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Effects of petroleum sulfonate on the OMA structure
in shengli oilfield produced water’
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Abstract: Objective In order to improve the treatment efficiency of the produced water from oilfield,and investi-
gate the mechanism of the stability of the waste water, the influence of surfactant on the oil mineral aggregate
(OMA) structure and separation of oil from water was studied. Methods The effects of petroleum sulfonate on the
structure of OMAs formed by montmroillonite and crude oil from Shengli oilfield were investigated by measuring
the zeta potential and separation of oil and water. Results The results indicated that the zeta potential of the OMA
became more negative with the increasing petroleum sulfonate concentrations to some extent,and the zeta poten-
tials of the OMA were higher than that of the oil droplets and montmorillonite when log[ (w) (TRS)/ % Jchanged
from —3 to —1. 75, but the zeta potentials of OMA were lower than that of oil droplets when log[ (w) (TRS)/ % ]
changed from —1. 75 to —0. 25.In other hand there was more water incorporated into OMAs because of the en-
hanced hydration ability of the montmorillonite and oil droplets by adsorption the petroleum sulfonate. And as a re-
sult, the OMA floated to the upper layer accompanied by much more water which made it difficult to separate oil
water from oilfield. However, water content was decreased and some oil was released from the upper layer when
the concentration of the TRS was in the range of 0. 3% ~0.5% . It was because that the dispersive ability of the
TRS increased and the oil droplet became smaller,then fewer solid fines was required to form OMA structure and
the bonding force between the oil droplet and the solid fine particle was weakened when the concentration of the
TRS was high enough. Conclusion The separation of oil from water become difficult because of the existence of
the TRS. However, the petroleum sulfonate could be used as chemical dispersant as the concentration was high e-
nough,and the oil can be released from the waste water.

Key words: Zeta Potential; Petroleum Sulphonate (TRS) ; OMA (oil mineral aggregates) ; Separation of oil and
water ; Dense phase

FESHES.Q647.2  XHIERL:A  XEHS:1000-9760(2013)10-323-06

Ay bR R R O I A ek TR K P OMA. 548 1) 535 Wi

R T MR W’
G BT EAEBE A B IR BT 272067° BT EAABE 2y 2= B, I AR H BR 276826)

OE OHM ARFEEREANAERE R RE AR EEINE,F Z KT F MR NT AT OMA 4 H#H KA
ABHBM, ik B zeta MW E Rl K2 BEN AR T Ao A E RS F ML ZF PR OMA 4
ME B, SR E—FREREAOMA zeta B G0 H F b 8 Bk 2 0K JE 0938 An T 38 o, T B % log[ (w) (TRS)/ %] 8 —3 %
—1.75 2 18 & b B ,OMA B zeta WAL % T i 8 X% M+ zeta 6,18 % log[ (w) (TRS)/ %14 —1.75 ~—0.25 2[4 #,
OMA # zeta B ALK Tl zeta ML, F—F W B TEM LB ERM T bk, WET L AMIER, #HF OMA &
KEH MW, FHTOMAEH T RENAKEF NTERG AL BEEE I, AL B HFERZRELT 0.3%~0.5% 8,7
WERLREEGEHE BT o HERE NP A E I RE, TR T M FHL N OMAFE LN EERT R D G EERFAE W
HZEWHEERDBERK. SR EERBENE., 68518 T HERBOFEE WM T AL ERE, EYHKE RS FHE, 2 #
e M RE, TR HOT AR B OMA 44 A i,

KB Zeta ;M ERL; BT MRER BALF K FH

% Supported by. National Key Technology R&.D Program of China,2008BAC43B02



324

J Jining Med Univ,October 2013, Vol. 36,No.5

In recent years with the development of the
tertiary oil production the amount of produced
water increases greatly, and the property of the
produced water becomes more complicated and
more difficult to be treated. Meanwhile, owing to
the lack of the knowledge of the property and
mechanism of the stability of the produced water,
the technology for the treatment of the produced
water has not been developed. It is necessary to
study the nature of the waste water and to find
the key factors which dominate the stability of the
produced water.

