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THE DEVELOPMENT OF A MECHANISTICALLY BASED
COMPUTER SIMULATION OF NTTROGEN OXIDE
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IMLORETICAL BACKGROUND

The NORIINOEHLO e systiem can e deswtided 1o empaneenag
parpses By comndvnnig e mputlant speates o e NOONOL, NGO N O,
HNOL, and B0 The iclatine bemogencos and fitetogencags eqialibisam pros
portians it e feactingy of these compounidy i the gas and hguad phases
form the Wieonehical Bas tor this stady, Tlos feues Bt preseats the nigrortamt
savphaswe reactions, then boeBy contzasts the soluhibties oF the vanions NQOy
species, aml fiaally prosents e anpuartant bquadspliase chivaneat reachons. The
sy of the st phawe chivoical twactions Bt togises on those seactons that
vontrbute 13 poatne tanner W the absorpine iy of NOg ypweies 11om e
gas Wy the hgauad phase. Atteation will then be directed to the decampotion
and’or depletion o aqueows HNQy produeced by thowe prevaomly mentoned

cactiiy Thn decompontion or depletion produees the desarptine ey of NOg
speony anociated wath the scanbiung of NOy spectes tram gas streams

Gas Phase Reactions. The fulfowmg gas-phase reactions are of mtetest when
deseribing the NOcHNO 3, O systomn 10

INOG (20 = N0y it
NO(d + NO; ()~ N3Oy (p) (M
NO(r) *+ NQ; (7} + 13;018) = NGy , [K}}
and
INO G + Oy () = INO;, tg) )

Qaally. conditivas hay maximize e presence of gaseons NyQy, such as
mereased pressure and/or deareast temperature, will produce the miaxisaum
NQ¢ atsorption for hgh gaseons NOg partial pressures. Comditions that s
tize the presence of paseous N:Q, andfor INO; provide maximum NOy
absorption efficency for dilute gaseons NQp pattial pressaees. To simplity
th~ discussion of the stveral gascous nitrogen oxide and oxiacid species, the
termy “chemical™ nitnie ovde am! mtrogen dioxide are usd for Il amd +IV
¥akent pitregen SPouics a5

Gav-Liguid { quitibria. The selubilities of NOT-NO® species range evee sovesal
orders of mapmtinke C1 T onder of merenmg sefubitity | these species are Inted
WNOUNOL NGOG N Op and {INOG The pressire of ENO over dilate solition
ainy be comadered aeplipable The wporiamee of the sedubifities o Hhese speaes
~somew it ovensdadowed, foweser, by the fast o diedy e eactians of €0,
and N Oy i the lgund phase

Liquid Phase Reaction 1o the s pluse, the tollow g seactions appess
tor Be amporiant 1o e abworetion rouwes

INOG O 4 JLO 0 INOy (€ & 1IN0y 10 (]
N O4 10+ 1O - 1INOY (0 + INOy 0, (L3}

and
NGOy 0 HaO ) -« INO, () “n

[l redctiony may Oe teated moevenddy gt b agqineons comentostions ot
TINGy and HINOL Tl geaction of NO and wates iy satlicently daw &e be
comsilered as a buth e seactaon, i, Ee abvorptaon s eelated to the ranates
ol NOy mte the bulk-hgual phase The hydralyte seactions of Ny, and N0y
are sttty st 1o ke place s the lqued gl Lhe atworgtaan rate tor tine
Wi spectes tsctnge e the bguad filha By the Bl theory coupled wath ciemcad
ety s (N

R, = (VDU Py

The atworptan o combimed absorption g reaction of gasvous NO?
speewes sesalt an the preduction: of aqueons INQy and;or HNO;  Aqueous
HNO, worelatively Mable i this systen, whereas aqueots HNO, s eclatavely
unstable The depletion chemistiy of HNO; 1 aqueous solutions has been the
Milject o several mveshigations: however, the apparent combinations of nias
(ramder and chemed) teavtion have created 1 great deal of contusion an this
area.

