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ABSTRACT

In this study, a liquid smoke of coconut shell (grade 3) was used as an inhibitor of calcium carbonate
scale formation by applying a seeded experiment method at 80°C. Experiments were carried out in
the various concentration of CaCO, growth solution from 0.05 to 0.125 M with the addition of the
liquid smoke from 0 to 350 ppm. Characterization of liquid smoke was performed by using infrared
spectroscopy (IR) and gas chromatography—mass spectrometry (GC-MS), while the characterization
of CaCO, crystals was carried out by scanning electron microscopy (SEM), particle size analyzer
(PSA), and X-ray diffraction (XRD). The results of GC-MS and IR confirmed that the liquid smoke of
coconut shell (grade 3) consists of large amounts of methanol (11.16%), acetic acid (54.15%), and phe-
nol (15.12%). The results of scaling inhibition test showed that the liquid smoke inhibits the growth
of CaCQ, crystal. The effectiveness of the liquid smoke in inhibiting the formation of CaCO, crystal
is 31%—-273% depending on the used growth solution concentration and the added inhibitor con-
centration. The results of analysis with SEM, PSA, and XRD indicated changes in the morphology,

size, and phase of CaCO, crystal.
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1. Introduction

The inorganic compound deposition process in indus-
trial equipment such as steam generators, boilers, cooling
towers, pipes, and other equipments used in the water—solid
process is a worrisome problem [1-7]. Industries involved
with this issue should spend additional funds to address this
issue. The Indonesian Geothermal Industry (PT Pertamina)
has expended US $ 6-7 million to accomplish the issue in
its geothermal industry to regenerate the installation of the
geothermal pipeline within 10 years [8-11]. Some research-
ers have tried to overcome this issue by adding additives
that act as inhibitors to inhibit the growth of these unwanted
inorganic materials [12-16].

The selection of additives as inhibitors derived from
natural or synthesized materials to inhibit the growth of
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inorganic materials has recently become an interesting envi-
ronmental issue [17-25]. Additives are not only capable of
acting as inhibitors to inhibit the formation of unwanted
inorganic materials but must also be environmentally
friendly and inexpensive. Therefore, research on the green
inhibitors continues to grow and develop rapidly in order to
find inhibitors that are environmentally friendly, effective,
and inexpensive.

In this research, it has been studied a liquid smoke from
coconut shell as green inhibitor to prevent the scale forma-
tion of calcium carbonate by employing seeded experiment
method. The utilization of liquid smoke as an inhibitor of
calcium carbonate scale formation has not been reported
by researchers, whereas the raw material for liquid smoke
from coconut shells is very abundant, especially in Indonesia
as a tropical country. The liquid smoke from coconut shell is
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rich in chemical compounds and the main ones are groups
of ketones, aldehydes, acids, phenols, and furanes [26-28].
These compounds are believed to play a role in inhibiting
the growth of calcium carbonate scale.

2. Experimental procedure
2.1. Preparation of liquid smoke from coconut shell

The coconut shells were taken and selected from coco-
nut plantations around in Bandar Lampung area. The
selected coconut shells were cleaned and washed by water.
Before they were processed, they were air dried for 8 h
under the sun. Then they were placed into the reactor of
pyrolysis process and heated by a smoke generator con-
trolled heating at the temperature of 450°C. The production
of liquid smoke was discontinued when the coconut shells
were pyrolyzed totally [26]. The liquid smoke obtained
from this procedure was classified as grade 3 (Fig. 1). The
liquid smoke of the grade 3 was characterized by infrared
spectrometer (FTIR spectrometer, Agilent Cary 630, made
in USA) to identify the functional groups and gas chroma-
tography-mass spectrometry (GC-MS, Shimadzu GC2010
MSQP 2010S, made in Japan) to investigate the chemical
composition contained in the liquid smoke of the grade 3.

