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NOx ABSORPTION RATE STUDIES IN SODIUM HYDROXIDE SOLUTION

K. Ofosu-Asiedu, U.S.T. Kumase, Ghana and
S.H. Wu, Sino-Arab Chemical Fertilizer Co. Ltd, China

ABSTRACT

The kinetics of absorption of NO,/N,0, and of NO/NO, /N,0g from nitrogen dlluent gas Into 0.5
and 1.0 sodlum hydroxide solutlons at 25°C have been mtuc?led experimeantally.

In those trials with NDI concentrations greater than 2 x 107 gmol/cm (4600 p.p.m), nltrle
oxlde was observed to appear In the exit gas stream which suggests there mey be an acldle
layer present at the liquid surface.

The abeorption rate of NO, at these concentrations is proportlonal to the square of the NO
gas concentration confirming that N,0, Is the maln dissolving and reacting species.

A linear plot of 3 x NO formed agalnat NO2 absorbed Indicatea that virtually all the nitrous
acld HNO, by N 0 hydrolysis decomposes to nitric oxide and nitrle acid which is strong
evidence ?01' the presence of an acldic liquid surface layer in the absorber.

The absorption rate constant l-L(“('D for first order irreversible hydrolysle of N0, was found
to be 0.136 m/s at 26°C which ls significantly larger than values obnerveg fay previous
researchers,

The abgorption rate constant assuming flrst opder irreversible dissolution and hydrolysis of
N,0, at 25°C wag found to be 2.71 m/a for (H/KD) N,0, Komlyama (1882) reported a value of
2.56 m/s at 15°C.

INTRODUCTION

In the absorption of gaseous nitrogen, oxides by sodium hydroxide solution, three proceas
mechan{sms are belleved to be Involved :

0) Gas-phase equilibrium reactions:
b) NOx absorption mechanlsm; and
¢) Utillzation of the hydroxyl lons.

The gas-phase equillbrlum reactlons of interest when oxides of nltrogen are mixed In the
presence of water vapour and oxygen are :

N0+ 1/2 0, —kl--> N0, (N
ZNOy ¢--k2~> Nol,y @
NO + NO, ¢--k3——-> Nyls 3)
Ny0, + Ho0 -—kd4----> HNOq4 + HNO, (4
Nolq + l—l20 -—-kb----> 2HN02 (5)

3HNO, ---k----> Hp0 + HNOg + NO (6)
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Reaction 1 has been extensively studled, (Bodenstein, 1918), and the rate constant {s glven
by

k1 =2.17 x 10711 exp (1399) m4 N2 41
T
Equlltbrium constants for reactions 2 and 3 are taken from the literature, {(Verhoek & Danlels,

1831; Beattie & Bell, 1947 ; Horftijzer & Kwanten, 1964), and their respective values are glven
as follows :

k2 = 6.98 x 10719 exp (6866) m? N1
T

k3 = 8.69 x 10713 exp {474 me N
T

Since nltrle oxide 1= almost inseluble In water, only three absorptfon reactions Involving three
major species: NQ,, N0, and N 0,. oceur simultaneously In the liquid film. These absorption
reactlons are represented as rolfown :

NOp @ —-> NOy(1) ——> NyOy(1) (10,
No0a(1) + Hy0(1) —-> HNO4(1) + HNOo(1) (10),
NoOg (@ ——--> Nl (1) (11,
Ng03(1) + Ho0(1) --memmv > 2HNO,(1) Ly,
NpO4(@) ~——> NyO,(1) 12,
NgO4(1) + Hy0(1) ——> HNOy(1) + HNOg(1) (12),,
3HNO(1) ——> HNOg(1) + HoO(1) + 2NO(g) (13)

Reactlons 11 and 12 are belleved to be very fast while reaction 10 Is considered to be o
relatively slow reactlon (Andrew & Hanson, 1961; Chambers & Sharwood, 1937, Dakiker =t al,
1969; Komiyama & Inoue, 1978; Wendel & Plgford, 1958).

