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Abstract. The scale of ferrous carbonate (FeCO;) deposited on the pipe wall was
investigated in the present study. In the experimental work, the scale-forming solution was
prepared by mixing equimolar solutions of FeCl; and NaxCOs. Zeolite is used as an
adsorbent because it has a crystal structure of alumina silica with cavities containing metal
ions Fe™*. It was found that in all the experiments, the mass scale FeCO;decreased with
increased mass zeolite adsorbance addition. The mass scales obtained in the presence of
4000 mg zeolite was 14.2613 mg of FeCO;. Similarly provided 22.1642 mg of mass scale
was found in the presence of 3000 mg zeolite. The increasing mass scale 34.2652 mg
was also produced at 2000 mg zeolite. Clearly the zeolite adsorbation may be used to
improve the scale produced. The conductivity decreased abruptly after a certain induction
period. The induction time was observed in the FeCO; system almost doubled in the
presence of 2000 mg zeolite (28 min), tripled with 3000 mg zeolite (42 min). Moreover,
the presence of 4000 mg zeolite (44 min) led to an induction time four times greater than
that for in the absence of zeolite system (22 min). The optimum result of temperature was
44.639°C, zeolite was 3625.068 mg variables was obtained so that the optimum the mass
scale FeCOs was 14.46187 mg.
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1. Introduction

Ferrous carbonate (FeCQOs) is a scale formed in a natural process and is a problem that is often
encountered in hydraulic pipes on heavy equipment [1]. The scale is a deposit of inorganic
compounds deposited and forms a crystalline heap on the surface of a substance. This is due to the
presence of scale-forming elements such as alkaline, magnesium, calcium, chloride, sulphate in
amounts exceeding their solubility in an equilibrium state. Corrosion is a key hindrance to the
successtul transportation of hydrocarbons in the oil and gas industry. Its occurrence degrades pipelines
which in turn can result in major financial and environmental implications. The corrosion mechanism
consists l:@ series of simultaneous chemical, electrochemical and transport processes [2,3].

The tormation of ferrous carbonate scale (FeCQOj3) is one of the major corrosion results caused
by COs carbon dioxide gas. The solid FeCOs; carbonate iron will form on the steel surface if the
concentration product of Ferrous ion (Fe™) and carbonate ion (CO3%) concentration exceeds the limit
of the solubility product according to the reaction [4]:

Fe*(aq) + COs™ (aq) — FeCO; (s) (1
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The scale will settle when the supersaturation value exceeds saturated, ie when the solution is
saturated. This scale can precipitate and undergo strong aging attached to iron [5]. However, the rate
of precipitation of ferrous carbonate can be so slow that the settling kinetics is important in
determining the degree of protectivity rather than process thermodynamics [6]. The most important
factors atfecting the deposition of the ferrous carbonate scale are supersaturation and temperature
which can increase the rate of reaction [7]. When deposition of iron carbonate on steel surfaces, it is
influenced by the presence of species involved in the corrosion process [8-11].

Ferrous carbonate also forms directly on steel or iron surfaces exposed to carbon dioxide
solution, forming a "iron carbonate" scale:

Fe + COg + Hgo — FeCO_q + H.g (2)

Potential scale caused by scale ferrous carbonate is owned almost all types of heavy equipment such
as Heat Exchanger. Ferrous carbonates form solids or very strong deposits attached to the surface of
the hydraulic pipe. So far FeCO3 is the cause of the scale on several systems such as heat exchanger
[12-13]. The cause of the scale in the heat exchanger will r educe the diameter and inhibit fluid flow
in the pipe system, causing problems inhibiting fluid flow. The disruption of fluid flow causes
higher pressure, so the pipeline is damaged [14-16].

Zeolites are alumino-silicate minerals with a three-dimensional cage structure, found in Indonesia
in large quantities with almost pure shapes and low prices [17-19]. Lately many researchers have
focused their attention on zeolite development so that it can be utilized in various fields of science
and technology. The unique zeolite crystalline structure causes zeolite to have sorption properties,
ion exchangers, "molecular sieving" and catalysts, which can be enhanced by modifying the chemical
zeolite to allow zeolites to be used in various industrial processes, in managing industrial waste and in
the environmental field [20-23]. Therefore, in this research, the research on the controling of scale
ferrous carbonate on the pipe. This study also studied to know the influence of zeolite adsorbance and
phase change of crystal morphology and growth of the mass scale of ferrous carbonate.

