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ABSTRACT

This application relates to processes for selectively removing anionic phosphate
molecules from contaminated hydrocarbon oil using the ion exchange activity of acid
activated clay. The methods are particularly applicable to the removal of volatile
phosphates from hydrocarbons contaminated during fracturing operations.
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METHOD FOR REMOVAL OF VOLATILE PHOSPHATES FROM HYDROCARBONS

FIELD OF THE INVENTION

[0001] This application relates to processes for selectively removing anionic phosphate
molecules from contaminated hydrocarbon oil using the ion exchange activity of acid

activated clay. The methods are particularly applicable to the removal of phosphates
from hydrocarbons contaminated during fracturing operations.

BACKGROUND OF THE INVENTION

[0002] In the production of oil from underground formations, once a well has been drilled
it is often necessary to fracture the underground formation to increase the exposure the
well has to the surrounding formation. In many wells, this is accomplished through the
use of fracturing fluids, commonly referred to as “frac fluids”, which are pumped into the
well bore at a sufficient rate and pressure to increase the pressure downhole to a value
in excess of the fracture gradient of the formation rock. This high pressure causes the
formation to crack such that a multitude of fracture lines will extend radially from the well
and thus, allow the frac fluid and any proppant to enter the fracture lines and thereby
flow into the formation. Upon releasing the surface pressure, the frac fluids (without
proppant) will flow back to well where they are pumped out of the well for re-processing

and/or disposal.

[0003] Frac fluids are often comprised of a hydrocarbon carrier liquid together with
proppants and various phosphate derivatives that act as gelling agents to assist In
carrying the proppants within the induced fractures. That is, the gelling agents generally
act to temporarily increase the viscosity of the frac fluid to facilitate the transport of
proppants into the fractures. A well-known method for gelling hydrocarbons uses a
combination of a phosphate ester backbone combined with a metal activator/cross
linking agent and breaker system. Examples of these systems are described in various
patents. For example, U.S. Patent No. 4,781,845, U.S. Patent No. 4,316,810; U.S.
Patent No. 4,174,283; U.S. Patent No. 4,200,539; U.S. Patent No. 4,200,540; and U.S.
Patent No. 4,622,155 describes frac fluids that use an aluminum salt and an alky!
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phosphate ester. U.S. Patent No. 3,505,374 and U.S. Patent No. 5,417,287 describe
similar systems using iron as the cross linking agent.

[0004] As noted, after frac fluids have been “broken” (i.e. the temporarily induced
viscosity is relaxed) and have otherwise served their purpose to fracture the formation,
they are flowed back from the well and recovered. Depending on the frac fluid system,
many frac fluids will be ultimately combined with crude oil for sale to refineries.
Unfortunately, these flow back fluids contain residual oil-soluble phosphate esters that,
unless substantially removed from the residual oil, can lead to significant downstream
issues during subsequent olil processing at a refinery. For example, when a crude oil is
combined with the flow back fluid and then enters an oil refinery, it may be heated in a
refinery tower to approximately 340°C, which causes ester hydrolysis and the formation
of lower molecular weight phosphorus compounds that vaporize and condense in the
upper stages of the tower. The phosphorus compounds in the crude oil may cause
fouling in the tower by restricting flow due to the buildup of a polymeric deposit, typically
composed of carbon, hydrogen, phosphorus, nitrogen, and copper/nickel. Flow
restrictions decrease the efficiency of the tower and will ultimately ilead to a shutdown to
remove the contaminants. High levels of phosphorus compounds in the crude oil can
also lead to fractionation problems as foulant accumulates in pre-flash towers, which, as
above, will require periodic equipment shutdowns as high phosphorus compound levels
may cause an increase in furnace Tube Metal Temperatures (TMT). As is well known,
any equipment shutdowns are costly to olil refineries.

[0005] As a result of the problem of the fouling of oil refinery equipment by phosphorus
derivativ-es, the Canadian Association of Petroleum Producers has put an upper limit
specification of 0.5 ppm volatile phosphorus in crude oil, where volatile phosphorus is
defined as the phosphorus found in the oil fraction removed by a single plate ASTM D86
distillation (i.e. the phosphorus concentration in the distillate fraction of crude oil
collected from the initial boiling point (IBP) to 250°C). Total phosphorous includes all
phosphorous compounds that do and do not meet the above definition. Currently, the
high-volatile phosphorus gellant technology commonly used in the manufacturing of frac

fluids can result in volatile phosphorus values greater than 100 ppm in initial flow-back.

[0006] In general, a typical oil or gas well fracture service will use approximately 100 m®
of frac fluid per fracture per well. In addition, there are trends within the industry to use
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substantially larger volumes of fracturing fluids as a result of the exploitation of deeper
hydrocarbon reservoirs and new fracturing technologies. Under normal activity levels In
Western Canada, there is an estimated total volume of flow-back fluids of 400,000 m°
per year. The market in the United States is estimated at 5,000,000 m® of flow back
fluids per year. As a result, due to the imposed limits on volatile phosphorus in crude oil,
oil companies generally have a need for a solution to reduce volatile phosphorus in
crude oil. Various solutions to reduce volatile phosphorus include using a non-
phosphorus based oil gellant; using a low-volatiles phosphorus based oil gellant; using
water-based fracing; and removing volatile phosphorus from frac fluid returns.

