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ZASTOSOWANIE	ZEOLITÓW	DO	ADSORPCYJNEGO	
ODSIARCZANIA	BIOGAZU

A b s t r a c t

The	article	presents	the	issue	of	adsorptive	removal	of	hydrogen	sulphide	from	biogas	using	
zeolite. Based	on	literature	data,	comparing	performance	of	the	biogas	desulphurisation	process	
for	various	mineral	adsorbents,	eg.	activated	carbon,	zeolites	and	metal	oxides,	was	carried	out. 
The	efficiency	of	biogas	desulphurisation	by	adsorption	on	zeolites	is	significantly	lower	than	
for	the	activated	carbons. Therefore,	this	article	presents	opportunities	for	improving	efficiency	
desulphurization	by	modifying	the	structure	of	adsorbents.
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S t r e s z c z e n i e

W	artykule	omówiono	zagadnienie	adsorpcyjnego	usuwania	siarkowodoru	z	biogazu	za	pomocą	
zeolitów.	Na	podstawie	danych	literaturowych	dokonano	porównania	wydajności	procesu	odsiar-
czania	biogazu	dla	różnych	mineralnych	adsorbentów,	np.	węgla	aktywnego,	zeolitów	i	tlenków	
metali.	Efektywność	odsiarczania	biogazu	w	wyniku	adsorpcji	na	zeolitach	jest	zdecydowanie	
niższa	niż	dla	węgli	aktywnych.	Dlatego	też	w	niniejszym	artykule	przedstawiono	możliwości	
zwiększenia	skuteczności	odsiarczania	poprzez	modyfikację	struktury	adsorbentów.

Słowa	kluczowe:	zeolity,	biogazu	odsiarczanie,	węgiel	aktywny,	biogaz,	adsorbenty

DOI: 10.4467/2353737XCT.15.358.4823

TECHNICAL TRANSACTIONS
ENVIRONMENTAL ENGINEERING

3-Ś/2015

CZASOPISMO TECHNICZNE
ŚRODOWISKO



40

1. Introduction

Demand	 for	 energy	 increases	 with	 the	 development	 of	 civilization.	 The	 depletion	 of	
traditional	 energy	 resources,	 mainly	 fossil	 fuels,	 such	 as	 coal,	 oil	 and	 natural	 gas	 takes	
place.	It	is	well	known	that	the	use	of	conventional	energy	sources	promotes	environmental	
pollution,	 mainly	 by	 greenhouse	 gases.	 These	 issues	 make	 renewable	 energy	 sources	
increasingly	important.	Renewable	energy	sources	are	a	group	of	non-fossil	sources	that	arise	
spontaneously	in	recurring	natural	processes	of	nature.	They	don’t	have	a	negative	impact	on	
the	environment	[1].

Biogas	is	produced	from	processing	of	biomass	under	anaerobic	conditions.	Biomass	is	
one	of	the	main	renewable	energy	sources.	Chemically,	biogas	consists	mainly	of	methane	
and	carbon	dioxide,	but	 its	 chemical	 composition	depends	 largely	on	 the	 type	of	 the	 raw	
materials	 from	which	 it	 is	derived	 [1].	Hernándes	et	 al.	 [2]	demonstrated	 that	 the	 landfill	
biogas	from	Pianezza	MSW	contains,	among	others,	methane,	carbon	dioxide,	water	vapour,	
but	 also	 a	 substantial	 amount	 of	 hydrogen	 sulphide,	mercaptans,	 aromatic	 hydrocarbons,	
halogenorganic	 and	 organofluorine	 compounds	 and	 siloxanes.	While	 biogas,	 which	 was	
obtained	from	the	sludge	from	wastewater	treatment	plants	is	free	from	halogenorganic	or	
organofluorine	compounds	[3].	The	most	desirable	component	of	biogas	is	methane,	while	
the	 other	 gaseous	 substances	 are	 considered	 to	 be	 impurities.	This	 is	 due	 to	 the	 fact	 that	
they	do	not	improve	the	energy	potential	of	biogas,	and	in	addition,	are	corrosive.	In	order	
to	increase	the	possibility	of	biogas	application,	its	purification	or	treatment	to	natural	gas	
quality	 is	 carried	out.	The	 essence	of	 this	process	 is	 to	 remove	all	 gaseous	 impurities	by	
appropriate	techniques,	such	as	adsorption.

Removal	 of	 hydrogen	 sulphide	 from	biogas	 is	 called	desulfurization	 [4,	 5].	There	 are	
several	methods	for	biogas	desulphurisation,	which	can	be	divided	into	biological	oxidation	
and	catalytic	oxidation,	wet	method,	adsorption	techniques,	and	a	method	using	bog	iron	ore	
[6].	As	hydrogen	sulphide	adsorbents	coal,	mineral,	and	mineral-carbon	adsorbents	are	used.	
Zeolites	are	classified	as	mineral	adsorbents.	