2. Materials and Method
2.1 Materials and equipment

The powder precursor used for the preparation of the crystal forming solution were FeCl, and
Na,CQO; with the analytical grade. The Zeolit adsorbance sintetic grade was added in the solution in an
amount of 2000 mg, 3000 mg, and 4000 mg. The FeCOj;forming scale was grown using the pilot-
scale equipment shown in Figure 1.
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Figure 1: Experimental setup used in the FeCQ; Precipitation [22].

2.2 Experimental method of the scale formation

For the crystallization experiment, five liters of equimolar FeCl, and Na,CO;were prepared in
the glass beaker. This experiment was performed in the same method which was proposed by
Muryanto et al., by dissolving the FeCl, and Na,CO; powder with the Fe** concentration of 3000
ppm [24]. The solutions at predetermined concentrations were separately placed in the two vessels
and equilibrated until the designated temperature was reached. Subsequently, the amount 2000 mg,
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3000 mg, 4000 mg of zeolite adsorbance was dissolved in to a vessel containing five liters of solution
FeCl,, then stirred at 200 rpm until it was well mixed. The conductivity of the liquor exiting the test
pipe section was continuously checked for up to 60 minutes. The scale deposited on the surface of the
coupons was carefully removed and stored in vials for subsequent characterization.

3. Results and DIscussion

3.1 The influence of Zeolite Adsorbance in the Formation of FeCQj3; scale.

The experimental result of zeolite adsorbance addition to the mass of scale produced is presented in
Figure 2. Testing variable concentrations of zeolite (2000 mg, 3000 mg, and 4000 mg) showed a
proportional decrease in the mass scales with increasing Zeolite adsorbance addition.
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Figure 2. Effect of the Zeolite (mg) on the mass scale FeCOj; produced

The mass scales obtained in the presence of 4000 mg zeolite was 14.2613 mg of FeCO;.
Similarly provided 22.1642 mg of mass scale was found in the presence of 3000 mg zeolite. The
increasing mass scale 34.2652 mg was also produced at 2000 mg =zeolite. Clearly the zeolite
adsorbation may be used to improve the scale produced. Zeolites are minerals that consist of hydrated
alumino silicate crystals that contain alkaline or alkaline earth cations in the framework of three
dimensions so that they can function as adsorbents. Zeolites are able to absorb Fe** and COs* ions so
that the growth of FeCOj;scale becomes inhibited. The ions in the cavity or electrolyte skeleton are
useful for maintaining neutral zeolites. These ions can move freely so that the ion exchange that
occurs depends on the size and load as well as the type of zeolite [21,22,24].

3.2 Determination of induction time during the precipitation of ferrous carbonate.

The addition of Zeolite adsorbation (2000 mg, 3000 mg, and 4000 mg) resulted in the increase of
induction time of crystallization (Fig. 3). The induction time was observed in the FeCO; system almost
doubled in the presence of 2000 mg zeolite (28 min), tripled with 3000 mg zeolite (42 min). Moreover,
the presence of 4000 mg zeolite (44 min) led to an induction time four times greater than that for in the
absence of zeolit e system (22 min). Figure 3. it can be seen that the greater the Zeolite mass added,
the slower the induction time that occurs, the greater the induction time means that the slower the
crystal nucleus is formed [24]. Addition of Zeolite can reduce the formation of FeCOj; scale in the
spying process and its growth because Zeolites have the ability as adsorbents [25].
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Figure 3. Induction time measured on the FeCQj; precipitation

3.3 Optimation Zeolite Adsorbance and temperature on the mass scale FeCO;

Optimization of the variables used by the statistical method that is by RSM (Response Surface
Method), using the software Statistica 6. With this method will get the proper response value,
equations mathematical model that fits the data obtained from the experiments and the independent
variables optimal conditions. In this study, there is a change of variables, such as zeolite (mg) and
temperature ("C) ions with a mass response is the mass scales FeCQOj3. Limitation of changing variables
shown in Table 1 .

