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Removal of Hydrogen Sulphide from Air by
Means of Fibrous lon Exchangers

H. Wasag

Abstract—The removal of hydrogen sulphide is required for The removal of hydrogen sulphide is required for reasons of
reasons of health, odc_Jur problems, safety and cu_:)rrosivity problerfrfealth, odour problems, safety and corrosivity problems [3].
The means of removing hydrogen sulphide mainly depend on e means of removing hydrogen sulphide mainly depend on

concentration and kind of medium to be purified. The paper degl$e concentration and kind of medium to be purified [4]. In

with a method of hydrogen sulphide removal from the air by it ;
catalytic oxidation to elemental sulphur with the use of Fe-EDTErder to remove hydrogen sulphide from wastewater streams, a

complex. The possibility of obtaining fibrous filtering materials ablé’lumber of physicochemical processes are. In Cqmmqn .use
to remove small concentrations of3Hfrom the air were described. today_. Many Of_ the .methods arg bgsed on _dlre_ct air stripping,
The base of these materials is fibrous ion exchanger with Fe(llfhemical precipitation and oxidation. Oxidation processes

EDTA complex immobilized on their functional groups. Theused for sulphide removal are aeration (catalysed and
complex of trivalent iron converts hydrogen sulphide to elementancatalysed), chlorination, ozonation, potassium permanganate
sulphur. Bivalent iron formed in the reaction is oxidized by thereatment and hydrogen peroxide treatment. In all these
atmospheric oxygen, so complex of trivalent iron is continuouslyrocesses, apart from elemental sulphur, thiosulphate and

regenerated and the overall process can be accounted as pse§9thate may also be formed as end products [5]. For the
catalytic. In the present paper properties of several fibrous Cataly?é?‘noval of hydrogen sulphide from sour gases various well-
based on ion exchangers with different chemical nature (weak aci

weak base and strong base) were described. It was shown thaﬁﬁ@b"She,d techniques are available. On th_e industrial scale,
main parameters affecting the process of catalytic oxidation af&émoval is effected by the Claus reaction or by the
concentration of hydrogen sulphide in the air, relative humidity of tH@odification of the same process [2]. At lower concentrations,
purified air, the process time and the content of Fe-EDTA complex &fsorption or oxidation to sulphur oxides is preferred. In the
the fibres. The data presented show that the filtering layers wikhtter case, allowable emission levels are higher and
anion exchange package are much more active in the cataldigsorption, particularly of sulphur trioxide, is more effective.
processes of hydrogen sulphide removal than cation exchanger gglecular sieves, silica gel and activated carbons have been
inert matt_enals. _Ir_1 the addition to t_h(_e nature of the fibres relat_lve_zﬁged to adsorb hydrogen sulphide from waste gas streams [6].
humidity is a critical factor determining efficiency of the material i

the air purification from H2S. It was proved that the most promisir?MmeCUIar sieves have the highest capacity for adsorption from

carrier of the Fe-EDTA catalyst for hydrogen sulphide oxidation alfiry gas streams [7]. Activated carbons are more efficient from
Fiban A-6 and Fiban AK-22 fibres. wet gas streams, such as are generated by sewage [8]. In some