Non-Phosphorus Based Oil Gellants

[0007] A review of the prior art reveals that various non-phosphorus based oil gellants
have been in existence for some time, as described in U.S. Patent No. 3,539,310 and
U.S. Patent No. 2,618,596. However, non-phosphorus based oil gellants are generally
not utilized as the breaking of non-phosphorus based oil gellants tends to be
inconsistent. More specifically, it can be difficult to obtain reproducible gels under field
conditions where water content and the variability of oil chemistry cause unpredictable
changes in the gel properties and breaking times.

Low-Volatility Phosphorus Based Qil Gellants

[0008] A review of the prior art reveals that various low volatility phosphate ester
systems have been proposed és oil gellants as described in U.S. Patent Application
2007/0032387 and U.S. Patent Application 2007/0173413. These low phosphate gelling
systems still contain phosphorus that can lead to the oil having a volatile phosphorus
content greater than 0.5 ppm. These systems may also have other metal ions present
that cause the gellation to occur which can lead to other issues such as the need for the
removal of that metal ion. Moreover, such systems will also typically have a higher cost
than the high volatility phosphorus gelling technologies.

Water-Based Fracturing Fluids

[0009] Water based fracturing technology that does not involve phosphorus is currently
in use in the oil industry. This method does not contribute to refinery equipment fouling
based on phosphorus derivatives. However, water-based fracing is limited by the effects
of water in the well as within many formations even small amounts of water can cause
serious damage to the formation by causing the migration of fines or the swelling of
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water sensitive clays in the formation such that formation may be made unusable when it
Is fraced with water. As well, oil-based fracing fluids are typically easier to clean up than

water-based fracing fluids in dry or non-water containing formations.

Processes for Removing Phosphorus from Fracturing Fluid Returns

[0010] There are several technologies in existence for the removal of phosphorus from
frac fluid returns. For example, one such technology in the August 2005 publication
entitled “Volatile Phosphorus Remediation” by the Canadian Crude Quality Technical
Association (CCQTA) uses a catalytic treatment process to extract phosphorus and
other contaminants from frac fluid flow back. Other references describe various chemical
treatments available to remove phosphorus from frac fluid flow back. For example, U.S.
Patent No. 6,207,612 discloses a method to develop an adsorbent media comprised of
alumina with minor amounts of calcia and magnesia to remove phosphate and metal

contaminants from hydrocarbon oll.

[0011] However, a review of the prior art reveals that there continues to be a need for a
method for the effective removal of phosphorus from frac fluid flow back and crude oll
and particularly an effective method of using acid-activated clays. While the prior art
shows various processes for making and utilizing acid-activated clays for bleaching
vegetable oils are described In U.S. Patent No. 1,397,113; and other uses as described
in U.S. Patent No. 1,579,326; U.S. Patent No. 5,008,227; U.S. Patent No. 6,365,536;
U.S. Patent No. 2,090,741, U.S. Patent No. 6,489,260; and U.S. Application
2008/0223756, the prior art i1s silent with respect to the effective removal of phosphorous
from fracturing fluids using clays. In addition, while U.S. Patent No. 4,124 492 and
corresponding CA Patent No. 1,071,132 teach a process for reclaiming useful
hydrocarbon oils from waste oll, specifically crankcase oil and used diesel lubricating oll,
using a treatment of acid activated clay at a high temperature, after the waste oil has
been treated with isopropanol or N-propanol, to clarify the oil, these patents are also

silent with respect to the effective removal of phosphorous from fracturing fluids using

clays.

[0012] More specifically, therefore, there has been a need for the effective use of acid-
activated clay for the removal of volatile phosphorus from broken frac fluids and crude oil
with high volatile phosphorus content. While acid-activated clay is known as a bleaching

agent and i1s a known method for removing coloring materials and odor causing

-4 -
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compounds from vegetable oils, the prior art does not teach or support a process for
utilizing such clays with petroleum oils and specifically, petroleum oils that have been

contaminated with phosphorus from frac fluid flow back.

SUMMARY OF THE INVENTION

[0013] In accordance with the invention, there is provided a process for treating a
hydrocarbon oil contaminated with phosphorus contaminants, comprising the steps of: a)
adding acid activated clay to the hydrocarbon oil to create a hydrocarbon oil and clay
slurry; b) mixing the hydrocarbon oil and clay slurry; and c¢) separating the hydrocarbon
oil and clay slurry to form a separated clay containing phosphorus compounds
contaminants and a hydrocarbon oil component wherein the hydrocarbon oil component

Is substantially free of the phosphorus compounds.

[0014] In a further embodiment, the mixing and separation steps are repeated using

fresh or re-cycled acid activated clay.

[0015] The process may be affected by various parameters including the reaction time
(Ideally step b) is performed for a time sufficient to effect greater than 99% (by weight)
phosphorous decontamination after step c¢) or to reduce the phosphorous
decontamination to less than 0.5 ppm), by the particle size (preferably 10-250 uym and
more preferably 10-50 um), available surface area and/or concentration of the acid
activated clay (1 — 5 % by weight and more preferably 2-3% by weight), by the degree of

acid activation as well as the temperature of the reaction.

[0016] In various embodiments, it is preferred that the acid activated clay is any one of

or a combination of montmorillonite, bentonite and attapulgite clay.