2.2. Seed crystal preparation

Preparation of CaCO, crystal was performed by mixing
100 mL of CaCl, anhydrate solution (1 M) and 100 mL of
Na,CO, solution (1 M) in a glass beaker at a temperature
of 90°C. The two mixed solution were stirred by magnetic
stirrer for 15 min and left in room temperature for 2 h to
result seed crystals. The obtained seed crystals were sepa-
rated from the liquid by filtration using a 0.45 um Millipore
filter, cleaned thoroughly with water, and dried in the oven
at temperature of 100°C. This procedure was repeated

Fig. 1. Liquid smoke of grade 3 from coconut shell.

for several times to obtain the seed crystals of CaCO, in
sufficient quantities to do the experiment. The CaCl, anhy-
drate and Na,CO, applied were produced from commercial
products of Merck, Germany.

2.3. Calcium carbonate crystals growth

The precipitation of calcium carbonate was performed
with mixing 200 mL of CaCl, anhydrate solution (0.100 M)
and 200 mL of Na,CO, solution (0.100 M) into 500 mL Nalgene
polypropylene bottles continued by shaking to obtain a
homogeneous solution. This experiment was destined to
produce the growth solution of CaCO, with the concentra-
tion of 0.050 M. The homogeneous solution obtained was
filtered by a 0.45 um Millipore filter. The filtered solution was
placed into 250 mL Nalgene polypropylene bottles consisted
of seven bottles with each bottle containing 50 mL of filtered
solution. All the bottles were placed to the bottle-roller bath
followed with adding simultaneously 100 mg of the seed
crystals of CaCO;into each bottle. The temperature and the
rotating of the bottle-roller bath were adjusted at the 80°C
and 40 rpm. The experiment lasted for 90 min, for every
15 min each bottle was taken one by one. The crystals pro-
duced were rinsed thoroughly with water and put in the oven
adjusted temperature of 105°C for one night. The weight of
the CaCO, precipitation produced for each bottle was iden-
tified and the amount of CaCO, crystals was calculated to
be plotted as function of time.

For each precipitation experiment, a blank containing
in the absence of inhibitor was carried out simultaneously
with the presence of an inhibitor to compare the effectiv-
ity of the inhibitor. The same procedure was performed for
various concentrations of each 0.075, 0.100, and 0.125 M for
CaCO, growth solution.

Based on the similar procedure performed for the
CaCQO, growth solution concentration of 0.050 M, a growth
solution concentration of 0.075 M CaCO, was prepared by
blending 200 mL of CaCl, anhydrate solution (0.150 M) and
200 mL of Na,CO, solution (0.150 M), a growth solution
of 0.100 M CaCO, was produced by combining 200 mL of
0.200 M CaCl, anhydrate solution and 200 mL of 0.200 M
Na,CO, solution, and a growth solution of 0.125 M CaCO,
was obtained by merging 200 mL of 0.250 M CaCl, anhy-
drate solution and 200 mL of 0.250 M Na,CO, solution.

2.4. Effect of liquid smoke on the crystallization of CaCO; crystals

The addition of inhibitor into the growth solution of
CaCQ, to investigate the effect of the inhibitor to the growth
rate of CaCQO, seed crystals was performed in the similar
treatment in the experiment of the calcium carbonate pre-
cipitation without the addition of inhibitor. The addition
of inhibitor was carried out at various concentrations of
inhibitor from 0 to 350 ppm (0, 50, 150, 250, and 350 ppm)
and at various concentrations of CaCO, growth solution
from 0.050 to 0.125 M (0.050, 0.075, 0.100, and 0.125 M).
The weight of the crystals produced in these experiments
was identified and the amount precipitated was calculated
to study the influence of the inhibitor toward the growth
rate of the CaCQO, seed crystals and compared with in the
absence of inhibitor.
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2.5. Characterization of CaCOj crystal

In order to study the effect of the inhibitor in inhibit-
ing the growth rate of CaCO, seed crystals, the CaCO, seed
crystals obtained were investigated by a scanning electron
microscopy (SEM; Zeiss EVO MA10, made in Germany) to
observe the morphology of the CaCO, crystals, a particle size
analyzer (PSA) (the Beckman Coulter LS 13 320 MW, made in
USA) to identify particle size distribution of CaCO, crystals,
and an X-ray diffraction (XRD, Philips Analytical, made in
Netherlands) to characterize the crystal structure of CaCO,
with and without the addition of the inhibitor.

