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Ultradispersed catalysts significantly enhance rates of reaction and mass transfer by virtue of their
extended and easy accessible surface. These attractive features were exploited in this study to effectively
capture H2S(g) from an oil phase by ultradispersed sorbents. Sorption of H2S(g) from oil phases finds appli-
cation for scavenging H2S(g) forming during heavy oil extraction and upgrading. This preliminary inves-
tigation simulated heavy oil by (w/o) microemulsions having 1-methyl-naphthalene; a high boiling point
hydrocarbon, as the continuous phase. H2S(g) was bubbled through the microemulsions which contained
the ultradispersed sorbents. The type and origin of sorbent were investigated by comparing in situ pre-
pared FeOOH and commercial a-Fe2O3 nanoparticles as well as aqueous FeCl3 and NaOH solutions dis-
persed in the (w/o) microemulsions. The in situ prepared FeOOH nanoparticles captured H2S(g) in a
chemically inactive form and displayed the highest sorption rate and capacity. Temperature retarded
the performance of FeOOH particles, while mixing had no significant effect.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction sorption capacity at moderate temperatures between 350 and
Ultradispersed catalysts provide huge surface area for reactions
and reduce the distance travelled to the catalyst surface, which re-
sults in significant improvement in reaction and mass transfer rates.
Very high reaction rates were reported when ultradispersed cata-
lysts were employed for co-processing [1], coal liquefaction [2]
and hydrocracking [3,4]. Moreover, ultradispersed catalysis was
successfully applied for upgrading of extra heavy oil. Ovalles et al.
[5] reported a 7� increase in the API gravity, 55% conversion of the
heavy fraction and a 16% reduction in the sulfur content using ultra-
dispersed molybdenum catalyst. During heavy oil recovery and
upgrading, the sulfur content of heavy oil declines as a result of
aqua-thermolysis [6] and hydrodesulfurization [5] reactions, which
lead to the evolution of hydrogen sulfide, H2S(g), throughout the oil
phase. Removal of H2S(g) as soon as it forms is critical, since few
ppm of H2S(g) can poison catalyst, corrode pipelines and may pose
a big risk if escapes to the atmosphere. This work exploits the attrac-
tive features of ultradispersed catalysis for the effective capturing
and stabilization of H2S(g) from oil phases by means of ultradispersed
sorbents.

Oxides of iron, manganese, zinc, magnesium and copper are con-
sidered suitable sorbents for gas desulfurization at temperatures in
excess of 300 �C [7,8]. Iron (III) oxide displayed higher sulfur uptake/
g of sorbent than calcium and zinc oxides over a temperature range
between 600 and 800 �C [9]. In addition, iron (III) oxide showed high
ll rights reserved.

usein).
550 �C [8,10,11]. Effective absorption of H2S(g) at temperatures be-
tween 25 and 100 �C and pressures between 1 and 20 atm could also
be achieved by iron (III) oxide granules [12,13]. In a different appli-
cation, iron (III) oxide was used as H2S(g) scavenger during oil and
gas drilling operations [14]. For this application, iron (III) oxide
was introduced in the drilling mud as a water-based suspension hav-
ing a high surface area; 3.5 m2/g. The suspended particles were com-
posed of a crystalline Fe2O3 phase core and a moiety of amorphous
Fe2O3 surface layer. The amorphous layer contributed to very high
sorption kinetic. Another form of iron oxide/hydroxide involved in
gas desulfurization was the partially dehydrated a-FeOOH, which
simultaneously removed of COS(g) and H2S(g) from gas streams
[15]. Two sites were identified in the partially dehydrated a-FeOOH;
Fe2O3 and Fe2O3�xH2O, which were both active towards H2S(g) sorp-
tion. For the control of aqueous sulfide species in trunk sewers, on
the other hand, soluble FeCl3 and FeCl2 salts were successfully em-
ployed [16]. When left uncontrolled, these sulfides contributed to
the formation and evolution of H2S(g). No studies, to our knowledge,
had addressed the direct removal of H2S(g) from oil phases.

