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BIODESULPHURIZATION OF THIOPHENE
AS A SULPHUR MODEL COMPOUND IN CRUDE OILS BY
Pseudomonas aeruginosBUPPORTED ON POLYETHYLENE

BIODESULFURYZACJA MODELOWEGO ZWI AZKU SIARKI
W SUROWEJ ROPIE NAFTOWEJ - TIOFENU
PRZEZ Pseudomonas aeruginoSsA PODtOZU POLIETYLENOWYM

Abstract: A new biodesulphurization method has been consilasingPseudomonas aeruginosa supported on
polyethylene (PE) for biodesulphurization (BDS)tlsbphene as an aromatic sulphur model compouratuafe

oils. Also the biodegradation of thiophene has bwedified in the presence of potassium hexacyaraitill) as
a terminal electron acceptor to approach the maxinmiodesulphurization efficiency. The obtaining ules

according to UV-Spectrophotometry at 240 nm, 83@%hiophene at the primary concentration of 50 dng/

pH =7, by 0.5 g of biocatalyst in 37°C after 4 fhcontact time has been removed. The bacterias esthibited
a greater and faster biodegradation in the preseinpetassium hexacyanoferrate(lll) and 94.8% afghene has
been removed after 3 h of contact time. Kineticgtpredicted chemisorption of thiophene on theamafof the
biocatalyst, as it followed the pseudo-second-ordtr equation. Morphology and surface functiomauigs of the
biocatalyst have been investigated by SEM and FETrdBpectively.
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Introduction

The combustion of sulphur-containing fossil fueds ed to the release many types of
pollutants into the atmosphere such as sulphuidkowhich is air and water pollutant, thus
the reduction of total sulphur content in fossielihas received increasing attention with
growing environmental protection. The environmemégulations are now put in place to
regulate the level of sulphur in different fosgilefs [1-3]. The higher sulphur levels in
fossil fuels obtained from aromatic sulphur hetgotic compounds, these molecules break
down and produce environmental hazards [4, 5].tAteffort is now spent on developing
novel and efficient hydrogen and non-hydrogen g#surization technologies [2, 6]. The
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most widely used technology to remove sulphur froomude operates is
hydrodesulphurization (HDS) [7]. In spite the effeeness of HDS, the operation is
a high-energy consumer and cannot completely rentioese heterocyclic organosulphur
compounds such as thiophene and its derivativeas Tio-catalytic desulphurization is
now being considered due to some limitations witimwentional hydrodesulphurization
approach. These procedures that are now been eoedidor desulphurization of fossil
fuels include biocatalytic desulphurization or k#sdlphurization (BDS), a biocatalytic
process performed by microorganisms that selegtiv@inove sulphur from hydrocarbon
fractions, is an interesting alternative and comgd an environmentally friendly process
because of the mild operative pressure and temperabnditions [2, 4, 8-10]. BDS not
require the application of additional technologtesremove toxic molecules generated
during the reaction [11-16]. Biodegradation is meféective, powerful and economical
provident than physical and chemical ways, alscstimplicity and lower cost of BDS make
this process much more interesting [17-19]. Thiopheompounds have been used as
aromatic sulphur model for BDS process and trangfug recalcitrant organosulphur
compounds found in a variety of fossil fuels [20-22

Several bacterial strains are able to selectivalgipe the sulphur atom of thiophenic
compounds without degrading its carbon skeletorelmen isolated [11, 20, 21, 23]. Also
the role of sulphite oxidoreductase and sulphitduckase in biodesulphurization of
thiophenic compounds by bacterial strains has bedewestigated [24]. The
biodesulphurization process consists of a two-plastem in which the whole cell as
a biocatalyst in the aqueous phase interacts witlotl phase [25].

