Chemical sciences

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES

OF THE REPUBLIC OF KAZAKHSTAN

ISSN 2224-5227 https://doi.org/10.32014/2019.2518-1483.5
Volume 1, Number 323 (2019), 40 — 46

UDC 628.336.6

Botagoz M. Kaldybayeva', Alisher E. Khussanov',
Arlan Zh. Abilmagzhanov?, Stanislav Boldyryev’

"M.Auezov South Kazakhstan State University, Shymkent, Kazakhstan;
“Institute ofFuel, Catalysis and Electrochemistry. D.Sokolskogo, Kazakhstan;
*Centre for Sustainable Development of Energy, Water and Environment Systems, Faculty of Mechanical
Engineering and Naval Architecture, University of Zagreb,Zagreb, Croatia.

khusanov_1975@inbox.ru, kaldvbaeva b@mail.ru.arlandez 81@mail.ru,
Stanislav.Boldyvryev(@fsb hr

EXPERIMENTAL JUSTIFICATION OF THE ABSORBER SELECTION
FOR THE PROCESS OF SIMULTANEOUS CHEMISORPTION
OF HYDROGEN SULPHIDE AND CARBON DIOXIDE

Abstract. In this article, the objects of research are combined membrane-absorption processes with a chemical
reaction and chemisorption plants for the purification of multicomponent gas mixtures. The subject of the research
were the processes of removal of H2S and CO2 from multicomponent gases.

The results of studying the features of simultancous absorption of H2S and CO2 by an aqueous solution of
NaOH are carried out. With the subsequent analysis and selection of the main parameters of the extraction process of
H2S.

With the simultancous absorption of H2S and CO?2, it is established that the chemical capacity of the absorption
solution decreases with respect to H2S. The rate and concentration constants for the absorption of H2S and CO2

Key words: chemisorption, chemisorb, absorber, multicomponent gas, mass transfer, microburnage process,
alkali, liquid, gas.

Introduction

Existing processes of the removal of H,S from multicomponent gases for a variety of process,
technic-economic indicators cannot be recommended for the purification of a relatively small amount of
gas in the composition of the gases being cleaned. The task of removing H,S from the composition of
multicomponent gases is often complicated due to the CO, in the composition. In this case, one of the
most appropriate methods is removing H,S with a chemical absorber due to the reaction in the liquid
phase.

For the absorption of H,S in industry traditionally aqueous solutions of carbonates (Na,COs;, K,COs),
ethanol amines, ammonia, oxysulfo-arsenic sodium (or ammonium), etc. are used [1-3]. The carbonate
method is used to purify gases containing carbon dioxide, which is necessary to ensure the reversibility of
the process during the regeneration of the absorbent. This process has a limitation on the partial pressure
of CO; in the source gas, which determines the residual content of H,S in the purified gas [4].

Methods
The most active absorber of the acidic components of gases is an aqueous solution of alkali. NaOH in
an aqueous solution irreversibly interacts with hydrogen sulfide by known reactions:

H,S + NaOH—NaHS + H,0 (1)
H,S + 2NaOH—Na,S + 2H,0 Q)
— ) ——




ISSN 22245227 1. 2019

The presence of CO2 in the gas composition, it is absorbed by the alkaline solution by the reactions:
CO, + NaOH—NaHCO; 3)
CO; + 2NaOH—Na,CO; + H,0 “4)

Absorption of H,S and CO, from gas with NaOH solution is related to chemisorption. The study of
absorption, followed by a chemical reaction in the liquid phase, has been the goal of numerous studies.
The most important of them are the works of Chisinau [5, 6] and Dankverts [7, 8]. In this paper, an
attempt was made to combine the description of the processes of adsorption and absorption from a single
point of view [9]. The difficulty of studying the processes of gas absorption by solutions of absorbents is
related to the fact of a chemical reaction in the absorption process has a significant effect on both the
equilibrium between the phases and the kinetics of absorption. In this case, the absorption rate is
determined not only by the rate of mass transfer, but also by the kinetic laws of the reaction. This study
aimed studying the joint absorption of H,S and CO; by aqueous-alkaline solutions are relevant.

When a reaction occurs between the dissolved gaseous component and the absorber in the liquid
phase, part of the component goes into a bound state and the concentration of the free component in the
liquid decreases. Such decrease leads to an increase of the concentration gradient and an acceleration of
the absorption in the phase. This acceleration is greater, the higher the rate of chemical reaction [6]. The
mass transfer equation for the absorption of H,S and CO, by the solution of NaOH can be written as:

W, = K,F[p —m,.(C— 8. (3)

where W, — the amount of the absorbed substance, kmol/s; K, — the mass transfer coefficient; F — phase
contact surface, m’; p - partial pressure, Pa; C — concentration of unbound component, kmol/m’; & —
coefficient for increasing the driving force in the liquid phase of equilibrium, m*Pa/kmol.

