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ABSTRACT

Sequestration of CO; in geologic formations will be part of substantive
campaign to mitigate greenhouse gas (CO;) emissions. The risk of leakage from the
target formation due to natural and artificial pathways such as fractures, and fault are
important challenges in geological storage of CO,. The leakage arises mainly from the
buoyancy of free-phase mobile CO» (gas or supercritical fluid). The best way for CO; to
be sequestered permanently is by mineralization of CO, and solubility trapping of CO»
naturally in the aquifer. Those two processes take a long period of time estimated to
start in 10+ years of time. Alternatives of dissolution of CO; prior to injection have
been come up to mitigate risk of leakage during period of the CO; to permanently

naturally sequester.

In this paper, the author investigates a conceptual process in which CO; is
dissolved with chemical prior to injection into the saline formations. As the CO»-laden
chemical is denser than native brine containing no CO», it will eliminate the risk of
buoyancy-driven leakage. Several chemicals have been chosen namely Amine solution
(Monoethanolamine and Diethanolamine), Potassium Carbonate and Propylene
Carbonate. Using Aspen Hysys, products from the mixture of CO; and chemicals are
evaluated for their properties. The author then investigates and compared the different
product properties. Main properties for evaluation of the products are the density. By
contrasting the injection strategy, the author chose the best injection sirategy. In theory,
the injected CO, will mineralize with native rocks and sequestered permanently. Native

saline density of 1.1g/cm3 is use for comparing the treated chemical.

Although this alternative may result in higher costs compared to standard
injection strategy, surface dissolution of CO, with chemical may be attractive where the
costs of monitoring or insuring against buoyancy-driven CO, leakage may exceed the
additional cost incurred. The benefit would be to decrease the risk of C0, leakage and

potential harm of environment and people.
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CHAPTER 1
INTRODUCTION

1. INTRODUCTION

1. 1 Background

CO; sequestration is the process of removing excess CO; from the atmosphere and

depositing it in a reservoir [1].

It is a geo-engineering technique for long term storage of carbon dioxide or other forms
of carbon to mitigate/defer global warming. It has been proposed as a way to slow the
atmospheric and marine accumulation of greenhouse gases, which are commonly

released by industrial.

Naturally, Carbon dioxide is captured from the atmosphere through biological, chemical
or physical processes. Some anthropogenic sequestration techniques exploit these

natural processes.

CO, may be captured as a pure by-product in processes related to petroleum refining or
from flue gases from power generation. CO, sequestration inchudes the storage part of
carbon capture and storage, which refers to large-scale, permanent artificial capture and
sequestration of industrially produced CO; using subsurface saline aquifers, reservoirs,

ocean water, aging oil fields, or other carbon sinks. [2]

Injected CO; remains in the reservoir rock by a combination of three main processes,
which under the correct conditions can produce long-term, effectively permanent

subsurface storage [4]

1) Immobilization in traps (structural/stratigraphic)
2) Dissolution of CO; in the saline water.

3) Geochemical reaction and formation of minerals in the pore spaces.

1



In 1986 a large leakage of naturally sequestered carbon dioxide rose from Lake Nyos in
Cameroon and asphyxiated 1,700 people. While the carbon had been sequestered
naturally, some point to the event as evidence for the potentially catastrophic effects of
sequestering carbon, [5]. The Lake Nyos disaster resulted from a freak volcanic event
one night, which very suddenly released as much as a cubic kilometer of CO; gas from a
pool of naturally occurring CO; under the lake in a deep narrow valley. The location of
this pool of CO; is not a place where man can inject or store CO; and this pool of CO-

was not known about nor monitored until after the occurrence of the natural disaster.

A large aquifer-storage project is being conducted in the North Sea at the Sleipner gas
field. [15]. Approximated 10 millions tones of CO,, separated from produced natural
gas, are injected each year into an overlying aquifer. An extensive time-lapse seismic-
monitoring effort accompanies the injection. The injected CO, appears to be contained
within the sand in which the CO; is injected, although there is evidence of vertical
migration within the aquifer [15]. Injected CO, flowed horizontally under thin shale,
migrating upward toward the cap rock at breaks in the shale, behavior that also is

common in gas injection projects in oil reservoirs. {16]

Problems identified in this research, are:
1. Injected CO, is possible to leak through upward due to injected CO is less dense
than the native fluid and create buoyancy effect. If any migration route exist
(crack, fracture cap), it will create channel for the CO; to escape vertically.

2. As salinity of saline water increased the solubility of CO, with water decrease.

This research focused on storing the captured CO; in saline aquifers. Saline aquifers are
defined as porous and permeable reservoir rocks that contain saline fluid in the pore
spaces between the rock grains. Due to high saline proportion and its depth, the water
contained cannot be technically and economically exploited for surface uses. Current
CO; storage site in a saline aquifer is at Sleipner in the North Sea. Due to the geological

characteristic of the aquifers, it is possible for it to store CO;. [3]



The research focused on treating the injected CO, on surface and making it stable
enough for the reservoir and provide time for mineralization of CO, to occur by

accelerating the dissolution CO; in the saline water.

1.2 Problem Statement

Injected CO, may leak from the storage area. The leakage of the CO; is environmentalty

catastrophic and economically wasting as CO, sequestration technique is expensive.

1.2.1 Significance of Project

It is significant as means of mitigating the contribution of fossil fuel emissions to global
warming, based on capturing carbon dioxide (CQO,) from large point sources such as
fossil fuel power plants, and storing it in such a way that it does not enter the
atmosphere. It can also be used to describe the scrubbing of CO, from ambient air as a

geo-engineering technigue.

1.3 Objectives
1. To identify CO; sequestration mechanisms.
2. Toresearch on suitable candidates of chemical for CO, sequestration injection.
3. To determine the best method of treating injected CO, for permanent storage by

analyzing and simulating various injection chemicals.



1.4 Scope of Study

The scope of the study was to simulate the process at surface for CO,
sequestration injection in saline aquifer. The author considered the density of the saline
aquifer to be 1.1g/cm3 throughout the whole project for the purpose of comparing the
CO;, treated chemical. Parts of the evaluation to obtain the result which to choose will be
on study of literature review, then, the design and simulation part will be evaluated
using simulation software. This project will utilize the known chemical used in CO,
capture design which is proven to absorb the large amount of CO, namely the amine

solutions, potassium carbonate, and propylene carbonate with 20% concentration.

1.4.1 The Relevancy of Project

This project is relevant to the study of carbon sequestration as it focuses
the on the method of storing CO, permanently in the saline aquifer. Even though
the research of CO; sequestration has already existed, but improvement can be
made thus eliminating certain uncertainties and risks that may occur. This will

contribute to level of confidence for this project to be taken widely.

1.4.2 Feasibility of the Project within the Scope and Time frame

The project was conducted starting with the collection of related
materials such books, journals and technical papers on relevant subject. Research
was done from time to time as to get a better understanding on the subject. Based
on the activities stated above, the given 5 months for the rescarches and studies
to be done and for the other 4 months for the finalization of the project, i.e.
simulation, the project have been completed within the given time frame but

more modification can be done if the time frame is extended.



CHAPTER 2
LITERATURE REVIEW

2. LITERATURE REVIEW
2.1 General and specific aspects of the storage option

Saline aquifer is defined as porous and permeable reservoir rocks that contain saline
fluid in the pore spaces between the rock grains. Due to high salinity and depth, water

contained cannot be exploited for surface uses.
Basis criteria for all potential storage sites are as follows: [3]

1) Should be in geologically stable area, as tectonic activities could create pathways
for the CO; to migrate out of the reservoir through the cap rock into the
overburden and potentially to surface.

2) Size: The reservoir must be large enough to be able to store the quantities of CO,
planned.

3) Porosity and permeability: Must be sufficiently high to provide sufficient volume
and to allow the injection of CO,.

4) Suitable geological characteristic: Should have the characteristic such as the cap
rock to prevent vertical migration of the CO, because CO, is less dense than the

saline fluid, the CO, tend to rise to the top of the aquifer.
2.2 Mechanism of CO; sequestration.

CO, storage for long timescales relies on the contribution of several CO, trapping

mechanism. [4]

1) Immobilization in traps

2} Dissolution in the saline waters




3)

Geochemical reaction and formation of minerals in the pore spaces.

Details of the mechanism of CO, trapping (naturally occurring- will occur at any depth,

pressure and temperature in the reservoir.) [6]:

1)

2)

The physical trapping of CO» in a gaseous, liquid or critical state in a subsurface

formation.

The primary mechanism for trapping CO2 or other fluids in the subsurface is
through the existence of confining layers, or cap rocks, such as shale or salt beds,
that are impermeable to the CO2 or other fluid. Whereas a suitable reservoir
layer for CO2 injection may have a permeability of 10-1,000 miliDarcies, the
cap rock will have permeability of at least 1,000 times less, measured in the
microDarcies. Such low permeability prevents CO2 migration into the confining
layer, When a confining layer exists above as well as to all sides of a reservoir
layer, the CO2 will be prevented from migrating both vertically and laterally; it
will be confined. Such subsurface origntations of reservoir and confining layers
into trapping structures are the source of all the oil and natural gas that has been
or will be recovered. Specifically, the geometry of the sub-surface traps takes
two dominant forms. The first type of trap, called a structural trap, is shaped as a
dome or anticline, while the second called a stratigraphic trap, derives from
lateral variations in rock type that result in the reservoir layer grading into

adjacent confining layers.

Solubility trapping which is the trapping of CO, via the dissolution of CO,

within brine, hydrocarbon, or other subsurface fluid.

