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Abstract

In this study, an integrated system is proposed to form dolomite chemically from seawater and carbon dioxide. The
system contains three main chemical processes: formation of magnesium hydroxide and calcium hydroxide, the reac-
tion of magnesium hydroxide and calcium hydroxide with carbon dioxide, and the formation of dolomite. Based on the
fundamental thermodynamic laws, energy and exergy analyses, and performance assessment of the proposed system is
carried out. Furthermore, the effects of varying temperatures of each process on various energy and exergy efficiencies
are assessed through parametric studies. The results show that formation of dolomite is favorable at temperature ranges
of 313-470 K based on the thermodynamic study. The exergy efficiency of dolomite formation is found to be about 23.8%
and the results reveal that the dolomite formation process has the specific exergy destruction value of 29.6 kJ/mol among
other sub-processes. The results suggest that the proposed system may provide enhanced options for low-temperature

dolomite formation using seawater and captured carbon dioxide once the reaction kinetics is favored.
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1 Introduction

The formation and properties of dolomite have been
investigated since the beginning of the 1900s [1]. Dolo-
mite is formed when lime muds or limestone are modi-
fied by post-depositional chemical change. Dolomite is
used as an aggregate in construction projects, and itis a
kiln fired in the manufacturing of cement [2]. Dolomite
can be used as a replacement for some conventional
materials in the cement sector and it results in suitable
raw materials for the production of Portland cement
[3, 4]. Conventional materials that are used in cement
manufacturing are not favorable due to unavailability
of natural material, energy consumption, and carbon
dioxide emissions. Replacing conventional materials by
alternative materials can recover some of the conven-
tional material in the cement industry especially consid-
ering the high CO, emissions from the cement industy.

Enhancing renewable based raw materials can contrib-
ute significant reduction in energy use and greenhouse
gas emissions in building sector [5, 6]. Artificial dolomite
can play a role in the transition, however dolomite for-
mation mechanism, kinetics in natural systems and syn-
thesis in laboratory conditions are not clearly studied.
Formation of dolomite is favored thermodynamically,
and it is related to the difficulties of generating dolo-
mite at low temperature and thermodynamic prefer-
ence which is called dolomite problem. The dolomite
problem has remained one of the most studied topics
in geology due to low direct dolomite formation. The
dolomite problem is the denial between the difficulties
to generate dolomite in the lab at low temperature. The
composition and distribution of materials in geochemi-
cal systems are strongly controlled by reaction kinetics.
Marine carbonates and dolomite are examples of such
materials [7]. Therefore, investigators attempt to develop
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geochemical modules to form dolomite [8]. Typically,
experimental syntheses regarding dolomite reaction
mechanisms, kinetics, and physiochemical conditions
can resolve the “dolomite problem” [9, 10]. There are
two ways presented in some of the literature studies to
form dolomite at low temperatures. Firstly, forming
dolomite experimentally by mixing two solutions, one
solution contains Mg/Ca ratio = 1 with other solution
contains dissolved carbonate ions. The experiment was
conducted at one independent parameter which was
temperature. The experiment was only successful when
the temperature was more than 100 °C [11]. Secondly,
the new synthesis pathway for dolomite formation using
calcite and magnesite was tested under different tem-
perature ranges from (25 to 200 °C). Other parameters
including calcium, magnesium, and reaction solution
amount were constant [9]. Due to low direct dolomite
formation from seawater naturally, there is a need of
research for increasing ways of forming dolomite to be
used as a replacement of cement. In addition, the dolo-
mite can also be used as pre-treatment agents for acid
mine drainage [12]. There is a lack of information in the
literature studying the exergy analysis of artificial dolo-
mite formation through captured carbon dioxide and sea
water. Moreover, the reaction mechanism and role of all
parameters including the amount of heat needed in the
processes to form dolomite, the reaction temperature in
each process, heat losses during the processes, energy
and exergy efficiencies, and exergy destructions of the
reactions are poorly studied. Therefore, identifying all
these factors that affect dolomite formation remains a
major scientific challenge to obtain a better understand-
ing of dolomite formation to facilitate its production.

