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1. Introduction and LABORELEC
objectives S N UE

PhD thesis in the field of chemical engineering, subject is
divided into two main parts:

1. Simulation and optimal conception of
the post-combustion CO, capture
process

2. Experimental study of
solvent degradation

Establishing a link between those two parts is the main
objective of this PhD thesis
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It has been decided to design and build a degradation test
rig at the University of Liege in order to:

- obtain our own experimental data on MEA  degradation
that will be used for Process Modeling

- allow us to work at extrem temperature and pressure
conditions to accelerate degradation reactions

- get the possibility of testing the degradation of newly
developed solvents , as well as the influence of
additives
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Elements:
1. Reactor

2. Gas supply

3. Water balance

4. Gas flow

5. DTR control panel
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1. Reactor

- Parr reactor

- 600 ml

- Max temperature : 500C
- Max pressure: 200 bar

- T316 Stainless Steel

- Heating mantle controls the
temperature

- Agitation rate is set by the

O e rato r Model 4544 High Pressure Reactor, 800 mL, Moveable Style Vessel with heater
lowered, and a 4848 Controller showm with optional Expansion Modules.

22" August 2011
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Liguid Sampling Valve for
withdrawing liquid samples through
the dip tube shared with the ges inlet
walva. Incoming ges can be used to
clear the dip tubs betwresn liguid
samples.

Pressure Gage,_ analog type,
which shows the pressurs within
the vesasl at all times.

Gas Release Walve to reloaszs

j_llf’f gas from the reactor during or at

the completion of 4 run.

Safaty Rupture Disc to pro-
tact the vesssl and the operator
from dangerous pressures
b=yond the rated limit for the
vezsel,

Gas Inlet Valve for charging gas into
the reactor, This vabve and the liguid

sampling valve are connected to a dip
tube which extends to the bottom of the
weszal

22" August 2011

Thermocouple or Thearmmoweall

for messuring the tempsrature within the vesssl. In
arall reactors, a thermocouple encased in a metal
shesth extends dirsctly into the

wessal In larger reactors, and in vessals constructed
of special alloys, the control themocouple is
insarted int2 a thermowell which extends to a point
near the bottorn of the vessel.

Internal StaTing Systam

consists of a motor drive magnetically cou-
pled to an intemal stirrer shaft with attached
turbine-type impellsris).

Diip Tuba

Cooling Coil

Guide or Foot Bearing with a FTFE bushing

to support and stabilize lower stirrer ahaft. (Vo

reguired with footless magnetic drive)
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Hollow shatft for a better gas-liquid contact
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2. Gas supply

-
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2. Gas supply

DANGER
) I\|2 ) COZ B 02 S GAZ SOUS PRESSION

- Compressed Air

- Bottle Rack

- Pressure
regulator

- RiIsk indications
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2. Gas supply

- Pressure
transducers

- Security valves
- Filters

- Mass flow
controllers

- Check valves

- Valve for air
pruge

227 August 2011
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3. Water balance

VO
FTIR
Analysls
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3. Water Balance: Saturator

- Tank filled with destillated water ,1

- Saturation of the inlet gas with
water

- Water temperature controled
from 25T to 70C

- (Gas pressure up to 25bar

22" August 2011
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3. Water balance: Condenser

- Reactor outlet gas flows into |
the intern tube; cooling |
water flows into the mantle
(extern tube)

- Temperature controled from
20C to 70C

- Condensat sampling

possible
22" August 2011
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4. Gas flow
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4. Gas flow mTiR

Gas Supply FTIR

/7
.

- To the reactor via the
saturator

Reactor
Atmosphere
- Then to the FTIR

analyser or to the
atmosphere

- Possibllity of diluting
the gas sample with N,,

22" August 2011
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4. Gas flow

- Biphasic Coriolis flow
meter

- Back pressure regulation

e e U IR -

- Heating rope to prevent
the gas flow from
condensing in the tubing
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4. Gas flow

Gas release to the
atmosphere

Ventilated local to
prevent any incident

Relief valves and FTIR
exhaust are redirected
to the atmosphere as
well
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5. Control panel

-
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5. Control Panel

Labview

- Data acquisition
(Pressures, Temperatures,
Mass flows)

- Control of the installation
(Mass flow, heating
elements, compressed air
for security valves)

22 August 2011
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5. Control
Panel

L abview control

panel

- Data

acquisition

- Regulation

Temps écoulé (s)

| 777515.7

Arrét du programme I

Mesures toutes les x secondes
60

Consignes MFC et relais statique

70 {44 [lpébic 02
I{60 || Débit CO2
I‘{16  ||Débitnz

o |Relais statique

., Electrovannes

f,é“ |Q [ vanne 02
C:) :-\.-’aﬂne co2 ]
'C:) ;\Vanne N2

___Alim Relais Finder pour cartouche

s ac‘melie| i consiqne|

Ruban allume?

