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Un'oivliCtil Î Nft Uir ihi
pluw n,Mctioiiv then hnoDv nmtustv t)u( MMII1M1I1IO\ oi' \\w v

ttfv a»il fnwlly pwM*nl\ t'-c impoti.mt limm1-ph,»Nc CIK'UIKMI Ti\wi\on\ Thv
>, of Uic hmn.l-plwvv chcnucJt reactIOUN hi>t liuwsvs on tluiw W;IC(»O»N tlutt
tnlMiti* in ^ jniMinc tiwtmcr i« tlic jhswptivc ll»\ of N'O^ SJHVH'S inun llii>
to the lujuu) |i!ia>c. AMoiittou will then bo iliKvtcO to ihc tloamiiH'Miion

*tl jqHOoin UNO; pM*t)i!u*t) hy lh»>c jwviousjy uuiuioiu'tl

IIN'(t; .lint UN'Oi I'd* U'.nlliMl nt NU(. ;i!hl ».it^( Is sutfuit'lltl^ kldH Iti K'
iiMisiik'K'd .is .1 hulls |>II,IM' u.klioiy, thus, tin.- ,I|IMII|I|IOU IS tol.ili'tl liillu1 li.i'isU'i
ul SO, into the hiilkluiuiil pli.isi' I In' liydrulylic rcwtionsul S . l i 4 jml N .O,
urc SUMK'U'UIK l.tvl In Like place in tin' Ii<|tlu1 Him llu% .ihiorption rjte lor Hie
vii \|HMV'S KSKiiut! in llu' luiiiul lihn l>s tlu lilni theory I'liupU'il vsiih vlu'iiiu.il
llMCtUWS Is l . l

H, = IIUl

or \ of NO,.
l wuh tltc

Gat Pluuw Kcartinm. The lollnwiny: pav

NO, ip)

NO, (p) • Ha

> Itciiu j

, (pi ,

N .ire of tnU'U'si wh

Mu* ;ihMiiptiun or coinhiiied absorption ami reaclmn of fMseous NO* or NO*
spet'ies result ui tlu* prinliu'tieiu ol' aqueous 1INO.« aml.'Or IINO: Aqiu-ouv
HN'O., is rcLitivety \l.ilijc in tins system, nhercas aqtu-ou^ IIVO. is reljlnely
linkable The >lepleti«n vtu-mistiy of UNO. in ji|ue»u\ solutions las been Ilic
vihiect o,*" sever.il mve\tii*ations: fiowever. the apparent comtiinjtiuns of maw
translcr .un1 elieuucal roaetion have erealeil .i t:ieat iteal ot' COIIIIISHMI HI this
alea.

The iH'st known equation Tor (lescrihing Ihc depletion of aqueous UNO]
from aqueous solutions is.

• No;tci • t i n

This overall equation was developed hy Abe) and SchnuJ | 3 . 4). who discovered
the decomposition process lo he faurth-otfrr with respect to aijucixo ) I \ O : ,

j n j

v. conililiuns tlial nuKiima- the presence of fawmi> NjO». such »
tncrca<eil prcsMirc antOr Octrcas«.M tcmncrauirc, will proihuT the nuiximum

afoorrtfmn lor li^h t:jscotis \'OX turtu! prc^urc^. Coiulilionh Iliat m*\t-
the prewnce of (invciHis N^OJI niiLl̂ or UNO; proviilc nuxinuim N 0 x

cITkiency fni dilute gawwo NOj narlui ('loswrcs. To simplify
tî " dncuvNinn of the several ^avtnis nitrogen oxide and oxiacid specks, the
tcrnw 'vhemicar nitric oxide and nitroitcn dioxide arc used for +11 and *IV
vjVnt »itrr«en jpo. ICI 11

'UNO.
'•2.0

AKi aiul Schnud 13. 4k rcco^ni/cd that the removal of NO Iroin solution couhl
limit Ihc ilisMicialHin of aqueous HNOj. therefore, tliese studies were conducted
at conditions which iedui.il the mas-transfer resistances lo the removal of NO
from solution. Because of the equilibrium nature of the Abcl-Schmid depletion
process, as implied in Iq . 11-I. the rale cnmrollinp process can shift to the
removal of NO from solution.

