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Description:
Surfactant-enhanced washing of oil-based drill cuttings is an emerging technology that should
benefit domestic oil producers. In this project, Alfoterra 145-4PO was shown to be a promising
surfactant for liberating oils from oil-based drill cuttings. Alfoterra 145-4PO is a branched alcohol
propoxylate sulfate with a high content of mono-branched isomers. Low concentrations (0.1 % by
weight) of this surfactant produced ultra-low oil-water interfacial tensions (IFTs), thereby allowing
the rollup mechanism to liberate drilling oil (C16, C18 alpha olefins) from oil-based drill cuttings.
When comparing the surfactant-enhanced washing of oil-based drill cuttings, Canadian River
Alluvium (CRA), and silica, the hydrophobic nature of the oil-based cuttings was shown to limit
the amount of oil removal. It was also found that the Ca++ content of the cuttings promotes
surfactant (Alfoterra 145-4P0O) abstraction by the cuttings, thereby increasing the hydrophobicity
of the cuttings and increasing oil retention by the cuttings. Therefore, three necessary
components of optimal formulations were found to be: 1) Alfoterra 145-4P0O, 2) octyl-sulfobetaine,
and 3) builder (Na2SiO3). Na2SiO3 builder was added to promote Ca++ precipitation, thereby
decreasing the Ca++ available for precipitating surfactant. The octyl-sulfobetaine helps mitigate
high hardness and high hydrophobicity by acting as a Lime Soap Dispersing Agent (LSDA).
Surfactant (Alfoterra) loss was minimized and oil removal was maximized by using all three
components. Oil removal was independent of operating conditions including bath-cuttings contact
time and agitation energy when washing with three-component formulations. The independence
of surfactant-enhanced washing from agitation energy and contact time allows for minimization of
these parameters, thereby minimizing the accumulation of fines during washing operations. When
washing with the three-component formulation, oil from the oil-based cuttings was liberated as a
free phase layer, sans surfactant and sans solids. Greater than 85% of the initial Alfoterra 145-
4PO remains in the bath after washing. The final (post-washing) oil content of oil-based cuttings

was in the range of 2% to 5%.
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Background

Drilling muds help lubricate and cool down the drill bit during oil well drilling. They also
help carry the drill cuttings to the surface for further screening and disposal. These muds are
produced by emulsifying oil and water with colloidal matter that may include organophilic clay,
bentonite, barite, and other additives’.

The continuous media in the emulsions can be water (water-based muds) or oil (oil-
based muds). Oil-based muds are used in formations that can swell or react in contact with water,
such as shale. When using oil-based muds, the cuttings separated after screening remain coated
with up to 20% of oil (weight basis)z. Traditionally, the oil of choice to formulate oil-based muds
used to be diesel because its lower cost. However, diesel oils contain aromatic compounds and
branched isomers that are difficult to degrade, especially in marine environments*°.

The disposal of oil-based drill cuttings is a major environmental and operational issue in
offshore drilling. Some alternative methods include on-site disposal, ship to shore and dispose or
reinjection in abandoned wells or subsurface caverns. Out of these options, the disposal on site is
the more attractive (when feasible), because of the lower shipping and handling cost.

Because of the low degradability of oils in marine environments and its impact in the
marine ecology, there are certain restrictions on the oil content of the cuttings before being
discharged offshore. For diesel-based muds (DBM) the retention of oil on cuttings (ROC, or
weight percent of oil, dry basis) has been regulated to 0%. For synthetic-based muds, such as
those formulated with alpha-olefins that are used offshore in the Gulf of Mexico the ROC can be
up to 6.9%>.

There are several ways to reduce the ROC from the original oil loading (close to 20%) to
the standard ROC. Ultra-centrifugation can lower the oil content to close to 8% (this is an
attractive option for esters-based muds). The oil can also be removed by supercritical fluid
extraction (it requires a complicated arrangement of pressurized vessels and equipment). Another
alternative is to thermally treat the cuttings to evaporate the oil (a rather energetically expensive
and hazardous operation). Out of these alternatives, centrifugation is attractive because is a fast
and economic process, it requires less energy, and it does not produce any hazardous vapors.
However, because water-based washing and centrifugation does not always reach the desired
ROC level, here we propose the use of detergency mechanisms, mediated through the addition
of surfactant and electrolytes, to further enhance the performance of ultra-centrifugation
techniques.