The best known equation for descabang the depletion of aqueous 1INO,
TTOM gueous soluthions s

NGOG () == 1 (1) + NO3 (D) ¢ R,0(0) + INO(p) an

This overall equation was developed by Abe] and Schmad 3, 41, who discovered
tie decompasttion process 1o be fourth-order with rewpect to agucous INQ,,

Ciix

NOy

THNO, K2 - “udn
o

Abel and Schnud (3., ) recognized that the removal of NO trom solution vould
Tisit the dissaciation of aqueous HNQ, . therefore, these studics were conducted
at conditions which teduced the mass-transter resistances to the removal of NO
from solution. Because of the equilibrium vature of the Abel-Schmid depletion
provess, as implied v Eg. (120 the rale controlling progess can shift 1o the
removal of NO from solution,

13

Tixo, = -3k allhng - CRg) -

*Rescarch sponsorey by the Nuck ar Fuel Cycle Division, U.S. Department of Energy under Contract No. W-7405-eng-26 with Union Carbide Corporation.
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Wrder AN EEET IDUTNE Condims Prosducing: i teachion onder of /3 with
reapeet 1 INOG So other mtereedidte mstuies af aids transtes and chamwal
e tion can Prduee Ay eaction order berween 4 ol 33 The AbelSchonet
oty stiputates that the aiotar catio ot 1INy prodiced o 1INO;
decomponedt to be 1/ For comemenve, this inalay b s referred to as R
Tl stonclimetry o peiezal gecment with that found by mast rescarchens
n HNO, depletion chemstry

Soaw thwareber {we e by Caunee CHEL owever, have found R® o
be less than 143w dadies mto the nonosudiz.ap depletion of agqueous NGO,
The order cwith pepect I NGOG of ahe NGOG depletion reaction s wsuatly
cquat to atihthy greater thea vne 107 stadies « hen R® s less than 13

Ihe decrvasing vahe o R® suggests that specaes other than NO, such as
HNGO |, can be desorbed durimg the depletion of HINQ; 1om agueous satations
The tst-onder depleton Banetics aind ats sensitiaty te pas rates amd aptation
turther sugpest that masstzansder weantamoes are amodved 1o ths process the
aqueons. HNO, depletion provess anght be sepresented,. wath respect 1o the
imbicated caumderations, ar

a

Bvoy = MAOWhno,  Yineyt T hattting, Bingyt S

The vonpometny ol Fg 013 prodied an R® of 2emn e value of R® tar the
nenovaiang depn o of ENO; rom aqueass saluinm st ten e befween
croand b3

Lapenmental Rewtis un Depletion ot Nitrimn: Acil lrony Agucom Solu-
o Phe depleinn of Mt oul Im aguesins i anions acnd st
AWEARE VOEA T W AT SRR G W SR TRt it i packedh with Bntatos
adidlen av the contactng devive These stidies wete conducted ot 9% K and
neat atsmpherin prease Phe Tiud plase was iecitcslated o these siindies
whicd were dosged 1y estimate e eltects of gan i ite Tupod ow tate, amd
i hetph on e depletion procesest

The provary espoie Yarble was e comerann of agueous nitsoms aoud m
e pached Toaer AROTHOE o vatabie wan the minlar atin ot J{INQY,
prnlaved 10 HNO bnappeanag, B s patamietes iv an andicatat ob the extent
that T4 01 Fr desontes the depletion pracess

I ovpetinents palig e vontact oF nstion acnd sofutions with aitrogen
the iy pothioss that R o 8 3w tested T Tocd pas 1o e colnmn duimyp thewe
opetatony cantams no NU- T alt rans, the teed and etflaent Bgud streams were
ampled Tiese samples weie analy zed tor totat avidaty and nitrous swed The total
GBI was anatined 1o The sum ot the it aod and mitsons aonts Based on thas
asunpiion. tie «hange 10 tal aod concentration can e acpresented by

dy = e, * W, as

The quantiny. R* . can be obtaned by rearranpimg g 135,
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Re - N u

9o,

teny
Wy,

o thewe sudies, nittous acd was prawduced untolly by hubbhing NL Oy
through Q05 md ot water i the fiquid surge tank Wt avad s prodineed
santtanvotly by same decompontam ot INOg flas agueous salubion wa
then mctered contmuwmndy o the pascked codumn whete it was contacted with
mtropen The chluent solution from the column owed By oravty back toe e
fgnd surge tank Revetctilalion of thus wadntion proveded a nteans of obhtapang
wiarmation an the deplelon processiesd) oaver 4 range of mittons acs! conen:
tratiomy  The tao packed towers uwd in tiese studies wese G 0762000 wath
e Totadon saddles amd O 102 010 with L3 ntalon saddley