(13)

•Rcwirch iponvorti) hy Ihc Nuck jr Fuel Cycle Division, U.S. Department of 1 ncrry under Contract No. »'-7405-enpO6 with Union Caitiide Corporation.
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umloj HMsvlwnvtVr Inmtmji! comitimm ptothicm$ ;i Ttttvlion onler of 4/.* wtMi
icspo-vi to MNHj So, oiltoi niton n'duu1 niMuivt ot IIMM> tr.m\K'( mill CIU'IIIKMI
ittm.'tinn ?<in piovluu' any hNU-Uoi' order Mwvvn 4 ami 4 J I he AMsSehmH
\toicliioinetr> kUpuljfo (tut (ho uiolai r.itto of H\(>, (mxluttil to UNO.
tlccumpnveit 10 bo K.t l*oi convenience, tlit^ molai i.itio is iciorrcil lo a* R*
Ftm >.lokhiontcU> i\ til Henoia) ijiu'onirnl mill Mi.il found by most rc*Michri*
in HNOj depletion i|iou«Ntr>

Sonw i\vwaKUm l*tf« ic\w* b\ (\nnuv ( l l | , liosu".ei, have found R# in
l«e l(?iv itutt I'1.' m xUiilu'v mio Hie muunuii;.<t|* depletion of aqueous UNO,
The ortloi (with IV\ |HVI l» M M ) . ) of iho | INO ; depletion ro.uiioii is nuulK
o*|iwt to sti)£li1l> pre-aicr tli,.n nne lot studios v hen K • is less th.in I J

I lie iK^re.iM"|! \jhu' *»1 H* Mipjiosu Hi.it s^vivs oilier than M ) . Mich J>
MNO., .an Iv ilovutvil 0»unp Ihc Jopioiinu ol I I M ) . I torn .u|iii'ou% sot.iiious
riii" tn\liuUor ilcplelion t.mclK<i ,nu1 it\ H U M I U I I H to p.is rati-s JIHI .i)iii,iii(>n
turthot Mi^H^t Hut nu^-ttji^lor U'\I>IJIKO> «IH* imoltitl in tlito pio.ci\ I ho
ji|uvoux HM»; Joj.lition pnvoss nuuiit lv loineM-nUti. «ilh ros|nvi lo tin-

^ n\.rv ' •' * * i :

1 jl4f I I %|mimriil*l 4*pH-iHHt \m\n*** "f HNO.

liirJi1 ii (i U 1 iMMiir. iiii'u

IHH.'I . (I IN.). I II («.'*: ••«#'!-

I.MH. "4 li (I "II ! II It \ * l , II I] '41.

I H I U I I 11(14 1 ; I IO4* % i l l l - ' l

I M M " ) ! II (h ' * itlN<.''l tHtti-il

TJis- >loiiiiioim*(i\ nj I *) I M l jMinhuoU 4ti K* ot zero I ho VJIUV W H ' lor ilio
nomAuh.Min: «K-|>u imn ot MNO. KOIU .I<|IU-,MI* MIIUVIOIIS UIU»! llu-n IK* N-luot-n
oro jiul 1 .1

u u| Nitmm \*M IMMII
liunx Iho iti'i'U'iion ol mtmu\ ,nnl lioui JI|UOOU\ tutiu mmxiv

lOndlUll'il .11 *'»N K .lint

Mil.tU'il HI llwu'Mmli^

1.U0 III|IIKI flow iiiio, <mi1

\J*(ltl0S .»S Oh* ^IMIIsMIII)! ill'MvV llll'H' HtmllO

lk-.ll jlm.vv|>|uMK IMOXMHV UtO lh|IMil pll.ln'
MI IK I I MVIO Oo îjiiK'tl io olini.itr 11)*' olhMx ol
^OhUlin lUMJ'll! %Mt ftic ttoplolHMl |M(K0HMi^l

VUv |'f"ti,tf\ ic îMtilM' i.truNf H,t% llu' tUDM'lMnu t»l 4i|iirmi'> i.ilion1. .K itl in
I*K' IVKKCII io«\-i \iiothri io\pnn\^ \.ui,tt^W v.,»\ \\w \\W\M \,\\H\ <,\i MVO,
lUoiltuott l o l i M ) . ttivippiMnnt?. K* Hm |>,it.mu-loi i\«in iiulu.iiui nl Mu oxlonl
th.il I t ] 11 11 ilovtiK't I IK' tli'pK'tton piovow

(n <:\|v;uuvont\ involving tho (.nut.ul ol ntlimis jtnl sotut»»ns utih nitinvoii
tlu- fupiWlu-M^ rh.ir It* i> I .' u,i> U'xh'tl IJ.f lt'<'i)|.M« lit l)ir titliiiDii >Juti)i}.> llu-%0
uivuiionv. coni.iin\ nn NO In .ill runv the U>oi1 .ind i-lHui'iii h>|iiul -.tUMim uoto
viniplcit 1 IK-M' vmi|ili-> »\'ic jiu)\/oit Uu 1ot.it .uuiM> jml nilruuv Mi l |tu- iiii.il
JCKIIH «UN JWIHIU'II i,i iv tin* Mint ni itic initK .uni .mJ nitiwus >u lvt-. H.\NV\<O» <(M\
j^unipinir!. tlio VIKIUJ.V I I I lot.il .uiil toiKontrjlion >.JII !H' U|irf.i'nIfil ('>