Consequently, the specific objectives of this study are
listed as follows:

¢ To propose dolomite formation process utilizing Mg**
and Ca?* ions obtained from seawater and captured
carbon dioxide.

e To analyze the proposed artificial dolomite formation
process using thermodynamic laws (first and second
laws of thermodynamics).

e To determine the specific exergy destruction rates
within the proposed system.

¢ To evaluate the energy and exergy efficiencies of each
sub-process and overall process.

2 System description

A schematic diagram of the proposed system is presented
in Fig. 1. The system contains two main inlets: sea water
and carbon dioxide, and the system has three processes.
The first process is when seawater enters the system to
form magnesium hydroxide and calcium hydroxide. Sea-
water is used as a source of magnesium ions, calcium ions,
and hydroxide ions. These three ions are present after sea-
water passes through the ion separator. The ion separator
makes 1 mol of magnesium ions and 1 mol of calcium ions
and 4 mol of hydroxide ions. One mole of magnesium ion
reacts with 2 mol of hydroxide ions to form magnesium
hydroxide with the addition of heat, and the other 2 mol
of hydroxide react calcium ions to form calcium hydrox-
ide with the addition of heat. The heat source that comes
from the third process is used in the second process to
supply the endothermic process. The second process is
the reaction when the formed magnesium hydroxide and
formed calcium hydroxide reacts with carbon dioxide to
form magnesium carbonate and calcium carbonate. Both
the processes generate heat as output due to the chemi-
cal reaction. The third process is the mixture of the output
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Fig. 1 A schematic diagram of dolomite formation from seawater
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of the second process which the reaction of magnesium
carbonate with calcium carbonate to form dolomite which
can be used as cement substitute.

2.1 Process 1

The first process contains the formation of two chemicals:
magnesium hydroxide and calcium hydroxide as pre-
sented in the following chemical reactions:

Mg**(aq) + 20H™(aq) + heat — Mg(OH),(aq) 1)

Ca’"(aq) + 20~ (aq) + heat — Ca(OH),(aq) )

When seawater enters the ion separator, chemical com-
positions of seawater turn to ions [13]. Magnesium ions,
calcium ions, and hydroxide ions are absorbed by the sys-
tem where the other ions are neglected. The reaction of
1 mol of agueous magnesium ions with 2 mol of aqueous
hydroxide form magnesium hydroxide. The same process
happens when 1 mol of aqueous calcium ions react with
2 mol of hydroxide ions to form calcium hydroxide. Both
processes are endothermic, so they require heat to occur
and the reactions are held in room temperature around
25 °C. The source of heat is taken from the third process
to supply this process. It is noted that there should be a
suitable engineering design for capturing the heat and
providing to other processes. For instance, this can be
overcome by thermal energy storage units where the
exothermic heat is supplied to a molten salt medium or a
phase change material and later on provided to the endo-
thermic reaction.

2.2 Process 2

The outputs of the first process are used as inputs in the
second process. Both magnesium hydroxide and calcium
hydroxide react with pressured carbon dioxide gas from
industry to form magnesium carbonate, calcium carbon-
ate, water vapor, and heat respectively as shown in the
chemical reactions. Here, the reaction occurs when the
temperature is 20 °C and the carbon dioxide pressure is
50 bar.

Mg(OH),(aq) + CO,(g) - MgCO;(aq) + H,0(g) + heat
(3)
Ca(OH),(aq) + CO,(g) — CaCO5(aq) + H,0(g) + heat
(4)
2.3 Process 3

The third process shows the formation of dolomite when
both products from the second process react together.

