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NEW CO, + IMPURITY EXPERIMENTAL DATA
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Anthropogenic CO, quality;
Concentration limits of impurities

v’ They must be established by analyzing two aspects:

* Risks <> Safety
* Costs

v"When handling compounds dangerous for health
or environment, for which the total elimination
can be expensive,

an alternative may be the co-capture
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Impact of anthropogenic CO, quality on CCS
technology; Feasibility of co-capture CO,/SO,*

CO, + S0,

In progress

CO, + CH,

v’ Environ. Sci. Technol, 2012,

46, 13016
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Experimental thermodynamic data
available in literature
CO,+S0,

T/ P/ pa)  Reference

0-0.4 293-393 0.1-3.1 Blumcke, 1888

0.09-0.61/ 291-416 2.7-10.5 Caubet, 1904

Neither density nor Outside the Do not cover the T, P
speed of sound data composition range of conditions of CCS
available anthropogenic CO, technology
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Co, + SO,

Literature

Pgaew —Phubble

Our Results

40 isotherms
P=0.1-20or 30 MPa

Xco, = 0.8030 0.8969 0.9532 0.9699 0.9932
T = 263.15 to 373.15K

'xperimentl

B P <200 MPa /

e Selected Transport & Storage Parameters
» Validating EoS

~  ASSESSMENT OF CO, / SO,CO-CAPTURE

Work Plan




Concentration limits of SO, in
anthropogenic CO, from literature

With SO, removal | No contaminant control
mol % mol %

< 0.0001 1.5
0.076 1.5
0.03-0.2 0.4-3.1

4

The experimental composition range Xs0, < 0.04
must be wider for more accurate and useful models

C We have studied 0.8030 = x¢o, <0.9932
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Experimental data acquisition

Technical specifications High pressure PpT- VLE laboratory, UZ, Spain
* Method: vibrating tube densimeter : : .
e Trange: 263 to 473 K | J :
u(T)= 0.006 K
* Prange: 0.1 MPato70 MPa
u(P)= 0.008 MPa
* Xxrange: 0.0000 to 1.0000
u(x)= 0.0005
e U(p)=0.4-0.7 kg/m3
Measurements of thermodynamic
properties
e Gas, liquid, critical and supercritical
densities
e Vapour-liquid equilibrium

1T 1T

Calculated density derivative properties

’ Isothe_rmal com_p_ressibility 2000 points/isotherm— Quasi-continuous data

*  Isobaric expansivity along subcritical, critical, and supercritical regions

’ Intern-a-l pressure of pure fluids and mixtures allow us to determine
Solubility parameter the limits of VLE, and density derivative properties
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CO,+S0,
P —p —T — x experimental results

xCOZ =~ 0.90

1200 / - 263.15 K

1000 ///’, — 273.15 K

e | // — 293.15 K

800 /

' - 304.21 K
g

<. 600 - 31315 K

@ — 333.15 K
o

a 353.15 K

= 373.15 K
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CO,+S0,
VLE experimental results
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As the amount of SO, increases, the P, .. of the mixtures
reduces, then the minimal operational pressure decreases

W Universidad
Zaragoza
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Effect of SO, on Transport, Injection and
Storage

e Study of the effect of SO, (condensable impurity) on
transport, injection and storage of the anthropogenic CO,

 Comparison of the behavior of the mixtures CO,+SO, with
those of pure CO, and CO,+CH, (non-condensable impurity)
mixtures

For all the systems:
e recommended equations
e using our experimental densities
e calculated viscosities with REFPROP 9.1.
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Effect of SO, on Transport

Pipeline diameter to transport 10 Mt/year of fluid at 293.15 K and 10 MPa
(AP/L =36 Pa/m . Roughness height = 4.6x10-> m)

0.55
Higher density of the

) 0.54 - CO,+S0, mixtures
> 053 -
e
£ 0.52 -
-Q / °
g 0.51 1 higher mass flow
£ through a given
g %0 pipeline
$ 049 -
Q or

0.48 -

0.47 ——t— s v smaller pipeline

070 0.80 0.90 1 0.90 0.80 0.70

diameter needed for
XCo, a given mass flow.
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Effect of SO, on Transport
Density profile along a pipeline for CO,+S0O,, pure CO, or CO,+CH,

(Diameter: 20 inch, mass flow: 10 Mt/year; inlet pressure: 20 MPa; roughness height: 4.5x10> m)

1200

T=313.15K T7=293.15K T7=273.15K The density drop along

1000 the pipeline is lower for

mixtures containing SO,

800

v" Higher SO, content

[2]
o
o

and/or

400 -

Density [ kg.m3

v’ Lower temperature

4

v Longer available

0 100 200 300 400 500 €00 operational distance

Distance / km v' Less boosters
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Effect of SO, on Injection and Storage

Greater dissolution of minerals causes
an increase in the porosity of the rock

Increasing the porosity, the rock permeability modified
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Effect of SO, on Storage

Other parameters must be studied to assess

the convenience of storing CO, containing SO,

Selected parameters:

n )

v Normalized Rising Velocity %:%‘:ﬁjw ‘_‘20()"(;’;0))