1 IIVO,

T T""' 1

1 M\Oj

• • > •

In tlu-w sluthcx nilnuis Jvitl » J N prtHhui'd IUIIMHV I H hiihhtin>> N:C1,
tliioui:!) 0 0^5 inJ <it "Adtit in Iho fuiuid "iii^f Link mfru .nut is f<r«Hln̂ x**t
Millull.ilU'OiisK t>\ Munc tl^\oiiii*OMliMii ol I|N(K I Ins ,HHtt'ini> \ulnlmn w,^
then mctcH'ti «.niitiiunuiM> lo the p.nKcii v'lunin whoio it AJS IOHLKU' I I with
niU»»p\'n | In.- i.-i«liicnl solution Irotn ilie ntlunin |]oui-«t 1t\ TJ^ily bjik to tin*
IH|IIK1 xtirpo tanV Koiitvtilaiion ol this Mihition pio\tilotl j HUMUS ol olM.iiMini*
mioimatmn an tlic depleliou prtKV^Mc>t n u i .i i.ut^' nl mtmi,t . K I J vinucn
trjtions llu- IKO pjikeil IOWL-TN u v j in IIIOM' <.tik1io» HVU- 0 0 ^ 0 - m l O MI I I I
(HUltl I 111.liny vidilKv .uui tl U C i n l D Mlttl I l-miii |nl.lln\ viiU1lo\

The lirvt wrK'\ ol cxpviunonts A t(itnut:h 0 niili/ciJ a Ir.ntHnul t.ntoiuf
design to %tinlv tlu* t-ilivt ol K<>̂  '^ni* ratr. tup ml Dow r.ito. jml |\iiV,iu^> hetflit
(volumci on the c\U-nt ot nitiom ji.hl ^onstiMou, V] | \O; <n the Miull dianiclci
lower !)..• vffwU \ho*n m fjbto \ were istmutod hy \ j k V jl^ntitlnii t>l \
'lain cHcc! is ttio -ixerjpv' tlunpe in IOS*4*1^" l*̂ 'r " ' » ' ̂ ''-mpo in PHKVW vjnjblo
Ttu' ri'JjtiH" iiuiii i t In. lv tli'liiuii tur HHUJMUUIII i h\

(inJin oll<.il of i on \ | } \ ( ) \
:l

I lit I. I k trt*h*r «

Hii*. .IIUI^MS >iious Hui j> tlh* ooniontulion ol oitroti<. jcid ontcnni! tlh*
I*%IM.I t\ mtuMsvtl U» ilu' vtlvvt *A \\w i-km^r in \v\\w& \Mv* utc dc*.reuses
I.KIUJIK xhimii lo «ni]vdo IIK* dtptelimi «'i niltnnv .vnl .u hi^lur mtr«ti> JCK!
cumvnlMlHimt. »:i (tie fir'ivl «1 »:J% ul*- IIIUI'JH'V JIKI (.«> the vtUxt* ol llfu-
i hanpc m Itoiphl pi-mTalty tlau*JH^. Flic Mptmti,iruv of »lu**i- C-IIA.^ HMJU mrt
K1 detriniiiH'd K*i«i«w I Mere t<. im nn*jMnc tM «'̂  pi'rnnenl.il crnw

H it is jwuiiK-vt Hut inj^traiiOorisinnHHl.mHoMHiK-cvt.in mUiuJ,-|>K'iH»n
piiKvvt. linn tt *vim j|i|H.>jHute it* *H*» tliew c\fvriiiu*iiU Itom J unt^fii1

I Mini I llul iihlmloN how, the uhlkjIaJ \4fi.ih4\- tiutii|HililHMi J I I ^ I S HK* nu%v

mti-Hjvul Jiv\i jrnl IHIUHI- JitU iMWcuJetiie link* in Hie Itwer Hie
tn IHIIIKI llo* rj|e iiuieawv hirilt tlk' I«|IIMI-I»IUH' iiusviuti^lW rjle
.'ikf ihc |Ms-iH|tikl nifeiljiut JIOJ (IK- nur,-jx- in iu% rltm i,tu- uun-jM^ (In*
C4vpii.i<< iiijNVITjnvicr Mir cmvtjnitM. Itjscd «MI HK- JWIHI|>IKHI ol the mt-
ivm,iin,- <«i ttusvtrjinter fit tin* tk-ptclnw i* J<H*^HI> nitn*ii% JUMI.
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theory injv. he |<ioposed lor v\|\'tinieiUs A Iliioiiph l» 111 lii|iml-pliase mass-
tr;u>>'Vr i\ IvvKininji K'« ini|<oit.int with IIU'IVIMIIK unions aeitl coiweimalion.
while ihe converse- •> tun1 for Itiv u.ts.pliav iiwss-iransU>r, in other words. Ihv
pimi.u,\ UKi\vti,m*K'f JCMSMIUY n \luHtv MOID thv ht|««l lo (lie jMS'|i|t;ise w»h
increased mUou> .will vouessiut,.nun. ,nul i?i the etie^i ol additional nileiliKi.il
arva and icsttlciwe limes hevoutes 01 ks> importance wilh increasing mirous
a*ttt siieit£lli I hese inik-.ileti lesisi.uut". ntusi KMonihineil wiili rcprvseniatiu*
MOutUOIIK'IrK vlMiMiK'MtlOtls (O |MOiltlif .1 liselllj IIUHtel.

