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Making biogas desulphurisation more effective by uag surfactants

Petr Buryan®

This work, studying three surfactants, has provet if they are added in an amount below 0.1 wtto%he washing solution of
the Fe-EDTA complex capturing hydrogen sulphidenflmogas, it is possible to reduce the required amb@f oxidation air regenerating
washing solution up to four times. This can alsadl¢éo a significant reduction in the volumes ofteaogical apparatuses, the washing
medium, costs of chemical substances. The aimsofetearch is to make the desulphurisation processe effective, reducing the costs of
chemical solvents make the process quicker, retiheceolume of reaction reactors and reduce the gnezquirements.
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Introduction

The desulphurisation of biogases produced duriagélmentation of biomaterials, excrements frorgdar
scale cattle and pig fattening farms or during essater purification is performed using various ,dwet,
adsorption or absorption methods [1-4]. The appiebx methods capturing the undesirable hydrogfghsle
include the chelating method, where the complexatbebond of a polyvalent metal in an absorbingeags
solution enables its easy reversible oxidation—c&dn transition between individual ion states [5,6

Chelating method

The chelating process, using complexed iron in &odesulphurisation, has been applied to various
modifications and with diverse apparatus arrangesyeptimising both the possibilities of chemicahctions
and the working conditions and economic costs [J—12

The actual, relatively simple, washing is done gsam aqueous solution in reactors, in pulse coluains
using washers. The speed, efficiency and econontheforocesses are determined by the concentratidn
stability of the chelate, its price, the pH bufferiof the washing solution, the temperature ofdbi@tion, etc.
The speed and demands of oxidation play an importda here as well.

A certain disadvantage of this procedure is thé ttaat the oxidation of the reduced form into ativec
oxidised form is slow. For re-oxidation, it is nesary to blow a large amount of gas containing eryimto
the washing solution and ensure its dispersion.g@mysolubility at a pressure of 1 bar at 25°C % 20* mol/l
of the solution and its dissolution is the slowpsbcess of regeneration oxidation. This also entailhigh
consumption of electrical energy for the compressid the oxidising gas. In order to ensure the prop
functioning of the desulphurisation technologyisihecessary to work with large volumes of the wagkiquid.
This requires a large volume of the oxidation taskwell.

The most frequently applied chelation agents irciiza are nitrilotriacetic acid (NTA, labelled agrffron
A in industry), ethylenediaminetetraacetic acid D Syntron B) and 2- hydroxyethyenediaminetriaceitid
(HEDTA), less often diethylenetriaminepentaacetid dDTPA), 1,2-cyclohexylenedinitrilotetraacetiC@TA),
the mixtures EDTA-HEDTA, EDTA-NTA and the alkali ita¢ salts of these acids.

Fig. 1. Fe-EDTA sandwich complex.
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The process of the capture of hydrogen sulphide foabgas can be divided into several phases. Ifirgte
one, it is absorbed in an alkali aqueous solutidrilenyielding ions HSions. In the second phase, this is
followed by a reaction between¥éon bound in the form of a sandwich complex ofanino acid — e.g. EDTA
— Fig. 1 — with a HSon according to the equation

2 [Fe*EDTAY] + HS +H,0 — 2 [FE”'EDTA"]? + S + H,0" (1)

The individual reactions take place practically iediately after the biogas containing hydrogen sdiph
comes into contact with a washing solution.

For the conversion of the washing solution back &ah active form, oxidation by atmospheric oxygen i
used

4 [FE®EDTA? + 4 H,O" + 0, —» 4 [FE*EDTA'] + 6 H,0 2)

The washing solution captures hydrogen sulphidel dwiné oxidation capacity is exhausted. That is
manifested e.g. by a decrease in pH, visually gsedual change of a dark red colour first into fighd and then
to undesirable green and yellow.

In order to ensure the proper functioning of theskiag process and to minimise the costs associeitbd
the loss of washing solution efficiency, it is nes&ry to maintain some of its basic parameters apamum
value.

