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tar formation.

10 If waste gases contain small quantities of organic impurities, strictly
isothermal operating conditions are used in removing the impurities.
Implementation of such methods involves adding significant quantities of heat to
the reaction mass. Various catalytic systems are used as industrial catalysts for
Temoving organic impurities from waste gases. Some contain the oxides of base

15 metals, for example chromium, cobalt, zirconium (Russian patent No. 2050676),
magnesium (US Patent No. 4673558), manganese, copper (Russian Patent
Application No. 95102026). Other catalysts contain noble metals, for example.
platinum (US Patent No. 5702836), palladium, and silver (US Patent No.
4673556). Recently, catalytic systems comprising noble metals on complex oxide

20 carriers have become widespread (US Patent No. 5585083), in particular group
VIII metals on titanium and cerium oxides (US patent No. 4716859), or, for
example, palladium and rhodium on cerium oxides (US Patent No. 4919903).

The most universal method of cleaning waste gases of C; hydrocarbons
and oxygen-containing compounds (including inorganic ones) is disclosed in US
25 Patent No. 5292991, which describes a process carried out at a temperature of
600° Cin the presence of a catalyst comprising platinum and palladium jointly
deposited onto zeolite ZSM type modified by zirconium and titanium oxides.
This process achieves a conversion of hydrocarbon of 98.1%. The disadvantage of
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Pat ent No. 4673558), manganese, copper (Russian Patent Application No.
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Pat ent No. 5702836), péaﬁli\]g i u ver %}'R:Jg gat%%f%gmﬁﬁm%m

Recent |y, cal'afisgases which eqntaing Y@F,rﬂécohdb,laéldd@t(mlesww updeptakomxi de 20
carriers havgoheatiBwhki éf@ﬁﬁ@ﬂuﬁgﬁa{aﬁlﬁﬂﬁ ?%%Pelﬁ%tq%@rtl cul ar

group VIII netals on t| ani um and cer| um 4716859),
or, for20 exafAMREisingaip taaref atldast omable matab@nppmtadbmrm;e@hls Pat ent No.

4919903) . TheyifsHoblahatet Seis HEABAEleRs 1l RANE D005 S o ARRS 10 3

hydr ocar bons
and 93% of its formaldehyde. The disadvantage of this method is that again, itis

only possible to clean waste gases of small organic compounds, whose presence

does not cause the resinification of the catalyst (e.g., methanol, ethanol, acetone,
25 and formaldehyde).

The method of cleaning waste gases of oxygen-containing organic
compounds which is closest to the proposed method involves passing waste gases
over a catalyst which is 0.03-3.0% palladium, deposited onto a carrier which
includes aluminum oxide. This method is described in US Patent No. 4450244.

30 According to U.S. Patent No. 4450244, the process is carried out in the presence
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and oxygen-cont ai ni ng conpounds (i ncluding inorganic ones) is disclosed in
US 25 Patent No. 5292991, which describes a process carried out at a
tenperature of 600 Cin the presence of a catal yst conprisi g puRtieum and
palladiumjointly deposited onto zeolite ZSM type nodified by zirconium
and titanium oxides. This process achieves a conversion of hydrocarbon of
98.1% The di sadvantage of 2 4 JUN 2004 WO 01/37976 PCT/i3S00131251 this
met hod i s ohexygeeasidry ekvatsgiatdmpersttneaire. 0856t ®a#00C), gasichWidiftes abea
rule, are richin nitrogen and steam to a high tenperature. Also, this
met hod is SWRAPNEHH ArIqUAOTEIRICORRANIRPIIHEIRG cempauBts|tp dhe leKpd pb8BI s

uhi ch do_ gl 38848 %nd B9 U fehErd l18bod %@&@@V%ﬁi\gﬁﬁg@gm@ method is.
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t enper at ur B1abityfoccleamh the gps stpram 8§ Ehe indipptedgarnpernds im ihe ipresenge &f| y
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the catalyst, this nmethod is not effective. U S. Patent No. 5009872,
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al dehydes, al cohlsl ¥iewarf thetahoys, Hre Haslp was o dovelor aatcifigient macthed, for
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carrier. Twhichatdmonedtéehgdioberosddse stream of go% of its ethanol and 93%

of its formal dehyde. The di sadvantage of this nethod is that again, it is
only possible to clean waste gases of small organi c conpounds, whose

presence does C t resllfleagl of. e al ( .