llii' t|l .nun, K • <-<y Iv iVKrimnal limit (Itv KIOIV HI ( n" •!*.! liimlion ol

v Hoi v-\|vrn\n'til A11\ p
Ai)J N̂  A ) o\;mi|li f IhiM

in I ic ,' I Iw v,iluo\ <>l K* lor c\KniiU'iilv

i ; i—-

I iji. ). MIHIVI dtt ilmrihtfij m»vuii»fri aril chnnk-al-rrKtKin phi-ntimctit.

I lie SU-JIIS'-NI.IU' lniii\|uirl ol u

iiN i% I'vproivd hy t'ouiuv (11 as.
i ucross hoth llu* llt|iiul

K, • k ( l , —'• = ( IK, ),((••

V« .wind, til Ihi-ilwnw trt thv v,uvm I»IM MHl ̂ o Inwlnmnf ilii.*liant;tiii;

:li I ' .mO III.- .M'lMOMin.itv vi5'. VHIIIHII'IK'C mlv'n.ilN ;irv pusvulvil in
>*it IIIIVKIVIV tlii lispi.iiiovK ili.il K* is 1 \ caimol Iv rt'k'iIt'll.

s i.r R* and anwivtn
(m v\frtinwnls A

Or; ien t>l 1 inlen.il foi
R*

o;:

0.10

(U0

Kl.OS.OJI)

(0.1S. 0.N)

(0.35. OJS>

(0.31.0.M)

Tu-n«l> in ike piwinudy pioentetl expeniwnls imluntini! Ilial K * ilri'rrowil
Kith the pu\ r.itc conltt not hi' verified. Ann[liv:r e\|>t.'riiiierit WON then contlucletl
*it much higher £;IN nitc lo liqunl Mte nitius. Tlw vuluc of R* was lountl to K*
0.;;,? with a "»S'̂  cont'idoncc interval of o l d " to U.2V). Tlu- order ot time
JcplciK>n procc\wv w,n iiejr oiu1 for most ol lite oxperimenls prcsentetl.

Vhe roMilis from tltcM.* e\perinient\ indicate dial a mechanistic model for
Ihe tlcpletmn nf aqueous mlrous acid in piwkcd lowers should inelutle Oic
liqutd'pluiNC uccttmpositinn as descriKM in Hq. I 111. followed by tile desinplion
of niuk OXKIP. and the physical dewrnlion ol nitrous acid The importance of
simulating the Has- ami ln|md-phasv resistances is also indicated.

MATHEMATICAL MOIlKL

The schi-tne Hut was tentatively entertained for describing matt-transfer and
chcmtcil'nMction phenomena for tltc NOT*UNOfH sO system isitivcn in Fin. 3.
Tim scnenK i%«|uitcsimilar to one used previously hy llofty/erand Kwsntcnlb).
who illustrated conceivable transfer and reaction routes involved in NO, scrub-
him T ! K prescnl motlel. as Ui.iprjmcii in Fin .'. allows lor calculations in Ihe
bulkitas phllc. within Ihe IKJUHI Him, and the hulk-liquid phase. Tlic ms phase
is assumed lo he saturated with I I , O (ukinf into consideration the lempcnlurc
and the liquid I lNOj conecntnlion). The indicated naKous chemical equilibria
were assumed (o apply at all times in the M> phase. Tkc prettictcd HNO, partial
(trrnurc is usually small compared with the I I , O partial pressure ami it always
auumed lo he equal to or hckiw (he saturation partial pressure. The model
accommodates the oxidnlion of (Mteous NO to NO, in Ihe hulk-ja* phase.

Ill tlu' vase oi |iliyMCitl .lhsoi|tlton or desoiplion. Illv ctiliaiKenu-nl liulort
is Liken lo he iiituy. 1 IK-uhsoiluii|! speeies as NO, . Sl.()4 . anil \ : ( ) , . I-nun Ihe
«iuk . i | CorrivtMii ("1. IViiluiih ,nul IVIIICV (Kl. Koi.il iiml IVlers t' / i . ,tiul IVIers
.mil Kmiil 1 Hli. 11 may he lOiU'lmlt'il 1I1.1I UNO. is nol jiu iih>urhiw spnies
.illlioii)!li 11 k.iiinol he ruled 0111 us a desorhiiti! HIH'CK'S The oilier tlesurhiiii!
Npeues is \ O . v.lneli is lormeil Irom the luilk-liiiuiil-philse iickiini|tOHllloii ol
IIS'll,

