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Chemical flooding has been widely used in the oil industry since the 1980s for enhanced oil recovery
(EOR) process. Previous studies have shown that the effectiveness of calcium carbonate scale inhibitors is
affected by many factors, such as water composition, system pressure, temperature, production rates, pH
etc. The breakthrough of the EOR chemicals in the production well could also affect scale formation
process and interfere with the scale treatment program as well. However, the studies on the impacts of
injected EOR chemicals to scale inhibitor performances are very limited. This paper presents the
comprehensive laboratory study on the impacts of the EOR chemicals on CaCOs scale formation and
prevention using static bottle and dynamic tube blocking methods. The EOR chemicals used in this study
are a combination of surfactants and polymers. Three different types of inhibitors were evaluated: tri-
phosphonate, penta-phosphonate, and polyacrylate based chemicals. Inhibition (%) from the bottle test
and minimum effective dose (MED) based on the tube blocking method were determined for each in-
hibitor at 160 °F. Scale precipitates from the bottle tests were also characterized for morphology and
polymorphs using environmental scanning electron (ESEM) and X-ray diffraction (XRD) techniques.
Results suggest that the performance of scale inhibitors could be substantially affected by the EOR
chemicals. In dynamic tube blocking tests, the MED values of inhibitors were increased roughly 10 times
with the EOR chemicals. The static bottle tests showed considerable changes under the test conditions.
The impact of EOR chemicals were also demonstrated by the remarkable ranges of crystal morphologies,
changing from simple aragonite columns to nanorod, distorted spheroid, and flower-like superstructure

in the presence of EOR chemicals and inhibitors.
© 2018 Southwest Petroleum University. Production and hosting by Elsevier B.V. on behalf of KeAi
Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

of severe flow restriction. The CaCO3 scale forms when the solution
is supersaturated by the calcium ion with carbonate (Equation (1))

Calcium carbonate (CaCOs) is one of the primary scale types
occurring in the oilfield production wells and surface facilities.
CaCOs scale deposition in production facilities, such as downhole
tubing and pipelines, will bring potential production loss because
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or bicarbonate ion (Equation (2)).

Ca2+(aq) + CO32’(aq) —CaCOs(s) (1)

Ca** (aq) + 2HCO5 ™ (ag) — CaCOs(s) + CO4(g) + Hp0(1) 2)

In the past decades, many researchers have studied the ther-
modynamics or kinetics of calcium carbonate formation [ 1]. The four
main factors influencing CaCOs3 scale deposition in the oil and gas
industry are partial pressure of CO,, temperature, pH, and scaling
ions. Partial pressure of CO; and temperature will affect the kinetics
of scale formation. Pressure drop results in the loss of CO, from
aqueous solution. In this way, the driving force leads to the
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precipitation of the scale as shown in Equation (2). High temperature
is another driving force causing CaCOj3 scale deposition since high
temperature leads to faster kinetics. As the temperature increases,
the formation of scale will accelerate and precipitation may occur at
an earlier stage. Temperature will influence the thermodynamics of
the scale formation as well. Since the solubility of CaCO3 decreases as
the temperature increases, CaCOs crystallization frequently occurs
at high temperature. pH and scaling salts will also affect the thermal
dynamics of the CaCO3 formation. The solubility of CaCO3; decreases
when pH increases. CaCO3 will have earlier precipitation under
higher pH. Higher concentration of scaling ions such as Ca** and
HCO3 ion will result in higher supersaturation of scaling solution,
thus cause the early precipitation of CaCOs3 scale.

In general, scale-forming process include nucleation, crystal
growth and precipitation. With sufficient time and adherence onto
the surface, scale deposition will occur. Chemical treatment has
been used to prevent and remediate CaCOs3 scales formation. Lower
the pH of the solution contacting surface by acid is often used to
improve scale solubility. Chelating agent is used to complex calcium
ions. The antiscalants can be used in trace amount to disrupt
nucleation and growth of crystals which could otherwise agglom-
erate and form scale [2,3]. Polyelectrolytes and organophosphorus
are two types of commonly used antiscalants [4,5]. Over the years,
cost-effective mitigation programs in oilfield have been developed
and optimized [6—9]. The antiscalants could be applied by squeeze
treatment or continuous injection.

