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1. Phosphonate-Based

2. Carboxymethyl Inulin, CMI

3. Polyepoxysuccenic Acid, PESA

4. Poly Aspartic Acid, PASP

5. Jar Test

6. MIC

7. X-Ray Diffraction, XRD

8. Scanning Electron Microscopy (SEM)
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1. Scale

2. Threshold Inhibition
3. Crystal Modification
4. Dispersion
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Introduction

Oneofthe mostcommon EOR (Enhanced Oil Recovery)
methods is waterflooding by seawater injection to
maintain reservoir pressure and oil displacement.
Mineral scale formation is a severe drawback in
waterflooding process which may lead to formation
damage in the reservoir, flow loss or blockage in flow
lines and equipment, and severe accidents, which can
influence the safety of the production and the economic
benefit of the petroleum industry as its drawbacks
[1,2]. Therefore, due to high potential in reservoirs
and their low solubility and the associated problems to
remove them, scale management and mitigating using
chemicals called scale inhibitors (SI) is a well-known
common method in the industry. For Sls, according
to PARCOM (Paris Commission), biodegradability,
bioaccumulation, and toxicity are three criteria which
are indispensable to be considered green. Therefore,
an ideal SI should be non-toxic, biodegradable and
shows no bioaccumulation [ 1].

In Iran’s petroleum reservoirs which are mainly
affected by calcium carbonate and sulfate mineral
scale formation [3], the use of green inhibitors would
have great implications. In the present work, inhibition
efficiencies of two different green scale inhibitors are
investigated at elevated temperatures and atmospheric
pressure condition to select the optimum one and its
mitigation mechanisms. Three distinct mechanisms are
envisaged for scale inhibitors: a) threshold inhibition,
b) crystal modification, c) dispersion [4] according to

Accepted: February/14/2021

XRD (X-Ray Diffraction) analyses, since it would be
beneficial to select the best inhibitor.

Materials and Methods

Laboratory static jar tests were performed over a period
of three days, to estimate and compare two green scale
inhibitors efficiency for each of calcium carbonate
and calcium sulfate deposits as well as mixed calcium
carbonate and calcium sulfate deposit formation, when
two different synthetic brines (Table 1) were mixed
at atmospheric pressure and a temperature of 90°C.
Finally, filtration was taken place by 0.2 um cellulose
acetate filters to weight the deposited precipitation and
determine the SIs efficiencies.

Table 1 Experimental brines conditions for every considered

scale
oncentration [Ca?*]|[HCO,]|[SO,]
Scale (mg/L) (mg/L) (mg/L)
Calcium carbonate 7100 130
Calcium sulfate 7100 - 3579
Calcium  carbonate/sul-
7100 130 3579

fate

The inhibition efficiency is determined by the follow-
ing equation [5]:

_my—m
%NE —7’"0 x 100 (1)
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where %E is the scale inhibitor efficiency in percentage;
m and mO are the mass of the scale (mg) precipitates
in water with and without inhibitor, respectively.
Moreover, the crystallography of scales was carried
out using X-Ray Diffraction Bruker D8 advance.

Results and Discussion
Inhibition Efficiency

Tables 2 and 3 present the inhibition efficiency of two
green Sls against calcite and gypsum for a specific
amount of every SI (300 mg/L). Table 2 demonstrates
that SI (A) is remarkably efficient compared to (B)
at calcite inhibition as well as gypsum, though in the
co-deposited system, (B) inhibits efficiently due to
complex simultaneous chemical reactions taken.

Table 2 Inhibition efficiency for scale inhibitor (A)

Scale Dosage(mg/L) | %E

Calcium carbonate 300 86.11
Calcium sulfate 300 60.81
Calcium carbonate/sulfate | 300 35.99

Table 3 Inhibition efficiency for scale inhibitor (B)

Table 4 also shows the inhibition efficiency of a
phosphonate-based commercial scale inhibitor (C),
which states that in comparison with green Sls, fewer
amounts of these kinds of scale inhibitors (75 mL/L)
are consumed for reasonable inhibition efficiency.

Table 4 Inhibition efficiency for scale inhibitor (C)

Scale Dosage (mL/L) | %E
Calcium carbonate 75 -30.56
Calcium sulfate 75 99.54
Calcium  carbonate/sul- 75 91.60
fate

Additionally, a significant finding is given in Table 4
which is the negative value of calcite inhibition ef-
ficiency and less value of co-deposited compared to
gypsum inhibition efficiency, this inhibitor is just gyp-
sum inhibitor thus promote calcite formation instead
of its inhibition.

Scale Crystallography

For inhibited calcite deposition, scale crystallography
is analyzed by XRD results (Figures | and 2). These
figures show a reasonable agreement with obtained
experimental results presented in the previous section

Dosage (Tables 2 and 3) in the way that more calcite is
Scale %E substantially mitigated and deformed to inhibitors’

(mg/L) organic derivatives by scale inhibitor (A) compared
Calcium carbonate 300 19.04 to (B). Moreover, threshold inhibition mechanism is
Calcium sulfate 300 10.77 considered for bpth green SIs since they extremely

decrease the calcite formation potential.
Calcium carbonate/sulfate 300 43.17
Courts
300 —{=mpel-2
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Fig. 1 Calcite inhibition by inhibitor (A)
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Fig. 2 Calcite inhibition by inhibitor (B)

On the other hand, gypsum inhibition by (A) and (B)
is demonstrated in Figures 3 and 4, respectively. From
Figure 4, it could be inferred that the mechanism of
inhibitor (B) is crystal modification in the result of
bassanite presence as an immature crystal form of

gypsum. However, mechanism of A inhibitor (Figure
3) is considered threshold inhibition as justified for
calcite inhibition.

The mitigation of mixed calcium carbonate and calcium
sulfate scale formation was shown in Figures 5 and 6.
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Fig. 3 Gypsum inhibition by inhibitor (A)
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Fig. 4 Gypsum inhibition by inhibitor (B)
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It should be mentioned that the dominant scale formed
in this system, is gypsum. Therefore, similar inhibition
performance described for gypsum would be expected
to observe. In other words, inhibitor (A) is able to be
considered as a practical green SI for both calcite and
gypsum inhibition process (Figure 5).

Conclusions

The main findings of this study are as follows:

* For a certain amount of green SI (300 mg/L),
inhibitor (A) performs effectively compared to (B) for
both calcite and gypsum scaling, though in the case of
co-deposited scaling, (B) is more efficient.

* Although, the commercial scale inhibitor (C) inhibits
gypsum formation, but it promotes calcite formation.
In other words, calcite presence would interfere in
gypsum inhibition.

* The threshold inhibition mechanism is considered for
both green scale inhibitors against calcite as well as
gypsum inhibition mechanism by (A), while the crystal
modification is offered to be the prevailing mechanism
for (B) against the gypsum formation.

* For the mixed salt scale formation, gypsum is the
dominant scale which is efficiently inhibited by (A) as

|[.|.. ] Lu“ il i e s iiutoli
T T T

eh] L1/] L) ]

Paositian |*2Theta] [Copper [Cul

a feasible green SI.
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