COZ (aqueous) + HZO - HZCOB {aqueous)
H>CO; (aqueous) + OH — HCO5 {aqueous) T H20
HCOj5™ (aqueous) + OH — CO;™ (aqueous) + H,0




3) Hydrodynamic trapping, which is the residual saturation of disconnected CO,

within individual pores.

As the CO2 migrates through the pores in the reservoir layer, pockets of CO2
will adhere to the rock grains, where they will remain due to surface tension

effects; this is called residual or capillary trapping.

4) Mineral trapping — the process of forming in situ, interstitial carbonate minerals

from CO; and the host rock and formation waters.

Example: (with Calcium ions)

CO;™ (aqueous) + Ca”* — CaCOs; (solid)
2.3 CO; Dissolution in Saline Fluid.

The goal of CO, sequestration is to store CO, for centuries or thousands of years if not
indefinitely. The solubility of CO, under typical reservoir conditions at pore water
salinity of 3% is about 49 kg m™ (corresponding to a volume of free CO, of about 7% of

the pore volume.) [7]

Solubility of CO, is sensitive to changes in pore water salinity and salinity gradients.
The rate of dissolution depends on the amount of mixing of CO, and formation water.
Diffusion of CO, into the water is assisted by accumulations with a high surface area to
volume ratio, such as in thin but widespread layers. For many accumulations,
dissolution could be slow, in the order of a few thousand years for some injection
scenarios, unless there is some form of active mixing induced by fluid flow or

convection within the reservoir. [3]



2.4 Strategy/Method for CO; sequestration by dissolving CO,

There are discussions in the literature on how the CO, should be injected. Options are as
follows [6]:

1) Standard method

a.

Injection of compressed CO, in a dense supercritical phase into a saline
aquifer for geologic storage

Reliant on the presence of a cap rock with a capillary entry pressure
sufficient to hold the CO,.

2) CO,-Brine surface mixing strategy

a.

Essential step for the secure storage of CO; as it removes buoyant vertical
migration in the reservoir.

Once dissolved, it will travel at the same rate as the native formation fluids,
which may remain underground for millions of years.

Mixing was done in the surface pressure mixing vessel. It involves
dissolving captured dense CO, into brine in surface facilities and the CO,
saturated brine is then injected into the storage formation. Brine required is
extracted from same formation used for storage.

Due to low solubility of CO; in brine, a large volume of brine is necessary to
dissolve a given amount of CO,.

CO; saturated brine is slightly dense than native brine and hence a downward
buoyancy drive. Thus this removes the need for a perfect scal and can be

injected safely at shallower depths than the pure CO,.

3) CO;-water surface mixing.

a.

Dissolving CO, in water for carbonic acid, thus CO, will be much less
buoyant in the subsurface.
Dissolved CO;, when stored in geological formation may assist

transformation into carbonate minerals.



4) CO, alternating brine (CAB) injecting strategy
a. Operation strategy that alternates supercritical CO, with brine injection. The
supercritical CO, and Brine are alternately injected.
b. Expected to reduce CO, buoyancy migration and immobilize CO, in the

formation.

Effect of option 2 compared to option 1 as represented in Figure below. [8]

withoul brine injection and production with brine mjection and production
€O, mokwiby phass sabusation €O, imolved in brine (0, mobile phase ssrtion €1, dissclved tn bries

CO, mobile phase saxuuion
Okl 0203 04 08 06 07

100 m

b 4 8 2 8 4D
0, i ned i spaeons phase S 00, S brine)

Ficure 1 Figure shows the 2D cross —section of distribution of CO; mobile phase
saturation and CO, dissolved in formation brine for different times and for two
cases of without (left plates) and with (right plates) brine injection and production.

(8]

Results demonstrate that more than 50% of the injected CO, dissolves by injecting brine
on top of the injected CO,. Thus based on this figure, improvement was made to the
dissolution of CO> in the brine. But this would not eliminate the tendency of CO; to

buoyant upwards.

Hence, the author suggested treating the CO, at surface which is the focused of this
research. The assumptions was, with the treatment the CO, will be more stable for CO,

sequestration by eliminating the buoyant effect of CO».



2.5 Time scales for CO, storage in Saline Aquifers by standard method of injecting
CO; into the aquifer.

i 107 yrs

Figure 2 Time scales for CO; storage in Saline Aquifers

Referring to figure 2 above [9], the explanations of exhibited mechanisms were

describes below:

Injection Period:

During the injection phase, flow rates near the injection well are high. Advection and
gravity segregation are the dominant transport mechanisms. Movement of low viscosity
CO, will be dominated by heterogeneity, and an appropriate representation of
heterogeneity is important. Additional effects include capillarity and viscous fingering.
Structural trapping and CO, immobilized as residual gas are the most important

sequestration mechanisms in this phase.

Post Injection Period:

After injection has ended, buoyancy and capillary forces will dominate over viscous
forces (Fig. 2). Dissolution and precipitation reactions are likely to become more
important as time proceeds. Important physical/chemical processes in the post-injection

period are:

» Residual trapping associated with up dip buoyancy-driven CO, migration
* Dissolution of CO; in the brine
» Downward buoyancy driven fingering

» Precipitation and dissolution of carbonate and silicate minerals

10



Figure 3 Potential trapping mechanisms.

2.6 Injection Chemicals

As mentioned in the scope of study, the research focused on injection with known
chemical used in CO, capture system. Options chosen were widely known for its

capability to absorb CO; in a large scale [11].

Option of chemical to be used:

2.6.1 Amine solution

Amines [10] are organic compounds and functional groups that contain a basic nitrogen
atom with a lone pair. Primary amines are stronger bases than secondary amines. Amine
with stronger base properties will be more reactive towards CO» and H,S gases and will

form stronger chemical bonds.

Monoethanolamine (MEA) is a primary amine for removing both H,S and CO,. MEA is
a stable compound and in the absence of other chemicals suffers no degradation or
decomposition at temperatures up to its normal boiling point. It reacts with CO, as

follows:

2 (RNHy) + CO, -=RNHCOONH;R

11



Diethanolamine (DEA) is a secondary amine. DEA is a weaker base than MEA; DEA
systems do not typically suffer the same corrosion problems. DEA has lower vapor loss.

Reaction with CO;:

2 (RoNH) + CO2 = R;NCOONH;R

Properties
Molecular formula CH;NO C4H; NO;
Molar mass 61.08 g/mol 105.14 g/mol
Density 1.012 g/em’ 1.090 g/em’
Melting point 10.3°C 28 °C, 301K, 82°F
Boiling point 170°C 217°C, 490 K, 423 °F
Solubility in water | Miscible Soluble
Vapor pressure | 64 Pa (20°C) | < 0.01 hPa (20 °C)

Table 1 Properties of Amine

2.6.2 Potassium Carbonate

Potassium Carbonate [11] is used to remove CO,. Reactions involved:
K,CO3+ CO, + H,O — 2KHCO;

Properties
Molecular formula K>CO;
Molar mass 138.205 g/mol
Density 2.29 g/lem’

Melting point 891 °C, 1164 K, 1636 °F

Boiling point decomposes
Solubility in water | 112 g/100 mL (20 °C)

156 g/100 mL (100 °C)

Table 2 Properties of Potassium Carbonate

12



2.6.3 Propylene carbonate

Propylene carbonate [11] is an organic compound, a twofold ester of propylene glycol
and carbonic acid. This colorless and odorless liquid is useful as a highly polar but

aprotic solvent.

Properties
Molecular formula CsHgOs
Molar mass 102.09 g/mol
Density 1.205 g/mL

Melting point | -35 °C, 218 K, -67 °F
Boiling point | 240 °C, 513 K, 464 °F

Table 3 Properties of Propylene Carbonate

Propylene carbonate has the following characteristics, which make it suitable as a

solvent:

[—

High degree of solubility for CO, and other gases

Low heat of solution for CO,

Low vapor pressure at operating temperature.

Low solubility for light hydrocarbons.

Chemically nonreactive toward all natural gas components.

Low viscosity.

A O T B

Noncorrosive toward common metal.

13



2.7 Brine
The pores of the saline aquifer are not empty but filled with brine. This brine will have
to be displaced by the injected carbon dioxide. Its physical properties are therefore also

of interest, again especially its density, viscosity and its ability to dissolve CO,.

The density of the water changes not only with temperature and pressure but also with

the amount of dissolved salt and ultimately when CO, gets dissolved.

Fluid propertics [14]:

At Reservoir
Density 1103 kg/m3 or 1.1g/cm3 or
68.9 1b/fi3
Viscosity 1.59 yPas

Tuable 4Physico-Chemical Properties of Brine at 383K 257.5 bar
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CHAPTER 3
METHODOLOGY

3.1 Procedure Identification

Referring the literature review, chemicals to be injected have been identified.
The criteria for selection used were absorption of chemical with CO,. In process design
stage, the aim is to determine the properties of the treated CO,-chemicals. Mass density
of the product of the reacted chemicals was determined. The process design stage
utilizes Aspen Hysys simulator. Aspen HYSYS is a market-leading process modeling
tool for conceptual design, optimization, business planning, asset management, and
performance monitoring for oil & gas production, gas processing, petroleum refining,
and air separation industries. Aspen HYSYS is a core element of AspenTech's
aspenONE® Engineering applications. Aspen HYSYS offers a comprehensive
thermodynamics foundation for accurate calculation of physical properties, transport

properties, and phase behavior for the oil & gas and refining industries,

The results then were analyzed. Any corrections have been done once the results

is obtained and tested.

3.2 Gantt Chart

The Gantt chart is provided together with the report in the Appendices section. Tt
is to be noted that the Gantt chart is a guideline for the project timeline.