According to Montes-Hernandez et al. [9], dolomite is
precipitated directly and homogeneously by mixing two
solutions, one contains magnesium, calcium and other
contains dissolved carbonate ions [1:1:2]. Better dolomite
formation occurs when 1.0 M solution mixed in Ca**, Mg?*,
and CO,? ration of 1:1:2 where the PH of the precipitation
medium ranges from 9.7 to 9.1 and temperature ranges
from 25 to 100°C[10, 14].

Reacting magnesium carbonate with calcium carbon-
ate form dolomite and heat as presented in the following
chemical equation:

MgCOs(aq) + CaC0O;(aq) — MgCa(COs),(aq) + heat
(5)

Dolomite can be formed by mixing 1 mol of calcite
(CaCO;) and 1 mol of magnesite (MgCOs) [9, 15].

Note that the composition and distribution of materials
in geochemical systems are strongly controlled by reaction
kinetics. However, the dolomite formation step is sponta-
neous at low temperature in the third process even though
the production rate is limited due can be the kinetic limita-
tion of the reaction.

3 Analysis and assessment

Thermodynamic analysis of the system is conducted using
Engineering Equations Solver (EES) [16] by thermodynamic
laws using energy, entropy, and exergy balance equations.
These balance equations are applied for all the processes
individually and integrated together by assigning appro-
priate state points. The main assumptions in the analysis
for the state operation are listed as follows:

e The ambient conditions are considered as T,=298 K
and P,=101.325 kPa.

The sink temperature is taken as T, = 298K.

lon separation makes 1 mol of Mg®*, Ca?* and OH".
CO, is taken from the carbon capture unit at 50 bar.
All the chemical reactions take place according to their
stoichiometry and goes to completion.

For the system analysis, each process has been analyzed
thermodynamically (energy, entropy, exergy balance equa-
tions). After developing the governing thermodynamic
equations of each process, they are integrated by assign-
ing appropriate inputs and outputs for each process. Since
all processes contain chemical reactions, reactants are as
input to the process and products are output to the pro-
cess. Defining all these processes, equations represent the
thermodynamic model of the whole system. Additionally,
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boundary condition such as ambient conditions for each
process is constrained to perform the parametric study.

The system contains three main processes. Formation
of magnesium hydroxide Mg(OH),, calcium hydroxide
Ca(OH),, magnesium carbonate MgCO,, calcium carbonate
CaCO; and dolomite MgCa(CO,),. For analysis, energy bal-
ance for all the processes of the system is applied accord-
ing to the first law of thermodynamics. In fact, the energy
balance equation of any steady state flow process in molar
form is shown as follows:

Z Qnet + Z Wnet + Z Ninhin — Z Nouthout = 0 (6)

where Q is heat rate required or released, W is work rate
required or produced through the boundary, nis the mole
flow rate required and h is the specific enthalpy of each
compound in kJ/mol. Energy balance equations for all
the processes in the system are presented in Table 1. The
enthalpy of magnesium hydroxide, calcium hydroxide,
water, and carbon dioxide are defined using NASA library
in EES software [16]. The enthalpy of the ions magnesium
ions, calcium ions, hydroxide, and dolomite are defined
from literature [17]. Once the energy balance equations
for each process in the system is defined, they are inte-
grated by defining the appropriate inputs to each process.
Generally, the output of one process is input to another
process.

Energy analysis by itself is not satisfactory for detailed
thermodynamic analysis of a system [18-20]. Therefore,
exergy analysis, which is based on the second law of ther-
modynamics, has been implemented for each process in
the system. The specific physical exergy equation for each
process is presented in the following equation:

Table 1 Energy balance equations for all the processes in the system

exph,- = hi - ho - To (Si - so) (7)

where s represents the specific entropy of a compound in
each process, subscript i is ith state point and subscript o
represents the reference conditions. The entropy of mag-
nesium hydroxide, calcium hydroxide, water and carbon
dioxide are defined using NASA library in EES software.
The entropy of the ions magnesium ions, calcium ions,
hydroxide and dolomite are defined from literature [17].
The exergy balance equation of a steady state process is
governed by the following equation:

. _ £.0 . . .
EXd,. =Ex~ — EXW, + Z ninexin - Z noutexout (8)

where Exd,_ is the rate of exergy destruction occurring in a
compound i, Ex% s the exergy of heat rate required, Exy,
is work related exergy rate, n;,ex;, is the exergy carried by
1 mol into the system while n,.ex,,; is the exergy carried
out of the system by 1 mol. Ex% is expressed by the fol-
lowing equation:

. . T
Q = Q. -0
Ex Q <1 T, ) (9

where Q, represents the heat rate required, T, represents
the ambient temperature and T is sink temperature when
there is heat loss from the system. Since all the processes
contain chemical reactions, chemical exergy is incorpo-
rated in the equation to calculate specific exergy for each
compound. The total specific exergies are calculated using
the following equation:

ex; =h;—h, = T,(s;—s,) + EXeh, (10)

Energy balance equation

Processes

Process 1 Mg?*(aq) +20H"(aq) — Mg(OH),(aq)
Ca?*(aqg) + 20H(aq) — Ca(OH),(aq)

Process 2 Mg(OH),(aq) + CO, (g) —MgCOs(aq) , H,0(g)
Ca (OH),(aq) + CO,(g) — CaCOs(aq) + H,0(q)

Process 3 MgCO;(aq) + CaCO;(aq) — CaMg(CO;),(aq)

Mg+ g2+ + 2Non_hon- + Oin,1 = Tpgomy2mgomy2

TMcaziNeazs + 2Nop_hon_ + Oin,z = 10cy0m)2Ncaon)2
Tmgor2Mmgom?2 + TNco2Ncoz = 1Mmgcozmgcos + 1Mk20hkzo + Qout,3
McaorzNcaor? + Meco2hcor = TNcacoshcacos + 1M20MH20 + Qouta

TmgcosNmgeos + MNcacoshcacos = 1MmgeaccosyzMmgcaccosyz + Qouts

Table 2 Exergy balance equations for all the processes in the system

Processes

Exergy balance equation

Process 1 Mg**(aq)+20H (aq) —Mg(OH),(aq) g2+ €Xngas + 2M0n_Xon— + EXA = 10 0128%Xmgomy2 + EXq,
Ca**(aq) +20H(aq) — Ca(OH),(aq) Moy €Xcans + 2Non_Xon_ + EX% = M, 01,8Xcaomy + EXg,
Process2  Mg(OH),(aq)+CO, () >MgCOs(aq) . H0(9)  1Mygon2€Xmgon2 + 1Mc028Xc0or = 1Mngco3@Xmgcos + 1Mua0€Xka0 + EXg, + Ex%
Ca (OH),(aq) +CO,(g) —CaC05(aq) +Hy0(9) Ty 0m28Xcaory2 + 1Mc028%c0or = 1Mcaco3®cacos + Moo + Exg, + Ex%
Process3  MgCO;(aq) +CaCOs(aq) — CaMg(CO5),(aq) TMygc03@Xmgeos + Tcaco3Xcacos = TMmgcaicos2@mgcacos + EXa, + Ex
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Table 3 Definition of exergy

efficiencies for all the processes Process Exergy efficiency
Process 1 Mg?*(aq) + 20H"(ag) — Mg(OH),(aq) o1 = Toum 2“:1::’1&01)
Ca?*(aq) +20H"(aq) — Ca(OH),(aq) Nex,2 = W
Process 2 Mg(OH),(aq) + CO,(g) = MgCO;(aq), H,0(g) Mogs = ( €Xygcoy )
- Xgiomy, +eXco,
Ca (OH),(aq) + CO,(g) — CaCO5(aq) , H,0(g) Mexa = ( cacog ]
€Xca(oH), T€Xco.
Process 3 MgCO;(aq) + CaCO;(aq) — CaMg(CO;),(aq) Mogs = ( exmg;cos)zz )
! €Xgco; +€Xcacoy
where, ex, is the chemical exergy content of each com- G, =H—TS (13)

pound. The values of specific chemical exergies of reac-
tants and products are available in the literature [21]. The
exergy balance equations for all the processes in the sys-
tem are presented in Table 2 and the exergy efficiency for
all the processes are in Table 3.