Chemical flooding agents and solid particles
are commonly found and of great importance in
stabilizing the produced liquid from oilfield.
Therefore, the study about the effects of surfac-
tant and solid particles on the stability of pro-
duced liquid has attracted the interests of many

1 pointed out that the pe-

researchers''® . Wang
troleum sulfonate promotes the stability of the
crude emulsion to some extent by enhanced the
interfacial film at the oil-water interface and in-
creased the zeta potential of the oil droplets.
Yan"™ believed that solid particles promote the
stability of the emulsion by forming net-like
structure and rigid films at the oil-water interface
which prevent the oil droplets from aggregating.
The studies of Bragg'™. indicated that the oil min-
eral aggregates are likely to be formed by the in-
teraction of suspended mineral fines with crude
oil,and the mineral fines can stabilize oil droplets.
The detailed studies"™ of OMA formation have re-
vealed that oil associates with fine mineral parti-
cles in an aqueous medium not only as molecules
adsorbed onto mineral surfaces, but also as a dis-
crete phase to form microscopic oil-mineral aggre-
gates. Khelifa and Stoffyn"* et al. pointed out that
the type and size of OMA was controlled by the
mineral type and surface properties,quantity, vis-
cosity and composition of the oil,and oil/mineral
ratio. In addition to this conflicting results have
been reported with regard to the effects of chemi-
cal dispersants on formation and fate of OMAs in

both laboratory and oilfield studies™ found that

OMA formation was negligible with chemically-
dispersed oil in water column, whereas Guyomar-
ch et al. reported that significant amounts of oil
were incorporated into OMAs when oils and
chemical dispersants were mixed with mineral

fines. Zheng"'"

pointed out that the chemical dis-
persants could change the surface physicochemical
properties of oil droplets to impair the binding of
oil to mineral fines.

Petroleum sulfonate is widely used surfactant
in oilfield and it is expected to affect formation
and fate of the OMA existed in the produced wa-
ter because the surface physicochemical properties
of oil droplets and clay particles could be altered

by the adsorption of the TRS on them.
1 EXPERIMENTAL

1.1 Materials

A jet fuel from a refinery without any addi-
tives was purified by silica gel adsorption before
the experiments were carried out. The silica gel
was heated for 10 h at 160°C in a muffled oven
and then cooled in a vacuum desiccator at room
temperature before the silica gel was used.

The physical parameters of the crude oil
(from Shengli Oilfield) used in this study were as
follows: density 0.908 g + cm®, acid wvalue
3.217mg KOH « g* oil, and Viscosity 2078 MPa
+ s at 50°C. The crude oil in investigation was
dissolved in the purified jet fuel as model oils.

The dark brown viscous petroleum sulpho-
nate liquid was synthesized by Designing and Re-
search Institute of Shengli Oilfield in China. The
main component of the petroleum sulphonate was
alkylbenzene sulphonate,and the active content of
the surfactant was 48. 69% by mass. The sulpho-
nated oil content was more than 75% by mass and
salt content was less than 6%. The physical pa-
rameters were as follows:solubility=>20% in wa-
ter at 40°C ,the pH value of 1% by mass aqueous
solution is 7~ 9, and the ability of resistance to
Ca”" and Mg” =120 mg « L.

The Na-montmorillonite used in this study

was obtained from the Institute of Chemistry A-
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cademy of Science. The chemical analysis of the

Na-montmorillonite was shown in table 1.

Table1 Chemical analysis of the Na-montmorillonite w %

Al O3 Si0; K20 NazO MgO CaO  MnO  TiO; FezOs Others

7.95  69.8 0.446 9.75  1.48 0.086 0.0078 0.0431 1.06  9.38

The water used in the experiments was dis-
tilled water and synthetic formation water, the

composition of the latter is shown in table 2.

Table2 Composition of formation water

Ton Cl™ HCOs; Nat +K* Mg?" Ca?"

Concentration mg/L. 2885.5 818.9 2064.6  20.9 66. 9

1.2 Measurement of the zeta potential of OMA

The effect of TRS on the OMA structure was
detected by determining the zeta potentials and
the separation of oil and water from the suspen-
sion containing OMA structure.

The zeta potential measurement was conduc-
ted on a Zetaplus analyzer(Brookhaven Company,
USA).

The emulsification was carried out by utili-
zing a CAT X120 dispering tool for 2 min at 6000
r. p. m.

