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(54} Title: METHOD OF CLEANING INDUSTRIAI WASTE GASES

(57) Abstract: This invention concerns the field of environmental protection and can be used to clean industrial waste gases contain-
= ing products that cause resin formation which fouls catalysts. It is proposed to clean industrial waste gases of aromatic and aliphatic
compounds at 120-160 °C by means of passing waste gases first through a catalytic composition consisting of a guard bed (to protect
the palladium catalyst) with a specific surface 0.2-1.0 m2.g!, which is initially roasted at 800-1,350 °C and second through a pal-
tadium catalyst bed (0.1-3 % palladium, deposited on an active aluminum oxide). The proposed method makes it possible to clean
industrial waste gases of harmful substances (for example, methanol, cumene) with a degree of destruction not less than 97-98 % in
the presence of aromatic hydroperoxides which cause resin formation and catalyst fouling on other catalytic systems.
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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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Application No. 95102026). O her catalysts contain noble netals, for
exanple platinum (US Patent No. 5702836), palladium and silver (US Patent
No. 4673556). Recently, catalytic systens conprising noble netals on

conpl ex oxide 20 carriers have becone wi despread (US Pat et NN 28885083),
in particular group WVIII netals on titanium and cerium oxi des (US patent
No. 4716859)wooinmefsor exanpl e, pall adi um and rhodi um on PEiNNBRsK des (US
Patent No. 4919903). The nost universal nethod of cleaning waste gases of
C3 hydrocarbons and oxygen-contai ni ng conpounds (i ncluding inorganic ones)

i s di scl osed tifmbhod % thahedssilyor heARRAG2am¥be SdhrflBRFEIsDRRICR RLOGRSS carri ed
out at ate eraélure, of 6%%) in the presence of a catalyst conpfising

pl at i num and 531N PHTASER AR igam de g dugh temperature sy, ithis nethadig pely nodi fi ed by
zi r coni um angffictivefor Weathig HRStrearht bSlight REESSrBGRVAYESd %fsmn of

hydr ocarbon of 98. 1% Thegdi sadvant azggg Ig)fc(ﬁz 5 JUN 2004@\1/% 37976

PCT/ i 3500131 385Hfiqatian pihg gatalyst. t he necessity of heating streans of steam
and gas, which, as a rule, are rich in nitrogen and steam to a high

tenperatare. Al scCatdliticeoniiositidns Son®ithihg n6ble &edtdlY BaveWees HERIpRG S he streans
cause resinification of 'the catalyst. 5

of light hydgocarbons whi.ch do naqt

Catal ytic co P%‘il‘gq@g%ﬁ'fomﬁwés-ﬁﬁsﬁ!@m@%&@owawww| oped to
treat specif iettRdaasrding @IS YER&E NEYG %@r Sleaink WAYR ghQWof enper at ure
met hod accor di ng to US |¢g)atent&ib No. 5%[5% 49, for clngani ngﬁ wagte gases of

or ganobr oni n&EEBIREBRHRECOmPOUnds ysgs aeafalyst containing mefalsef teplginumhe pl at i num

group on oxi gRSp6h okideSERIrdeRiuNBREAARRRE:, cérfiin, WHH cARLEk ﬁ&ﬂ%%ﬁ&ﬁ&ﬁiwnds
using 10 a pall i’;ld um rh‘fidl um caf al ySt on cerium oxl de to reduce the
tenper aflre £ B2ladpim/shediamgatalist préariumsoridetosedume tempestearedaned of
met hanol - andwhioh B gds bivélfn is hEied WHeh ROSIERIE S kARSI Gl dladilice t he

reaction tenmperatuye to 150C. Th di sadvant age o I's net 'S that it
can only re phrmakesitpssiblerta resies the reaciem temnesatyestog50°thdhef ore, i f

a : _ _ S
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resinification of The catal yst, I's nmet ctive. U S. Patent
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| ow t enperature (not greater t using a-c y
conpri si ng uﬁfchbVGZZ% of at least two noble netals supported on a speci al
hydr ophobi c carrier. This nmethod cleans the waste streamof go%of its

et hanol _and 93%ng, ok 8! SRIBOBNHErbDE nihRALYANAY RS et hod s

that again, it is only possible ean waste gase organic
conpounds, wHa¥esaspseliiple eontain aldehydes, alcohols, and ketones with up to 5 carbon

