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Influence of Water Salinity on Air Purification from Hydrogen Sulfide
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Abstract. Mathematical modeling of «sliding» water drop motion in the air flow was performed in
software package FlowVision. The result of mathematical modeling of water motion in a droplet with
diameter 100 microns at the «sliding» velocity of 15 m/s is shown. It is established that hydrogen
sulfide oxidation occurs at the surface of phases contact. The schematic diagram of the experimental
setup for studying air purification from hydrogen sulfide is shown. The results of the experimental
research of hydrogen sulfide oxidation by tap and distilled water are presented. The dependence
determining the share of hydrogen sulfide oxidized at the surface of phases contact from the
dimensionless initial concentration of hydrogen sulfide in the air has been obtained.
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Influenta salinitiii apei asupra epurérii aerului de la hidrogen sulfurat
Leibovici P.A., Patiurcovschi L.I.
Universitatea Nationald de proiectare de nave
Micolaiv, Ucraina
Rezumat. Cu utilizarea soft-ului FlowVision s-a realizat simularea procesului miscarii picaturilor de apa in
curentul de aer in regim de «alunecare». Este prezentat rezultatul modelarii matematice a migcarii apei in
picatura cu diametru de 100 m cu viteza de 15 m / s. S-a stabilit, ca procesul de oxidare a hidrogenului sulfurat

se produce pe suprafata de contact ale fazelor de stare. In lucrare este prezentatd schema de principiu a standului
experimental utilizat la cercetare procesului de purificare a aerului de hidrogenul sulfurat. Se prezinta rezultatele
cercetarilor experimentale a procesului de oxidare a hidrogenului sulfurat din apa distilata si din apa sistemului
de alimentare centralizat. Este obtinuta relatia, care permite calcularea cotei hidrogenului sulfurat oxidat pe
suprafata de contact a starilor de faza in functie de valoarea concentratiei hidrogenului sulfurat din aer prezentat
in sistemul relativ de unitati.

Cuvinte-cheie: hidrogen sulfurat, oxidarea, absorbarea, suprafad de contact a fazelor.

BinsiHMe COJICHOCTH BOABI HA OYHMCTKY BO3yXa OT CepPOBOA0POJa
JleiiooBuu JI.U., ITanypxosckuii I1.A.
HarmmonaneHe1il yHUBEpCHUTET KOpablIeCTpOeHIsI IMEHH aaMupaina Makaposa
Huxonaes, Ykpanna

Annomayun. B mporpammaoM Komiuiekce FlowVision BEIIONHEHO MaTeMaTHYecKOe MOACTHPOBAHUE
JIBIDKEHUSI KaIUIM JKUJKOCTH B TOTOKE ra3a CO «CKolbkeHHeM». [IpuBeieH pe3ynbTaT MaTeMaTHYecKOro
MOJICTIMPOBAHUS JIBIDKEHHsI BOAbI B Kamie auamerpoM 100 MKM M ckopocThio 15 m/c. YcraHOBIIEHO, 4TO
IpOLIECC  OKHCJIEHHS CEpOBONOPOAA IPOUCXOJUT Ha MOBEPXHOCTHM KoHTakTa (as. IlpencrasneHa
NPUHOUIHAANBHAS CXeMa AKCIIEPUMEHTAIBHOTO CTEHA JUIsl MCCIICAOBAaHUM OYMCTKH BO3/yXa OT CEpOBOJIOPOJIA.
[IpencraBneHsl pe3ynbTaThl SKCIEPUMEHTAIBHBIX MCCIEIOBAaHUH OKUCIICHHSI CEpPOBOJIOPO/a BOJIOIPOBOJHON U
JUCTHJUTMPOBAaHHON Bojoi. IlosydeHa 3aBHCHMOCTH, OMpPENEIIOMmasl JOJI0 CEPOBOAOPOIA, OKHCIIEMYIO Ha
MIOBEPXHOCTH KOHTakTa (ha3 B 3aBUCHMOCTH OT Oe3pa3MepHOI HayaJbHOM KOHLEHTPAIMHM CEpPOBOJOPOJA B
BO3JyXE.

Knrwoueswie cnosa: cepoBoopoi, OKUCIIeHHe, abcopOuys, MOBEPXHOCTh KOHTAKTa (as3.

Introduction sulfide concentration in the air near SPS exceeds
the concentration of a methyl mercaptan and
other substances more than 200 times.

Special chemical reagents added to sewage
allow reducing the emissions of hydrogen sulfide
into the environment. However, it does not
protect the air near SPS from hydrogen sulfide
and other substances emissions [3, 4].