(w/o) Microemulsions serve as an ideal preparation technique
for ultradispersed nanoparticles in oil phases [17,18]. They provide
control over particle size, produce highly dispersed nanoparticles
in organic media, and protect these particles from agglomeration.
More importantly, (w/o) microemulsions formed in a high boiling
point hydrocarbon simulate heavy oils to a good extent. This work
employs the single (w/o) microemulsion method to form and sta-
bilize ultradispersed FeOOH nanoparticles [19,20] in 1-methyl
naphthalene oil phase and assesses their H2S(g) sorption capacity.

http://dx.doi.org/10.1016/j.jcis.2009.10.059
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In addition, H2S(g) sorption employing commercial iron (III) oxide
nanoparticles and FeCl3 and NaOH aqueous solutions dispersed
in the 1-methyl-naphthalene microemulsions were evaluated.
The sorption capacity was measured by recording breakthrough
curves of H2S(g) as it bubbles through microemulsions containing
the ultradispersed sorbents. The effect of temperature and mixing
was evaluated. Batch experiments, which did not involve H2S(g)

bubbling, were run to prevent any mixing associated with rising
bubbles of H2S(g).
2. Experimental work

2.1. Background microemulsion

The background (w/o) microemulsion was prepared by adding
1.86 g CTAB, cetyltrimethylammonium bromide (98 wt.%, Alfa Ae-
sar, MA), and 1.31 g 1-butanol (99 wt.%, Sigma Aldrich, ON) to
47.2 ml of 1-methyl naphthalene (97 wt.%, Fluka, ON) continuous
phase in a 50.0 ml volumetric flask. Certain volume of distilled
water was added, and the components were mixed in a vortex mix-
er until a clear single phase was obtained. The resultant micro-
emulsion contained 0.10 M CTAB, 0.35 M 1-butanol and a water
to surfactant mole ratio R, of 4.0.

2.2. In situ prepared FeOOH nanoparticle sorbents

In situ preparation of FeOOH nanoparticles followed the tech-
nique described by Nassar and Husein [19,20]. A 0.50 ml of 0.10 M
aqueous FeCl3, acquired as solid iron (III) chloride precursor (lab
grade, Fisher Scientific, ON), was added to 50.0 ml of the background
microemulsion, followed by mixing in a vortex mixer until the solu-
tion became clear. Then, a stoichiometric volume of 0.50 M NaOH
solution, received as 5.0 M NaOH solution (Alfa Aesar, ON), was
added to the same microemulsion, and the system was mixed until
a clear single reddish/yellowish phase was obtained. It should be
noted that the volumes of the precursor aqueous solutions were in-
cluded in the calculations of the water to surfactant mole ratio,
which was maintained at 4.0. When the clear phase was left
unstirred for 1 min, bigger clusters of CTAB-capped particles formed
and settled with time. The settled clusters could, however, be easily
re-dispersed by gentle shaking. Similar observations were reported
by Boutonnet et al. [21]. The aggregation of the CTAB-capped nano-
particles was monitored by dynamic light scattering, DLS (Zetasizer
Nano-Z, Malvern Instruments, ON), measurements.

The microemulsions containing the nanoparticles were trans-
ferred to the reactor vessel of the experimental setup as described
below.

2.3. FeOOH precursors as absorbents

The possible absorption of H2S(g) by the precursors used to pre-
pare FeOOH nanoparticles was investigated by adding 0.50 ml of
the 0.10 M aqueous FeCl3 or 0.30 ml of the 0.50 M aqueous NaOH
to the background microemulsion. Again, the volume of the aque-
ous FeCl3 or NaOH was included in the calculation of R, which was
maintained at 4.

