. REMOVAL' OF NOx AND SO(x) EM SSI ONS FROM gc(a lﬁéillNEs
T ni ca

FOR METAL TREATMENT | yField

The present invention is directed to the renoval of nQXI pt unds
NOx and SOx fromthe gaseous effluent from netal picklin ons
Background of the Invention Pickling refers to %B& ﬁ&é nt of
nmetal during processing such as shapi ng or size reductl 1;5

scal e and other netal oxides that have accurul ated during storage or
earlier processing. The treatnent consigts of exposing the netal to an
aqueous bath of strong inorganic acids, typically nitric acid mxed with
one or nore of sulfuric acid, hydrofluoric acid or hydrochl oric acid. As
a result of the chem cal reactions taking place in the bat h, and at
tinmes due to thermal deconposition of the acid funes therein, t he

at mosphere over the bath contains a hi gh concentration of and

possi bly SOx, The at mBEMRVAL QF NOXANRISAKEMIGRIONS RRQMca |y regul arly

purged using a m xture oPIOKYING LlME&JFﬁJIR AL TREATMENT gas nust be
treated to significantly reduce NOx, SOx and acid gases before it can be
vented to the atnosphere.

Technical Field

The present invention is directed to the removal of noxious
compounds NOx and SOx from the gaseous effluent from metal pickling

operations.

Background of the Invention

Pickling refers to the treatment of metal during processing such as
shaping or size reduction, to remove scale and other metal oxides that have
accumulated during storage or earlier processing. The treatment consists of
exposing ‘the metal to an aqueous bath of strong inorganic acids, typically
nltnc acid mixed with one or more of suh‘urlc acid, hydrofluoric acid or
hydrochlonc acid. As a result of the chemical reactions taking place in the
bath, and at times due to thermal decomposition of the acid fumes therein,
the atmosphere over the bath contains 'a high concentration of NOx and
possibly SOx. The atmosphere in the pickling tanks is typically regularly
purged using a mixture of dry air and nitrogen. This exhaust gas must be-
treated to significantly reduce NOx, SOx and acid gases before it can be
vented to the atmosphere. _

NOx refers to the nitrogen oxides commonly present in waste gas
effluents. i.e. NO, N203, NO2 and N205. These oxides, which have

increasing degrees of oxidation in the order given, likewise have varying
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_NOx refers to the nitrogen oxi des comonly present in waste gas
effluents. i.e. NO N203, NO2 and N205. These oxi des, which have

i ncreasi ng degrees of oxidation in the order given, |ikew se have varyi ng
9902523- 1 20 MAY 1999
- 2- degrees of solubility/reactivity with aqueous solutions, preferably

caustic solutions having a pH between 7 and 14. In general, the higher the
oxidation state, the greater the solubility/reactivity with aqueous caustic
solutions. It is inportant to bear in.g.nd that, unlike conbustion wherein
a large percentage of the NOx fornmed exists as NO, the effluent gas froma
pi ckl ing operation commonly contains a much hi gher percentage of higher

nitrogen oxi,des, pasticylarl err],. As.a general conparison, conbystion

typical l'y pﬁ%@@@ﬁsoétsof@dlé‘t‘//éﬁg&'t\gd”ﬂaI aqwt@eﬁpﬁm@nﬁ Rreterablya CAHEEE bei ng
NO[err] whe f t r y ckli tul: i

coLt ai ]ns on%@ﬁﬁP%%ﬁggig‘&g@g‘ ?%%nvg{gnap‘gﬁ'cﬁ]pgﬁﬁ%\?ﬂg{h% %‘ﬁ@e@a@aﬁgéém err].
These consi ggite) thegreatdt! thet ol SEity/Ragtlite Wilts agBbodus caustic sdiMoasd IOx are

currently removed from pickling lines pri mar.z by al kal i ne scrubbi n&r The
use of nultispli@perienbbindeeafi in mindb\tbatbsntikeicoembustion byhewminne Erge he

d ' ' . .
orti o ent spelbehediot HENCH forfids RS o BE. 1BCHRRAY GenlM R Blokifis” ©
standards. gpgratiefNcEmMPidH iconfaista e higher PerbemagBadf H@He’k?rﬁﬁo?écl)ﬁir ogen

a
peroxi de or sodi um oxychloride in the first" scrubber Fo convert NO
N err]. Thexisesomarticulaty lOeontfectas georat rqomparisan, reatnbustipragygpicallguch

as sodi um higpgdgu%lefsi gteleats? acn%rﬂ\{eéb’vci)l:[ ;}e(r)cé]rjntt &%g%ﬂt‘ r}%te balance being NO2
whereas the effluent gas from a pickling operation typically contains only
from about 60 to 65 vol. percent NO with the balance NO2. These
considerations apply to SOx formation as well.