The samples were prepared by using distilled
water with different concentrations of petroleum
sulfonate and montmorillonite mixing with the
model oils(w/o ration:100 : 1,v/v)by agitating,
then the samples were left to stand for 24h for the
measurement of zeta potential and the samples
used to be measured were obtained from the situa-
tion below the surface 2cm to avoid obtaining the
oil droplets floating to the upper layer.

1.3 Separation of oil and water measurement

The o/w emulsions were prepared by mixing
aqueous phase containing the petroleum sulfonate
and montmorillonite with oil phase (aqueous
phase/oil phase ratio:4:1,v/v). The emulsifica-
tion was carried out by shaking the mixture in a

50 ml cylinder 200 times. The stability of emul-

sion was determined visually by measuring the
changes of the dense phase volume fraction with

time at 30°C.
2 RESULTS AND DISCUSSIONS

2.1 Effects of the Na-montmorillonite on the
OMA structure

According to the studies of Wang' that the
OMA can be formed by crude oil droplet and
montmorillonite particle,and the zeta potential of
the OMA are obviously higher than that of both
the model crude oil droplets and montmorillonite
particles (zeta potential of montmorillonite parti-
cle existed in distilled water —38.9 mV"'). The
zeta potential of the particles increase notably as
the concentrations of Na-montmorillonite increase
from 0 to 300 mg * kg, but the zeta potential is
almost not changed any more as the concentration
of montmorillonite increase. Because of the high
zeta potential values and the strong interfacial
films it is more difficult for the OMA to combine
with each other or with more oil droplets. As a re-
sult the structure of the OMA should be the style
of liquid OMA structure under the experiment
conditions,and with the increase of the concentra-
tions of montmorillonite, more and more solid
particles were trapped by the OMA structure
which led to the increase of the zeta potential of
the OMA structure. The flocculates with over-
trapped solid particles would be settled by the
gravities when the concentration of the montmo-
rillonite was high enough,as a result the zeta po-
tential of the suspension measured in the experi-
ment was not changed obviously when the concen-
tration of the montmorillonite exceeded 300 mg *
kg,
2.2 Effects of the petroleum sulfonate on the
OMA structure

The effects of petroleum sulfonate on the
OMA structure was detected by measuring the ze-
ta potentials of the OMA existed in the emulsion
(Fig. 1).
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Figure 1 Effects of petroleum sulfonate on the zeta

potential of the OMA particles in the complex system

Figure 1 showed that the increasing tendency
of the zeta potential of OMA particles(exist in the
complex system containing montmorillonite, pe-
troleum sulfonate and model crude oil) was similar
to that of the oil droplets (in the system with
TRS and model crude oil) as the increasing con-
centration of petroleum sulfonate. Moreover, the
zeta potentials of the particles in the former sys-
tem were higher than that of the latter system
when the concentration of the TRS was not too
high,however, it did not look like this when the
concentration of the petroleum sulfonate was high
enough, the zeta potential of the former particle
became gradually same with that of the later par-
ticles at first and then it was lower than that of
the latter as the concentration of the petroleum
sulfonate increased continuously.

Moveover another phenomenon was observed
during the experimental process. There was a lit-
tle oil released from the suspensions in the upper
layer, and the lower layer was turbid, when the
concentration of the TRS was high enough.

Figure 1 also indicated that the zeta potential
of the particles was decreased when the concen-
tration of the petroleum sulphonate was high e-
nough which might be caused by the surface con-

ductance or by the relaxation and retardation

effect on the electrophoretic mobility of the parti-
cles with high charge density.
2.3 Effects of the petroleum sulfonate on the sta-
bility of OMA and emulsion

The changes of the dense phase volume frac-
tion were used to measure the influences of petro-
leum sulfonate on the stability of the emulsion
(Figure 2).

35
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Oil phase:3% model crude oil; water phase: suspen-
sion prepared by model water with TRS and montmoril-
lonite. The composition of the water phase of the curves:
< 0.05%TRS. M 0. 01% TRS+200mg * kg! montmoril-
lonite; /A 0.05% TRS+200mg « kg! montmorillonite; A
0.3%TRS+200mg * kg montmorillonite, X 0.5% TRS
+200 mg * kg! montmorillonite

Figure 2 The dense phase volume fraction change curve

with time in the complex emulsion

From figure 2 it can be seen that the slope of
dense phase volume fraction change curve in the
complex system was larger than that of the curve
in the system only containing the TRS. It indica-
ted that the rise rate of flocculation in the com-
plex system was faster than the other.