nmet hanol , et hangﬂﬁe a%g%mepgdzé%g%{"%%rkﬁ eh%%%’l.u e ﬁé‘ﬁ%gd?%g El}eenal}lallng
wast e gasedeamposition-sfob) aide peodui@s nvhiche fotae udingthe hsyirghedio sefsy, ¥o t he
proposed nethod involves passing waste gases over a catalyst which is

0. 03- 3. 0% funethyl-dA-diszgnsi LM Lhn s of a2k ithe  MIREh frackienuy @btrined nion the

U's. pat enfe NG DAY g5 B A e plocdis Ot eing SOPAH ol CEBRIDe
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ensures the cleaning of various organi c oxygen-containing conpounds to the
| evel of 88/bbE3)atn38wee, Paisnts, othehprodiyads whdegomen thepmajodesonpesition

advantage of, &y §r ggﬁ'&)%gm'dﬁ of the pyran and dioxane type, whose properties differ
greatly from those of the aromatic hydroperoxides found in waste gases.

SUMMARY OF THE INVENTION
In order to simplify the technology of the process by reducing the cleaning
temperature of the waste gases, including aromatic hydroperoxides, cumene, and

also formic acid, it is proposed to carry out the process as described below.

The present invention provides a method for removing volatile organic
compounds from industrial waste gas comprising formic acid and other
aromatic hydroperoxide impurities (e.g., cumene hydroperoxide). A typical waste
gas may comprise cumene, cuumene hydroperoxide, methanol and formic acid.
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the | ower content of noble netals conpared with catal ysts described in sone
of the preceding patents and the hi gher degree of cleaning of organic
oxygen- contai ni ng conpounds which it provides. The dlsadvan%qp ﬁ o{ this
nmet hod are: 1) the necessity of heating the gas streamto a hld N 2004
tenperature, and 2) the inability to clean the gas stream of the indicated
conmpounds in the presence of organic hydroperoxides as a consequence of

resinification dfo tétace@impysities, thewvaste Gastib diretbpassedt theoh@s 4 Mesdtised,
devel op anﬁi‘?‘i ent t hod for Ieanl n |n ustrial , waste gases, incl udi ng

oxygen- con d"é‘Pa o' ré‘PSr%’ﬂEn Hirests &8 dedheThe
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in waste gﬁ)snmhoﬁumw&\‘nﬁﬁeél' e Ip‘dkiEésEEl feisible dredansd ahsipailaidiymt betalyst is

t echnol ogy_of the cess redql%((:; the cleanin r’g)erature of the
wast e gase?;pqnﬁ %tﬁét 155@1318%0“(88?‘?@%81' C&R% also formic
acid, it is proposed to carry out the process as described bel ow. The
present inventiag prow(g%e3 a nethod for renoving volatile or ani ¢

conmpounds from i HcBe¥ have 2 §iga b A& Bg) 091'6’5 Rgy be

aromati ¢ hygisRREROAI @enpeFRirklde0d €-19350% 1 Befdee RKIARBR FEXItHE) gﬁmca'
waste gas nmy conprise cunene, cunene roperOX| de, net hanol and rormc

acid. 3 2 bed eﬁpm&amoo}ﬂ epobaluminum; en (Thenagresugnsalaun, matassgesd
through a gif I he formc
aci d ' ¢ nedtiatt, RenurhiV), BAdikced sABER 1ESE hE RAIng mnd SRR DA g