The it series of expenments A throagh 0 wiihzed 3 fracenmal factorad
desten o study The etfvet of gas Bow rate, Trud ow 1ate, and packang heeht
tvolume) on the extent oF Ritsous ackd comversem, Xyena; - w the smafl digeneter
tower T effects shiown m Fable 1 were ostanated by Yates' algonttim 8y A
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This analyvis shows that as the concentration o aitrous acd enternte tin
towes iosicteawd A8 e sttect of the change i hgund low sate decreases
Lactuallv shown e mpede e deple oF nlrous aerd A hugher mtrous ackd
vonceatrationst, (20 Ahe etfect of gas gale moreaws. and £3) the eliedts of e
chanpe w beeht penceally decreaws. The sigtitnance of these ctfects ceuld ot
be sdetenmuned becasse there i no awaane of expenmental crror

110t o avsanied That MasstrEansfer i unrortant (o vsne eatent m thn depletion
Mocess, hen o seets apgraptaate 10 aew thewe ERPCTHICNTs Ttom g vantage
romt that anlindes hw the andicated vacable mampulatson attecds tie mass
tanter resntaices. The mereaed codanmn el s directly proporional 1o
ntelae] alca amd Inueds amd gasvteadence time at thie tomer The increase
0 bupnd Bow rate incteases both the s plase ias-1eamier fate constani(s)
ARt the pavinguad terfaost awva. The mneeaw o gas ow Gite morcaws e
avplias mavetranter rate ovntantia), Bawed on the asaption of the m-
e ot asstramder on the depdetoon oF spucous nitrons aoud, the follow ing
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theoty may b puopsed o8 wxperients A Wrosgh B 00 ligiidsphise s
AT I BoLaRg e mpartant with aneiesng aigons acid conventraton,
witle the convene n tiue o the panphose masstiunter, e other wonbs, (i
PRI Rde] eslinioe ol tine lomt the dngad to thie gaspliise with
Arsed o el coeeittabinn, aml E20 the vttt of additonad ntedion
AR i reardenee imes Becames o los impartinee With neeeasig niros
Aot ARt Thew inshieated st es st be combimed witle represcatatine
MG BOTRICTTIC ORI 16 @Sodon v a gsetad nded,

The g oantaty, B v e determmed beom e sope ot Cpg® s g funetinn of
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WPt I spprosanate V& contadenee lebvals are pesented n

o this bavn the by pottieaiy that R i1 3 cannol be reected.

Vable 2 Valies of R® amd approvimate 984 confidence intenvals
for cypetimenty A thiough

Approxiie WS

n R* Dr:f::.‘"‘.‘l vanfudence menal for
R*
A (UMM 4 10.0%8,0.39)
4 (LI & {0.15, 029
c 030 o (0.25,0.3%)
D azxq 4 (0.21,0.39)

Trends an the provousty prosented experments mdieating 1hat R* decreased
with the gas mate coulit not be venfied, Another cypeanient was then conducted
At much agher gas rate te hgquid rate rtios. The value of R® was found to be
0.223 wath a 954 conflence mterval of 0.167 to U279, The order of these
depletion procesws was rear one for arast of the experititents presented.

The results from these evperiments indicate that a mechamistic model for
the depletion of squeous mitrous acid v packed towers should include the
liquid-phase decomposition as deseibwed in Eq. (11), followed by the desorplion
of mtric oxude. and the physical devorption ol nitrous acid  The sportance ot
amulating the gas- and hiquad-pliase resistances is also indicated.

MATHEMATICAL MODEL

The sch that was v entertained for describing mass-transfer and
chennical-reaction phenomena for the NOydINQy A1, O system is given in Fig. 3.
This schenie 18 quite similar 10 one used previously hy Holty2er and Kwanten(6),
who Wiustrated bl and reaction roules involved in NOy scrube
tmag. The present model, as dispramed in Fig. 3, allows for calculations in the
bubk-gas phasc. within the liguid film, and the bulkJiguid phase. The gas phase
s assumed 10 be saturated with H3 O (taking into consideration the temperature
and the liquid 1INO, ion). The indicated hemicat cquilibria
were assumed (o apply at all times in the gas phase. The predicted HNO; partial
pressure is usually small compared with the H, 0 partial peesstire and is always
asumed to be cquatl to or below the saturation partial pressure, The model
accommodates the oxidation of gascous NO to NO, in the bulk-gas phasce,
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Phe steady-state tramspart of compoaent § acros both the gas and hgaod
T v expressed by Courtee €1 as.

iy

1
Byo= R, =~ = AROCT ) am
[t

utlizang & dunessiontes Gta thackiess.