Laboratory studies and field observations have shown that the
effectiveness of scale inhibitor product is affected by many factors,
such as water composition, system pressure, hydrodynamics,
temperature, etc. Therefore, treatment programs have been
adjusted accordingly with the changes in production conditions.

Chemical flooding has been widely used in the oil industry since
the 1980s for enhanced oil recovery (EOR) process. The mecha-
nisms of these chemicals are well documented [10—14]. The addi-
tion of polymers is to increase the viscosity of the water phase,
thereby reducing the permeability of water to the porous rock and
creates a more efficient and uniform front to displace oil from the
reservoir. The addition of surfactants is to decrease the oil-water
interfacial tension, mobilize the remaining oil, and improve the
wettability of porous rocks, thereby allowing better displacement
of the oil by injected water.

Much of the previous scale studies related to the chemical EOR
were focused on the pH effects in alkaline-surfactant-polymer
(ASP) flooding. With the addition of NaOH or NayCOs, the pH of
the injected aqueous chemical solution is significantly elevated. The
scaling tendencies of pH sensitive compounds such as CaCO3 and
MgCO3 are considerably exacerbated [15—17]. Water could even
become supersaturated to magnesium hydroxide Mg(OH); [18,19].
Alkaline pH also leads to dissolution of quartz and clay minerals in
the reservoir, thereby increasing the dissolved silicate concentra-
tion in produced water. Changes in water composition, pH or
temperature, could result in the formation of amorphous silica or
magnesium/calcium silicate scale [20—22]. On scale control, Kar-
azincir et al. [15] examined the feasibility of using complexing
agents and scale inhibitors to prevent carbonate scale. They found
that high concentration of complexing agent (11,000 ppm) was
effective up to pH value of 10.5 in waters with 450 ppm bicarbonate
alkalinity and 1000 ppm divalent cations. With the addition of
200 ppm—500 ppm of phosphonate or polyvinyl sulfonate-based
scale inhibitor, the required complexing agent concentration was
reduced to 5500 ppm. Lo et al. [19] studied the scale control when
ASP was injected into a reservoir containing low salinity/low
divalent ion (Ca?* <100 mg/L) formation water. They found that
penta-phosphonate based inhibitor could provide effective control
under this particular field conditions; however, when the

previously injected seawater was also co-produced, scale control
was only achieved at limited formation water-seawater mixing
ratios [23]. Recently, Alwi et al. [24] evaluated alternative inhibitor
chemistries and examined the synergistic effects of different ad-
ditives to improve CaCOs scale control. The new formulations
showed much improved performance in high seawater content
produced waters. It should be noted that the EOR surfactants or
polymers were seldom considered in the previous studies due to
the overwhelming effect of high pH levels.

Although the majority of the injected surfactant and polymer
are consumed by reservoir rocks, they still can reach the production
wells at concentrations much higher than the applied scale inhib-
itor dosage. Unfortunately, there is little knowledge on the effect of
these chemicals on scale formation and prevention. The morpho-
logical phases of calcium carbonate scale are also related to the
synthesis conditions. Calcite, aragonite and vaterite are the three
crystalline structure of calcium carbonate scale exist in three
different polymorphs [25,26]. Although calcite is the most ther-
modynamically stable form of calcium carbonate crystals [27], the
thermodynamically less stable aragonite and vaterite may be sta-
bilized under certain conditions of temperature or in the presence
of other ions. It is well-documented that the presence of magne-
sium ion favors the precipitation of aragonite rather than calcite
[28—30]. The presence of magnesium ion inhibits the crystal
growth of calcites, while it is rarely affect the crystal growth of
aragonite [31,32]. In the presence of antiscalants, the crystal forms
will change [33—37] as well.