2.4. a-Fe2O3 nanoparticle sorbents

The performance of iron (III) oxide nanoparticles towards H2S(g)

sorption was evaluated by dispersing commercial anhydrous crys-
talline iron (III) oxide, a-Fe2O3 (Nanostructured & Amorphous
Materials, Inc., Houston, TX), particles of 20–50 nm in diameterin
the background microemulsion. Dispersion was achieved by soni-
cation for 30 min. The concentration of a-Fe2O3 nanoparticles
was 0.5 mM; half the concentration of the in situ prepared FeOOH
nanoparticles, in order to maintain the same molar concentration
of iron in both system. At 0.5 mM a-Fe2O3 opaque microemulsion
with tiny reddish precipitate was obtained, even after sonication.
The microemulsions became less opaque when left unstirred as a
result of a-Fe2O3 particles precipitation. Nonetheless, no DLS mea-
surements could be made to monitor the stability of the dispersion.

2.5. Sorption experiments

2.5.1. Continuous-mode sorption
Fig. 1 is a schematic representation of the experimental setup

used to run the continuous-mode sorption tests. All experiments, ex-
cept for one, used the continuous-mode sorption. The reactor vessel
was equipped with a mechanical stirrer, and a heating element con-
nected to a temperature control loop. H2S(g) was introduced as a gas
mixture composed of 200.0 ppm of H2S(g), 1000.0 ppm of N2(g) and
the balance He(g) (Praxair, Calgary, AB). Pure He(g) (Praxair, Calgary,
AB) was used to purge the system before and after every experiment,
and to pressurize the reactor vessel to 1379 kPa (200.0 psig) before
every run. The He(g) or the H2S(g)-containing feed was allowed into
a 100.0 ml T316 stainless steel PARR reactor (Parr Instrument Com-
pany, Moline, IL) via a T316 stainless steel filter element (Swagelok
SS2FK42, Calgary, AB) used as a sparger. In order to prevent foaming
while pressurizing the reactor, He(g) was also introduced from a back
inlet towards the top of the reactor vessel. The pressure was effec-
tively controlled through the combined action of the flow control
valve (Brooks, model 5850 S, Calgary, AB) and the dual-stage pres-
sure regulator connected to the H2S(g) cylinder. H2S(g) concentration
at the reactor outlet was measured by a gas chromatograph, GC
(Mandel, SRI 8610C, ON), having a FPD detector. A 1.0 M NaOH solu-
tion was used to neutralize any unreacted H2S(g) coming out from the
GC sampling loops. The software PeakSimple was used to control the
GC operation.

The H2S(g) sorption experiments started by performing a leak
test, followed by purging the content of the reactor vessel with
He(g) to remove oxygen. Then, the reactor vessel was heated up
and the pressure was allowed to build up until the temperature
and pressure of the experiment were achieved. The experimental
conditions were 25 �C, 200.0 psi, 40.0 sccm and 60.0 rpm stirring,
unless otherwise stated. At this point, the feed stream was
switched from He(g) to the H2S(g)-containing gas and the sampling
was initialized. A typical breakthrough run lasted for 12 h. At the
end of the run, the H2S(g) cylinder was closed and the heater, stir-
rer, flow controller and GC automatic sampling were turned off.
Once the reactor cooled down, it was depressurized. A selected
sample of the spent solid was separated from the microemulsions
and transferred for X-ray analysis. X-ray spectra were collected
using Ultima III Multi Purpose Diffraction System (Rigaku Corp.,
The Woodlands, TX) with Cu KR radiation operating at 40 kV and
44 mA with a h–2h goniometer. Each scan used a 2� step size from
0� to 90� with a counting time of 2 s/step. The structure was iden-
tified by comparison to spectra in the JADE program, Materials
Data XRD Pattern Processing Identification & Quantification.