First and foremost, the concentration of EDTA nmhstmaintained in tenths of mol/l and the conceiutnat
of iron slightly below the stoichiometric concentoa. Moreover, the pH value must be kept at ca the initial
phase by means of buffering agents and the temperaf the solution at the lowest possible levetbgling in
oxidizers. Acidic solutions have low reaction ratesile those that are too alkaline, i.e. at pH 10-dre no
longer selective and also wash carbon dioxide bthiebiogas. This is no longer desirable when dswised
biogas is utilised in CHP engines with respechdecreasing relative density of the gas.

The effectiveness of the regeneration of the regashing solution may be increased by adding a ctanfa
to the washing desulphurisation solution, by rajste temperature up to 85°C [13] or by using regation gas
preferably containing 30-80 vol. % of oxygen to act the washing solution; the gas emerging from the
regeneration may be used in subsequent energétitsAnother way to increase the effectiveneseffdrocess
discussed, mainly the separation of the sulphuméak, is to add cupric salt into the washing sofutio an
amount of up to 5 g/l or aldehydes with 1-3 cartiares molecule in an amount below 50 g/l [15].

The apparatus installed in the biogas station ilarge-scale pig fattening farm, depicted in Fig. 2,
desulphurised for many years biogas from the pmocek the fermentation of pig slurry, in which
the concentration of hydrogen sulphide was aroudvOl. %. The desulphurised biogas with a calonfalue
of ca 22 MJ/mwas operationally used for the production of eleat energy, for the heating of fermenters and
for the preparation of the warm utility water nesay to run the pig farm. The biogas was develdpetivo
concrete fermentation tanks of a volume of 3,000hemted by desulphurised biogas to 40°C. Its prigmuc
from the slurry treated reached 450 I/kg of dryterat

EDTA was used in the concentration of 0.12 molAHCTG; of ca 60 g/l (to maintain pH at ca 9) and Fe of
0.09 mol/l. During normal operation, the concendrabf hydrogen sulphide was in the range of 4

In the process, the complicated character of tigemeration was resolved i.a. by the oxidation @& th
washing solution using rotating discs covered withterials having a large spongy surface. Neversbelde
forming methane, dissolved in the washing solutimay create an explosive environment. (Yet thishjenm
must be taken into account in other arrangementheobxidation of chelating solutions by compresagdas
well.)
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V — Venturi washer, S — biogas separator, ST -nsexliation tank, SS — sulphur separation,
RO - rotation oxidiser

Fig. 2. A diagram of the desulphurisation of thedas from the fermentation of pig slurry.
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Experimental

The aim of the work was to verify whether an aduditiof a surfactant increases the effectiveness of
the washing solution oxidation process and thusiaesl the costs of desulphurisation technology aleitly
the amount of waste gases from the oxidizer, therme of the washing liquid, the volume of the cepending
technological containers, or energies.

The Solutions Studied

Since the addition of surfactants reduces the sarfansion of the aqueous solutions of the complexe
which facilitates the transfer of oxygen from therreunding gas into an aqueous phase, we performed
experimental tests focused on monitoring the effeness of the oxidisability of the reduced wastsotution
by air after an addition of a surfactant. On theibaf preliminary laboratory tests and long-tenxperience, we
selected the substances whose characteristicisteih Tab. 1.

Tab. 1. The surfactants studied.

Surfactant Characteristics
Slovamin SK-7 Alkylamino polyethylene glycol with 18 carbon atomsalkyl and 7 moles of bound ethylene oxide, fgam
Slovamin SM-20 Alkylamino polyethylene glycol with 18 carbon atoimsalkyl and 20 moles of bound ethylene oxidepiga
Slovanik T-610 Copolymer of ethylene oxide and propylene oxidet@ioing a polypropylene part of a molecular weight
1 500-2 000 and 7-15 wt. % of bound ethylene oxida;foamy

For the assessment of the influence of surfactainésfirst phase monitored the reduction of thdfamar
tension {) of the washing solution after their addition. Jleffect was measured when the selected surfactants
studied were added in the amount of 0.55 g/l tobihsic washing solution, one litre of which conéairil03.36
mmol of EDTA, 100.80 mmol of Fe and 40 g of )S&s.

