inch ID, 6 inch L)
adapted to contain a supported catalyst bed. [External surfaces
were heated via electric heaters. Internal surfaces of the reactor

30 were made of materials which exhibited no catalytic activity
under various operating conditions used in these examples.
Thermocouples were located throughout the apparatus,
particularly in the reactor just above and below the catalyst bed.



the present invention include nullite, spinel, sand, silica, alumna,

silica alunmina, titania, zirconia, alpha alumna, ganma al um na, delta
al.um na, and eta al um na. Supports conprising al pha 15 alumna, gama
alumina, silica, or silica alum na are preferred. Supports corrprl si ng
al pha al um na OWOJ&B#43 al unina are nore ~ preferred TUS9GRYSI
support conponent of the oxidation catalyst rrai pure or a conposite
of materials. Conposite supports are 20 adv Rt ageous where there is a
desire to add particul ar chem cal or physical characteristics to the

catalyst. For exa'ﬁ’éﬁb{xmﬁle fluid ¥ o8 | dhdidill Y9tn agascoﬁﬁf‘és‘épﬁtlgmog,sly

substrate and a subsS gh to_ a
benefits of both, Juetered:an Pasﬁ&@e @“iglhaﬁl ﬁgaq‘\‘r‘fgmléﬁrilpﬁﬁﬁamespgtﬁhﬂ:e

and substrate coat irégctop. nl‘t-.ﬁrpeemrésavomggdsechs smiimtes agmeringTlthe reactor

substrate and subs e a 1 0 entronal
i npr egnati on tt“?a%lﬁm Hglcaqu %‘ft nzrg@%rr al s 1(3% n- tp%*g&?ascc ?‘(rp

h-

substrate Bor W%@atlﬂoﬁ%@m And nefflyent %ﬁ@ﬁewerﬁal Wmmed

al gm‘ na, an\grl))O S dynd gas Abhmlnatmwpw s usiweg prithare teﬁlonmml td%tecttlon
strate ui r oatin

orest e o G et RS Of ' Bhrtin’ ARraiGEPIRY . SartOR | dRhEdE Ayerd

gamma al um na, del measuged nasmsnc;nMdarm M&ers. cﬁwzs«nt goncentrations rweee
coatings conprisi ngnedsured. with 2aha eléctrockermicali analyxed. UnlemhﬂrWi%éla

o Er o 10 gHia ol ROt S ol Ui

preferred.
PCT/ US96/ 07153 million by volume (ppmv). 15

Example 1

In this example, a series of vent gas treatments was carried

out according to this invention using methanol as the combustible

16 fluid with a precious metal volatile organic compound destruction
catalyst in the form of, or supported on, ceramic monolith.

The gaseous mixtures entering the reactor had compositions
of about 2 percent to about 6 percent oxygen, about 0.1 percent
to about 0.5 percent carbon monoxide, about 0.5 percent to about

20 3.0 percent carbon dioxide, about 0.2 percent to about 2.0
percent water, from about 1 ppmv to about 1,000 ppmv each of
methyl acetate, methyl bromide, methyl formate, benzene,
toluene, p-xylene and acetic acid, from about 3,000 ppmv to
about 14,000 ppmv methanol and a balance of nitrogen.

25 At reactor temperatures in a range from about 415° C to
about 510° C, reactor pressure of about 160 psig to about 170
psig, and space velocity of about 10,000 hr-1 (gas flow rate at
standard conditions/catalyst volume), conversions of carbon
monoxide, methyl acetate, methyl bromide, methyl formate,

30 benzene, toluene, p-xylene and acetic acid were in a range
upward from about 97 percent. At reactor temperatures in a
range from about 310° C to about 510° C and space velocity of
about 10,000 hr-1 conversions of methanol were in a range
upward from about 99 percent. Analysis of reactor effinent for



The conbustion pronoting nmetal of the process of—+he present invention

cdn bé the types used or general | Y RIQWHEET HAS BEH& art to pronote the

oxi dation of carbon nonoxi de to cdrbon REPLmED(' iin the presence of

mpl ecul ar oxygen. The nmetal can belin 5 —a—eerbrmed form such as an oxi de,
rather than bei W 963548 ¢ el emental state. The conbust i on JRIAPIHESS
nmetal can conprise two or nore catalyticallly-active netals either

physi cal ly or chemi cally conbi ned. Sui tabl2 conmbustion pronoting netals
for use in the process of the present invention are the tranS|t|on 10

group el enments of the P«g ( wD ) W%fea?égimet hg, er

| f ePOHA i‘r? ﬁ%%%g ntﬁ '@C “aNg ’

gF :[51? i flumm;ﬁdp[)ail Fbm;zne (?ﬁ ) nand jhydrogen, @FGW@B tf;'fb asonf'HF"%/'Fémte
abi lity to sustainoRidafioC!dothpouidy, whickxte\ldi e dfetestedont nevnventiationd s

Ihe pereniage, o (GRS 1 BiR TYefE'gh, et TorgpbHuO AP (il

and process ef f Bct noedelsteriousTieffect com ractiyity o c@ﬁcéﬂﬂﬁhﬂﬁso? bssT¥Rtbt er

metal is that which achi eves process obj ectives at m ni mum cat al yst
cost. Generally, the conbustion 20 Compardtiveg Examplei A a Costly conponent
of the oxidation catal yst Hi gher metal concentrations and lower vol une
usage reduces the wiiatdxﬁﬂl 162t setdes %Qsi'ﬁns wasSlt!aTrﬁEHe
met al concentrati ons Qn q& sti,on ter caj al yst 1
present invention €8h R&niR am ht ’frl%‘rﬁ a]:?' 95 aB’SUf ow
15, 000 ppm prefernidﬂyaxfdloennaemmnéh{) mpmrangeaﬁmm about 30 ppmvp pon about
nore preferabl atl&“t f orgheat .
A platinum gr oﬁ% corrpgﬁ’gﬁ? can g]e [ cor rrefag oy éﬁﬂlhﬁ
suitabl e manner , Sonditionspused 3 r%owaio‘b%lﬁlgpﬁg‘??% ?’Hd?ﬂé“

support, ion-exchaggeeitherbyhe rrprggnat mmnpoundsPrmf etheb| garbohe momoxidemin
group component i s subst 38LA aﬁisk’ even at reactor temperatures up to about 550° C,
reactor pressure of about 140 psig to about 160 psig,.

15 ‘ Comparative Example B

In this comparative example, a series of runs was carried
out as in Example 1, but without addition of any combustible fluid
addition to the reactor feed gas and at very low methanol
concentrations in a range from about 30 ppmv to about 35 ppmv

20 based on total reactor feed gas. Temperature of the catalyst bed
was controlled by heating with the external electric heaters.

The gaseous mixtures entering the reactor had

compositions of about 2 percent to about 6 percent oxygen, about

0.1 percent to about 0.5 percent carbon monoxide, about 0.5

25 percent to about 3.0 percent carbon dioxide, about 0.2 percent to

about 2.0 percent water, from about 1 ppmv to about 1,000

ppmv each of methyl acetate, methyl bromide, methyl formate,

benzene, toluene, p-xylene and acetic acid, and a balance of
nitrogen. |

30 At reactor pressures in a range from about 140 psig to
about 150 psig and reactor temperatures in a range upward from
about 438° C and space velocity of about 10,600 hr-1, conversions
of carbon monoxide. methyl acetate. methvl bromide. methvl

is Sheet Has Been Replaced




uni formy di sposed on the support. One preferred method for addi ng t he

pl ati num group conponent to the support involves the utilization of a
wat er sol ubl e conmpound of the platinumgroup 35 conponent to inpregnate

t he support prior to calcination. For WO 96/ 39243

PCT/ US96/ 07153 WO 96/39243 ) 16 exanPFEUSISPHSI num
may be added to the support by conm ngling 1t he uncal ci ned support with
an aqueous solution of chloroplatinic aci (? Q her water sol uble
conpounds of platinum nay be enpl oyed as | npregnati on sol utions,

I ncluding for exa pI !J i C l.de,
The oxi dation cat g?éé[’aﬁéewgt‘ﬁe g’:iégéér)ft iE2‘{|on sho eﬁ% acid QLR{ ﬂ
proper physical chiange apwardc from abaut 99 i’F’X&'@ﬂtbedAt fca@iﬂl’d@ﬂkﬂﬂ‘“’%éﬂ

nost inportant physi gsg eC hipvadrde Trorhi abobn 4948 C convefsibRe werd lif ar ffine!
process are pressure dr acro th? 1%; al yst and resistance to
attrition. upw %@9‘!‘1 |§I FﬁSeful vvaste gas oxi dation
catal ysts have been descrl bed. Faqr exa Paent No. 3,378, 334,
t he di scl os@re of which i s speci Compary Y%c%‘i%ﬂ& herein inits

entlrety by reference, describes a fixed bed of spherical catalyst 15
particl es containing upltt thi® momparnativecexaraplea ac serieyt of ateny gas itveatments

metal such as plati adélwn riifj'EHhm? hq:nl Bt bF Uﬂéxane d’ﬁarih‘éus

m xtures including p Ha;ln bnumc al é)iltl 'i | Tk

pal | adi umiron, paCPHRUSKY Gb pdﬂt dl‘bm'm“'“o!"el meta atile ~organic
compound destruction catalyst in granular form.