3. Results and discussion
3.1. Characterization of liquid smoke

Liquid smoke was made using coconut shell based
material by pyrolysis conducted for approximately 6-8 h.
The smoke from the pyrolysis goes into the condensation
process, which then becomes liquid. The obtained liquid
smoke (grade 3) has passed through the filtration process,
then the liquid smoke can be used as a CaCO, scale inhibitor.
The spectrum of the liquid smoke characterized by infrared
(IR) is displayed in Fig. 2 and the analysis results of chem-
ical compound composition by gas chromatography-mass
spectrometry (GC-MS) can be seen in Table 1.

The IR spectrum of the liquid smoke shows a number
of absorption bands appearing in the wave number regions
as shown in Fig. 2. The existence of O-H group in the lig-
uid smoke is signed with the absorption band of 3,339.7 cm™
showing the stretching vibration of O-H and this is amplified
by the bending vibration of O-H at 1,394.0 cm™. The func-
tional groups correspond to a common component of the
liquid smoke, a phenol compound which is rich in hydroxyl
groups. The vibrations of the hydroxyl group (O-H) appear-
ing in Fig. 2 have broad bands of uptake at 3,339.7 cm™
indicating the presence of hydrogen bonds. The hydrogen
bonds present in the liquid smoke are due to the presence
of hydrogen bonds between molecules or intra molecules.
The presence of the carbonyl group (C=0) is indicated by
the appearance of absorption bands at the wave number
1,640.0 cm™ indicating the presence of aldehyde, ketone,
carboxylic or ester groups. In addition to the presence of
O-H and C=0O groups, the liquid smoke also contains an
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Fig. 2. Infrared spectrum of liquid smoke of grade 3.

ester (C-O) group with an uptake of 1,274 cm™. Based on the
results of the analysis using the IR spectrophotometer it can
be stated that the liquid smoke has a compound containing
functional groups which can act as the inhibitor of CaCO,
scaling.

Chemical analysis from liquid smoke grade 3 using
GC-MS is shown in Table 1. This table shows the separa-
tion of chemical components displayed from chromatogram
peaks in GC. The peaks start at a retention time of 2.336
to 60.242 min. The results of chromatogram peak analysis
show that coconut shell liquid smoke has 16 chemical com-
ponents as listed in Table 1. The most abundant content of
coconut shell liquid smoke is methanol (11.16%), acetic acid
(54.15%), and phenol (15.12%). This result is consistent with
IR data (Fig. 2) obtained with the functional groups found
in liquid smoke of grade 3, namely hydroxyl, aldehyde,
ketone, carboxylic, or ester group. In general, chemical com-
position of liquid smoke from this experiment is not so dif-
ferent with the chemical composition of commercial liquid
smoke products [29].

3.2. Scale inhibition by liquid smoke

The amount of CaCO, deposits formed vs. times at var-
ious concentrations of growth media of calcium carbonate
namely 0.050, 0.075, 0.100, and 0.125 M is displayed in Fig. 3.
From Fig. 3, it can be seen that the growth of CaCO, crystal
seeds has increased along with the increase in the concen-
tration of growth solution from 0.050 to 0.125 M. The higher
the concentration of CaCO, growth solution the greater the
growth rate of crystal CaCO,. The data shown in Fig. 3 are
a reference to observe the effect of liquid smoke as an inhibitor
in inhibiting the formation of CaCO, scale.