[0017] In another embodiment, the invention provides a process for treating a recovered

fracturing fluid, the fracturing fluid comprising hydrocarbon oil contaminated with
phosphorus from the fracturing process, comprising the steps of: a) dewatering the
recovered fracturing fluid; b) mixing the recovered fracturing fluid from step a) with acid
activated clay; and c) separating the recovered fracturing fluid from step b) to form a

separated clay containing phosphorus compounds and a hydrocarbon oil component
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wherein the hydrocarbon oil component is substantially free of the phosphorus
compounds.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The invention is described with reference to the accompanying figures in which:

Figure 1 is a flowchart showing the general methodology of one embodiment of
the process of removing volatile phosphorus from petroleum using finely
powdered acid activated clay,

Figure 2 is a flowchart showing a second embodiment of the process of
removing volatile phosphorus from petroleum using pearlized acid activated clay:

Figure 3 is a graph showing Total Phosphorous Removal vs. Time for a field trial
in accordance with one embodiment of the invention; and,

Figure 4 is a graph showing Removal Efficiency of Different Clays over multiple
incubation cycles.

DETAILED DESCRIPTION OF THE INVENTION

Overview
[0019] With reference to the figures, processes for removing total and volatile

phosphorus from petroleum and particularly recovered fracturing fluids using acid
activated clay are described.

[0020] In accordance with this invention, a method for the effective removal of volatile
phosphorus is described in which contaminated oil containing volatile phosphorus is
treated with acid activated clay, which is generally made from bentonite or attapuilgite
clay. The activated clay is made by reacting a strong mineral acid, such as hydrochloric
or sulphuric acid, with a clay so as to replace the exchangeable cations (i.e. calcium,
sodium, magnesium) in the clay with hydrogen ions. This reaction causes a change to

the crystal structure of the clay particle and ultimately the capacity of the clay to react
with cations, as well as the surface area of the clay particles. Each grade of acid
activated clay may have a range of properties based on factors such as the reaction of
the acid with the clay, the reaction temperature, contact time, and subsequent
processing to dry the clay into a useable form.

-6 -
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[0021] When the acid-activated clay comes into contact with a phosphorus-containing
crude oil, the active aluminum ions in the acid activated clay form a bond with the
phosphate esters in the crude oil. Two sets of reactions can occur:

1) xH'Clay + Metal lon®*) = xH" + Metal ion**'Clay’; and
2) RPO,H (phosphate ester) + H'Clay' = RPO,HClay” + H".

[0022] In the first reaction, the metal ions in the oil, such as Fe® or Cu®*, occupy the
exchangeable cation layer in the clay, replacing the hydrogen ions. In the second
reaction, the phosphate compound in the oil reacts with the exposed aluminum atoms in
the clay structure to form a complex that is similar to the complex formed when the frac
fluid originally gelied.

[0023] In this invention, there are generally two different methods for treating the
hydrocarbon oil with acid activated clay. In the first embodiment shown in Figure 1, the
acid activated clay is utilized in the form of a powder material with a high surface area. In
this embodiment, the powdered clay is added to the oil in concentrations of about 1- 5%
by weight to form a slurry which is continuously agitated to ensure contact between the
clay powder and oil for a period of 1 — 24 hours. After an appropriate contact time has
elapsed, the slurry mixture is separated, removing the solid particles containing the
phosphorus compounds and some of the multivalent metal ions, leaving a liquid that is
generally free of phosphorus. Any appropriate method to ensure the complete removal
of the solids from the liquid can be employed, such as settling, filtration, or centrifugation
as known to those skilled in the art.

[0024] In the second embodiment, as shown in Figure 2, the hydrocarbon oil containing
volatile phosphorus is de-watered in accordance with known de-watering techniques.
The oil is then passed over a pearlized acid activated clay within a tower or packed filter
containing beads of acid activated clay. As the oil passes over the beads of acid
activated clay, the phosphorus compounds and some of the multivalent metal ions are
removed from the oil through the two reactions stated above. The oil exits the tower or
packed filter of pearlized acid activated clay in a clean condition and requires no further
separation.

[0025] In both embodiments of the process, the required contact time between the oll
and acid-activated clay is variable and will be determined based on the initial
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concentration of phosphorus in the oil, the degree of activation of the clay, the
temperature the reaction occurs at, and the desired degree of phosphorus removal from
the oll. The reaction temperature is variable and dependent on the properties of the oil,
including amount of breaker present, pH, specific gravity, and viscosity. The methods of
this invention are further described by the following laboratory and field examples.

EXAMPLE 1
[0026] This example describes phosphorus removal of laboratory broken fracturing oil
with fine-powdered and coarse acid activated clay.

[0027] Two acid activated clays, Refoil Optimum-33 and RO-365, both manufactured by
Bleaching Earth of Baroda Earth Pvt. Ltd., were used as outlined in the first embodiment
of this invention for removing phosphorus from hydrocarbon oil. As shown in Table 1, the

Optimum-33 clay was finer and had a greater surface area than the coarse RO-365 clay
as shown by the particle size distribution.

TABLE 1 - Characteristics of Acid Activated Clays

| Property Optimum-33 (fine) RO-365 (coarse) |
| Bulk Density (g/l) 543 | 650
Free Moisture (%) I 6 ) 6
Free Acidity (%) | 0.28 ., 0.60 ~
Particle Size (% pm) B - ] B
< 45 L 588 N 0o
B 45 — 75 B 21.2 | 0
75 - 106 ‘ 10.3 s 0 o
106 — 150 6.1 0
< 250 100 5
l 250 - 600 1 0 75
600 - 900 i 0 20 1
> 900 | 0 5

[0028] Two types of HP8 frac oils were used in this experiment: SF-800™
manufactured by SynOil™ Fluids, and Berland 150, distributed by DC-Energy Services
Inc. The frac oils were gelled by Trican™ using the Trican HP8 Gellant system, and the
total phosphorus content and volatile phosphorus fraction of each gelled frac oil was
measured. As shown In Table 2, the initial phosphorus and volatile phosphorus content
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of the Berland 150 frac oll is higher than the phosphorus and volatile phosphorus content
of the SF-80™ frac oil.