Change in enthalpy of the reaction in each process is
defined by a change in enthalpy of product substitute with
a change in enthalpy of reactants as shown in the follow-
ing equation [22].

H,,=H

xn products — Hreactanrs 11)

Change in entropy of the reaction is defined by a
change in entropy of product substitute with a change in
entropy of reactants as shown in the following equation.

Son =S

xn products Sreactants (12)

Change in entropy is found to determine Gibbs free
energy of the reaction because Gibbs free energy is combi-
nation of enthalpy change and entropy change. Gibbs free
energy is defined by a change in enthalpy substitute with
a change in entropy multiplied by reference temperature

as shown in the following equation [22].

Table 4 Thermodynamic properties for all the states in the system

Equilibrium constant in each process is defined as per
the following equation:

-G
Keq = €Xp (—R;X”> (14)

where K, represents equilibrium constant, —G,,,, is Gibbs
free energy change, Ris the gas constant and T is the tem-
perature of each process.

4 Results and discussion

The analysis of the system is performed using Engineer-
ing Equation Solver Software which is a powerful tool for
thermodynamic analysis through energy, entropy, exergy
balance equations. Values of temperature, pressure, spe-
cific enthalpy, specific entropy, specific exergy, standard
chemical exergy are determined for all the states in the
system as shown in Table 4.

Table 5 shows the change in specific entropy, change in
specific enthalpy, specific Gibbs free energy for the three

Specific Specific entropy  Specific exergy Specific chemical Reference specific Reference specific
enthalpy (kJ/ (kJ/kmol K) (kJ/kmol) exergy (kJ/kmol) enthalpy (kJ/kmol) entropy (kJ/kmol
kmol) K)
Mg®*(aq) —467,000 -137 754,100 754,100 — 467,000 - 141
OH (aq) —230,000 -10.7 120,300 120,300 —230,000 -10.7
Mg(OH),(aq) —924,293 63.18 40,900 40,900 —924,293 63.18
Ca®*(aq) —544,000 -56.2 831,400 831,400 —544,000 -57.2
Ca(OH),(aq) —985,840 83.39 53,700 53,700 —985,840 83.39
CO,(9) —393,486 180.6 29,537 19,870 —393,676 213.7
MgCO;(aq) —-1,096,000 63.77 37,903 37,900 1,096,000 65.09
H,0(9) -241,811 155.7 19,166 9500 —241,984 188.7
CaCOs(aq) —-1,207,000 90.26 1004 1000 —-1,207,000 91.7
CaMg(CO;),(aq) —-2,325,000 127.7 9259 15,100 —2,324,000 105
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processes in the system and its spontaneity. Magnesium
hydroxide and calcium hydroxide processes have large
positive enthalpy change, therefore, they absorb a large
amount of heat which is said to be strongly endothermic.
However, dolomite process has large negative specific
enthalpy change hence it releases a large amount of heat
which is called to be exothermic. Moreover, experimental
observations have shown that a decrease in free energy is
associated with reactions which occur spontaneously. All
the reactions have negative specific Gibbs free energy, so
they are all spontaneous, the tendency to occur.

Table 6 lists the results of the energy and exergy analy-
sis. The specific heat required input to form magnesium
hydroxide and calcium hydroxide are theoretically found

as 2707 kJ/kmol and 18,160 kJ/kmol, respectively. The
exergy efficiency of both magnesium hydroxide and cal-
cium hydroxide are low due to the absorption of heat of
reaction however the exergy efficiency of other three pro-
cess (magnesium carbonate, calcium carbonate, and dolo-
mite) are high because of production of the heat of the
reaction. The exergy efficiency of magnesium carbonate is
53.8% which is the highest among all the other processes
due to its high chemical exergy at reference state [21]. The
exergy destruction and efficiency of all the system process
are shown in Fig. 2.