Table 1. Experimental Running
Run Temperature (°C) Zeolite (mg)  Mass scale (mg)

1 30.00000 2000.000 33.6268
2 30.00000 4000.000 27.4080
3 50.00000 2000.000 34.1600
4 50.00000 4000.000 14.2600
5 25.85786 3000.000 23.1436
6 54.14214 3000.000 21.3667
7 40.00000 1585.786 32.7383
8 40.00000 4414.214 18.1686
9 40.00000 3000.000 15.3258
10 40.00000 3000.000 15.3258

In accordance with the above experimental results can be made for the optimization , resulting
equation as below :

Mass scale (Y) = 123.7099 - 2.6366X, + 0.04342X * - 0.027806X, + 0.000005941X *-
0.00034203X,X,

Where : X;= Temperature (‘'C); Xa = Zeolite (mg)

Analysis of Variance (ANOVA) is a tool for analysis of the mass of the @fss scale as shown in
Table 2. The influence of the significance of a factor seen from Table F and p value . p-value is the
probability of rejecting the null hypothesis of the study when the null hypothesis was in fact true, the
value of p-value less than w with an accuracy of 95% indicates that variable significant effect. F -
value is the ratio between MSF (Mean Squares of Factor) of the MSE (Mean Squares of Error). A
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factor is said to have a significant influence when the F -value is greater than F — table.
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Figure 4. 2D and 3D Graph Variables Influence of temperature (°C), zeolite (mg) on the mass scale
FeCO;.

Table 2. ANOVA (Analysis of Variance) optimation

Sumof  Degree Mean

Source Eivalue F-table R’
Squares  of Freedom  Square

S.S. Regression  595.8307 5 595.8307 57.864058 4.74 0.976

S.S. Error 41.1883 4 10.2971

S.S. Total 637.0190 9

The suitability of the model equations for the mass scales response can be tested by multiple
criteria. Analysis of Variance (ANOVA) contained in Table 2. to the scales response. The
coefficient of determination obtained R = 0.976 showed only 2.4% of the total variation does it
the model of equality, suitability of the model equations with mass scale response tested with static
Fisher (F) . The value of the F -value models compared with the F-table, found in Table 3, F -value
(57.864058) eacm:fect and for the F - table = 4.74. Based on results for the response the mass
scale ANOVA, F -value is greater than F-table. This proves a significant effect on the response
variable the mass scales. The same thing can be seen in Chart Pareto, as shown in Figure 5.

ey _ T
Zeolite {mg)Q) .3953592

Temperature [CHQ) 2 893073
1Lbyal 213176
(1)Temperature (CNL) |-1.66677
pe5

Standardized Eflect Estimate (Absolute Value)
Figure 5. Graph of Pareto optimization variables on the response of the mass scales (mg)
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To determine the optimum mass scales, done by entering values into the equation the optimum
ratio of the mass response variable optimization scale. Massa optimum scale is shown in Table 3.

_ Table 3. Optimum mass scale FeCO;

Factor optimum condition Mass scale optimum (mg)
Temperature ('C) 44.639 14.46187
Zeolite (mg) 3625.068

Based on optimum results of temperature,concentration Fe(2+) and zeolite (mg) variables on the
mass scale FeCO;. The optimum result of temperature was 44.639°C, zeolite was 3625.068 mg
variables was obtained so that the optimum the mass scale FeCO; was
14.46187 mg.