Results

The chemisorption analysis is carried out by considering the diffusion equations for the absorbed
component A (H,S and CO,) and the active part of the absorber B (NaOH) together with the kinetic
equation of reaction (6):

L nHZS(CHZSO_CH251)+nC02(CCOZO_CCOZZ)

L_ (6)

G CoH,; ~CoH,

The study of the kinetics of the absorption of CO, and H,S with a NaOH solution was considered in
detail in [10-15]. However, the results of individual studies differ widely among themselves and many of
them can only be used to qualitatively characterize the process.

The main objective of this study is an identification of the features of simultaneous absorption of H,S
and CO, with NaOH solution, followed by analysis of the data studied and selection of the main
parameters of the process for deep extraction of H,S.

The experiments were carried out on an experimental unit in which model gas mixtures were passed
through a chemisorber with measurement of the volume of the leaked gas and simultaneous determination
of the composition of the absorption solution in the ceramic sorbent with a ceramic membrane according
to MVI "Methodology for measuring the concentrations of sulfide and mercaptide sulfur in alkaline
solutions" (Certificate - metrological center No. 1106-02 dated 12.25.01.) and chromatographic analysis of
the gas phase [16, 17] at the exit from the unit. The balance of the products of the absorption of H,S and
CO,, analytically established in the study of the alkaline solution at the end of each experimental cycle,
correlated with the amount and composition of the gas passed through the chemisorber. All model
mixtures were prepared in an accredited laboratory "Testing Regional Laboratory of Engineering Profile"
Constructional and Biochemical Materials "(IRLIP" KBM ") at SKSU them. M. Auezov.

The experiments of the absorption study of aqueous alkaline solutions of H2S from the gas phase
were carried out with use of model mixtures of different composition. 10% of the mass was used as the
absorption solution. An aqueous solution of NaOH, for the preparation of which sodium hydroxide was
used according to GOST 4328 of the “analytically clean™ and distilled water. The content of NaOH in the
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absorption solution was determined by the method of volumetric titration with 1 N hydrochloric acid
solution using thymolphthalein and methyl orange.

The main parameters of the unit: absorption mode — bubbling; gas flow rate of 90-120 l/h;
temperature 25 °C; pressure 0.1 MPa. A 10% aqueous solution of NaOH was loaded into a chemisorber
equipped with a Schott filter to ensure a uniform gas supply. At the outlet of the chemisorber, a Drexel
flask was filled with an indicator 10% aqueous solution of cadmium chloride to capture H,S “leakage”,
after which a model gas mixture (N, + H,S + CO,) was fed from a cylinder through a reducer and a
rotameter. The gas flow rate corresponding to the bubbling mode without the entrainment of liquid was set
using the fine adjustment valve and controlled according to the readings of the rotameter. The amount of
gas passed was determined by a gas flowmeter. Periodic analysis of the absorption solution was carried
out on the content of sodium sulphides and caustic soda, and the gas mixture on the content of H,S and
CO, after chemisorption.

To control the content of H,S and CO, in the gas after chemisorption, a chromatographic analysis
method with a mass spectrometric detector (MSD) was used on a ShimadzuGSMS-2010 chromatograph.

At the initial stage of the study, experiments were carried out on the chemisorption of H,S from a
model mixture of gases of composition No. 1 (% mass.): N,-97.15; H,S - 2.85 and gas consumption 120 I/h.

It has been established that the reaction of absorption of H,S by an alkaline solution proceeds
intensively up to the complete consumption of the active alkali. The sharp decrease in the degree of
absorption, characterized by a break in the curve and an increase in the concentration of H,S in the gas at
the outlet of the chemisorber, is associated with a decrease in the driving force of the process in the liquid
phase. One of the factors affecting the decrease in the chemisorption capacity of the absorption solution
can be a change in its viscosity, which, in turn, leads to an additional diffusion resistance to the transfer of
the absorbed component to the active component (NaOH) of the absorber [18].

When studying the absorption of H,S from the gas mixture of composition No. 2 (wt.%): N, - 94.05;
H,S - 3.05; CO, - 2.9 (Figures 2, 3) it was found that in parallel with reactions (1, 2) slower reactions of
(3. 4) NaOH solution with CO, take place.