The change in the surface tension was measured tlser drop weighing method. It was utilised as
a relative method — a comparison was made betweesame volumes of a liquid with a surfactant agdid
with a known surface tension and without a surfaceddition — in our case distilled water. The tesof
the measurements carried out at 20 °C after eqaiildn (20 minutes) are summarised in Tab. 2.

Tab. 2. The surface tension and densities of #shing solutions at 20 °C.

Substance Density -p Surface tension
[kg/m’] [N/m]
Distilled water 998.2 0.06597
A washing solution without a surfactant 1089.8 0.0662
Slovamin SK-7 1084.0 0.0464
Slovamin SM-20 1087.8 0.0479
Slovanik T-610 1095.4 0.0360

As arises from Tab. 2, surfactants are intensivelolved in the reduction of the surface tension of
a washing solution. The addition of the surfact8ioivanik T-610 reduced the surface tension almaigtet (in
comparison with the surface tension of a washiqgidi without a surfactant). The surfactants Sloke®iK-7
and Slovamin SM-20 had approximately the same effec

The Description of the Apparatus

The model apparatus utilised to monitor the effefcthe surfactants, shown in Fig. 3, was operated i
the following way. The model gas (nitrogen) conitagn hydrogen sulphide was fed into the reactor with
the washing liquid studied at a flow rate of 0/il. That the correct flow rate was maintained weamitored
by a gasometer along with the total amount of ¢@sifig through the reactor. Once the required vaumad
passed through the reactor with the washing ligthiel,gas inlet was closed and the air inlet wasiegelts flow
rate was 0.75 I/min.

The volume of the washing liquid was always 400 timé volume of the model gas (nhitrogen) containing
hydrogen sulphide in one cycle was 5 I. The come¢éinh of hydrogen sulphide in it was 90 mg/l. Qunyele
represented one reduction and one oxidation. Eaghssof measurements was conducted ten timeshese t
were repeated at least three times, which provée wufficient to assess the reproducibility of phecess.

The measurement process was monitored by measphhgalues through an electromotive force at
selected electrodes. We used a glass electrodeiadiaation and calomel electrode as a referehbe.ratios of
the amount of the added surfactant to the amouttieofvashing liquid were selected as 1:1 000 (i.45 g to
450 g of the washing liquid), 1:2 000 (0.22 g) 4 000 (0.11 g).

The effectiveness of the surfactants was comparg2@°&; the influence of the temperature was moado
by increasing the temperature of the washing soiutd 50°C.
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1 - hydrogen sulphide inlet, 2 — regeneration alet, 3,4 — gasometers, 5,6 — flowmeters,
7 — three-way valve, 8 — frit, 9 — quartz reacttd,— foam trap, 11 — thermometer,
12 — glass electrode, 13 — calomel electrode, adidimeter, 15 — heating regulator,
16 — gas outlet

Fig. 3. A diagram of the model apparatus.

Results and discussion

By repeating the processes of the washing and idatian of the basic solution (103.36 mmol of EDT A/
100.80 mmol of Fe/l, 40 g of NAGs/), which did not contain a surfactant, it was etatined that for
the regeneration of the solution after the passédel of the standard, i.e. 450 mg of hydrogerphiide, 40 | of
air are required at 20°C. First, these basic dateewveompared with the follow-up data on the effextshe
surfactants studied and their amount at 20°C. mfemation obtained may be summarised as follows.

Slovamin SK-7

With the ratios 1:1,000 and 1:2 000, the washirgtem was repeatedly sufficiently regenerated Byl bf
air. In the third case (1:4 000), it was determitteat 15 | of air are necessary to regenerate tshing liquid
perfectly. It arises from a comparison with theadascertained during the washing of hydrogen sdéplm
the process without a surfactant that the use afdalition of 0.45 and 0.22 g /I reduces the necgssdume of
the regeneration air four times, the use of 0.112)7 times.

Slovamin SM 20

The surfactant Slovamin SM-20 is basically analegdo the surfactant Slovamin SK-7. It is also
alkylamino polyethylene glycol with 18 carbon atomslkyl; unlike the surfactant Slovamin SK-7; hewer, it
has 20 atoms of bound ethylene oxide in its mokcul

The ratio of the surfactant to the washing liquidsvselected as 1:2 000. The amount of the air sages
for the regeneration was the same as in the caSkeamin SK-7.