4. Conclusions

It was found that in all the experiments, the mass scale FeCO; decreased with increased mass
zeolite adsorbance addition. The mass scales obtained in the presence of 4000 mg zeolite was 14.2613
mg of FeCOs. Similarly provided 22.1642 mg of mass scale was found in the presence of 3000 mg
zeolite. The increasing mass scale 34.2652 mg was also produced at 2000 mg zeolite. Clearly the
zeolite adsorbation may be used to improve the scale produced. The conductivity decreased abruptly
after a certain induction period. The induction time was observed in the FeCQOj; system almost doubled
in the presence of 2000 mg zeolite (28 min), tripled with 3000 mg zeolite (42 min). Moreover, the
presence of 4000 mg zeolite (44 min) led to an induction time four times greater than that for in the
absence of zeolite system (22 min). The optimum result of temperature was 44.639°C, zeolite was
3625.068 mg variables was obtained so that the optimum the mass scale FeCO; was 14.46187 mg.

References [12]

[1]  Akhyari K. B., Yudy S. L, Tjuk O., 2012. Pengaruh Penambahan CaCO; Wgal Blowing
Agent Terhadap Porositas Dan Kekuatan Tekan Pada Aluminium Foam. Jurusan Teknik
Mesin Fakultas Teknik Universitas Brawijaya [10]

[2] Saeid K., Mokhtar C. L, Bothi R., Hamed M., Seyed S. E., Majid M., 2016. Formation of
Nano-Scale FeCOs Protective Corrosion Product in Carbon Dioxide-Saturated 3% Sodium
Chloride Solution. Engineering Material. SN: 1662-9795, Vol. 740, pp 3-8

[3] Winia F, Tor H., Tonje B., Patrick R., 2. Effect of Precorrosion and Temperature on the
Formation Rate of Iron Carbonate Film. Pipeline technology confi €.

[4] Lilian R. M. F., Haroldo A. P., Luciana S. S., Ana C. T., 2015. ,» Corrosion in the Region

ween the Static and Turbulent Flow Regimes. Materials Research. 2015; 18(2): 245-249

[5] mkar A. Nafday, Srdjan N., 2005. Iron Carbonate Scale Formation And CO, Corrosion In
The Presence Of Acetic Acid. Institute For Corrosion And Multiphase Technology, Ohio
aﬁversity, No. 05295

[6] Hernandez, A. Mufioz and J. Genesca, 2012. Formation of iron-carbonate scale-layer and
corrosion mechanism of API X70 pipeline steel in carbon dioxide-saturated 3% sodium
chloride. AfinidAd LXiX, 560

[71  Rehan A. D. M., 2016. A Combined Experimental and Modelling roach to Elucidate
FeCO 5 Scale Formation Kinetics. Disertation. The University of Leeds Institute of Functional
Surfaces, iFS School of Mechanical Engineering.

[8]  Gourdon. 2011. The Effects of Flow Velocity on Crystallization Fouling in Falling FilmBlack
Liquor Evaporators. Proceeding of International Conference on Heat Exchanger Fouling and
Cleaning, 4 : 23-

[9] Hisyam, 2013. Pembentukan kerak kalsium karbonat (CaCO;) di dalam p beraliran
laminer pada laju alir 30 ml/menit hingga 50 ml/menit dan penambahan aditif. In Prosiding
Seminar Naional Sains Dan Teknologi Fakultas Teknik (Vol. 1., No. 1).

[10] Isopescus, R., Mateescu, C., Mihai, M., Dabija, G. (2010). The effects of organic additives on

6




International Conference on Mechanical Engineering Research and Application

I0P Publishing

IOP Conf. Series: Materials Science and Engineering 494 (2019) 012023  doi:10.1088/1757-899X/494/1/012023