In this present work, the impacts on CaCOs inhibitor perfor-
mance in the presence of EOR chemicals have been investigated.
The CaCO3 morphology and mineralogy changes in the presence of
the EOR chemicals have also been discussed.

2. Experimental
2.1. Materials

The geochemical composition of test brine composition is listed
in Table 1. Synthetic brines were prepared with analytical grade
chemicals and double deionized water, and filtrated through the
0.45 um membrane filters for all tests. The EOR chemical tested in
this study was a mixture of partially hydrolyzed polyacrylamide
and surfactants. It was tested at the estimated peak breakthrough
concentrations, i.e, 200mg/L of partially hydrolyzed poly-
acrylamide and 150 mg/L of surfactant. Three scale inhibitors
evaluated in this study were tri-phosphonate based inhibitor,
penta-phosphonate based inhibitor, and polyacrylate based inhib-
itor. All tests were conducted at 160 °F (71 °C).

2.2. Dynamic tube blocking tests

Dynamic tube blocking test is one of the main testing

Table 1

Geochemical composition of test water.
Ion mg/L
Na* 19,047
K" 703
Mg?+ 1286
Ca*t 3942
Sr2* 62
Ccl- 39,119
Nory 1847
HCOs3 500
TDS 66,530
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Table 2

Summary of dynamic tube blocking test conditions.
Scaling coil length 1m
Scaling coil ID 1 mm
Scaling coil metallurgy Monel
Back pressure 250 psi
Combined flow rate 10 mL/min

Inhibitor run duration
Failure criteria

~3X blank scaling time
Increase in AP > 1 psi

methodologies used in the oil and gas industry for measuring the
inhibition efficiency of scale inhibitors [38]. In this test, blank runs
(without scale inhibitor and EOR chemicals) were performed first
to determine the brine scaling time. Bicarbonate concentration
would be adjusted if the scaling rate was too slow. Test duration for
subsequent inhibitor runs was circa three times of blank scaling
time. All inhibitors were tested at 15 mg/L initially, and then
changed accordingly for the determination of the minimum effec-
tive dose (MED). The system was cleaned thoroughly with acetic
acid and DI water after each run with the given inhibitor concen-
tration. The test conditions are summarized in Table 2.

2.3. Static bottle test method

In the static bottle tests, sample preparations were carried out at
room temperature (~72 °F). The test bottle was first filled with 50 mL
cation brine and then dosed with a pre-calculated amount of in-
hibitor. After adding 50 mL anion brine, the test bottle was quickly
capped, sealed and shaken to mix thoroughly. Before placing the
bottle into a preheated oven at 160 °F, ~15 mL brine was withdrawn
using a needle syringe for chemical analysis. After 24 h, test bottles
were visually examined for precipitates and then ~15 mL solid-free
brine was collected. The exact weights of brine samples were
measured to the second decimal (0.01 g) before analysis.

Oil field brines often contain a much higher calcium concen-
tration than bicarbonate alkalinity. The amount of CaCOs scale
formed in such brines will be limited by the available bicarbonate
ions. The percent change in Ca®>* concentration due to CaCOs3 pre-
cipitation would be much smaller than that of bicarbonate, ac-
cording to Equation (2). For example, if 50% HCO3 ions were
converted into CaCOs, in the test brine, Table 1, the decrease in Ca%t
concentration would be only 2.1%. Such a change is too small to be
determined accurately. Quantitation of inhibitor performance
based on Ca®* concentrations, as often used in industry, could
result in significant errors.