T the v of physical abwor ption ar desorptaoi, the sahancesient fator |
W Lahen 10 e sty T e absorbung species as NO, L N O and Ny Oy Fram the
swanh o Carrtvean ™1, Denbigh and Prince (81 Kovad and Peters 0021, and Peters
amb Kenval 10000 may b concloded tial TINO, s nob o absosbime spevies
altlough o vannot be ruled out s desorbing species The other desorbing
spevtes s NOL whicl s tormed trom the huth-ligaid-phase decomposition of
1INGy.

COMMITER SIMULATION

Phe whsanption shesargetson phivessmets s olsaed o the seemhbing o itogen
anides Trony s steanes dave beei sinrabioted 100 compuier csnde $oran o eeunental
volunin volutie, whivh v iltstiated e Fig 4, The volume of tus ineremn ntal
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WU % Sach that the change in componeat partis pressures and conventrations.,
avowell as gas and liquid Row tates in the lncrenwent, may be neglected in rae
cquations for interphase trawsport, The fas phase is asaamed o be idvat, and
nothermal vonditions ane fuether assumed o prevail, The maitiematival model
shown here is designed 10 be used in te computation of the partisl pressures of
gus spevies leaving the increment and concentrations af tiquid spweies eatening
the mervient, and is hased on Knawn o assumed information about the gas and
liqand streams tespectively entering and leaving the sane increment. Tl mode
of aperation for this study of beginning the comy ion 1 the b
of the column with experimentally observed information about the gas-phase
compasition and Row gate and the liquid flow rate: the liguid-phase acid come
positions are nitially estimated at this point from expermental abservations.
The progran advanees up the tawer by @ series of incremenital calesdations.
When the computation reaches the wop of the tower, the caleutated concentra-
nons of acd are compared 10 the experimentally observed vatues (usaally zero,
as water was pormally used as the serub solution). 16 these vatues are greater
than poeset twds, the vomputition & begun again af the bottom of the tower
with adposted product aeid vonventrations. This procedure & tepeated until the
caleutated values of the feed acid concemtrations are sulfiviently close to the
eyperimentally olserved values. At ths point, the overidl NOg conversion
ANp, 18 cafeulited, the wesults are printed as outpat, and the progeam operation
W fernated,

A flowsbieet of the computer simulation is shown i Fig S, The simulation
conits of a mamn progrant and 3 collection of subrautuws, all in FORTRAN.
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The firt portion of the main progeam imtalizes the lemperature, pressure,
and gas Now tate nto the tower and lquidd flow rate rom e Jower: the com-
ponent partial pressures ¢ oxypen. nirtogen, and mitrogen oxides are alwo
mtialized. In addition, NO* and NOJ are also initialized, and the fiquad -plias
aord cowentrations are estimated. The main program thwan su|ucnlully calls
subroutines tur standand gas- amd 3 d-pl Tt oy 3 ciated
with packel towers.

The tiquad-phase Holdup i calculated 1 subroutine HOLDUP, This calenlation
is hawd on an cquation by Kwanten and Huiskamp (10, The pas-phiase mass-
transter cocfficients are cakeudated using an cquation by Onda ot al. t12) in
GPMTC, this cateulation requires the gascous diffusivitics in GASIIE using an
vquation by Fuller, Schettier, and Giddings (13). The gusdiquid interfacial arce
is calculated in TAREA using an cquation by Puranik and Vogelpold (141 The
Yiqurd-phase cocfficients are catkcutated in LMMTC using an equation by Mohunta
ctal.(15)

Fquatwons (1), (), and (3) are incorporated in the sum and difterenee of
Fas tS)and (6} ax

Pae * Pwa * Pva, ¢ K P, ¢ TR Py Pagy ¢ K By Pg P, Y ()]

and
Loty * Wby, P m
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These cquations contain twa unknowns, 'y amt #np, aw ane contaied in @
subrontine function FUCN. The two provious cnuatioms e slved awnenvally
wsing the HYBROY subrowtine (163,