Slovanik T- 610

Like in the preceding cases, the measurements emgucted with the additions of 0.450 g, 0.220 d an
0.110 g to 400 ml of the washing liquid. In all tteses, the regeneration of the washing liquid deaee by 10 |
of air. The measurements proved that this volunseifficient for the perfect reproducibility of tipeocess. If we
compare the results of this process with the poaegithout a surfactant, it is evident that the #ddi of
Slovanik T-610 reduces the amount of air for thgereration of the washing liquid up to four tim&is
surfactant had the best results. Its advantage kdsoin the fact that even with the lowest additio
(0.110 g/400 ml), it is enough for the regenerati®a0 | of air.

Combinations of surfactants

Operationally, it is not suitable to apply foamyfaatants. Therefore, for the reduction of the antaf air
necessary for the regeneration of the washingdigtiie combination of the foamy surfactant Slova®i&7
with the non-foamy Slovanik T-610 was tested asl.wihis combination turned out to be the best bseau
Slovanik T-610 suppresses the foamy propertiedafagnin SK-7. Two measurements were carried outth w
the total charge of the surfactants being 0.2200ah#l0 g always to 400 ml of the washing liquide®urfactant
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weight ratio was always 1:1. It arose from a corigoar with the measurement without a surfactant that
the case of the 0.220 g charge, the regeneratifmuidimes less demanding on the amount of air7—tignes in
the case of the 0.110 g charge.

Temperature Increase

Since an increase in the temperature generallylexates the regeneration of the washing solution
containing complexed iron, measurements were chaig at a temperature of 50°C as well. The surfaaised
was Slovanik T-610 because it had the best regultee preceding measurements at laboratory terapera
The measurements were performed with the additiothe surfactant in the ratios 1:2 000 and 1:8 000.
The measurement process monitored based on chamgpkl values, which are summarised in Tab. 3,
documents that 5 | of air suffice for the perfexgeneration in this case. A significant findinghat the addition
of the surfactant may be reduced to a half wittenyt negative impact. Its importance is increasedhleyfact
that in numerous cases the use of biogas for endeppite being economical, is limited by the ubevaste
heat, mainly in the summer months. This is pregisek of the possibilities for its application.

It is necessary to realise that there is poteffitinlfurther optimisation, which would take into acmt
the actual industrial situation arising from otlpessibilities of the contact of air with the waghirmquid. In our
case, we did not observe a process that would tighitg correspond to the smallest volume of air ssagy for
the perfect regeneration.

Tab. 3. The pH values measured at 50 °C.

Cycle _ 1:2 000 addition . _ 1:8 000 addition .
oxidation reduction oxidation reduction
1 8.9 8.95 8.85 8.9
10 8.7 8.85 8.8 8.9
20 8.6 8.80 8.8 9.05
30 8.7 8.9 9.0 9.05
40 8.8 9.0 8.95 9.0
50 9.0 9.1 8.9 8.95
60 8.95 9.1 8.9 8.95
70 8.85 9.0 8.95 8.9
80 8.85 9.0 8.85 8.95
90 8.95 9.0 8.8 9.0
100 8.9 8.95 8.95 8.95

Note: washing — 5 | of the standard with dogebn sulphide, oxidation — 5 | of air

Conclusion

Research highlighted in this article proves that &ddition of monitored surfactants Slovamin SKnd a
Slovanik T-610 to the scrubbed solution in concatiins of from 0.2 to 0.5 g / | allows reducing tl@dume of
scrubbing liquid to one-third. This enables to mithe cost of preparing up to 50% - i.e. the gtiaaf needed
EDTA, Fe, soda, respectively costs associated thigthconstruction and size of the apparatus andase of
operating energy media. A forthy finding is alseeduction in the volume of regeneration and wasi® fgpom
the regeneration process. This gas reduction léads reduction in costs of gas waste managemeni up
a quarter.

It was also verified that the addition of surfattais preferred for suppressing foaming of a stafatcwith
foaming properties.
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