t hrough a pal | adi um cat al yst bed corrprl sing 0.1 to 3 weight percent

pal I adi um suppor t| vat ed n oxide carrier, wherein the
gas i s nmintai ne‘%ﬁsj’?jgll errperature of 153’ ?glalGOC The guard bed protects
t he pal | adi um cdtreh fi§toxtide deconposi ng 00danb® inpurities which could |ead
to inactivationsl}c/i thegg_glladl um cat al yﬁ dsz*to tar formation. This makes
the process feast BPe“H €t he pal | ad alyst is expensive and
cannot be repl ao@ﬂcnﬁﬁemddﬁ an econom ce@ll pp@cess. The guard bed may have a
surface area of 0.2 - 1.0 erg 1 and may _be roasted at a tenperature of 800
- 1, 350C before ri’.%téSSlmg’P foasting, thBlgudd bed can contain oxides of
alum num iron (¢ddinniBGAESI um cal ci unp Ppoggssi um sodium titaniun(lV),
and silicon, which have the followi ng nass ratios (% : Al um num oxide Iron
(11) oxide Magnetanimly)exide 0.1-3.0

Silicon oxide (the remainder)

The palladium catalyst contains 0.1 to 3% palladium supported on active
aluminum oxide. A preferred catalyst of this type is Sud Chemie T-2864F catalyst
comprising 0.7 wt.% palladium on alumin on 1.27mm (1/20"} extrudates, in pre-
reduced state, at a bulk density of 560.6 kg/m3 (35 Ib. /{t3).

In a preferred embodiment of the invention, the weight ratio of the guard
bed to a palladium bed catalysts may be from 0.5: 1to 2 : 1.



Cal ci um oxi de Potassi um oxide Sodiumoxide Titaniun(lV) oxide Silicon
oxide 5.0-30.0 0.1-5.0 0.1-5.0 0.1-5.0 0.1-3.0 0.1-3.0 0.1-3.0 (the
remai nder) The pal |l adi um catal yst contains 0.1 to 3% pal | adi am gppmst ed on
active alumnum oxide. A preferred catalyst of this type is Sud Chen-de
T-2864F catalyst conprising 0.7 wt.%palladiumon alumn on 1.27mm
(1/20") extrudates, in pre- reduced state, at a bulk density of 560.6 kg/
m8 (35 I b. / ft3Jhe ptocess ps preferaily echddited thabitainiey ithy erhperatuidiat Me0ght

ratio of the d . bed to a palladiumbed catal ysts may be fromO0.5: 1 to
2: 1. 42 %5@%@6&‘3"%@6’8&55 is preferably conducted maintaining the

tenperature at 120 to 1600C at both catal ysts. In operation, the waste gas
is first passed through the guard bed with oxygen present. Next, the waste

gas i s passed t hibOBFFALRE, HaF Mas e 8es 46 dirst passed thiemghathe granhbed Wibes

avol ding ToSRER eSS NexB e pAste BAE 1 PR O e Rllaf b AT B
ef f e_cL : \é et the T@W@N&ﬁﬁﬁgﬁgemt@mn@ﬁmac sthb the @pasédbedstnmwmlk@ﬁ:rmuc
ol e, rathn Aaebf ATt lontBHoh GHBESrithe AN SYE R BRRd R pea
fal li ng belsmifeplivB)femovet duenpne igzdospevdxidenpounds (for exanple, aromatic

hydr oper oxi des), which cause resin formation on other catalytic
conpositions. The industrial applicability of the proposed nethod is

illustrated by tTige pfopdsedimehedanpkesit gossitid & dledn thasstriat dektogaseesTe!
with a cross sectiqn of 2.é6 cn® E‘is the follow n placed in it in .
successi 0 alﬁﬁihs Stances: Wen, S¥arap, b A . QBSNe), FYiED, G_rﬁk’(ﬁliee Qf_t'i}f’f?lﬁum
oxi de, anddéstihctitin @V HIENSEBI6RNSI7S08%Y ©f tﬁefaﬁfes‘@ilce abt @oﬂgiﬂugﬂg'?%r

e 0.67,

22.4, iron (I1)._ oxide 0,42, magnesi um oxi de 0.43] cal cium oxi
pot assi um &araeley aromafs fidseperoxides), which earsel Vsipx feranationy oy etherhe

remai nder %gﬂic%&xﬁ wiepd de. The guard bed is initially roasted at a
tenperature f 800 and 1ts specific surface area is 1 M2.g'. The

reaction vessel is heated by
The industrial applicability of the proposed method is illustrated by the

following examples:

Example 1

A glass reaction vessel with a cross section of 2.26 cm? has the following
placed in it in succession: 12 ml of a catalyst containing 0.1% of palladium on
aluminum oxide, and 6 ml of a guard bed consisting of (mass %}): aluminum
oxide 22.4, iron (I} oxide 0.42, magnesium oxide 0.43, calcium oxide 0.67,
potassium oxide 2.4, sodium oxide 1.2, titanium (IV) oxide 0.47, with the
remainder being silicon oxide. The guard bed is initially roasted at a temperature
of 800°C and its specific surface area is 1 M2.g'L. The reaction vessel is heated by
an electric furnace which uniformly heats both layers along the height of the
reaction vessel the reaction temperature is 120 £ 1 °C. The stream of steam and
gas is fed into the reaction vessel at a speed of 63.0 Lh. The composition of the
stream (volume %) is: nitrogen 91.0, oxygen 6.0, steam 3.0, methanol 0.02,
formic acid 0.002, cumene 0.002, and cumene hydroperoxide 0.002. The volume
feed rate of the stream to be cleaned is 3,500 h-L. After 500 hours of



an electric furnace which uniformly heats both |ayers along the height of
the reaction vessel the reaction tenperature is 120 1 C. The stream of
steamand gas is fed into the reaction vessel at a speed of 63.0 . h-1.
The conposition of the stream (volume % is: nitrogen 91.0% SN d®k 6.0,
steam 3.0, nethanol 0.02, formc acid 0.002, cunene 0.002, and cunene
hydr oper oxi de 0.002. The volunme feed rate of the streamto be cleaned is
3,500 h-1. A¢d@n7@®0 hours of 5 2 4 JUN 2004 WO 01/ 37976 PCRUFIIEH0/ 31251
operation of the catal yst an experinent is conducted over the course of 4
hours. During this time the followng (volune % are fed in with the

st ream of stmoﬁnﬂﬂ@astalygﬁanéfpbﬂmeﬁrd:s@oxﬂﬁzt%@ovéﬁh@b&xr%fq&u&o%ﬁ cumene
0. 02520, ne ﬁﬂ%g‘{‘? giﬂ Ql 196, The reaction products are directed
to a system%‘“fﬂg 'ﬁg‘ opie (velpmsge) aae fedim with thewrpamrafstbamn seri es,
cool ed by aamtbgh:u(rg@'Iﬂéthajﬁﬂbmzﬁlfﬁﬁmdﬁma@cb@ﬁ%t&iﬂ?en@%%@ Aluhdne- 70C 1O
-80C). The first and |last traps are g}rg)u%ﬁ and the second’ an thlrd are

3

filled with f}!fd{?@te%ﬂlﬂﬂw%]@éﬂh%acﬂew e disectesitplesysem t he content of

the reasti oreommmg@fﬁoursra S{aBEhASYcdY ect8Piir detiftl e ﬁ{;&%&;&&r phy (GQ.
The tot al qua%l ES%P‘B{? pr ogu%:ts in {iche EO absor ber"ssbl‘lg&r}st I'S experinment is

(g): met han&®* andgeptppe demperatuseess to St Ehefisbaublastand cunene
hydr oper oxi %PQS%%?J&, a%&%e%dﬁﬂ&ﬁﬂéﬁréﬂled%‘?@ﬁﬁﬂaﬂ@ Rherybstances (by