In this study, total alkalinity was used as the indicator for in-
hibitor performance. Total alkalinity is defined as [39]:

Alk] = [Hcogf] +2[co32*] + [OH*} - [H+] (3)

For each mole of CaCOs formed, one mole of Ca** and two
equivalent moles of alkalinity are consumed:

A[Alk] =24 [Ca2+] (4)

The above relationship is based on charge balance, as shown in
Fig. 1. [Alk.] is the difference between the base cations (Na*, K*,

Ca* Mg™ Na' K [H]

eq/L

HCO, | co,” cr S0 |oH]

Fig. 1. Charge balance in natural waters.
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Fig. 2. Dynamic tube blocking test results without scale inhibitor (with addition of
750 mg/L of HCO3).
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Fig. 3. Dynamic tube blocking test results with three different inhibitors without EOR
chemicals (Testing time: 120 min).
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Fig. 4. Test results for tri-phosphonate based inhibitor in the presence of EOR chem-
icals with various concentrations.
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Fig. 5. Test results for penta-phosphonate based inhibitor in the presence of EOR
chemicals with various concentrations.
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Fig. 6. Test results for polyacrylate based inhibitor in the presence of EOR chemicals
with various concentrations.
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Fig. 7. Test results showing the increased scaling time with polyacrylamide based
inhibitor concentration.
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100 —
80 r
M 2mg/L
@ 5mg/L

% 60 O 10mg/L
S O 20mg/L
=
£ 40 ¢

20

0
Tri-phosphonate Penta—phosphonate Polyacrylate
(a)

100

80 r

60 r
IS B 2mg/L
£ @ 5mg/L
3 40 1 O 10mg/L
E O 20mg/L

0
Tri-phosphonate Penta—phosphonate Polyacrylate

(b)

Fig. 8. Summary of static bottle test results based on alkalinity measurements. a)-
without EOR chemicals; b)- with EOR chemicals.

SAnions(inmole/L) = [HCO{] +2 [cof*] + [OH’] + [cr]
42 [5042*} (6)
The charge balance leads to:
[Alk] = 2[Ca*| +2[Mg*| + [Na*] + [K*] - [ar]
+2 [5042*] (7)

Total alkalinity can be easily determined by titration method. In
this study, it was measured by titrating the samples with a 0.020 N
sulfuric acid standard solution to the end point of pH 4.5. The
percent inhibition was then calculated using the following
equation:

[Alk.]fsample] - [A”(.chlank]
[Alk.]ibla”k} . [Alk.]fblank}

Inhibition(%) = x 100 (8)

Summary of the MED values determined from the dynamic tube blocking tests.

Scale Inhibitor

MED Values (mg/L)

Without EOR Chemicals

With EOR Chemicals

Tri-phosphonate based inhibitor <2mg/L 15—-20 mg/L
Penta-phosphonate based inhibitor 2—-5mg/L 40—50 mg/L
Polyacrylate based inhibitor 10—15mg/L >100 mg/L
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where [Alk.]; $3™P' —total alkalinity in the treated sample at

t=24h, [AIK.]f blank _ tta] alkalinity in the blank sample (no ad-
ditives) at t=24h, and [Alk.]??"K = total alkalinity in the blank
sample at t=0.

2.4. CaCOj3 precipitate characterizations

At the end of bottle test, the brine solution was filtrated
through a 0.45 um filter. The retained solids were washed with DI
water to remove residual dissolved salts and dried at 100 °F
overnight for instrumental characterizations. The shape and sur-
face morphology of precipitates were examined using an envi-
ronmental scanning electron microscope (ESEM) operating at
15 kV in 0.15 torr water vapor pressure. Energy-dispersive spec-
troscopy (EDS) analyses were performed for chemical composi-
tions. Samples with similar precipitate shapes were combined to
obtain adequate quantity for phase identification by XRD. The XRD
patterns were collected on a Rikagu powder X-ray diffractometer
with Cu-Ka radiation (40 kV, 40 mA). Using the search-match
capabilities of XRD software JADE 9.1+, all diffraction peaks were
identified. For samples with more than one mineral phase, the
relative weight % of each phase was quantified using the Rietveld
refinement method.

3. Results and discussion

Chemical analysis results showed that the additives at the tested
concentrations had little effect on brine pH and alkalinity. There-
fore, the changes in scale inhibitor performances reported in this
section should be caused by the interference of the EOR chemicals
with reaction kinetics, rather than alteration in the thermodynamic
driving force.