TABLE 2 - Concentrations of Total Phosphorus and Volatile Phosphorus in
Laboratory Broken Frac Fluids Before Treatment and After Treatment With Fine
and Coarse Acid Activated Clays

'Broken Frac | Total Phosphorus (ppm) | Volatile Phosphorus (ppm)
e “Untreated | Treated | Treated | wwm—l
Coarse | Fine Coarse Fine
RO-365 0-33 RO-365 0-33
204 | 104 | 372 | 174 | 393 | 036
Berland 150 722 606 - I_—54.8 1:5-1.8 i

[0029] In accordance with the first embodiment of the invention, a 300 mL sample of
each type of gelled frac oil were each treated with the fine acid activated clay, and
another 300 mL sample of each gelled frac oil was treated with the coarse acid activated
clay. The clay was added to the frac oil to create a slurry that was continuously stirred
for one hour at room temperature using a magnetic stirrer. After one hour, the treated
frac oil was separated from the clay by vacuum filtration, upon which the filtrate was
analyzed for total phosphorus content using an inductively coupled plasma (ICP)
spectrometer. The filtrate was then distilled using the ASTM D86 method and the volatile
fraction of phosphorus was analyzed by ICP spectrometry. The results of these analyses
are shown in Table 2. Table 3 shows the removal efficiency of each type of acid-
activated clay for both samples of frac oil. Note the Berland 150 frac oil sample treated
with the fine clay was not filtered due to the re-gelling of the frac oil sampie from the
acidic pH of the clay. This issue was overcome in subsequent experiments by heating
the treated frac oil prior to filtration.
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TABLE 3 - Removal Efficiency of Total Phosphorus and Volatile Phosphorus From
Laboratory Broken Frac Fluids When Treated With Coarse and Fine Acid Activated

Clays
I Broken Frac Removal Efficiency (%
Fluid Total Phosphorus
. Treated Coarse
SF-800™ 64.63 90.84
Berland 150 16.07 -

[0030] As shown in Table 2 and Table 3, the treatment of the two frac oils with acid-
activated clay reduced both the total phosphorus and volatile phosphorus content of both
the frac oils. Treatment of the SF-800™ frac oil with the fine-powdered clay was more
effective for removing phosphorus and volatile phosphorus from the frac oil than
treatment with the coarse clay. The removal efficiency of phosphorus and volatile
phosphorus using a coarse clay was greater for the SF-800™ frac oil than the Berland
150 frac oil, with the SF-800™ frac oil having a lower initial phosphorus and volatile

phosphorus content.

EXAMPLE 2
[0031] This example shows the effect of double treatment of laboratory broken frac fluid

with fine powdered acid activated clay.

[0032] The two previously described laboratory broken frac oils, SF-800™ and Beriand
150, were treated with a bentonite-based and an attapulgite-based acid activated clay,

with the characteristics of the clays described in Table 4 below. As shown, the main
difference between the two clays was the base clay from which they were manufactured.

TABLE 4 - Characteristics of Acid Activated Clays

Clay Manufacturer Base Clay | Particle Size (% Acidity (%)
<74 um) |
Grade F- 110 BASF-Engelhard Bentonite 88
| Corporation
Optimum-33 Bleaching Earth | Attapulgite 01 0.28
| of Baroda Earth
Pvt. Ltd.
1

- 10 -
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[0033] A 600mL sample of Berland 150 frac oil was mixed with the bentonite clay and
another 600 mL sample of Berland 150 frac oil was mixed with the attapulgite clay, both
at a ratio of 3 g of clay per 100 mL of oil, to create a slurry that was continually mixed for
one hour using a magnetic stirrer. As both the samples re-gelled after a few minutes of
mixing due to the acid activated clay lowering the pH of the oll, the samples were heated
to 60 - 70 °C at the end of the hour to lower their viscosity. Each sample was then
vacuum filtered and the filtrate of each was re-mixed with a clean batch of the same type
and amount of acid activated clay to form a second slurry. The slurry was continuously
stirred for one hour, and as the samples did not re-gel, no heating was required before
the samples were vacuum filtered.

[0034] Using the same process as described above, a 600 mL sample of SF-800™
broken frac oil was mixed with the bentonite clay, and another 600 mL sample of SF-
800™ was mixed with the attapulgite clay. Each slurry was continuously stirred for one
hour, vacuum filtered, the filtrate re-mixed with a clean batch of bentonite or attapulgite
clay, and vacuum filtered once again. No heating was required for the SF-800™ oil as
re-gelling did not occur upon mixing the oil with the acid activated clay.

[0035] Before treatment and after the double treatment with acid-activated clay, the total
phosphorus content and the volatile phosphorus content of each sample of frac oil was
measured using an ICP spectrometer by the accepted standard analysis method, as
shown in Table 5. The accepted detection limit for total phosphorus was 0.5 ppm, though
volatile phosphorus as low as 0.2 ppm could be detected in a sample. Table 6 outlines
the removal efficiency of phosphorus and volatile phosphorus from the samples of frac
oil with bentonite and attapulgite acid activated clays. Prior to treatment, the Berland 150
frac oil was an opaque black color, and after treatment with the bentonite clay it was a
translucent golden color. The SF-800™ frac oil was a translucent red color before
treatment and translucent and clear after treatment with the bentonite clay.