2.5.2. Batch-mode sorption
In order to eliminate mixing, even by the rising bubbles of

H2S(g), a batch experiment was deemed necessary. The batch sorp-
tion experiment utilized the same setup after minor modification.
In this experiment the sparger was only used to purge the reactor
vessel with He(g), while the back inlet was used to pressurize the
reactor vessel with He(g) and allow the H2S(g)-containing gas into
the reactor. The gas sampling loop was manually controlled with
a needle valve between the reactor and the gas chromatograph.
The first sample injection to the GC was collected right after the
pressurization of the reactor by slightly opening the outlet valve
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Fig. 1. Schematic representation of the experimental set-up.
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until the reactor pressure decreases 1 psi. This pressure drop en-
sures enough gas flow through the GC sample loop. Samples were
taken every 6 or 13 min depending on the control file set for the
GC.
3. Results and discussion

The X-ray diffraction patterns of the in situ prepared FeOOH
nanoparticles gave inconclusive results due to interference from
large amounts of adsorbed CTAB molecules. Attempts to wash
CTAB with different solvents failed. Burning the sample to remove
CTAB was not an option, since burning impacts particle composi-
tion/structure. Nonetheless, X-ray diffraction patterns of iron
based nanoparticles prepared using the same procedure and pre-
cursors, and under the same experimental conditions, however in
AOT (w/o) microemulsions, revealed the formation of FeOOH nano-
particles [19]. It was, hence, concluded that FeOOH nanoparticles
were obtained in this study. This conclusion is supported by the
X-ray diffraction pattern of the spent particles in Fig. 2, which
shows the formation of FeS(s) and S0

ðsÞ. These products are specific
to the reductive dissolution of FeOOH by H2S(aq) [22–24] as de-
tailed below.

The results of H2S(g) sorption were plotted as the ratio f, of the
H2S(g) concentration at the exit of the reactor vessel, CH2SðgÞ ;e, to that
of the feed stream, CH2SðgÞ ;i, according to the following equation:

f ¼
CH2SðgÞ ;e

CH2SðgÞ ;i
ðE1Þ
3.1. Colloidal stability of nanoparticles

It is crucial that the sorbents remain ultradispersed in the con-
tinuous phase in order to maintain high accessible surface area.
However, in the current investigation, clusters of CTAB-capped
FeOOH particles formed and settled with time. These clusters
could, nonetheless, be easily re-dispersed by gentle shaking of
the microemulsion [21]. It is believed that the clusters formed by
interdigitation of surfactant tails capping the nanoparticles
[25,26]. The colloidal stability of the in situ prepared FeOOH nano-
particles was monitored using DLS.

Fig. 3 shows the DLS measurement of particle size with time in
an unstirred microemulsion containing 1.0 mM FeOOH nanoparti-
cles. Time zero corresponded to the first appearance of a clear
phase following the addition of the NaOH precursor. It should be
noted that the DLS measurement of the background microemul-
sion and the microemulsion containing FeOOH nanoparticle before
cluster formation showed a mean reverse micellar size of 4.4 nm.
This suggests that the size of the FeOOH nanoparticles were on
average less than 4.4 nm. Evidence of agglomeration can be seen
from the appearance of a second intensity peak in Fig. 3, which
shifted with time to a larger size. After 26.0 min, the size distribu-
tion curves show that the aggregates have probably settled. The
mean size of the first peak in Fig. 3 is around the mean size of
the reverse micelles. This indicates that the size of the water pool
was not affected by the settling of the capped nanoparticles.

No DLS measurement could be taken for the 0.5 mM a-Fe2O3

dispersion in the background microemulsion, on the other hand,
due to the permanent opaqueness of the sample.
3.2. In situ prepared FeOOH nanoparticle sorbents

Fig. 4 compares H2S(g) breakthrough curves in 50.0 ml back-
ground microemulsion, with and without FeOOH nanoparticles,
and 1-methyl naphthalene; the continuous oil phase. After a time
lag, a gradual increase in the concentration ratio f, with time
appeared.

The lag in H2S(g) evolution can be attributed to the solubility of
H2S(g) in the liquid phase and/or dilution of the H2S(g) in the gas
space of the reactor and the outlet lines connected to the GC. When
compared with the 1-methyl naphthalene phase, the background
microemulsion did not introduce a remarkable change in H2S(g) on-
set time. The shift in the onset time, nonetheless, suggests higher
solubility of H2S(g) in the microemulsion. It seems likely that the
higher solubility arose from the exchange between CTAB counter-



Fig. 2. X-ray diffraction patterns of the spent solid.
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Fig. 3. Particle size distribution with time for 1.0 mM in situ prepared FeOOH nanoparticles in the microemulsion as measured by DLS. (}) 0 min; (—) 13 min; (- - -) 26 min;
(�) 40 min.

