; ABe3e?L<~~<Rp6TL*- 3 ~ DEC 21x,1? REMOVAL OF NOx AND SOx EM SSI ONS FROM
Pl CKLI NG LI NES FOR METAL TREATMENT Technical Field The present invention is
directed to the renoval of noxious conmpounds NOx and SOx fromthe gaseous
effluent fromnetal pickling operations. Background of the | nvehd I0Fg 2
Pickling refers to the treatnment of netal during processing such as shaping
or size reduction, to renove scale and other netal oxides that have

accurul ated during storage or earlier processing. The treat
exposing the netal to an aqueous bath of strong inorganic agmﬂm,mmm,@mm
nitric acid mxed with one or nore of sglfuric acid, hydrofluorig aci
hydrochloric acid. As a result of the chem cal reactlons t aki ng p?6 e in
the bath, and at tines due to thernmal deconposition of the acid funes
therein, the atnosphere over the bath contains a high concentration of NOx
and possi bly SOx. The atnosphere in the pickling tanks is typically
regularly purged using a mxture of dry air and nitrogen. This exhaust gas
must be treated to si8EMO‘éAthDE/N®dM@WEM&SWS&HWgaseS before it
can be vented to the at nBKIKIENG LINBS FOREVIETIAL TREATMENDen oxi des commonl y
present in waste gas effluents. i.e. NO, N203, NO2 and N205. These oxi des,
whi ch have increasing degrees of oxidation in the order given, |ikew se
have varyi ng

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
nitric acid mixed with one or more of sulfuric acid, hydrofluoric acid or
hydrochloric 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

T
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9 ~ DEC 2n2 _2_ degrees of solubility/reactivity with aqueous sol utions,
preferably caustic solutions having a pH between 7 and 14. In general, the
hi gher the oxidation state, the greater the solubility/reacti vigy W th
aqueous caustic solutions. It is inportant to bear in mnd that, @Eﬁiw
conbustion wherein a | arge percentage of the NOx forned exists as NO, the
effluent gas froma pickling operation commonly contains a nuch hi gher

per cent age of higher nitrogen oxides, particularly NO2. As a general
conparison, conbustion typically produces at |east about 90 vol. percent NO
wi th the bal ance being NO2 whereas the gffluent gas froma pickling
operation typically contains only fromabout 60 to 65 vol. percent NOw th
t he bal ance NO2. These considerations apply to SOx formation as well. NOx

and SOx are currently renmoved frompickling Iines primary by al kaline
scrubbi ng. d?ﬂ@eﬁsé o%/O“r'rtBl‘f'N/Eﬂa&“%Yu ﬁﬁh%UﬁPW §AwiRnes. aBtierabhooqaystioos by

vol une of d i I g r ) I . abave.
Fovever . meoRrs VG R PeflediL 7L 47 TE PR nBRE I BERRE o

em ssi on skaeAtHs grédter Secsolalinitygradcsivity Wofth @udatis @austi§ seltionat ki | i zes
hydr ogen peroxi de or sodi um oxychloride in the first scrubber to convert NO

to NO2. This depenthndctubbesr donmind stk wilike aombdstiongvwigeein, aslargeas
sodi um hyposul fi de C ert it , to. nitr n .t hat, can be vented.to the
2t mos pher eperiantaas of dnf Y &ehad aRisth Gh oo VLK1 ERE SB5EH:  PISFoe

rel ease of oﬁéwﬂnoeém%r%'%ain%“&!‘m&‘ét@%i%i%?%&%n% hBP'rP@YerUﬁi!tr'o'ﬁéi(%d to

address the problem of NOx renobval is seleCtive catal?ytic reductio SCR)
whi ch uti | bxeese giaatiyeladyt HORed ke aN@entml nedmpgsorgasombhstipn ofylpéarallwi t h
t he use of such sy to tregé pickling Iine effluents is that the HF and