10 The gaseous mixtures entering the reactor had compositions
of about 5.8 percent oxygem, 2.0 percent water, from about 1
ppmv to about 1,000 ppmv each of methyl bromide and
methanol, from about 4,000 ppmv to about 5,000 ppmv hexane
and a balance of nitrogen. '

15 At reactor temperatures in a range from about 415° C to
about 510° C, reactor pressure of about 110 psig to about 130
psig, and space velocity of about 10,000 hr-1 (gas flow rate at
standard conditions/catalyst volume), conversions of methyl
bromide, methanol and hexane were, respectively, about 91

20 percent, 92 percent and 99.8 percent as determined by decreases
in their concentration across the reactor. Analysis of reactor
effluent for combustion produces found carbon dioxide, carbon
monoxide, water elemental bromine (Br2) and hydrogen bromide
(HBr). However, about 10 ppmv of benzene was found in reactor

25 effluent gas. It is believed likely the benzene formed from
hexane. Bromobenzenes were also detected in effluent gas, which
can be formed by reaction between benzene and bromine (Br2).
When hexane was presént in the reactor feed gas at levels
suitable for combustible fluids, formation of benzene and

p 30 bromobenzenes made hexane unsuitable as a combustibie fluid.



ni ckel , platinum palladium palladium copper-cobalt, platinum 20
copper-lithiumcobalt, platinumcobalt-copper, copper-cobalt-

ni.ckel -plati num plati num pal | adi um cobalt, rmanganese- pl ati num
pl ati num cobal t - manganese, |ithium platinum cobalt,

copper-cobal t - | MOf6@M43etc.  These oxidation catalysts ar &CT/USIEOTSS
generally constituted in a manner simlar to éher hydr ocar bon 25
conversion catalysts in that they conprise a %I gh surface area
refractory inorganic oxi de base or support such as alum na,

al um na-silica, alumna-ziggePi Pestiiption OO Préferredd R ddith s
pr ecl pl tation or 1 rrpr egnat I on techni ues, one Oor nore activat i ng

Particalarly desirabt cWe this, Afbedtfol s sixcbrBR Sof UhbEfimed? in many

conbusti bl e gases differemt formss this: ipegifieationm andi agcompanyingcidsawing

nghgnum and Sal ! ﬁ ¢lse! 4 séﬂi:é‘/sﬁédiﬁU ﬁ'ﬁ'hlg@as ﬁgﬂﬁﬁl@?ﬁiﬂid \tiskyof ehe

n nonoxi r ocar bo and. oxygenag e rbQRS 40V .

rol onged peri %s veniion. In p ‘%&%&[ﬁ € iméits 3F > thie’ Thvention

IIgCT / U586/ 0?153 _for treatment of vent gas from a catalytic liquid phases oxidation

LA L B e o Mot it i
: suppgr.t_ ar §5GL LS rgspectiy in U S

Patont Nos. 4, 050, @ngntipiody Bob mwnded; tp e, iftsed Fo fiel embodiplery so

whi ch are speci fi cdescribed, and thgoscopsi ofcthe rinvention; willnber peinted out in

reference. Thepfigyd ap nge&eataihggches use of 0.01 to 1.0 weight percent
rut heni umon a non-ggl | zi ng support for deconposing chlorinated

hydrocar bon The apparatus of this invention is used with certain
conventional components the details of which , although not fully
illustrated or described, will be apparent to those having skill in
the art and an understanding of the necessary function of such
15 components. '

More specifically with reference to FIGURE 1, the -
integrated vent gas treatment system comprises: one or more
oxidation vessels, illustrated as oxidation vessel 44 containing a
suitable solid oxidation catalyst; vent gas heater, illustrated as

20 exchanger 22; and quenéh and/or scrubbing units, illustrated as
tower 66.

During operation of the system a vent gas stream containing

volatile compounds and excess dioxygen, for example from a
catalytic liquid phase oxidation process using compressed air,

25 flows via conduit 21 into heat exchanger 22 where the vent gas
stream is heated to at least a minimum catalytic conversion
temperature.  Nitrogen content of such a vent gas stream is,
typically, more than about 90 percent by volume; dioxygen
content is less than 10 percent, typically, less than about 7.5

30 percent; and carbon oxides and water vapor together are less
than about 7.5 percent, typically less than about 5 percent.
Advantageously the level of organic pollutants in the vent gas
stream is substantially below the lower explosive limit at



conpounds containing up to 4 carbon atons and contai ni ng at | east as
many hydrogen atons as chlorine atons at tenperatures 10 of at |east about
3R0[err] C. The second patent teaches use of a bimetal | i c catal yst
wherein both finely divided netallic rutheniumand a noble netal ., i.e.
1 to 20 parts AOYOP di vi ded metal’lic platinum per par tPCEUS967153
- ruthenium are supported on a non- oxi di rz#%g support for deconposing
chl ori nated hydrocarbon 15 conpounds cont ai g up to 4 carbon atons and
cont ai ni ng at | east as many hydrogen atons as chlorine atons at

t enper at ures : ri gr&q,é lneh e
deconposed i ncl ud%ﬁﬁféﬁnﬁ e ’,@ﬁ?ﬁ%&%%ggo*ﬁ% 2?’? Pm) | n%mg? the
conmpounds and C2 o i L¥UVEOHPEnds containing vinyl 20 chloride having
" a total number of hydrogen atons in the mxture at | east equal to the
total nunber of chlori FempesatmresOofdthe hieated gasoarectin £Cfange] npwaet rfrom

Sl o T e cnl s 200 C o o,
and a rare ear?h ﬁgﬁglné pa%ﬂgclﬁﬁ‘%?‘* yg‘ﬁxfhggmqfs an’fere aﬁ&"breéggwﬁp g%

and (b) an internthiongh conduitsf 25 and J&dntm oxidathor tvessel dder age val ence

state of the t ungst en radical is greater than 4 and less than 6, are
described in U.S. Tot gacilivate 4catdl§tic 7 oxiddtionli 6| theUvoldtileWebfpounds,

specifically 30 inc r at | e i eptite VL ef nge,

Cat al ysts contai nf‘ﬂg%&?’lnidgﬁﬁﬁg}'gw’% ﬁ"ﬁﬁuiﬁt a‘#g‘f’é‘teg ihio f‘égsﬁg?tﬁ?egem

pronot er conponen@ss cii¥ganmdvim conditodd suppther spitable logation  wpsiraam LofS,

Pat ent Noi g,ﬁélﬂw, oki\fmﬂoﬁtcmas&le of'rn? @fownt grfh égﬁmu]{s_tmlnnid tis,

i ncorporated herein.ip,its entikety by r rence, e i rst_promter

conponent i ncl ude¥ Qfﬁgllx‘f °‘{"ﬁ'é°1i‘§# ebia?tﬁe&nng pump Or Elow conttr(ﬁ s}rr?tem
(n_ot shown). Means for controlling the amount of combustible
fluid being supplied is arranged to provide sufficient reactants for
the catalytic oxidation to maintain suitable reaction temperatures

15 in oxidation vessel 44.

The amount of combustible fluid can be controlled manually
using conventional process instrumentation such as thermo-
couples to measure at least temperature of the vent gas stream
upstream of the oxidation catalyst and temperature of the vent

20 gas downstream of the oxidation catalyst and, optionally, process
flow rates and gas stream compositions. However, automatic
process control equipment is, advantageously, adapted for
controlling the amount of combustible fluid being supplied is
arranged to provide sufficient reactants for the catalytic oxidation

25 to maintain suitable reaction temperatures in oxidation vessel 44,
and to limit the total amount of organic compounds in the gas to
levels substantially below the lower explosive limit (LEL) at
operating conditions, preferably in a range downward from about
50 percent of the LEL, and more preferably below about 25

30 percent of the LEL.