3.1. Effects on CaCO3 deposition in dynamic tube blocking tests

In the dynamic tube blocking test, no AP changes were observed
over 90 min with the original test brine, Table 1, in repeated runs.
The HCO3 concentration was increased gradually to accelerate the
scaling process. At 750 mg/L HCO3, blank scaling time was short-
ened to ~40 min.

With the addition of EOR chemicals, scaling time was extended
to over 50 min, Fig. 2. This could be caused by either the postponed
CaCOj3 precipitation or the changes of precipitate's shape and sur-
face property, which delayed the CaCO3 deposition or slow growth
rates.

Test results on scale inhibitor performance are shown in
Figs. 3—6. The test duration for each inhibitor concentration was

Counts
N
()

A

iy ,

| "h‘ N
/Y WJVIL\J ‘\J v UJ \,"‘wn'bu \f\‘/.‘ Y "«‘J"‘\J"

00-061-0390>Aragonite-CaCO,

. L 1 1

10 20 30

40 50 60 70

Two Theta/deg

(c)

Fig. 9. ESEM and XRD analysis results of CaCO; precipitates from solutions without EOR chemicals; a)- precipitates without inhibitor; b)- precipitates with 2 mg/L penta-

phosphonate based inhibitor; c)- XRD of precipitates in image b).
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fixed at 120min. In the absence of EOR chemicals, the tri-
phosphonate based inhibitor was effective at concentrations
down to 2 mg/L, Fig. 3. The polyacrylate based inhibitor was much
less effective. At 15 mg/L, AP started to increase after 80 min and
reached 0.2 psi at the end of test run. At 10 mg/L, it failed after
104 min. For tests with penta-phosphonate based inhibitor, no AP
increases were observed at 15 mg/L, 10 mg/L and 5 mg/L. At 2 mg/L,
AP started to increase after 50 min and exceeded the failure criteria
of 1 psi after 100 min. The MED values were <2 mg/L for tri-
phosphonate based inhibitor, 2mg/L to 5mg/L for penta-
phosphonate based inhibitor, and 10 mg/L to 15 mg/L for poly-
acrylate based inhibitor.

Scale inhibitors became much less effective in the presence of
EOR chemicals. Tri-phosphonate based inhibitor failed at 15 mg/L
after 90 min and passed at 20 mg/L and 30 mg/L. There was no
deposition in the scaling coil at 30 mg/L, as indicated by the AP
profile, but a significant increase of AP was recorded at 20 mg|/L,
Fig. 4. Similarly, the MED value for penta-phosphonate based in-
hibitor was increased to 50mg/L, Fig. 5. The increases in AP
exceeded 1 psi after 84 minat 15 mg/L, 90 min at 30 mg/L, and
107 min at 40 mg/L. At 50 mg/L, AP was 0.2 psi after 120 min.
Polyacrylamide based inhibitor failed at all tested concentrations

up to 100 mg/L, Fig. 6, although the scaling times were gradually
increased with inhibitor concentration, Fig. 7.

Table 3 summarizes the MED values determined from the dy-
namic tube blocking tests. It can be seen that for all three inhibitors
tested, their scale inhibition efficacies were decreased roughly 10
times by the EOR chemicals under these test conditions.

3.2. Effects on CaCOs inhibition in static bottle tests

Static bottle test results also showed the adverse effects of the
EOR chemicals on scale inhibitor performances. The calculated in-
hibition (%) results based on alkalinity measurements are shown in
Fig. 8, which were in good agreement with the visual observations.