Figure 2 showed that in the complex system
the maximum dense phase volume fraction value
increased with the increase concentration of the
petroleum sulfonate, and the final stable dense
phase volume fraction value also increased with
the increase of the concentration at low petroleum
sulfonate concentrations (0. 01% ~ 0.05%). Mo-
reover,it was higher than that of the stable value
in the suspension containing montmorillonite
without TRS.

During the experimental process it was ob-
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served that the final stable dense phase volume
fraction value in the complex system was close to
that of in the TRS system without montmorillon-
ite when the petroleum sulfonate concentration in
the range of (0. 3% ~0. 5%). Moreover, there was
some oil released from the suspension and formed
the continuous oil phase in the upper layer after
standing for 30 min, while there was no continu-
ous oil phase appeared at the lower concentration
of the TRS in the complex system after standing
for 30 min.

These phenomena can be explained by the
following reasons. OMA formed by the reaction of
montmorillonite and oil droplets in emulsion was
influenced by the salinity and surfactant in the a-
queous solution. There might be existed a com-
plex OMA structure between the model oil drop-
lets and montmorillonite particles under the model
water condition,and there were multiple oil drop-
lets in one OMA structure which resulted in the
fast floating of the flocculation in the complex
system.

The increasing of the maximum dense phase
volume fraction with the increase of the petroleum
sulfonate concentration indicated that the water
content increase in the upper dense phase. This
might be caused by the following reasons, the ad-
sorption of the TRS molecular on the montmoril-
lonite and oil droplet enhanced the hydration of
them and made the hydrated layer become thicker
because of the strong hydrophilic ability of the
TRS. As a result, with the float of OMA to the
upper layer(a mixture of emulsion and suspension
of the solid particle and water) of the emulsions
there was more water entering the upper layer.

With the increase in the concentration of the
TRS the strength of the interfacial film became
stronger and the zeta potential of the colloid parti-
cles also increased when the concentration of the
surfactant changed form 0.1% ~0. 3% %, which
made it more difficult for the particles existed in
the dense phase to aggregate with each other. In
the other hand the network structure of the OMA

might be reinforced by the additional strength of

the interfacial film,and moreover the increase of
the concentration of TRS intensified the hydration
of the montmorillonite. Therefore,there was more
water was trapped by the OMA and the stable
dense phase volume fraction value was higher.
However, when the petroleum sulfonate concen-
tration was high enough the zeta potential of the
oil droplet and the montmorillonite particle
charged more negatively, and then the dispersive
action of TRS appeared and OMA structure
formed by montmorillonite and oil droplet was al-
tered and less solid particle was trapped by the
OMA structure. Therefore, the strength of inter-
facial film and the network structure decreased
and less water was trapped in the flocculation,
which made it easy for the oil droplet to aggregate
and a little oil to be released and the stable dense

phase volume fraction to decrease.
3 Conclusions

Based on this study it can be concluded as
followings:
3.1 The oil-mineral aggregates(OMA) structure
was influenced by the salinity and TRS in the a-
queous solution. The zeta potential of the OMA
was higher than that of the oil droplet and mont-
morillonite particle when log[(w) (TRS)/ %]
changed from —3 to —1.75, but,when log[ (w)
(TRS)/ % Jchanged from —1.75 to — 0. 25, the
zeta potential of OMA was lower than that of oil
droplet.
3.2 The dispersive ability of the TRS was en-
hanced when the concentration of TRS changed
from 0. 3% ~0.5% ,as a result a little oil was re-
leased form the complex system. The petroleum
sulfonate could be used as chemical dispersant as
the concentration was high enough.
3.3 As the concentration of TRS was in the
range of 0.01% ~0.3%, the adsorption of TRS
reinforced the hydration extent of montmorillonite
particles and oil droplets,and the water content in
OMA structure increased which led to the upper
dense phase holding more water (TF# % 338 )
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than that of in the system without TRS. When the
concentration of TRS changed form 0. 3% ~0.5%
the water content in the upper dense phase was
reduced and the separation degree of oil and water
was enhanced because of the enhanced dispersive
ability of the TRS and the decreased content of
the montmorillonite in OMA.
NOMENCLATURE

Czeta potential,mV

t separation time,min

w mass percent concentration, %
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