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DETERMINA TION OF EFFICIENCIES OF REGENERATED
BE1GE SEPIOLITES FOR ADSORPTION OF GASEOUS NO s İN

PACKED COLVMNS
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ABSTRACT^ Adsorpiion ofNOj m packed colvmııs 'was investigaîed by îising beıge sepioliîe

and regenerated belge sepioliSe as adsorbents. For ihis purpose, NO: was produced by reacting

copper with nitı'ic acid The prochiced gas was mixed \viîh air and îhe mixture . was sent to a

packed colvmn.. Remainmg NO: wthın fhe gas mıxfure leavmg îhe column uiîadsorbed on

packfng, \vc{s furthef absorbed by passmg it fhroiigh a series ofgas washmg boffles fılîeü \vifh the

soiufson ofNaOH. The amount of N0^ in fhe absorpUon solution \vas determined by photometrıc

method. The resulîs \vere phtted.
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DOLGULU KOLONLARDA NO, GAZİNİN ADSORPSÎYONU
İÇİN REJENERE EDİLMİŞ BEJ SEPÎYOLİTlN ETKINLtGINÎN
TAYİNİ

ÖZET: Doîgı^hi kolonîarüa N0^ gazmm adsorpsiyonunu araşîirmak amaciyla bakır ve nitrik

asit fepkimeye sokuîarak NOj gazı üretildi. Bu gaz. hsva üe kanştıniarak doîguîu kokma

göftden]di. Bej sepiyoliS ve rejenere edilen bej sepiyohf ayrı ayrı adsorban olarak kullamîdı.

Adsorpknmadan kolonu ferkeden N02, NaOJf çö:ff!tisi ı/e doldiindmuş olan seri hağîı gaz

yıkama şışelernw!en geçirilerek absorplandı. Absorplarujn N0^ gazinin miktarı, fotometrik

metotla tayin edildi. So f mçlar grafiğe geçirildi.
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/. INTRODVCTION

Nitı ogeıı o?ddes are among tfıe most prevaleut au- pollutauts. Tlıey not onîy lıave adverse üfTects on

human health and plant life, but also are corrosive compouııds [ l].

These oxides can be produced u vaı-ying pıoportions fTom many souıces. Oxidation of oıganic

mauer with niü'ic acid. combustion or explosioıı of organic nib'ocompounds, elecbical geneıation

by meaas ofcoal and natural gas are some ofthese sources. Automobile exhausts c<m be given as
example to mobfle sourees ıdrich are the laıgest sourees ofnib'ogen oxides [2 - 4].

Maııy ofmtrogen oxides aıe stable. Two ofthera are nitncoxide md nitrogen dioxide (N0 and
Nös). These two oxides are known as pollutant nırtrogen oxides and their mİxturc is represented by

NO». Nimcoxide. at high concentrarions, is rapidly oxidized to nitrogendioxide by atmospheric

oxygen, At low concentratioııs, however. tiıe reaction is nıuch slower and an appıeciable amount of

niüic oxide may be present in air. in addiüon, convertion to NO; increases wiüı decreasing

temperature [5 -6]. .

There is some doubt concemiügfhe toxİc acrious ofnitı-ic oxide. However it is ceıtain Üıat mtrogeu

dioxide has con'osive efFect aııd is a strong lımg imtant. Exposuıe to high concentıaüons, in the

region of 100-500 ppm may lead to sudden death [ 7 ].

Various methods for contı'olling of NO, emissions have been invesrigated. Fııel combııstion

modifications do not reduce N0x emissions to desirable levels. There is tlıus a need for altenıative

metlıods of N0^ contıol. such as removing N0^; from flue gases [8 - 9].

Methods of removmg the nJtı-ogeu o?ddes fi-om Uue gases may be gıouped iuto four categones:

adsoıptıon. absorption, catalytic combustion and vapour phase reactions. Other methods. excepl

adsotptıon, havesoi2iedisadvaütagesasexplainedbymany\vorkers[10-12].

Aldıough studies on adsoıption have begun many yeaıs ago. many ofthese works are concenıed

with reactioD mechamsms. Adsoıption researchers like Almquist [13], Foster [14], Nİiyama (15),

and Arastoopour [4] used maııy different compouflds as adsorbents. such as silica gel, zeolites.

ı-esins. metal o\İdes and sulfides, activated carbon and perlite. Döğeroğlu [16] had recently tested

many adsorbents aııd argued that perlite had the highest adsoıptiou capacity.

in this paper, adsorptiou of NO: was investigated in a ftxed-bed column. Beige sepiolite and

tegenerated beige sepİolite were sqıarately used as column packıug. 'l'he resuks obtaiııed fi-om tlıese

two packmgs weı e gı-aphicaUy compaıed.