NOx and SOx are currently removed from pickling Iiries primary by
alkaline scrubbing. The use of multiple scrubbings will remove about 40% to
50% by volume of the NOx and SOx in an effluent gas stream as described
above. However, more efficient systems were required to meet ever-
tightening NOx émission standards. One such system is a wet oxidation
system_that utilizes hydrogen peroxide or sodium oxychloride in. the first
scrubber to convert NO to NO2. The second scrubber contacts NO2 with a
reducing agent, such as sodium hyposulfide, to convert. it to nitrogen that
can be vented to the atmosphere. This system suffers from high cost and
the possibility of release of dangerous emissions, such ClO2.

Anocther technology utilized to address the problem of NOx removal is
selective catalytic reduction (SCR) which utilizes catalysts to reduce NOx to
nitrogen gas. The problem with the use of such systems to treat pickling line
efﬂu_ents'is that the HF and H2804 fumes must be initially removed, such as
in a scrubber. Failure to effectively remove such acid fumes will result in the
catalyst becoming plugged or inactivated by the acids. This will result in the

discharge, or “slip”, of hazardous substances from the system into the



.can .be vented to the atnosphere. This system suffers from high cost and the
. possibility of release of dangerous em ssions, such ClO[err].

Anot her technol ogy utilized to address the problemof NOx renmpval is
selective catalytic reduction (SCR) which utilizes catalysts to reduce NOx
to nitrogen gas. The problemw th the use of such systens to treat pickling
line effluents is that the HF and Herr]SOerr] funmes nust be initially
renoved, such as in a scrubber. Failure to effectively renove such acid
fumes will result in the catal yst. becomi3ng plugged or inactivated by the
acids. This will result in the discharge,. or "slip", of hazardous
substances fromthe systeminto the

-3 - [ S - L.yt i d i.on hnol '
woso reout r SR e RCH So8: iy MR- FRb R RaUF A0 SeORRIOGRE Ray HisS ™
reduction reRfireOReating the Ydd ko aéwtd'ﬁfmﬁrﬁct@%é’fgﬂfurfeofort BE’;i?’ET‘Q&& ctfdn NOX
Is referred to as | ow tenperature oxidation. IS 1S, In efrfect, heat

removal fol teastidnby an ozone- based oxidation system foll owed by a wet

scrubber. The nolar ratjos utiljzed for a systemare at mninmum 1.5 nol es
of 03 for each noFt asPthghteconglogyeinsibg. remipvah&f NOK isdefarreshte @salova riy
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steps, such as are not require rea t of

t he | ow t enpased oxidatisatsystene dokowed byns wat@erabbdrc Kthegoldr ratibalusilized
processi ng ogperation. It would therefore be a significant advance in

the art if EPrpd GYEte @saIad MIEMUSYiTaBamplest ohB3| toredachcmete lof N@xBPebanOx
a0 S0 [ O AAARBHELIERIAGP I F Bl AR fol PSSR bR e
Summary of bystehkerjiiiie8 s series of process steps, such as the heat exchange, which
' are not required for treatment of the low temperature, saturated emissions

from a pickling of metals processing operation.

It would therefore be a significant advance in the art if a process could
be. provided that would efficiently remove NOx and SOx from gaseous
effluents from .metal pickling operations. Such a process is provided in

accordance with the present invention.

Summary of the Invention

The present invention is directed to a process of removing NOx and
SOx from a gaseous effluent from a metal pickling operation comprising
passing the gaseous effluent from the bath through an aqueous alkaline
scrubber, treating the effluent therefrom with ozone to oxidize NO present to
higher oxidatioﬁ Ieyels and again passing the effluent through an aqueous

alkaline scrubber.



