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ABSTRACT

In a wetted-wall column of pilot-scale sulphur dioxide removal efficiencies were measured at 2001 and atmospheric
pressure with agueous ammonia solutions. The liquid-phase mass transfer coefficient and gas-phase mass transfer
coefficients of the system were determined. Based on the classical two-film theory the mathematical model was built
to describe the complex absorption process. Combined with the valuation of the model parameters and the
appropriate boundary conditions the model equations were solved and got the concentration distribution of each
component in the liquid film and pH value, gas partial pressure and enhancement factor of distribution along the
tower. Compared experimental results with the initial concentration of desulfurization efficiency. The results show
that the numerical results were in good agreement with experimental results.
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INTRODUCTION

It is well known that sulfur dioxide exist in thtué gases of power plants and industrial boileas! lto acid rain
which damages buildings, vegetation and water gfayele [1, 2]. SQis also considered to be toxic to humans by
inhalation. Throughout the world, pollutant emissistandards have become increasingly strict overptst ten
years [3, 4]. The most effective wet processessositum or calcium hydroxides [5, 6, 7], but theulidj or solid
wastes that absorption produced must be treatedatlyrif they are not marketable.

Ammonia-based wet flue gas desulphurization hawmliacreasing attention because of its higher gédwsuization

efficiency, useful byproducts, and lower investmianthina in recent years [8, 9].Liu Guorong [18}éstigated the
effects of several key factors on the efficiencyanfmonia desulphurization and established a matieahanodel

for ammonia desulphurization based on the two-fi@ory in spray towers. Jia Yong [11] studied thes-tquid

mass transfer and chemical reaction process datimgionia-based flue gas desulfurization in a paadadmn.

Gao Xiang [12] investigated the characteristicshef gas-liquid absorption reaction between sulfakide and an
ammonium sulfite solution in a stirred tank readad indicated that the absorption of sulfur diexisl controlled
by both the gas-and liquid-films when the ammonautfite concentration is lower than 0.05mol/L, andinly by

the gas-film at higher concentrations.

The aim of this study was to investigate the charéstics of SQ absorption into agueous ammonia solutions and
develop a model for the design and simulation oftedewall column used for absorption of SBto aqueous
ammonia.

EXPERIMENTAL SECTION

The experimental set-up is shown schematicallyign Elt includes a pilot-scale column and a heahanger and a
pump resistant to acid or alkali solutions. ThedoWwas an inside diameter of 0.1m and is packeu egitamic tube
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which has an inside diameter of 8mm and outsidenéiar of 10mm. The number of ceramic tube is 38 thed
height of the packing is 1.2m.

The gaseous mixture is made of ZDpplied by a high pressure cylinder and air bléw@a compressor. Sample of
gas at the input and the output of the column &yaed by UV analyzer, which gives the Sntents.

Efficiency of desulphurization is defined accordingmeasured results for gas composition.
,7 - in out (1)

The column is operated co-currently with recycléhaf scrubbing liquid, agueous ammonia solution wsesl.
A series of absorption tests was conducted at B0+@nd atmospheric pressure. Experiments were pesfibmaith
gas flow rates in the range from 1%mto 85ni/h and a liquid flow rate varying between 0.08hand 0.15 rih.
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1. SO, cylinder 2. Compressor 3.Valve 4. rotameter 5. Wetted-wall column 6. Ammonia liquor tank 7.Pumb 8.UV analyzer

Fig 1 Diagram of experimental system of ammonia desulphurization

MODELING OF SO, ABSORPTION INTO AQUEOUS AMMONIA SOLUTION

1Mass Transfer Characteristics of the Packing

The simulation of experimental results requiredkhewledge of the mass transfer characteristidb@fbsorption
device for nominal liquid and gas flow rates.

A schematic representation of a fluid film flowidgwn on a vertical tube with gas phase is showddgr2.
We make an overall mass balance ot 80CQ, over the slice of lengtbH shown in Fig.2

Q.dC =2N n(R-45)mdh @

Wheren is number of ceramic tube.

Where the mean film thicknegss calculated from one of the following correlat$o

5=CHALY  aire<20-40, @)
P29
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Fig 2 Schematic representation of film flowing down in a cylinder

The gas mass-transfer coefficiekt was determined by absorbing S@to sodium hydroxide solutions of
concentrations 0.5 mol/L. In this system, the kigphase mass transfer resistance can be considegédible [13].
A different mass balance over the gas phase foratieorbed component produces the following equdtion
calculation ofkg.