250 4
2 = 2
5% 150 - g
o 9 2 g
2 E K
£ - 100 4 e
o @
2 1
&) 50 +

y—
ot o— . . .' o

300 500 700 900 1100 1300 1500

Timet, s

H2S =—=CO2 =@=Tuapocynp(uapl u ruaApOKAPOOHATHI

Fig. 1 - Changes in the concentrations of H,S (1) and CO, (2) in the model gas mixture No. 2
and the sum of hydrosulfides and hydrocarbonates (3) in the absorption solution in time

The most important result of the experiments was the establishment of a joint effect of two acid gas
impurities on the results of liquid-phase chemisorption absorption, as well as the possibility of absorption
of H,S in the absence of free alkali in solution. With simultaneous absorption of H,S and CO,, the
chemical capacity of the absorption solution in relation to hydrogen sulfide decreases, which is associated
with the occurrence of reactions (3, 4).

Assuming the absorption of H,S in the initial period occurs by an instantaneous reaction of zero order
and then the rate of concentration increase in the purified gas (the reciprocal of the component's
chemisorption constant) is calculated by the formula [19]:

4 ==
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1
kst =7 (CIE)IZS - Cst)a (7
and the concentration of H,S of the purified gas is determined by the following equation [18]:
Chys = Cipys—kp,s - t )

The calculation of the rate constant and concentration at the absorption of CO2 is done similarly.
Analyzing the change of H,S and CO, concentrations in the purified gas over time (Fig. 1), we can
distinguish three characteristic areas, which are reflected in the change of the composition of the
absorption solution.

At region I, there is a complete absorption of H,S, more selective with respect to CO, chemisorption,
with a decrease in the concentration of active alkali and an increase in sulfide sulfur and sodium carbonate
in solution. Hydrosols in the absorption solution in this area were not found. Section II is characterized by
a slight decrease in the degree of absorption of hydrogen sulfide, while the CO, content increases more
significantly, at the same time acid salts — NaHS and NaHCO; — are found in the absorption solution. It
is characteristic that at the end of section I there is no active alkali in the solution, while the absorption of
H;S continues and the “leakage”, that is, a sharp rise in the concentration of H,S in the purified gas does
not occur. This fact is explained by the chemical binding of H,S with sodium carbonate, formed by
reaction (4) in the time interval of the corresponding section 1. Based on theoretical assumptions, its
interaction with H,S occurs as follows:

H,S + Na,CO;—NaHS + NaHCO; ©)

Further, increase in the content of hydrosols in the solution in section III, there is a significant
inhibition of the absorption of acidic components, and the concentration of H,S and CO, at the exit of the
hemisorber increases sharply at almost the same rate, there is a leakage of H,S.
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Fig. 2 - Concentration change of H,S and CO, of the model gas mixture No. 3
and the sum of hydrosulfides and hydrocarbonates in the absorption solution with time

At the last stage of the current study (an experiment 3), the kinetics of the absorption of CO, and H,S
was studied on a model mixture with a modified ratio of the absorbed components of composition No. 3
(wt. %): N, - 91.25; H,S - 2.8; CO; - 5.95. From the data in Fig. 2 it can be seen that with an increase of
the CO; content from 2.9 to 5.95%, the chemical capacity of a 10% NaOH solution, relative to H,S, is
proportionally reduced. At the same time, all the above designated arcas that characterize the change in the
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patterns of absorption of H,S and CO; are preserved. As follows from the calculations of ky,s and kco,,
which characterize the appearance of acid gases at the outlet of the absorber, the rate of hydrogen sulfide
ratio with an aqueous solution of NaOH is substantially higher than the absorption rate.

An increase of the concentration of CO, in the source gas does not have a significant effect on the rate
of absorption of H,S, but at the same time the rate of ingestion of CQO; increases due to an increase in the
concentration of CO, at the interface. This is determined by the determining factor for the transfer of CO,
to the active component of the absorber. The chemical capacity of the absorption solution, as in previous
experiments, is maintained up to the complete production of the active component NaOH.
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Fig. 3 - Change in the composition of the absorption solution with time (mixture No. 3)
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Fig. 4 - The rate constants for the appearance of H,S and CO,
at the outlet of the absorption solution (experiment 3), 1 —ky.¢, 2 - kco,, 3-8

When considering the patterns of joint absorption of H,S and CO, with a water-alkaline solution, an
attempt was made to interpret the results obtained from the point of view of the selectivity of the
chemisorption process.