.The .present invention is directed to a process of renoving NOx and SOx from
a gaseous effluent froma nmetal pickling operation conprising passing the
gaseous effluent fromthe bath through an aqueous al kal i ne scrubber,
treating the effluent therefromw th ozone to oxidize NO present to higher
oxi dation | evels and agai n passing the effluent t hrough an aqueous al kal i ne
scrubber. -4 -

Det ai | ed Description of the Invention The present invention is
directed to an inprovenent in the renmovdl- of NOx and SOx from the gaseous
effluent. of a netal pickling process. In a pickling process, netal having
a scale of netal oxides is contacted mﬁth pi ckling acids - such as HC,

HNO err], Herr]SJerr] an = T6|S I § ;nr ng otrtedtothe nmet al
surface through the outer it reacts to form
metal salts - such as FeCl[err], Fe(hKIerr])Z and the |ike, and hydrogen.

If the H2 gas phase layer on the netal surface is thick, the pickling
process is sl owedhemresahidnventidreis dicectadcd areshpttmamrﬁton dhe demoaabpbrt to

the netal s rface , a nmeans of ovverl g the g hase resi stance
woul d speed? 9;3‘ gnd %8 F?Wgﬂ%/eatg@se?ﬁ'ﬁ:F@é%ﬂf{ﬁewlap'ckm%w o

conmon prac ic‘kﬁn%clfrgﬁg b\"*%b%lhﬁa\nxg r QA& d lbt? blln%télagﬁge% 38 gc)é/orﬁcgk:{% \ig, t he

acid bath physic ing a into nat ur e

of the pi ckblclkgng)racms-ssudﬂhasg-dﬁlec}u\ﬁoef HIZSGWandI\HFChThs detd Petrahyperte@tpi ng
t he pickl'ingtank W|th itrogen or nitrogen-rich gas, preferably a mxture
of nitrogent@iee Metal surfacs throughithgouterisyers of aetal Mdﬁd“ﬂ‘@f? hereagé®e with

combusti on gag6iin mda1 93FE 0 %ach ds' KEIL, BOMNGY)2%nd the like, and hydrogen. If

the H2 gas phase layer on the metal surface is thick, the pickling process is
‘slowed down due to the increased resistance to acid transport to the metal
surface. Hence, any means of lowering the éas phase resistance would
speed-up the pickling rate, increasing the metal throughput. One common
practice to break up the hydrogen bubble layer is by agitating the acid bath
physically by bubbling air into it.

Because of the nature of the pickling process, the gaseous effluent,
which is formed by sweeping the pickling tank with nitrogen or nitrogen-rich
gas, preferably a mixture of nitrogen and air, is not at a high temperature as
would be the case with combustion gases. The gaseous effluent contains
some volatilized strong mineral acids and their decomposition products, and
contains a significantly higher concentration of NOx and SOx than found in
combustion gases. For these reasons, although there is a considerable
breadth of technology concerning NOx and SOx. removal, there has
heretofore not been a process which provides for the efficient, i.e. greater
than 80% by volume, removal thereof from pickling process gas effluent.

The first step in the process of the present invention is to pass the
gaseous effluent from the pickling bath through an aqueous alkaline
scrubber. The pH of the scrubber must be between 7 and 14, but is

preferably very basic, i.e. between pH 10 and 14. It is important to note



.some volatilized strong mneral acids and their deconposition products, and
contains a significantly higher concentration of NOx and SOx than found in
conbusti on gases. For these reasons, although there is a considerable
breadt h of technol ogy concerning NOx and SOx renoval, there has heretofore
not been a process which provides for the efficient, i.e. greater than 80%
by vol une, renoval thereof from pickling process gas effluent. The
first step in the process of the present invention is to pass the gaseous
effluent fromthe pickling bath throughban adueous al kal i ne scrubber. The
pH of the scrubber nust be between 7 and 14, but is preferably very basic,

I .e. between pH 10 and 14. It is inportant to note
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sol ution. . The particul ar configura he scrubber 1s no
critical tocortainedviard soitatde comogiomsreisistardtf cortainar . nTheseftilientissgarerally

sufficient contact between the [ ut] t ffl t toh
g(l;odI plarcen‘"f‘ 5’“?5# 19 ﬁ'é‘\’,\ﬁekmé’h(?f% u%%?‘é@ﬁﬁs Sotal#lﬂf: g‘&ﬁg‘gt? RWHR&@EH@(&&F?VEO?
i nst ance, AaN&} A&%itﬁ%é‘%@ﬁe&ﬁg é&nurf)bgﬁggﬁgioﬁ.r- tray columm, or a horizontal