-11 -
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TABLE 5 - Concentrations of Total Phosphorus and Volatile Phosphorus in
Laboratory Broken Frac Fluids Before Treatment and After Second Treatment with
an Acid Activated Clay

‘ Broken Total Phosphorus (ppm
Fracturing Oil | Untreate | Treated Treated Untreate | Treated Treated
| d Attapulgit | Bentonite d Attapulgit | Bentonite
F | e (F-110) | (Optimum- | e (F-110) | (Optimum-
33 33
SF-800" 294 <0.5 17.4 0.45 0.45
Berland150 | 722 | <05 | <05 | 548 | 063 -

TABLE 6 - Removal Efficiency of Volatile Phosphorus and Total Phosphorus from
Laboratory Broken Frac Fluids Treated with Acid Activated Clays

Clay Removal Efficiency Removal Efficiency Total
Treatment Volatile Phosphorus (% Phosphorus (%
Attapuigite | 97 .41 99.83
F-110 ~ L
Bentonite | 97.41 99.83
Optimum-33

Berland 150 Attapulgite 98.85 99.93
F-110

Berland 150 Bentonite 97.59 99.83
Optimum-33

[0036] As shown in Table 5 and Table 6, the double treatment of frac oil with attapulgite

or bentonite acid-activated clay reduced the total phosphorus and volatile phosphorus
content of the oil to close to the detection limit. Within the margin of error of the
measurements, the double treatment removed essentially 100% of the available
phosphorus from all the samples.

EXAMPLE 3

[0037] This example shows the effect of treatment of recovered field samples of broken
frac fluid with acid-activated clay.

[0038] Random field samples of recovered broken fracturing fluids with gelled
hydrocarbons and high volatile phosphorus content from five different oil wells were
treated with the bentonite-based Optimum-33 acid activated clay. Three grams of clay
per 100 mL of fracturing fluid was added to the fracturing fluid to make a slurry and the
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slurry was continually mixed for one hour at room temperature (17 - 20°C) then vacuum
filtered. The filtrate was treated with a clean batch of Optimum-33 clay using the same
method as the previously described treatment. Prior to treatment, after one treatment
with clay, and after two treatments with clay, the total phosphorus and volatile
phosphorus content of each sample was measured using ICP Spectroscopy, as shown
in Table 7. In Table 7, the subscript 0 sample is the untreated sample, the subscript 1
sample is after the primary treatment, and the subscript 2 sample is after the second
treatment with acid activated clay.

TABLE 7 - Total Organic Phosphorus Concentration, Volatile Phosphorus
Concentration, and the Reduction in Volatile and Total Phosphorus in Frac Fluid
Flow Back Samples Before Treatment, After One Treatment, and After Two
Treatments with Acid Activated Clay

Value Sample of Frac Fluid Flow Back

A A | A | B | B mmmm—m
05

—

"TotalP(ppm) [ 653 [ 32 [ 0 [706] 35 114 | 2.0 nmmnm
Reductlon in Total -“m- 05 100 98 | 100 | 97 | 100 m 100
P (%

VolatlleP Volatile P (ppm) | 10.6 | 1.35 025 13.1 10.3 {135 028 | 140 | 046 | 046 | 73 | 1.1 | 0.45 |

A Bl 0l I il el
Volatile P (%

[0039] As shown in Table 7, there was 100% reduction in total phosphorus content

(within the detection limits) and 94 — 98% reduction in volatile phosphorus content of
each fracturing fluid flow back sample after two subsequent treatments with acid
activated clay. The volatile phosphorus content was lowered to < 0.46 ppm for each
sample of fracturing fluid flow back, which is below the upper limit of 0.5 ppm as set by
the Canadian Association of Petroleum Producers for volatile phosphorus in crude oil.

[0040] For three of the samples, a total metal scan was performed for the untreated
samples, the samples after one treatment with clay, and the samples after two
treatments with clay, as shown in Table 8.

-13 -
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TABLE 8 - Concentration of Various Metals in Frac Fluid Flow Back Samples

Metal | Concentration of Metal in Frac Fluid Samples (ppm

- Co | C | C | Do | Dy |D;| Eo [ Ey | Ep
Al mlemmzm 00| 04 /00/00
B 0.2 0.2 | 0.0 m
0.1 [ 01 [ 0.0 [0.1] 06 [0.1

01 0.0 mm 0.8 [0.0[00

{

OO
0|0 [®
o|o|=|o
N PTG NN I

010101 /01]01]010.0{0.0;
Cr_| 02 [00]00] 04 [00_ oo 0.0 1 0.0/ 0.0
Cu | 01 |01 ] 0.1 ]160.0 0.0 02 |0.0|0.0
Fe 1115.0[00 | 00| 87 |00 [0.0] 11 [0.0]00
Mg |69 |03 - {04 | | [04]
Mn | 05 |01]/01] 00 |01[{01]01]0.0;0.0
Mo | 00 [ 01]00] 25 0.1 0.1] 0.0 0.1
Na -*00 - 166 ] - | -
P 114.0 | 0.0 | 0.0 | 122.0 22 0.0 0.1 [0.0]0.0
vP 1 213/00]/03176 [ 021015570303
Pb -mm 0.0
S | - 1235/240| - [452]00]| - [00/0.0
'Si | 07 (00|00 04 |00[00]|00(00/00
Sn__| 00 | 0.0 00] 00 [00]0.1]0.0]0.0][0.

, Ti 0.5 mmmmmm 0.0

[0041] As shown in Table 8, the metal analysis reveals that the acid activated clay
removes phosphorus and volatile phosphorus (vP) as well as several metals when they
are present in the fracturing fluid flow back, including calcium, chromium, copper, iron,
silicon, titanium, vanadium, and zinc.