3.3 Tools Required

For the accomplishment of the project, items used are as below:

Simulation components:

1. Saline water,

15



CO; gas.
Amine solution (Monoethanolamine and Diethanolamine)

Potassium Carbonate.

A

Propylene Carbonate.

Software to be vsed:

1. Process design simulator (Aspen Hysys)

Aspen HYSYS utilize the ecquation of state for solving the cases.
In physics and thermodynamics, an equation of state is a relation between state variables
[17] .More specifically, an equation of state is a thermodynamic equation describing the
state of matter under a given set of physical conditions. It is a constitutive
equation which provides a mathematical relationship between two or more state
functions associated with the matter, such as its temperature, pressure, volume,
or internal energy. Equations of state are useful in describing the properties of fluids,

mixtures of fluids, solids.

In HYSYS, fluid package have to be determined. Bad selection of fluid package to use
with the define cases will yield different results since different type of equation of state
have different approaches depending on cases defined. The software suggest the users
based on the define fluids used on what type of package to be used. In this research,
Peng-Robinson and Amine Fluid Package was used for determination of its physical
properties. Amine Fluid Package was used since the fluid selected will fit the package
since we are using MEA and DEA. The Peng-Robinson equation [17] was developed in
1976 in order to satisfy the following goals:

I. The parameters should be expressible in terms of the critical properties and

the eccentric factor.
2. The model should provide reasonable accuracy near the critical point,

particularly for calculations of the compressibility factor and liquid density.

16



3. The mixing rules should not employ more than a single binary interaction
parameter, which should be independent of temperature pressure and
composition.

4. The equation should be applicable to all calculations of all fluid properties in

natural gas processes.

For the most part the Peng-Robinson is generally superior in predicting the liquid

densities of many materials, especially non-polar ones.

17



3.4 Flowchart

Literature Review

¢ CO2 sequestration
mechanism

* Candidates for chemical
injection |

Simulation

* Process Simulator using

Aspen Hysys

Interpret and analyse

* Discussion on results
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3.4 Methodology

Using process simulator Aspen HYSYS, the author simulate the properties of CO, by
mixing the chemical in a pressurized vessel (pressurized tank). In the flow scheme, the
most important unit operation is the pressurized tank because at this unit the material
streams are combined. A detailed process pressure vessel is normally designed in
accordance with ASME Boiler and Pressure Vessel Code [6] but is beyond the scope of
the paper. This design is a first theoretical stage of analyzing the surface mixing vessel
and much more detailed work on the physical equipment and the costing still needs to be

undertaken.

The process flow as below:
1. Using Aspen HYSYS create cases for CO,-chemical injection strategy.
a. 4 cases were created :
i. CO, mix with MEA
ii, CO, mix with DEA
iii. CO,mix with potassium carbonate
iv. CO, mix with propylene carbonate
2. Create flow scheme of streams to operating unit which is the pressurized vessel.
3. To standardize the results, operating pressure and temperature for each stream is set
1o :
a. Operating pressure : 101.3 Kpa
b. Operating temperature : 25 C
¢. Molar Flow rate for CO, : IMMscf/day
d. Mass flow rate for injection chemical : 2000 kg/h
¢. Concentration of chemical : 20%
4. Results are displayed and density is obtained.

5. Compared with native saline fluid.

19




Figure 4 Example of flow scheme for cases osenerated.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 RESULTS AND DISCUSSION

Injection strategy

INJECTION WELL

Figure 5 [lustration of expected behavior of CO,-chemical injected in saline Aquifer

Conceptual idea of using chemically treated injection strategy to improve security of

sequestrating permanently the CO, by eliminating CO, upward buoyancy.

If not treated, the injected CO, will move upward due to its buoyancy and migrate
through the channel. By treating the CO,, the author can control the density and making
sure the injected CO, will lies below the native fluid and mitigate the movement of CO,

upwards.
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Process simulator results

Refer to attachment (Figure 11) for table of results of properties:

Summary of results

At standard condition as below:

Operating pressure : 101.3 Kpa

ISR

Operating temperature : 25 C
Molar Flow rate for CO, : IMMscf/day
Mass flow rate for injection chemical : 2000 kg/h

e o

e. Concentration of chemical : 20-30%

The author used the operating temperature and pressure for preliminary evaluation of

selected chemical. Since the reservoir temperature is higher, the phase is most likely to

change to gas phase which would yield lighter mass density. After comparing those

mixture components, it did not satisfy the requirement at standard condition which

would suggest at higher temperature in the reservoir the mass density will be lower.

Component Average Mass Viscosity (cP) Density relative
Density (kg/m3) to native brine
(1103 kg/m3)

CO; saturated with 1055 1.006 0.96
MEA
CO, saturated with 1029 0.086 0.93
DEA
CO,; saturated with 743.6 0.512 0.67
Potassium Carbonate
CO; saturated with 823.3 2.526 0.75
Propylene Carbonate
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Based on the table above, the relative density of treated CQ, with native brine are not
higher thus conclude that CO, injected will not sink below the native brine. Thus this
proves that the selected chemicals cannot be use for injection as our aim for preventing

upward buoyancy cannot be achieved.

Therefore, based on results, another candidate should be chosen for treatment purposes.
The scope for chemical selection should widen. Chemicals with higher molecular weight
should be chosen as demonstrated, the higher the molecular weight of chemical the

higher the relative mass density it will yield.
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CHAPTER 5
RECOMMENDATION AND CONCLUSION

5.1 Recommendation

For security concern, CO, sequestration monitoring is important during the life cycie of
CO». This is because since CO, sequestration required a long time for the result to
actually being validate, the risk of leakage still occurred. A few methods for monitoring

to be recommended as follow:

1. Formation fluid sampling to be within a period of time required.
Introduce tracer for purpose of tracing CO; migration.

2D and 3D seismic survey.

Eal S

Logging

The purpose is to evaluate if the performance as predicted during the conceptual process

and mitigate the risk of leakage.

5.2 Conclusion

Based on the result obtained, the anthor can conclude that treating CO, with said
chemical did not improve the properties of the CO,. The prospect of using chemicals to
enhance CO; sequestration is bright but further research must be done to select the best

chemicals for CO; sequestration.,
The author has demonstrated effect of molecular weight on mixture mass density.

Further research should consider the use of higher molecular weight chemical to

increase the injected chemical mass density relative to brine.

24




The research has demonstrated that to have the CO, stored permanently a mechanism is
to be devised to ensure that upward buoyancy will be eliminated. Fracture or existing

migration route at aquifer cap may lead to CO, leakage.
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APPENDICES

Solubility CO z (scf) / H 2O (bbl)
g g
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Figure 8 Solubility of CO; versus Pressure with different temperature
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Figure 9 Solubility of CO; versus Depth with different salinity
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7 .{Mﬁé(:‘,FD) “
sm e nﬁa_ssge._-.sny _ _(mg e e e 5152 5152 - e em R
CAtlgRew  quseewy | 0 — | |
ZFaclor n 0seas | 00945 ‘ ) o
Watson K ) 8524 ssa | S o
| Partalprossaoariizs o | =] ’ .
PACP - R} — ] .
HeatofVep.  (Bumbwmols) | - - -
Kinematic Viscosiy e | 83 | B3 |
Lig- Mass Density (Std. Cond) _-(IhﬁB} 1T — o o - ’ i ’ 7
 Lig, Vol Fiow (Sid. Cond)  (bretiay) - = R
qu.nchracnon o 0.0000 0000 | o I
‘MolarVolume {ft3bmole) 3898 389787 ) 1
Mass Heat of Vap, e | i o

;. Hyp rotech Lid,

- Aspen HYSYS Version 2006 (20.0.0.6728)
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asper

LEGENDS

Calgaty, Aberta
CANADA

Unit'Set:

. Fieidt

& \Program FiesVspenTechVispen HYSYS 2006\Casesiank CO2 am

" DatefTime: -

Sun May 15 01:06:28 2011

- co2 (continued)

.| Fluid Packige! |

PfopeﬂyPackage -f:.-

Basis-1.

. Amine Pkg-XE

PROPERTIES

. Vapour Phase |

Phase Fraction [Molar Basis]

1.0000

Lig. Vol. Flow - Sum{Std. Condbarrel/day)

| Surtace Tension peem | — | = B
‘ Thetmal Cundl.v:hwty“ ity ...(lBthf-ﬁ‘F). ‘ 9.525e-003 95256003 T )
7\Esc;>;|t7y S {cP) o 1.510e-G02 15109—002 Sy |
vy wwmmen | | o R
Mass Cv (Semi-ldeal) [BU.H{_J‘F_} b 0.1623 0.1623_____ ~ _ 1
v (Btubmaie-F) 7005
Mass Gv (BUD-F) | 0.1612 )
Cv(Em.Memod) ) '(Bmosé-F') - s ]
ml.\dlna-s‘s'é\-.;(i:'.;'.:t..Me'mod.} - .(EnubF) s -
mewamee g | o | R

COMPOSITION

Overall Phase

Vapour Fraction

1.0000

COMPONENTS

- MOLARFLOW -

" MASSFLOW:

MOLE FRACTION
) - ()

MASS FRACTION -

LQUIDVOLUME
FLOW' {barreliday)

LIQUIE VOLUME
FRACTION" -

. Daoge *
0.0000 *

109.8047 *

1.0000 * 48324717 *
06000 * 0.0000 *
00000 * €.0000 *

20000 7|

0.0000 *

0.0000 *

D

o0t
D00 7|

0.0000 *

0.0000 *

1069.8047

1.0000 4832.4717

1.0000

400.9196

1,0000

Vapour Phase

Phase Fraction

1.060

MOLAR FLOW .
immolemr).