atoms at a low temperature (not greater than 150°C) using a catalytic system

20 comprising up to 22% of at least two noble metals supported on a special
hydrophobic carrier. This method cleans the waste stream of g0% of its ethanol
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
2



does not cause the resinification of the catalyst (e.g., nethanol, ethanol,
acetone, 25 and fornmal dehyde). The nethod of cleaning waste gases of
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nmet hod is described in US Patent No. 4450244. 30 According to U S. Patent
No. 4450246f okygerpaoces slavatedatarhperatute (ife.t BEOPse400eE), whighdenkiNe2GB4 of
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consequencg) dhe resessifyi cBhhestingftht hexsCatradinsto al Righ ethpéraitire, ey @) thbe
task was to develop _an efficient nethod for, cleaning industrial waste

gases, i nclahliy texslerih e o skica obipe drdisatedwrarovids in he presangeiaf

hydr oper oxj %ii i i . i for thernal
deconposi t{) of ﬂ?‘%ogl:é%;e}g%ér%%%g? g’ﬁ\%@‘g%%g{rf% gluﬁﬁr fﬁ%%&iﬁ%ﬂi@% SSIt'S of 4, 4-
di net hyl -1, 3-di oxane (DVD), and of 2) the pyran fraction obtained in the
deconposition of . DMD in_the process of synthesizing isoprene from

for mal dehyde ankd Visshef fhe mbovru ke daslpavan to teysiop1an gficirphanethedP@rent

88186, of - . ' e
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properti eswtidl are aphestid hydroperdstidee of the aromatic hydroperoxi des found
in waste gases. SUMVARY OF THE INVENTION In order to sinplify the

technol ogy of the process by reducing the cleaning tenperature of the
wast e gases, in i o] i e i.de u , o] I, C
acid, it is prog%}s&{éejdgggﬁ%ag% o(al??é( ﬁggp?lggée@s%%asscd{e{g%?i B%Qgge?%%. ﬂ-IIE%éI{El
present i nsestimpositionvefdes sklenpidiacth owhickimistnd gludh@tthe asls Cof 4, 4-
conpounds from industrial waste gas conprising formc acid and ot her

aromatic h%@b@ké)ﬁ‘é@mﬁﬁug?mms el of | 2 dheneyramy drasioroebtrined A yibecal
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and isobutylene (Russian Patent 1695631, and Romanian Patent 88186, of

7/14/83). In these patents, the products undergoing thermal decomposition
consist of compounds 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.

3



To renove inpurities, the waste gas is first passed through a guard bed,
filled wth a catal yst capable of renmoving the formc acid in the waste
gas, in the presence of oxygen, and second passed through a q@lb@ﬁ%&m
catal yst bed conprising 0.1 to 3 weight percent palladiun1s@pp8 bon an
activated alum niumoxide carrier, wherein the gas is nmaintained at a
tenperature of 120 to 160C. The guard bed protects the pall adi um cat al yst
byI fieg onposi g Ul“@?éghcve hﬂpuﬁﬁéd;ca,eﬁlevﬂaéﬁb gagﬁlscﬁré sredhﬂhmeﬁglh \aagtua]gﬂ wdﬁlt he
pal | adi um cat t due. to tar or mati gn. i.s makes. the process feasjble
because t héﬁ%ﬁ}"’l)‘l‘%’d‘i‘ Rt gapable o regQyang e formic agithst tie wask &edidheen
in an econgrdsedbe REO6RFEeN, TARd JSRbLAID PHsERY égsm@mr QatMstObéd-
1.0 nR2g-1 and may be Toasted at a tenperature of 800 - 1,350C betore use.
After roas¢dmprisiige Glat 3 peeighb rpareertainalediwes seppartedi annani pedvated) |

magnesi Uma]]?)?ll]i‘f]h" sk i ¥ %Eiﬂﬂéﬁa , LLi h&h
have the fo lg&:?ézjn}ggé rat Idéj)s l}e?ﬁ;ggtﬁnéén%m oxXl e%ﬁﬁ@ﬁp{eh&%gﬂﬁﬁ
Magnesi um Bx . Gllecguanddyaddprotewts dbs ipaltadivird eat=ysti eoordposiig toagania( | V)
oxide Silj OX] . - 1-5. 1-5. kb, 4l-3..0 0.1-3.0
0155, 0 (TEHEER Mhidh forkL o tonrpishivaliod o e eRdE g, o