Using selected oxidation catalysts under suitable operating
conditions, even halo-organic compounds are, advantageously,
destroyed. In particular, methyl bromide is destroyed forming
hydrogen bromide and/or bromine.
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18 * elenents such as |anthanum cerium praseodyn um and neodym um
al.kaline earth netals such as barium strontium and cal cium and

oxi des thereof, the second pronoter conponent i ncl udes maﬁ%_ersi u%
silicon and oxi WO96BR43cof , and the third 5 pronoter conpone

one of the heavy netals such as ni ckel, zirconium cobalt, iron and
manganese and oxi des thereof. Mor e 34%cent | y, particularly useful
catal ysts contai ning titania and optionally tungsten oxide, vanadi um

oxi de, tin oxide t he nobI e atinu aI | adi.ym. and rhodi um
are 10 described in U. % é’%?ﬁtﬂﬂﬂ’ Pgb %H%"%f "Wﬁh‘ﬁs
specifically incorare dned tangei npwardtﬁ'ommbouty 2@0°rﬁ egemerellyf 4n a rangee

with an effective Nab it V\g@@s &0 160864 Meogen ﬁl I cgm@écfn r@gomﬂl c

conpounds to carbon oxl e and .t he . corres d|n

The fol | owi ng exanfkidatipn| vesselo 44, | i3 ¢ ° ehhr cong‘ﬁécﬂﬁl and 45
enbodi ments of 3 heinter eenchlamproszﬂ i whegei in.is Toeled by dmaﬂ'pél&ﬁh uled
not, however, be Cﬂﬁ:%h’i ti 0 éﬁ%n

invention, as therg are v@ﬁtﬁa@ %l’.gl;{eﬂ |% %\g; X E etrr%%sr;md
wi t hout -departing 'Fbr'&‘ngphec ‘?‘Ft g bgHe cg,fe(!oYVﬁI/ Wreathq [&#Se
of skill in the arstreaml is equemnched. and scrubbed A suitable iqueonl heS%l%nifm
| nventi on : | 4 In the

foll ow ng exanpl esfcdm rrtlﬂ ttg‘r'{glc.)usss o%%flaﬁhl cl)lrgug?rﬁéa line 51.

10 Generally, the aqueous solvent comprises dilute solution of
a chemical base, i.e., a substance that in aqueous solution
increases the hydroxide ion concentration. The pH of these
alkaline aqueous solutions is in a range upward from about 7,
preferably in a range from about 7 to about 9. Where halogen

15 containing compounds are present in the gas stream, the solvent
may, advantageously, comprise additional compounds which
react with haloge:i to enhance the scrubbing operation.
Appreciably soluble oxides, hydroxides, carbonates, sulfides, etc.
of the alkali metals and of calcium, strontium, barium, and

20 ammonium ion are, generally, useful compounds. Sources of
useful compounds include industrial chemicals such as lime (Ca0),
ammonia (NH3), ammonium hydroxide (NH40H), sodium
hydroxide (NaOH), sodium carbonate (Na2CO3), sodium
bicarbonate (NaHCO3), sodium formate (NaCO2H), sodium sulfide

25 (NaS), urea (NH2CONH2), formaldehyde (HCHO), and the like.
Where compounds such as hydrogen chloride, chlorine, hydrogen
bromide, and/or bromine are present in the gas stream, the
aqueous solvent, advantageously, comprises dilute caustic.

A solution of soluble compounds is purged from the system
30 via bottoms liquid line $§3 to any suitable liquids/solids waste
treatments. The treated gas stream is transferred from tower 66
through overhead line 63 to energy recovery andfor treatment

for in plant uses, such as an inert carrier gas, or vented.



conbustible fluids and destructi on of substantial fractions of 25

potentially hazardous volatile organic conpounds by oxidation over an
oxi dation catal yst at el evated tenperatures were carried out using a
smal | cylindrical reactor (3/4 inch ID, 6 inch L) adapted to contain a
supported catal YOIBR4 External surfaces were heated vi

heaters. Internal surfaces of the reactor 30,zWere nmade of materials which
exhibited no catalytic activity under var?gus operating conditions used
i n these exanpl es. Ther nocoupl es were | ocated throughout the apparatus,

particularly in.the reactor just above and bel ow the catal yst bed.

VO 96/ 39243 : P.rgces%ps _in, accordance with Rhi§ USRVeflliba3 achieve,
19 Conmbusti bl e fI yi gm si frul a .vent gtas Webg cont i nugusj y

net ered and passedYP!'ﬁag‘Ngh eSIENCHOn, SHICINCIES (08 ;TGN onoXide Al @, range
Tenperat ures of gagevard fromuaboutr@(:rpercent)eprefexably upward:rfrom: aboutl 9y,
ffi Uent gases ol aeie, oF grbatcr; DBfliGiencies] To7 . UroBaftins oIn " Saffe

i oni zati-on det 8t jupward from,abput ol?&“%‘ft’ Bi# nBﬁW&EA aﬁﬂ“\:ﬁ% 90
di oxi de were rpescente dr ugreater, ndndirefficiensiesz fos . methyj gbromidec imta aanges
WeTE  amrasur ed yiddid? Bedin®Gboat ST eiterft 2 piefetably ipRaatd bRl ‘Hbdhy |85
not ed, gas conpositions are in percent by vol ine and”pafts per mll1on
by vol une (ppnv). percent or more. Exanpl € 1

Operation of the system is, typically, started using air

10 (supply not shown) and any convenient fuel supplied via conduit

71 to burner 72 to generate hot flue gas which flows from

burner 72 through conduits 73 and 45 into heat exchanger 22

where an oxygen containing start-up gas stream, such as

compressed air (supply not shown), is heated to at least a

15 minimum catalytic conversion temperature, typically in a range

upward from about 150° C. Other suitable sources of heat for

start up include steam, hot oil, and electrical heaters. The heated

start-up gas stream is transferred from exchanger 22 through

conduits 25 and 33 into oxidation vessel 44. Increasing amounts

20 of combustible fluid are admixed into the heated gas stream via

conduit 31 upstream of the oxidation vessel until effluent from

the catalytic oxidation provides enough heat so that heat from

burmer 72 is no longer needed to maintain suitable operating
conditions.



In this exanple, a series of vent gas treat ments was carried out

according to this invent | P Skt FIgs Y8 ustible 15 fluid
wi,th a precious netal vola rrpbitihdka u tion catal yst in
the formof, or supported lIII mﬂu ol IFtUACED The gaseous
ni xt ures ent er iW@9¢/3824% eac it i OTTS of —about 2 SR8,

. about 6 percent oxygen, about 0.1 percent 0 about 0.5 percent carbon
nonoxi de, about 0.5 percent to about 20 3.0 ercent carbon di oxi de, about
0.2 percent to about 2.0 percent water, fromabout 1 ppnmv to about
1,000 ppnmv each of Y met hyI brom de, nethyl fornmate,
benzene, tol ue t B@% #ﬁe aﬁg agetrc acid, from about 3,000 ppnv to
about 14,000 ppnv rret ha{l apd a bal ance of nrtrot%en A£ react or
tenperatures in a rangelfronaleRt S28sHERtMERt SYstem @506"”85\9“&0 6%?

pressure of about fm@hogxdide tamhbomherl?@olanlepsempanndspgn_nsswelmcrftqnmf an
about 10,000 hr[ erjilgfg ?ﬁﬁl f%ﬁi@e&f"tﬁaﬁh a vem" Edsﬁ%ﬂ' tdo%ﬁn“%at/biﬁatnle

vol une), conversr ons o xr de acetate, ,
bromi de, net hylS f FompPeunds) %rﬁ‘é’ﬁ%‘ s)y ST COMMPFISIRG: | ¢ aci d
were in a range - uramr oxidation atnsuel 9Eopemnmg a Ablldeanndanomrrpataslyw es
in a range from about sedt ? sCsﬁrg,qmspace veI oci.ty of
about 10,000 hr[err] conver ons 0 anot were In rtﬁ upwar d
from about 99 percent .MEARS yEQTg G‘F’H&&‘!E)rt"@??@é‘?ﬁe f‘%r e vent HreRm 43
PCT/ US96/ 07153 upstream of the oxidation catdlgst;

10 means for supplying an amount of combustible fluid into the

vent gas upstream of the oxidation vessel to facilitate
catalytic oxidation of the carbon monoxide and other
organic compounds;
means for determining temperature of the vent gas
15 downstream of the oxidation catalyst; and
means for controlling the amount of combustible fluid being
delivered by the supplying means, the controlling means
being arranged to provide sufficient combustible fluid
for the catalytic oxidation to maintain suitable reaction
20 temperatures in the oxidation vessel for the oxidation to
form an oxidation effluent stream comprising carbon
dioxide and water.