256 M.M. Husein et al. / Journal of Colloid and Interface Science 342 (2010) 253–260
ion and the hydrogen sulfide anion from the bulk water pools fol-
lowing reaction (R1) [27].

HS�ðaqÞ þ CTAþBr� $ CTAþHS� þ Br�ðaqÞ ðR1Þ
In the presence of 1.0 mM in situ prepared FeOOH nanoparticles, the
H2S(g) onset time shifted significantly to the right signaling an
appreciable increase in the solubilization capacity of the system.
The moles of H2S(g) captured in the presence of the FeOOH nanopar-



ticles was calculated from the difference in the onset time between
the microemulsions with and without FeOOH. This difference,
0.077 mmol of H2S(g), was very close to the stoichiometric amount
of H2S(g), 0.074 mmol, which would completely react with FeOOH
following the reductive dissolution of FeOOH as in reaction (R2)
[22–24].

2FeOOHðsÞ þ 3HS�ðaqÞ þ 3H�ðaqÞ ! FeSðsÞ þ S0
ðsÞ þ 4H2OðlÞ ðR2Þ

The formation of FeS(s) and S0
ðSÞ was confirmed by the X-ray diffrac-

tion patters of Fig. 2, which closely match these species despite
interference from adsorbed CATB molecules. Consequently, the fol-
lowing reaction mechanism was proposed. H2S(g) diffuses through
the organic phase to the oil/water interface. Once at the interface,
it solubilizes in the water droplets forming the acidic H2S(aq).
H2S(aq) readily reacts with the FeOOH nanoparticles stabilized in
the aqueous core of the reverse micelles to give FeS(s) and S(s).The
complete consumption of the limiting reactant, FeOOH, before the
evolution of any H2S(g) suggests that no significant mass transfer
or reaction kinetics limitations were encountered within the resi-
dence time of the gas. This, in turn, suggests that dispersion by
microemulsion and stirring was sufficient to grant enough contact
between the reactants.

3.3. FeOOH precursors as absorbents

The stability of FeOOH nanoparticles is compromised by the
aggregation of FeOOH-CTAB capped clusters. On the other hand,
if the aqueous precursors used to form the nanoparticles success-
fully stabilize H2S(g) in a chemically inactive form, their dispersion
is easily granted by the ability of (w/o) microemulsion systems to
effectively disperse water pools. Moreover, this experiment as-
sesses Fe3þ

ðaqÞ as a possible scavenger of sulfide species [16] and
NaOH(aq) as an effective medium to purify sour gas [28]. In addi-
tion, since the water to surfactant mole ratio was maintained at
4, this experiment provides information on possible effect of the
ionic strength in the aqueous droplets.

Fig. 5 shows H2S(g) breakthrough curves in FeCl3(aq) or NaOH(aq)-
containing microemulsions. The H2S(g) breakthrough curves in the
background microemulsion and the FeOOH-containing microemul-
sion are included for comparison. Fig. 5 shows that FeCl3(aq)-con-
taining microemulsion performed similar to the background
microemulsion. There seems to be no affinity of Fe3þ
ðaqÞ towards

H2S(g) within the residence time of the gas. Iron salts are more
reactive towards H2S(g) in an alkaline medium than in an acid
one [28,29]. The pH of the stock FeCl3(aq) solution was measured
to be 1.35, and, assuming a similar pH value in the water pools
of the FeCl3(aq)-containing microemulsion, it is most likely that
the solubility of H2S(g) in the aqueous water pools was minimal.
NaOH(aq)-containing microemulsion, on the other hand, absorbed
more H2S(g) than FeOOH-containing microemulsion, for the same
amount of sodium hydroxide used to prepare FeOOH. It is known
in liquid/gas absorption processes that chemical reactions in liquid
phases increase absorption rate and capacity [30]. It is believed
that in the current system the rate and capacity of H2S(g) absorp-
tion was enhanced by the acid–base reaction (R3) taking place in
the water droplets.