aqueous spray chanber can De use n genera a residence tine between

about 2 and 20 s®henparticolar heorsfigurbtien of thdeserabbecdst ast critical lte sies ubber
to renove a good portion of the inpurities present therein. Those of
ordi nary skinventign spdongasiif pfforssadasansot Aaysing subicieniceeniBet Between

descri bed hﬁ{eeaayééusbgolﬁﬁgﬁ RRA%NY dffiuent to have a good percentage of the NOx

and SOx present dissolve into the solution. For instance, a vertical counter .
current packed or tray column, or a horizontal aqueous spray chamber can be
used. In general, a residence time between about 2 and 20 seconds in the
scrubber is adequate contact for the scrubber to remove a good portion of
the impurities present therein. Those of ordinary skill in the art will
apbreciate that aqueous scrubbers as described here must be equipped with
means to withdraw a portion of the scrubber solution periodically and either
replace it with fresh solution or clean it of impurities and return it to the
. scrubber, _
In the scrubber, the scrubbing solution reacts primarily with the higher
forms of NOx present in the effluent. This means, for example, that NO2 as
well as any N203 and N205 present will be converted to HNO3 or NaNOs.
Acid .products formed can be removed to a conventional acid waste
treatment plant or recycled to the pickling bath. The aqueous alkaline
scrubber may contain sodium hydroxide or calcium hydroxide, for example,
and the salt products formed, e.g. NaNO3 or CaS04, can be concentrated

and discarded as solid/liquid conventional waste. The alkaline solution also



.means to withdraw a portion of the scrubber solution periodically and
either replace it with fresh solution or clean it of inpurities and return
it to the scrubber. In the scrubber, the scrubbing solution reacts
primarily with the higher fornms of NOx present in the effluent. This neans,
for exanple, that NO2 as well as any N err]O[err] and N err]O[err] present
will be converted to HNO[err] or NaN(O err]. Acid products formed can be
renoved to a conventional acid waste treatnent plant or recycled to the

pi ckling bath. The aqueous al kaline scrgibber may contain sodi um hydr oxi de
or cal cium hydroxide, for exanple, and the salt products forned, e.g.

NaNg err] or CaS(err], can be concentrated and di scarded as solid/liquid

tional waste. The alkali | ytion. al _ . |
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treatment. such freBhacigmtepass béyonbtiie inttahstige bhtrleathestr ubber now
contains NOx and_SOx primarily in their |ower oxidation state, i.e. NO and
SO[err]. The effiTheraasesupsffigent from thm initieli sarubberzaew eortainseNOXappdr at us

that can {2l PO SAR] (O B SASHNI S, 4108 il B0 FRY il 1

the art. |n gener e appar at us can conpri $€ a p €.g. a con

to the subsegusstt tot apcohvetitidhali cudine! ereatiiehD dpparatust tHatouam taksi Bgy of
gases and reaction between the effluent and ozone so that the | ow oxidation

stat e conpogrofgurationxegpariged byatheisgadr orginatwskidininsthe: art.  In generale theone
i ted b i ir th h ti | t d
i nt roduced PROETALNE CA0 SRIRIRE,R RERtoGR faTat WBPauBole 198 sHOESRITSSIEP er o
the effl uenigypRdidkl RWGtA t8Pdrift iﬁér%lﬁgﬁrm'iﬁn% gr g&%&eénd RE&ctidie betwakReNt

zone, I'n general, it I's preferred to equip the ozone treatnent zone with a

convent i onalthenefiflyest ahelviozene hst thmatstineetow hexidation state compounds are
oxidized to a higher oxidation state. )
The ozone is generated by passing oxygen or air through a
conventional generator and introduced into the ozone treatment zone at or
soon- after the point where the effluent withdrawn from the scrubber is
introduced into the treatment zone. In general, it is preferred to equip the
ozone treatment zone with a conventional analyzer device that measures the
NOx content of the effluent exiting the scrubber and adjusts the ozone
content in the incoming ozone mixture, i.e. by controlling the production of
ozone, or its flow rate as necessary to provide the correct concentration for
the NOx content in the effluent. A decided advantage of the process of the
present invention is that, by combining the initial scrubber step with the
ozone treatment and- the subsequent scrubber step to be described, the
amount of active reactant in all steps, i.e. the aqueous scrubber solution and
-ozone, respectively, is reduced in comparison to conventional usage.
The gaseous effluent from the ozone treatment is passed to a second
aqueous scrubber, also preferably an aqueous alkaline solution. As above,
the water dissolves the higher forms of NOx and SOx to form corresponding

acids which can be recycled to an acid storage or treatment facility.