" MOLE FRACTION

" MASS FLOW
(ke

MASS FRACTION

- LIQUID VOLUME

FLOW._ (barreliday)

LIGUID VOLUME
-FRACTION

1.0000

48324717
0.0000

0.0000

1.0000
000
0.0000

oo

1.0000

1.0000 4832.4717

1.0000

400.9196

- Hyprotech Lid.: :

Aspen HYSYS Version 2006 (20.0.0.6728)

Pagez'of? :
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aspen

CANADA

LEGENDS
Caigary, Aberta

'Case Mame: - -

GAPrograin Files\AspenTechiAspen HYSYS 2006\Casestiark COZ ami

Fiedt

‘DatesTime:

. Material Stream:

Suh May 15 01:06:28 2011

" Fluid Package:

. Property Packags:

Basis-}

", Amine Pig-KE™" .

CONDITIONS

Ameousﬂmsé

Vapowr / Phase Fraction

0.0060 1.0000

Temperature: (F)

7700 * 77.00

Pressure: (psia)

1469 * 14.68

Maolar Flow Ibmelemr)

204.2 204.2

Mass Flow {lbtr)

4409

¢ IGeal Lig Vol Flow (barreliday)

2972 297.2

Mualar Enthalpy (Blwibmate)

-1.310e+004 -1.310e+004

Motar Entropy {Blubmale-F}

15.63 1963

Heat Flow {Btutr}

-2.674e+B06 -2.674e+006

Lig Vol Flow @Std Cond (barreliday)

2851 * 295.1

PROPERTIES

Melecuiar Weight

Mass Heat of Vap. {Btutb)

[ Motar Dansity O moerm | zem1 R
o Gkt I o )
ActVoumeFow  (bameliday) 2058 ) R
MessErrapy  (Bwb) 8065 ) T
— B = .
' HeatCopacty  (BummoeF) | R Ty
MassHeatCapacty (@B | 0som o o
 LowerHeatingVekie (B} - -
MasslowerHestgvabe By | o | N
Phase chﬁngd._Sagis] - f.nqq ) _ o
| Phase Fract asel 0.0000 1000 o
Parfal Pressure of COZ  (psia) 00000 N — o
CostBasedonFow  (Costy) | oweo | ooooo L
o) | omo L - o
o (ﬂJrI'IOIEJ" fi3) 2937 o 1
T o) 1963 | )
L . (Mngcil-;D’)i B 1856 ) )
Std IdealLiq Mass Density  (uA®) | 6343 h N
sty ey o) |88 B o
oy o o
o000 .
1115 | T
,_ s | e
e i ° -
WnematicViscasty (s | tss | 1se | i
g MassDensty(std Cong)  (omy) | essr ]
| Uq.VolFlow(SH.Cont) (bamattay) | 2981 | 2059 i
| uigrrectn ] o e | o
Molaﬂiok_rn_e_ _ .‘ {fﬂMJmoGe) 703388 N 0.3388__ a

- Hypratech Lid.

. Rspen HYSYS Version 2006 (20.0.0.6728)

Licensed to: LEGENDS
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aspen

CANADA

LEGENDS
Calgary, Alberta

Case Namea,

" GiProgram Fles\AspenTechiAspan HYSYS 200E\Casesitank GO &)

Fleidt

Date/Fitne,

-Gun May 16 0106282011

- Material Stream:

DEA (continued)

Flid Package:

Basis-1

A Pl - KE

PROPERTIES

Aqueous Phase

Fhase Fraction [Molar Basis]

~ OvSomi o)

B

1.0000
6523

| ovie weter)

| (Bubmoe) |

L N
_ e
s

 Mass Oy (Eit. Method)

_ CpiCy {Ent Method)
Reid VP at 37.8 C

N

_ BueR) 4 08173 |
(BumbmoleF) -
O 0 s

TieVPat378C T {psia)

Eiq. Vol Flow - Sm-n(Std Conarreliday)

08173 1 ..

s 1

08173

09113 T

2851

COMPOSITION

Overall Phase

Vapour Fraclion

0.0000

‘COMPONENTS

MOLAR FLOW
- Bmolettr) * -

MOLE FRACTION

. MABS FLOW
-{uhey

| MASS FRACTION

LIQUID VOLUME
FLOW {barretiday)

- LiQUID VoL UME
FRACTION

ho

__ Gooaa®
 3527.3600

881.8400 *

~ oe0
_2ms7
551435 *

s

4400.2000

297.1892

Aqueous Phase

Phase Fraction

1.000

 COMPONENTS - . -

" MOLAR FLOW
{Bmoletr) -

‘MASS FLOW
(B}

"MASS FRACTION

LIQUID VOLUME
FLOW (barrelitay)

© LIQUID VOLUME
- FRAGTION

co2

H20

DEAmine

~ 5.0000
195.8002
8.3875

0.0000

851.8400

3527.36007 o0 |

| DAHeb
_baooo
0.2000

0.0006 X

2420157
551435

Total

204.1876

44092000

1.0000

297.1592

. Hyprotech Lid.

. Aspen HYSYS Version 2006 (20.0.0.6728)

Licensed to: {EGENDS

_Pagedof7
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‘Case Narie: - G:\Program Flles\AspenTechAspen HYSYS 2006Casesiank CO2 i
LEGENDS e - — -
Caigary, Alerta Urit Set: . Fiedd1

DateTime: * . Sun May 16 01:06:28 2011

e N T LA U FuidPackage: < Basiet
- oo+ -Material Stream: Mixup . A
S S S L : - i ._Prupenypaq‘gge:__ Anine PKg - KE

CONDITIONS

. S ‘Overall - . Adeous Phase Ligid Phase |- Vapoui Priose
Vapour / Phase Fraction 0.0000 0.6404 0.3596 £.0060
Temperature: {F} 108.0 1080 108.0 108.0
Pressure: (psia) 1489 14.69 1469 1469
Motar Fiow {ibmoler) 3140 201.1 1128 0.0000 ‘
Mass Flow (e} 9242 4504 4737 0.0000
Std Ideal Liq Vol Flow {barreliday} 698.1 3074 907 0.0000
Molar Enthalpy {Blufbmole) 71809 -1270e+)04 2854 5971
Molar Entropy (BhutbmokeF) 19.87 19.87 19.87 5228
Heat Flow {Blwhr) -2.232e+006 -2 554e+006 3.2230+005 0.0000
LigVol Flow @StdCond  (barreliday) 686.3 * 2856 3248 0.0000 ‘
PROPERTIES
N . . Agueocus Phase .
Mofecular Weight 2240
R I\;I:;aré;rs;ty o (bmdeﬁﬁ) - 2986 B ’
" Mass Denstty wre | . e6ss T
CActVoumeFlow  (bamelday) | ) 2879 o ’ )
“Mess Enbepy | (Bl st |
|_MessEhepy - (Buby | ; ) .
i o 1937‘ i
(Biulb-Fy _bes y 0285
| LowerHesingValie  (Bubmoke) S x
o e o R
I B e P )
* Phase Fraction [Mass Bas] 2120314 | oasn | ]
PatalPressweofCO?  (psa) | 00000 - ’
CostBasedonFlow  (Cost) | 00000 " bemie |
o S i =
SRRk B | - .
e . o
) (bﬂ';;) 5559 o
e S e
2 e TS SR ]
B e
S i B e IRt
PartolPresswecttzs () | ooo0 | - | Zrpmmmmmmmop
oMop-R) we | e |
cpicv ) 1240 | ) )
| Hestorvep.  (@ummoe) | — o
KnemefcViscosty ey | samedoz | b veosean |
lgMessDersiy(SvdCond) (o) | e | e _ wma | e s
Egyo[lflowgsw Cond} {barreliday) 5863 ___V_:___ . 2855 7 3248 DmﬂD o
CtFctn [ qom too | s | oo o
e R it it B e B L
B e B e i SRR o