— QG CSOz,in
= |
% 2n1(R-90) n(Cs,om) "

The liquid-phase mass-transfer coefficignivas measured by absorbing 10% pure, @ water. The gas-phase
mass transfer resistance was assumed to be négligibause Cthas a low solubility in water.
The mean mass transfer coefficignts calculated from [14]

C.-C,.
k|_ o - QL |n S L,in (8)
2 2nm(R-9) C,-C

L,out

For the experimental systek,so, can be calculated by the correction formula ag¥e:

Koo, = K_co,(Dg / D)™ ©)

Lo, —

Csis calculated using Henry’s law

p
C =— 10
ST H (10)

The partial pressure of the absorbed gass obtained from the gas-phase measurementssdibbility of CG; in
water can be calculated by the following equation:
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Heo, = 2.8249% 16 exp_zT(ﬂ1 (11)

Dg, D¢, can be calculated by the following equation [15]:

T

HeV®

D,y =1.173¢ 10" gM Y2 (12)

0]

Experimental parameters and dimensions are list@dlle 1 and the physical parameters in Table 2

Table 1Experimental parametersand dimensions

Liquid flow, Q. 0.05-0.15nYh
Gas flow,Qg, at 207 and latm  15-85#h
TemperatureT 20C
Height of columnh 1.2m
PressureP latm

Table 2 Physical parametersat 20°C

Water densityp, 998kg/nt
Dry air densitypg 1.205 kg/mi
Water viscosityy 1x10%Pa-s

Diffusion coefficient for CQin water  1.78x18 m’/s
Diffusion coefficient for S@in water  1.52x18m?%s

The modified gas-phase mass transfer coefficlentvas investigated at different gas and liquid fleates and
calculated by eq (7).The gas-phase mass transédficient at different gas and liquid flow ratesvhabeen plotted
against empty section gas velocity and presenté&igii3.It can be seen that as empty section gasiglincreases
the gas-phase mass transfer coefficient increasesso is the case with increase in liquid flovesat

5r o
u QL=100L/h
al o QL=150L/h o -
n
Q o
g 3+ ]
o~
= o
n
o2
v
o
u
1k
[
0 1 1 L 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0

u(m/s)
Fig 3 Effect of empty section gas velocity on kg

The modified liquid-phase mass transfer coeffici&ntwas investigated at different gas and liquid flates and

calculated by eq(8,9). The effect of liquid flowe@n Liquid-phase mass transfer coefficient isenéed in Fig.4 at
different gas flow rates. It can be seen from ihere that liquid-phase mass transfer coefficientéases as the
liquid flow rate increases.
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Fig 4 Effect of liquid velocity on ki

The following assumptions were established to obdainfinitesimal tower model with chemical reaatioeactions
were completed within the film and can be instaatars chemical equilibrium and charge balance; txidaof
sulfite was ignored; isothermal operation; the gag liquid phases are in plug flow.

When dilute S@is absorbed into aqueous ammonia solutions, fl@viog reactions should be considered:

SO (aq) +HOf H,SO;f H'+HSOy (13)
HSOy f H'+SO” (14)
HSO;+1/20,f H'+SQ* (15)
NH; (aq) +HOf NH,+OH (16)
H,Of H™+OH (17)

2.1 Absorption model
According diffusion law[11]:

D (SO, )M+ D(Hso;)(jz(:(H—fc)s_)+ D(SOSZ*)dZC(—S?;_)zo (18)
dx? dx adx

Boundary conditions at the interfageQ)

=K 0, (P(S0,) - P(S0,) = ~(0(805) LE2 D)+ p(rg0;) CHER) 1)
p(s0) %))

dC(H ) dc(NH;) - -\dc(OH™")
D(H") =0 + D(NH4)—dX l=o— D (OH )—dx ko (20)
D(HS()32‘)dC(H—SO32_)|x:0 -2D (SO§‘ )LSO;_) l-g=0
dx dx

Boundary conditions in bulk liquid€o)
c(S—total) = ¢(SO,) + c(HSO; ) +c(S0OZ7) (21)
c(N —total) = c(NH ;) +c(NH,) (22)
c(H*)+c(NH,;)-c(OH )-c(HSO;)-2c(SOZ)=0 (23)

2.2 Reactor model
From fig.5 the steady-state mass balance gfi8@he gas phase plug flow through the columnlmamritten as
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( G )dpsoz,b

RTS dz  e? (24)

WhereN is flux of component A, kmah?s?, p is partial pressure of component, kBds gas volume flow rate;n
.s™. The steady- state mass balance for each SPE(HES Ay SO#. HSO;. H*. OH) in the bulk liquid phase is

Ldc,,
S dz

=Nj,a+R,,& (25)

WherelL is liquid volume flow rate,thes®, Ry is reaction rate of the component A, kmofesi'. According to the
law of elemental conservation, the steady- stabeef of total S species through the liquid film eoastant and are
equal to SQfluxes at the gas side.

