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[. INTRODUCTION

Water injection is often used to keep maintaining
reservoir pressure. Injected water (highin sulphate) mixes
with formation water (highin barium) leading to the depo-
sition of barium sulfate scalein the near wellbore, reser-
voir, production tubulars and topside equipment. Barium
sulfate scaleisunique scale deposit and the least soluble
of the scales. The deposition of oil field scaleisapoten-
tially damaging problem which reducesfluid flow result-
inginadeclineinoil production.

The best approach to solving the problems of scale
formation is to prevent or inhibit deposition and thisis
more effective than scale removal. The use of scale
inhibitor can be effective method for preventing scale
although their effectivenessis controlled by experimen-
tal conditions. Therefore, it is very important to know
factors that influence barium sulfate scale. The main
topic of this paper is “ The Influence of pH and Con-
centration of Inhibitor Solution - Tests on Change
of Barium Sulfate Scale Morphology by Using Scan-
ning Electron Microscope” .

Hopefully, the results of laboratory test presented
thispaper give useful and valuableinformation not only
for LEMIGAS, but alsofor oil industry, chemical manu-
facturersand universities, then other ingtitutions.

1. SCOPE OF LABORATORY TESTS

To see the change of barium sulfate scale morphol-
ogy caused by pH and concentration of inhibitor, the scope
of laboratory tests outlined in Section |1 can be divided
into four main parts:

A. Water analysis

Significant contituents that are in formation water
(FW) and injected water (IW), are analyzed to know
the chemica compositionsin both formation and injected
waters to be mixed.

B. Optimum mixing ratio test

Thistestiscarried out to know the condition of mix-
ing ratio between formation water (FW) and injected
water (IW) that resultsin maximum barium sulfate scale
deposit.

Experimental condition:

FW : IW = 80: 20 (sample 1).
FW : IW = 80: 20 (sample 2).
FW : W = 80: 20 (sample 3).
FW : W = 80: 20 (sample 4).

at H 6.0 and temperature 30° C.

C. ldentification of barium sulfate scale form as

standard/comparison

It is necessary to identify barium sulfate scale form
at optimum mixing ratio condition by using scanning €l ec-
tron microscope (SEM). Thisresult can be used as stan-
dard for comparison with the results of barium sulfate
scale identification caused by the influence of pH and
inhibitor concentration factors.

D. TheInfluence of pH and inhibitor concentration
on BaSO, morphology

Theinfluence of pH and phosphonate inhibitor con-
centration on BaSO, scale morphology is identified by
using SEM at optimum mixing ratio and temperature
30°C for the analyzed samples:

- atpH 3.0, 0 ppminhibitor, 2000 x magnification.

- apH 3.0, 0 ppminhibitor, 170000 x magnification.

- atpH 3.0, 25 ppminhibitor, 2000 x magnification.

- atpH 3.0, 25 ppminhibitor, 10000 x magnification.
- atpH 6.0, 0 ppminhibitor, 2000 x magnification.

- atpH 6.0, 0 ppminhibitor, 10000 x magnification.
- apH®6.0, 25 ppminhibitor, 2000 x magnification.
- apH 6.0, 25 ppminhibitor, 10000 x magnification.
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[11. BARIUM SULFATE SCALE

The extreme insolubility of BaSO, makes it very
likely that scaling will occur if both Ba? and SO,#ions
are present in a water. Generally, the process of scale
deposition occurs when the product solubility of acom-
pound considered is exceeded. The reaction is as fol-
lows:

Ba*? + SO, — BaSO,
solution solid

The following table compares the solubility of the
threetypesof scale, such as calcium carbonate, calcium
sulfate and barium sulfatein distilled water at 25°C:

Taable 3.1.
Comparative solubilities

Scale Solubility (mg/l)
Gypsum 2080
Calsium carbonate 53
Barium sulfate 2.3

Source: Oilfield Water System by Patton

Figure 3.1
Perspective view of the structure of barite

In 1925, James and Wood determined the structure
of barite natural barium sulfate.

iscalled barite or barytes. The orthorhombic unit cell is
shown in perspective view in Figure 3.1.

IV. PROCEDURE

A. Water analysis

Chemical compositions and physical properties of
formation water and injected water are analyzed based
on APl — RP45.