TABLE 9 - Color and Transparency of Fracturing Fluid Flow Back Samples Before
and After Treatment with Acid Activated Clay

Sample | Color of Sample Transparency of
e o lcample
Dark Brown Opaqgue
=Yellow
Light Yellow Clear
Bo Dark Brown Opaque
B, Light Orange Clear
B,
| Co Black Opaque
oF Orange Clear

- 14 -
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Clear

__ [Clear |
| Dark Brown Cloudy i
Orange Clear |
Yellow ___|Clear
| Brown | Cloudy |
. | Yellow Clear
= | Light Yellow | Clear |

[0042] As shown in Table 9, after treatment with acid activated clay, each fracturing fluid
flow back sample went from a dark opaque or cloudy color to a clear yellow or orange
color after one treatment, and an even lighter clear yellow liquid after two treatments with
acid activated clay, indicating the removal of phosphorus and metals.

EXAMPLE 4

[0043] This example shows the effect of treatment of a recovered field sample of broken
frac fluid with various concentrations of acid-activated clay and a varying contact time.

[0044] In this example, a field sample of broken frac oil was divided into 300 mL
samples that were treated with a fine powdered bentonite acid-activated clay (Optimum-
33) at 17°C to make a slurry that was continually stirred for a given period of time and
then vacuum filtered to remove the solids. The total phosphorus content and volatile
phosphorus content of each frac oil sample before and after treatment with the clay was
measured using ICP spectroscopy.

[0045] As shown in Table 10, in the first part of this experiment, the time of contact
between the frac oil and acid activated clay was kept constant at one hour while the ratio
of clay to frac oil was varied.

TABLE 10 - Total Phosphorus Content, Volatile Phosphorus Content, and The
Percent Removed Of Both Total And Volatile Phosphorus From Recovered Frac
Oil After Treatment With Various Concentrations Of Acid-Activated Clay

| Ratio of Clay to | Total ' Volatile | Total Volatile |
Frac Oill Phosphorus Phosphorus Phosphorus Phosphorus
IJQL‘IOO mL) (ppm) | (ppm) Removed (%) | Removed (%) |
0.00 73.0 043 0 0
0.75 _‘ ~ 26.6 2.24 64 79
150 10.9 | 0.80 85 02 :'
1300 1 3.24 0.75 06 93 |

Tem P s e v e et BNV Vi, R M A A s R S e TS i SR WA A AR AT . MR Ty, LT A P B B M0 S e, AN N I s e N SO RGN DAt T T . R A R Y N T TS 7 230 TR NI TR - s e et e
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[0046] As shown in Table 10, the amount of phosphorus and volatile phosphorus
removed from the frac oil increased as the ratio of clay to frac oil increased. However,
when the ratio of clay to frac oil increased from 1.50 g/100mL to 3.00 g/100mL, there
was only a slight increase in the amount of volatile phosphorus removed from the frac

oil.

[0047] As shown in Table 11, in the second part of this experiment, the time of contact
between the frac oil and acid activated clay was varied as well as the ratio of clay to frac
oil. These results showed that a longer treatment time of 3 hours with a lesser
concentration of 2 g/100 mL clay to frac oil was as effective at removing all the
phosphorus in the frac oil as the double treatment of one hour each with 3 g/100 mL clay
to frac oil as shown in Example 3. As the concentration of clay decreased further from 2
g/100 mL and the contact time increased from 3 hours, the removal of phosphorus is
only partially complete.

TABLE 11 - Comparison of Clay to Frac Oil concentration and Reaction Time

Ratio of Clay Time of Total Volatile Total Volatile

to Frac Ol Contact Phosphorus | Phosphorus | Phosphorus | Phosphorus
(/100 mL) (hrs) (ppm) (ppm) Removed Removed
0.0 | 0 730 | 1043 | O | 0
20 2
2.0 3 | o | o | 100 | 100
2.0 4 o | 0 100
3.01 0.60 _ 96 94

1.0 6 13.4 1.52 82 85

0.5 - 6 46.7 6.27 36 40
Re-Use Test

[0048] The solids from a previous test were collected by fiitering and reused at the same
rate as they were previously but applied in fresh oil. The results were analyzed as
previously for total and volatile phosphorus as shown in Table 12. The results show that
the capability of the clay to remove phosphorus with successive washes decreased over
2 cycles from 100% removal of volatile phosphorus with a first wash to 72% with a
subsequent wash. Note that the concentration of clay in oll in subsequent washes was
lower because of losses from the filtration process.
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TABLE 12 - Laboratory Re-Use Test

Clay Time TotalP Volatile P % total % volatile
3/100 mi hrs apm opm Removed Removed
0 0 73 10.43 0% 0%

2 4 4.41 0 94% 100%
1.5 4 30.3 2.95 58% 72%

BULK FIELD TRIALS

[0049] A field trnal was conducted utilizing recovered frac fluid that had been stored in a
53 m° tank. The total initial volatile phosphorus concentration measured within the
recovered frac fluid was measured as 23 ppm and the total phosphorus' concentration
was 180 ppm.

[0050] Acid Activated clay (BASF F110) was introduced into the tank through a top
hatch and continuously agitated using air to effect mixing and circulation of the clay
within the tank. Samples from the tank were taken every 30-45 minutes. The samples
were centrifuged to remove solids and water and the samples were analyzed by various
methods for total and volatile phosphorus. As shown in Table 13 and Figure 3, the
analysis showed a general decrease in total and volatile phosphorus over time.