NaOHðaqÞ þH2SðaqÞ ! NaHSðaqÞ þH2OðlÞ ðR3Þ

A mole balance with NaOH(aq) as the limiting reactant supports
reaction (R3) and suggests that all NaOH(aq) was available for reac-
tion within the residence time of the of the gas.

A quick comparison between the H2S(g) breakthrough curves in
NaOH(aq)-containing and FeOOH-containing microemulsions
would lead to the conclusion that NaOH(aq) provides a better alter-
native for H2S(g) sorption. However, it should be noted that the
NaOH(aq) treatment contributes to a mobile form of sulfide that
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This conclusion is further supported by the color of the spent
microemulsions, which only darkened in the case of a-Fe2O3 nano-
particles, while turned black in the case of in situ prepared FeOOH.
One possible explanation is the fact that crystalline particles are
less effective sorbents than their amorphous counterpart [23]. An-
other explanation relates to a lesser dispersion extent conferred by
the background microemulsion, which was evident from the
appearance of cloudiness in all the samples containing commercial
a-Fe2O3 nanoparticles. This suggests that the microemulsions pro-
vide better dispersion when nanoparticles are prepared within,
since particle size is better controlled.

3.5. Effect of temperature

Ultradispersed catalysts and sorbents need to be active at the pro-
cessing temperatures encountered. Therefore, it was necessary to
investigate the effect of temperature on the reactivity of the
colloidal FeOOH nanoparticles sorbents. Fig. 7 shows the H2S(g)
breakthrough curves for microemulsions containing colloidal FeO-
OH nanoparticles at 25.0 �C, 60.0 �C and 120.0 �C. Curves pertaining
to the evolution of H2S(g) through the background microemulsion at
25 �C and 120 �C are also included for comparison.

Fig. 7 shows that temperature had an adverse effect on H2S(g)

sorption. This might be attributed to a lower solubility of H2S(g)

in the microemulsions at higher temperatures [31]. Another possi-
ble factor could be the aggregation of nanoparticles. Larger size
aggregates reduce rates of surface reactions [32,33]. At 60 �C and
120 �C, two liquid phases were distinguished in the spent micro-
emulsion: one clear liquid and one cloudy foamy phase. Micro-
emulsion phase separation contributes to interphase mass
transport limitations as well as particle aggregation and, hence,
lowers the overall rate of reaction.

The slower leveling-off of the curves at 120 �C is believed to be
due to the formation of a second sulfur compound, methyl mercap-
tan as detected by GC, which was eluting the system independent
of the presence of the FeOOH nanoparticles. However, no second
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sulfur compound was detected by the GC at 60 �C. This indicates
that the actual decrease of the H2S(g) sorption rate, as temperature
increases, is not entirely due to the side reaction between the
H2S(g) and the components of the microemulsion. It is most likely
due to an interphase mass transport limitations.

3.6. Effect of mixing

Mixing helps dispersing gases into liquids, and in the current
experiments, helps re-dispersing the CTAB-capped FeOOH parti-
cles. It was, therefore, necessary to investigate the effect of mixing
on H2S(g) sorption. Two experiments using continuous and batch
modes were performed.

Fig. 8 shows the effect of stirring under the continuous mode.
Microemulsion containing 1.0 mM FeOOH particles was used, and
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Fig. 8. Effect of stirring on H2S(g) breakthrough under continuous mode for 1.0 mM in
the reactor vessel was maintained at 25 �C, 200 psig, 40 sccm and
60 or 0 rpm stirring. Statistically speaking, the two curves in
Fig. 8 are identical. The two curves have almost the same onset
time and trend. It is likely that the slight agitation provided by
the gas bubbles was sufficient to maintain the CTAB-capped nano-
particles well dispersed in the media.