2. The vent gas treatment system aceording to claim 1
further comprising a gas quench and/or scrubber, disposed in the
25 oxidation effluent stream from the oxidation vessel.

3. The vent gas treatment system according to claim 1
wherein the treatment system further comprises a gas to gas heat
exchanger, disposed in both the oxidation effluent stream from
the oxidation vessel and the untreated vent gas stream to

30 transfer heat therebetween.

4. The vent gas treatment system according to claim 3
further comprising a gas scrubber, disposed in the oxidation
effluent down stream of the gas to gas heat exchanger.
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conbustion produces found_carbon di oxide, water el enental brom ne
(Br2)* and hydrogen bromi de (HBr). Intermedj—agé%(? _chm dati on conpounds,
Vi

whi ch coul d be detect ed Tis $hosi ClasBee@R gbout 1 ppmv, were not
det ect ed. Thr oughout thes el ﬂ‘é@ us_efifect on activity of
t he catal yst W9 968843y ed. ulmmuljljlj Conpar at i REeX: 158 A
In this conparative exanpl run s carried out as in
Exanple 1, but without catalyst and at very |"ow nmet hanol concentrations
in a range from about 30 ppm/ to about 10 60 ppm/ based on total reactor

feed gas. Under operagl ng ﬁﬂd'éaﬁoﬁ’i Hﬂg I%o E‘ﬁé‘go@ “4 h@c‘#ﬁﬁnqo

significant oxidation |, e_organi c
monoxi de in rwherein f they él?‘é aﬂpnre‘?%ﬂ?rﬂtml&ﬂﬁeﬂ uleasy omsut

550[err] C I pregibser bfeﬂerf alptth doming eeaia, Jsﬁi)czpStﬂfin'nna,15

Cunt s, carr | od 2iconiy, and Fmiﬁ%f'm"ia»c AR PHoHAS <8 bfs, Bng s

conbusti bl e fl5ui of thea@TORPoEONSisting 0f2duBgstEROXide; Nanadiumy cpxidestin

(')

ggt hgool | tcotncoﬁdeatammw meramqﬂ%ﬁnnm atimukfiﬁx]gm PRRY ﬂitb&bﬁ?t gﬂﬁrmm/
ased on to a S

was controlled bf/{hﬁ g’?ﬁ% \)élfﬁg %@Egn?br lg’l ;ﬁ'iﬁ,? al&fg'i é'r Szairtyoma %gd/or

The gaseous ni xt uB&Bmt #luminanhcare ade on canmeramignsons mptallic?

percent to about Komeycmib ®upport. about 0 1 percent to about 0.5

percent carbon nonoxide, about 0.5 25 percent to about 3.0 percent carbon
di oxi de, abo 0.2 pergent t r o8 t 41
ppnmv to abou'tjltol OOE.)l 6: tﬁﬁ?lﬂeea‘(’: nt %QE ‘ylﬁng@gtéﬁe Wﬁ{:ﬁ&fhfﬁ dagﬂﬂmetlh I
erein combusuble m comprises a member of the group
consisting of carbon monoxide, hydrogen, Cj to C5 hydrocarbon
compounds, C] to C5 organic compounds containing at least one

oxygen atom- per molecule and mixtures thereof.

f or mat e,

15 7. A process of vent gas treatment for abatement of
carbon monoxide and other volatile compound emissions from an
industrial process having a vent gas stream containing volatile
compounds and excess dioxygen, the process comprising:

(A) Dispersing into the vent gas stream at temperatures

20 in a range of from about 25° C to about 600° C, a

controlled amount of combustible fluid selected from
the group consisting of carbon monoxide, hydrogen,
C1 to C5 hydrocarbon compounds, C] to C5 organic
compounds containing at least one oxygen atom per

25 molecule and mixtures thereof;

(B) Oxidizing the combustible fluid and destroying a
substantial fraction of the orgamic compounds in the
vent gas stream by oxidation over a selected solid
oxidation catalyst at temperatures in a range from

30 about 200° C to about 600° C; and

(C) Controlling the amount of combustible fluid being
delivered to the vent gas sttream so as to provide
sufficient reactants for the catalytic oxidation to
maintain suitable reaction temperatures for the

I
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benzene, toluene, p-xylene_ and acetic acid, and a bal ance of ni trogen.

30 - At reactor pressures in a range from 140 psig to

about 150 psi g and react OrhisSheap HasHeert vvard from about
438[err] C and space vel oc [err] , conversr ons

car bon nonoxi deWORsEPRsp ac u"mlmu:ﬁ{m yI W§%’/1§33243
PCT/ US96/ 07153 formate, benzene,
toluene, p -xylene and acetic acid were in a range upward from about 95
percent. At reactor tenperatures in a range upvvard from about 494[err]

C conversions were in a r%l‘iﬂatlo? ltB""af&xﬁr% ageitiatith p@fﬁﬁé‘ﬁt stteam
Conparative Exanple C ar ative exanple seri es. of

vent gas treatnents vv&é’“&fﬁ‘?&dcgbfma Hde, and) WateT. |yt ysi ng hexane

as the conbustible fluid with a non-nobel netal volatile organic
compound destruction ca8al ysThe nveptagasatreatment process accandingateocigim 7

m xt ures enterrng n o
oxygen, 2.0 percent vvaterqh? o%wﬁbééﬁ sfrrl\l;thf(l; ggo t Es Sﬁaﬁrﬁf/‘eaﬁsw
of methyl broni%e RASSIDE 61 OxidasionsEllosnt crsFeRR, fiama b, catalytic

ppmv hexane . oxidation ,and the untreated vent gas stream through a suitable
gas to gas exchanger to transfer heat therebetween.

9. The vent gas treatment process according to claim 7

wherein the combustible fluid comprises at least one member of

10 the group consisting of carbon monoxide, hydrogen, methanol,

ethanol, 1-propanol, 2-propanol, 2-butanol and 2-methyl-2-
propanol.

10. The vent gas treatment process according to claim 7

wherein the solid oxidation catalyst comprises at least one

15 member of the group silica, alpha alumina, titania, silica alumina,

zirconia and gamma alumina, and optionally at least one member

of the group consisting of tungsten oxide, vanadium oxide, tin

oxide, and the metals platinum, palladium and rhodium, wherein

the silica, alpha alumina, titania, silica alumina, zirconia and/or

20 gamma alumina are deposited on a ceramic or metallic

honeycomb support, and wherein an effiuent stream of vent gas

from the catalytic oxidation comprises carbon dioxide, water and
halo acids formed by destruction of the orgamic pollutants.

11. A process of vent gas treatment for abatement of
25 carbon monoxide and other volatile compound emissions from an
industrial process having a vent gas stream containing volatile
compounds and excess dioxygen, the process comprising:
(A) Providing a vent gas treatment system which
comprises;
30 an oxidation vessel, containing a solid oxidation catalyst,
disposed in the vent gas stream;
a gas scnibbing tower, disposed in the vent gas down stream
of the oxidation vessel;

-
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and a bal ance of nrtrogen‘ 157~ Al reactor temperatures in a range

ffom - about 415 Cto QHetet BLe%rR"e reactor pressure of about 110
psig to about 130 pSI Ioc$H§E‘oﬁAs@EgN 10, 000 hrl (gas
flow rate at standard aly ), gonversions of

nmet hyl br oY@ &3 %han %Iy, aBGH{USS607333
percent, 92 percent and 99.8 percent as deter ned by decreases I n
their concentration across the reactor. AnalySis of reactor ef f |l uent
for conbustion produces found carbon dioxide, carbon nonoxi de, water

el emental bronine (Br ?ﬂeagt@d fgyda&gﬁgl}% (Q.fﬁmmre( tF" khe "Wﬁv as Elgﬁw&a}g?

ppmv of benzene was foun n._reactor uent gas.
| i kely the benzene forned® r‘B‘Fnox‘da!\QRa?&m yﬁf'om)benzenes Were al so detect ed
in effluent gas, whicimeans ﬁmnsbppryongreah bamoent tofo coimbustible Iftuide istodihe

Cevel & ol able for iR Baky upBBAAT of el SAEAROE" prEBind®Sefiel 1o
br onobenzenes fade hexanctagilitate satalytic gxidationsof phe PISB"(!C po! utams,v\o

96/ 39243 means for determmmg temperaTirdSO6f07€lie3 vent gas

22 B f De f t Wi |
this invention i srlsﬁscepts‘?%‘flgé%%%f dﬂl‘r%e ?iﬂ:ﬁ”’%&?ﬂl?&“ﬂq erent forns e
this specification anfeaBsoiof conolling the, amouny sﬁfl Sgﬂbﬂﬁnblesﬁ'éldsrb@éﬂxl C

forms as an exanple of thdelivered! byhthe supplying means, the controlling means .