The physical meaning of the selectivity process of chemisorption S is a ratio of changes in the
concentrations of unbound components over time during inhibition of the absorption reactions due to
changes in the composition of the water-alkaline phase, which can be described as follows:

— )] ——
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S (1 —M> -100% (10)
kco,

Selectivity is based on a significant difference in the rate of interaction of CO, and H,S with an
alkaline solution.
InFig. 4 (experiment 3) shown that the selectivity of H,S decreases by the absorption, but at different

rates in the different sections as described earlier.

Table 1- Constants of the velocity concentration of acid gases at the outlet of the absorber and their relationship.

Time, s Experiment 2 Time, s Experiment 3
kHZS kco2 kH25/1<c02 kHZS kco2 kH25/1<c02
mol'(’/(ls) mol'(’/(l s)

600 400

1000 3,53-10° 0,0168 2.1-107 600 1,009-10° 0,111 9,067-10°
1400 241107 0,277 0,0304 760 1,099-107 0,0815 0,0135

1440 2.873 2.404 1,194 380 0,0283 1,415 0,0198

920 1,576 10,63 0,148

In experiment 3, the concentration of CO, in the model mixture is approximately two times higher
than the concentration of hydrogen sulfide. At the initial stage of absorption (section I), a decrease in the
amount of NaOH and an accumulation of sodium salts occurs (Fig. 2, 3). The concentration gradient and
the selectivity of H,S absorption are maximal. Region II is characterized by the formation of acid salts,
their proportion approaches the maximum value (Fig. 3), while the selectivity of chemisorption decreases
only slightly, which is associated with the secondary reaction of H,S with the absorption product of CO2,
which is a sodium carbonate.

Region III reflects a sharp increase of the hydrosulfide and bicarbonate formation due to the
consumption of sodium carbonate by the reaction (9). During this period, the selectivity of H,S absorption
decreases sharply, and the concentration of H,S in the gas to be purified reaches the “slip™ value.

Discussion

The experiments showed the complex staged nature of the joint absorption of CO, and H,S from
model gas mixtures with a water-alkaline solution and made it possible to determine the boundary
conditions of the chemisorption process and sclectivity with respect to the key component, which 1s H,S.

As a result of the chemical absorption of CO, and H,S by an aqueous-alkaline solution, a solution
containing sodium sulfides and carbonates is formed. In order to partially regenerate alkali and neutralize
toxic sulfide and sodium hydrosulfide, this solution can be catalytic liquid-phase oxidized with
atmospheric oxygen according to the next reactions [15]:

Kt
pH > 11:4Na,S + 70, - 2Na, S0, + 2Na,S0,

(11)
Kt
pH 7,3 —8,0: 2NaHS + 20, - Na,S,0; + H,0 (12)
Kt
2NaHS + 20, - 25° + 2NaOH (13)

Conclusion

In the result of this study of the kinetics of absorption of CO, and H,S with a 10% aqueous solution of
NaQOH, it was found that the absorption solution has a high chemical capacity and selectivity for H,S,
which persists until complete binding of the active component NaOH with H,S, allows you to use this
method for the purification of multicomponent gases, which, in addition to H,S, includes CO,.
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B.M.Kaaasi6aeBa’, A.E.XycaHOBl, A.3. AGHIbMarKaHOB?, C.A.BOH}ILIp633

1M.Sye?,OB ateHAarbIOHTYCTiIKK a3aKcranMeMeke TTiky HuBepeuteTi, I IpvkenT K., Kazakcrarm,
2Z[.C0K0J]I>CKI/H7I aTBIHJAFBI OTHIH, KaTalli3 KaHe DIeKTPOXUMUS HHCTUTY ThI, AJIMATHI K., Kazakcrarm,
Marma JKacay JKoHe TeHI3 apXUTEeKTypachl (paKyIbTeTiHIH DHepreTrKa, cy JKoHe KOpIaraH opTa KyHelepiHiH OPHBIKTHL JaMy bl
OPTANBIFHL, 3arpeGCKuii YHIUBEPCUTETI, X OpBaTHS

KYKIPT CYTEI'T MEH KOMIPKBIIIKBLT I'A3BIH BIPME3T IIE XEMOCOPEIHSIAY
TPOLIECT YIITH CIHIPTIIITI TAHJIA YIAFBI TOKIPUBEJIK HETT3EME

AnHoTanusi: Byn Maxamaza 3eprrey oOBeKTUIEpl OOJBIT XUMUSUIBIK DEakKIMSICBIMEH YIIECTIPUIreH MeMOpaH/IBbIK
aCcopOIMSUIBIK, IIPOIEcTEeP MEH KOIKOMITAHEHTTI T'a3 KocIlalaphlH Ta3zalayFa apHalFaH XeMOCOPOIMSUIBIK KaOpIKTap TaObLIa bl
3epTTey TaKbIPHIOH! KOKOMITaHEeHTTI TazaapaaH H,SmMenCO, aifbipy Tiporieci GOIpL.