The effect of the addition of liquid smoke at different
concentrations on inhibiting the formation of CaCO, deposits
in the concentration of growth solutions 0.050, 0.075, 0.100,

Table 1
Chemical analysis of liquid smoke (grade 3) by GC-MS

No. Retention % Area Chemical compound

time (min)
1. 2.336 11.16 ~ Methanol
2. 2.531 3.71 2-Propanone
3. 2.650 2.22 Methyl acetate
4. 3.338 5415  Acetic acid
5. 3793 2.43 1-Hydroxy-2-propanone
6. 4180 0.42 Propanoic acid
7. 6.025 0.53 Methyl acetaldehyde
8. 7.620 7.08 2-Furancarboxaldehyde
9. 10.317 0.26 Cis-1-methylbutadiene
10.  10.552 0.56 Dihydro-2(3H)-furanone
11. 12515 0.29 5-Methyl-2-furancarboxaldehyde
12, 13.349 1512 Phenol
13.  14.874 0.87 1,2-Cyclohexanedione
14.  17.203 0.88 2-Methoxy-phenol
15.  59.600 0.10 Exo-2-hydroxybicyclo[3.3.1]nonane
16.  60.242 0.22 Octadecanoic acid
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Fig. 3. Amount of CaCO, precipitation vs. time at different
growth solution concentration.

and 0.125 M is shown in Figs. 4-7. At the concentration of
CaCO, growth solution of 0.050 (Fig. 4) and 0.075 M (Fig. 5),
liquid smoke does not only inhibit totally the growth rate
of CaCO, crystal seeds but is also capable of dissolving
CaCO, crystal seeds. At the concentration of 0.050 M growth
solution, the addition of liquid smoke as much as 250 and
350 ppm resulted in partially dissolved CaCO, crystal seeds.
The dissolution of CaCO, crystal seeds occurs up to 0.075 M
concentration of the growth solution with the addition of
liquid smoke of 350 ppm. While the addition of liquid smoke
is 350 ppm at the concentration of growth solution of 0.100
and 0.125 M, the inhibitor is only able to inhibit the growth
of CaCQ, crystals close to 100%.

Calculation of the effectiveness of inhibitors (% EI) in
inhibiting the formation of calcium carbonate scale can be
calculated based on Eq. (1) which has been done by previous
researchers [13,30]. The results of calculations using Eq. (1)
are shown in Tables 2-5.

Effectiveness of inhibitor(%EI) =100x (C“_Cb; (1

(C.-¢,

where C, = the amount of CaCO, precipitation in the pres-
ence of liquid smoke at equilibrium (g L™); C, = the amount
of CaCO, precipitation in the absence of liquid smoke at
equilibrium (g L™); C_= the amount of CaCO, precipitation in
the initial state (g L™).

Based on the data in Tables 2-5, it can be stated that the
effectiveness of inhibitors in inhibiting the growth of CaCO,
crystals can exceed 100%. This occurs in the concentration
of 0.050 M growth solution with the addition of liquid
smoke 250-350 ppm and 0.075 M with the addition of lig-
uid smoke 350 ppm. Thus in the concentration of growth
solution of 0.050 and 0.075 M, the liquid smoke with a dose
of 250-350 ppm is able to totally inhibit the growth rate
of CaCO, crystal seeds with the effectiveness of inhibitors
of 154%—-273%. Even in these situations, the liquid smoke
can dissolve the CaCO, crystal seeds that are available.
Increasing the concentration of CaCO, growth solution and
decreasing the dose of liquid smoke added to the growth
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Fig. 4. Amount of CaCO, precipitation vs. time with the addition
of various inhibitor concentrations at the growth solution
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Fig. 5. Amount of CaCO, precipitation vs. time with the addi-
tion of various inhibitor concentrations at the growth solution
concentration of 0.075 M.
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Fig. 7. Amount of CaCO, precipitation vs. time with the addi-
tion of various inhibitor concentrations at the growth solution
concentration of 0.125 M.

Table 2
Effectiveness of inhibitor in inhibiting the scale formation of
CaCQ, at the growth solution concentration of 0.050 M

Inhibitor concentrations Effectiveness of inhibitor

(ppm) (% EI)

0 0.00

50 56.70

150 90.01

250 164.95

350 273.19
Table 3

Effectiveness of inhibitor in inhibiting the scale formation of
CaCO, at the growth solution concentration of 0.075 M

Inhibitor Concentrations Effectiveness of Inhibitor

(ppm) (% EI)
0 0.00
50 48.30
150 85.92
250 95.94
350 154.06

solution will gradually reduce the ability of the liquid
smoke to inhibit the growth of CaCO, crystal seeds. The
lowest inhibitor effectiveness occurred at the concentration
of 0.125 M growth solution with a dose of the liquid smoke
added at 50 ppm which was 31% (Table 5).