B. Optimum mixing ratio

1. Preparation of formation water (FW) and injected
water (IW) based on the chemical composition of
water analysis.

2. FW and IW are filtered by using 0.45um filter
paper.

3. FW and IW are mixed in plastic bottles at different
mixing ratio (see Section 2.2).

4. Each sampleis shaked and barium sulfate scale de-
posit startsto form and it isleft for 24 hours at room
temperature in order to get more deposit.

5. Each sampleisfiltered with 0.45 um filter and put
in the oven at temperature 40°C.

6. Theformed deposit for each sample is weighed.
7. Themixing ratio FW : IW insamplesno. 1, 2, 3and

4 that result in maximum barium sulfate scale de-
posit, iscalled with optimum mixing ratio.

C. Barium sulfate scale form as standard/
comparison

There are two sources of barium sulfate scale de-

posit form that is used as standard/comparison

1. Reference from SEM Petroleum Atlas Book, Joann
E.Welton, Chevron Oil Field Research Company.

2 LEMIGASIaboratory test result.
Weigh 0.4445 gram of BaCL ,.6H,O and dissolve in
1 litre aguadest. Weigh 4.3769 gram of Na,SO, and
dissolve in1litreaquadest. Then, both solutionsare
mixed, leaveit for 20 hours, and it will resultinbarium
sulfate scale deposition. | dentification of the formed
scaleis madeby using SEM and the results can be
used as comparison.

C. Theinfluence of pH
Carry out step no. 1 and 2 Section 4.2.

2. pH of FW and IW are adjusted to pH 6.0 and 3.0
with 10 % HCI solution.

L
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3. FW and IW are mixed into a plastic bottle at experi-
mental conditions (see Section 2.4).

4. Each sampleis shaken and barium sulfate scale de-
posit startsto form and leaveit for 24 hours at room
temperature.

5. Each sampleisfiltered by using 0.45 um filter and
put in the oven at temperature 40°C.

6. ldentification of the formed scale at experimental
conditions by using SEM.

7. Photo of barium sulfate scale identification results
caused by theinfluence of pH are compared to photo
of barium sulfate scal e formed as standard/compari-
son from referencelliterature and LEMIGAS labo-
ratory result as well.

E. The influence of inhibitor concentration

1. Carry out step no. 1and 2 Section 4.2.

2. Add Inhibitor of 25 ppm concentration into injected
water.

3. FW and IW are mixed into aplastic bottle at experi-
mental conditions (see Section 2.4).

4. Each sampleis shaken and barium sulfate scale de-
posit startsto form and leave it for 24 hours at room
temperature.

5. Each sampleisfiltered by using 0.45 um filter and
put in the oven at temperature 40°C.

6. Carry out identification of the formed scale at ex-
perimental conditionswith using SEM.

7. Photo of barium sulfate scale identification results
caused by theinfluence of inhibitor concentration are
compared to photo of barium sulfate scale form as
standard/comparison from reference/ literature and
LEMIGAS laboratory results as well.

V. LABORATORY TEST RESULTS

This section shows the laboratory test results that
involveswater analysis, optimum mixing ratio, photo of
barium sulfate scale as standard, the influence of pH
and inhibitor concentration on change of barium sulfate
scale morphology by using SEM.

A. The results of water analysis

Section 1 hasexplained that the occurrence of barium
sulfate scale caused by incompatible waters, when the
injected water (containing sulphateion) mixeswith for-
mation water (containing bariumion) leading to the depo-
sition of barium sulfate scale (BaSO,).

Chemical compositions in formation water and in-

jected water have been analyzed, and the results are
tabulated in Table 5.1. The results of water analysis
show that the content of barium ion is 250 ppm in for-
mation water and sulfate ion is 2960 ppm in injected
water.