Biomodification of chemical supports using cells nmimbilization via adsorption
increases the interaction between reactants présemto-phase systems [26-28]. These
materials must be inert to biological attack, ingbt in the growth media and non-toxic to
microbial cells, hence polymeric supports are pragwices, sorption capacity, chemical
resistance and mechanical strength of polymer stigpal solubility parameter is the main
factor in the selection of a polymer support [29-Fowever, few studies have evaluated
the influence of inorganic supports on the BDSwégtiand using polymers as the support
for bacterial strain for BDS never have been obe#f82, 33].Pseudomonas species are
able to grow with cyanide as the sole nitrogen s@@nd several enzyme activities of these
bacterial strains were significantly higher thansth observed with other nitrogen sources
[34]. Also the bacterial cells exhibited a greagetent and rate of biodegradation in the
presence of ferricyanide as the terminal electicoeptor compared to the individual cells
[35].The purpose of this study is to investigatedeisulphurization ability oP. aeruginosa
supported on polyethylene in the presence of potaiskexacyanoferrate(lll) in thiophene
biodegradation as an aromatic sulphur model comghoficrude oil.

Materials and methods

Chemicals

Thiophene, hexane, polyethylene granules, potassibexacyanoferrate(lll),
di potassium hydrogen phosphate were purchased Memck (Germany). All media and
solutions were prepared with deionized water. Thkkuce medium was Tryptone soya
broth: 17 g peptone from casein, 3 g peptone fraymeal, 2.5 g D(+)Glucose
monohydrate, 5 g sodium chloride, 2.5 g dipotassiyairogen phosphate in 1000 tof
deionized water (pH = 7).
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Microorganism and cell immobilization

Pseudomonas aeruginosa strain was isolated from wound. Quality contrabst for
AFNOR and ISO norms was purchased from Persian T¢pdture Collection
(PTCC-1310). The culture medium was sterilized bypelaving at 121°C for 15 minutes.
For cultivation of the strain, 250 énflasks containing 50 chof medium supplemented
with 0.25 mM thiophene were incubated at 37°C wsittaking at 200 rpm for 96 h (IKA
KS130 basic). During the course of cultivationgabts of the culture were collected for
measurements of cell growth by turbidimetric assa§00 nm [27]. The resting cells were
prepared by harvesting the cells in mid-logarithpiimse (OBy= 1) by centrifugation at
4000 g for 30 min (Froilabo SW14) and washing twigi¢h 0.1 M potassium phosphate
buffer [36].

Before immobilization process, polyethylene grasuleas autoclaved at 120°C for
20 min. Resting cells were suspended in 56 ofnpotassium phosphate buffer (0.1 M,
pH = 7). For the immobilization process the baeterell numbers were adjusted by
measuring the turbidity at 600 nm (@F) with a UV-Visible spectrophotometer (Spectro
scan 60 DV) [27]. Suspended bacterial cells wergazied with polymer support (1 : 1) at
37°C in rotary shaker at 200 rpm during 72 h [3#fje number of immobilized cells was
measured by loses of turbidity of solution at 60fd (ODsy0). The biocatalysts were
designated as bacterial cell/solid systems, whéw bacterial cells correspond to
P. aeruginosa and the solid corresponds to the polymeric susd88&]. For morphological
studies on biocatalyst scanning electron micros¢di®A TESCAN SEM) images were
prepared before and after cell immobilization pssceAlso for considering surface
functional groups of the biocatalyst and interattibetween the adsorbed cells and
polymeric support, FT-IR spectra from 400 to 4006t was carried out on
Bruker-ALPHA instrument.

Thiophene BDS by immobilized cells

For two-phase BDS studies, resuspension was pezfbumsing a 1:1 volume ratio of
potassium phosphate buffer and n-hexane [36]. @Quptincondition for BDS studies was
carried out using different amounts of biocatalsi-0.5 g) that was placed in a 25%m
flask containing 10 cfhof thiophene (from 50 to 200 mg/dyras crude oil sulphur model
compound. Also BDS activity has been studied in theesence of potassium
hexacyanoferrate(lll) (0.5 M) as electron accepidre reaction was carried out at 37°C in
a rotary shaker at 200 rpm from 1 to 4 h of contaoe. The hydrocarbon phase was
separated from the aqueous phase by centrifugatidr?000 g. The remained thiophene
amount after BDS was determined by UV-spectrophetoyat 240 nm [37].