: I
M p( n )
Mo m;
o pol 143y
calculated disregarding the difference in reactivity with pure CO,
Equations from Wang, J. et al. Energy Procedia 2011, 4, 3071-3078

v Normalized Storage Capacity IZ:

v Normalized Permeation Flux
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Effect of SO, on Storage

A 3-6 | ' | ! 1 ! I ! | ' | ! | ! 1 ! | ' | ' | ' The Same
| | ---- €0,+50,; X¢o, = 0.95 _
g 2 304 wern €0,#80,; Xco, = 0.99 | amount of SO,
©
L, Non-condensable impurity leads affects:
@ .. i
> 24 to greater rising velocity of the _
> plume than pure CO,, v v up to 40%
@ 18 increasing the risk for leakage
7 j COCH X0, = 0.97 | ¥ Mupto5%
QO I ]
N 1.2 L -
o Rl e v s s s e T e e
S ,,E_ | P—
9 § 0.6+4:,/~ Decreasing the rising velocity, 7 green 7=304.21
1' the risk for leakage reduces { pink 7=308.15K
0.0k blue T=333.15 K
v . | ' | ! | ! | ! | ' | ! | ! | ! | ' | ! | !
8 10 12 14 16 18 20 22 24 26 28 30
P/ MPa

(*) S. T. Blanco et al. Environmental Science & Technology 48, pp. 10984-10992. 2014
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PC-SAFT Validation P—p-T—x

I

0.8030 0.8969 0.9532 0.9699 0.9932 MRD/%
MRD(p)/% 2.37 1.50 2.40 1.15 1.43 1.76
N | | 20 — 263.15 K
100 P iexp — PiEos CO,+S0, -
MRD (p) = — Z Pioms 15 Xoop= 0.8030 " e
i=1 ’ H - 30421 K
g 10 : — 313.15K
Pure compounds parameters: % 5 i oo
oo e S Y ey 0
. . . ’ , - 301 = L —_—
1260. ~ s W
S i
Binary interaction parameter: 0
Diamantonis et al. Ind. Eng. -15
Chem. Res. 2013, 52, 3933-3942. 20
0 5 10 15 20 25 30
P/MPa
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PC-SAFT Validation

Jel g A MRD [/ %

N
MRD (P) = 1;02 |Pi,exp — PiEos

- Pi,exp
i=1
P, 1.61
Pbubble 2.74 MRD (P) _ 1}30i |pi,ex2 '_ pi,EoSl
2y 2.58 S Pew
o 1.40

Pure compounds parameters : Gross, J. and Sadowski, G. Ind. Eng. Chem. Res. 2001, 40, 1244-1260.
Binary interaction parameter: Diamantonis et al. Ind. Eng. Chem. Res. 2013, 52, 3933-3942.
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Experimental data acquisition
High Pressure Speed of Sound Laboratory, UZ, Spain

Technical specifications

by W
e Method: 5 MHz pulsed | éz
ultrasonic system r
e Trange:253t0473K iy
u(T)= 0.015 K G L % T =
* Prange: 0.1 MPa to 200 MPa 2 1 > ——

u(P)= 0.02 MPa =i =
* xrange: 0.0000 to 1.0000 | ' i ¥
u(x)= 0.0005
e U(c)= 1.6-103-c m/s

Measurements of thermodynamical  Evaluation of fracture propagation

properties L Calculated derivative properties from

e Ligquid, compressed gases and speed of sound and density
supercritical speeds of sound * Heat Capacity

¢ Joule-Thomson Coefficient
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Joule-Thomson Coefficient, y;;

CO,+S0,

X CO, = (0.90
1-2 T ' I v T v T v T b T v 8 v T v T T v T
T T=293.15K = experimental T=333.15K = experimental
1.0 PC-SAFT EoS 74 PC-SAFT EoS
| ——Pure CO, (SW EoS) | 6. ——Pure CO, (SW EoS) |
FI| 0.8 T F.' 5_- -
& | &
S 0.6 S 4- |
z' ] :E 3
~ ~ 3" 7
': 0-4 N |:
X 1 X '2- . -
0.2 - 1]
| Em
0-0 T T T T T T T T T T 0 T T T T T T T T T
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Conclusions

CO,+SO,
Xco, = 0.8030 — 0.9932

Operational T and P of pipeline transport and geological storage

+ 40 experimental isotherms P— p—-T—-x

4+ VLE isopleths P gow, Phubbler PV » PL

4+ PC-SAFT validated under CCS conditions and wider:
MRD 4., = 1.76%

+ Impact of SO, on transport, injection and storage from our
experimental values

+ 8 experimental isotherms P—c—T-x (x¢o, = 0.8969)

+ Joule-Thomson coefficients (x¢o, = 0.90)
T mixtures < HjT,co, atstudied T and P
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Effect of SO, on CO, transport, CONCLUSIONS

injection and storage CO,+S0, €O, CO,+CH,

Pipeline Operational P — +

Transportation B _ +
AP - +
ADensity — + +

Less booster stations required

Injection and  Storage capacity — — =

Geological Rising velocity — + +
Storage )
Permeation flux —
Headhole P — -
No adverse effects (aside reactivity)
— :decrease +:increase green: favorable blak: neutral red: adverse
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Thank you for your attention
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