1'llMIUl'l'l-K SIMULATION

I lie .ihMiijMioiMlesot}i|io>i plienomen:t ilivuheil III Ilk' serill'hlll;.' nl lillltivt'll
ovules I nun piis slie.mis liavo hecn simulated in .1 computer mde lor .111 IIK r.iiHiiul
Miliinni volume, uhu-lt is jlhistiiitcd in l;ii! •!. Ttic volume of ilus niereinuital

ORNL DWG 80-702IH

(L) IN IG) OUT

-

I D OUT (6) IN

(cHN02)0UT 1PNO")IN

(CHNO3)0in

dh
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section ik Midi Him the olMi'lwiiuxwipoiieM'MNial pressures and e
». well as gas .mil liquid How rales in the increment, ni.iy he itotilccloil In rale
^nations lor inlcrpliasc transport. Tlie fas |>ti;tso Is nsuitwd lo be ideal, ,uul
roilliorin.il conditions arc furlliet assumed to prevail, Tlic Huilu'iuutical model
shown here is designed 10 he used in Hie computation of llif iwrlial pressures of
gas secies leaving Hw increment ami concentrations of liquid species entermii
tlie increment, .nul is hased on known «r assumed information about the gas anil
liquid streams respectively entering and leaving the same Increment. The mode
of operation for this study consists of bcgiui'iin! tin1 compulation at tJte bottom
ol Ilio column will) experimentally observed information about the gas-phase
eumposiiitnn and flow rate and the liquid How rale: the liquid-phase acid com-
positions are initially estimated at this point from experimental observations.
The prt^mni advances tip (Me tower by 4 series of incremental calculations.
Wheii the compulation reaches the top of the lower, the calculated concentra-
tions ot' acid aic computed to tlic experimentally observed values (usually zero.
as water was normally used as the scrub solution). If these values arc greater
than preset limits, the ci'mi'utation is begun again at the bottom of Hie tower
with adjusted product acid concentrations. This procedure is icpeatcd until the
calculated values of tltc Iced acid concentrations arc sufficiently close to the
experunenlally observed values. At this point, the overall NO* conversion
X M \ is calculated, the results arv printed as output, and the program operation
is terminated.

A flowsheet of the computer simulation is shown in l-'ig. 5. The simulation
coimtts of 3 main prosrinu and ,i colli'diort af subroutines, all in I'ORTRAN

Tlu'w ei|iititions contain iwo unknowns, l \ y and HMO ; and are contained in a
kiibroiiline function I'lX'N. I In' Iwci previous ei|iiat«in'i> iiu' uilvcil iiiiinciu'jlly
iisinr. the IIYIIKDI Mihiouliiiv 1161.

Hie ciiiwcision of tiilru' okidc lo mltoiien dioxide n calculated IISIM* Mil<-
routine NOOMI). tills is currently a bisection routine whicli Hiidn the root
X N O <I»«(

1 he previous equation is contained in a subroutine I-.VAL(>.

The individual tluK equations for the Individual NOT specie* tiuy be expressed
in terms of N'O and NO : with appropriate eiiuilibrium constants. The change in
ihe partial pressure ucross a Uiincnsionlcss film thickness, f. is (11

df

Tim 0<|liJln»i lor 1 'MI has lnvn scihol miiuciuJllj hy a "slioutni)!" uielllod usni|!
subroutines KKR5 and /I.KOIN ( I ' l . which are called frum the Mibiouimc
l ' l . l ' \ This solution requires the evaluation of

CJ l

at each integration step hqitalious t " I and ^2^^ are contained in the subroutine
function I''

The absorption of UNO. is nut allowable dy tltc prcwuiis!) picscutcd inatlic
malic,il model In order lo prevent llicahuiiplioiiolllM).. the silicic component
llux ol UNO* is tested, if (he llux is ahsurptiw then k| UNO, is iit.ule e4|ii,il to
zero This will allow the desorplion ol UNO. ami prevent ilsahsoiplinn.

With the calculation of I'so and I'M).. Hie individual paili.il ptessuic llux
components may IH* caU.dated in l-Ll'X.

1 he partial pressures of N*O;* .out NO*
in Ihe MAIN' program as

the mcremeiit aie calculated

I -•K,|V

C4I

The f iM portion of the main program initializes the temperature. pivsMire.
and pas llow rate into the lower and liquid How rate frum the lower: Hie com-
ponent partial pressures of oxygen, nitrogen, and nitrogen otides nre also
imliali/ed. In addition. NO* mid NO* arr also iinll.ili/cil. MI) HK- !ii|iml-plusc
acid ciMKenttatHUls arc estimated. The mnin pro^mm llK'ii seipienlially calls
subrtMiliiies for standard jius- ami hi|uid-phase transporl <|uyntitie> associated
with packed towers.