Pal | adi ug bmnmnd e [ Sd‘l'gli_m nggljftwehe qirluoés{mfiaaeiﬁld_ebep&l@% ehe\r/ﬁs.e&%d/tdml ?baﬁld' ysofist hi s
ype is Su en-de 7T- cat al ;s conprisin : . % pal | adi um on

a Ui on CPORRINA A0 SHAOLBE FRARCHOR AR SCa i aLPEIcEsS, at . bul k
density of 560.6 kg/ nB (35 Ib. / ft3). 1In a preferred enbodi nent of the

I nvention, the ight ratiqQ of the guard, bed to a palladi umbed, catal ysts
may be from O. 5\:M12l1e gb‘a-ﬁf&)fg Bay llﬁvﬁmsmeﬁéaﬂf&gﬁliosnﬁgéf%m@ be

conduct ed fRistPRh) ANGnifPah RERATSIO!L &, 3504 Befoh® LLEORReA roRrY, 4AE Puksl S

bed can contain oxides of aluminum, iron (If), magnesium, calcium, potassium,

sodium, titanium(IV), and silicon, which have the following mass ratios (%):

Aluminum oxide 5.0-30.0

Iron (1) oxide 0.1-5.0
Magnesium 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
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.



In operation, the waste gas is first passed through the guard bed with
oxygen present. Next, the waste gas is passed through the pall adi um
catalyst. In the case of waste gases containing formc aci d 4ths oward bed
removes the formc acid, thereby avoiding formation of tar on the

pal | adi um bed. The palladiumbed is effective to renove cunene

hydr oper oxi de. The proposed nmet hod nakes it possible to clean industrial
waste gases of T phodess b preforddy chnduencd mhintaiigihd e kemper®Oey at 1200

t he degree oi égflr estructlon not falling below 97-98% 1n the presence
of conpounH% ? S omati c hydr oper oxi des), which cause resin
formati on on ot her catalytlc conpositions. The industrial applicability of

the proposed nethod is jllustrated by the followi ng exanples: Exanple 1 A
gl ass reaction Vids8B¢rafionn the syasie g@éd@uﬁéﬁt passehthropgh thesguael bed willhing

pal | adi um S7ECD) DIEETE NCRP fht uibie Bt pRMAI bR A6 DBl ooty I

% : al um ntha caseiofevanste gases emtaining fundde agid) the grgne dedrenxivde tide &8 mic

I | . )
cal o um OXhel ol ORISR B by SRR R T DAAILTAY
initially mscdfeteve td reandvenpenene hydrager8dd6C and its specific surface area

is 1 M.g . The reaction vessel is heated by an electric furnace which
uniformy heats both layers along the height of the reaction vessel the

reaction tenper aI‘hEE proppsdd Gnethofl. nﬂh@s ﬁt];foeaml@fo slega ih@nstriad d@istegdRd dfnt o
t he reactiﬁn vessel, at a speed of f. The corrposﬁ?l on of the
stream (v Siastindes; e FFEPE %ﬁ%‘é’ﬁ’ 6CFNCREle I the dReremAbItheiro2,

formc aci dedirfébn Grite iling - Béléw @I’rd%wreﬁle Ay dpARRHOXI Qiecen%ndEh for

volune feed rate of the stfeamto, be cleaned is 3, 500 1. After 50 hours
of 5 2 4 JUKDSs Fomeatics Aydsoperoxideshominets 1caser 651N fww cen afthsr a
experi ment ~4igi Qyer the course of 4 hours. During this tine the
follow ng (volune % are fed in with the stream of steam and gas (Q):

met hanol 0.06720, formc acid 0.00966, cunene 0.02520, cunene

nyanoper o1 0 0. il ERRLLIR OB RRR SAFBUSH Rt The
m xt ur e of followitgexainplesde and acetone (tenperature -70C to -80C). The
first and last traps are enpty, and the second and third are filled with
n-butanol. After the experinment is conpleted, the content of the reaction
products iExaeipls i ned by gas-liquid chromatography (G.C). The total
quantity of pr Odfg ¢ Ssslrga}:t?on 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