The specific exergy destruction is found to be large
in both processes forming magnesium hydroxide and
calcium hydroxide because of the input heat required

Table 5 The change in entropy,

. ) Processes Specific Specific Specific gibbs
change in enthalpy Gibbs freg entropy enthalpy free energy
ekr:ergy for the ﬁye processes in change change change
the system and its spontaneity As (J/kmol  Ah (k/kmol)  Ag (kJ/kmol)

K)
Process 1 Mgz*(aq) +20H"(aq) — Mg(OH),(aq) 225.6 2707 —64,549
Ca%*(aq) +20H (aq) — Ca(OH),(aq) 162 18,160 —30,138
Process 2 Mg(OH),(aq) +CO, (g) > MgCO;(aq) , H,0(g) —24.31 —-20,338 -13,215
Ca (OH),(aq) +CO,(g) — CaCO5(aq) +H,0(g) —18.04 —69,422 —-64,138
Process 3 MgCOs(aq) +CaCOs(aq) — CaMg(CO;),(aq)  —26.3 -20,519 -11,313
Table 6 The results ofthe. Parameters Value
energy and exergy analysis
Specific heat required for magnesium hydroxide formation (kJ/kmol) 2707
Specific heat required for calcium hydroxide formation (kJ/kmol) 18,160
Exergy efficiency of magnesium hydroxide formation process (%) 4.1
Exergy efficiency of calcium hydroxide formation process (%) 5.0
Exergy efficiency of magnesium carbonate formation process (%) 53.8
Exergy efficiency of calcium carbonate formation process (%) 1.2
Exergy efficiency of dolomite formation process (%) 238
Fig.2 The specific exergy 60 Y 1200
d.estructlon and exergy effi- 953.8 1018.0 S T Efficiency (%)
ciency of all the processes 50 : — | 1000 =
— g | «=@=Exergy Destruction (kJ/mol) 8
S )
< 40 | 800 =
E c
L | g
2 30 600 3
E 23.8 2
> | 3
80 \
g 20 , | 400 %
- |
10 63.1 1.2 200 «
5 .
4.1 - a \ 29.6
0 ‘l ‘ ‘ —) ‘Q 0
Magnesium Calcium Magnesium Calcium Dolomite
Hydroxide Hydroxide Carbonate Carbonate
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to make the reaction occur. The specific exergy destruc-
tion values for both the processes are 953.8 kJ/mol and
1018 kJ/mol, respectively. Therefore, the exergy efficien-
cies are low due to the required input heat. The specific
exergy destruction of dolomite formation step is 29.6 kJ/
mol, which is the lowest because of its favorability of form-
ing from magnesium carbonate and calcium carbonate [9].

The change in exergy efficiency and required heat
input with respect to the temperature of both processes
(magnesium hydroxide and calcium hydroxide) are illus-
trated in Fig. 3. Increasing reaction temperature increases
the required heat input and increase exergy efficiency
slightly. As temperature increases in both processes, the
specific free Gibbs energy required increases resulting in
an increase in required heat input. Since the reactions for
the processes have a large positive change in enthalpy,

both reactions are strongly endothermic which shows that
the chemical reactions absorb a large amount of heat to
occur [23]. Increasing in temperature results in an increase
in exergy efficiency by 0.22% for magnesium hydroxide
and 0.03% for calcium hydroxide. Therefore, these two pro-
cesses are favorable to be implemented at slightly higher
temperatures and increasing the temperature enhances
the performance of the process.