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

induction time and characteristics of precipitated calcium carbonate. Chemical Engineering
Research and Design,88, 1450-145
Andrzej M. Anderko. 2000. Simulation of FeCOs/FeS Scale Formation Using
Thermodynami and Electrochemical Models. NACE-00102. CORROSION 2000, 26-31
arch, Orlando, Florida
Tzotzi, C., Pahiadaki, T., Yiantsios, S.G., Karabelas, A.J., Andritsos, N. (2007). A study of
CaCO3 skala formation and inhibition in RO and NF membrane processes. Journal of
embrane Science,296(1), pp.171-184.
Amor, M. B., Zgolli, D., Tlili, M. M., Manzola, A. S. 2004. Influence of water hardness,
substrate nature and temperature on heterogeneous calcium carbonate nucleation. Desalination,
79-84.
Basim O. Hasan, Graham J. Nathan, Peter J. Ashman, Richard A. C. 2012. The Effects of
temperature and Hydrodynamics on The Crystallization Fouling Under Cross Flow conditions,
Journalg@plied Thermal Engineering. Volume, 36 : 210-218
Alice, A., Low, J. H., Gray, S., Childress, A. E., Le-Clech, P., Leslie, G. (2011). Scala
formation and control in high pressure membrane water treatment systems:A review. Journal
Membrane Science, 383, 1-16.
Alimi, F., Tlili, M., Amor, M.B., Gabrielli, C., Maurin, G. (2007), Influence of magnetic field
on calcium caranare precipitation, Desalination, 206, 163-168.
Lestari, Dewi Y.. 2010. Kajian Modifikasi Dan Karakterisasi Zeolit Alam Dari Berbagai
Negara. Prosiding seminar Nasional Kimia dan pendidikan, Tema: “Profesionalisme Peneliti
dan Pendidik dalam Riset dan Pembelajaran yang Berkualitas dan Berkarakter”, Universitas
gyakarta, 30 Oktober 2010
arsidi, R. 2001. Zeolit Untuk Mengurangi Kesadahan Air. Jurnal Teknologi Lingkungan 2(1):
1-10. Muhaji dan Mulyani, 2007. Pengaruh Proses Pembentukan Endapan Batuan Terhadap
Kualitas Zeolit Alam, Fakultas Tmik, Universitas Negeri Surabaya. Surabaya.
Nurullita, U., A. Rahayu, dan M. Z. Arifin. 2010. Pengaruh Lama Kontak Karbon Aktif
Sebagai Media Filter Terhadap Persentase Penurunan Kesadahan CaCO; Air Sumur Artesis.
@Binal Kesehatan Masyarakat Indonesia 6: 48-56.
Rahman, A. dan B. Hartono. 2004. Penyaringan Air Tanah Dengan Zeolit Alami Untuk
Menurunkan Kadar Besi dan Mangan. Makara Kesehatan 8(1): 1-6.
Raharjo S. Muryanto S., J. Jamari, A.P Ba no, 2016, ‘Modeling and optimization of
CaCO; precipffled from laminar-flow water in the presence of citric acid at an elevated
temperature’, International Journal of Applied Engineering Research, Vol 11 (15), pp: 8533-
8539.
Raharjo S., A.P. Bayuseno, , J. Jamarib, M. Muryanto, S., 2016, ‘Calcium carbonate scale
formation in copper pipes on laminar flow’, Matec web of conferences, 58, 01029.
Raharjo, S. Muryanto, J. Jamari and A. P. Bayuseno, 2016, ‘Optimization of Calcium Sulfate
Precipitated in the Laminar Flow Pipe through Response Surface Modeling of Temperature,
Ca™ Concentration and Citric acid Additives’, Oriental Journal of Chemistry, ISSN 0970-020
EB. Vol 32 (6), pp: 3145-3154,
Muryanto, S., Bayuseno, A. P., Ma’mun, H., Usamah, M. (2014). Calcium Carbonate Scale
Formation In Pipes: Effect Of Flow Rates, Temperature, And Malic Acid As Additives On
The Mass And Morphology Of The Scale.Procedia Chemistry, 9, 69-76.
Izhar, M Dody, K, Haripurnomo K, dan S. Darmoatmodjo. 2007. Hubungan Antara
Kesadahan Air Mimum, Kadar Kalsium dan Sedimen Kalsium Oksalat Urin. Berita
Kedokteran Masyarakat 23(4):200209.




Optimization and Controlling of FeCO3 Scale Deposition on the
Piping System with Laminar Flow and in The Presence of Zeolite
Absorbance

ORIGINALITY REPORT

19. 15, 11+, 8.