stens
H2S04 fune#’ Spat i??ﬂstti%ﬁ’ch mbledPersent NG with athec palspee . bgiag | NKe t o

ef fectivel i u i . L& I hecom . ng

pl ugged 0rw¢§g€{32§gﬁﬁlggﬁt %gtsaglsgqs\g Hﬁkgﬁgﬂqeréfg%iquplﬁﬁh\?hé/e&ﬁ?@ghgrl e, or
"slip", of flowgasseus 60ukst 88Ces).f beradnieNEY SWRM thy Gbdlditce NDK DEGese- 3
environment. SCR and ot her non-catal ytic reduction technol ogies may al so

requi re hegenaigetrationgaarnly ta$Gpfarmatiareapwedt ure for optimal reduction
reaction. Still ot her chnol o for the r val .of . is referred to as
| ow t enper at ur ¢ NGB S H1 SUrentl reppisel AR RiSKINo UabS BT EWeEVby an
ozonebased sfglifgiskAibLing! Rl Xdd Qf"ﬁﬂjlt?dig%c\‘\?ébiﬁgé V\gﬁ"?émowg%b%{ WO%Q]ED' KB(

utilized for a systemare at mninmum 1.5 noles of 03 for each nole o

to be renob@¥ yuwbhene of thaddDx iaokd $Oxanfan effluemit gfasr strearfasodesoeibed
consunption, this systemrequires, a series of process steps, such as the
heat exchad§evewnildewavernpioreegffiicient syFtomeavaEntregtirehetd SMEYte Py&F-at ur e,

sat ur at ed g 354 0RSNOLOUN R Khiibi AL TBLA! AN 6887 Y HREEALRIDtioh!

woul d t her a signiticant advance in a process could be

provi ded t kgstenyulndt edtilizes eimpdroges nparexiiex oargbdiin  bxwehigdse dosthef fikstent s
fromnmetal pickling operations. Such a process is provided in accaordance
with the prsesdieritavegnvesh NGstientiPs- ofhe Becand sptubder Frataste NE2 WiHvént i on

is di . i . f
from a et PiRe TS Sufh ACRRULAE BB GRda Y PR SRR BRGu patt
fromthe bah BORRHEEY 26 tagta&mb%ﬁgbml iTHEs So5tePPRUSfers Gadrh Mdgh wsefdniduent

therefromw th ozone to oxidize present to higher oxidation |levels and
agai n passithg poiseibdity loadeateaséiod dghgareuscrroisewnsl kath f408.cr ubber .

Another 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
effluents is that the HF and H2S0O4 fumes must be initially removed, such as
in a scrubber. Failure 1o 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



3 0 DEC 200Z -4 Detailed Description of the Invention The present invention
is directed to an inprovenent in the renoval of NOx and SOx fromthe
gaseous effluent of a metal pickling process. In a pickling process, netal
having a scale of netal oxides is contacted with pickling acigs - such as
HCl, HNO3, H2S04 and HF. The acid is transported to the netal SuDER
through the outer layers of netal oxide, where it reacts to formneta
salts - such as Fed 2, Fe(N03)2 and the like, and hydrogen. If the H2 gas
phase | ayer on the netal surface is thick, the pickling process is slowed
down due to the increased resistance t-aQ3acid transport to the netal
surface. Hence, any neans of |owering the gas phase resistance would
speed-up the pickling rate, increasing the netal throughput. One conmopbn

ti t t hyd bubbl e 1 is. b itati t h id
Pach physi S8V ISRBPNELLE R L SR P el Bt thnheieriy oo
pi ckling preg@fs heblifig0areers ®f Bhugplimumitemderati Pl TBH Aq:)é'rﬁare?a&dwohhe
pi ckling tank with nl?rogen or nitrogen-rich gas, prefera |y a mxture of

ni trogen amelactian. is not at a high tenperature as would be the case with

conbusti on gases,  The t?1aseous effluent contains sone volatilized strong
mi neral acids amilh aRetendesRRiegy ifehthe semeval ochNPx inteferrgddo as low