Figure 4 shows the relationship between equilibrium
constant and exergy efficiency with temperature for mag-
nesium carbonate and calcium carbonate. Equilibrium
constant relates the equilibrium compositions of a chemi-
cal reaction system to measurable physical properties of
reactants and products. As the temperature increases,
it results in decreasing in equilibrium constant which
shows decreasing in products. The equilibrium constant

Fig.3 The change in exergy 25000 0.052
. . L L}
efficiency and required heat | —=—Exergy Efficiency Ca(OH), /-/
. . L
input with respect to the L —
Sy S S S S S 0.05
tempera’sure of both processes 20000 ././ .
(magnesium hydroxide and 3 L e -
calcium hydroxide) I —nm—Required Heat Ca(OH), -
< 0.048 @
2 I )
< 15000| 8
- =
3 0046 ©
T 5
°© put
Qo 10000} —=—Required Heat Mg(OH), e
= /-// 0.044
o =
(0] =
Q: + /l
5000 o g
:/./- —=—Exergy Efficiency Mg(OH), 0.042
ol 0.04
300 320 340 360
Temperature (K)
Fig.4 The effects of tempera- 250 0.6
ture on the equilibrium con-
stant and exergy efficiencies of R S
the magnesium carbonate and 0.5
calcium carbonate processes — 200
= =z
S 04 >
B 2
8 150 —=—Exergy Efficiencey (CaCO3) [
(@] ‘©
£ —a—Exergy Efficiencey (MgCO3) 03 &
=i w
S 100 )
= o
> —o—Equilibrium Constant (MgCO3) 02 @
w i
50
0.1
ANt
0 0
280 300 320 340 360 380
Temperature (K)
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of calcium carbonate decreases significantly from 293 to
373 K comparing to magnesium carbonate due to its high
free energy of formation. The exergy efficiency increases
by 1.3% in magnesium carbonate and calcium carbonate
by 72.1% as the temperature increases from 293 to 373 K.
Therefore, both processes are favorable at low tempera-
ture and increasing the temperature slightly improves the
performance of the process.

The variation of the exergy efficiency and equilibrium
constant with the temperature of dolomite formation is
shown in Fig. 5. As the temperature increases from 348
to 423 K, the exergy efficiency decreases by 89%. Dolo-
mite starts forming at a temperature of 348.15 K when it
reacts with magnesium carbonate and calcium carbonate

[9]. Thus, the formation of dolomite is favorable at higher
temperatures.

Figure 6 shows the relationship between exergy effi-
ciency and specific exergy destruction with temperature
for dolomite formation. As the temperature of the dolo-
mite process increases, the specific exergy destruction
increases while the exergy efficiency decreases. The exergy
destruction increases by 28.7% as temperature increases
from 348 to 423 K which is reasonable since the reaction
is exothermic.

Fig.5 The variation of exergy 0.25 500
efficiency and equilibrium —
constant with the temperature ——Equilibrium Constant
f dolomite fi ti
of dolomite formation 0.2 400
= =
> ©
Q ®»
% 0.15 300 <
S —o—Exergy Efficiencey 8
2
Lu £
= 0.1 200 =
2 S
(O] =
< 5
L o
L
0.05 100
0 0
350 360 370 380 390 400 410 420
Temperature (K)
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specific exergy destruction
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% ol 5
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5 Conclusions

This study investigates the thermodynamic analysis of a
new system that captures carbon dioxide and use seawa-
ter to form dolomite. There are three main processes in the
system: formation of magnesium hydroxide and calcium
hydroxide, the reaction of carbon dioxide with magnesium
hydroxide and calcium hydroxide to form magnesium car-
bonate and calcium carbonate and formation of dolomite.
Based on the thermodynamic study, the simulation results
show that formation of dolomite is favorable at tempera-
ture ranges of 313-470 K. The exergy efficiency and spe-
cific exergy destruction of dolomite formation process are
calculated as 23.8% and 29.6 kJ/mol, respectively. Dolo-
mite can be used as a building material in certain appli-
cations and reduce the dependeny on highly pollutant
cement industry if it can be produced from captured CO,
and seawater in a well-engineered system.
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