II. EXPERIMENTAL

NO; -Atis pıocluced accorditig t« tlıe ibllomııg î-eaction:

Cu-4HNO. --->Cu(NO, )-_-H:0-2NO: (l)

F-'or tlııs pL irpose. copper aitd ııanc acİd vvere reacted, Tlıe gas produced vvas mixed witb air ted by

;ı compressü! Vanous coııcentratioııs of N0^ weıe prepaıed by coalroüing the air üow rate and

tlıe sınıoutUs of coppcr (IIKİ ııitfic acid. The obtaiued gas iTuxture was fed to the bottoın of Ae

p. ıcked coluırm aftef il W'AS passed tht'ouglı a regülatör aııd a rotameter. Beige sepiolite and

regeııcıateıi beige sej^iüiile \^ere used as packuıg matenals. ıınder tiıe same operaüng conditions,

f-oı this ])Liıpose. t\vo sets of e\peîiments were peıfonned. AU the expeımıents were conducted

tuuler the saıne coııdiüons. except the packmgs. The apparatus used for Üıe expeıımenîs ıs

A.-lıematically shcm'ıı nı Fîgııre l - 'Itıe operatiııg conditioiis are summarized in Table l.

FigLue l, E.\pemnentai setLip; l. Conıpressor. 2. N0^ reactor vessel, 3, Regülatör. 4. Vttlve,

5. I<ot;ınıeter. 6. Pıicked colunnL 7. Absoıytion bottles

Kegeneratio» ofbeige scpiolite vvas camed aut ili a glass beaker aııd 1000 mt of disrilled water at

20 "C w;<s ddded to tlıe beiikeı. Then it was left foı 2 lıoıııs for legeneration. Afteı this period,

bei£e sepiolile was liltered aııd tlıe fiitrate was was1ıed with distilled water to remove alt the nitnc

dcid tha may rem;ıiıı on beige sepİolıte particles: Then tlıe regenerated beige sepiolite was dricd m

Llıe alı. G;ıseoits NO.- ıııı. Klsoıbed oıı packifig, vvitluii tlıe gtis ınivture lea\Tiıg the coltimıı. w;ıs

;ı!)sorbe(. l by |)<issııiü llıe gds iîii\lure ttıroııglı a senes of tive waslnııg bottles filîed witb a solution of



Table l. Operatmg CouditioDS

Columu Dıameter, cm

Column Cross Section, cm

Packing Size. mm

Bed Height cuı

Gas Flow Rate, kg/m's

Cooceotıatiou, l NO^/l Air

Pressuıe, atm

Temperature, C

0. 1 N NaOH. The amoıuıt of NaNO; pıoduüed in the bottles was deteiTnmed by photometnc

method which was also used by Wark [5] and Houser [17]. Foı this purpose, the NO; anion in dıe

solııtion was reacted with sulphanilic acİd to produce diazonium salts. The conceııtı'aüon of the dye

pıoduced was detemıined by using Mp-Photometer Al-25 .

///. DISCUSSION OFRESULTSAND CONCLUSION

The amounls of NO; adsorbed per kg adsorbent were plotted in Figure 2. fer both dıe beige

sepiolite and the regenerated beige sepiolite. The negligibly small difFerence between efficieııcies of

90 3S 100 106

Figure 2. The amounts of NO; adsorbed on two difi'erent packing materials

ttıe sepiolites may he atü-ibutable to expeı-imental en-oı's. Therefoıe it caıı be said that their

eERciaıcies aıe not diB'erent. Based on dıesc otıservations, dıe subject can be summarized as

foliovvs NO-t emissioıı K an important problem m maııy indListnal plants. AIÜIOLI^I the enıission can



be contıoUed by vaıyİııg the system conditions, process efficiency may decrease due lo this

variation. Therefore tlıc methodi; of NO,; elımination fronı flue gases lıave to be improved. Mauy

studies on this subjcct arc usııaliy based on absorptıon, By taking iuto accoımt the simplicity ofuse,

it can be said that adsoıptiou colunıns are more suitable Üıan absoıption types. Altou^ı receııl

studies on adsorptiou showed Üıat perlite is more effective adsotbent compared to many other

packings, it was obseıved iıı this study that adsorptioî) capacity ofsq)iolite is much higlıer than that

ofpeılite aııd grey sepiolite and can be easıly used in maııy s^'stems [18]. Maııy paı-ameters such as

gas flow rate, packing size, bed height etc. affect tlıe adsoıyüon efficieııcy. Hence the conditious

have to be optimized. The detaits oıı this subject were given by Biçer et al. [19].
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