In an attempt to avoid the bubbling effect of the gas, batch
experiments were run at an initial gas pressure of 205 psi. In order
to rule out the possible effect of the reactor pressure decrease on
the H2S(g) disappearance, the concentration of N2(g) in the gas space
was also monitored, as shown in Fig. 9. The microemulsion con-
tained two times the stoichiometric amount of FeOOH, 0.15 mM,
required to convert all the H2S(g) in the gas space of the reactor.
Fig. 9 relates the concentration of H2S(g) at any time to its initial
concentration for stirred and unstirred samples. The sample points
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situ prepared FeOOH nanoparticles with (d) 60 rpm stirring and (4) no stirring.
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at H2S(g) ratio equal 1.0 correspond to the H2S(g) concentration
right after pressurizing the reactor.

As shown in Fig. 9, the pressure decrease had no impact on the
N2(g) content. Hence, any change in H2S(g) concentration must be
related utterly to the interaction with the nanoparticles. H2S(g) con-
centration in the gas space dropped to zero independent of stirring,
in less than 15 min. No detection at earlier times could be per-
formed due to the time required to cool down the GC. It should
be pointed out, however, that at the nanoparticle concentration
employed in these experiments, neither agglomeration nor settling
of CTAB-capped nanoparticles took place.
4. Conclusions

This work presents a preliminary study on an ultradispersed sor-
bent approach for H2S(g) capturing from oil phases, which may have
application in heavy oil extraction and upgrading. Ultradispersed
sorption improves mass transfer rate and reaction kinetics. In this
work, the heavy oil was simulated by (w/o) microemulsions com-
posed of CTAB, 1-butanol and water in 1-methyl naphthalene con-
tinuous phase; a high boiling point hydrocarbon. Different
ultradispersed sorbents, including in situ prepared FeOOH and com-
mercial a-Fe2O3 nanoparticles as well as FeCl3 and NaOH aqueous
precursors were evaluated as possible scavengers for H2S(g). A suc-
cessful sorbent stabilizes H2S(g) rapidly into a chemically non-mo-
bile non-hazardous form and gets completely consumed in the
process. Accordingly, in situ prepared ultradispersed FeOOH nano-
particles, which converted H2S(g) into FeS and S0, was the most suc-
cessful among the sorbents. However, higher temperature, 60 and
120 �C, retarded the performance of FeOOH, probably due to phase
separation and the accompanying particle aggregation. Mechanical
stirring had no effect on the sorption rate and capacity, especially
when no particle settling took place as a result of interdigitation. This
suggests that nanoparticle dispersion by the action of the micro-
emulsion granted sufficient mixing.
Acknowledgments

The authors would like to thank the following organizations for
the financial support: Natural Science and Engineering Research
Council of Canada (NSERC), Alberta Ingenuity Centre for In Situ
Energy (AICISE), the Centre for Environmental Engineering
Research and Education (CEERE) at the University of Calgary.

References

[1] D.E. Herrick, J.W. Tieney, I. Wender, G.P. Huffman, F.E. Huggins, Energy Fuels 4
(1990) 231.

[2] C.W. Curtis, J.L. Pellegrino, Energy Fuels 3 (1989) 60.
[3] A.D. Bianco, N. Panarit, S.D. Carlo, J. Elmouchnino, B. Fixari, P.L. Perchec, Appl.

Catal. A 94 (1993) 1.
[4] A.D. Bianco, N. Panariti, S.D. Carlo, P.L. Beltrame, P. Carnit, Energy Fuels 8

(1994) 593.
[5] C. Ovalles, E. Filgueiras, A. Morales, I. Rojas, J. Carlos de Jesus, I. Berrios, Energy

Fuels 12 (1998) 379.
[6] J.B. Hyne, J.W. Greidanus, J.D. Tyrer, D. Verona, P.D. Clark, R.A. Clarke, J.H.F. Koo,

Aqua-thermolysis of heavy oils, in: Proceedings of 2nd International
Conference on Heavy Crude and Tar Sands, vol. 1. Caracas, Venezuela, 1982
(Chapter 9).