gasos.  For 'THBSANTL ok ARG, THLR, Rerhlet, 04 Bhilai I ey BRSO

t echnol ogy baese exitiatdnNEPstamdfolOw ddetpuaket §6rebBeNaFhBeheiaPtATR Bize@een a
process which provides for the efficient, i.e. greater t han 80% by vol une,
3

renoval thdpeafsystem piecrl niginpuoctds mples of {Oudor eadhenslerafi Noxeto be t he
D1 okl i no. bAPRovRPoughtngr KEBAAEn 4P A RE N UFedi S¥PhE GimebP™ies” BFLbber
nust be betsy8fin fedifites 4 sehds df%ar@é@é‘s%t%%&)lsé{&{ ¥%s 3RS Heat lexBham§d, WoRRRhPH 10
and 14. It is inportant to note 3 0 DEC 2~ -5 that 1t is not necessary to
prepar e thargasdoesuiéd|foertteatmeanyofuthe v dentperatdine,t satugated ¢roissioms

scrubber, such as, assing, it thrqugh a heat exchanger, since it is
typical |y AgMA p'&%ﬁ‘%ﬁ?f‘i‘%gﬁtWr)‘?C@?%Qgtoé’&rﬁt%erat ure in conparison to

typi cal conbusti e i i : g ef j 4l
contain £ rom abeirveibageRSTs gt b ERfcarl &onbd i 456 At < protBRs oblid
cont ai ned ibe provideabtreatcorouisi efficiemsiys rembve oNOxi red. SThe fedrh| gasdouss

generally admtted to the bottom of the scrubber and allowed to flow upward
through and@ffleerts fiiorm matal JRjakling operatins: sBUER iHPIOTPRS Famreédpdrin

configuratign t he r [ 1S ritical to the invention so | ong as
it affords agcprgciﬂqgeo\fnscﬁécﬁg?pﬁasegﬁflﬁf?%qtcm. contact between the aqueous
solution and the effluent to have a good percentage of the NOx and SOx
present dissolve into the solution. For instance, a vertical counter
current packed or tray col umm,Sumn@rhefithemnvdntmmieous spray chanber can be
used. In general, a residence tinme between about 2 and 20 seconds in the
scrubber is adequate contact for the scrubber to renove a good portion of
the inmpurities Lo T i,N id¢l rel : id |
appreci ate that Pf;ﬁg%ssefnggﬁg ﬁl}'eorns %?ﬁagﬂégﬁ f(ggda{%:re ggréljsrtehgbe\}'ﬁe%u%%eéydw th
means to WSOgravma apgaseéaus effladre fonubdbanetablpitkliioy peeratidinc abmprising

either replace it with fresh solution or clean it of inpurities aIE .return
it to the Rassifgeithe | grsensssetiusptfromnghe KatBpiigueh it iagvepdscelsaline

imarily w i f t jnt | UGAt i ,
T e U R e B e
converted tghtO3xRIatidANGTelsAGhdl JYanfl paksinhotHER df fhdiht bEhroegm \éed atjgedus

conventional "acid waste treatnent plant or recycled to the pickling bath.
The aqueousalkdlke sarebber.ubber may cont ai n sodi um hydroxi de or cal ci um
hydr oxi de, for exanple, and the salt products forned, e.g. NaNO3 or CaS04,
can be concentrated and discarded as solid/liquid conventional waste. The
al kal i ne solution al so