The release of harmful substances into the air
near the location of sewage pumping stations
(SPS) is one of sewage pumping problems.

Nitrogen dioxide, ammonia, methane,
hydrogen sulfide, methyl mercaptan, ethyl
mercaptan, carbon oxide and other harmful
substances were identified in atmospheric air
adjacent to SPS buildings [1, 2]. Hydrogen

92



PROBLEMELE ENERGETICII REGIONALE 3 (29) 2015
TERMOENERGETICA

Therefore the actual problem of the
environment protection is air purification from
hydrogen sulfide at SPS [5]. Searching for
effective and economical methods for the
environmental protection from hydrogen sulfide
near the SPS buildings is rather urgent.
Therefore the parameters of the physical
processes describing hydrogen sulfide oxidation
by air oxygen require be identifying and
studying.

A centrifugal-bubbling device is one of
effective devices for hydrogen sulfide oxidation
by air oxygen in a liquid phase [6]. The mass
transfer surface is formed by air bubbling
through the liquid layer. Hydrogen sulfide
oxidation occurs at a high speed, because the
mass transfer surfaces large and changes rapidly.
However, bubbles with a size smaller than 0.002
m are not obtained during gas bubbling through
the liquid layer [7].

Water droplets and bubbles participate in the
process of the air purification from hydrogen
sulfide. The necessity in decreasing of water
droplets or bubbles size is indicated in the paper
[8].

The small sizes of liquid drops allow
performing the research of hydrogen sulfide
oxidation by air oxygen rather accurately.

Hydrogen sulfide oxidation leads to the
formation of elementary sulfur or sulfur oxides.
Elemental sulfur (S°), thiosulfate (S,05>), sulfite
(SO;™) and sulfate (SO,”) are the major
intermediates and products of hydrogen sulfide
oxidation that were identified in the paper [9]:

2HS + 0, — 28"+ 20H (1)
2HS +20, — S,0," +H,0  (2)
2HS +30, —» 2SO0 +2H"  (3)
2HS +40, - 280, +2H"  (4)

The formation of elementary sulfur or sulfur
oxides depends on concentrations of hydrogen
sulfide and oxygen in the chemical reaction
zone.

The concentration of hydrogen sulfide and
oxygen in the reaction zone depends on diffusion
coefficients of the substances in the liquid
medium. These factors help to explain why the
hydrogen sulfide oxidation, according to the
pseudo first reaction order, range from 0.26 to
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55.0 day™ and correspond to half-life from 65.0
to 0.3 h [10]. Thus, the rate of chemical reaction
between hydrogen sulfide and oxygen depends
on hydrodynamic conditions in the reaction
zone.

The investigation of hydrodynamic conditions
in a «sliding» water drop moving in the air flow
is one of the tasks of this paper. The term
«sliding» indicates that velocities of water
droplets and air flow are different.

Mathematical modeling of fluid motion in
a «sliding» water droplet moving in air flow

The character of fluid motion in «sliding»
water droplets moving was investigated in the
paper [11]. The movement of water droplets with
size less than 10" m was analyzed in this paper.
The research was carried out by means of
mathematical modeling. Water droplets with
sizes from 10 to 100 microns can be received in
modern devices providing the contact between
gas and liquid with low energy consumption.
Energy consumption for the increasing surface of
liquid droplets area essentially depends on their
size. The research results [11] cannot be used for
the analysis of the changes in the surface of
contact between gas and liquid in small water
droplets. Therefore the mathematical model [8]
of liquid drop motion in the air flow with
«sliding» was created by the authors. The
general view of the model geometry is shown in
Fig.1. Mathematical modeling of water drop

motion in the air flow with «sliding» ii
implemented in the software package
FlowVision. The result of mathematical

modeling water circulation in a droplet with
diameter 100 microns at the «sliding» velocity
15 m/s is presented in Fig.2.

The mathematical modeling of the
hydrodynamic situation in the water droplet was
carried out on the basis of Navier-Stokes
equation:

8U+(U~V)~l7=—igmdp+v-Alj
P

o

The average integral velocities values of
liquid transposition at the spherical droplets
surface were obtained as a result of mathematical
modelling of liquid droplets motion in air flow
with «sliding» velocity up to 15 m/s. The values
of these velocities are in the range (1.4...5.5)-10™
m/s.
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Fig.1. General view of the model geometry:
1 - air inlet; 2 - «sliding» wall; 3 - air outlet; 4 - droplet surface

Fig.2. Visualization of vectors velocity in a droplet with diameter 100 microns and «sliding» velocity
of 15 m/s.