The nitric and the nitrous acids produced in reactions 10 to 12 react with the hydroxyl fons
in the bulk liquid phess to form nitrate and nitrite lons :

HNOg(1) + OH™ > Hy0(1) + NOg(aq)  (14)

I[NNI 1] p— > Ho0(1) + N0y (aq)  (15)

In addltion, there is a possibility that the nitrous aecld produced decomposes to give nitric
oxide viz reaction 13 (Andrew & Hanson, 1961: Chambers & Sherwood, 1937 Komiyama &
Inoue, 1978),
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The purpose of this study Ia to evaluate the mechanism of the absorption process and
evaluate the NOx absorption rate parameters which will allow more representatlon model
equations to describe the complete NOx absorptlon process.

EXPERIMENTAL PROGRAM AND RESULTS

The absorptlon rate measurements were made using a plenar disc surface diffusion cell under
the conditlons specified below, and the equipment usaed for the ebzorption study Is shown In
Figure 1

Gell dlameter 10.56 cm

Liquld surface area 86.6 cm®

Liquid temperature 25°C

Feed gas flow rate 1000 ccs/mln

Liquid film coefflclent3.9 x 102 em/s

Gas agltator speed 375 r.p. l"t]

Gas film coefficient 6.5 x 107 gmol/(cm atmos §)

Initlally 20 trlals were carrled out using nitrogen oxide gas straight from the NQ, supply
haottle diluted with nltrogen.

It was not Immediately appreciated that NO was appearing during the absorption runs and
only the total nitrogen oxides NOx absorption rate was belng measured. This gave a curved
data plot In Figure 2. It was later realised that It I3 necessary to monlter separately the
concentrations of NO2 and NO specles as the gas flows through the cell.

A further 18 trials were carried out observing both NO, and N concentrations entering and
leaving the absorber. The observed absorption rate of NO, species {s plotted against the exit
NO, gas concentration in Figure 3. Some difficulty was experlenced In getting steady
reproducible concentrations at the bottom of the range <250 ppm and gas anelysis by mass
spectrometry will be required for accurate investigation at lower concentrations.

Figure 4 shows a plot of N0, absorbed agalnst three times trhe observed formation of NO
which appears to confirm tha?followlng equation.

3 NO2 + H20 o 2HN03 + NO

Finally a set of 18 trlals was carried out with various mixtures of NO and NO, In nitrogen
most of the NO to NO, ratios being less than one.

A plot of the rate of NO, absorption against the product of the outlet NO and NO,
concentrations 18 shown in i‘lgura 5. All the points fall on or above a stralght line having a
slope of unity which appears to conflrm that the main absorbing specles is N,0, for points on
or near the line. Points falling above the line are thought to have a substantial contribution
due to N0, absorptlon.

DISCUSSION

Komlyama (1980) published a mathematical model and solution predicting the rate of
absorption of NO,/N,0, into elkallne solutions based on the steady state fllm theory for
absorption with chemical reaction.

At high concentrations of NQ, o108 grnole/r:ma, 224 ppm) the maln specles dlssolving and
reacting 18 agsumed to be N,0,. The rate of absorption with rapid first order irreversaible
reaction Is predicted by the expression.
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In this concentration range there is also ltkely to be significant gas fllrn reslstance so that
(N204)3 should be changed to the gas concentration at the liquld surface,

At NO2 concentrations less than 108 gmole/ce and with relatively low lquid film mass
transfer coefficlents the primary dissolving specles is assumed to be NO, which dissolves
diffuses and dimerizes to N,0, which then hydrolyses within the llquid film.

The absorption rate Is given by the sxpreggion,

Ryoz = K.D 0.5 16
Noz = 2/X Hyy0,KeDno, 1 o @0y,

Where Kc is the gas phase equilibrium constant

Ke = {(N. (malgmol)
(BySs"

K in the first order hydrolysis rate constant for N,0, (mec'l)
At low concentrations of N02 (<10 gmol/em®, 22ppm) or with high liquid flim coefficlents the
main dissolving species Is NO2 which physicelly diffuses Into the bulk of the Hquid phasze
where it is assumed to dimerize and undergo hydrolysts,

N0, ~ Hyo, Ky (N0 )8
Physleal mass transfer by molecular diffusion s controlling. Log plots of rate agalnst
concentration for each of the three mechanisms will show straight lines having Increasing
slopes at Increasing concentrations of (NO, Jg.

Komlyama's rate data covers the complete range of ebsorption mechanisms down to 2x101?
gmol/em?® (5 ppm) and appears to enable good estimates of the model parameters to be made.