The li'pml-pliasc tinldup iscalculaletl in subriHilinc IIOLDt'l*. This calculation
is h.ised on an equation by Kwaulen and iluiskamp ( I I ) . Tile âs-|>1iaH' mass-
transfer coefficients aic cdleulated using an equation hy Onda et al. 112) in
(.I'MT( . this calculation re<|uircs Ihc caxiHis (lirfusivities in <;ASI)II- usiii« an
ei]ti.ition by l:ullcr. SchcttkT, and (tiddinps (13). The |tas-lH|uld inlerfacial ure.t
n calculated in lARliA usinit an equation by I'urauik and V->j:el|Mild (M) . The
lH|uni-phiw coetfu Knts ire calculated in U'MTX" usinc an equilkin by Mohunia

in Icnus of total nilrugcii oxide partial pressure.

l:urthcr .utiustments of 11K- gas How rate and comp.inenl partial ptCNstites due
to bulk-gas component removal or addition arc made before K*i*innmj: Ibe next
incremental calculation.

focivsiri): on the liquid phase of the increuH-uta! column volume, the absorp-
tion reactions prutiiice wpteims nilrk' aihl nitrous acids. The equilibrium as
expressed in Hq. ( I I ) . is assumed lo apply. Tbis equilihriiiin iwction proceed*
to the right as NO desorhs from the aqueous phase. TIK' abvtrpiion of NO is
neglected tveause nf its low solubility. The hulk-phase coitcenlraltou of NO is
calculated from a modified Ahel-Schmid C4|tiilihritiin cxprcviion O. 4).

( I ) . (2). >nd (3) are int-ofporaicd in Ihc sum and ilillcremc of

'•MI, ' ; K

and

<NO " I
"So K»* *ir "so;)

Triiijc, tlte production of mtnc achl in Iht* increment became ut decom|>«isitKm
may he te|>tvwnleil hy ' .k| .st) « \ o Cfto I and tlw disappearaiK'e of nilrmis
acid hy -V-ki.jtf) « . 'M> t'Sol lne<N|Kiraliiii: (hex- relalinnslii|is into Hie
lk|iitdiihase perfonnalN.v equatKm ami rearrangement yickis:
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«> kmmmiMii .i"(imm|. i<'viJt»i.tl'Mi«lm ,(<nNd, •om.iimKCiiM), I,,,,.
sll»ll,U i|U.llllltlCs IIMV t>C Cllvlll.tlcil ,11 Ilk' IO|1 «l UlC Increment provided U|. Ill
the lii|iud phase. UM\ l»e salatlitcd toi the individual NOV species

Some nullier .idinstnicni ot the \olumclTK nas How rates and component
pauial piessmes iv ncicssitjtevl m Ihc described computations because ol iliv
remo\,il ol K.IH-OIIS species m IndV. tiuantilics 1 liese attutstnu-ulsaic accomplished
between llie dcscnlvd nuicineut.ti computations.

liXPt'RIMEN'TAI. MTARMUS ANDrKOC'CIWKE

Two p.wkcd columns s\ete used wuh inside diameters of tl.07ii ;iml (U02 in
rcspvvtnelv Ilicsc columns wctc pickcil vvilli a<r.iinic Inlalnx saddles with
diameters ol h .md (.* nun respectively.

In the 0 Q7h.i«..di,nn column, the >NIS W.IS cntv*r\'U into ilie piiekini? ilirnuph
Ihc packing support; however, Ihc j!;is was rejected directly into Ihc bottom of
Ihc p.vkm» in ihc 0 IO2-m.ih,im coliinn1 Itnlh iViul .mil I'ltlncnl liiiiml slrcams

t'juu'i |!.>scs ol jit on \ j were inrlvn'il liy IOMIIU'U'I lo I'illu'r nf (lie l«i>
p,u'W*l lowers M)J or NU' N(>J Icetf uiiMuics \MMC pimluccil hy Mcnihii)'. nt
ihc corTs\i iMiiuons ol iticsc .̂isos Sic.nn coukl .ilso (<c iiihtcil to Uns Tccd^is.
I he CJS suc.mi Ic.nuii! Ilic p.u kvil lowi'i \\,istiwl«l iiml doniisloil lur CIIIMIIIMI
iiv'iil u\mvi> .mvl lot iinilml ol iliv «,ncr coutciu,

I hi' f.is ,in,il\M> fur NO* M)J tt.is ilniic Ivv liikiim I'.is s;ini|<lcs for M,mil.ml
wcl clu'inu.il JII.II>SIS or hy (i.issinii .i (i;is Micnn 1lirmi};h inlriirvil vK'Icelors lor
NO* ami \ O ; .m.tlyses I muul s.minK's wviv .ilso (.iken lor unions iiiul Idiiil

l l

RISIHIS

\ sciocnuii! series ol' lesls w.is uuli,ilK avuhMcil to fel u hni.ij under-
stjinhni: ol SO, ,ibsoi|Hwn m |i;ickeil towers, I lie rcspoiiM' v,m;ihlc is llic
Ml> vomtrsion \ \ o « Tim series of lesls is ptvwntini in TaWe .V Al ,i "5'-