For tri-phosphonate based inhibitor and penta-phosphonate
based inhibitor, precipitates were only observed in the 2 mg/L
samples when no EOR chemicals were added; with the presence of
the EOR chemicals, precipitates were found in all samples. With tri-
phosphonate based inhibitor, the attained inhibition (%) was >80%
at 2mg/L and 100% at 10 mg/L and 20 mg/L without the EOR
chemicals, but it was reduced to < 10% at 2 mg/L, < 20% at 5 mg/L, <
50% at 10 mg/L, and <70% at 20 mg/L with the EOR chemicals added.
Penta-phosphonate based inhibitor and polyacrylate based

00-061-0390>Aragonite-CaCO,

00-005-0586>Calcite-CaCO,

10 20 30

40 50 60 70

Two Theta/deg

(c)

Fig. 10. ESEM and XRD analysis results of CaCO3 precipitates from solutions with EOR chemicals but without scale inhibitor. a)- ESEM image of precipitates; scale bar: 10 um; b)-

ESEM image of precipitates; scale bar: 5um; c)- XRD of precipitates in image b).
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inhibitor had even larger declines in the inhibition (%). The effec-
tiveness of polyacrylate based inhibitor was entirely erased by the
EOR chemicals. Actually, there were more CaCO3 formed at low
inhibitor concentrations (2 mg/L to 10 mg/L) than in the blank
samples. The inhibition (%) of penta-phosphonate based inhibitor
became negligible at 2 mg/L and 5 mg/L, compared to ~50% at 2 mg/
L and >95% at 5mg/L without EOR chemicals; at 10 mg/L and
20 mg/L penta-phosphonate based inhibitor concentrations, inhi-
bition (%) was decreased, respectively, from 98% to ~10% and from
100% to ~20%. For all three inhibitors tested, they were more
effective to CaCOj3 inhibition at 2 mg/L in solutions without the EOR
chemicals than at 20 mg/L with the EOR chemicals.

3.3. Effects on CaCO3 morphology and polymorph

The impacts of the EOR chemicals on CaCO3 formation and in-
hibition were also reflected in the ESEM and XRD analyses. Pre-
cipitates recovered from the samples free of the EOR chemicals
were primarily in the form of hexagonal columns, Fig. 9a, the
typical aragonite CaCOs formed at elevated temperatures. The
result is consistent with the observation that in presence of mag-
nesium ion favors the precipitation of aragonite rather than calcite
[28—30]. Low concentrations of scale inhibitors showed no strong
influence on the precipitate shape, Fig. 9b. The EOR chemicals, on

the other hand, resulted in a large variety of unique morphologies
and also the formation of calcite and vaterite crystals. With the EOR
chemicals alone, precipitates were primarily in the forms of short
cylinders and elongated rhombohedrons, Fig. 10a. The short cylin-
der crystals had ridged side and rough ends, Fig. 10b. XRD analyses
showed that the CaCO3 formed was about two-third aragonites and
one-third calcites, Fig. 10c.

New shapes of CaCOs3 precipitates emerged when scale in-
hibitors were also present. With polyacrylate based inhibitor,
elongated rhombohedrons were gradually replaced by nanorod
shaped crystallites, Fig. 11a. At 20 mg/L polyacrylate based inhibitor,
> 90% CaCOs3 crystals were in the form of disjunct nanorods,
Fig. 11b. All precipitates had aragonite crystal structure, Fig. 11c.

The combination of the EOR chemicals and tri-phosphonate or
penta-phosphonate based inhibitor led to the formation of disk
shaped crystals, Fig. 12a. Trace amounts of Mg, P, S and Cl elements
were detected by EDS in this type of crystals, Fig. 12b. Meanwhile,
the short columns formed in the inhibitor-free solution, as shown
in Fig. 9a, were developed into compact arrays of needle crystals
with similar lengths at inhibitor concentrations of 2 mg/L and 5 mg/
L. As inhibitor concentrations were increased to 10 mg/L and 20 mg/
L, the disks were evolved to distorted spheroids and the compact
needles were changed into loosely packed, Fig. 12c. At 20 mg/L tri-
phosphonate based inhibitor, flower-shaped superstructure was