The effectiveness of liquid smoke grade 3 as inhibitors
was compared with other materials and is given in Table 6.
From the table, it can be seen that the liquid smoke has the
highest effectiveness in inhibiting the growth rate of CaCO,
crystals. Even the ability of liquid smoke as an inhibitor in
inhibiting the growth of CaCQO, crystal seeds exceeds 270%.

Table 4
Effectiveness of inhibitor in inhibiting the scale formation of
CaCQ, at the growth solution concentration of 0.100 M

Inhibitor Concentrations Effectiveness of Inhibitor

(ppm) (% EI)

0 0.00

50 44.37

150 57.12

250 71.64

350 95.97
Table 5

Effectiveness of inhibitor in inhibiting the scale formation of
CaCQ, at the growth solution concentration of 0.125 M

Inhibitor concentrations Effectiveness of inhibitor

(ppm) (% EI)
0 0.00
50 30.98
150 54.21
250 66.57
350 81.08

This occurs in the addition of 350 ppm liquid smoke in the
CaCO, growth solution of 0.05 M.

3.3. Characterization of CaCO, crystals

To verify that the liquid smoke works in inhibiting the
growth of CaCO, crystal seed, the crystals obtained were
observed using SEM. The results of observations using SEM
are shown in Fig. 8. The figure shows that the morphology
of CaCO, crystals changes dramatically after the addition
of liquid smoke (Fig. 8b) compared with the absence of lig-
uid smoke (Fig. 8a). The crystal size of CaCO, obtained also
becomes smaller after addition of liquid smoke (Fig. 8b) com-
pared with without the addition of liquid smoke (Fig. 8b).
Data obtained from SEM analysis are a visual evidence that
the liquid smoke can inhibit the growth of CaCO, crystals
and change the morphology of CaCO, crystals.

Further proof of the ability of the liquid smoke as an
inhibitor of CaCO, crystal growth is by observing the parti-
cle size distribution of CaCO, using PSA. Fig. 9 displays the
particle size distribution of CaCO, before and after the pres-
ence of liquid smoke. Observations using PSA show that the
particle size distribution of CaCO, has changed significantly.
The addition of liquid smoke has made the CaCO, particle
size distribution to be much lower than without the presence
of liquid smoke. The average of the CaCO, particle size dis-
tribution without the addition of liquid smoke is 5.146 um
and after the addition of liquid smoke, it drops to 2.897 um.
Thus the results of the analysis using PSA strengthened the
results of analysis using SEM and the data of the inhibitor
effectiveness in inhibiting the growth of CaCO, crystals.

The structure and composition of the CaCO, produced
before and after the addition of liquid smoke were investigated
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Comparison of inhibitor effectiveness with other researches

No  Materials Concentration of Ca* in Inhibitor Inhibitor Literature
growth media (M) concentration effectiveness studied
(ppm) (%)

1 Liquid smoke grade 3 0.050-0.125 in water 50-350 31-273 This work

2 Tobacco rob extract 0.010 in artificial seawater 30-140 18-92 [1]

3 Gambier extract modification 0.100-0.600 in water 50-300 12-92 [8]

4 Calix [4] resorcinarene 0.100-0.600 in water 25-75 38-94 [9]

5 Kemenyan extract 0.050-0.100 in water 50-350 12-77 [10]

6 Gambier extracts 0.100-0.600 in water 50-250 60-100 [11]

7 Maleic anhydride/allyloxy poly(ethylene glycol)-  0.006 in water 2-8 16-97 [15]
polyglycerol-(OH)5 (MA/APEG-PG-(OH)5)

8 Acrylic acid-allylpolyethoxy carboxylate 0.016 in clean sea water 5-100 10-95 [17]
copolymer

9 Homopolymer of polymaleic acid 0.003 in synthetic seawater 4 67 [30]

10 Terpolymer of polymaleic acid 0.003 in synthetic seawater 4 73 [30]

11 Copolymer of polymaleic acid 0.003 in synthetic seawater 4 18 [30]

12 Polycarboxylic acid 0.003 in synthetic seawater 4 70 [30]

13 Pteroyl-L-glutamic acid 0.010 in mix of sea water and  80-200 76-100 [36]

formation water (50/50)