The general purpose of this research is to apply the concepts of detergency to the
removal of oil form drill cuttings. Figure 1 shows a schematic of an oil droplet on a solid surface,
showing the interfacial tensions between the oil droplet (O), the aqueous phase (W) and the solid

surface (S), and the contact angle (6).
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snap-off mechanism is obtained when the mechanical agitation is stronger than the work of
cohesion (Wc=2yow) of the droplet, which lead to a break up of the droplet, leaving behind
some oil residue. In the roll-up mechanism, the work of adhesion of the droplet
(Wa=yomw(cosB+1)) to the surface is zero or negative (6>90°) that makes it easier for the

mechanical forces to completely detach the oil droplet from the solid surface®”®.

As we will show later, the solubilization mechanism is quite effective in removing the all,
but it also requires high concentrations of surfactant in the washing solution, and additional
separation of the oil dissolved from the surfactant solution. The other two mechanisms rely on

the decrease of the work of either adhesion or cohesion, which are in both cases, proportional to

the interfacial tension between the oil and water (yo/w).

The interfacial tension between water and oil (Yow) is around 50 mN/m. Adding surfactant

alone at CMC levels can decrease the interfacial tension to 2 to 5 mN/m, which are typical of
common laundry detergency. In our research group we have been able to formulate
microemulsions at close to CMC levels of surfactants that can produce ultralow interfacial
tensions (less than 0.1 mN/m), which can further enhance detergency mechanisms.

Hypothesis and Objectives

Based on this background information we hypothesized that: (1) we could formulate a
microemulsion system containing low levels of surfactant concentration that could achieve
ultralow interfacial tension with oils used in formulating oil-based drilling muds; (2) that by
contacting this formulation with oil-based cuttings we could improve the removal of free phase oil,
while keeping the surfactant in the aqueous solution for recycling without further purification.

Our first objectives included selecting a surfactant system that could produce ultralow
interfacial tension with diesel and synthetic alpha olefins used in the formulation of drilling muds.
The second objective was to use these formulations on cleaning oil-coated cuttings and sandy
soil and evaluate the cleaning performance under different process parameters such as contact

time, centrifugation power, agitation intensity and centrifugation time. Our ultimate goal was to



select a combination of operational parameters and formulation that could be used in a future
pilot scale test of the technique. In the next section we report on the results of selected tests;
details on experimental techniques can be found elsewhere®.
Surfactant Selection and Microemulsion Formulation

Our first task was to formulate a system that could achieve ultralow interfacial tension
with a mixture of C16/C18 commercial a-olefins, which are commonly used in formulation of oil-
based drilling muds. We selected a series of surfactants that we had previous experience in
formulating microemulsions to do an initial formulation screening: C16 diphenyloxide sulfonate
(Dowfax 8390), alkyl succinic anhidride-taurine adduct (lubrizol), ethoxylated sulfate with linear
C12 alkyl tail (Steol CS-330), and a propoxylated sulfate with branched C14-C15 alkyl tail (4
propoxy groups, Alfoterra 145-4PO). Ouir first test was to measure the interfacial tension with the
a-olefins with no added electrolyte. Figure 2 shows the results obtained, noting that the interfacial
tension drops to detergency levels (2-5mN/m) for the alfoterra surfactant at very low
concentrations, as low as 0.001%. For this reason, alfoterra was selected for further studies to

achieve ultralow interfacial tensions.
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Figure 2. Interfacial tension as a function of surfactant concentration without added electrolyte

To achieve ultralow interfacial tension we selected a concentration of 0.1% of alfoterra
145-4PO (typical concentration levels in detergency) and we added increasing levels of
electrolyte. At 6% of NaCl we could obtain an interfacial tension with a-olefins of 7E-3mN/m,
which is almost four orders of magnitude lower than the initial oil/water interfacial tension, and

almost three orders of magnitude lower than with no added electrolyte.