cases, especially for large gas streams, the volume of the gas to
Keywords—hydrogen sulphide, catalytic oxidation, odourP€ treated is reduced by concentrating the hydrogen sulphide.
control, ion exchange, fibrous ion exchangers, air deodorization ~ Concentration occurs by a chemical reaction or physical
absorption under high pressure in an amine or glycol solution.
|. INTRODUCTION The hydrogen sulphide rich gas (40 — 90 vol.%) is then treated
HYDROGEN sulphide is a colourless compound which call' a_CIaus plant [9]. . . .
be found in natural gases as well as in volcanic gases g:mc_e the convent|oqal physicochemical - methods  for
. . . . 3 oving hydrogen sulphide from wastewaters and sour gases
hot Springs. It is also propluced n huma_lr_l and animal Was'i%ﬁuire large investment and operational costs (e.g. high
andl by different human industrial actlvmes, §uch.as rayQflessures, high temperatures or special chemicals) the
textiles manufacture, pulp and paper mills, oil refinery angdyntinying search for more economical and more efficient
natural gases treatment, meat rendering plant, etc. [Hlethods has led to investigation into new technologies for
Hydrogen sulphide may be present in waste gas streamspafifying hydrogen sulphide containing gases [10].
concentrations between 2 and 1000 ppm [2]. It has a vaQgvertheless the air purification from hydrogen sulphide in
typical and irritating smell of rotten eggs and can be smelled @ncentrations exceeding the MPC is actual for working zones
concentrations as low as 0.5 ppb. However at 100 ppm, it ¢di® mg/ni for working zones) and surroundings of many
no longer be smelled. Breathing hydrogen sulphide at productions. A separate problem is removal ¢b lpresent in
concentration higher than 500 ppm can be fatal after a félae air in trace amounts 10-100 pd/for clean rooms of
breaths, due to its broad spectrum toxicity. precise mechanics, electronics, pharmaceutical productions
The US Occupational Safety and Health Administratiobl1]-
(OSHA) established an acceptable ceiling concentration of 20lt is understandable that OHorms of anion exchangers
ppm at the workplace with a maximum concentration of 5may absorb hydrogen sulphide as a result of ion exchange
ppm for no more than 10 min. The US National Institute dirocess. But the possibility of using this process for removal of
Occupational Safety and Health (NIOSH) has set a maximurhS from gaseous media it may not be used for practical air

recommended exposure limit ceiling value (10 min) of 10 ppRurification because of unfavourable competition with carbon
[1]. dioxide, whose concentration in ambient air is about 300

mg/nt and greatly exceeds the MPC level ofSHwhose
H. Wasag is with the Environmental Engineering Faculty, Lubliconcentration in the contaminated air is usually below 100
University of Technology, Nadbystrzycka 40B, 20-618 Lublin, Polangng/n?. In the addition, K5 has the dissociation constant on
(phone: +48815384751; fax: 815381997; e-mail: h.Wasag@Wls.pol.lublln.pl.ehe first dissociation step by 3 power of magnitude lower than
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carbonic acid. Probably only ion exchange resinsb@uist
XN-1007 and Amberlist A-27 can be used for thispmse
because they selectively absorbSHn the presence of GO
Also, cation exchangers in forms of ions, formirapssoluble
sulphides (like Ct, Ni?*, Zr*") can be used for selective$
sorption [11]. However, the data reported does adiw
concluding of their practical applicability to their
purification.

It is known that complex Fe (lll) — ethylenediantigtea-
acetate (EDTA) is an efficient and selective catalpf
hydrogen sulphide oxidation [12]. The scheme of firocess
can be formulated as follows:

HZSgas nd HZSsqution
H,S + OH = HS + H,0
2FE"+ EDTA+HS=S0+H++2F&+ EDTA
2 Fé" + EDTA +H,0 + 1/20, =2 F€' + EDTA + 2 OH

The above liquid phase oxidation process using dtwelate
catalytic solution (LOCAT) has been employed faratment
of acid gas stream [13]. The two most common pisings
schemes encountered in these systems are
‘conventional” and “auto circulation”. The first enis

staple was processed to non-woven needle punctamedas
with surface density 350 gfnat the layer thickness of 3 mm.
The canvasses were made on standard industriailetext
equipment.

Fiban K-5 fibre was obtained by reaction of craskihg of
polyacrylonitrile fibres with hydrazine and follomg
hydrolysis in strong alkali at 90°C. Hydrolyzatiatauses
formation of different nitrogen containing groupsjost
probable -NH=NH and —NH=N and predominant carboxylic
functional groups formed in the second step of blyadation.
The cationic and anionic exchange capacities ofstémaple
were 4.20 and 1.22 meq/g respectively [17].