NaOH cy epitiggicimer H,S sxone CO, GipMesriijie ciHipy epekIeTikTepiH 3epTTey AiH HaTrmKenepi kenTipim. HyS Gein
aly TIPOTIECiHIH Heri3rl IapaMeTplepiH capalray MeH HaHjayFa HerizjeMenep kentipunml. bip mesrimme H,S xome CO,
CIHIpyTyiMeH Gipre CiHipy epiTIHAICIMEH XUMISUTHIK CHIMBIMIBUIRIK, H,S KatemacTtel Tomenzeiini. H,S sxone CO, ciHipyaeri
KBULIAM/IBIK KOHCTAHTAChI MEH KOHIIEHTPAIIMS! AaHBIKTANIIBL.

Tyiiin ce3gep: xemocopOIms, XemocopOep, CIHIPTiMT, KOIMKOMIIOHEHTTI ra3, MaccaaaMacy, MUKpoOapOoTak/IbIK Iporiecc,
CUTTLTIK, CYHBIK, Ta3.

B.M.Kaaisi6aeBa’, A.E.XycaHOBl, A.3. AGHIbMAarKaHOB?, C.A.BOH}ILIp633

'FOsxHO0-Ka3axcTaHCKuil rocy JapcTBEeHHbIH YHUBepcHTeT uM. M.Ayesosa,r I1TbiMkenT, Kazaxcrar,
*MHCTUTYT TOIUIMBA, KATATH3a U MIeKTpoxuMud mM. J1.Cokolnbekoro, Kazaxcrar,
3[TeHTp YCTORYMBOTO Pa3BUTHS CHCTEM SHEPIETHKH, BOHBIX PECYPCOB H OKPYKAIONIEH CPeIbL,
(baxyIbTeT MAIMHOCTPOSHHUS 1 MOPCKON apXUTEKTYPBI, 3arpeGCKuil YHUBEPCUTET, XOPBaTHs

IKCIIEPUMEHTAJIBHOE ObOCHOBAHUE IIOJIbOPA TIOIJIOTHTEJIA TSI ITPOLIECCA
OJHOBPEMEHHOU XEMOCOPBIIUU CEPOBOJOPOJA U YI'JIEKHUCJIOI'O T'A3A

AnHoTanus: B 3710l cTaThe 00BEKTaMU UCCIIEI0BAHMUS SBIIIOTCS COBMEIEHHBIE MEMOPaHHO-a0COPOITMOHHBIE TIPOIECCHL ©
XUMUYECKOH peakieil ¥ XeMoCOpOIMOHHBIE YCTAHOBKM JUI OUMCTKHM MHOTOKOMIIOHEHTHBIX T'a30BBIX cMeced. lIpeamerom
HCCIIEJIOBAaHUI SBIIIUCH IIPOIIECCHI Y IaJIeHUS U3 MHOTOKOMITAHEHTHBIX ra3oB H,S u CO,.

IIpoBesieHBl pe3yibTaThl UCCIENOBaHU OCOOCHHOCTENH OJHOBpeMeHHoro mornomieHus H,S u CO, BOJHBIM pacTBOPOM
NaOH. C nocrneyronmM aHaI|u30M | 1I000paM OCHOBHBIX IIapaMeTpoB IIpoliecca u3pieueHus HpS.

IIpu omaoBpemennoit aGcopOimu H,S u CO,yCTaHOBIIEHO, UYTO XUMHUYECKas €MKOCTh ITOIVIOTUTEIHHOTO pacTBOpa IO
otHomeHuIo K H,S cHmkaercs. PaccunTaHbl KOHCTaHTHI CKOPOCTHU U KOHIIEHTpaIy IIpH rortomerny H,S u CO,

KiroueBble cmoBa: xemocopOums, XemocopOep, IOINIOTUTENh, MHOTOKOMIIOHEHTHBIH Ta3, MaccoOOMeH, MHKpO-
GapOoTaXKHBI IIpoliece, MEN0Yb, KUIKOCTD, Ta3.
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