The degree of droplets deformation estimates
by means of the following parameter:

£ =1+0.081-We"”..

The maximum value of the Weber number does
not exceed 0.37, which corresponds to /= 1.03.
Thus, the droplets deformation is insignificant at
«sliding» velocities up to 15 m/s. Therefore, it
was assumed that a droplet has a spherical shape
and does not undergo deformations during its
existence time.

A good convergence in the dynamics of fluid
flow in the droplets was obtained by the
comparison of the received results of
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mathematical modelling with data [11]. This
convergence confirms by the vortex shift in the
front part of a spherical drop and flow separation
at the back part of the droplet with the vortices
formation.

It is important to note that hydrogen sulfide
and oxygen diffusion coefficients in water at 20
°C are very low: Dy,s = 1.41-10° m?/s and Dy, =
1.8:10” ms.

The following conclusions can be done from
the analysis of mathematical modeling results of
water droplets motion in the air stream with
«slidingy:

- «sliding» of water droplets with the size less
than 100 microns 1is stopped after 6...10
milliseconds;
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- the moving distance of the chemical
reaction front plane between hydrogen sulfide
and oxygen inside the droplets does not exceed 2
microns.

The experimental setup description

The requirements for experimental setup were
the following:

- to generate water drops with size less than
100 microns;

- to provide the time of drops existence less
than 10 ms;

- to provide a good mix of gas-liquid stream
at the minimum quantity of the water in the
process of air purification from hydrogen sulfide.

These requirements were realized in the
experimental setup shown in Fig. 3.

Hydrogen sulfide receiving was obtained in
the special batcher by the following chemical
reation:

FeS + 2HCl — FeCL + H,S  (5)

The experimental setup has a closed contour.
Generating hydrogen sulfide mixes up with the
air circulating in the closed contour. H,S dosage

g

stops by disconnecting capacity 1 after
reaching the necessary concentration in the
closed contour. The mass-transfer device 3 is
used to provide gas circulation in the closed
contour. The gate 2 is used to provide the
regulation of air consumption. The absorbent
from electrochemical reactor 8 is fed into the
inlet of the mass-transfer device branch pipe 3.
The slot-hole separator 4 is used for the
separation of fine liquid particles. The water
circuit filling is carried out through the dispenser
6. The location of gas sampling for the further
analysis of hydrogen sulfide content illustrated in
Fig.3. The sampling system is represented by the
compressor 9. H,S concentration was measured
by the gas analyzer 10. The definition of air
consumption was performed by differential
pressure at the diaphragm 11. Differential
pressure was measured by the micromanometer
12. The setup was checked for leaks before
starting the experiment.

The electrochemical reactor was switched-off

in research experiments of water salinity
influence on hydrogen sulfide oxidation
efficiency.

" 12 i

A

ﬁ{&

/

Fig.3. The schematic diagram of the experimental setup for air purification from hydrogen sulfide:
1 — capacity for hydrogen sulfide receiving; 2 — gate,; 3 — mass-transfer device; 4 — slot-hole
separator; 5 — tank; 6 — water batcher, 7 — pump, 8 — electrochemical reactor; 9 — compressor, 10—
gas analyzer, 11 — diaphragm, 12 — micromanometer.

The application of tap water and distillate as
H,S absorbent was investigated in 30-minute
experiments.

Tap water had the following structure:

nitrates oxidability - less than 50 mg/l; general
rigidity - 9 mg/l; chlorides - 320 mg/l; sulfides -
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400 mg/l; general alkalinity - 5,5 mg/l; calcium -
140 mg/1; pH = 7,2.

Distillate was obtained by vacuum distillation
of tap water at the temperature about 45...50 °C.

Experimental data processing
To describe hydrogen sulfide oxidation
kinetics, the following equation was used:

e ALy

= ©)

k - chemical reaction speed constant; Nprog

number of H,S moles in the air of the closed
contour, R — universal gas constant; 7 - air
temperature; p - air pressure; V - air volume; C,
Cy - current and initial H,S concentration in the
air. For the implementation of comparison and
analysis possibility the experimental data were
processed by the following dependence:

C=f(D). (7)

C=c/c, — the ratio of current H,S

concentration to initial concentration; T =T, /T -

the dimensionless time of experiment defined as
the ratio of the current time to total time of
experiment.

The research results of H,S oxidation by
tap water

The initial conditions of the experiments are
shown in Table 1.

The research results of hydrogen sulfide
oxidation on the surface of tap water drops are
shown in Fig.4.