Using appropriate data points taken from Komiyama's absorption rate measurements with
_the correct value of Kc at 15°C reported by Verhoek and Danlels (0.406 malgmol) the
following parameter values have been estimated :
Hvo, = os%
PNoo, =  09x10® m2ss
ANy, = 507
DNo, = 1.0x10® m?ss
KNy0, = 164047!
H/AD = 0.062m/s
Komlyarmm used Ke = 0.486 m®/gmol and obtained the following parameter values at 15°C :
Hyo - 0556
DNyo, =  09x10% mZ/s

H -
N50, 48.2
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Do, = 1.0x 109 mP/s
K . -1

N204 564 &
H/KD -  0034m/s

The difference between the two sets of values Is not entirely explalned by the differing values
of Ke¢ employed and It would appear that there is some other explanation. The Komiyama
parameters reported above wlll predlet conservatively low rates of absorption.

Komlyama has not reported absorption rate data for NO/NO, mixtures in nitrogen at low
concentratlons <107 gmole/em® NOx (2000 ppm) and with varlous llquid film mass transfer
coefflcients. This data Is relevant to predicting the back end performance of alkall absorption
towers where the NQ to NO, ratlo could be greater than unlty.

In the present study, the absorption rate constant for NO/NO, mixtures at 25°C le }[ﬂ{_tl for
N,0, dissolving and hydrolysing Is 2.71 m/s which s slig?fnly greater than Komiyame's
reported value of 2.58m/s at 15°C. This suggests that the hydrolysls rate constant k may be
substantially Increased by the 10 degres temperature rise.

CONCLUSIONS AND RECOMMENDATIONS

1. The abgorption of pure NQ, from nitrogen into 0.6M alkaline solutions has been studied
and the abgorption rate “constant at 25°C has been measured (0.136m/s). This Is
signiflcantly higher than the rate constants observed for ebgorption Into water and acid
solutlons reported by previous workers.

2. At the higher concentratlon range (> 4500 ppm) the absorption of NO /N;0, appears to be
accompanied by evolution of NG which reduced the overall rate of ugmorpt on of nitrogen
oxldes as compared with absorption in the absence of NO evolutlon.

3. The observed rates of NO /N 0, absorption at 25°C are In close agreement with those
obeerved by Komiyama at fﬁ“é.

4. Absorption of various ratlos and concentratlons of NO/NO, mixtures resulted in absorption
of both specles taking place but with N0, absorption being much greater than NO
abgorption suggesting that N,0, absorption {s being suppressed. Under none of the
conditlons was the N,0, absorp"hon machanlsm suppressed by the N0, mechanism. In
general the rate of absorption of NO, was Increased by the presence of NO however the
highest rates of NOx absorption were obtained with low ratlos of NO to NO,. Study of the
detalled results for NO/NO, mixture absorptlon suggests the absorption of N,0, I8 not
suppressed by the presence of NO since equimolar absorptlon rates of NO and N02 were not
obgerved.

At low ratlos of NO ta NO, (<0.5) the N 0, absorption mechanism did not appear to operate
a5 evidence by the NO, azbsorptlon rafas falllng on the absorptlon rate curve established
for NO,/N,0, see Figure 6. In addition the NO concentration was observed to be either
unchangqg or Increased In passing through the absorptlon cell.

The existence of an acidic layer at the liquid surface could lead to reduced efficlency of
C0, co-absorption. However the presence of such a layer seems less probable in the
presence of low concentration nitrogen oxides present near the back end of an absorption
syEtem.
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NOMENCLATURE
DI Liquld phase diffuslvity of specles I, m/s
Hi Henry's law constant of specles | dimensionless
(equal to Jiquld phase concentration
gas phase concentration o' equilibrium
Kj First order hydrolysis reaction rate constant, 1/s
KL Liquid fllm masz transfer coefflclent, m/3
Kj Guae phaze equillbrium constant, mzfgrnol
R Rate of absorption per unit Interfacial area, gmol/’mgs

(N{lerc)B Gas phase concentration of NOx species, |5[rr'ur::l/rn3
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F1G.1 . Schematic diagram of the experimental apparatus.
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Rare of WUZ2 absorption, gmol cm
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Fig . 6 Rate of absorption of NOZ agalnat NOZg for

absorption from NO2 and NO into Q.5M NaOH solution at 298%K
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