B. The result of optimum mixing ratio test

To know optimum mixingratio FW : IW condition,
mixtures of formation water and injected water are made

Table 5.1
Water analysis results for formation
water and injected water

Chemical compositions (ppm)
Typgs of Formation Injekted water
cation/ water FW W (ppm)
anion (ppm) PP
Na* 29400 10890
ca* 2800 428
Mg*? 500 1368
K 370 460
Srt? 575 -
Ba' 250 -
cr 52674 19766
SO, - 2960
15.00 7
E 10,00
L —
-
'g 5.00 |
~ i
"_!‘ l]lIl T T T 1
A (B020) B (8040) C (40800 D(2080)
Micng Fatio FY: IV

Figure 5.2
Mixing ratio FW : IW vs the formed
barium sulfate scale
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at different mixing ratio, pH 6.0 and temperature 30° C.
The amounts of barium sulfate scale deposit formed are
asfollows:

FW : IW=80:20 = 7.40 mg
FW : IW=60 : 40 = 1260 mg
FW : IW=40: 60 = 910 mg
FW : IW=20:80 = 459 mg

Thedataof theformed scale (mg) are plotted against
the mixing ratio and are shown in Figure 5.2 The results
indicate that mixing ratio of FW : IW =60 : 40 resultsin
the maximum amount of barium sulfate formed (12.60
mg). Thisis called with optimum mixing ratio.

At optimum mixing ratio condition (FW : IW =60 :
40), where formation water (containing 250 ppm) and
injected water (containing 2960 ppm) start mixing (t=0
second), the obtained concentration of barium is 0.6 x
250 ppm = 150 ppm and concentration of sulfate in the
mixture 0.4 x 2960 ppm = 1184 ppm.

C. Barium sulfate scale form as standard/
comparison

As mentioned in Section 4.2 that there are two
sources of barium sulfate scale deposit form as stan-
dard/comparison:

- Photo of barium sulfate scale from SEM Petroleum
AtlasBook, Chevron Oil Field Research Company (see
Figure5.3.1).

- Photo of barium sulfate scaleidenti- fication result by
using SEM, investigated by LEMIGAS (shownin Fig-
ure 5.3.2).

D. Theinfluence of pH and inhibitor concentration
on change of barium sulfate scale morphology
Theresultsof barium sulfate scaleidentification test

caused by the influence of pH and inhibitor concentra-

tion factors, are asfollows:
- For the analyzed sample at pH 3.0, 0 ppm inhibitor,
2000 x magnification (see Figure 5.4.1).

- For the analyzed sample at pH 3.0, O ppm inhibitor,
10000 x magnification (see Figure 5.4.2).

- For theanalyzed sample at pH 3.0, 25 ppm inhibitor,
2000 x magnification (see Figure 5.4.3).

- For the analyzed sample at pH 3.0, 25 ppm inhibitor,
10000 x magnification (see Figure 5.4.4).

- For the analyzed sample at pH 6.0, O ppm inhibitor,
2000 x magnification (see Figure 5.4.5).

- For the analyzed sample at pH 6.0, O ppm inhibitor,
10000 x magnification (see Figure 5.4.6).

Source: SEM Petroleum Atlas Book, Joann E.Welton,
Chevron Oil Field Research Company

Figure5.3.1
Photo of barium sulfate scale from
Chevron Oil Field Research Company

Figure5.3.2
Photo of barium sulfate scale,
identified by LEMIGAS Laboratory

Figure5.4.1
Photo of barium sulfate scale for pH 3.0, blank,
0 ppm inhibitor, magnification 2000 x
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Figure 5.4.2 Figure 5.4.5
Photo of barium sulfate scale for pH 3.0, blank, Photo of barium sulfate scale for pH 6.0, blank,
0 ppm inhibitor, magnification 10000 x 0 ppm inhibitor, magnification 2000 x

Figure5.4.3 Figure 5.4.6
Photo of barium sulfate scale for pH 3.0, Photo of barium sulfate scale for pH 6.0, blank, O
25 ppm inhibitor, magnification 2000 x ppm inhibitor, magnification 10000 x

. Figure5.4.4 Figure5.4.7
Photo of barium sulfate scale for pH 3.0, Photo of barium sulfate scale for pH 6.0, 25 ppm
25 ppm inhibitor, magnification 10000 x inhibitor, magnification 2000 x
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0.3

Figure 5.4.8
Photo of barium sulfate scale for pH 6.0, 25
ppm inhibitor, magnification 10000 x

- For the analyzed sample at pH 6.0, 25 ppm inhibitor,
2000 x magnification (see Figure 5.4.7).

- For the analyzed sample at pH 6.0, 25 ppminhibitor,
10000 x magnification(see Figure 5.4.8).

Section 5.3 and Section 5.4 have shown the results
of barium sulfate scale form identification by using scan-
ning electron microscope (SEM).