The conversion of niteie oxide to mtrogen dioxide i caleutated using st
routine NOOXHY, this és currently @ bisectin rovdane which Tauds the rool
Xno (Dof

[ORTNTTRRT L | | " I .
Bl i e e [ e ey e M
G tep 1 g * D ] Nt
The previous ¢q [ d in a sub

The individual flux cquations for the ndividua may be expre
in terms of NO and NO, with appropriate u]ulllhnum constants, The cliange in
the partaa! pressure across a dimensionless film thickness, §.is (1)

AP, oxtRynel + aetRyge)
e T e e e

22

df Moy - Oy,

This equastion tar PR has beensotved atmeecally by a “strootmge™ method using
suhrontines RREFIS and ZEROIN ¢ which are called from the subrowtme
FLUN. This selution reguires the esatuation of

adlqn, * el Y ey, “o'\u. ' ""'\u * “"\0 o

RNT) .
Al e

at eacl mtepration step Faquatjons 1220 and (2.3 are contamed i tw subroutine
tuncuon

The abworptio af HNOy s ot alowabde by the previotsly presested aathe
watieal model T order (O prevent the atworpiion of NG, L the sighe component
tux of UNOy o testeds oF the us s absarptive then kg pINo, s made equal to
seto. This will allow the desorpuion of HNQ, i prevent ats absatptean.

With the caleulation of PR and PRy, . the individual partiad pressare lus
compenenty nuy be calealated i FLUN.

The partial pressures of NO:' and NO® fevang the merentent are cileulated
Wi the MAIN program as

Wi @ TR, Y R, ) Sy AV G s

Wt o

"o Ma [B2]]
and
Praetan " Marn, o, 0 TR, 0 R
CAVRT G0 Py Ny, [BAY}
in terms of tatal nitrogen onide partial pressure,
(200

LRV I (Nt RO AL VT LI

Further adivstinents of the gas low rate and companent partial pressures due
10 Lulk gas compoanent removal or addition are made before baanming the net
incremental caleulataon,

Fovusing on the fiquid phase ot the incrementa? coliima volume. the absorp-
tion reactions produce g N nitric amd wit avids. The equilibrinn as
expressed i Eq. (LU, is asauved to apply. This equilitrinn esction proceeds
1o the rght as NO desorbs from the aqueous pliase, The absorption of NO s
neglected beease of its low sotubility. The bulk-pluse concentrtion of NO s
caleulated from a modilicd AbelSchnid cquilibrinnm expression (R, 4),

o
Cyo = [ ———L— Q@n
g Kaa 25 EXH

Thus, the production of aifrie ack! in the wcrenent becane of decomposition
aay be wopresented by S g Ona Clo b the doappearanee of niteoas
acid by 3KLNO ONO CRg). lacorporating these relationships into e
iguid-phase perti amd nt yickis:
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NN uantites way e calilated @ the 0p of the werement provaded i!,‘ w
e lrand phiases man e calagdated tor e sadisidual NOy species.

Some wther wlistiment of e salumetnn gas Qow fates and compoent
Pl Presuiey o rsesitated me e deserbed compuatations beciase ot Lhe
Mo of pascons species bk gquantites These stistivents ane accamplished
Botween tie desenbed e nlal comgutations,

ENPERIMENTAL APPARATUS AND PROCEDURE

Too packhed colwmms were used with fmvide dianetens of 0.070 aud (L1022 m
revpeciinel  Fliese columity were packed withi coranne batalox sintilles withy
duanieters of 6oand £3 man tepectinedy,

I e O OTtmsdiam cobimn, the g was entered into the packing through
e paching suppart; however, the s was rejected digecthy mto the bottems of
the pachine oy We Q002 maban colime Both feed nd offlient Bigusd streams
wore nianally sampled.