(a) (b)
25 t ‘
"\ Wv\l || U ||
2 15 My "ﬁ\y \.” ‘
§ 10 } M Uﬂ"" V‘W i
5t
0 00-061-0390>Aragonite-CaCO,
10 20 30 40 50 60 70
Two Theta/deg
(c)

Fig. 11. ESEM and XRD analysis results of CaCOs precipitates from solutions with EOR chemicals and polyacrylate based inhibitor. a)- precipitates with 2 mg/L polyacrylate based
inhibitor; b)- precipitates with 20 mg/L inhibitor; c) XRD analysis of precipitates in image b).
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Fig. 12. ESEM, EDS and XRD analysis results of CaCO3 precipitates from solutions with EOR chemicals and tri-phosphonate based inhibitor or penta-phosphonate based inhibitor.
a)- precipitates with 2 or 5 mg/L inhibitor; b)- EDS of precipitates in image a); c)- precipitates with 10 or 20 mg/L inhibitor; d)- precipitates with 20 mg/L tri-phosphonate based
inhibitor; e)- XRD analysis of precipitates in image d).

also developed, Fig. 12d. All three CaCOs; polymorphs, aragonite, inhibitor concentrations, calcite and vaterite contents were about 7
calcite and vaterite, were identified by XRD analysis in these sam- and 40% with tri-phosphonate and 12% and 29% with penta-
ples, Fig. 12e, suggesting that the EOR chemicals promoted the phosphonate.

formation of calcite and vaterite. At low inhibitor concentrations The shape and ratios of crystal forms in deposited CaCO3; under

(2mg/L and 5mg/L), the precipitates consisted of approximately various conditions have been summarized in Table 4.
75% aragonite, 15% calcite, and 10% vaterite. At 10 mg/L and 20 mg/L
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Table 4

Summary of shape and ratios of crystal forms in deposited CaCO3 under various conditions.

Inhibitor EOR Chemical Shape of CaCO; Crystal Crystal Form of CaCOs3 (%)

Type Conc. (mg/L) Aragonite Calcite Vaterite
Blank 0 No hexagonal columns 98 2 0
Penta-phosphonate 2 No hexagonal columns 100 0 0

Blank 0 Yes Rigged short cylinders, elongated rhombohedrons 66 31 3
Polyacrylate 2,5,10 Yes elongated rhombohedrons gradually replaced by nanorods N/A N/A N/A
Polyacylate 20 Yes nanorods 100 0 0

Tri- and penta-phosphonate 2,5 Yes columns, disks, grains 75 15 10
Tri-phosphonate 10, 20 Yes Flower-shaped superstructure, spheroids, columns 57 7 40
Penta-phosphonate 10, 20 Yes spheroids, columns, dumbbells 59 12 29

4. Conclusions

A comprehensive study was performed to investigate the effects
of EOR chemicals composed of the mixture of partially hydrolyzed
polyacrylamide based polymer and surfactant on CaCOs scale for-
mation and scale inhibitor performance. The data shows that the
effectiveness of common scale inhibitor chemistries, such as tri-
phosphonate, penta-phosphonate, and polyacrylate, can be signif-
icantly deteriorated by the presence of EOR chemicals. Under the
specific test conditions in this study, their efficacies were reduced
on the order of 10 times. This could be caused by the decrease in
scale inhibitor interaction with the growing CaCOs crystals. It is
possible that the EOR chemicals, in particular surfactant, adsorb on
CaCOs3 surface and then prevent scale inhibitor molecules to reach
the active growth sites. The EOR chemicals may also combine the
scale inhibitor to form complexes, which are less effective for scale
inhibition. The strong interactions of the EOR chemicals with CaCO3
scale and scale inhibitors are also exhibited by the significant
changes in CaCO3 morphology and polymorph.

Results presented in this paper suggest that the selected EOR
surfactant and polymer combination could negatively affect the
scale inhibitor performance. To safeguard the production system
with adequate scale protection, the potential interference of the
EOR chemicals on incumbent scale treatment program should be
evaluated and a new inhibitor treatment program should be pro-
actively developed.
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