Table 1. The initial conditions of the experiments of H,S oxidation by tap water

Symbols Gyater/ Gair, Temperature, °C Air humidity, The initial H,S
kg/kg - % concentration, mg/m’
air water

X 0,056 21,5 19,0 0,77 100

+ 0,04 21,0 17,4 0,70 53

[ 0,08 21,2 19,2 0,83 100

0 0,056 16,9 13,8 0,70 94

A 0,053 20,5 17,9 0.76 87

o 0,066 21,1 18,2 0,80 46
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Fig.4. Dependence of hydrogen sulfide oxidation on the surface of tap water drops:
a) results of measurements; b) generalized results of experimental research.
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In Fig.4.b: C, - the share hydrogen sulfide
absorbed by water and oxidized by oxygen on
the water droplets surface; C; - the dimensionless
initial concentration of H,S in the air correlated
with dimensionless temperature, irrigation
coefficient and air humidity.

As a result of data processing (Fig.4.b) the
following regression dependence was obtained:

_ 09
¢ (cl+0s)

= -0.55-C'%, ®)

C, =Cy/cy-G; C,— the magnitude of H,S
concentration changes during the experiment,
mg/m3; cop; — the initial concentration of

hydrogen sulfide in experiment, mg/m’; G, — the
correlation coefficient with temperature, air
humidity and irrigation coefficient.

The research results of H,S oxidation by
distillate water

The initial conditions of the experiments are
shown in Table 2.

The research results of hydrogen sulfide
oxidation on the surface of distillate water drops
are shown in Fig.5.

Table 2. The initial conditions of the experiments of H,S oxidation by distillate water

Symbols Guater/Gairs Temperature, °C Air humidity, The initial H,S
kg/kg air water % concen;cra;[ion,
mg/m
X 0.08 16.6 13.4 0,74 25
A 0,093 18.0 154 0,79 27
o 0,093 16.7 14.2 0,86 33
¢ 0,106 17.6 14,8 0,76 36
A 0,067 16.7 14.8 0.82 54
C, mg/m®
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Fig.5. Dependence of H,S oxidation on the surface of distillate water drops:
a) results of measurements, b) generalized results of experimental researches

In Fig.5.b: C - the value of dimensionless
H,S concentration; T - the dimensionless time

of experiment.

Because of data processing (Fig.5.b), the
following  regression  dependence  was
obtained:

C=1.028—-1.609-T +0.567-T> 9)

Discussion
The experimental setup (Fig.3) provides
generation water drops with the size about 100
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microns. These data are confirmed by
measurements results presented in Fig.6.

The distribution of water drops according to
sizes has a normal character in the range of
sizes from 10 to 100 microns and the time of
water drops existence in the air stream
according to the calculations was about 6...8
milliseconds.

The total surface of all water drops
generated exceeds the other surfaces of the
experimental setup moistened with water more
than 10 times.
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The calculations of H,S absorption by water
were made based on Henry constants for the
considered temperature range. The calculations
showed that the amount of H,S dissolved in
water does not exceed 0,5% from the initial
H,S concentration value in the air. This means
that H,S oxidation process takes place on the
interfacial surface.

» oo

dn TEEY - = {
Fig.6. Water drops distribution by sizes

Sulfur oxides and hydrogen sulfide were
detected in water after its contact with the air
containing hydrogen sulfide. The experiments
showed that H,S (that did not contact with the
air) was completely oxidized in water during
24 hours. The obtained results are in a good
agreement with the data [10] about the
chemical reaction speed of H,S oxidation in
water. The water pH value went down by 0.2
units after its contact with the air containing
hydrogen sulfide.

The oxygen initial concentration in water
ranges within 6-7 mg/l. The oxygen
concentration in water reduces by about 0.3-
0.4 mg/l after water spraying, contacting with
H,S and separating.

The conditions of water drops existence
time in the air and H,S concentration change in
the closed contour allows to make some
reasonable assumptions according physical
processes taking place on the surface of small
water drops.

The water spraying in humid air flow
significantly increases the rate of H,S
oxidation in comparison with the oxidation
process in humid air without water spraying
[12].

However, tap water application (as a
catalyst) for H,S oxidation has shown the
essential dependence of this process on the
temperature level in the gas-liquid system and
the amount of water, participating in this

98

process. It can be assumed that salts of
inorganic substances dissolved in water play
the determining role in the catalytic properties
of the interfacial surface.

The research of water distillate used as a
catalyst (Fig.5) showed that H,S oxidation
intensity increases in several times. It gives the
prerequisites for studying the intensification of
H,S oxidation process by using interfacial
surface of distillate activated in the
electrochemical reactor.
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