Identification of barium sulfate scale form for the
analyzed samples for blank sample (without inhibitor)
and sample (containing 25 ppm phosphonate inhibitor)
aswell at pH 3.0 and pH 6.0 conditions, are compared
to barium sulfate scale form based on reference/litera-
ture (see Figure 5.3.1) and LEMIGAS laboratory result
(see Figure 5.3.2) as “ comparison”.

It is very clear, that photo of barium sulfate scale
form for blank sample (without inhibitor) at conditionsO
ppminhibitor concentration, pH 3.0 and 2000 x and 10000
x magnification indicate ortho- rhombic crystal (Figure
5.4.1and Figure5.4.2)

Ontheother hand, Figure 5.4.3 and Figure 5.4.4 show
photo of barium sulfate scale form for sample contain-
ing inhibitor with concentration 25 ppm, at pH 3.0 and
2000 x and 10000 x magnification. Theform of barium
sulfate scale obtained at very low pH conditionindicates
that it is still orthorhombic crystal. It means that
phosphonate inhibitor scale does not work effectively to
prevent the occurrence of barium sulfate scale at very
low pH.

Subsequently, photo of barium sulfate scalefor blank
sample (without inhibitor) at conditions of O ppm inhibi-

tor concentration and pH 6.0 indicates orthorhombic crys-
tal in Figure 5.4.5 for 2000 x magnification and Figure
5.4.6 for 10000 x magnification.

Itisvery clear that there is a change of barium sul-
fate scale morphol ogy from orthorhombic to beoval (egg-
shaped) form for sample containing inihitor at pH 6.0, 25
ppm inhibitor concentration and 2000 x and 10000 x
magnification (seein Figure5.4.7 and Figure 5.4.8).

Figure5.4.3 and Figure 5.4.7 show theinfluence of
pH (3.0 and 6.0) on the change of barium sulfate scale
morphology qualitatively, wheretheform of scalebarium
sulfateat pH 3.0 (the value of pKadissociation=2.8) is
orthorhombic, while at pH = 6.0 forms oval (egg -
shaped) (the value of pKa dissociation = 6.38). By in-
creasing pH, the value of pKa dissociation will raise, so
that the effectiveness of aninhibitor in preventing barium
sulfate will also increase. At high pH condition (pH =
6.0), phosphonate scaleinhibitor isadsorbed actively on
the surface of barium sulfate crystal, so that phosphonate
inhibitor is able to work effectively to block the growth
of barium sulfate scale. So, phosphonate scale inhibitor
work more effectively by at pH6.0 than pH 3.0 in pre-
venting the occurrence of barium sulfate scale. In quali-
tative analysis, the effectiveness of a scale inhibitor in
preventing barium sulfate scaleisindicated by the change
of barium sulfate scale morphol ogy.

VI. CONCLUSIONS

Based on the results of barium sulfate scaleidentifi-
cation test to see the influence of pH and concentration
of inhibitor on the change of barium sulfate scale mor-
phology, it can be concluded asfollows:

1. The occurrence of barium sulfate scale is caused by
incompatible waters, formation water (containing
bariumion) mixesinjected water (containing sulfate
ion) leading to the deposition of barium sulfate scale
(BasO,).

2. Based ontheresults of water analysis, the content of
bariumion is 250 ppm in formation water and 2960
ppm sulfateion in injected water.

3. Mixing ratio between formation water and injected
water FW : IW =60 : 40 resultsin maximum amount
of barium sulfate scal e formed maximum (12.60 mg),
itiscalled optimum mixing ratio.

4. Theform of barium sulfate scale isidentified by us-
ing scanning el ectron microscope (SEM), theresults
of blank sample (without inhibitor) and sample (con-
taining 25 ppm phosphonate inhibitor) aswell at pH
3.0 and pH 6.0 conditions, are compared to theform
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of barium sulfate scale based on reference and
LEMIGAS laboratory result as “ comparison”.

5. The form of barium sulfate scale at pH 3.0 shows
orthorhombic crystal, while at pH = 6.0, it is oval/
egg-shaped.

6. Phosphonate scaleinhibitor work more effectively at
pH6.0 than pH 3.0 in preventing the occurrence of
barium sulfate scale.

7. pH and concentration of inhibitor factors play impor-
tant role to influence the change of barium sulfate
scale morphol ogy.
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