TABLE 13- Field Trial Total and Volatile Phosphorus at Time

Contact time (Min Total P (ppm)(Test 2) | Volatile P (T Lestﬂ
o T 320 187 367

45 346 135
115 | 354 103 27 1

135 340 135 32
| 165 | 347 121 11: 323 ‘
195 Il 301 121 257

[0051] A further test of the 195 minute sample with an additional 2g/100mi of F110 clay
caused the solution to gel. This observation indicated that it is important that a balance
between the total amount of clay added to the sample and the mixing velocity must be
maintained at a level that does not adversely affect the ability of the reaction to proceed.

-17 -
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That is, the viscosity of the solution must not be too high to impede mixing and hence
affect extraction of phosphorous compounds.

Field Reusability Test

[0052] 200 ml samples of the bulk flow back fluid were also treated with 4 grams of acid
activated clay (2g of clay/100ml) to compare the effectiveness of different clay products
including Refoil Optimum 33 (O-33) and BASF F110 in successive washings. As shown
in Table 14, the fluid samples were incubated with O-33 or F110 clay for 4 hours each,
filtered to collect the filtrate for analysis of total and volatile phosphorus wherein the
filtered solids were re-used with fresh or untreated flow back fluid.

TABLE 14- Comparison of O-33 and F110 Clays in Successive Treatments of Bulk
Fluid in Removing Total and Volatile Phosphorous

Re-Use Test
Clay Clay |[cycles| Time | Total P | Volatile | % total % volatile
(g/100 ml (hrs) | (ppm) P Removed | Removed
of oil

w

0%
100%
69%

0%
100%
76%

10.4
]
2.47
312 0% 70%
0 100% 100%
61%

w|
w| o

n
—
-
o

O
X
W

M| M
-] -
-]
!!

[0053] As shown, the capacity of the two clays is different over successive treatments.
0O-33 can absorb approximately 6.2 mg of phosphorous per gram of clay and the F110
only 5.8 mg of phosphorous per gram of clay after 3 treatments.

[0054] In other words, after 3 treatments, the O-33 remained effective in removing 70%
of volatile phosphorous whereas the F110 could only remove 5% volatile phosphorous.
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Capacity Confirmation Test

[0055] Two sets of tests were run with a low concentration of clay. In the first test, 1
gram of F110 clay per 100 ml of oil was prepared and stirred for 3 hours. The clay was
filtered and the phosphorus measured. The once-treated oil was then re-treated with
fresh clay at a concentration of 1 g per 100 mi for 3 and 4 hours respectively. As shown
in Table 15, at a relatively low concentration of F110 clay (1g/100ml), a high level of total
phosphorus and volatile phosphorous removal was achieved with a total incubation time
of 7 hours (3 mg/g of clay in 7 hours).

TABLE 15 - Phosphorous Removal with Low Cilay Concentration and 3 hour

Incubation

[Clay] Clay Time | Total P | Volatile | % total %

(9/100 (hrs) | (ppm) P Removed | volatile

ml oil opm Removed
0 | Nore | O | o0 | 73] 1043] 0%| 0%
1 | FMo | 1 | 3 | 4] 515| 425%| 50.6%

F110 2 02.5% 100.0%
1 [ F1t0 | 2 | 4 | 55| O] 925%| 100.0%

[0056] In the second case, 1 g of O33 clay/100ml of oil was incubated for 24 hours.
After 24 hours, the clay was filtered and the total and volatile phosphorus was
measured. The once-treated oil was then re-incubated with fresh clay at a concentration
of 1 g of clay/100 ml of oil for another 24 hours, filtered from the oil and the total and
volatile phosphorous measured. As shown in Table 16, the O33 clay was effective in

removing 5 mg phosphorous/g of clay.

TABLE 16 - Phosphorous Removal with Low Clay Concentration and 24 Hour

Incubation

[Clay] Time | Total P | Volatile | % total %
(9/100 (hrs) P Removed | volatile
of oil Removed

0 [ None | O | O | 73] 1043] 0%| 0%
1 | 033 | 1 | 24 | 213] 095] 708%| 90.9%
1 | o33 | 2 | 24 | o] o] 1000%| 100.0%

- 10 .
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[0057] In comparing the results from Tables 15 and 16, the amount of volatile
phosphorous removed in the 24 hour test was higher than the amounts removed in the
equivalent 3 and 4 hour tests previously run. Thus, a single 24 hour treatment was
effective in reducing the volatile phosphorous values into an acceptable range.

 Qil-Dri Acid Activated Agents

[0058] The effect of two oil acid activated agents was also investigated. Oil-Dri — Select
350™ is a magnesium aluminum silicate based product and Perform 6000™ is a hormite
and smectite based product. As shown in Table 17, these agents were incubated with
field oil samples at the concentrations and for the times shown, and despite an
expectation that they would be effective in phosphorous removal were shown as not
effective.

TABLE 17 — Effect of Qil-Acid Activated Agents on Phosphorous Removal

[Clay] Time | Total P | Volatile | % total %
(g/100 (hrs) P Removed | volatile
ml) Removed

0 [ None | 0 [ o | 73| fo43]  ok] 0%
2 [ Peooo | 1 | 5 | eo7| sos| 168%] 1ae%
peo00 |1 | 5 | 46| aos| arow| sasw%
530 |

2,
W
O
SIle

Conclusions

[0059] The use of acid-activated clays are effective in removing total phosphorous and
volatile phosphorous from fracturing fluids. Treatments may include multiple incubation
steps at shorter incubation times, or single incubation steps for longer periods of time.
The concentration of clay within the samples may be varied depending on the clay
removal capacity of the specific clay. Particle size can also be varied to effect improved
separation. Attapulgite or bentonite acid-activated clays are particularly effective.The
process is also effective in removing metals and improving the optical clarity of oils.