ith.confent of the effluent exiting the scrubber and adjusts the ozone
content in the incom ng ozone mxture, i.e. by controlling the production
of ozone, or its flow rate as necessary to provide the correct
concentration for the NOx content in the effluent. A decided advant age of
t he process of the present invention is that, by combining the initial
scrubber step with the ozone treatnent and the subsequent scrubber step to

be described, the amount of active reactant in all steps, i.e. the agueous
scrubber solution and ozone, respectivelzy, is reduced in conparison to
conventi onal usage. The gaseous effluent fromthe ozone treatnment is

passed to a second aqueous scrubber, also preferably an aqueous al kal i ne
sol ution. aboye, . the_water.di ssol ves .t he hj gher  for of NOx_and,.SOx to
Form cor e BURATATele 1 dad apRelife. 36t TR Bh E8 ShRCTF sdireasbTiing
treatment fagialléd salts which t rt sntional
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neutral i zedwastd sreatineht pemtatBinee thartraatnienams ghe tozdnt appatatos aXidiees|
waste treatnent plant. Since the treatpent in the ozone apparatus oxidizes
| ower f or mslyyerNErMS, ofj YRk toxhighen exidationestatey antk theckar@ndc pevbber
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vol . % NOx smaibbex cpntateslessntlidneabsutgR0avols,f bredetablyT tegseftianueOtval 4, t hen

be emtted as any conventional, snoke stack discharge. The
process pr oliQre@ndnSQxcBraggnt dnvihenoriginapeélesnt. i nihenefftuentscen fthepi be in

renovi ng at 0 n present in the netal

pi ckling ef P*’ﬁ@%‘g ag%ﬁ(\’?‘%‘?’}@"ﬁﬁﬁp ‘%’Péﬁ? a@%@séﬁ?@pr eferably fromo0.9 to
1.2, noles of ozone pFherprbeesy PNQ_idéd P aB6¥rdahee Sith ithe tgres&itl inveAtion Thi s
represents an inprovenent in efficiency over preV|ousIK kKnown processes.

As an addi t jsoefectivecin temaviag iatieast &0 Yorie wokims of ftke end SO praseoh,
' in the metal pickling effluent utilizing only from 0.7 to 1.4, preferably from

0.9 to 1.2, moles of ozone per mole of NOx plus SOx present in the effluent.
This represents an improvement in efficiency over 'previously known
processes.

As an additional step in the improved process of the present invention,
‘some of the ozone produced from the ozone generator is also used to agitate
the acid bath. The ozone introduced can be supplemental to the air used
already for this purpose, or to replace it. The ozone gas flow will provide
mechanical agitation action, while the ozone present will react with the
hydrogen bubbles formed during the de-scaling reaction to form water by the
reaction

H2 + 03 - H20 + O2. _
The gas bubbles provide acid agitation for enhanced pickling and de-scaling
reaction by removing the hydrogen bubbles away from the metal surface and
increasing the effective area over which the metal is contacted with acid.
Excess ozone also reacts with the NOx and SOx fumes formed in the pickling
process to form higher order, and more soluble, nitrogen and sulfur oxides,

thus enhancing the efficiency of the first aqueous scrubber.



. sone of the ‘ozone produced fromthe ozone generator is also used to agitate
the acid bath. The ozone introduced can be supplenental to the air used
already for this purpose, or to replace it. The ozone gas flow wi |l provide
.nmechani cal agitation action, while the ozone present will react with the
hydr ogen bubbl es for ned durlng the de-scaling reaction to formwater by the
reaction Herr] + O[err] -Herr]O + O[err]. The gas bubbl es
provi de acid agitation for enhanced pickling and de-scaling reaction by
removi ng the hydrogen bubbl es away fromgt-he nmetal surface and increasing
the effective area over which the netal is contacted with acid. Excess
ozone also reacts with the NOx and SOx funes fornmed in the pickling process