% of nethano orm c_acid i oo, cunene cunene
hydr oper oxi GSPEUNent isgoap Qtﬁ‘étb%ﬁ%tﬁ}%ﬁi tha seaghiowprodusts issletermsiedityi cat i on was

found. 15 ‘ﬁdmwmy@my%é%tg};%?ﬁﬁfﬁfgédﬂml e 1l is |oaded

with 3 ml of_ a catalyst containin I'um on al um num oxi de and
nore t H&n Gah‘\‘orb?rsu%'lh@ %‘B%@F@eﬁéﬁi@@@hma Qmoeofanpllccacmlomuodweat ed at a

t enper at ur e gy, ﬂ.e(;_)%ég & anlile ﬁ@ﬁfd 1. The reaction

t enperat ure |nebot 2 eagls ;ﬁgle r ta’?ﬁ%‘g‘%ﬁ% gg%h%&&%%%l%t@actl on vessel
has a streafP@ersionef rﬁl @Yf@d)f mﬁhanaltgsa; foamicetcid wio, Afnéde- 1. The

conposi ti on gaf grmeclﬁ? 91..0 en 6.0, steam
3.0, net hanc?lg70 %E%’Faﬂoggﬁc%ﬂggg&%hgﬁwene%%gf 'é‘”ﬂad@

hydr oper oxi desingt @Ilonmfmmﬂune feed rate of the stream being cI eaned is
10,000 h-1. During the four-hour equilibrium experinent conducted after 500
25 houns of mp@pRil on of the catalyst, the following are fed in (g):-

nmet hanol 0.192," formic acid 0.013, cumene 0.1803, and cumene hydroperoxi de

0.2283. The tot confent of. prQdycts in _the absorbers |n th| S experi nment
is (g): nethanol r(%‘%‘f’? vessg edén Bxample yis loadedwmith ombefla | and cunene

hydr oper oxi stQ:aﬁ \b%Iof pEIRdi R BR ARenih f stances of
(99 : met han iL f rm.c aci d 30 100, Cun@ﬂﬁ’ﬂﬂ@%'ﬂﬂﬁﬁﬁiﬁé’ﬁlgﬁ%ﬁfﬁ?

hydr oper OXI Cr\kﬁ i eenlest, hniheatedas a teroperatoraof238¢° QsO1/ 37976
spemﬁc surface is 0.2 m*g*. The reaction temperature in both layers is

20 maintained at 160 + 1°C. The reaction vessel has a stream of steam and gas fed
into it at a rate of 9o 1'h%, The composition of the stream is (volume %): nitrogen
91.0, oxygen 6.0, steam 3.0, methanol 0.04, formic acid 0.002, cumene 0.01, and
cumene hydroperoxide 0.01. The volume feed rate of the stream being cleaned is
10,000 h. During the four-hour equilibrium experiment condueted after 500

25 hours of operation of the catalyst, the following are fed in (2): methanol 0.192,
formic acid 0.013, cumene 0.1803, and cumene hydroperoxide 0.2283. The total
content of products in the absorbers in this experiment is (g): methanol 0.00173,
formic acid 0.0000, curnene 0.0011, and cumene hydroperoxide 0.00730, which
corresponds to a conversion of substances of (%): methanol 99.1, formic acid

30 100, cumene 99.4, and cumene hydroperoxides 96.9. When the catalyst was
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unl oaded no resinification was found. Exanple 3 (for conpari son)

PCTI USOQ' 31251 The reaction vessel described in Exanple 1 is |oaded with 12
m of a catalyst containing 3.0% of palladiumon alum numpxi fg e guard
bed is not 5 |oaded into the reaction vessel. The stream of steam and gas
described in Exanple 1 is fed in at a rate of 241h-1. The reaction
tenperature is 160 1C. The volune feed rate of the stream bei ng cl eaned
is 2,000 h-Iwopwsmreg the tine of the four-hour equili briecEeasopmezsinent

whi ch was conducted after 75 hours of operation of the catalyst, the
following is fed in (g): methanol 0.0256, formc acid 10 0. 00368, cunene

0. 000616 , apflosdEdBvaesiMdicAR WasBgd- 01218. The total content of products
in the absorbers in this experinent is (g): nmethanol 0.014, formc acid