8 0 DEC 2002 -6 neutralizes any acid, i.e. HF and HNG3) that nmay have been
carried out of the pickling tank. This is obviously inportant since it can
be very detrinmental for such free acids to pass beyond the initial stage of
treatnent. The gaseous affluent fromthe initial scrubber nohddE& 2Ms NOX
and SOx primarily in their |ower oxidation state, i.e. NO and S02. The
effluent is passed to a conventional ozone treatnent apparatus that can
take any configuration recogni zed by those of ordinary skill in the art. In
general , the apparatus can conprise a passage, e.g. a conduit, to the
subsequent step of sufficient length todpernit thorough nxing of gases and
reaction between the effluent and ozone so that the | ow oxidation state
conpounds are oxidized to a higher oxidation state. The ozone i s generated

by passing oxygen or air thahgd RsEANIENbE e nageHat or and introduced
into the ozone treatnent zW%n“a‘?Wmi nt where the effluent
w thdrawn fromthe scrubber is introduced into the treatnent zone. In

general, it is preferred to equip the ozone treatnent zone with a
conventi onal andilgzRiesgal inventinatis estatbto @RdMMORVeDADEIT the remevalfdf uent

exiting th r I justs th one. content, in.the incom ng, ozone
mxture, i .eNe(j)?b%/% c r%fgﬁrﬁﬁbgté‘%seﬁpgd%ipﬁ%.o 18 J9ghaL Pigkling Rrogesg, P‘.htae as
necessary tficilingV pfstelsBe radtal Qfahir&ﬁ%cgaéléabf PRetfaPloidds NOCRead8at with the
ef fl uent. deci ded advantage of the process of the present invention is

that, by coidilimgnecidhie sushtasaHGcHbIISeH23@4p andtHiFt HEheoacideisttrasspoeted and

t he subseque scrubber,  step to be described, the anmount of actjve reactant
noal | st e, ine TBeta RO e adBIRGLE T BRTer B e TSR MBS BBe ol y.
s reduced b yoRRTRRL Sis Qo AASRELR] Ho(NBIALand HRe RECEHE HHESGEN! I T Om
the ozone treatment 1 s passed to a second aqueous scrubber, dl'so” preferably
an aqueous theké2 igas pasetlaper. othaboei) sufaceds ehicllj sise pickdingheobéesshiar
formse of NOx and SOx to form correspondi ng aci ds which can be recycled to

an acid st GIed sown shtenihihe iarepse resistapeete asid 2ranPom etramatal y,
the alkall ng{88°" Hdiie] S sﬁ}b%aﬁs‘;gf ToBRnG e 3R8NGNANE PEMALS A68uRA! T S

whi ch, as above,” can be’trdl conventional at men
pl ant. Sinapetbaig teapiBkihgiratd, iacazetg apianatalsthesughpias Dawesorheioms of
NOx to higher oxidation states and the second scrubber renpves the higher

oxi dati on qrackce & farealenpl the hydrogen hubhle favemis thy agitating the abigebath
contains |less than about, 20 vol % preferably less than 10 vol. % NOx and
SOx presentP yﬁc[aﬂg Wr?‘é?tﬂag YFMQht. The effluent can then be enitted as
any conventi onal t J i r Vi jgh dance
with the pr esentBﬁgﬁtﬁoﬁ%ggg??rg ?\?fe p}@rﬁp n@%ieﬁgs'g{k%l gggbdgog/?%%?‘?/’ol une
of the NOx wahidhS&Ffomneddnt sweeping thet pickimga kdrikngvigf hitrogen art nitiogengianl y
fromO0.7 to 1.4, foreferabl,y from0.9 to 1.2, noles of ozone per nole of NOx
plus SOx pradSemreienallne BYXIuR QY NItTRYEN ABHrals dROt At 9 ﬁw‘o STELYrR as

ef 11 ci ency \g¥ety BE QKb OUNY WHRONBRL88ER SRos ASTAY AHIdbLL WHberdt Elnicthd he

i nproved process of the present inven he ozone produced from

the ozone gmes alotatilized atrmguatderab agidist arice thdie dacorhpbsition Jrioeuors)rend
i ntroduced can be supplenental to the air used already for this_purpose, or
to repl ace qantampea gimificagly higbar wonrepraionof M@K aaticc 80xatianafewn Bt i on,