Results and discussions

Cells immobilization

The surface morphology am aeruginosa adsorption on PE was detected by scanning
electron microscope (Fig. 1). The SEM image indiicathat the polymer support surface
was coated by the microorganisms during the imnmaiibn process. The SEM image also
suggests some regular layered shape for suppoatddria. The SEM images showed that
bacterial cells have maintained their morphologypotymeric support after 60 days from
immobilization process while free whole cells wetedestructed after this time (Fig. 1c),
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the images also suggests some regular layered $trapepported bacteria in the presence
of potassium hexacyanoferrate(lll) which have naired their rods morphology in much

more regular form (Fig. 1b). In comparison with UHig la, presence of potassium
hexacyanoferrate(lll) as a nitrogen source for dxdat yields to such regular layered

morphology with more active surface area which lsarseen that more bacterial cells have
maintained their morphology after 60 days on polyme

waG

Fig. 1. SEM image of: alp. aeruginosa supported on PE after 60 days from immobilizatiwocess,
b) SEM image oP. aeruginosa supported on PE after 60 days from immobilizatwacess in
the presence of potassium hexacyanoferrate asgeftr@ource and electron acceptor agent
(modified biocatalyst), c) free cells Bf aeruginosa after 60 days from cultivation process

Immobilization process has been considered by F$pé&tra (Fig. 2).
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Fig. 2. a) FT-IR spectrum d¥. aeruginosa, b) FT-IR spectrum of immobilized bacterial cedls PE in
the presence of potassium hexacyanoferrate(lll)
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Figure 2a shows the FT-IR spectrumPbfaeruginosa, The band at 3254 ¢fncan be
attributed to stretching mode of OH and NH from @enil, bending mode for NH in amide
Il appears at1544 crh the band at 1662 chis indicative of the appearance of carbonyl
stretching mode in amides from protein structurd #re band at 1075 cfattributed to
carbonyl stretching mode from polysaccharides. Bhads at 2920 and 2800 Tnare
associated with the stretching of €&hd CH in protein structure and their bending mode
appears at 1457 ¢m The bands at 1404 and 697 ¢man be attributed to symmetric
stretching mode and bending mode of carboxyl growgspectively. The band at 1238¢m
can be attributed to C-O-C groups from polysacdeai Figure 2b shows the FT-IR
spectrum of immobilized bacterial cells on PE. Baads at 3418.43 and 3603.8 tiran
be attributed to stretching mode of OH and NH fraamide(ll), the band at
1638.36 c is indicative of the appearance of carbonyl shieg mode in amides from
protein structure. The bands at 2919.01 and 2845h03are associated with the stretching
of CH, and CH in protein structure and their bending mode appear1467.38 cm
The weak bands at 1366.69 and 1305.91' @ain be attributed to stretching mode of C-N
groups. Bending mode of C-H from fatty acids apper720.05 ci and the weak broad
band at 1083.51 cthcan be attributed to the stretching mode from @eaylic groups of
polysaccharides. Immobilization results accordimg RT-IR spectra indicate the best
interaction between bacterial cells and polymerpsuais. Immobilization process of
bacterial cells on the support is usually explaitgdelectrostatic interactions [38, 39].
The methods for bacterial cells immobilization ddesed the cells entrapment and cells
adsorption [26, 33]. However, the adsorption oflscein polymer support require more
complex chemical and biochemical analysis that etstsider non-electrostatic interactions
and bacterial hydrophobic behaviour [38]. Althoubb interactive forces are important in
the adsorption process of bacteria on solids, gthgsical and biological factors can also
influence this process, such as the size of battedlls, ionic strength and the surface
structure of the supports [39-41]. Thus, the mdgwel of BDS activity observed in
biocatalysts can be explained by high no-electtiosiateraction between the cells and
supports [42]. So the access of P. aeruginosatodlle hydrophobic phase is facilitated, in
comparison to whole non-adsorbed cells [38].