10 being arranged to provide sufficient reactants for the
catalytic oxidation to maintain suitable reaction
temperatures.

(B) Feeding a vent gas stream comprising carbon

monoxide, volatile hydrocarbon and halogenated hydrocarbon

15 compounds, and excess dioxygen into the treatment system, and
determining temperature of the vent gas upstream of the
oxidation catalyst;

(C) Supplying and controlling an amount of combustible
fluid being delivered by the supplying means to provide

20 sufficient reactants for the catalytic oxidation to maintain suitable
reaction temperature in the oxidation vessel:

(D) Oxidizing the combustible fluid and destroying a
substantial fraction of the organic compounds in the vent gas
stream over the oxidation catalyst in the oxidation vessel to form

25 an oxidation effluent stream comprising carbon dioxide, water
and halo acid; and
| (E) Contacting the oxidation effluent gas stream and a
adsorption liquid in the gas scrubbing tower to form a liquid
solution of soluble compounds and a treated vent gas stream.

30 12. The vent gas treatment process according to claim 11
wherein the combustible fluid comprises a member of the group
; consisting of carbon monoxide, hydrogen, C1 to C5 hydrocarbon
compounds, C} to C5 organic compounds containing at least one

, oxygen atom per molecule and mixtures thereof,

) ) AR U1



5 invention. In particular preferred enbodi nents of the invention for
tTeat ment of vent gas froma. catalytic 1T qui oxi dati on process

using conpressed air are 4Ll t d desigad BEEAN |The i nvention is
not intended to be limte [Isﬁiéﬁ]%ﬁie Hngnggcgo described, and the

scope of the i nWOA63833\j | e appendedCITUSOGRTIS3
The apparatus of this i nve W t h 5 rtain conventi onal

conponents the details of which , although noP¥fully illustrated or
described, wll be apparent to those having skill in the art and an

Nor 6 speci f1ally with b5 ortibe JUE ##%9&%@%{‘#3“&"@?%3?@ 19 dlaim Ak
treatnent system cwhpreinesheoadsorptian cliquid ois an | Ykaliass aqueops | selutiong
Sanx' ggt Ih ggt \éresseéonﬂ prisingt at rlleﬂstoene megnbdé-?hélecwdl frbnpxgrdup eonsistingyof ;
scrubgl ng units, +ql§§{r{; grgnggmz ba?ﬁﬁg alﬁﬁ‘ :ﬂ@ﬂ]sq%:&m :gé%eraltonéh

of the systema vent gas, stream containin volatile co ounds
excess di oxyge® for exkhpl e yeng gas t iRFores$uARC & 0111
process using conpwhereinl the , tré’ﬁmédtowooe’ss cfnnuaftcrﬁﬁpnses: heat exchanger

22 where the vent gas A’ e | ggst tic
conver si on terr_pera(t u?e gen ?(E)lﬁﬁi ? g%s ﬁ@h &venih gas @?&@a&
is, t ypi cal | ydispesed tmaﬁheamt 8% YR stream (of | gridatign ¥¢ssel; and
content is |less than 1((B)er®l3§mgt Yoothalthe, oxtdatiomaeffiuentt stréansOand the

percent; and b o]

about 7.5 perg?;lto"“%y |caI I"gﬂfleé?st e{%é/nﬁgbéw Rg&?)éebﬁi(’:se)ﬁtﬁubﬁéﬁ H‘(fva %&%E%usl y
the | evel of orgarfioc Wﬂ er ah?%t thexebstyeer. gas streamis
substantially below the | ower explosive limt at

15. The vent gas treatment process according to claim 14
wherein the combustible fluid comprises at least one member of
the group consisting of hydrogen, methanol, ethanol, 1-propanol,

15 2-propanol, 2-butanol and 2-methyl-2-propanol.

16. The vent gas treatment process according to claim 14
wherein the adsorption liquid is an alkaline aqueous solution
comprising at least one member selected from group consisting of
calcium, strontium, barium, the alkali metals and ammonium ions.

20 17. The vent gas treatment process according to claim 14
wherein the solid oxidation catalyst comprises titania and
optionally at least one member of the group consisting of

~ tungsten oxide, vanadium oxide, tin oxide, and the metals
platinum, palladium and rhodium, wherein the titania is

25 deposited on a ceramic or metallic honeycomb support, and
wherein an effluent stream of vent gas from the catalytic
oxidation comprises carbon dioxide, water, halogen acids, and
elemental halogen formed by destruction of the organic
pollutants.

30 18. The process according to claim 11 wherein the vent
gas stream comprises an effluent containing organic pollutants
and excess dioxygen from a chemical process of forming an
aromatic acid from a corresponding methyl substituted aromatic

A O D
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23 * operating conditions, preferably | ess than about 50 percent of the
| ower explosive limt. Te Té‘a B[@Ne heated gas are in a
range upward from about 150[err] Jéé\ ﬁb a range from about
200 C to about WO%E¥IBerr] C The Heate reamls transRGERAPNEH

- exchanger 22 t hrough conduits 25 and 33 i 1© oxi dati on vessel 44.

To facilitate catal ytic oxidation of the vol ath’l e conpounds, an anount
of conmbustible fluid is adm xed into the heated vent gas streamvia

conduit 31 or othe o) st h I da ves
The anount of conbégﬁﬁ&hgg gﬁﬁéa ﬂ"&B ?ggqiﬁ otﬁl% 31‘%8? ? IH?‘?et ﬁﬁ
pump or flow cont rdnmsxamemn th13( rmpsgmﬁ/my aweemdﬁtmn centalpst  susteme at
anount of conbusti gievated prasstirdsci did Stempératures. arranged to provide
sufficient reactants for the catalytic oxidation to nmaintain sui tabl e

reaction t enperat ures 1 i ‘fﬁg Bs V& enft? process accordin ?h@o
conbustible fluid can be control gﬂs S | ona rocess

us conven
i nstrunent at i orP suMhexein H@Frrﬂdsorpn%u Bs‘Ytbs n‘t‘hsﬂ?‘éh&F |AGREOus o FPHIIAN o
of the vent g?s rs]t comprising Latswasarmmé mbmbexldﬁtthen grovipe|comisisting  of lime,
tenperature of the 0 r}ﬁﬂﬂ% e ti ys
optional ly, procesas'man% qqﬂs an gasSE é s@d‘x‘u l@ﬁ&%&é I%Bﬁﬂg%
aut omati c pr ocE%fst!’éFR-r GP Mﬁ%ﬁb@&woaﬂéﬂ‘Bg %&F’f sedinm g salfide,
controlling the amuted aiid cﬁsfmﬂaelwaefl uid being supplied is

10 20. The vent gas treatment process according to claim 18
wherein the combustible fluid comprises at least one member of
the group consisting of hydrogen, methanol and butane.

This Sheet Has Been Replace.

TN

%* C L M L] *



arranged to provide sufficien
nmei ntain suitable reaction te
limt the total ampunt of org
substantially bel ow the | ower
conditions, pra¥y@pP&INR4 in a r

t reactants for the catalytic oxidation 25 to
nperatures in oxidation vessel 44, and to
ani ¢ conpounds in the gas to | evel s

explosive limt (LEL) at
ange downward from about

oper at

50 BEFUBIOTER 1 he

LEL, and nore preferably bel ow about 25 30 percent of the LEL.