whil e the ozon resent will-react wt e e bhl es . uring
t he de- scal?%@%&oﬁ ig(ﬂ‘?e%v'lo fF(S’rr mﬁ\ﬁg{e m:eagﬁkp hezam%gggﬁ i {ohnquQgﬁOgBR‘éH%%BPe f-
02. The gasyraH@N esf Ple@hhERgHCIcdnRBitiRg | NDX oan@nBaRC adnidvak! ithgreanidas
de-scaling reaction by renoving the hydrogen bubbles away fromthe netal

sur f ace andchératafersinat bdee afdrecessyevhick provides vior chetéféiciental.ei greadet act ed
wi th acid. es

cess ozone al so reacts vvitE t he N%(faand SOx funeg, formed in
the pi okl | HHPraRUsEY VG rFeRIRRL AN POLITOTA RIFKIBR TeRTSI® SRiueRbgen and
sulfur oxides, s 0N M thdPrELEdsCHPIRY PRbsdtCinbbhtibn A84BOHSssS fdbber .
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



3 0 DEC 2002 _g_ The process of the present invention can be utilized to
purify the gaseous effluent streamfrom pickling processes w th npst

netals, particularly the ferrous netals, and with other procadeECIMNpIV|ng
the use of concentrated inorganic acids, such as nitric acid, sulfuric acid
and the like. In addition to the high efficiency of renoval of NOx and SOx
provi ded by the present process, it is advantageous in that it renoves

t oxi ¢ gas phase emi ssions and converts themto conventional weak aqueous
acids and salt solutions. The weak acids can be used in the acid plant

al ready present at the pickling facilri@? The waste salts forned can be

di scharged to the salt solution treatnment facility, which is also a
conventional facility already present at the pickling plant. By the use of

the first wwnhernoan@bddsea@zwgréwattﬁergasebhe dfffiéht MXbARRVay PR BL i on
of the systemis |owered conpared to other recogni zed processes. Finally,

si nce the afmittingit tozbrescnubthérzsdch ascmsr phssihg itthrough laebedtoexadvamgar, Wi t h

the defined, linmt, the LEresent rﬁproc & ﬁ not suffer f rom havi ng, ozone
slip into Sieeghis &yPigaly 50F @4 signdicant elsyriod Jepprerathes ¢ AORIRATISOR. A

process fog, tﬂgsbaa*m%ﬁi)u& orNOff- aaee§&Af LRl hﬁg&ﬁﬁﬁ%ﬁ%e%% éf*‘ﬁ%nlf Qi @

metal picklin at h conpri si ng assi'ng t eRt” from t he

bat h t hr ougbngaif ifreh awmousoml kahor@oeqmmbbﬁmm VEmEe Mheghssruslrdrdigt | on
fornms of NOx and SOx, and acid gases with the formation and renoval of

nitrate saceptained guafssmébbmrsosnm registant ﬁgntm@ergaﬁbwéfhearftlla@nnetraﬂwm step
SRR AN RO S R
and react with the aqueous scrubber solution.

The particular configuration of the scrubber is not critical to the
invention so long as it affords a means of causing sufficient contact between
the aqueous solution and the effluent to have a good percentage of the NOXx
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
appreciate 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



nolar ratio of ozone to NOx plus SOx in the effluent is fromabout 0.7:1 to
1.4:1; and c) passing the resultant gas m xture through a second aqueous ~s
al kal i ne scrubber to renove additional higher oxidation fornms of NOx and
SOx fornmed in step b) with the formation and renoval of nitd8tBEGARYs and
sulfate salts. 2. A process in accordance to Claim1l, additionally

I ncl udi ng the step of 20 bubbling additional gas m xture contai ning ozone

t hrough the pickling bath to increase the pickling efficiency and to
oxidize a portion of the NOx and SOx present to higher oxidation forns. ~
o DEC 2~~ io0o 3. A process in accordanceggwith Claim1, where the pHin both
aqueous scrubbers is fromabout 7 to 14. 4. A process in accordance wth
Claim 3, where the pH in both aqueous s scrubbers is fromabout 10 to 14.

neutralizes any acid, i.e. HF and HNOg3, that may have been carried out of the
pickling tank. This is obviously important since it can be very detrimental for
such free acids to pass beyond the initial stage of treatment.