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

profdoc.um.ac.ir

Internet Source

1o

o

iwaponline.com

Internet Source

1o

e

Chun-Hsi Lai, Yu-Heng Chen, Hsuan-Hsien
Yeh. "Effects of Feed Water Quality and
Pretreatment on NF Membrane Fouling Control",
Separation Science and Technology, 2013

Publication

1o

=

pustaka.geotek.lipi.go.id

Internet Source

1o

V. Eroini, A. Neville, N. Kapur, M. Euvrard. "New
insight into the relation between bulk
precipitation and surface deposition of calcium
carbonate mineral scale”, Desalination and
Water Treatment, 2013

Publication

1o

www.springerprofessional.de



Internet Source

1o

B B

www.infim.ro

Internet Source

1o

ljeab.com

Internet Source

1o

garuda.ristekdikti.go.id

Internet Source

1o

RN
(@)

zh.scientific.net

Internet Source

1o

—
—

Retno Wulan Damayanti, Pringgo Widyo
Laksono, Risya Zeline, Taufiqg Rochman.
"Applying Hazard Analysis Critical Control Point
(HACCP) for production process of oyster
mushroom chips in small and medium enterprise
(SME)", 2016 2nd International Conference of
Industrial, Mechanical, Electrical, and Chemical
Engineering (ICIMECE), 2016

Publication

1o

-
N

fr.scribd.com

Internet Source

1o

D. S. Perwitasari, L. Edahwati, S. Sutiyono, S.
Muryanto, J. Jamari, A. P. Bayuseno.
"Phosphate recovery through struvite-family
crystals precipitated in the presence of citric

1o



acid: mineralogical phase and morphology
evaluation", Environmental Technology, 2017

Publication

—
N

sportdocbox.com

Internet Source

1o

—_
(&)

docobook.com

Internet Source

1o

N
(@)

www.scielo.br

Internet Source

1o

—
N

Nor Aishah Saidina Amin, Didi Dwi Anggoro.
"Optimization of direct conversion of methane to
liquid fuels over Cu loaded W/ZSM-5 catalyst",
Fuel, 2004

Publication

1o

RN
(0]

fsh.health.wa.gov.au

Internet Source

1o

RN
(o)

Submitted to University of Strathclyde

Student Paper

1o

B
o

eprints.kfupm.edu.sa

Internet Source

1o

Submitted to Al-Nahrain Universit

Student Paper y <1 %
WWW.UIS.No

Internet Source <1 %




¥ doctiktak.com <1 0,

Internet Source

R.Q. Honaker, A.V. Ozsever, N. Singh, B.K. <1 o
Parekh. "Apex water injection for improved °
hydrocyclone classification efficiency", Minerals
Engineering, 2001
Publication
Submitted to Universiti Malaysia Sarawak

Student Paper y <1 %
Submitted to iGroup

Student Paper <1 %
Submitted to South Bank Universit

Student Paper y <1 %
etd.lsu.edu

Internet Source <1 %
drmc.library.adelaide.edu.au

Internet Source y <1 %
academic.oup.com

Internet Source p <1 %
www.ripublication.com

Internet Somﬁce <1 %

Laura Laguna, Anwesha Sarkar, Michael G. <1 o

Bryant, Andrew R. Beadling, Begona Bartolome,
M. Victoria Moreno-Arribas. "Exploring



mouthfeel in model wines: Sensory-to-
instrumental approaches”, Food Research
International, 2017

Publication

Kartini, G.A. Sipayung, E. Saputra, R. Ismail, J. <1 o
Jamari, A. P. Bayuseno. "The use of curve °
wizard method for generating rough surface in

CAD model and data transferring analysis in

CAE model", 2017 International Conference on
Sustainable Information Engineering and

Technology (SIET), 2017

Publication

www.hilarispublisher.com 1

Internet Source < %
Submitted to An-Najah National University

35 <ly
Student Paper Y

Exclude quotes Off Exclude matches Off

Exclude bibliography Off



	Optimization and Controlling of FeCO3 Scale Deposition on the Piping System with Laminar Flow and in The Presence of Zeolite Absorbance
	by Samsudi Raharjo

	Optimization and Controlling of FeCO3 Scale Deposition on the Piping System with Laminar Flow and in The Presence of Zeolite Absorbance
	ORIGINALITY REPORT
	PRIMARY SOURCES