22.90 v .00
J
@ dT max

[o.01 002

J

Températures

70 o163 |
205
14
l24.1?
|22.9

] 23.37

Pressions

do :i_26.3

[24.7
|25.5
1

—
—
—

: Débitmétres
&
[5.04E+1
| 1.59E+1

[5.1763
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P6

Conditions de fonctionnement normales?

TO
1
T2 Y
3 ¥
T+ ¥
5 %

Pi
P2
P3
P4
P5

MFC1
MFC2
MFC3
Coriolis

122112

BREREREN

Alarme déclenchée?

17:45:19

16:57:24
28/02/2011 28/02/2011
n i
Pressions

30

20

Pression

10

0=
16:57:24
28/02/2011

Débitmétres
80

0

16:5I?:24
28/02/2011

17:1|5:49
28/02/2011

17:1.'5:49
28/02/2011
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5. Control Panel

Reactor controller
- Temperature control

- Agitation rate control

- Pressure display

- High temperature and
pressure security

22" August 2011
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5. DTR Control Panel

't/Recorder Program

& ‘:ﬁ
Counter )01 < 0 i] seconds

- Data acquisition

450

.
- I 2 e g u Iatl OI I 40.0—41 3—41 3—41 341 3—41 341 341541447541 341341 3—41 3—41 3— 41 5—413— 41 441441 3—

360

30.0

25100

200

160

100

50

3.8 38 38 38 38 39 39 38 37 4.0 4.0 41 41 41 4.1 42 4.1 39 39

00
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Display LT Max. scale | Min. scale | Background [ dwhite  ~

iz déman'er | i3 Degradation T... @ Parr controller... i
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Risk analysis

Deparis method: « Depistage Participatif des Risques »

Electrical risks, explosions, gas and liquid leakages,
chemicals contamination, fire, earthquake have all been
envisaged.

Risk analysis reviewed by the prevention expert at
Laborelec as well as at the University of Liege.

Emergency procedure has been detailed and software
alarms have been implemented

22" August 2011



2. Degradation Test LABORELEC §;

R . G F S\ CZ  Université
Rig: Risk analysis e lisgs |

Some performed improvements

DANGER

': GAZ SOUS PRE
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* Results of the first experiments performed

Operating conditions

= . . =
Cxperimeant Parameter

5:::perimem Length T Pot Poz P 5\,; Gas flow  Solvent .
liame  Stant end  [Days]  tested (] [barl [barl bar] [ear] [minimin] [wt% MEA] TroEms
Presaurs variations, sampling
freguency higher than in following
Test 1 19022011 S022011 14 Base case 120 4 0,2 3 03 a0 30,00 sxperiments
Exg. Gasz exhaust stopped dus to cristal
Lengihistrong formation at the condenser, pressurs
Test2 24/03/2011 S/04/2011 12 cond. 40 20 1 15 4 200 30,00 reached ug 1o 25 bar in the end
Testd 11042077 257042011 14 Temperature 120 20 1 15 2 200 30,07 -
Foaming, femperature sensor
cdefectucus == heating stopped
Test4 10002/2011 1990502011 9 Pressure (N2} 140 20 02 3 168 &S00 30,05 automatically
Cristal formation at the condenssr
botiom, pressurs rose o 20 bar for a
Test 5 27052011 1000E2011 14 Repetability 120 4 0.2 3 038 a0 30,01 few hours, Mass losses (200g)
Test6 1072011 15072011 14 Repetfabilty 120 4 0 3 03 a0 3002 Mass losses (1500
Coarrosion of the temperature sensaor,
Test 7 200072011 A0E2011 14 Batch 120 20 02 3 08 ] 26 99 green [ayer on the veasel's walls

22" August 2011
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Degradation profile over 14 days

33,00

30,00 ¢ N
27,00 -

24,00 hd .