0. 000, cunmeng 0.Q037 and cunene hydroperoxi de 0.00509, which corresponds
to a conversg’éf"ﬁ"‘g??’t(%gc%%‘?sggges of (%: nethanol 45.3, formic acid 100,
cunene 60.8, and cunene hydroperoxide 58.2. Wen the palladium 15 catal yst
was unl oaded, it Thegedationdesstlalesaribed it Baamplal fs 1edded withas ri@¥er ed with

resi nous progdugts. amle 4 (f conpari sqn) Thg reacti on vessel described
0 Exanpl o AR s 4% o5 pileciR Bhatindm prKed i auBH A 850 - Exampl o
2. The pal | altadedintrthaiencion vasall Thetstresm bOéteR ah@psledbsdrited i he reaction

vessel . The E)téqrepjm off ‘ii eam atndfgaﬁipﬁ%ri bed in Exanple i is fed into the
reacti on vesSSAMAE R BFAGE! 0t - T hrapindempRratig iidoat iike is 160 1C.
The vol ume f8evohahefeed ritbef the seedih beh@desledad8dob i, DurdfhBtite JPUT i Ng t he

time of the {hggr- our elmiél.i brium eﬁ)eglcgent whj ch was conducted after 500
hours of opelPStTBrHOBF CQHRPRUR SFRrTment Which31as sondHistedattenss honrs of) : 25

met hanol 0. 18gratiwroftite @aedlght, thtbBSwing Wedm @):1ABanABS 286 TBRRI%dr oper oxi de
0. 2283., The tot a$ cont ent ofm%raod cts ig@t he absorbers I'n this experinent
c

is (g):!0 met H2ASPS: Gpgne 0GP qugnene dydroreioiss - @218 Fhe taipld cunmene
hydr oper oxi defmten ofStbaucty i thb alio s RSRARE SxpRintert L &Eéﬂ%o%.o&{}e substances
e

of (% : nethanol| 5.6, formc acid |oo, cunene 13. and cune

hydr oper oxi iQEMEACHH 0.§00) cHMSNRP.5087, ¢S ermesedydropsroxiiei0eFooEwhithl es 1-4 i s
summari zed | goriebgonta b £ coREElddPRHBRInANS 08 Melinbil £IRhfil fud he Tabl e

shows that the use of a catalytic _conposition toget a guard bed

having a spetd% fEnegGofand rupens hydgonepexide 58 e the palledivenl at a
tenper ajsure olalfPOndurtofiedsn hasioRR A AR f3h BN SEir bl BBl R @1 _cONt ent

of 0.1-3%effectively cleans a streamof steamand gas 1 n the presence of
oxygen at a PEHROWRPIPEES.Of fl ow of 3,500-10,000 .h-1 and a reaction
tenperature of 120-160C for nore than 500 hours. Resinification of the

catal yst i sExaeipl®peer sebarkson)t he absence of a guard bed even with
i ncreased palladium content (3%, with a reduced volune rate of flow

(2,000 i.h-1), "‘H{Q ré’é”cttign essel described in Example 1 is loaded with 12 ml of the
guard bed prepared as in Example 2. The palladium-containing catalyst is not
20 loaded into the reaction vessel. The stream of steam and gas deseribed in

Example 1is fed into the reaction vessel at a rate of 9o 1-h-, The reaction
temperature is 160 + 1°C. The volume feed rate of the stream being cleaned is
7:500 1-h. During the time of the four-hour equilibrium experiment which was
conducted after 500 hours of operation of the catalyst, the following is fed in (g):

25 methanol 0.192, formic acid 0.0138, cumene 0.1803, and cumene hydroperoxide
0.2283. The total content of products in the absorbers in this experiment is (®):
methanol 0.162, formic acid 0.000, cumene 0.1554, and cumene hydroperoxides
0.2011, which corresponds to a conversion of the substances of (%): methanol
15.6, formic acid 100, cumene 13.8, and cumene hydroperoxides 11.9.
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10 increased reaction tenperature (160C), the catalyst already r esinifies
after 75 hours of operation, and its effectiveness at cleaning the stream
of organic conpounds is significantly reduced. In the of the guard bed
does not occur. However, the conversion of harnful organic substances is
I nsignificant, and no 15 cl eggllng CC):f th(éogasG::I%w takes pl?@eJUNBQ@M JUN

4 WD 01/37976 PCTI US00131 n n
;ZIO(C):} CSNGL #06ird7eV. vy yr-'0000 Olcvi ca,a,tOU CCC7 Gopusapazt LL VIM O

06C~knW NatQ rr
The data of Examples 1-4 is summarized in the Table.