Usi ng sel ected oxidation cata
even hal o-organi ¢ conmpounds a
particular, nmethyl bromde is
brom ne. WO 96/ 39243

PCT/ US96/ 07153

Tenperatures of hot effl uent

range upward from about 200[ dr

300 C'to about 600 C. Hot ef
transferred through condupdy 4
cool ed by heat exchange t & ™
exchanger 22 is transferred

66 were the gas streamis
solvent is feddLnto tower

RN

condi ti ons,
In

| ysts under suitable operating
eously, dest royed.

re, advangfg
destroye oﬂning hydr ogen brom de and/ or
24
gas from oxi dation vessel 4 4 are in a
r] C, generally, in a range from about

is
is

fl uen{_gas from oxi dati on vessel 44
5 5 into exchanger 22, where it
ing vent gas. Effluent gas from
conduit 23 inbo the bottom of tower
quenched and scrubbed. @& suitabl e aqueous

66 th¥ough liquid feed Rine 51.
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10. .General ly, the aqueous sol vent conprises dilute solution_of a

chemical base, i.e., a substance that in aqueous sol uti.on o nc'r,eas,éé; t'he
hydr oxi de i on concentration. The pH of thede al kal i ne aqueous ™ '’}
solutions is in a range upward from about 7, preferably in arangé’ from

about 7 to about 9. \Where halogen 15 containing conpounds are present in
the gas streamaddwmaldtient of théd\partitwiatesoenupprd WY PG Ctrapadfidel 078!

conmpounds whi c ct,w t.h halogen.to hance,t he scrubbing oper.ati on.
Appr eci abl y soﬁ%ﬁfgaggﬁdég?rﬁ%r B&?‘%@@,‘ﬁ%aﬁﬁn%& E’LﬂsF?ffeSh‘ch.a%ecu%g
the al kali net #ngined performancen sUndis¢losed bamauntsaref dfcreasednigaseousn
are, generally, [HteC 01% r ¢&S +Rk d%;ﬁir u ' e
i ndustrial chel %13 {sdﬁstac%ﬁggs | neusg?é%)'?ﬁ tﬂ&aml ﬁtlh g?gﬁ) agémnk)ﬂgél?xﬂ _
hydroxi de (RH SHUHLRE) TeEAPIAHON ORgTAtQN J4ue Neothe adgitianal dieselndfuel

(Na[err] CJ err Jpurm@dj um bi carbonate (NaHCO err]), sodium formate
(NaCJ err]H), sodiumsulfide 25 (NaS), urea (NH2CONH2), formal dehyde

HCHO) , dthe lik d h hyd hl orj ge
(e 0 0 o ncaiiolE AR R RS0 SUFEBTR B HtE from
st re?m _the f' exiramsougases vand, ejuvenatingushe, hf&hapr beds :gid uits caskyise.
A ution o e n ur . S I
| i Zai d line 53%:%“?" a‘i’g,' t agl gi | &Pﬁsﬁgﬁgggnv}gs%'y Psﬁ@aﬁ%n?ﬁ%

ny ‘st -
treated gatOst léan iﬁ;lcﬁhrNPer‘Féé 36 andelU.86 PatenthNeugi4.392:ddadn! ithe
63 to energy reaM&Y Yo 'Kisimir Sat KHfk and Murtin" Mp@ﬁteiﬁ,e%nds WrS. aPafat

lag%r tusgzg/r B;igg,%?os.’ £E35§?§3§ %n the nameés ggés%a%ﬁmigs. Kirk and Robert B.
Burns, all assigned to Texaco Inc. '

An earlier example of catalytic incineration equipment in

15 which a gas-permeable bed of solids adapted to ex}:hange heat

with a gas stream is alternately heated with hot effluent from a

catalytic oxidation bed and cooled with ‘gas flowing into the bed

by periodically reversing the direction of gas flow through the

beds is described in U.S. Patent No. 2,946,651 in the name of

20 Eugene J. Houdry and assigned to Oxy-Catalyst, Inc. In operation,

the patent states that sufficient diesel oil was injected into the

heated gas stream and vaporized and then catalytically oxidized

on the catalytic bed being used to heat the bed of gas-permeable

solids. The -catalyst employed was in the form of pellets of

- 25 activated alumina impregnated with 5 percent of copper and

chromium oxides and 0.1 inch in size. The heat exchange bed was

the same size pellets composed. of a dense fused alumina
(Corhart). ' '

Additional methods using preheating and or reversing flow

30 for catalytic cleaning of exhaust gases are, for example, described
in U.S. Patent No. 4,059,676 in the names of Kang Yang and James

D. Reedy, and assigned to Continental Oil Company; U.S. Patent No.
4,877,592 in the names of Jury S. Matros, Viktor A. Chumachenko,
Ljudmila J. Zudilina, Alexandr S. Noskov and Evgeny S. Bugdan,
35 and assigned to Institut Kataliza Sibirskogo Otdelenia Akademii
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Processes in accordance wth this invention achieve, .. typically,
destruction efficiencies for carbon nonoxide in a range - upvvard from:™
about 90 percent, preferably upward from aboa;t 95 . .:pergent- or greate'r
efficiencies for hydrocarbons in a range 5 upward from about 80 ‘percéht
preferably upward from about 90 percent or greater, and efficiencies

for methyl bromde iy a ra upward, fr about 5 ercent preferably
upward from about . 85 ﬂ %an&?t‘h C\?{@F@ of 'the Pf°$°"8p§ff‘%mtmp dfo tprevide
systemis, typiiog¢egsatedt au:dnadynsu moewd r gas (tscthqnnotystmnm) thad 2Ryends
conveni ent fuels %&'ﬂ@i‘%t‘?ﬂ Vé&uf]ﬁtﬂgﬂkt uige 7}5&‘9 ’}gﬁuzt%n ggege‘gﬁé&te ho&
t con ? P ntY?

flue gas which lPI OWs from hroug and _
heat exchanger rsduces thes fzequency,and durasiomiof fgcility downtimgas stream
such as conpressed air (supply not shown), is heated to at least a 15

m ni num cafal ytic dmnvserysetoranbemaerwjace oft nhecgkésemnnavemm to prowiaéd

| ncl ude. st eam RMEEATPS shiabiE: Vel Bl BRatingli” wislbs AT FedBeed o

streamis transnergygdciostan exchanger 22 through condw ts 25 and 33 into
oxi dation vessel 44. Increasing anmounts 20 of conbustible fluid are adm xed -

into the heated gas th#lfémkﬂéaatbo've 0?2'80%3Jca'1'1055§eaarﬂﬂheahgaegx'lﬂ?éggrap%d at

vessel until effluent Trom t1c oxidation provi
so that heat fc@talytic bY@THergas2 tr@atmpntoﬁgéteméeaéatmd;nh.tm this Joveatipa,

operating 10 @RRettighjects and advantages of the invention will become
apparent upon. reading the following detalled description and
appended claims.

Summary Of The Invention

15 Economical treatment systems are disclosed for abatement
of carbon monoxide and volatile organic compound emissions
from chemical processes having a vent gas stream containing
potential pollutants and excess dioxygen. Processes according to
this invention include, broadly, - (A) dispersing into the vent gas

20 stream a controlled amount of a preselected combustible fluid, (B)
simultaneously oxidizing the combustible fluid and destroying a
substantial fraction of the organic pollutants by oxidation over an
oxidation catalyst at elevated temperatures, and (C) coatrolling
the amount of combustible fluid being delivered to the vent gas

25 stream so as to provide sufficient reactants for the catalytic
oxidation to maintain a suitable range of reaction temperatures.

a

oxidation provide a substantial amount of .the _hes at is
required to control -ope;éting conditions—over the oxidation
30 catalyst without deleterious —efféct on catalyst activity.
Advantageously, compournds in the combustible fluid should be in
the vapor-stafe at operating conditions.. Suitable combustible

- : :
—_f':. A.O.sx o g - S e e - V- . w b Ta¥ed-X . akdalal:hdaVal+



- 26 - CLAIMS 1. A process for abatenent of volatile chem cal

em ssions froman industrial unit having a vent gas streamcantaining ™. -
di.oxygen, carbon nonoxi de, hydrocarbons and other organic conpounds: ++; .
conprising one or nore al kyl halide conpounds of 1 to 5 carbon atons, ‘it he
treat nent process conprising: (A) dispersing a conbustible fluid
sel ected fromthe group consisting of _ car bon nonoxi de,
hydrogen, Cl to C5 hydrocarbon conpounds73C1 to C5 organic
conpounds containing at |east one oxygen atom per nol ecul e and
m xtures thereof, into the vent gas stream at pressures in a
range from at mdgpbeding to #k areseptidnesntioloithefe tie pbowited08 process for
psi g); (n?& o]g<i di zi ng the conpustible fluid and destroying at | east
90 per cengb@fement of volatile ghgmical gassigns fiate andindustrial wit havioga vent gas

hydrocar b&'?éamaé‘gn@atinigg dioxygen, chpcgirf i &Sagegﬁldpgéatrpﬁagla ggﬂfeldingr%sén%cn

the vent gas streamb I on oV a so OX

cat al yst edvnpbuadspcompsisitg lomasdr omere alkyl halide compbendefoft hetqO¥Arbon
consisting of silica, alpha alumna, titania, silica al um na,
zi rconi a A9MYyathiealraPURPALPreFRESOPAMBASING; at | east one member

o 1S 12UP, B! by St BRI e SAREHAPLR G sroup cpnoting 1

control ling the anoyatbor momoxidd, ljdrogbnj ¢ 108 G8 Halrovarsh Eompdainganc1
gas streamso as to provide sufficient reactants for the catalytic
oxi dation to nai nt atth CRupPfeanie Gosmpeynds cenfainiguatieast anecoxygere atomnper