Biodesulphurization of thiophene byP. aeruginosé&E

In the BDS process modified biocatalyst has beesd usither in the presence of
potassium hexacyanoferrate(lll) and without thecteten accepting activity of this material
to confirm this modification impact on the exhibiti of adsorbed cells. Presence of
potassium hexacyanoferrate(lll), causes a greax¢ente and rate of biodegradation
compared to the individual supported cells.

Optimum conditions for BDS activity of the biocatsl have been investigated using
different amount of biocatalyst in different initiesoncentration of thiophene as sulphur
model compound of crude oil in different contaainéi pH and temperature in all
experiments were adjusted at the best metaboliditon (pH = 7, T = 37°C) for the
bacterial strain. According to the BDS efficiencglues, biodegradation of thiophene had
a very small increment by increasing the amourio¢atalyst from 0.1 to 0.5 g, because of
increasing in active sites on biocatalyst surfagerdising the biocatalyst amount. Also
BDS efficiencies have been promoted by increasimgact time, but biocatalyst activity
showed maximum efficiency at lower initial concetibns of thiophene. The BDS
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activities, expressed as the BDS efficiency of riedi biocatalyst, each test has been

repeated for three times (Table 1).

Table 1
Thiophene biodesulphurization By aeruginosa/PE
Co H - T Contact time Biocatalyst Ce BDS efficiency
maiam?] | PRI | g [min] amount[g] | [mg/dm?] +RSD [%]

50 7 37 60 0.1 13.07 73.86+0.17
100 7 37 60 0.1 27.78 72.22+0.38
150 7 37 60 0.1 119.1 20.6+0.0
200 7 37 60 0.1 188.15 5.92+0.00
50 7 37 60 0.2 12.99 74.02+0.10
50 7 37 60 0.3 12.97 74.05+0.10
50 7 37 60 0.4 12.23 75.54+0.10
50 7 37 60 0.5 12.02 75.96+0.10
50 7 37 120 0.5 11.99 76.02+0.70
50 7 37 180 0.5 10.67 78.65+0.71
50 7 37 240 05 8.34 83.30+0.36

In the presence of 0.5 g biocatalyst, degradatitiniency for 50 mg/dm solution

after 240 min of contact time was about 83.3%. Aditw to Table 2 in the presence of
potassium hexacyanoferrate(lll), BDS efficiencyeaft80 min of contact time was about

94.87%.

Table 2

Thiophene biodesulphurization By aeruginosa/PE in the presence of potassium hexacyanofertate(l

Co pH T Contact time Biocatalyst Ce BDS efficiency
[mg/dm?] [] [°C] [min] amount [g] [mg/dm?] +RSD [%]

50 7 37 60 0.1 12.23 75.54+0.46
100 7 37 60 0.1 27.06 72.94+0.10
150 7 37 60 0.1 106.8 28.8+0.17

200 7 37 60 0.1 142.43 28.78+0.33
50 7 37 60 0.2 11.99 76.02+0.07
50 7 37 60 0.3 11.75 76.51+0.10
50 7 37 60 0.4 11.62 76.75+0.20
50 7 37 60 0.5 10.29 79.41+0.10
50 7 37 120 05 9.17 81.67+0.17
50 7 37 180 0.5 2.56 94.87+0.30

Table 2 also presents the trend in adsorptioniopliene onto biocatalyst for different

contact times, it was observed that equilibrium \a#tained within 180 min, but rapid

initial adsorption was observed on biocatalyst iegt f60 minutes and after that BDS
efficiency increases slowly. This can be attributedhe quick adsorption of thiophene on
to large surface area of biocatalyst that beconsesmed as the contact time is increased
leading to slower rates as equilibrium approackéish the passage of time, BDS process

attains equilibrium and kinetics of the process loarstudied.