yprotechl4d.: © "~ S .. -Aspen HYSYS Version 2006 (20.0.0.6728) L. .. PageSof7.
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“CaseName: " .C¥Program FilesWspenTechidispen HYSYS 2608\Casestank CO2 e
LEGENDS — - - - - - .
s . Calgary, Aberta Unit Set: - Fiekit
és‘?&ﬁ CANADA : : —— ) =
‘DatefTime: . Sun May 1501:06:28 201
' Material Stream:; Mixup {continued):- - . . s .
PROPERTIES
L .. quuidPtmse VW'Phase
Phase Fraction [Molar Basis] i ... UL ... AR
Surface Tension (dynefom) o 36%93&1_0 N —
__Thermal Conductivty = (Blubr-f-F) | Lo kanz | 12:Ge 0l }
(Miscostty . (R} 15830002 176002 ¢
| Cv(Semi-ideal) {Blufbmole-F) 18T L 1o
Mass Gv (Semi-ideal) {Bum-F) | oze4 | )
ov (Blubmole-F) L B
Mass Cv i Buen |
_ Cv(Ent Mehod) ~  (Busmale-) | - S N g T e
Mass Cv {Ent Method) 8 - ) - —
CpiCv (Ent. Method) — - i ) - =
Reid VP ot 378 C es@) e T T T =
Tue VPat37.8C {psia) 3183 15 | may | 3183 i
Lig, Vd. Flow - SumiStd. Gongharmel/day) 610.4 2856 3248 0.0060
COMPOSITION
Overall Phase Vepar Fraction 0.0000
- COMPONENTS 'MOLARFLOW | MOLEFRACTON | . MASSFLOW. | MASSFRAGTION | LIQUIDVOLUME - [ LIQUID VOLUME
K S (Bmole/r) - : (i) o n. | FLOW {pareiddey) | © FRACTION -
coz Joospar | DBasT | AeazATIT 05229 L 0.5743
H20 195.8002 06236 |  3527.3600 D38BT 22017 | 03T
DEAmine £.3878 0.0267 281.8400 0.0954 §5.1435 09740
Tetal 2139923 1.0000 92416717 1.0000 98,0788 10000
Aqueous Phase Phase Fraction 0.6404
- COMPONENTS " MOLARFLOW | MOLEFRAGTION MASSFLOW | MASSFRAGTION | LIQUIDVOLUME | LIGUIDVOLUME -
: (lomele) - By : FLOW, *{barretiday) ; FRACTION
5.8201 0.0289 256.1427 0.0569 21.2505 0.0891
1868596 06.9293 3366.2938 0.7474 2309648 07515
83874 0.0417 861.6383 0.1958 55.1433 0.1794
201.0671 +.0000 4504.2747 1.0000 307 3587 1,0000
Liguid Phase Phase Fraction £.3596
COMPONENTS MOLARFLOW | MOEE FRAGTION MASSFLOW - | MASSFRAGTION UIQUID VOLUME |  LIQUID VOLUME
: : : (Ib#ry TS FLOW. (haeliday) ¢ FRACTION =
co2 ogs | 45763200 _oses0 | 3706691 08717
B _ | ooiez | 1610862 0.0340 nesoe | 00285
DEAmine 0.0000 04017 0.0000 0.0001 0.0000
Total 1129252 1.0000 47373970 1.0000 " 3007201 1.0000
Vapour Phase Phase Fraction 0.0000
* GOMPONENTS MOLARFLOW | ‘MOLE FRAGTION MASS FLOW |- MASSFRAGTION. | LQUIDVOLUME | L1QUIDVOLUME.
{Ibmoler) . L 3 (i) Tt | FLOW (barreliday) - FRACTION
coz ) oomn | 0.3497 00000 0.6229 ' 0.0000 0.5743
H20 06000 0.6236 0.0000 03817 0.0000 0.3467
- Hypratech Lid. Aspen HYSYS Version 2006 (20.0.0.6728) ... | Page 60f 7
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" Case Namne: '_czwmmmfmummsysmmménﬂ
LEGENDS S e - — - .
Calgary, Alberta - Undt Set T Figdt

aspen canaDa

. Datelime: . SunMay1s0to628201 L o

-+ - Material Stream: Mixup (continued} - .o

COMPOSITION

Vapour Phase (continued) Phase Fraction 0.0000

| COMPONENTS - MOLAR FLOWY MOLEFRACTION | MASSFLOW - | MASSFRACTION | LIQUIDVOLUME | LIQUIDVOLUME
- N bmcleme} P My - | ' FLOW - (barrelday) |  -FRACTION . .

DEAmine 0.0000 0.0267 0.6000 0.0954 £.0000 0.0790
Total 0.6000 1.0000 00000 1.0000 0.0000 1.0000

_HyprotechLtd.. .~~~ " " - Aspen HYSYS Version 2006 (20006728) o Page7of?

Licensed to: LEGENDS * Specified by user.



| CaseName: . CiProgram Flles\AspenTettivispen HYSYS 2006KCasestank CO2 Pof
LEGENDS e — o A . _
Calgary, Alberia Unit:Set - T gkt

aspen ol

| DatefMime: [ Su May 15 00:58221 2011

S S T A S . PuicPacege: Basis 1 °
- - Material Stream: co2 DU
CERE SRR B : F’mpertyPackage o Peng-Robipson

CONDITIONS

= - L vaemll'_. -} . :Vapour Phase |
Vapowr / Phase Fraction 1.0000 1.0000
Temperaiure: (F} 7700 * 100
Pressure; {psia) 1469 * 14.85
Molar Flow {bmotarr) 1008 * 1008
Mass Flow {lbhe) 4832 4832
St deal Liq Vot Flow (barreliday} 400.9 4009
Malar Enthalpy {Btulbmola) -1.693e+005 -1.583e+005
Motar Erfropy (Btwbmaote-F) 417 4147

Heat Flow (Bluhr) -1.858e+007 ~1.858e+307

Liq Vol Flow &5t Cond (barreliday) 4002 * 400.2

PROPERTIES

Moecuiar Weight 4801 4401
MolarDensity  (bmolefts) | 2565e00s | | 2seseoms |
Knass_omsny ks | omzm | 01129

_(!_Jan'ellday) 1.830e+005 1.830e+005 T 1 )
oy |  a s | ] )
BwmF) | oewe | osme | N
| Heatcapely  gubmoer) | ewes | gaes | R o
| MassieatCopscty  BubF) | oz | oes | L ]
_iowerHeatngvele  (Guwbmoe) | oooo | oowo [ | -
_ Massiower Heatigvae () | == N L
 Phiase Fracson Vol Basis] P T I o ’
PrasefracioniMussBess, | Aewedas | doo | R
Partial Pressure of 002 psio) | e | = -
| costBaseaonFow oot | oo | oomo | o o
i ““.-._“(ACFM) 7134 7134 h S
| hwg Lig Densty ool | - ) T
e e e o o

vty o | s | som L

 Lig. Mass Densily (Std. Cond) (W) o __5_1_.(}2_ 1. ) 5182 | i I B -
L VolFiow (1. Cong) _ (bareky) 02 | am2 B T 1

| Moervoume  gwmmon | as | wa | -

Mass Heat of Vap. (Blwb) 168.1 —

HyprotechUd. .~ - ' Aspen HYSYS Version 2006 (20.0.0.6728) _ : ] Page 10f6
Licensed to: LEGENDS * Specified by user.




CassName: ... -CAProgram Files\AspenTecAspen HYSYS 2008\Casesitark CO2 Pof
LEGENDS — s - - — -
r Calgary, Aberta Unit Set Fiedl
35;3@ 1 GANADA e = -.
- DateTime: B0 May 15 00:58:21 2011
N SE T T - " Fid Package’ . Basis1
... Material Stream: - co2 (continued) - R
T s ST Property Package: .-~ . - Peng-Robinson
PROPERTIES
L Overal Vapour Phase
_Prase Fraction [Molar Basis}] 1 _ o )
| SufacsTemsion ~ {dynelam) | i
__Themal Conductiity ~  (Bluhrfh) . ;
| Viscosity S it -
CuiSemiddea)) ~ {Biulbmole-F) | e S
_Mess Cv(Semiideal)  (Bum-F) } e o
A o Butmole-Fy T } }
(MessCy . _Bwm) | § } . N
| Cv{En. Method) [Btufbmale-£) | R . ;
Mass Cv (Bt Methad) {Buub-F) | B .
| _ReidVRatsr8G ~~  (psa) | e B
_TuweVPatdz8C ~~ (ose) ]
Liq. Vol. Flow - Sum{Sid. Congparrelday}
COMPOSITION
Overall Phase Vapaur Fracfion 1.0000
© - COMPONENTS . _MOLARFLOW |- MOLEFRACTION | MASSFLOW . 'm_ss FRACTION |- Ll’dUle'ojL_Un%E LIQUAD VOLUME -
'  {Ibmolere) < qint) : FLOW (barreliday) FRAGTION -
o2 | 10847 * ... 0000 7 | 48324m47v 0 looooT) o 4009196 * 1.0000 *
Potassium Casbonate® 0.0000 * 00600 * 0.0000 * 0.0000 * 0.0000 * 2.0000 *
Total 109.8047 1,0000 48324717 1.0000 400.9196 1.0000
Vapour Phase Phase Fraction 1.000
COMPONENTS. - MOLARFLOW | MOLE FRACTION MASSFLOW MASS FRACTION . | LIQUIDVOLUME - |  LIQUID VOLUME
I " - (pmolehr) - S o) i FLOW (barrelday) FRACTION
co2 1098047 | 10000 | 4sm24mi7 | 10000 4009196 1.0008
Potassium Carbonate® 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Tatal 109.8047 1.0000 48324717 10000 4009196 1,0000
Hyprotech Lid. . . Aspen HYSYS Version 2006 (20.0.0.6728) Page 2 of 6

Licensed to: LEGENDS
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' Case:Name:. " GAProgram Fles\AspanTechaspen HYSYS 2006\Casesitank COZ Pol

LEGENDS : —
Calgary, Alberta Unit Set: Field! -

aspen canaDA

| DateMme: - G May 15 00:58:21 2041

e Lo o PuPaags . Bt
~+ Material Stream: Potassium Carbonate . S

" ProperlyPackage: - - Péng-Robinsoh

CONDITIONS

_ L overat Litpid Phase ..
Vapour / Phase Fraction 0.0006 1.0000
Temperaiure: {F) 7rop* 77.00
Pressure: {psia) 1468 * 4469
Molar Flow {Ibmolefrr) 40.74 40.74
Mass Flow [{i's] 4409 * 4408
Std kdeat Liq Vol Flow (barreliday) AD7 .6 4976
Molar Enthalpy {Btuflbmale) -1.007e+005 -1.007e3005
Malar Enfropy (Blutmole-F) 3547 3847
Heat Flow (Btwhry -4 102e+006 -4 102e+006
Lig Vol Fiow @Std Cond  (barreliday) 4073 407.3

PROPERTIES

- . : Overal. ~ i LiqudPhase
Molecular Weigﬂ 1082 1082

Molar Density -(Moiem) ! DASZ%?“ o 770:*;225 o ) i
| MassDensty  my) | a7 | Cwm | | |
AtVoumeFlow  (barmelday) I T e o

MessEntapy  (Bwm) | o303 a3 | R
WassEmropy  (ewmR | o3sss | oases | e N )
 MessHetCepecty  (BwiF) | 040 | ossm0 | ] -

T B R i R - R

cotngvabe  (Buw) | | = o o
PhaseFchonpolpossl [ - [ 1 )