14 Modified collagen by multialdehyde acid 0.006 in water 35 61-89 [37]
compounds

15 Citric acid 0.002 in water 1-10 25-30 [38]

16 C-methyl-4,10,16,22-tetrametoxy calix[4]arene 0.100 in water 10-100 34-100 [39]

17 Soy-based polymer 0.102 in synthetic brines water 10 17 [40]

18 Casein-based polymer 0.102 in synthetic brines water 10 54 [40]

19 Polyaspartic acid 0.013 in water 12 80 [41]

20 Polyepoxysuccinic acid 0.013 in water 12 90 [41]

by powder XRD analysis. The XRD patterns of CaCO, crys-
tals produced in the absence of liquid smoke and in the
presence of liquid smoke are displayed in Fig. 10. Based
on calcite JCPDS (Joint Committee on Powder Diffraction
Standards) Card No. 05-0586, in Fig. 10a, the characteristics
of diffraction peaks shown at 23.03°, 29.38°, 31.41°, 35.96°,
39.39°, 43.14°, 45.82°, 47.47°, 48.63°, 58.08°, 60.66°, and 64.66°
in the XRD spectrum indicate the formation of calcite phase
from CaCQO, crystals (calcite peaks are marked with “C”).
While, based on aragonite JCPDS Card No. 41-1475, as seen
in Fig. 10a, the characteristics of diffraction peaks shown at
26.19°, 27.18°, 33.09°, 38.38°, and 52.96° show the formation
of aragonite phase from CaCO, crystals (aragonite peaks are
marked with “A”) [1]. It can be observed in Fig. 10 that the
mixtures constituted of calcite and aragonite were formed
in the presence and in the absence of liquid smoke, but the
amount fractions of calcite and aragonite in the deposit
obtained are dissimilar. The presence of liquid smoke into
the growth solution caused the appearance of new peaks in
the XRD pattern of CaCO, crystals as shown in Fig. 10b. The
appearance of new peaks at 24.85°, 38.41°, 42.86°, 43.78°, and
50.17° indicates the addition of aragonite phase. Thus, the
addition of liquid smoke produces CaCQO, crystal dominated
by aragonite phase as seen in Fig. 10. This fact is in accor-
dance with the results of morphological analysis obtained

through SEM (Fig. 8). As seen in this figure, the morphology
of CaCO, crystal in the absence of liquid smoke is a regu-
lar structure with a typical cube-like crystals showing cal-
cite-type of CaCO, crystal (Fig. 8a) [31]. Whereas, the form of
the CaCQO, crystal in the presence of liquid smoke was dom-
inated by a typical rod-like as one of the characteristic from
aragonite phase (Fig. 8b), which is the least stable polymorph
than the calcite polymorph [32,33]. This result is in line with
the results obtained by several previous studies [33-35].

3.4. Mechanism of inhibition

In the absence of the liquid smoke, the nucleation and
growth of CaCO, crystals took place regularly. The regular
shaped rhombohedra had been produced and precipitated.
Yet in the addition of the liquid smoke into growth solution
of CaCQO,, the carboxylate groups existed in the liquid smoke
such as acetic, propanoic, and octadecanoic acid adsorbed
the Ca* or the active sites of the CaCO, crystal surface, and
as a consequence the stereochemical orientation of CaCO,
growth was altered. The irregular shaped morphology of the
typical rod-like as one of the characteristic from aragonite
phase was resulted.