2. Synthesis and modifying the structure of zeolites

Zeolites	are	crystalline	aluminosilicates	of	alkali	metals	or	alkaline	earth	metals.	They	
are	characterised	by	a	regular	and	homogeneous	structure	of	the	pores	(diameter	of	2–10	Å),	
which	are	filled	with	water.	This	water	is	called	zeolitic	water,	which	evaporates	when	zeolite	
is	 heated.	There	 are	 two	 groups	 of	 zeolites	 –	 natural	 and	 synthetic,	 that	 have	 a	 structure	
similar	 to	natural.	Chemically,	 aluminosilicates	are	a	crystalline	 lattice	consisting	of	SiO4 
tetrahedra	and	AlO4

–	(aluminate	oxyanions),	which	are	interconnected	vertices.	The	negative	
charge	derived	from	AlO4

–	ions	is	compensated	by	cations	of	sodium,	potassium,	magnesium,	
calcium,	strontium	and	barium.	Type	of	cation	depends	on	the	type	of	zeolite.	Among	the	
synthetic	zeolites,	the	A,	X	and	Y	zeolite	types	are	mainly	singled	out,	but	some	of	them	have	
counterparts	in	nature.	The	chemical	composition	of	zeolites	can	be	expressed	by	the	formula	
MenO	·	Al2O3	· x 		SiO2 · y 		H2O	where	Me	is	an	alkali	metal	cation,	n	is	its	valence	and	x,	y 
are	integer	numbers	[7].
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Synthetic	zeolites	are	prepared	by	two	hydrothermal	methods	[8,	9].	The	first	method	is	
based	on	the	crystallization	of	the	alkali	aluminosilicate	hydrogel	of	suitable	composition.	As	
the	raw	material	sodium	aluminate	(aluminosilicate	support	material),	and	sodium	silicate,	
amorphous	silica	and	water	glass	as	raw	materials	silicon	carrier	are	used.	The	second	method	
consists	of	recrystallization	of	natural	aluminosilicate.	In	this	case,	the	most	commonly	used	
raw	materials	are	minerals	of	the	kaolinite	group.

The	structure	and	chemical	properties	of	zeolites	meant	that	 they	are	widely	used	also	
in	 the	areas	of	environmentally-friendly	methods	[10].	The	zeolites	are	used	as	pollutants	
adsorbents,	 detergent	 components	 and	 catalysts.	 For	 example,	 they	 are	 used	 to	 remove	
radionuclides	 from	 the	wastewater	of	 the	nuclear	 industry,	also	 to	 remove	ammonia	 from	
the	wastewater	 and	 to	 remove	heavy	metal	 ions	 (As,	Pb,	Cu,	Zn,	Cr,	Cd,	Ni	 and	others)	
from	water	and	wastewater	[11–28].	Zeolites	are	also	used	in	catalytic	oxidation	processes	of	
sulphur	compounds	–	gases	from	flue	gas	cleaning	[13].

The	 zeolites	 are	 used	 as	 adsorbents	 of	 which	 structure	 is	 modified	 to	 increase	 their	
adsorption	capacity,	 increase	 their	 capacity	 ion	exchange,	 increase	capacity	 and	 to	obtain	
the	more	selective	material	(inside	the	zeolite	crystals	only	those	molecules	whose	critical	
diameter	is	no	greater	than	the	diameter	of	the	windows	can	be	adsorbed).	The	modification	
can	 be	 carried	 out	 by	 chemical	 and	 thermal	 treatment.	 Chemical	modification	 of	 zeolite	
surface	consists	in	the	substitution	of	the	cations	Na+,	K+,	Ca2+,	Mg2+,	Mn2+	by	macromolecular	
compounds	or	d-block	metal	cations.	Introduction	of	metals	into	the	zeolite	structure	can	be	
done	by	ion	exchange,	necking	pores	or	prior	adsorption	of	polar	molecules	[16,	17,	29,	30].

3. Desulfurization of biogas using zeolites

Studies	 on	 zeolites	 [2,	 29,	 31]	 shows	 that	 zeolites	 have	 low	efficacy	of	 adsorption	of	
hydrogen	 sulphide	 as	 compared	 to	 other	 adsorbents.	 Sisani	 et	 al.	 [31]	 compared	 the	
concentration	 of	 hydrogen	 sulphide	 adsorbed	 on	 several	 commercial	 adsorbents,	 such	
as	activated	carbons	(RGM1,	RBAA1	Ultra	DS	and	RB1),	ATZ	zeolite,	aluminium	oxide	
Galipur	S	and	sepiolite.	The	results	of	what	the	authors	have	obtained	are	shown	in	Fig.	1.	
The	highest	efficiency	of	adsorption	at	30°C	was	obtained	using	the	activated	carbons	(Cads 
amounted	to	27.15	mg/g),	whereas	in	the	case	of	zeolite	and	sepiolite,	the	concentration	of	
the	adsorbed	H2S	does	not	exceed	0.1	mg/g.

