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Water and
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Pressure-temperature diagram for CO,-rich mixtures with 5%
Impurities calculated using the SPUNG EOS

Influence of impurities on VLE
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All IMPACTS and CO2Quest people know that

* Impurities in CO, will be present in CCS
 The impurities could have large consequences
* Accurate and reliable models are required

Well behaved models and correlations for CCS

* Are easiest built with accurate data that are
* on binary mixtures

e w/ concentration ranges beyond the expected

But there are a lot of data, right?
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VLE Binary Data Situation

Contents lists available at ScienceDirect

Applied Energy ’,

journal homepage: www.elsevier.com/locate/apenergy ".—-—

e Systems relevant for
PVTxy properties of CO, mixtures relevant for CO, capture, transport
n at u ra | ga S Cove red and storage: Review of available experimental data and theoretical models
with some gaps i b e o lhelmsen® e van
" Energy Process, Royal Institute of Technology, 10044 Stockholm, Sweden
- COZ = Nz, = CH4, = Hzo, = Hz

e Scarce / inconsistent,
~ €O, -0,,-CO, -Ar,-NO,

- H S \ ) journal homepage: www.elsevier.com/locate/jct

ARTICLE INFO ABSTRACT

The knowledge about pressure-volume-temperature—composition (PVTxy) properties plays an impor-
tant role in the design and operation of many processes involved in CO; capture and storage (CCS) sys-
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VLE Binary Data Situation
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CO,Mix and IMPACTS

BIGCCS
o COZ M iX International CCS Research Centre
— Late 2010 -2015 “" i-i —V iT

— BIGCCS spin-off and funded by the CLIMIT/
Research Council of Norway

— WP A: Experimental investigation of phase equilibria
* SINTEF Energy Research and NTNU
* Advanced experimental infrastructure established
— WP B: Measurement of density and speed of sound
* Headed by Prof. R. Span, Ruhr-University Bochum

CENTRE FOR
ENVIRONMENT-
FRIENDLY ENERGY
RESEARCH

e 2015 co-funding of VLE by CO,Mix and IMPACTS

— Analysis and documentation of CO,-N, measurements
— Measurements of CO,-O, and CO,-Ar
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Phase Equlibrium Measurements: Basics

* Analytical method

— Composition measurements of all
fluid phases

— Sampling and gas chromatograph (GC)
— Total composition not critical for
binary systems
* Temperature
- Range: -60 to 150 °C
- Combined accuracy, stability and
uniformity of <5-10 mK
* Pressure:
- Range: 4to 200 bar
- Accuracy better than 0.10 % (mostly <0.03 %)

Stang HGJ, et al., Energy Proc., 2013. 37: p. 2897.
Westman SF, et al., Fluid Phase Equilib., 2016. 409: p. 207.
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Cell Design

Volume 0.1 |
e Sapphire Tube / Titanium Flanges

e Separate valves and pumps for:
— €O,
— Water
— Other components / calibration mixture
— N, — (flushing)

* Pressure measured using 4 sensors
& differential pressure cell

e 25 Q standard platinum
resistance thermometers (SPRT / PT)

 Temperature control using thermostatic

baths
Stang HGJ, et al., Energy Proc., 2013. 37: p. 2897.
Westman SF, et al., Fluid Phase Equilib., 2016. 409: p. 207.
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Analysis and Sampling

* Sampling volumes down to 3 1.8

— Fixed for gas phase o
— Movable for liquid phase % M

— Heated lines

* Pressure cell compensation using bellows

e Gas Chromatograph
— Agilent 7890A
— Detection:

* Flame ionization detector (FID) w/ methanizer

* Thermal conductivity detector (TCD)

* Flame-ionization detectors (FPD)

Stang HGJ, et al., Energy Proc., 2013. 37: p. 2897.
Westman SF, et al., Fluid Phase Equilib., 2016. 409: p. 207.
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GC Calibration

* Accuracy < 0.05%
* In-house calibration gas prep

— Accuracy <20 ppm absolute

e GCresponse dependent on
— Sample composition
— Sample size (optimized)
— GC oven program
— Integration method (improved!)
— Calibration formula (improved!)
fico, "k =Aco, + (Aco, )™ + (Aco,)? ,

Ao, -k = c3- (Ao, + (Ao, ) +(A0,)*) ,

Mco,

yCO cal — = ~ >
g Mo, T No,
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Phase equilibria CO,-0O, (~0 °C)
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Critical region measurements: CO,-0O,

e Using the bellows to tune
pressure

e Scaling law regression to estimate
the mixture critical point

3 A2 (. b
Zco, = %co,,c T (Al - 6?2) (B—p) = 65 (Pe _P)ﬁ

e Overall fit using PR-MC-WS-NRTL
represent data fairly well

Supercritical Subcritical
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- Conclusions - General

* Good thermodynamic models are absolutely
neccessary for robust and efficient CCS process
design




nclusions - CO,-0,

* The data situation of this important binary system
was poor

* 6 accurate isotherms from -55 to +25 °C have been
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