200 Cto 600 i i ] dat i T !
2O e bonprt Sy Sl i B bledf I B o0 bl il
cool ing the oxidat i bra ririda o stneaindricrm 20 atmdkphyids]aBsiitoith aBolY 300

passi ng, simultaneous] i t he oxi dation effluent stream and the
untreated vent gas B$S am t hrough a gas to gas exchanger to transfer

heat ther ebet'vmn; _@ﬂizing the combustible fluid and destroying at least 90 bercent of
the carbon monoxide, at least 80 percent of the hydrocarbons, and at
least 50 percent of the alkyl halides in the vent gas stream by
oxidation over a solid oxidation catalyst which comprises at least one
member of the group consisting of silica, alpha alumina, titania, silica.
alumina, zirconia and gémma alumina, and optionally at least one
member of the group consisting of tungsten oxide, vanadium oxide,
tin oxide, and the metals platinum, palladium and rhodium,

(C)  controlling the amount of cofnbustible fluid being delivered to the vent
gas stream so as to provide sufficient reactants for the cataIYtic
oxidation to maintain suitable reaction temperatures in the range from
200°C to 600°C for the oxidation to form an oxidation effluent

_ stream comprising unreacted dioxygen, carbon dioxide and water;

(D)  cooling the oxidation effluent stream from the catalytic oxidation by
passing, simultaneously, the oxidation effluent stream and the
untreated vent gas stream through a gas to gas exchanger to transfer

heat therebetween; and
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- 27 - (E) contacting the cool ed oxidation effluent gas_ stream

wi'th an aqueous medi um conprising at |east one renber of ‘the
group consisting of | i me, anmmoni a, sodium. formate, :sodium:
sul fide, urea and f ormal dehyde in a gas scrubbing tower to '
forma liquid solution of “s? Gbl e conmpounds and a treated vent
gas stream 2. The process according to claim1l wherein the vent gas

streamis an effluent of formng an aromatic acid froma corresponding
met hyl substit{B)ed eootating thenpanled oxjdatinraefftuantigagustoearnanish @i akueaus of
t he met hyl groups with excess dipxygep in the presence of a source. of

bromi ne, wher eby t hEN&fdM @%’?F’é‘ts?rl%gﬁ Ee(ﬂ%ﬂ'?e emhe P i aTHP °°n§'.3%ng‘ﬁ1fe

process according t gl aidmhmotia,Cl sédiudn WeEIRESR, t N AGWEOSSIfied! Wita and
conprises at |east one nenber of the group consisting of sodiumfornate,

sodi um sul fi de, ureforamaldébydealinehgds scrubbing thiveen tnforas tiquist selution of
process to any preceding clai mwherein the conmbustible fluid conprises at

| east one member of S?W?%PBUTP‘{"BT% %‘?q?ﬁgtrﬁ?te@a\‘%g%ﬁgfﬁﬂb, hydr ogen,

nmet hanol , et hanol, 1-propanol, 2-propanol, 2-butanol and 2- '

met hyl - 2- pr opanol . 5. The process according to any preceding claim
wher ei n t he oxggricition éfscombustible fluid is critical in order that its oxidation provide a

substantial amount of heat that is required to control operating conditions over the
oxidation catalyst without deleterious effects on catalyst acti\fity. Advantageously,
compounds in the combustible fluid should be in the vapor state at operating
conditions. Suitable combustible fluids comprise carbon monoxide, hydrogen,

hydrocarbon



carr| ed out at pressures in a range from 2/3 ‘to 14 atnospheres (about 10 to
about 200 psig), and space velocities ‘i'n @ range from 1000 h-1 to. 50, 000
h-1 based upon gas flow rate at standard condi2i ons and vol Ure of catalyst.
6. The process according to any preceding claimwherein the solid

oxi dation catal yst corrpri ses ‘titania and optionally at |east one nenber of

t he group consi @bhﬁg cféé%‘i’ﬁ egn ,gjrdq,e Yaasid urﬁqubg% hl d?ro@é&@xrwe
nmet al s platlnunbgo adi um k@lum and erei etltama

deposited on a cj}}p&ng)ra ¢ Bynyis N&upport .

- 28 - 7. The process according to claim6 wherein 95 percent or nore of
t he carbon nonoxide in the Wsent gas maamsnsustabhastfonmm;cmxndahemtﬂm

the solid oxidapy ﬁ&s%atd’f' ¥id - x"!%‘éﬁf"x'?w%ﬁ jion Cc"aﬂt Ocr%gn 15¢ d;?xfosi hx%atenalts that

hydrocar bons_in vent ?Efﬁi m are est r tron over
sol i d oxi dat® onakatePmbustl Whé €i RTEsSNGEr npxbigeﬁ'oﬂé t&mmﬁétwr\wthm

brg;ﬂ nebl n the ugéﬂz tﬁi QQngS dfomu@réf&lyﬁchtudvmen md%étbiﬁrals are

and/ or brom ne (Br ver e ion ca S as

treat nent pr oceg %%ﬁ}’dl rhj'nt L {?ff &Paj rﬁaf%\ﬁﬁer E??f‘?’ﬁ‘éiecoﬁlwg :

fl ;th d clorrpr :j sgshydrd)mbnorwmpobnds,ofmdweomanw comypoundsg cohéimdlmg)lgcther

met hanol and bu 0 c n edi ng, ¢

wherein the aqué@ﬂgs n%'{f?{]r%shggﬁsﬁ uglgég é’g'l—l%iagéé%r aﬁga ¥l}e0r%fl§e . ral@,

10 potential pollutants include volatile compounds, such as alkanes,

alkenes, alcohols, ethers, aldehydes (alkanals), ketones
(alkanones), organic acids and mixtures thereof, which form
vapors found in a vent gas stream.

For safe operation the amount of organic compounds in the

15 waste air or vent gas streams should, generally, be substantially

below the lower explosive limit (LEL) at operating conditions,

preferably in a range downward from about 50 percent of the

LEL, and more preferably below about 25 percent of the LEL. The

composition of the gas streams is, typically, monitored by on-line

20 analysis equipment for safe operation, while controlling the

amount of combustible fluid being del_i'vered to the vent gas

stream so as to provide sufficient reactants for the catalytic
oxidation to maintain a suitable range of reaction temperatures.

The range of total reactor pressure useful in this invention runs between 101 kPa

(atmosphenc) and 2.07MPa (about 300 psig), and preferably from 69kPa (about 10 psig) to -

1.38 Mpa (about 200 psig).

Vent gas .treatments in accordance - with the  present

30 invention, include contacting the ‘waste gas stream with a catalyst
in the presence of excess oxygen at suitable temperatures which

are, typically, in a range downward from about 600° C.
Operations of the present invention are, advantageously, carried

out at inlet temperatures to the oxidation catalyst in a range



1‘0., The vent gas treatnent process accord| ng to any preceding claim
whereinm the silica, alpha alunina, :titdhia silica alumina, zircornia andior
ganma alum na is deposited on a ceramic or n@éal i ¢ honeyconb su;zpor*t
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means for determ ne tenperature of the vent gas upstream of

t he oxi dati on

conbustible flu

(Forbfkiqn, producel™¥¥und); carhin” dibatiler Hilere ementabn

pressure vesselbteminge (Br2) and; Ihuymiapgenatlanqu oXHB®). on Sntermeediate

gas

organi ¢ pol I ut a6%1§lauon com fo'iEﬁG@S dAickletsurd ”b{gdhf‘éﬂiéﬂaht”€oﬂéer§t’i’§n¥ﬁ

ownstream (04 atlon cat

control ling t heAbawsu AbQt c,lorﬂﬂlgﬁ bVETS | QY ‘P‘Ff&d T%IOUghOUHéPF%r“éHISb

the supplyi Bg nmesndeletdrbogoréffedt iong actiaiey LT the catalystewas ebservedd to
provide sufficient reactants for the catalytic oxidation to

mai ntai n suitable reaction (B) Feeding
a vent gas stream conprising car bo mpaf%&%exﬁ%%ﬁﬁ%l at i I e hydrocarbon and
hal ogenat ed hydrocarbon 15 conpounds, and excess dioxygen into the

treatment system ankit thisdeemparativg exammpleat ar serigs Oferumnt wgss carried

upstream of thgt as©

dE:daﬁ‘ﬁ reat @I ydut without catdByst SdRA! Ytn&rid low

controlling an a unt i(;‘? conbu

10

15

20

30

thanol concentranons ®in a range from about 30 ppmv to about
60 ppmv based on total reactor feed gas. Under operating
conditions used. in Example 1, there was no significant oxidation
of either the organic compounds or the carbon monoxide in
reactor feed gas JSven at, at reactor temperaturés up to -about 550° C,

reactor pressure o?l@bout 40 psig to about 160 pmg}
| Comparative Example B

In this comparative example, a series of runs was carried
out as in Example 1, but without addition of any combustible fluid
addition to the reactor feed gas and at very low methanol
concentrations in a range from about 30 ppmv to about 35 ppmv
based on total reactor feed gas. Temperature of the catalyst bed
was controlled by heating with the external electric heaters.