Phase Fraction {Mass Basis] 2.122e-314 0
Partial Pressure of GO2 {psia) 0.0000 -1
0.0080 0.00C00

_CostBasedonflow  ~  (Costs) [ . .
| Act. GasFlow (ACFM) - -
Avg tig Density  (lbmoleff3)

|_ Spacic Heat (BuutmoeF) | B L - o
Std. Gas Flow ) o 7&P;§MSCFD) . o o ) o i

St Ideal Lig. Mass Dersity  (bA®) | R T T
CactUqFaw  (USGPM) T o ’

e 5GP o o . o

Watson K

User Property - — )
Partiai Pressure of H2S (psia} 0.0000 —

_oopR)

CpiCy T
HeatofVep,  (Bufbmoe) | o
| Knemeticviscosty  (esy | T

_ L, Meass Densty (St Cond) _ (b3)

Lig, Vol Fiow(Sta.Cond) _(vameteey) | 407 -
Momrvoume (o) _ 7

Muass Heat of Vap. - (BtuAb) -
_Hyprolechitd. . - - Aspen HYSYS Version 2006 (20006728) - Page 30f6
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CaseName: 6:wmmﬁmmm7mhmmnmsfémmmoo2m
LEGENDS ' Ll SHETIN — :
. . Caigary, Aberia unitset  Field1
asper CANADA e -

Datemme: 'éw_,l\éﬁyﬁm:sa:m 2011
U . ' Basist
- Material Stream: . P o

y Penghobiﬁ_sqn -

Phase Fraction [Molar Basis| _(_J.ODOO o
_SufaceTenson  gyeom) | 2181 | o
TemelConductdty  (Bumftd) | 69seetn2 |
R - ]
Ovemites)  (BwbmoeR) | aser | )
[ Massovisemiiea)  mwwH | owwr | -

o o @ummdeR | aazs |
Mesor  eweR | oz | omer -
_CvEmMeran  @vbmoef) | ] e

Method) | (BubE) | - = - ]

ovEmMetoy [ T T o ’
RedVPm3zsc  sa) | I T
Tneveatwsc e | 4 L |
| Lig. Vol. Flow- Sum{Std. Con@arrelday) | ' )

COMPOSITION

Overait Phase Vapour Fraction 0.6000

- .odMPo_NENT's -] MOLARFLOW | MOLEFRACTION || MASSFLOW | MASSFRACTION |- LIQUID VOLUME |  LIGLID VOLUME
S (Bmole/v) R : ' FLOW (baretiday) | FRACTION
<02 - 777&0@00 * 0‘,0.009,”, o 08000 ' _ D.0000 * B UDUDO > - 0.0500 *

Potassium Carbonate® 40.7384 * 1.0000 * 4409.2005 * 1.0000 * 407 5724 * +.0000 *
Total 40.7384 1.0000 4409.2000 1.0000 407.5724 1.0000

Liguid Phase Phase Fraction 1.000

'COMPONENTS .. | MOLARFLOW | MOLEFRACTION | . massFrow MASSFRACTION | LIQUIDVOLUME | LIQUID VOLUME
: | omolemn T - SO | FLOW (bameliday) FRACTION

coz 00000 0000 00000 00000 £.0000 0.0060
Fotassium Carbonate* 40.7334 1.0000 4400.2000 1.0000 407 5724 1.0000

Total 40,7384 1.0000 4408 2000 1.0000 407.5724 1.0000

_HyprotechLtd. - - - L - Aspen HYSYS Version 2006 (20.0.06728) T
Licensed to: LEGENDS * Specifi

Page 4 0f 6 -

ed by user.




CaséName: . CiProgram FlesVispenTeciAspén HYSYS 2006\ sasestark CO2 Pof

LEGENDS e
Calgary, Aberta UnitSet. . . Field1

aspen canon

Dateffime: - * - SunMay 150068212011 - - ©

- Fiuld Packege: ~ ~  © - Basis1

- Material Stream: Mixup - - N R

CONDITIONS

L . Queral . " | vapour Phase " Liquid Fhase
Vapawr / Phase Fraction 0.0000 0.0000 1.0000
Temperatie: £ 5003 5093 5803

Pressure: {psia} 14.69 14,64 14.69
Molar Fiow (bmatefr} 37.88 0.0000 37.88
Mass Fiow o) 4051 0.0000 2061
St Ineal Liq Vol Fiow {baretkiay) 3762 0.0000 3752
Molar Enthaipy {Biuibmole) -1.027e+005 -1.669e+0D5 -1.027e4005
Molar Entropy (Bhufbmoe-F) 3681 475 3881
Heat Flow {Blunn) -3.350e+006 0.0000 ~3.890e+006
Lig Vol Flow @@Std Gond _ (barreliday) 738 * 0.0000 Irze

PROPERTIES

)  Overall | *:vapourPrase | | Liquid Phase
Molceuler Weight SO . . OO0

Moler Dty womolers) | Toam | zesseows | om0 [ |
| hvourerow  (aeiday | ' s |
| Messemapy  (Bub) s | |

Mass Enfropy (BulbF)

03434 |
_Lower HeaingValue  (Btufbmole) { — =

Lower HestogVae  (BW) | | o~ - o

oFractonVol Bass] o -1 e | N
 Phase Fracton[MaseBass] 2amesta | ooy e || '
ParﬁaiPressure}_.af(_:bZ {psia) ) DODDG ;_____ o — - ) -
cosBasstonFw  (Coste) | oooeo | oo | oso [ |
ChdGesFow o | — 4 o o

Avg Lig. Density (omolets) 0.4316 1111 ]
Specific Heat (Buomole-F} 49.00 1004

5td. Gas Flow (amscFD) | o3z | 00000
-Std Ideal LI; Mars.r:[)énsiﬁi Cwmy | 4&.27 S 51710
CActlqFow 1o T

Z Factor - - 09930

 User Property o = -1
Partial Pl'e's_slf_EOfHZS (psia)ﬁ B Q.0000 A —_

_CpACe-Ry

B 1.255

Lig. Mass De"Sitﬁ,',(gg'Eoﬂg),,, {bm3) | 4645 - 7E3B3

Lig Vol Flow {Std. Cond)  (harreliday) sta8 | ooooo |
. Liquid Fraction . _1ooo .0.0000
Motar Vokume (frammota) 2310 3769

Mass Heat of Vap. {Bhatb) 209.6 —
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Case Name: GiPiagram Fies\AspenTechtaspen HYSYS 2006WCasestiank CO2 Pof
LEGENDS — - - -
asnen Calgary, Alberta Uriit Set: Freid
§_§ B GANADA — -
Date/Tims: - Bun May 15 00:58:21 2011
e ) o L . o B Fkﬁdf’_aqage:' . Basis-1
‘Material Stream: Mixup {continued) : - R S
T S : ) e T S . .  Property Package: Peng-Robmson. -
PROPERTIES
. ) Overal Vapoir Phase . |- : “Liquid Phase
 Phase Fraction [Maler Basis] 0.0000 00000 | -
_ Surface Tension {dynefom) 228 | s P2 R
 Themal Conckjchwiy (Brutr-ftF) 7.0366-002 02840008 |
_ Viscasity 05121 | (13822002 . }
Cv ernl Ideal) 4?02 e
,,(Bm”""'ﬁ“” L i
(BubF) | 03ses ] -
_(Bwbmole-F) y 4558 . i e .
Mass Cv (Ent. Method) @ub-F) | 0.4252 - N -
 GoiCv (Ent. Method) 1075 - ) -
_RedVPat37.5C {psia) 7eas | dee7 | 1045 | -
 Tie VPata7.8C (psia) 060 | . wme0
Lig. Vol. Flow - Sum(Sid Cmoarreuday) 738 0.0000 3738
COMPOSITION
Qverall Phase Vapour Fraction 0.0800
" COMPONENTS . .| MOLAR FLOW -MQLE'FRA_CTI'ON MASSFLOW | MASSFRACTION' |- LiauvoLume | LiquID vOLUME.
! o C(bmolemry  § 0 (i) i FLOW  (barreliday) FRACTION -
coz  osoma _ootse 284679 00065 21958 | 06059
Potassium Carbonate® 372797 0.5841 4034.8586 0.9935 372.9695 0.9941
Total 37,8811 1.0000 40613265 1.0000 375.1653 1.0000
Vapour Phase Phase Frection 0.0000
'_-.COMPQNENT_S' MOLAR FLOW ‘MOLE FRACTION MASS FLOW' WMASS FRACTION . L!QU?DVOLUME | uoub voLume
i o (Ibrmalefry i 1 m T . FLOWY. (bametiday) | FRACTION
ooz 06000 0.9693 0.0000 . nemr 0.0000 09201
Potassium Garbonate” 0.0000 0.0307 0.0000 0.0723 0.0000 0.0799
Total 0.0000 1.0000 0.0000 1,0000 0.0000 1.0000
Liquid Phase Phase Fraction 1.000
' COMPONENTS MOLARFLOW { MOLE FRACTION MASSFLOW | -MASSFRACTION. | [iGUID VOLUME * | LiQUID VOLUME
- {bmoler} (wt) | FLoW (harelday) FRACTION
o _Deol4 o015 26,4579 00065 21959 00059
Potassium Carbonate” 372797 0.9841 " 4034.8586 05935 ‘372.9696 0.9941
Total 378811 16000 4061.3265 1,0000 375.1653 1.0000
| Hyprotech Lid. ._Aspen HYSYS Version 2006 (20.0.0.6728) Page 6 of 6
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" Case Nome:' " CAProgrem FilesVispenTechiAspen HYSYS ms\cmsuanx COZPrY
LEGENDS — e — -
Calgary, Alberta Unit Set. - © 7 Fidd

aspen canADA

* Dateffime: . . Sun May 15 00:44:16 2011

. FitPackage: -~ Basis1

'~ Material Stream: - co2 - . |

CONDITIONS

s . : . 6veral| o Vapour Phase

Vapour / Phase Fraclicn 1.0000 1.0000

Temperature: {F} 7700 * T1.08

Pressure; {psia) 14.69 * 14.69

Molar Flow {{bmoie/hr) 1088 * 170938

Mass Flow {lbr) 4832 4832

5id fdeal Lig Vol Flow (barreliday) 4009 - 3009

Molar Enthalpy {Bhutbmole) -1.693e+005 -1.693e+005

Molar Entropy (Btubmole-F) A7 41.47

Heat Flaw (Btwhn) 1.858e+007 -1.8532+007

LiqVo! Fiow @StdCond  (bameliday) 4002 " 4002

PROPERTIES

| MassDensiy T ’ S
 MassErtapy (Bum) w7 | e | 7T o -
[ HestCopacty  Gwemosr) [ ot95 | awes | 1 ’
.___:Miﬁihiﬂi_f??ﬁ’?‘?i?v . .7..{5“'"1'{'.*:] . 02089 B i, . G208 _ R