Analysis of the data in the Table shows that the use of a catalytic
composition together with a guard bed having a specific surface of 0.2-1.0 mgl,
which is roasted at a temperature of 800-1,350°C and a palladium catalyst with a
5 metal content of 0.1-3% effectively cleans a stream of steam and gasin the

presence of oxygen at a volume rate of flow of 3,500-10,000 1-h! and a reaction
temperature of 120-160°C for more than 500 hours. Resinification of the catalyst
is not observed. In the absence of a guard bed even with increased palladium
content (3%), with a reduced volume rate of flow (2,000 1°h?), and with an

10 increased reaction temperature (160°C), the catalyst already resinifies after 75
hours of operation, and its effectiveness at cleaning the stream of organic
compounds is significantly reduced. In the absence of the palladium catalyst even
after a long run (500 hours) resinification of the guard bed does not oceur.
However, the conversion of harmful organic substances is 1n51gmﬁcant and no

15 cleaning of the gas flow takes place.
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O Cl44+ L r - Mvr VG (yWw z -- ci 4 2 4 JUN 2004 CLAIM5S 1. A nethod for
renovi ng vol atil e organic conpounds fromindustrial waste gas, which

met hod conprises first passing a waste gas conprising formc acid and
other aromatic hydroperoxide inpurities through a guard bed,24%iJine wth a
catal yst capable of renmoving the formc acid in the waste gas, int
presence of oxygen, and second passing the waste gas through a pall adl um
catal yst bepAlMBnprising 0.1 to 3 weight percent pall adi um supported on an
activated alum num oxide carrier, wherein the gas is naintained at a
tenperature of 120 to 160C. 2. The nethod according to claim1, wherein

the guard bedyisp E‘Q&hb@qoﬁi'emg@ﬂgvoiatﬁé%%é%ﬁé @bﬁlﬂbiﬁlds%oﬂirﬁﬁd@@hmd)vaste

according to claim2, wherein theéléard bed has a specific, surface area of
0. 2 to 1. mg&@ch mrethog compmisgs fesb PasvRE (B WaSts 8RS coppreieng fengeicygig ht

{gt |20 if o he net &ﬁ accgafl ng %lge%]ﬁ%ﬁésa%{ﬂ%ﬁa&léﬂm uar dﬁlgéggkﬁ%jg a

mass conpwalylsbnapable alf removimgitiediorsio acldsml thevastergas, umy:he oxestmee . of -
5.0 % um
oxi de 0.1 g,g%%b%rgn%gg n% apeine Tifgf’ “'”&gé tﬂ%%‘g@“ %( g’?z?a oXi @9&@’5@@ 0%
and the recminprsing 9.1 std X cmmght deercdrit palladlum supported on an activated
aluminum oxide carrier, wherein the gas is maintained at a temperature of 120
to 160°C.

2. The method according to claim 1, wherein the guard bed is roasted at
800 - 1,3500C before use.

3. The method according to claim 2, wherein the guard bed has a specific
surface area of 0. 2 to 1. Om?gL.

4, The method according to claiml, wherein the weight ratio of the guard
bed catalyst to the palladium catalyst is from 0.5: 1 to 2 : 1.

5. The method according to claim 3, wherein the guard bed has a mass

composition of:

aluminum oxide 5.0 - 30.0 %,

iron(ll) oxide 0.1 - 5.0 %,

magneéium oxide 0.1 - 5.0%,

calcium oxide 0.1 - 5.0%,

potassium oxide 0.1 - 3.0%,

sodium oxide 0.1 - 3.0%,

titanium(IV) oxide 0.1 - 3.0%, and the remainder is

silicon oxide.
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