The gaseous mixtures entering the reactor had
composmons of about 2 percent to about 6 percent oxygen, about
0.1 percent to about 0.5 percent carbon monoxide, about 0.5
percent to about 3.0 percent carbon dioxide, about 0.2 percent to
about 2.0 percent water, from about I ppmv to about 1,000
ppmv each of methyl acetate, methyl bromide, methyl formate,
benzene, toluene, p-xylene and acetic acid, and a balance of
nitrogen.

At reactor pressures in a range from about 140 psig to
about 150 psig and reactor temperatures in a range upward from
about 438° C and space velocity of about 10,600 hr-l, conversions
of carbon monoxide. methvl acetate. methvl bromide. methvi
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flui d being delivered by the supplying neans to provide 20 sufficient
reactants for the catalytic oxidation to maintain suitable reaction
tenperature in the oxidation vessel: (D) Oxidizing the- .
conmbustible fluid and destroying a substantial fraction of the organic.
conmpounds in the vent gas stream ove¥¥ the oxidation catalyst in the '
oxi dation vessel to form25 an oxidation effluent stream conprising
carbon di GkAIMS wat er and’ hal o acid; and " (E) Contacting the
oxidation effluent gas stream and a adsorption liquid in the gas
scrubbing tower to forma liquid sol ution of sol uble conmpounds and a
treated vent gAspsddesifor abdtement of Mdlatiléhehermictal gatissivastinemt ampirahesrial
according to claim11 wherein the conbustible fluid conpri seds a menber
e

ﬁfy dﬁ gga?ggﬁiphavinfw?tsgda&ﬁgreﬁm santAiRingstiexyae). aREPp unoxde hydrogagans |
o , _ -G
st oncad other SERAE Somad ids cdfpisiid ond of iafe SRIPRURGS cBRGUF =

96/ 39243 1 to 5 carbon atoms, the trédfHer®YPr66d$domprising:
30 13. The vent gas treatnent process according to claim11

wher ei n the adedr pt dispersiggiaicembastibia frideelagtrchirom ghe grewp consisting of -
conprising at |east _one nenber.sel r consi.sti f

cal cium strontium °¢8" %Fﬂ°’k°|’.‘é§ea|*§§“f'§gﬁét gﬁs%ﬁggyr Sglbﬁ&r#rfg%@.poungs, c1
14. The vent gas t{&£@FBRGarilt Crapodnd®cdhtgning at fdast ohk oxygen atom per

molecule and mixtures thereof, into the vent gas stream at pressures

in a range from atmospheric to 20 atmospheres (about O to about 300
psig); |

(B)  oxidizing the combustible fluid and destroying at least 90 percent of
the carbon monoxide, at least 80 percent of the hydrocarbons, and at
least 50 percent of the alkyl halides in the vent gas stream by
oxidation over a solid oxidation catalyst which comprises at least one
member of the group .consisting of silica, alpha alumina, titania, silica
alumina, zirconia and gamma alumina, and optionally at least one

" member of the group consisting of tungsten oxide, vanadium oxide,
tin oxide, and the metals platinum, palladium and rhodium,

(C)  controlling the amount of combustible fluid being delivered to the vent
gas stream so as to provide sufficient reactants for the catalytic
oxidation to maintain suitable reaction temperatures in the range from
200°C to 600°C for the oxidation to form an oxidation effluent
stream comprising unreacted dioiygen, carbon dioxide and water; .

(D) cooling the oxidation effluent stream from the catalytic oxidation by
passing, simultaneously, the oxidation effluent stream and the
untreated vent gas stream through a gas to gas exchanger to transfer

heat therebetween; and

A



4 : ' : .
wherein the treatnment process further conprises: (A") Providing a

sui table gas to gas heat exchanger, di sposed in the vent gas up stream
of -t he oxi dation vessel; and (E) Passing both the oxidation: -
effluent streamand the 10 untreated vempt gas stream simultaneously -
t hrough t he exchanger to transfer heat therebetween. -15. The

t t t t | -a] in th _
Combust bl e 11 GER canpireand 4 rdel 4ekBhBrhtant oad SiRBTniiFan anupeys ng
of hydrogen,  net hanehediginh@ohprisingratpéast ond nember @Pane!grodp BEAISinF B¢
2- met hyl - 2- propanol . 16. The vent gas treatnment process:

accordi ng to clai m fine, ammeerRian sRAIWAsopMass | pedium i sulfidesl keneaneand

aqueous sol ution S | ected. fr r.ou
cansisting of - cAPEREENYHRINTS deB HirnBRid FAREL R Jor £ ighld Rl of
anmoni um ions. 20 soluble compolids ¥Atta G@atéd Qahtgak sFeress according to
claim 14 wherein the solid oxidation catalyst conprises titania and

optionally at |east one nmenber of the group consisting of tungst en

and rhod, g vLEaePRs SErBRRg v St I 9uie die yarfodi ottt §An AR .
honeyconbos\fgaellg afndromativiRie ifforAina @ortdspindiid easthyl suestiteed arpRatide
catal ytic oxi dation conprises carbon di oxide, water, halogen acids, and

el errenth al caanpsymng bwcragtglvagp &@tgidrmaseoﬁxi@iﬁﬂpneobﬂ%%m@hyl greuns withexcesso
18. The g ' i 0 ' e
conpr i sosBISERR B Brfiencd o 3Rt Storibs, vnereBY tog wIEedt 53R,

from a chempeshetfdoremider m ng an aromatic acid froma
correspondi ng nethyl substituted aromatic.

3. The process according to claim 1 or claim 2 wherein the aqueous medium
comprises at least one member of the group consisting of sodium formate, sodium

sulfide, urea and formaldehyde.

4, The vent gas treatment process to any preceding claim wherein the
combustible fluid comprises at least one member of the group consisting of carbon
monoxide, hydrogen, methanol, ethanol, 1-propanol, 2-propanol, 2-butanol and 2- .

methyl-2-propanol.

5. The process according to any preceding claim wherein the oxidation is
carried out at pressures in a range from 2/3 to 14 atmospheres (about 10 to about
200 psig), and space velocities in a range from 1000 h-1 to 50,000 h-1 based

upon gas flow rate at standard conditions and volume of catalyst.

6. The process according to any preéeding claim wherein the solid oxidation
catalyst comprises titania and optionally at least one member of the group
consisting of tungsten oxide, vanadium oxfde, tin oxide, and the metals platinum,
palladium and rhodium; and wherein the.titania is deposited on a ceramic or

metallic support.

R R 0
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31 .- conpound by I|iquid-phase oxidation of the nethyl groups with
dj eXxygen in the presence of an oxidation catal yst system at el evat ed.
~ pressures and tenperatures. J19g .The vent gas treatnment process

"according to claim18 5 wherein the adsorption liquid is an alkaline

©aqueous sl uti L Sik :
canai ot ng of  Tiigproces¥ EBLrAR S HARY bniEir 9B REko s dr Rt OF he garbon
sodi um  monexidmit the werdi gus Sireamlis dastroyed diyuoxitiationtover slelisolil oxidatibn

urea and forpmal dehyde, 0. 20. The ven as treatnent process

accor di ngcﬁtér\%tal‘"ﬂ%/er?ﬁ‘ 96 p%@?ﬁ?h’ﬁ%@ chﬁﬁ‘ﬁd%\férsgér Bans i {@mﬁ&sw girepehst

one menbef OfastroyblCo P’ HHBaGONSIV e 3biiGYS%iAg68n SEERAC ard Witei S5
percent or more of the methyl bromine in the vent gas stream is converted to

hydrogen bromide. (HBr) and/or bromine (Br2) over the solid oxidation catalyst

8. The vent gas treatment process according to claim 6 or claim 7 wherein the
combustible fluid comprises at least one member of the group consisting of

hydrogen, methanol and butane.

9. The process according to any preceding claim wherein the aqueous medium

has values of pH in a range from 7 to 9.

10. The vent gas treatment process according to any preceding claim wherein
the silica, alpha alumina, titania, silica alumina, zirconia and/or gamma alumina is

deposited on a ceramic or metallic honeycomb support.
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