I lt.ivili»tiMiHm.itt.Mi>iMl.
wirn M l , -.tiilihiiig <«uMr<

k\t\ of confidence, the only sipnificanl effects are the partial pressure ami the
oxidation Mate of NO* in the fceil (as. Tie mnsl pronounced effect on the
NO, conversion w « producnl by variation in till' oxidation state of llic fas.
This K i well-known phenomenon in NO t scruhNnp. In general, llic NO* STHVH-S
hive a much lo«cr overall solubility and rexiiviiy than the NO* specin. Tlic
second large*! cftrvi w.in produced by the variation in the partial pressure of
NOj, in Ihc feed fas. This i«iflit K- explaiiicil by ihc hiplier NO., partial pressun.'
producinf a larjer pmponionai amount of the hifher molecular wtipht specks,
which Me more abinthaWc and r.-xtivc.

The panmeten affectln): X N O , that a design engineer h » at hisihcr disposal
are supeifuial Imuid and fn vclocily, column height, temperature, ami pressure.

The o|icniiini! pressure was maintained al near Mlmoflu'rc primarilv for con-
venu'iui'. I In- J')K K ii|)er,ilin|i li'iii|<oi.itmi' w » clmscn hccauvlhekitu'tiviinil
ciiuiiihnuiii constants ncvcss;ir>' for Hie moilii tnini'iiialinn arc fully ilcliueil
onl> at this Icmnciatiirv. I lie ex|>eiiincntal Mutepy was lo inuilel the effects of
>Ms i,ite. lii|iiiil rate, ami column hciplit on the timuTMon nf \ N O ( at tiiiHlerale
NO, |i,irllii' lui'ssuri'S (if M)J .mil llu'il to tut tills IIIIHUI at low NO, pjilul
pressures willi a feiil iniMiire of N o ! /NO".

I he hulk of these sciuhltcr nuHlei ilevelripmeul studies dealt willi inanipiila'
lions of ^as rate, III|UKI rate, ami column hej|:lil. Ihcse studies arc illustrated in
f'i)!. li. lite ori^inall> pliinncd experiment*, were a fractional laclonal ilcsi^n
(>ec solul nuiliuc iu Wf!. <*). Several cxpermienu were sequentially added lo
examine Ilie curuture of the rcspoim- with column hciiihl. Other ctperiments
wcic ilel.'tcd after little effect of liquid rale was noted in the originally planned
ami probiup experiments.

ORNL-0WCSI-1J32

rm |iirimnt-l
l|WlatkMlMM*>,*iHlf1<iw calf, t t iuo

Hie only adjustable coefficient in the model was t v^T,'ll»SjO4- Several
experimenters have published values of this constant raiujiu): from S.7 X 10'*
;•> II X Itr* kmol • alnf1 • m'1 • s-l (7, 18). The value of (\Z7Tk";lilN,o,.
obtained hy C'orrivcau (7), is Hie only such constant known. The effect of the
ionic strength on these constants should be minimal since these studies were
conducted usini:; water/dilute-.icid scrub solution. The values of K ( . K». and
Kj were obtained from the wort,s of Vcrhock and Daniels (14), Beanie and Bell
<'01, and Wayne and Yost (II >, respectively, The use of these constants main-
tained consistency as they have been used in tlif calculationsof( ^-uJk.'H^o^
and I v'HK Hls;.o, The Henry's Law constants for NO. NOj. and UNO- were
from the International Critical Tables by toomis ( - . 1 . L « and Schwartz (2)}.
and Abel and Ncusser 124). respectively. '(he rate constant for the oxidation of
NO had little effect in these studies. Tile coefficient used in these calculations
was that of Ilodenstcin (251. l l ic value of K u was from the work of A M and
SclunuK-ll.

The most critical coefficient is the value of (vST'l lrNiO, Model compu-
tations usini! the literature values of this coefficient were tested to see which
most accurately represented the data. The absorption of NjO4 was calculated to
represent nearly all the NO* absorption in the previously presented data. Model
predictions of Xso.v mini! 'he literature value of I vSIT/H >NiO« from Oekker el
al. < 181 allowed the model predictions to most accurately represent Ihc data. An
indication of this is seen :i, t-if. 7.

Results from a series of experiments with a 5̂ 5 NOx feed of partially ovidijed
feed (us were reasonably well simulated by the model heinp tested: however, the
basic calculated absolution route was NjO4 absorption. The model was apparently
not jeopardised in these tests.

A series of tests at feed NO, partial pressures at -0 .01 aim is presented in
Table 4. A considerable ranfc of values of X s o j was encountered in these tests.
The predominant absori'tion routes a)>pjr;nlly shifts from N : O 4 absorption
for the highly oxidircd feed px to N O J - N . O J ahsorpliou for the less oxidued
feeds. Tlie model was deemed lo be nifficiemly jeopardized in these tests and
this phase of model development was concluded.