Kinetic studies for BDS of thiophene byP. aeruginosa PE

Kinetic models were used to investigate obtainesiilte in terms of order and rate
constant for BDS process. Kinetic data were treatitl the Lagergren pseudo-first-order

(PFO) rate equation in linear form:
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log(g, — q,) =logq, — K,/2303 (1)

whereq, is the amount of biosorbed thiophene on the badgsit at equilibrium condition
[mg-g7, g values are the amounts of biosorbed thiophene ehiticatalyst at considered
contact times [mg-d. K, is the rate constant for Lagergren pseudo-firsteotkinetic
[min~7 [43]. Values ofK; andg. were calculated from slope and intercept of pltineen
log(de — o) andt.

(t/6) =1/(K,G)* + A/ gt (@)

wherege is the amount of biosorbed thiophene on the badgstt at equilibrium condition
[mg- g7, q values are the amounts of biosorbed thiophene ebititatalyst at considered
contact times [mg™] and K, is the rate constant for pseudo-second order
kinetic [min] [44].

Table 3 shows parameters for these two kinetic tsodkgom the slope and intercept
of linear plot oft/q,andt, values oK, andq. were calculated.

Table 3
Kinetic parameters for thiophene BDS Byeruginosa/ PE
Co Contact Biocatalyst Ce 1
[mg/dm?] [min] amount )[/g] [mg/dm?] [mg;!g’l] v, log (@ —a)

50 60 0.5 12.02 7.595 7.899 —0.1324

50 120 0.5 11.99 7.602 15.785 —0.1363

50 180 0.5 10.67 7.866 22.88 -0.331
50 240 0.5 8.34 8.333 28.8 -

The data fitting for the thiophene adsorption Rnaeruginosa/PE for both models
illustrates that pseudo-second order model fits. wel

a) b)

t[min]

50 100 150 200 250

-0.10

y=-0.0017x - 0.0013 I y=0.1163x + 1.3915
22
L R¥=0.7647 0 b R?=0.996

log(q.-q:)
[=]
5

t/q. -]

-0.30
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t{min]

Fig. 3. a) Pseudo first order kinetic diagraf € 0.0039 mif', gz = 0.997 mg-), b) Pseudo-second
order kinetic diagram K; = 0.0097 min%, g = 8.5984 mg-d) for thiophene BDS by
P. aeruginosa/ PE

According to Figure 3, calculategk value from pseudo-first order equation differed
remarkably from the experimental one, this valuggested that thiophene BDS did not
follow the PFO kinetic reaction.

Pseudo-second order kinetic describes adsorptighi@bhene on the biocatalyst and
biodegradation process, because of the highercoatstant K, = 0.0097 min") and higher
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obtained correlation coefficienRt = 0.996) indicating a true linear relationship begw
the independent and dependent parameters for tretieq, also the value af calculated
from the pseudo-second-order equation was quitedimthe experimentgl value.

Pseudo-second order kinetics demonstrate that sbeption controls the adsorption
of thiophene on biocatalyst and the rate of bidgatactive sites occupation is associated
to the squared numbers of unoccupied active siteh@surface of biocatalyst.

Conclusions

The bacterial cell immobilization by adsorption polymeric supports is an effective
methodology to modify BDS process. The biomodifmat of polyethylene by
P. aeruginosa produces a new biocatalyst with an active metabolthat facilitate the
interaction of bacterial strain with oil phase damgproving the biocatalyst performance in
comparison with non-modified supported cells. ABB®S activity in the presence of
potassium hexacyanoferrate as an electron accemmpound, accelerating the BDS
process and improving the biocatalyst performantiee kinetic study predicted the
chemisorption process, as it followed the pseudosd-order rate equation. Thus, it can be
concluded that P. aeruginosa/PE can be used affi@ant biocatalyst in BDS process of
thiophenic compounds of crude oils.
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