Carner gy of 0 o Ny were meterd by sotametes 1o vither of the two
Pavhed 2onen O or MO NOT Jeed mintures were prodused by dlending in
e correct partaoas ot 1hew pases. Steam conbd alwe e added o this feed gas.
Ul gas streans Teaving (e packed 1owes was cooled amd stemisted Tor eatraned
WRTIO VTS T TOT VTl of the water content,

P pas vy B0 NO® NOZ wais done Wy takimg g samples for stansdard
WL cheamieal Al v ar By g @ s stream through mtrared detecton for
NO® and MO analyses Liguid samiples seie b Gaken (0o niteous and (otad
aend anahy wis

RESULIS

A screening sefies oF Wiy was witially condueted e get @ broad under
standing o NOg absrption e picked towers, Phe wesponse vanable s the
DOy comerion Ny This sweres of tests & presented m Table 30 A1 a 9§
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level of confidence, the only significant effects are the partial pressure amd the
oxidation state of NQg in the fevd gas. The most pronounced offcet on the
NOy comenion was produced by variation in the oxidation state of the gas.
This is 2 well-known phe N NOg s g. In general, the NO® sprcies
have a much lower overall solubility and reactivity (han the NOJ species. The
second largast eficui wWas produced by the variation in the partid pressure of
NOg in the teed gas. This might be explained by the higher NOg partial pressurne
producing a larger proportional amount of the higher molecular weight spevics,
which arc more absorbable and reactive.

The apertine pressure was maintained at near atvosphiere primarily for cons
venener. The 298 K operating temperatare wis chown becanse the kinetie anib
ST Comtants nevessary for e moded computition are {ully detioed
only at this temperature, The expegimental stratepy was to model the effects of
ras gate, it rate, and colimn haght on the conversion of Nxo, at moderate
NUy parhiat prossures of NOT amd then 10 1081 00 mende] a8 s NOy parins)
Messarey with i feed misture of NO3/NO®,

The ik of these scrubber model develepment stindies deatt with manipula.
tions of gas gate, hqued rate, and column height, These siudies are dllustrated dn
Fig. o, The organally planned experaments were a (ractional factonad design
Gee sl owbine in big, 6) Several expenments were sequentially added to
exanune the cursature of the response with column height, Other experiments
were deleted after itfle effect of byuid rate was noted in the onginally planned
and probag experanents.
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The only adivstable coufficient in the model was l\/ﬂf'llw,o, Grvu.ﬂ
experimanters have published svatues of this constant canging from 5.7 X 107
11X 10™ kel s a1 (7 180 The value of (VIKIHIN,0,.
ablinacd by Corrivean 17, is the only such constant known. The effect of the
jonic strength on these constants shoutd be minimal since these studies were
conducted wsing @ water/dilute-acid serub solution, The values of Ky, Ky, and
Ky were ubtained from the wotks of Verhoek and Daniels (19), Beattic and 8ell
1200, and Wayne and Yost (21D, respectively, The use of these constants main-
tuned consistency as they have been used in the caleulations of ( /DK k/HIN,0,
and (4T 11,0, The Henry's Law constants for NO, NO; ., and HINO; were
from the lnlumlmna! Critical Tables by Loomis (22 Lee and Schwartz (23),
and Abel and Neusser (24), respey e, The rate caastant for the oxidation of
NO fud fittle effect in these studies. The coefficient used in these caleufations
was that of Bodenstein (25). The value of Ky, was from the work of Abel and
Sclnnd (4).

The most critical coefficient is the vatue of ¢ vIR7iIN, 0, Model compu-
tations using the literature values of this coefficient were tested to see which
most accurately mpreq‘n!ed the data, The absorptivn of Ny Oy was cakculated to
represent nearly all the NO3 absomption in the previously presented data, Model
predictions of Nxoy using the literature value of ¢ vﬁ"lll!\,o, froin Dekker et
al. (181 atowed the model predictions to most accurately represent the data. An
indication of this is seen §i Fig. 7.

Results from a seriesof expetiments with a 87 NOy feed of partially oxidized
feed gas were reasonably well simulated by the modet being tested: however, the
hasic valenlated absorption ronte was Ny Q4 ubsorption. The mode! wasapparently
not jeopardized in these tests.

A series of tests at feed NOy partial pressures at ~0.01 atm is presented in
Table 4. A considerable range of values of Ng, was encountered in these tests.
The predominant absarption routes apparently shifts from N.O, absorption
for the highly oxidized feed gas to NO,-N, O, ahsomtion for thic kess oxidized
feeds. The model was deemed 1o be sufficiently popardized in these tests and
this plase of model development was concluded.