CONCLUSION

The development of Hie model pmented here gives a prater msithl into
the phenomena of nitrogen oxide scrubbing. The me of this mechanistically
bascil mathematical model presented gives pmlet confidence in exlnpolative
situations such .is pmccx design. Tliit inadcl it not yet in a convenient form for
use in design tasks. A recent example of such a design code H Ihc ABNOX
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I'RCXiKAM. which jncnnHwates cspertnu'iilal am) Illcorctifal inTamaUnn on
NOV scnit^inn in plate type towers in a convenient fonn lor process

ACKKOWLEIMMENTS

T I I R « w k w.is perfonneO in llu- l-uel Recycle Division under tlie auspices
.i f ilu< C'onvnliiljtcil Fuel Rcproccssini; Prngram nf the OJV R'ulse Nalioml
l.jlHwaior> anil wjn \pons«re<) hy U\e Nuclcat F»t\ Cycle Oivisum. U.S. Depart-
nwnl «I" I ncrjjy, iinilcTfonuati W-740S<«s-I«i wills Union Carbide Corporalion.

NOTATION

a fjvlniui i l interracial area t in '1)

»t wtivi ly of Uh species (kmul • m"J (

0,

C*

(1
I)
1-,

t«t

h

II

UNO,

tiutfc-(iu,uiJ concentration o f tomponcnt i i kmnl ' n r ' l

interbcut concentmion o f component i ( Imol • in"5»

differential operator

ililTuMvity (nv •«"'(

enhancement factor, the factor tiy * h k l l the absorption of compo-
nent i is increased nv IK|ui>l reaction
fas
volumetric F M flow w e I m ' •» ' ' t

Iknry'i Uw comlint im' aim • ktnor'»
HSOj • UNO,

K,(

In

U

NO*
NO?
NO,

OM

l ' i

R

R*

R,
V

•\'j

t

PI

Vi

i
c

a first-oriler or a pMuiln-flnl-nnlcr r»w •' nWanl («"' I

a ihifdordvr rvaction rate omsljnl for Hie nxiJjlion ol'ujwoin NO

a fmmli-wWr NWtion rate canslant for the (Jf«N»|>i>si!r»n of

nnemiiUbtium convtant delincil hy ttixo,/>^M, t»lnf' >

an equilibrium constant tlefinel l>y I I N,OJ / ' 'NQI > NO| ' " I " ' *1»

j»vquil ihnumcunvUnlJcnncai)>l'f|K0 I. l 'N0l'N0J ' ' l l j0 <•"»!"'

an fnuilibrium constant denned by C'u t C N O , Cjio/cfiso,
(kmol 'nr'p
pas-ii l iawnusvlransfiTiocfficifi i i(kmol'en' -aim"' • « " ' !

jus-pltasi'nia«-lfanifi'f ciK'Ifuii'nt fur component i

(kmol •nr1 ' 3 ! n ' ' •» " ' •

liqiiid-pltawniass-l»nsferr<>efiii.'ient(in ' s ' l

liqiiiU-pIiaw mass-transfer cucfUicicnt for ONiipmienl i Inn • s"1)

base f lojiariilunii. function

liquiil flow r;»te(m3 ' i " 1 )

liquid

NO + N,O, + I;:IINO,

NO, + :N,O« + N,O, + I/JUNO,

NO* • NO?

nuik'jm p^Mwl prrssurv nf enrnpunent i 01
component i at ft, in the intcmu'iliule repiun viicininlcred in
numerical integration belween t« 0 and f - I wliere A{ it dflim'il
as{(,.i ft, (.unit

Intrtfacial partiul pri'Hiitc of cmnpniKnt i or partial pressure nf
component I at fk t l u< tlie iiitenneitintc rcjilnn cncotinkrcd in
nunieiical inle)tra1inn Iwtween t^<> and t" I «\KX« At is <lci1iie<l

orattu's"1!
lolal pressim' (atm)

reaction rate furcompunitm Hknutl •<«•*

sas law constant tms Mlin kmor1 -K"'»

molar ratio of UNO, produced 10 UNO] disappearing

absorption rate for component i tkmol • m"s • s~' I

column volume (mJ)

fractional conversion of component i ; tl>at is.
XNOjr * l<l'NO.v>« (l'SOx><«ll/St('XOilin • « P
mole fraction of component i

+ -I VTOllKyx K,

kL.NO

^MiJISOj<K,r||,ol'.NO/l'NO, I "

incremental column \iilume <mJ t

signifies a difference in ( I K final and initial values

dimcnvionless film thickness

density of sas Ikmol • m'1)

density of i«|uid {kind • m"* >

Mculiiotnctric factor

I*NO; ' s o *
frjclional volumetric changedue to hulk Kmoval of*»tompone»l«
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