Therefore, total S species in the liquid phasebsawritten as

L dCS—totaI

=NJ a 26
S dz et (20)

Gas in l l Liquid in

Cleaned gas l l Liquid out

Fig.5 Diagram of material balance calculation of Absorber

2.3 Vapor-liquid equilibrium

In the liquid film, reactions(13) (14). (16). (17)can reach equilibrium instantaneously and chah&quilibrium
relations of these reactions in liquid can be adde

C..C.._
K, = —HHso: 27)
Cso2
C..C.
K,= A sos (28)
CHSO‘3
C.C..
K, =20 N (29)
CNH3
Ky =C,-Cq,, (30)

WhereK is equilibrium dissociation constants
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3 Solving model

In the model the diffusion coefficients of gasesravealculated from Fuller empirical formula and wi&usion
coefficients in liquid use the data of literatuel@.extrapolated diffusion constants from'@30 55C using the
Stokes-Einstein equation [14].the dissociation ldoiiim constants and solubility values for sénd NH were
estimated by correlation of literature15.the thiess of film was estimates by formula of literatuel?.

In summary, the model includes the mass balancatieqs, the interface equilibrium equations, eleatty neutral
equations, chemical equilibrium equations, integrquations of mixture. The above equation can baimdxd
simultaneous concentration distribution of S®ISOy. SO*. H*. OH component in a certain section in the film.
And then the components of the flux and paramethange along the tower height were get after ialegrass
balance equations of vapor and liquid phase maierto

4 Model parameters
The inlet SQ concentration is 2500mg *inthe absorption efficiency is 92%, with 4% aqueansnonia solution to
adjust the pH of the absorption liquid.

The parameters used in the simulation are showalite3.

Table.3 model parametersfor the SO, absor ption into ammonia solutions

T(K) 298 D(SO,%)(m?s) 0.943x10°
p(kPa) 101.325 D(SO,)(m%s) 1.799x10°
G( m® +h'?) 50 D(NH3)(m%s) 1.612x10°
L( Leh?) 120 k (mes?) 1.58x10°
pH 6.5 H(kPasniskmol')  80.686
ks(kmolem?.s®. kPa')  3.1x10° K, 0.0136
D(H")(m?s) 9.155x10 K, 6.69x10F
D(OH)(m?/s) 5.185x10° Ky 6.95x10'
D(NH,")(m?s) 1.93x10° it (kmolem) 0.6
D(HSO;)(m?/s) 1.519x10°

RESULTSAND DISCUSSION

1 Concentration profiles in the liquid film

Py and concentration distribution of each componarthe liquid film at the top of the column were @dhted by
the model which shown in Fig. 6. Abscissa x is iio of the distance of a different location frahe gas-liquid
interface and the film thickness The concentration diH," evenly distributed through the film. From the ésof
Fig. 6 may determine a hypothetical reaction irtesf the film is divided into two areas. The firsgion adjacent
the interface, the concentration of S®significant, occurs rapidly reversible hydratysand the second region near
the bulk liquid where the concentration of S®negligible.

2 Enhancement factor along the column
Enhancement factor can be defined as the ratictofahrate of absorption and the absorption raté tie same
driving force without chemical reaction [18].

E - Ngo, (31)

k|,so2 (CSOZ,(aq)lxzo ~ Cso, (aq) |><:6)

Enhancement factor can be estimated using the nadvdet determined chemical composition of gasligdd.

Results shown in Fig.7. The enhancement factorhesags maximum at the top of tower and graduaiyuced
with the pH value decreased from the top of theetote the bottom of the tower. The figure showsasmement
factor is still greater even near the bottom of¢bkimn. Mass transfer resistance is mainly comaged in the gas
phase and the absorption process is gas film a@sistcontrol process.
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Fig.6 Concentration profiles calculated in theliquid film (z=h)
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Fig.7 Chemical enhancement factor for SO, absor ption along the column

3 Effect of the SO2 inlet concentration on desutj#ation efficiency

When pH of the absorbent solution is 6.5+0.1, fgss flow is 50rfh, concentration of SOchange from
1000mg/ni to 3000 mg/ry the desulfurization rate variation shown in Fig?8ediction results are agreement with
the experimental data.

CONCLUSION

The kinetic parameters relative to S&bsorption into aqueous solutions of ammonia presly determined from
laboratory measurement$athematical model of absorptid®O, with ammonia solution in wetted tower basis of
two-film theory can be used to describe this complailticomponent absorption process. The modelozdeulate
the concentration of each component distributiorvewf liquid film and enhancement factor changkema the
column. Based on simulation results verify the iotpaf imports of S@ concentration on the absorption rate, the
results show that the model predictions are casistvith experimental resulfis model, coupled with the
determination or the estimation of mass-transfearatteristics can be applied to the simulation esigh of
industrial scrubbers.
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Fig.8 Effect of the SO, inlet concentration on desulphurization efficiency
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