CONCLUSION

The development of the model presented here gives a greater insight into
the phenvmena of nitrogen oxide scrubbing, The use of this mechanistically
based ) ical model pr J gives greater confidence in extrapolative

The parameters affecting Xxoe that a design engineer has at his/herd
are superficial Nquid and gas velovity, liight, T . and pressure.
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ituations such s Jesign. This 300del is Aot yet in a convenient form for
use sn design tasks. A recent example of such a design code i the ABNOX
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PROGRAM, which incorporates experimental smd theoreteal infannation on
NO¢ scrubbunp in plate type towers in ax t fomm far p s denign
e 4260,
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NOTATION

a gashiquid interfacial area ()

) activity of ith specics (hmol ™)

v Pno i,

€, bulk-liquid concentration of compenent i (kmnd *m™)

(&1 {nteefacial conce jon of compunent § (kmol * )

M differential opcator

D diffusivity (m? g0y

¥y enhancement factor, the facor by which the absomption of compo-
nent s increased by liquid reaction

w [

G wvolumeteic pas Qow rate (' 5"

h height of packing

n Heary's law comstanttra? atm -« kinol™?)

HNOe  NND, + UNO,

n in

199

L  firsteonder oF & prenda-fImeonters rte o wistant (87 )

ke W tird-onder reaction rate constant for te nxblation of gaseous NQ

Kn a Tontihorder reastion rate constant for the decompasition of
paseous (NG,

R, an cquilibrium constant deGned by Py,0, /P&q, tater'y

Ra an equilibrium canstant defined by I',0, /'noPro, Gty

K, an equitibrium constant delined by I'ﬁN(), /Pnolxo, Pii0 ity

Ki  anequilib lefined by Cy + Cno, — Cho/Ciimo,
(kmol m)

kG gas-phase mass-taansfur coefficient (kmol - o2 <atm™ <1

kGui gas-phase mass-transfer un'ﬂ'n'irm for copponent i
(kmol cw? cauy™ oY)

[3R tiquid-phase mass-transfer coeffivient {m =<'y

LY liguid-phase mass-ransfer coefficient for component i tem 1)
n base ¢ legarithivie function

L liquid low rate (m* -5°")

84} liuid

NO* NO + N, O, + 1/21INO,

NOT Ny + IN; O + NyOy + 120N,

NOy - NO* ¢ NOY

ont o

] hutk-pas partiv) pressure of component § o partial pressure of
component i at §i i the intermedinte region acountered i
nnerical integration between § = Gand £ = 1 where A8 is detined
wdia - Lk (o)

LM Inteefucial partial pressure of component i o partial pressure of
componentt i at Fyeq m the inteamedinte region encovntered in
numerical intepration etween §= Qund £ 2 1 where A is defined)
anbiet o i Gatm)

Pr total pressune tatwn)

fy ion rate for comy ti (himol s ¢ oratm <"y

R gas law constant (n® ~atm kot ™t <Ky

R* waolar ratio of HINO, produced 10 HNO; disappearing

R, absarprion rate for component i (kmal sw® sy

v column volume (m*)

XNi fractional conversion of compornent i: that is,
XNOx = IPNon - (PNGg o HAPROg i # €(PxOg hout?

¥ moje fraction of component §

] kana, + fkuliNNo,

ay e ny0, Ki + AVDEMNN0, Ky

a; kGNO,

oy KGN0 K

og kGXD

@ kLNo

o, Kiaofilso

o kGN,0,K:Pr0, + tikgaino, TKx P, 0PN, Ing Y T+ kGNo

ay KGN0, K20, + UkGHND, (K3 Ph0PNo Pna, 13

o kKGNOy *+ KGN0, K1 PR, * KGN;0,K:PNO o
LkGIIND, Ky Pit, 0 PN f'No 1Y

t, KGN0, N0, + 'ikGHNG, (K M0N0, Pro)'?

L kGR,0,K:Pno + tikasivo, (KstipaProPra, 12

av ne 1 col ume ¢’y

a significs 3 Jifference in the Gout and initial values

r fimensionkess (i thickw

G duensity of gas fkmol ~mY)

I density of tiquid (hmol ~av?y

) storchiometsic (actor

3 Pxoy  Froe

(3 fractional volumetric change due to itk removal of pas components
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