Lower HeatngVaue. _ (Bunoke) | 00000 . oo ) -
| PerfalPressweciCO2 S
| CostBassdonFiow  (Costi) oo | o o
B Amc-ias FW (ACFM) 7134 7134 I -

Avg Lig Density  (omolety | 1 [ | T o

Specific Heat (Biwn__r-\ole-m_F-)- | . 9195; [ 77919757 - B o
51, Gas Fiow wscFD) | oesm1 | osamt | b . )
510 IdealLig Mass Density {Ibt3) | se2 | s | S

ety A i . . )
CzFaec 0.9944 o . | T -
 Watson X Y B .
 ParbFressweofHzs  (psis) | Coo0 | - 7 b T
oMoeR) | e s | ) o -
ey O azes | 12 N N
Heat of Vap. {BM) 1 7386 - -—_— h o T T
KinemaficViscosty (o8 | 8084  sosa R B
7|:I Mafs?em(sﬁ@nd : Hlm N é'f-ﬁ_z_-_ B S B o
 Lig Vol Flow (St Conly _(berreliday) | 4002 T o
UgidFracton | oo | ) i h
Molar Volume (fi3Abrmale) o 389.3‘ -
 MassHeatofvep. (@b | e84 | — T ) o

i Hyprofechlid. -~ © - . " Aspan HYSYS Version 2008 20.0.06728) : __Page 1oi6
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_ Swface Tensicn

Euerser) | Tae |

: 6&5&_ Name: . Capragram ﬁﬁmmTaWn HYSYS 200B1Casesitank COZ Prg
LEGENDS — i - o - - -
) » Calgary, Alberta Unit Set; - Fieldl -
aspen CANADA : e e
' BatefTime: SunMay 16 00:44162011 "
. . T N BERE RS Fiuid Package: Basis1
7 ~Material Stream: - co2 (continued) L AT
PROPERTIES
. : ) ) Overal " " Vfapeur Phase
_ Phase Fracton [Molar Basis] 1.0000 .. 1oooo . - - N

| MassCvisemikea)  (BuibF)

B {Biubmole-F}

MessGv {Blum-F}
Cv(Ent Method)  (BtubmoleF) |

. Mass Cv{(Em. Method)

CpiCy {Ent. Method) )
ReldVP at37.8 C (psia) - - o -
| TueVPat37.8C {psia) - - _ o -
Lig. Vot. Fiow - Sum(Std. Confhareiiday) 4002 4002
COMPOSITION
Overall Phase Vapour Fraction 1.0000
| COMPONENTS . | . MOLARFLOW |- MOLEFRACTION | ‘MASSFLOW /| MASSFRACTION | LIGUIDVOLUME - | LIQUID VOLUME
o . o oroteme) - DN (o 1 " FLOW (barretiday) ' FRACTION
_ PropyereCaronate® | 010000 £.6000 * 00000 * ~ onxe” o000t
coz 109.8047 * 16000 * 48324717 * 1.0000 * 4009196 1.0000 *
Total 109.8047 10000 48324717 1.0000 4009196 1.0000
Vapour Phase Phase Fraction 1.000
© 'COMPONENTS = | MOLARFLOW | WMOLEFRACTION | = MASSFLOW . | MASSFRACTION | LIQUIDVOLUME -| LIQUIDVOLUME
L o {bmctemr) SO L (Ibr) ~ | FLOW (barretiday) - ‘FRACFION -
 Propylene Carboate® 0.0000 00000 00000 | 00006 | 00000 0.0000
co2 109.8047 1.0000 48324717 1.0000 4009198 1.0600
Total 109:8047 1.0000 4832.4717 1.0000 400.9196 1.0600
|:: Hyprotech Lid. - Aspen HYSYS Version 2006 (20.0.0.6728) Page 2 06 _
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| Case Mame: - " CProgram Flles\AspenTech\ispen HYSYS 2006\Cassstark COZ Pro
LEGENDS e e - '
Calgary, Alberta . Unitset - Fieldt

asper Soee.

‘DatorTime: SUn Wity 15 00:44:16 2011

FuidPackege: . Basisd

Propylene Carbonate

. ‘Material Stream: T

CONDITIONS

. S Overall-~ - Liquid Phase

Vapour / Phase Fraction 0.0000 1.0000
Temperature: F TIO0~ 7100
Pressure: {psia} 1469 * 1469
Motar Flow {lbmolethr) 2248 2248
Mass Fiow {Ibmr) 4409 4409
Std Idead Liq Vot Fiow (bareliday) 3647 3647
Molar Enthalpy {Btumote) -1.806e+005 -1.806e-+H005
Malar Ertropy {Bhuwbhmole-Fj 78.65 78.65
Heat Flow {Blubr) -4.059e+005 -4.05%e+006
Liq Vol Flew @Std Cond (barreliday) aB45 364.5

PROPERTIES

Overall, = .- Liquid Phase -
Molecular Weight 1861 196.1
MomrDensty  (bmolef3) | o263 | ozens | )
208 |
a0 | T ) o
L
Mass Heat Capacly @uof | owm | omw | I
 Lower HeatngVake _ (Buubmols) - = 1
_Mass Lower Heatng Value (Bt _ - =0 i
PraseFractonVvolBesisl |~ e} | ] o
_ Phase Fracton [Mass Basis] zwmeas | w0 | ]
Partet Pressweof 02 (psia) | 0.0600 - ) o )
oo | ) N T
Specific Heat (BMhmIe—iF) ) 86.70 o 85707 T
st GesFw  (vMscrD) | oooa3 | oooa2 o ) )
| ol idealliq MassDersity (o) | sies | sies | T S
| Act Lig, Flow U wseemy | w02 V0 wem o ) )
. T R . - . ]
ey e s -
' pamawre;sweEszs Cs) | o0 | — | T B i -
cmce-my T e 1m0 ) T i )
R B T e i N
Heatofvep  (Bubmoe) temesoos ¢ f i
WnemefcVscosty sy | awse | a1k | o .
g MessOensty(sticond) omy) [ stri | st7 | L R
Lig. Vol Flow (8td Cond) _ (barretday) w5 | 3645 ) .
Ui Fracton ' 100 | e
Mu@arVqumé“ . 3y B 773?26 N -
MessHestofVap,  (Bufb) 1018 S ’ T

| Hyprotechitd. © = - o . " AspenHYSYS Version 2006 (200.0.6728) . Page3of6 .
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aspen

LEGENDS
Caigary, Alberta
CANADA

Case Name:

", Unit Set | Figkdt

G:\Profram Flles\ispenTechspen HYSYS 2006\Casesitank CO2 Pra

| Dateffime:

2011

" Sun'May 15 00:44:16

‘Material Stream:  Propylene Carbonate (¢ - .. = -

. Basis-1

 PengRobiison . -

PROPERTIES

Liquid Phase -

Surfece Tension

| Cv(Semitdeal)

v
Mass Cv

 Frmse Fraction Molar Bagis] oo
SR LU
 Jhermal Conducivty

 Eubmoen |
Somtdealy

2710

BuaheAtF) |
e

8.656e-002
2575

| CviEnt Mehod)
_ Mass Cv{Fnt. Method)

TueVPat378C

Lig. Vol Flow - S.m(std 6mmww)

B D.43i# N ) 7“ - S
(Bhsibmole-F) o 7804
N 03979 - I
(BubmieF) | . —
o) - =
Vs T I S

COMPOSITION

Overall Phase

Vapour Fraction €.0000

. .COMPONENTS .

MOLAR FLOW.