Fiban A-6 is a product of aminolysis of polyacryitoite
fibore by  dimethylaminopropylamine  followed by
quaternization of the tertiary amino group with
epichlorohydrine. The ion exchanger contains stramd weak
basic groups with the capacities 1.80 meqg/g an8 éhéqg/g
respectively [18].

FIBAN AK-22 is a polyampholyte containing primarmd
secondary amino groups and carboxylic acid grotpg [t is

nanQ&gained by chemical modification of polyacryloiér(PAN)

fibre. The predominant functional groups are R-CO&td R-

employed for processing gas streams, which areereitfCO-NH-CH,CH,NH-CH,CH,NH,. The cationic exchange
combustible or cannot be contaminated with air. eHercapacity is 1.5 meq/g, the anionic exchange capagit4.0
absorption and regeneration reaction occur in sé@ar meg/g.

reactors. The second one is used for processing ga&s
streams in which absorption and regeneration m@atare
carried out in a single vessel [14]. Advantagethe§e systems
include the ability to treat both aerobic and nenshic gas
streams, high b6 removal efficiencies, great flexibility,
effectively 100% turndown on 43 concentration in feedstock.
The main disadvantage of these processes is thehfaicthe
catalyst is active in strong alkali environment evhicauses
serious corrosivity problems [15]. It seems that giroblem
can be solved with the help of fibrous ion exchasgas
carriers of the catalyst.

Il. EXPERIMENTAL

Fibrous ion exchangers used in the conducted refse@re
synthesized at the experimental production plant tiod
Institute of Physical Organic Chemistry Nationalatlemy of
Sciences of Belarus (Minsk, Rep. Of Belarus). Tha i
exchangers have been prepared by chemical modificaf
polyacrylonitrile (PAN) fibre [16]. The fibres haah effective

Preparation of the % fibrous sorbent-catalysts was
performed by soaking of the canvasses or by castintpe
impregnation solution onto the surface of the canvehe
impregnation solution was prepared by mixing 0.3dlution
of sodium salt of ethylenediaminetetraacetic aBBTA) and
FeCk-6H,0 in molar ratio 1:2.

Removal of HS from the air was studied on the continuous
flow experimental laboratory set presented at flge

Hydrogen sulphide was supplied from a gas cyliratet it
was diluted at different concentrations by meanaiofrom a
compressor. The air before mixing with hydrogeipbigde was
dried or humidified depending on required relativemidity of
the purified mixture.

The relative humidity and the air temperature were
measured by means of thermo hygrometer. Concesigatif
hydrogen sulphide in the gas stream before and dfie
sorption process were measured by GFM101 gas and/$as
Data Ltd.). All experiments were carried out at tenstant
temperature of 25°C.

diameter 20-22um. The chemical modification was performed

with the staple fibres of 65 mm length. Chemicalipdified
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/ thermostat

outlet

Fig. 1 Scheme of experimental laboratory set-upgdurce of hydrogen sulphide, 2 - air compres3eralve, 4 - flow meter, 5 - heat
exchanger, 6 - humidifier, 7 - dryer, 8 - convensghamber, 9 - T-valve, 10 - aspirator, 11 - miX&r; thermo hygrometer)