-20 -
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CLAIMS

1. A process for treating a hydrocarbon oill contaminated with phosphate esters or
phosphorus-containing hydrolysis products thereof, as a result of hydraulic fracturing, the

process comprising the steps of:

a) adding an acid activated clay to the hydrocarbon oil to create a hydrocarbon

oll and clay slurry:

b) mixing the hydrocarbon oll and clay slurry; and

Cc) separating the hydrocarbon oil and clay slurry to form a separated clay
containing the phosphate esters or phosphorus-containing hydrolysis
products thereof and a hydrocarbon oil component wherein the hydrocarbon
oil component is substantially free of the phosphate esters or phosphorus-

containing hydrolysis products thereof.

2. The process as in claim 1 further comprising the steps of:

d) adding a second acid activated clay to the hydrocarbon oil component from

step c) to create a second hydrocarbon oil and clay slurry;

e) mixing the second hydrocarbon oil and clay slurry; and,

f) separating the second hydrocarbon oil and clay siurry to form a second

separated clay containing the phosphate esters or phosphorus-containing
hydrolysis products thereof and a second hydrocarbon oil component wherein the
second hydrocarbon oil component is substantially free of the phosphate esters

or phosphorus-containing hydrolysis products thereof.

3. The process as in claim 1 or clam 2 wherein step b) is performed for a time
sufficient to effect greater than 99% decontamination of the phosphate esters or

phosphorus-containing hydrolysis products thereof after step c).

- 21 -
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4.  The process as In any one of claims 1-3 wherein the acid activated clay is a fine

powder having an average particle size between 10 and 50 um.

5.  The process as in any one of claims 1-4 wherein the acid activated clay is any one

of or a combination of montmorillonite, bentonite and attapulgite clay.

6. The process as in any one of claims 1-5 wherein the acid activated clay is added to
the hydrocarbon oil or the hydrocarbon oil component at a concentration of 1 — 5 % by

weight.

/. The process as In clam 6 wherein the acid activated clay is added to the
hydrocarbon oil or the hydrocarbon oil component at a concentration of 2 — 3 % by

weight.

8. The process as Iin any one of claims 1-7 wherein the hydrocarbon oil and clay
slurry is mixed for a time sufficient such that the content of the phosphate esters or
phosphorus-containing hydrolysis products thereof is less than 0.5 ppm in the

hydrocarbon oil component.

9. A process for treating a recovered fracturing fluid, the fracturing fluid comprising
hydrocarbon oil contaminated with phosphate esters or phosphorus-containing hydrolysis

products thereof from a fracturing process, comprising the steps of:

a) dewatering the recovered fracturing fluid; and

b) mixing the recovered fracturing fluid from step a) with an acid activated clay; and

c) separating the recovered fracturing fluid from the acid activated clay of step b) to
form a separated clay containing the phosphate esters or phosphorus-containing
hydrolysis products thereof and a hydrocarbon oil component wherein the
hydrocarbon oil component is substantially free of the phosphate esters or

phosphorus-containing hydrolysis products thereof.

_ 929 .
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10.  The process as in claim 9 wherein step b) is performed for a time sufficient to effect
greater than 99% decontamination of the phosphate esters or phosphorus-containing

hydrolysis products thereof after step c).

11. The process as in claim 9 or claim 10 wherein the acid activated clay is a fine

powder having an average particle size between 10 and 50 um.

12. The process as In any one of claims 9-11 wherein the acid activated clay is any

one of or a combination of montmorillonite, bentonite and attapulgite clay.

13.  The process as in any one of claims 9-12 wherein the acid activated clay is added

to the fracturing fluid at a concentration of 1 — 5 % by weight.

14. The process as In claim 13 wherein the acid activated clay is added to the

fracturing fluid at a concentration of 2 — 3 % by weight.

15.  The process as in any one of claims 9-14 wherein the fracturing fluid and the acid
activated clay are mixed In step b) for a time sufficient such that the content of the
phosphate esters or phosphorus-containing hydrolysis products thereof is less than 0.5

ppm In the hydrocarbon oil component.

16. The process as in any one of claims 1 to 8 wherein prior to step a) the hydrocarbon

oll is subjected to a dewatering process.

17. The process as in any one of claims 1 to 8 wherein steps a) to ¢) are conducted at

a temperature between room temperature and 68°C.

18. The process as in any one of claims 9 to 15 wherein steps b) to d) are conducted

at a temperature between room temperature and 68°C.

19. A process for treating a recovered fracturing fluid, the fracturing fluid comprising
hydrocarbon oil contaminated with phosphate esters or phosphorus-containing hydrolysis

products thereof from a fracturing process, comprising the steps of:

.23 .
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a) dewatering the recovered fracturing fluid; and

b) passing the recovered fracturing fluid from step a) through a tower or packed filter

containing beads of acid activated clay for a time sufficient to effect removal of
the phosphate esters or phosphorus-containing hydrolysis products thereof from
the hydrocarbon oil and wherein recovered fracturing fluid from the tower or
packed filter is substantially free of the phosphate esters or phosphorus-
containing hydrolysis products thereof and wherein the separation of the
phosphate esters or phosphorus-containing hydrolysis products thereof from the

hydrocarbon oil occurs within a hydrocarbon phase.

- 24 -
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