10 absorbers in this experinent is (g): nethanol o.ooloo, formc acid

0. 00000, cunene 0.00008, and cunene hydroperoxi de 0.00510, which
corresponds to conversion of substances (by % of nmethanol 98.5, formc
acid ioo, cumene 99.7, and cumene hydroperoxi de 84.4. \Weh 4t N d¥tal yst
was unl oaded, no resinification was found. 15 Exanple 2 The reaction
vessel described in Exanple 1 is loaded with 3 nml of a catalyst containing
3. 0% of pal waslismren al um num oxi de and nore than 6 ml ofPCTRUS/S3@RFar d bed
described in exanple 1, but heated at a tenperature of 1.,350 C. Its
specific surface is 0.2 nRg-1. The reaction tenperature in both layers is

20 mai nt ai neperition 6Pthe batalysive dxpatinbitls varmeled B3 the 8ur&AN4ousl €amM and gas
fed into it,at %B{s e of %g lh-1.. The conposition of the streamis (volune
9%: nitrogePWHE ,%t&}%/%afp Wi (¥elumi: ) ae Teghdp With dhe Bregm ofsteam ¢ aci d

0.002, cunersd@adi): métHandl Braw780, Toiehi0 REE @0 dHB6 erfdene B548! difenkeed rate of
the stream ehﬁ%’@fl eiaened | g 10,000 h-1. During the four-hour equilibrium

! . e
experi ment %0 5Hhs reartinp pradugts agpdirestaddn asystemne cat al yst, the

fol | owi By arcendisthgiof fd@krapSRibbeBers) Srh8ded irf RFibd, EodA& mgél:ér umene
0. 1803, and cyne eg h dropgfr%xi de O). 2283.eT1r?e tot’a?(ﬁédc‘g,na?en c?fO?products in

t he absor ber“@r0oR digxide andsetongiemperaiugs 7056 tar$e8C). Bhefisyand lagtor mi ¢ aci d
0. 0000, cu ; v, ' ) 0 i ch
MRRPs BrelPiity, and MKk USRI AMEE Q&q{lﬁﬁ?%:rp%gtﬂﬁ%h %ﬁtéﬁg.bg ! formic

corresponds to a conversion of substances of .
aci d 30 100 S¥RSIHRGTY isppmapletad, shecpatant ofiid repsdempioducts is degmuedlyen t he

cat al yst V\’asgLaﬁli%ui(é Mggg}gpﬁm‘gﬁ.%@z@%}%ﬁ@q@%ﬁ%&m% l,fication was

found. Exanp|e for  conpari'saon)’ PCTI he reaction vessel

descri BBd i Rbsswhers nsthis gxpenimartds(g)i methamol plocapo formianeidystoaumyt ai ni ng 3. 0%
of pall adiu | | . | | paded. i nto the
reaction ves%ggller.lé#ﬁgb 2?{%12)%1%? Ilest ea(r)#ézlal?]’g %gggéieoz g@?c%xézgrrpwon%&npl e lis fed
in at a rat &opersiomefsubstanpss thydetdfonethemg o8 formid midiBo, cikfene The vol une
feed rate of SRR | Ohpd 0) hzl. ri the time of the
f our - hour eggﬁiﬁlbrj e gljropgrrrg%itdg%ﬁ%éwhaﬁsﬁmc%%&%’f%sd'gg??%ﬁ’“f% hours of

oper ati on offesinificatignavagfmundt he fol lowing is fed in (g): nethanol 0.0256,
formc acid 10 0.00368, cunene 0.00g616 , and cunene hydroperoxi de 0.01218.
The toysl gRampRt of products in the absorbers in this experinent is (9):
met hanol 0.014," formc acid o.000, cunmene 0.00377, and cunene

hydr oper oxi de 0.,00509, ., whi Ch]Ld corrgsponds to_a conversion of the substances

of (%: methanol eactiop yessel degerihg In Beample prisrieadsd vith sambiofeunene -
hydr oper oxi dgaly& cdntaiified3.b%f pallddfih B luminum oxide and more than 6 ml of