In the conducted laboratory experiments the infhaeof the The effect of RH on the percent of,% removal is
following parameters on removal of hydrogen sulphftom dependent on the nature of ion exchanger as #igstrby Fig.
the air was investigated: kind of fibrous carriéitlee catalyst, 2.
relative humidity of the purified air, concentratiof hydrogen

sulphide, time of the process, concentration of ifrethe 018
impregnated fibrous material and thickness of thierihg 0.16
layer. g0
The obtained results of laboratory experimentyaesented g o1
in Tables | -1l and are shown in Figs. 2 — 5. § o8y
2 o0e
[ll. RESULTS AND DISCUSSION 0.02 |
The data presented show that the filtering layétis anion 0 0 5 0 15 20 o5 30 35 4b
exchange package are much more active in the tataly time (hour)
proce;ses of }$ removal than cation exchanger and Iner‘:ig. 2 The RH effect on the efficiency of hydrogariphide removal
materials (see Table ). from the air; 1 - Fiban A-6; 2 - Fiban AK-22, 3ibBn K-5, (initial
concentration of k5 - 60 mg/m, filtration rate 0.03 m/s)
TABLE |
OFENENT HBROUS MATERIALS AFTER ONE HOUR OF WORTIAL From the data presented one could see that ioraegeh
CONCENTRATION OFH,S - 60 MG/M®, FILTRATION RATE 0.03M/S) Fiban A-6 is only the one carrier efficient at tala humidity
Carrier of Fe-EDTA RH HzS of the purified air below 70 - 80%. It could be dseven for
(kind C;f f'_bIOUS (%) remo";‘ degree the RH values ranging 60% with very high degrebyafrogen
Cottor material) 90 (68) sulphide conversion exceeding 90%. In case of ibrmn
PAN 90 65 exchanger Fiban AK-22 similar results were obtaif@dthe
Active carbor 90 70 RH values about 80%. Cation exchanger Fiban K-kireg
E;Eg: ;_s-gNZE(é?;fTEm) ;g'_%% ;g higher humidity but even at the RH values highemt®0%
Fiban A-6 (OH form) 75- 80 >99 removal degree of 43 is below 85%. From the dependence of

the S amount removed from the air per gram of fibre Fe-
EDTA/ Fiban AK-22 as a function of the process tiinés
seen that the removal of,8l from the air proceeds mainly
because of its catalytic conversion into elemestifpphur (see
Fig. 3). The dotted line on the figure relates e maximal
possible absorption of 43 by anionic groups of the fibre by
ion exchange reaction:

The latter worked only at RH 90 % and higher. Aheig
catalytic activity of anion exchanges than that aation
exchanger and inert fibres proves that the Fe cexnipted on
the cationic group of the fibre has a higher cai@lgctivity
than that of the free complex. In the additiontie hature of
the fibre (carrier of the catalyst) relative airntidity is a
critical factor determining efficiency of the matdrin the air

purification from HS. R-NH; + HS =R-NH+HS
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H,S conversion (%)

20 40 60 80 100

Relative humidity (%)

Fig. 3 Dependence of the H2S amount removed freathper gram
of fibre Fe-EDTA/ Fiban AK-22 as a function of theocess time
(initial concentration of b5 - 60 mg/m, relative humidity 80%,

filtration rate 0.03 m/s)

As could be seen from Fig. 4 performance of thalght
system Fe-EDTA/ Fiban AK-22 depends on the Fe(lll
concentration in the fibre.

cIc, %)

20 30 40

time (hour)
Fig. 4 Influence of Fe(lll) content in the fibre e air purification

by the catalytic system on the base of Fiban AKRHA = 80%,
filtration rate 0.03 m/s, content of Fe(lll): 1.6@; 2 - 0.35; 3 - 0.26;
4 - 0.18 mmol/g)

Increase in iron concentration
performance at its low values and reaches nearhstaat
efficiency at its contents 0.35 mmol/g. The effiag of air
purification simply depends on the thickness defihg layer
and increases with the increase of the residenoe of air in
the filtering layer which is a function of layeritkness and
flow velocity (Table 2).

TABLE Il
INFLUENCE OF THE THICKNESS OF FILTERING LAYER ON THEFFICIENCY OF
H2S REMOVAL FROM THE AIR BY FE-EDTA/ FiIBAN AK-22 MATERIAL (RH
=70%,FILTRATION TIME 1 HOUR, AIR FLOW VELOCITY 0.14M/s, INITIAL H2S
CONCENTRATION10MG/M3).