onmneme. he” oPTHE rraBhe, BY e Bt nlbieo S B pildad 8 b8y wids

enhanci ng the ef

-8 - gasetisPIeTAaEAt OStré&M PRr@®E NickIiNgE NhioRBsSe MhUtﬂnb's?egr\ettQIsPU” fy
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of concentrated inorganic acids, such as nitrigc ac d, su] fur id and the
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salt sol uti present hsrovess Etcisdsadvantdgeousenh ithatt lileraﬂbdesﬂmic jdse phigse
present at the pickling facility. The waste salts forned can be discharged
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facility al pi.ck th t
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t he anobunt of ozone utilized is
solution treatment facility, which is also a conventional facility already
present at the pickling plant. By the use of the first scrubber and the ozone
 treatment, the total oxidant consumption of the system is lowered compared
to other recognized processes. Finally, since the amount of ozone utilized is
carefully controlled to remain with the defined limit, the present process does

not suffer from having ozone slip into the outlet gas stream.



,carefully controlled to remain with the defined linit, the present process
does not suffer from having ozone slip into the outlet gas stream

9 - VWHAT WE CLAIM | S: 1. A process for the renoval rom
the gaseous effl uent froma netal pickling bath cormmpm“l“ﬂ“fm“g
passi ng the gaseous effluent fromthe bath through a fi¥s L

aqueous al kal i ne scrubber to renove hi gher oxidation forns of

NOx and SOx, and acid gases; b) treating the gaseous effluent from
step a) W|th a gas mxture -9entai ning ozone to oxidize NOx and
SOx to higher oxidation forms wherein the concentration of

ozone therein is such that : the nolar ratio of ozone to NOx plus

SOx in the ~about 0.7:1to 1.4:1; and c)
passing th WHA# E LSAII\MJénxture t hrough a second aqueous

al kal i ne scrubber to renove additional higher oxidation fornms of
NOx and SOx forned in step b). 2. A process in accordance to C aim 1,
addi ti onal I'}. Anprectissgfarhthesterpovdl diubl)x ragda80kt fromethg amsedus witiuent

cont ai ni ng ozgne throu h.the ling pbath to increase the pickling .
ef ficiency ang‘%acmﬂﬁ P@@“S&qtﬁ&?"éﬁ“sﬂ% NOx and SOx present to higher

oxidation fOrms.g) 3.passfhdtREEFIsddUsACHRUIARNEEMthE bhd Thioughh & Girlihe PH
i n both aqueous o
- aqueous alkaline scrubber to remove higher oxidation forms of
NOx and SOx, and acid gases;
b) treating the gaseous effluent from step a) with a gas mixture
" containing ozone to oxidize NOx and SOx to higher oxidation
forms wherein the concentration of ozone therein is such that
- the molar ratio of ozone to NOx plus SOx in the effluent is from
about 0.7:1 to 1.4:1; and
c) passing the resultant gas mixture through a second aqueous
alkaline scrubber to remove additional higher oxidation forms of

NOx and SOx formed in step b).

2, A process in accordance to Claim 1, additionally including the step of
bubbling additional gas mixture containing ozone through the pickling bath to
increase the pickling efficiency and to oxidize a portion of the NOx and SOx

present to higher oxidation forms.

3. A process in accordance with Claim 1, where the pH in both aqueous

scrubbers is from about 7 to 14.

4, A process in accordance with Claim 3, where the pH in both aqueous

scrubbers is from about 10 to 14.



.SCr ubbers is fromabout 7 to 14. 4. A process in accordance with CIaLm
3, where the pH in both agueous scrubbers is from about--10-t0o 14.

- 10- 5. A process in accordance with CGaim1l, wher ml “t
scrubbers contain sodi um hydroxi de or cal ci um hydr oxi mm&mﬂ m cess
in accordance with Claim1l, wherein the nolar ratio of e 1t 0 "NOR p us

SOx in the effluent in step b) is fromabout 0.9:1 to 1.2:1.

process’in accordance with daim1 additionally including the step of
determ ning the concentration of NOx anfpSOx in the effluent in step a),
and adjusting the nolar concentration of ozone in step b) in accordance

with such determ nation.

5. A process in accordance with Claim 1, wherein said alkaline scrubbers

contain sodium hydroxide or calcium hydroxide.

6. A process in accordance with Claim 1, wherein the molar ratio of
ozone to NOx plus SOx in the effluent in step b) is from about 0.9:1 to
1.2:1.

7. A process in accordance with Claim 1 additionally including the step of
determining the concentration of NOx and SOx in the effluent in step a), and
adjusting the molar concentration of ozone in step b} in accordance .with

such determination.