the guard bed described in exémple 1, but heated at a temperature of 1,350° C. Its
specific 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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15 catal yst was unl oaded, it was found that nore than half of it was
covered with resinous products. Exanple 4 (for conparison) The reaction
vessel described in Exanple i is loaded with 12 m of the gyayg,

prepared as in Exanple 2. The pall adi um containing catalyst is not 20

| oaded into the reaction vessel. The stream of steam and gas described in
Exanple i is fed into the reaction vessel at a rate of go 1h-1. The
reaction tewpergbwre is 160 1C The volune feed rate ofrdimesoeszaam bei ng
cleaned is 7,5001h-1. During the tinme of the four-hour equilibrium
experiment which was conducted after 500 hours of operation of the

cat al yst, thgnlbaddda re@nificati®Ovdstols),: 25 net hanol 0.192, formc acid
0.0138, cunene 0.1803, and cunene hydroperoxide 0.2283. The total content

of products pn t e 2{(} sorbers | this experiment is (g): methanol O0.162,
formc acid ﬁﬁ%pﬁ‘sfﬁ and cumene hydroperoxi des 0.2011, which
corresponds to a converS| on of the subst ances of (% : nmethanol 15.6,
formc acid | oo, ']then‘emﬂoﬁ&esﬁelchs@beﬂtmﬂmn@dlﬁﬂﬁd@&bﬁi@.&zlﬂl&a 7 2 4 JUN

2004 WO 01/ 37 6Th dat ) les 1-4 i.s su ri,zed in the Table.

PCTI USODY 3151t Ergainiiey S gb 0P ElEiRyB oRie ieeverbhedinaotuse of a

catal ytix clagakinta tharda@ﬁﬁﬂf@&lﬂhtehtr&arﬁbﬁﬁtémﬁ@ﬂd Bavdesgibedsweci fic surface
erature of  800-1, 350C and a

of 0.2-1.0 roas
pal | adi um c%%?lwf‘fcﬂmﬁgrﬁsf’ 4 %n?@‘?ﬁea onfempsmhueisifoin Ly cl eans a
stream of st'emnoanﬂe@aarateofﬁnesuwresaﬁg:eeﬂted%y@sahatnﬁﬂg%yﬁﬁero@te O flow

of 3,500-10, - a reactJ on erature of 120-160C for nore than
500 hours. %88‘?%}}‘3“55 1&%‘ &'%VSF wascandysted afiep7a/RATSs oy t he absence
of a guard besbraticarofthd datdlyre RRafolowRa td@dlﬂ@ @Rk b.de3forilchiiga T educed

vol une ate of an 10 i ncreased reaction

h-1
t enper a %r e ??8%@ c“‘g‘ﬁ’ée ‘eSPa@S‘ﬁstn%Wt?&aW#megﬁomdp|0é§23$ flaetatal hours of

operat i on, aﬁbﬂtéﬂ&f@bﬁ@&&in%@@ﬁs‘ér&&sﬁ't&@@kﬁ&rﬁ s(bJ: S Rol 8IANI ©
corrpounds S nlflcantléngeduced In the of the uard lgeg g%es not

occur . (9 AR FEMENE,P-0887 7 %%Weﬂﬁrlﬁé?ﬂpér@ﬂﬂ@sﬁ @@ro®s which

i nsi gni fi Canéme@ﬂﬁud@%é@orﬁht%ﬁiﬂ'd?%&ﬁbﬁt@ﬁcegé of)! MMHAAKIES, P ks 2 4 JUN
2004 WD 01/ 37976 PCTI USP0131251 SO 3&4%3% cac?d :
100, cumene 60.8, and cumene hydropero:nde 58.2. When the palladium

15 catalyst was unloaded, it was found that more than half of it was covered W1th

resinous products.
Example 4 (for comparison)

The reaction vessel deseribed 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.

7
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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 insignificant, and no
15 cleaning of the gas flow takes place. |
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Lr - Mvr VG(yWwWz -- ci 4 2 4 JUN 2004 CLAIMS 1. A nethod for renoving
vol atil e organi c conpounds fromindustrial waste gas, which nethod
conprises first passing a waste gas conprising formc acid and other
aronmatic hydroperoxide inpurities through a guard bed, fill e2l4wgn s

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.

10