Retention time of the
air in the filtering

Thickness of the

filtering layer CIC,
(mm) layer
(s
2 0.014 0.60
4 0.029 0.34
6 0.043 0.20
8 0.057 0.05

The catalyst activity decreases with increasing pgheress
time and increasing concentration ofHin the purified air
(see Fig. 5).

improves the catalyg

CIC, (%)

time (hour)

Fig. 5 Effect of HS concentration in the air on its removal by Fe-

EDTA/Fiban AK-22 catalytic system (filtering laytirickness 3.5

mm, RH= 75-80%, t= 25°C, air flow 0.03 m/s, Fe(kdbntent 0.5
mmol/g, HS concentrations: 1 - 10; 2 - 60; 3 - 130 my/m

It could be assumed that the reason for deactivatib
jibrous catalyst in the conversion process2H O, — 2H,0
+29 is blockage of the catalyst surface with accunmggat
colloidal particles of elemental sulphur.

IV. CONCLUSION

The data presented proved the possibility of obigin
fibrous filtering materials able to remove smalhcentrations
of H,S from the air. The filtering layers with anion bange
package are much more active in the catalytic pse® of
hydrogen sulphide removal than cation exchanger inad
materials. The role of fibrous package is improving mass-
transfer between the gas and liquid, buffering gi¢ of
absorbing solution and, probably, catalyzing thactiens of
oxidation of sulphur and iron ions. The process HS
removal from the air includes several stages innfdts
dissolution in the solution of Fe(lll)-EDTA complex
oxidation of the & to S and oxidation of Fe(ll) to Fe(lll) by
the atmospheric oxygen. All of them can proceedtha
olution. Accumulation of elemental sulphur in gwution is
observed and it can be assumed that the reasdedgtivation
of fibrous catalyst in the conversion process ackhge of the
catalyst surface with accumulating colloidal paetc of
elemental sulphur. Because of that the catalystvict
decreases with increasing the process time andedsitig
concentration of hydrogen sulphide in the air.

ACKNOWLEDGMENT

The research presented here was financed by thishPol
Ministry of Science and Higher Education: project
7549/B/T02/2011/40 “Application of fibrous ion exatmgers
as a carrier of catalyst for oxidation of hydrogrrphide in
the air deodorization processes”. Partially, therkwavas
conducted within a cooperative research programwessi the
Lublin University of Technology, Faculty of Envirorental
Engineering and the Institute of Physical Organfe@istry
National Academy of Sciences of Belarus.

REFERENCES

G. Busca, C. Pistarino, “Technologies for the ametet of sulphide
compounds from gaseous streams: a comparativeiew&ndournal of
Loss Prevention in the Process Industry, vol. 16, pp. 363 — 371, 2003.

(1]



(2]

(3]

[4]

(5]

[6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

International Journal of Earth, Energy and Environmental Sciences
ISSN: 2517-942X
Vol:6, No:4, 2012

V. Meeyoo, J. H. Lee, D. L. Trimm, N. W. Cant, “Hyden sulphide
emission control by combined adsorption and cadtalgombustion”,
Catalysis Today, vol. 44, pp. 67 — 72, 1998.

M. Schlegelmilch, J. Streese, R. Stegmann, “Odoanagement and
treatment technologies: An overviewlaste Management, vol. 25, pp.
928-939, 2005.

N. Rakmak, W. Wiyaratn, C. Bunyakan, J. ChungsiiptSynthesis of
Fe/MgO nano-crystal catalyst by sol-gel method Hgdrogen sulfide
removal”,Chemical Engineering Journal, vol. 162, pp. 84-90, 2010.

L. Deng, H. Chen, Z. Chen, X. Liu, X. Pu, L. Sorf§rocess of
simultaneous hydrogen sulfide removal from biogasl anitrogen
removal from swine wastewateBjoresource Technology, vol. 100, pp.
5600-5608, 2010.