[7] P.R. Westmoreland, D.P. Harrison, Environ. Sci. Technol. 10 (1976) 659.
[8] R.B. Slimane, J. Abbasian, Adv. Environ. Res. 4 (2000) 147.
[9] M. Yumura, E. Furimsky, Ind. Eng. Chem. Process Des. Develop. 24 (1985) 1165.

[10] K. Fuda, A.D. Palmer, P. Sears, D. Blais, E. Furimsky, Fuel 70 (1991) 100.
[11] E. Sasaoka, T. Ichio, S. Kasaoka, Energy Fuels 6 (1992) 603.
[12] S.W. Nicksic, Method for desulfurizing gases with iron oxide, United States

Patent 4238463, 1980.
[13] D. Stirling, The Sulfur Problem Cleaning Up Industrial Feedstocks, first ed., The

Royal Society of Chemistry, UK, Cambridge, 2000.
[14] I. Fox, Method of using a reactive iron oxide drilling mud additive, United

States Patent 4324298, 1982.
[15] K. Miura, K. Mae, T. Inoue, T. Yoshimi, H. Nakagawa, K. Hashimoto, Ind. Eng.

Chem. Res. 31 (1992) 415.
[16] N.A. Padival, W.A. Kimbell, J.A. Redner, J. Environ. Eng. 121 (1995) 824.
[17] N. Nassar, M. Husein, Phys. Status Solidi (a) 203 (2006) 1324.
[18] M. Husein, E. Rodil, J.H. Vera, J. Colloid Interface Sci. 288 (2005) 457.
[19] N.N. Nassar, M.M. Husein, Langmuir 23 (2007) 13093.
[20] N.N. Nassar, M.M. Husein, J. Colloid Interface Sci. 316 (2007) 442.
[21] M. Boutonnet, J. Kizling, P. Stenius, Colloids Surf. 5 (1982) 209.
[22] O. Lahav, G. Ritvo, I. Slijper, G. Hearne, M. Cochva, Aquaculture 238 (2004) 263.
[23] S.W. Poulton, M.D. Krom, R. Raiswell, Geochem. Cosmochem. Acta 68 (2004)

3703.
[24] M. Dos Santos Afonso, W. Stumm, Langmuir 8 (1992) 671.
[25] L.A. Kung, L. Kam, J. Hovis, G.S. Boxer, Langmuir 16 (2000) 6773.
[26] M.M. Husein, N.N. Nassar, Curr. Nanosci. 4 (2008) 370.
[27] M.M. Husein, J.H. Vera, M.E. Weber, Colloids Surf. A 191 (2001) 241.
[28] A.I. Kohl, R. Nielsen, Gas Purification, first ed., Gulf Publishing Company,

Housto, 1997.
[29] R.M. Cornell, U. Schwertmann, The Iron Oxides: Structure, Properties,

Occurrences and Uses, second ed., Wiley-VCH, New York, 2003.
[30] P.V. Dankwerts, Gas–Liquid Reactions, first ed., McGraw-Hill, New York, 1970.
[31] D. Gerrard, Solubility of Gases and Solids, first ed., Plenum Press, New York,

1976.
[32] S.S. Chauk, R. Agnihotri, R.A. Jadhav, S.K. Misro, L. Fan, AIChE J. 46 (2000) 1157.
[33] S. Yasyerli, G. Dogu, I. Ar, T. Dogu, Chem. Eng. Commun. 190 (2003) 1055.


	Scavenging H2S(g) from oil phases by means of ultradispersed sorbents
	Introduction
	Experimental work
	Background microemulsion
	In situ prepared FeOOH nanoparticle sorbents
	FeOOH precursors as absorbents
	α-Fe2O3 nanoparticle sorbents
	Sorption experiments
	Continuous-mode sorption
	Batch-mode sorption


	Results and discussion
	Colloidal stability of nanoparticles
	In situ prepared FeOOH nanoparticle sorbents
	FeOOH precursors as absorbents
	α-Fe2O3 nanoparticle sorbents
	Effect of temperature
	Effect of mixing

	Conclusions
	Acknowledgments
	References