The gaseous affluent from the initial scrubber now contains NOx and
SOx primarily in their lower oxidation state, i.e. NO and SO2. The effluent is
passed to a conventional ozone treatment apparatus that can take any
configuration recognized by those of ordinary skill in the art. In general, the
apparatus can comprise a passage, e.g. a conduit, to the subsequent step of
sufficient length to permit thorough mixing of gases and reaction between
the effluent and ozone so that the low oxidation 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.



5. A process in accordance with Claim1, wherein said al kaline scrubbers
contai n sodi um hydroxi de or cal cium hydroxide. io 6. A process in
accordance with G aim1l, wherein the nolar ratio of ozone tog WI SOx
in the effluent in step b) is fromabout 0.9:1 to 1.2:1. 7. A'p & in
accordance with Caim1l1 additionally including the step of determ ning the
concentration of NOx and SOx in the effluent in step a), and is adjusting
the nol ar concentration of ozone in step b) in accordance with such

determ nation. 20 . A Ans9. AA

A A Ar. AsL. A9. A9F. A&UZj Va=W &( *26D#zupy e [ U] c*a] ca] ca] cal] ca] ca] ca] ca] caV]
ca

UV] caV] ca] cTa] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] c”a] ca] cTaV] ca] cal] ca] ca] ca

ol cay caj cararaaf Y ke ARAPER TS RISl T, B STUeRRPE806T o7
| i cal oa] Coy Cay o] Cal ca) 4u] Calta) oo ol Sra) tareeres) S8 XARabha) ol a
B :10% & ( )wasteOvaniont! prarit0vSu&ie( Jhe treatroemt () trabadomRappark®i& 8xidizes
o SvedvIioWey forms Of NOXto higher oxidhian states and the  sekond Sorubber
removes the higher oxidation states efficiently, the effluent from the second
scrubber contains less than about 20 vol%, preferably less than 10 vol.%,
NOx and SOx present in the original effluent, The effluent can then be
emitted as any conventional smoke stack discharge.

The process provided in accordance with the present invention
is effective in removing at least 80% by volume of the NOx and SOx present
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.
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The process of the present invention can be utilized to purify the
gaseous effluent stream from pickling processes with most metals,
particularly the ferrous metals, and with other processes involving the use of
concentrated inorganic acids, such as nitric acid, sulfuric acid and the like. In
addition to the high efficiency of removal of NOx and SOx provided by the
present process, it is advantageous in that it removes toxic gas phase
emissions and converts them to conventional weak aqueous acids and salt
solutions. The weak acids can be used in the acid plant already present at
the pickling facility. The waste salts formed can be discharged to the salt
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.
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1. A process for the removal of NOx and SOx from the gaseous effluent
from a metal pickling bath comprising:
5 a) passing the gaseous effluent from the bath through a first aqueous
alkaline scrubber to remove higher oxidation forms of NOx and
SOx, and acid gases with the formation and removal of nitrate
salts and sulfate salts;
b) treating the gaseous effluent from step a) with a gas mixture
10 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
0.7:1t0 1.4:1; and
C) passing the resultant gas mixture through a second aqueous
15 alkaline scrubber to remove additional higher oxidation forms of

NOx and SOx formed in step b) with the formation and removal of

nitrate salts and sulfate salts.

2. A process in accordance to Claim 1, additionally including the step of
20  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.
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scrubbers is from about 7 to 14.

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

5 scrubbers is from about 10 to 14.

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

contain sodium hydroxide or calcium hydroxide.

10 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
15 adjusting the molar concentration of ozone in step b) in accordance with such

determination.
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