D. Panza, V. Belgiorno, “Hydrogen sulphide remdvain landfill gas”,
Process Safety and Environmental Protection, vol. 88, pp. 420-424,
2010.

M.D. Soriano, J. Jimenez-Jimenez, P. Concepcionjithenez-Lopez,
E. Rodriguez-Castellon, J.M. Lopez Nieto, “Seleetoxidation of HS
to sulphur over vanadium supported on mMesOpPOrousorEum
phosphate heterostructureApplied Catalysis B: Environmental, vol.
92, pp. 271-279, 2009.

X. Wu, AK. Kerchief, V. Schwartz, H.S. Overbuy, R. Armstrong,
“Activated carbons for selective catalytic oxidatiof hydrogen sulfide
to sulfur”, Carbon vol. 43, pp. 1084-1114, 2005.

A. J. H. Janssen, G. Lettinga, A. Keizer, “Remaxdiydrogen sulphide
from wastewater and waste gases by biological asiveto elemental
sulphur: Colloidal and interfacial aspects of bgtally produced
sulphur particles”,Colloids and Surfaces A: Physicochemical and
Engineering Aspects, vol. 151, pp. 389-397, 1999.

J. E. Burgess, S. A. Parsons, R. M. Stuetz, “Deaknts in odour
control and waste gas treatment biotechnology: aiewg,
Biotechnology Advances, vol. 19, pp. 35-63, 2001.

V. S. Soldatov, E. G. Kosandrovich, “lon exchangdm air
purification”, in lon Exchange and Solvent Extraction, A Series of
Advances, vol. 20, K Arup, M. Sengupta Eds. NewkRY@&RC Press,
2011, pp. 45-117.

S. Piche, F. Larachi, Dynamics of pH on the oxiatof HS with
iron(lll) chelates in anoxic condition€hemical Engineering Science
vol. 61, pp. 7673-7683, 2006.

S. Piche, N. Ribeiro, A. Bacaoui, F. Larachi, “Assment of a redox
alkalinef/iron-chelate absorption process for thenaeal of dilute
hydrogen sulfide in air emissiongChemical Engineering Science, vol.
60, pp. 6452-6461, 2005.

A. Karimi, A. Tavassoli, B. Nassernejad, “Kinetitudies and reactor
modeling of single step 43 removal using chelated iron solution”,
Chemical Engineering Research and Design, vol. 88, pp. 748-756,
2010.

J. F. Demmink, A. Mehra, A. A. C. M. Beenackers,b%arption of
hydrogen sulfide into aqueous solutions of ferrigilotriacetic acid:
local auto-catalytic effectsChemical Engineering Science, vol. 57, pp.
1723-1734, 2002.

H. Wasag, V. Soldatov, E. Kosandrovich, H. SobcZ@dour control
by fibrous ion exchangersChemical Engineering Transactions, vol.
15, pp. 387-394, 2008.

V.S. Soldatov, L. Pawlowski, H. Wasag, A. Schunkbyi “New
materials and technologies for environmental ergging. Part | —
Synthesis and structure of ion exchange fibres, libubPoland,
(Published Conference Proceedings style),” Nfonographs of the
Polish Academy of Sciences, Lublin, 2004, vol. 21, pp. 1-127.

V. S. Soldatov, L. Pawlowski, H. Wasag, |. Elins@n, Shunkievich,
“Air pollution control with fibrous ion exchangersin. Chemistry for
the Protection of the Environment, 2, Plenum Press, New York, 1996,
pp. 55-66.

A.A. Shunkevich, G.V. Med’jak, R.V. Martsinkevich/.l. Grachek,
V.S. Soldatov, “Fibrous chelating carboxylic acidniexchangers”,
Sorption & Chromatography Processes, vol. 1, pp. 741-748, 2001.

201