The liquid smoke also has the “threshold effect” of CaCO,
inhibition. Therefore the liquid smoke may absorb the growing
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Fig. 8. SEM image of CaCO, crystal (a) before and (b) after the addition of 350 ppm liquid smoke at the concentration of 0.050 M

CaCO, growth solution.
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Fig. 9. Particle size distribution of CaCO, crystal before and
after the addition of 350 ppm liquid smoke at the concentration of
0.050 M CaCO, growth solution.

crystal phases of the nuclei and avoid aragonite transform-
ing to calcite, which produces in the distortion and retarda-
tion of the CaCO, crystal growth. This fact was confirmed
with the XRD data (Fig. 10). The liquid smoke can also mod-
ify the structure of calcium carbonate by adsorbing into the
crystal seeds added into growth solution and thus decrease
scale formation of CaCO, crystals. In addition the liquid
smoke can also increase the solubility of calcium carbonate
in the solution and dissolve the crystal seeds added into the
growth solution especially at the concentration of CaCO,
growth solution around 0.050-0.075 M. As a consequence of
these concentrations of the growth solution, the effectiveness
of the inhibitor is above 100%. The similar mechanism of this
experiment occurred with the use of polysaccharides [42],
hydrolyzed polymaleic anhydride [43], and xanthan [44] as
inhibitor of calcium carbonate scale formation.

Besides the carboxylate groups, the existence of hydroxyl
groups in the liquid smoke as listed in Table 1 also is able to
arrange coordination complex to Ca* in the growth solution
to produce chelates [45,46], which may be adsorbed on the
surface of calcium carbonate crystal. The chelation produced
has stability and it dissolves in the solution, so it can increase
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Fig. 10. XRD pattern of (a) CaCO, crystal produced in the absence
of liquid smoke, (b) CaCO, crystal produced in the presence of
350 ppm liquid smoke at the concentration of 0.050 M CaCO,
growth solution.

the inhibition effectiveness of CaCO, scale formation. In
addition, the liquid smoke also contains several functional
groups such as ester group, phenolic and methoxy function-
alities and carbonyl. These functional groups may behave
as negative charged colloids and have surface-active char-
acteristic, yet they may interact through their hydrophobic
aliphatic and aromatic areas bound functional groups with
positive growth sites of calcium carbonate scale to inhibit
the calcium carbonate scale formation [47]. The ability of
inhibitors to inhibit the growth of inorganic material scale is
directly proportional to the increase in the number of their
functional groups [48]. Thus, in this case the greater the
number of functional groups present in the liquid smoke,
the greater the ability to inhibit the formation of calcium
carbonate scale. The existence of delocalized m-electrons
bound to the phenol and methoxy groups attached to the
2-methoxy-phenol also play a role in inhibiting the CaCO,
scale formation [49], as consequence the liquid smoke has
high effectiveness in inhibiting the CaCO, scale formation.
Even effectiveness of the liquid smoke in inhibiting the
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growth of calcium carbonate scale exceeds 200% at concen-
tration of 0.05 M growth solution.

4. Conclusion

The coconut shell liquid smoke of grade 3 can be used
as calcium carbonate scale inhibitors. The coconut shell lig-
uid smoke based on GC-MS analysis has 16 chemical com-
pounds. From the 16 chemical compounds, methanol, acetic
acid and phenol were the largest fractions in the chemical
composition of the coconut shell liquid smoke of grade 3.
Effectiveness of the liquid smoke as calcium carbonate scale
inhibitor was 31%—-273% in the growth solution concentra-
tions of 0.050-0.125 M with the concentrations of the smoke
liquid between 50 and 350 ppm. The ability of the liquid
smoke to inhibit the growth of CaCO, crystals depends on
the growth solution used and the concentration of the lig-
uid smoke added. The results of the analysis using SEM and
PSA, the presence of liquid smoke in the calcium carbonate
growth solution can change the morphology of CaCO, crys-
tal and make the average crystal size of CaCO, to be smaller
than without the addition of the liquid smoke. The results
of XRD and SEM analysis also show that CaCO, crystals
obtained in the presence of inhibitor are more dominated
by aragonite polymorph which is the least stable polymorph
than the calcite. It can be stated that the inhibition mech-
anisms of the liquid smoke in inhibiting the CaCO, scale
formation are threshold inhibition, chelates formation, and
dissolution.
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