21,00 -

Concentration (wt-%)

18,00

15,00

12,00

Day
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Degradation experiments

45,00
40,00
s 35,00
E 30,00 - —— Hanning 1
: -
2 2500 —@— Fanning 2
E Hanning 3
< 20,00 i
2 Hanning 4
3 15,00 —¥— Hanning 5
S 10,00
=
5,00
I:}..[:}G T T T 1
Ti T load T week Tf
Time
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First conclusions:

- Two weeks degradation gives better results
- High temperature enhances the degradation
- High oxygen-content enhances the degradation

- Last experiments still have to be analysed

- HPLC method is sufficient for following the MEA
concentration, but seems very imprecise for screening
degradation compounds

22" August 2011
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e Liquid sample
=> High Pressure Liquid
Chromatography

=> Gas Chromatography-
Flamme lonization Detector

o Gas Sample:

=> Fourier Transformed Infra
Red Spectrometer

22" August 2011
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HPLC:

- Influences of eluent, salt concentration, pH, temperature,
flow rate

have been studied quite unsuccessfully. For more details
see progress report, June 2011.

A new column is beeing tested.

22" August 2011
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Degraded MEA, Eluent 75:25 ACN:Buffer (NH4Ac 24mM
pH 3.8); Mass flow 1.2ml/min; T=30C, UV @ 215nm

I

i |
.l_ |
|

l\ P W, ey,




4. Analytical methods: LABORELEC
GC-FlD GOF 3S\WCZ Universitéug

de Liege

- GC-FID: First results seem very promising, repetability
has been demonstrated

54000 -

44000

34000

24000 -

14000

4000 -

-6000 O 5 T 15 20 25 30 35 40
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Standard solution (MEA, AEAE, HEA, EDA) 1:100

198000
148000
98000 L
48000 mh / kﬂj/jﬂ
-2000 - ; —*LJ ; {~L-~1 ; ;
0 5 10 15 20 25 30 35 40
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Degraded MEA (dil 1:100 in water)

9000 -
7000 -

5000 - J

3000 -

JLLJM“L”“"J“
1000 - MH‘*— | |

15 20 25 30 35 40

&)
ol
=
o

-1000
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Gas phase analysis: gas calibration : CO,

3,6
3,49
3,29

2,04

3 ' . b

4000 3500 3000 2500 2000 1500 1000 500
Nombre d'ande {cm-1)
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T
)

U3

NH3 calibration (910-1196cm-1, 3219-3396cm 1)

Ab

Absorbance

Ab

0,0

Jrprés 20 min 1,5miih NH3, Smin N2
1,5

1,04

0,54

0,0}

s

Jpres 20 min 2mifh NH3, Siimin N2
1.5

1,04

0,5

..mJMWMLQML Mwlmihﬂ_

1,0
g MMMMMW L‘
0,0 i AL, s b WM,
4000 3500 3000 2500 2000 1500 1000 500

Jprés 20 min 2mih NH3, 2.51/min N2
1,5

Mombre d'onde (cm-1)
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« MEA callbratlon (980-1119cmt, 2624-3150cm?)

<420 minutes MEA 1 Smlh, 10Umin Air

0,15

‘ll)‘ -4
Q i
| .
5 D,'\L:
o
b i
0,05
] il

40 minutes MEA 2mlh, 101min Ar

g
& 0,15
3 ]
2 0.10]
2 7
0,05

E ok

0,25320 min MEA 2.5 mih, 10limin Air

A

Absorbance

k)

C‘,E—_zt]min MEA 3mif, 10Ymin Air

o) \,
MMWMMJ \g uﬂ)ﬂl MW] o \“

Absorbance

4000 50 000 2000 1000 500
Noml re d'ande {(cm-1)
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Corrosion is followed thanks to this analysis

Fe Cr Ni Si Cl F
Flanning 1 TO 0.44 < 0.10 <010 - < 2.00 38,94
Planning 1 Tf 7.57 1,55 4,24 A <200 416,08
Planning 2 Tf 22,40 8,60 975 13,01 51316 182618
Planning 3 Tf 6,80 3,10 2,66 10,66 52232  BE9,35
Planning 4 Tf 1,90 1,30 1,01 15,57 29136 307,13
Washing water 1 b 4 82 0,02 0,51 3.06 0,74 0.05
Washing water 2" 0.01 < 0.01 0,20 203 0.08 0.04

* Silicon has not been measured for the two first samples

® Washing water from the washing realized after experiment “Planning 4"

22" August 2011
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5. Conclusion
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« Degradation test rig
has been
constructed

 EXperiments are
running

 Development of
analytical methods In
process
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Making the link between simulation and degradation
=> Objective:
- having a reliable simulation model

- taking solvent degradation into account

- that can be used for predicting the most appropriated operating conditions
for post-combustion capture

Multi-objectives process optimization:
- Energy savings (costs)
- Solvent savings (lower solvent make-up)
- Lower environmental impact due to solvent degradation
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Thank you for your attention!

Questions are welcome!
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