Hernández	and	co-workers	[2]	compared	the	efficiency	of	biogas	desulphurisation	process	
using	 copper	 and	 chromium	 salts-impregnated	 activated	 carbon	 (RGM-3),	 zeolite	 13X,	
molecular	sieves	Sylobead	522	and	Sylobead	534	and	two	metal	oxides,	which	commercial	
names	are	ST	and	Sulfcatch	ECN.	Desulphurisation	efficiency,	which	the	authors	obtained,	
is	 shown	on	Figure	2.	 In	 this	case,	 the	highest	efficiency	was	obtained	for	 the	adsorption	
of	 activated	 carbon,	 but	 in	 the	 presence	 of	 steam,	 efficiency	 is	 significantly	 decreased.	
Zeolite	13X	has	proven	to	be	far	more	effective	than	metal	oxide	Sulfcatch	ECN	and	studied	
molecular	sieves.	

Micoli	 et	 al.	 [32]	 conducted	 biogas	 desulphurisation	 and	 as	 adsorbents,	 they	 used	
modified	by	ion	exchange	(Ex)	and	impregnated	(Im)	with	copper	and	zinc	ions	zeolite	and	
also	impregnated	with	solutions	of	KOH,	NaOH	and	Na2CO3	activated	carbons	(AC).	The	
results	are	shown	in	Fig.	3.
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Fig.	1.	Comparison	of	properties	of	some	hydrogen	sulphide	adsorbents	[31]

Fig.	2.	The	effectiveness	of	biogas	desulphurisation	for	a	variety	of	commercial	adsorbents	[2]
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In	the	case	of	zeolites,	all	modified	and	impregnated	samples	achieved	better	results	(two	times	
longer	operating	time	of	the	adsorbent	–	300	min.)	than	the	parent	zeolite	sample.	The	most	effective	
was	the	one	that	was	modified	by	ion	exchange	with	copper	ions	zeolite,	whose	operation	time	was	
significantly	longer	than	the	others	and	was	over	600	minutes	at	the	H2S	concentration	of	0.5	ppm.	
However,	much	better	results	were	obtained	with	activated	carbons.	The	best	was	impregnated	by	
Na2CO3	solution	activated	carbon	whose	work	time	was	longer	than	the	others	and	was	more	than	
1,400	min.	and	additionally,	absorbed	greater	amounts	of	H2S.	Micoli	and	colleagues	studies	[32]	
confirmed	the	better	efficacy	of	carbonaceous	adsorbents	with	respect	to	the	zeolites.	The	authors	
also	confirmed	the	thesis	that	modifying	of	zeolites	increases	the	desulphurisation	efficiency.

4. Conclusion

Zeolites	have	been	used	as	adsorbents	because	of	their	chemical	structure	and	properties.	
They	are	characterised	by	the	selectivity	of	adsorption	associated	with	particle	size	and	with	
their	polarity.	These	adsorbents	are	capable	of	selective	adsorption	of	polar	molecules,	such	as	
water	and	hydrogen	sulphide.	Unfortunately,	in	the	case	of	hydrogen	sulphide,	the	adsorption	
efficiency	is	not	satisfactory.	Frequently,	the	effectiveness	of	adsorption	on	zeolites	is	much	
lower	than	on	activated	carbon.	In	order	to	increase	the	efficiency	of	adsorption	on	zeolites,	the	
modification	of	their	structure	is	carried	out.	This	modifications	cause	a	change	in	pore	size.	
Depending	on	the	used	modifier	ions,	enlargement	or	reduction	of	the	pore	diameter	occurs.	
In	the	first	case,	the	molecule	of	larger	size,	e.g.	n-paraffin	hydrocarbons,	are	adsorbed.	In	
the	second	case,	only	small	polar	molecules	(such	as	water,	hydrogen	sulphide)	are	adsorbed.	
In	order	to	increase	the	efficiency	of	biogas	desulphurisation	using	zeolites,	modification	of	
their	structure	in	the	direction	of	reducing	the	pore	diameter	must	be	carried	out.

Fig.	3.	The	operating	time	(the	H2S	concentration	of	0.5	ppm),	and	the	adsorption	efficiency	of	the	
tested	adsorbents	–	activated	carbon	and	zeolite	[32]
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