 MOLE FRAGTION
(irole) L

©MASS FLOW,

|- MAsS FRACTION.

| FLOW (basreliday)

- LIQUIDVOLUME | LIQUID VOLUME

FRACTION

Propylene Carbonate®

22.4804 *

CcOo2

0.0000 *

1.0000 *
0.0000 *

4408.2000 *
0.0000 *

10000 *

0.0000 *

Jgeasear ) 1eo0o
0.0000 * 0.0000 *

Total

22 4804 1.0000

4409.2000 1.0000

364.6647 1.0060

Ligquid Phase

Phase Fraction 1.000

7 GOMPONENTS

 MOLAR FLOW
. (Ibrnalef)

MOLE FRACTION |

1 MASSFRACTION

LIGUID VOLUME

: LIQUID VOLUME:
FLOW (baireiday) '

FRACTION

Propyiene Carbonate*

22.4804 1.0400

o2

¢.0000 0.0000

0.0000

1.0000

364.6647
0.0000

Total

224804 1.0000

1.0000

364 6647

S Hyprotechi Ltd. -

Aspen HYSYS Version 2006 (20.0.0.6728)
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" CaseMame: - : GiProgram FllesaspenTechAdpen HYSYS 2006\Casestank CO2 Pro

LEGENDS

aspen e, e

S AritSet . . . Fieid

* Date/Time: o _Sﬁn-l\!lay‘iﬁbﬂ:uﬂﬁznﬁ_

R R T —
- Material Stream: -Mixup ST SRR

CONDITIONS

; - Qverab ol .VapourPhase' : : l.lql.lldPhase
Vapour f Phase Fraciion 0.0000 0.8000 $.0000
Temperatse: (F} 774 77.41 7741
Pressure; {psia) 14.69 14.69 1469
Molar Flow ({lbmaler) 22.80 0.0000 2280
Mass Flow (.47 4422 0.0000 4422
Sid Ideal Lig Vol Flow {barrelday) 365.7 0.0800 365.7
Molar Enthalpy {Btwbmoie; -1.804eH05 -1.683e+305 -1.504e+005
Molar Enfropy {Btubmole-F} 78.09 41.19 78.09
Heat Flow {Butv)} -4.113e+)06 0.0000 -4.113e+006
Liq Vol Flow @Sid Cond  {barreliday) 364.5 * 0.0000 364.5

PROPERTIES

Act. Volume Flow (bametiday) L

Mags Enthalpy Bk} [ 8802 |

Mass Emtropy (Btwb-F) 04026

Wl:léaiCapacity o {Biuwibmole-F} 755737

MesshestCpecty (@) | ose | oo [ o4

Lower Heating Vake 7 {Btibmale) — — —

Mas;imueam;w,n:e" _(Bmm;_)_ S __ _ k. ) _ 77777” . - e e e
PhaseFracton[Vol Basis] | T e

Phase Fraction [Mass Basis] i
PartalPressure of GO2

i Cast Based on Flow 00000 77777 ) 0.0800 i ] o )
cost st on o000 i R
| mglqDensty  (bmoems) | o2ees |t | ozees | ’

Specn';(;Heat o (Eﬂ.mbmoie-F) 85.73 9201 o 8.5,.73 T T D ) i
”Sn;_GasFlow -"(-M-I\;éCFD) 0.2072 T {.0000 T 0.2072 T - B

e T e e R
ActugFew  wsaRm | 1073 — 1073 o
Z Factor T osms | semesss |
R L 25 e 2 , R
_Patalpresswooth2s @sw) | oo | — [

,,CP{(FP'R), ) 7 1.024 1275 o 17.62747 1 - o
I M o B S N I T N )
Heatofvap.  {Bubmok) 80916004 | | L

_ Kivematic Viscosity iesY N 3068 e

,A,Lif" Mass Densiy (Std. Cond) {Ibft3) o 7§1786 1 51857 : : T m

_Lig Vol Flow(S1d.Cond)  (bameliiny) | 3645 | )

| bqudFraction 1000 e

Molar Valume (Fi3bmole) 3774
Mass Heat of Vap. (Bhutb)

Hyprotech Lid, " _ - Aspen HYSYS Version 2006 {20.0.0.8728) - L Page 5.0{6
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CAMADA

aspen

LEGENDS
Calgary, Alberia

Case Name: CAProgram Fles\AspenTechiispen HYSYS 2008\Casesiark CO2 Pra
ntSet - L Flet
Deteffime: - SnMay150044:1620t1

Pl Package: ©

Material Stream: Mixup (continued) . -
L : o : ) E R . ., Froperty Package: Peng-Robinson
PROPERTIES
co : . Overal Vapour Phase
Phase Fraction[Molar Besls] | 00000 L _
_ Surtace Tension . {dymetom) s |
_ ThemaiConductivty  (Bubwfitf) | 88518002 | B
Viscoslty it S .. .
_ CviSemiideay  (BubmeoleF) | 8375 | _.
| Mass Cv (Ser-ldeal) Bum-Fy 04318 | o
o .. [{sumoer) | 7701 -
__MassCy e, ABUAFY 03970 | e _
_Cv(Ent Method) {Bubmale-Fy | (8538 | I o }
Mest Cv (Ent. Methad) {B1ulh-F) 0.4400
o 1005 ] |
20 | i}
True Vf‘f}}{.& C, ) {psia) - _17.32 - )
Liq. Vol Flow - Sum{Std. Con@harreliday) 3645 0.0000 3645
COMPOSITION
Overall Phase Vapour Fraction 0.0000
GOMPONENTS MOLARFLOW | MOLEFRACTION | MASSFLOW = | MASSFRACTION | LIQUIDVOLUME | LIQUIDVOLUME -
L e “(Ibmoled) ° g C 2:(ibitry Ul FLOW  (baivevday) FRACTION
_Fropyene Carhonate® | . DeeST | 407526 | 0868 | 3645765 _ . Dboses
co2 00143 143017 0.0032 11865 00032
Total 1.0000 4421.8303 1.0000 3657130 1.0000
Vapour Phase Phase Fraction £.0000
COMPONENTS - MOLARFLOW -~ | MOLEFRACTION | - MASSFLOW- | MASSFRACTION | LIGUIDVOLUME || LIGUIDVOLUME
SRR ' Albincietr) - SRR () | FLOW (bamettday). | - FRACTION
Propylene Carhonate* 0.0000 o 0.0a01 O.UJH_O 00003 00040 0.0003
coz 9.0000 0.9999 0.0000 0.5097 0.0000 03597
Total .0000 1.0000 0.0000 1.0000 .8000 1.0000
Liguid Phase Phase Fraction 1.008
" COMPONENTS MOLARFLOW | MOLEFRACTION .| MASSFLOW | MASSFRACTION .| LIQUIBVOLUME' || LIQUIDVOLUME
S ‘omoledr) SR (o) : | FLOW - (barretiay) (| | FRACTION
_eropm Cgrbomle' 224719 o D._9557 ) 75{075286 0?955 354.5265 09968
Co2 03250 0.0143 143017 0.0032 1.1865 G.0032
Total 227968 1.0000 4421.8303 1.0000 365.7120 1.0000
|- Hyprotech Ltd. - - Aspen HYSYS Version 2006 (20.0.0.6728) PageBof 6
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Case Nama: C:Program Files\AspenTect\Aspen HYSYS 2006\Casestank CO2 Py

LEGENDS
a en Galgary, Alberta Unit Set - Feld1
5p CANADA . g ;
DateTime: Sun May 15 00:44:16 204
i Fluid Package: Basis-1
Material Stream: Mixup (continued) _
. . - Property Package: Peng-Robinson
PROPERTIES
Ovecall Vapour Phase Liquid Phasa
Phage Fraction [Molar Basig] o 00000 | 00000 ~1.0000
Surface Tension (dym?lqn)_ 872 | - %872 N
Thermal Conductivity (BtwhrftF) 85519002 |  0.818e003 _ £.5518-002 o
Viscosity ) (cP) _____2_._525 ] 1.4§3§-002 ) 2,52(_! il
Cv(SemHdea)  (BlulbmoieF} aars | oTas | B3.75
Mass Cv (Semi-Ideal) (BtW!b~F}_ ] 04318 ) 0.1639 o 0.4318 1
v _ (Bubmole-F} oo 789 | 7ot
Mass Cv (Blwlb-F) 0.3970 _ o829 | 0.3970
Cv(Em. Method)  (Blufbmole-F) | 834 { 7149 = )
Mass Cv (Ent. Mathad) (Blullb-F) D40 _oas24 | - ]
Cp/Cv (Ent. Method) - 1.005 1287 - 1B
Reid VP at 37.8 C {psia) 4239 = 4238
True VP at37.8C {psia} ) 17.32 7_55.0 N ) "17,32
Lig. Vol. Flow - Sum{Std. Cofitirel/day) 364.5 0.6000 364.5
COMPOSITION
Overall Phase Vapour Fraction 0.0000
COMPONENTS MOLAR FLOW, MOLE FRACTION MASS FLOW MASS FRACTION LIQUID VOLUME LIQUID VOLUME
(Ibmola/hn (ibh) FLOW (hamaliday) | = FRACTION
Propylene Carbonate® . 224718 ~ 0s9857 _ 4407.5288 0.9968 3345285 0.9968
co2 0.3250 0.0143 14.3017 0.0032 11865 0.0032
Total 227968 1.0000 44218303 1.0000 aeETIE0 1.0000
Vapour Phase Phase Fraction 0.0000
COMPONENTS MOLAR FLOW MOLE FRACTION MASS FLOW MASS FRACTION LIQUID VOLUME sLeuuio VOLUME
{fbmola/hr) b FLOW (bamsliday) ; FRACTION
- Propyleng Qamonaie‘ D._DQ(_]_U_ 7 70.(7]0(.'!177 0.00(](_) 0.0003 0.0080 0.0003
coz ¢.0000 0.9998 0.0000 0.9887 0.0000 0.9987
Fotal 0.0000 1.0000 0.0000 1.0000 0.0000 1.0000
Liguid Phase Phase Fraction 1.000
COMPONENTS MOLAR FLOW | MOLEFRACTION MASS FLOW MASS FRACTION | LIQUISVOLUME | LIGUID VOLUME
{omoleftu} : (b FLOW (bamatiday) | . FRACTION
Propylane Cambonate® 224718 0.9857 4407 5286 0.6988 3645265 0.9868
co2 0.3256 0.0143 14.3017 0.0032 11865 0.0032
Tolal 22.7968 1.0000 44218303 1.0000 365.7130 1.0000
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