MATESA: Proof of concept

Dissemination Day. Oslo, 16/06/16.
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Proof of concept

JPerform breakthrough curve measurements to verify
multicomponent adsorption equilibrium and diffusion (for model
calibration)

IDemonstrate cyclic performance of honeycomb monoliths

JCalculate power consumption of the real sample. This calculation
will be only presented for the case of use of electric power.

JResults by now made with two different honeycomb materials:

LJZSM-5 honeycomb monolith
(113X honeycomb monolith

SINTEF Technology for a better society




The materials

J Length 20 cm monoliths. ZSM-5 samples are square honeycombs
and 13X zeolite are cylindrical 2 two different reactors needed.

AOC-170 -Carbonized- conductive
| AOC-170 =Green - non-conductive
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The reactors | 9
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J Length 20 cm monoliths. ZSM-5 samples are square honeycombs
and 13X zeolite are cylindrical 2 two different reactors needed.

J Temperature measurement is challenging. Uneven flow distribution

i}‘v W

must be avoided.
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The ESA unit

_JFour column PSA unit adapted to be ESA

PSA ROO Hardware ‘ Charts ‘ Extra 1i0 | Mass Spectrometar ‘
QPHEODDP Everts
Ver: 1110, Enabled s - I:I ~ Proj
— er: 1.4.0.46 x| |||l 2 123555, SetPort = 30.000 ¥ i R EENATEEDE Elariles
17:15:42 for Win-XP c QPX600DP
121824, SetPoint = 0.000 . Y - Check Yalve Edit Method ]
Stop Program | LbVIEW 2015 Set Signal Out %ON 12:15:54. SetPoirt = 30.000 V

Eom: o
| 1200 11:58:22. SetPoint = 0.000 V. @-p - Pressure Relief valve Continue Test]
o g 158 ! . Continue Test
i SetPaint| 0000 |[v) e 11:55:52. SetPoint = 30.000 ¥
Start Simple Logging = h &2 & & 5 [t 11-36:18_ SetPoirt = 0000 ¥ »  _Flow Direction —)

ReadOut —_—.

=t S T1:35.49, SetPoirt = 30,000V ’
| s Filer 5
Voitage[ 0001 |y ||, : T1:1%16. SetPoint = 0.000 V. | & Pause Test” | ] ] ] !
Current| 0000 |fa) = 11:15:46, SetPoint = 30.000 v | "The currert step 0 & ek
will b restartect Bl w) J
Method status | |
Current method | st 0 of D

| [ imer
Slep Text ical System
Start SamplingCycle
— Alarm Handing —H GFCT
092- sten] 0 | of] 16 |
Resst Aamm  Aam Level . a3 o ‘T\me 0 off 0
S eyt I .
oo 1
0o 1 2 3 4 |
Errarialarm Log S o 1 e Aanalysis
&
& g o | [
Gas Chromatograph
TR1

]

1 T

Mot Cannected

v % Output o 15\’5
[Error7se.og || o amecoz Hped 5[ 000 | —Z'—. Gres ream
Emor Log-file 199 . Stream 2
SFC2 L
Il [
01 . —|! 50.00 1>
EMERGENCY ; v —
Set Safe State i
Commands arcs
BPR1
H Close All Yalves I 04 . » & & & A 103 ' k 4
4% CO2 3 000 11 [wviz w13 vra 15 Jvao fvar
e '“GFQCQ : b
1002 el BUP7R73 '
W5
 re [l glr0000 J var
[t ] o | Yacum Pump == A
Rl

SINTEF Technology for a better society




Electric heat in action
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4-step cycle for ESA

e Steps:
1. Co-current feed step (4.6 vol% CO,, 900')
2. Counter-current electrification (60V), no purge (60')
3. Counter-current purge (120', 120 ml/min nitrogen)
4. Co-current cooling (420', 230 ml/min nitrogen)

FEED
PURGE
COOLING

ELECTRIFICATION
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Molar fraction

4-step cycle for ESA

* Results:
* Low CO, purity (<51.3%).
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5-step cycle for ESA:

* Steps:

Co-current feed step (4.6 vol% CO,, 1200')
Co-current Internal rinse (15V, 30')

Counter-current electrification (51V), no purge (55')
Counter-current purge (120', 115 ml/min nitrogen)
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Co-current cooling (420', 230 ml/min nitrogen)
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5-step cycle for ESA:

450
430

* Results: m
* Higher peak CO, purity (59.5%)
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Results so far

JAdsorption equilibrium of the multicomponent mixture has been
verified in both monoliths.

JThe cyclic steady state is achieved in very few cycles (less than 5).

JComparison of results with existing materials (activated carbon)
show an improvement of at least 300% in CO, purity.

JUneven temperature distribution has been observed with IR camera,
perhaps due to agglomeration of zeolite in certain parts of the
monolith.

SINTEF Technology for a better society 12



Uneven temperature

JAccurate measurement of temperature is very important.
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