Washing Studies

Washing studies were performed by adding 2.0 grams of the oil-laden cuttings to 10 ml of
the surfactant solution. For baseline conditions, the suspension was shaken for 30 minutes at 150
shakes per minute and then centrifuged at 1700G’s for 10 minutes.

For our first set of washing tests we kept the electrolyte concentration constant at 6%
NaCl, and increased the concentration of Alfoterra 145-4PO from 0.1%wt. to 6%wt. The initial
content of C16/C18 a-olefin on the cuttings was 10% wt. Figure 3 shows the removal efficiency
as a function of Alfoterra concentration. While at low concentrations, around 20% of oil was
removed by snap-off and roll-up
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phase upon centrifugation.

To investigate the initial poor performance of the snap-off and roll-up mechanisms (which
rely on the interfacial tension) we measured the IFT between the oil liberated and the surfactant
solution, finding that the initial IFT of 7E-3 mN/m increased to 0.18 mN/m.

Additionally we measured the concentration of the surfactant in the bath solution after
washing and found that we lost 90% of the Alfoterra at 0.1% wt. One reason for loosing the
surfactant is due to precipitation because of high hardness levels. In fact, the drilling muds can
contain up to 15% wt. of CaCl,. In the drill cuttings we found calcium to be present at 3% wt.
(expressed as CaCQOj3). We introduced the sodium methasilicate (Na,SiO3) as a builder to capture
calcium ions, preventing the adsorption/precipitation of the surfactant'®. After trying different
combinations we found that by adding 13% of Na,SiO; instead of 6% NaCl we could reduce the
ROC to 4%. In this case, the interfacial tension after washing remained in the ultralow range
(0.019 mN/m).

In regard to the operational variables, we found that the intensity of agitation did not play

a significant role in the washing efficiency, shaking at 75 shakes had almost the same



performance as shaking at 300 shakes per minute. The difference was the production of fines,
higher shaking intensity produced more fines, which are more difficult to separate by
centrifugation. The centrifugation performance play some role when the cuttings were contacted
with the cuttings for only 30 minutes, but if contacted overnight, the cuttings could spontaneously
liberate the oil without centrifugation.

We found that the more important operational parameter is the contact time between the
cuttings and the washing solution. Since the contact time of one day was simply too long to be
economically feasible, we introduced octyl sulfobetaine as lime soap dispersing (LSD) to enhance
the separation kinetics®. The octyl sulfobetaine is a zwiterionic surfactant of short hydrophobe that
help prevent or dissolve any precipitation of surfactant in the system. By adding 1% of octyl
sulfobetaine we could decrease the retention time from 24 hours to less than 30 minutes. The
surfactant solution after contacting with the oil still had the capacity to produce ultralow interfacial
tension, and therefore could be easily recycled, with additional makeup of sodium methasilicate
used to precipitate the calcium ions.

Conclusion

In this research we showed that by achieving ultralow interfacial tension throughout the
washing process we could enhance the cleaning performance achieved by snap-off and roll-up
mechanisms. Using these mechanisms we could use low surfactant concentrations, and keep the
surfactant in the washing solution. Because of the composition of the drilling muds, we needed to
add sodium methasilicate to prevent loosing the surfactant to precipitation, and octyl sulfobetaine
to improve the kinetics of the washing process.

We accomplished our ultimate goal of obtaining a formulation and process conditions that
could be used in a future pilot scale test: 13% sodium methasilicate, 0.1% Alfoterra 145-4PO and
1% octyl sulfobetaine. The contact between the surfactant solution and the drill cuttings can be
accomplished by horizontal drums or stirred tanks for 15 to 30 minutes. This solution would be
separated in a continuous ultracentrifuge (standard equipment in off - shore platforms) for 5 to 10
minutes of retention time. The separated liquid will be reused, the cuttings that can be wet in the
surfactant solution will contain close to 3% of oil, the cuttings can be disposed on site, and the oil
could be reformulated into the mud.
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