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Technical Necessity: pntl ol il

Application of porous Materials as Adsorbents

Fine cleaning of Gases (i.e. purification of H,,
natural gas, bio methane...)

Waste air treatment, respiratory protection, solvent
recovery, removal of pollutants...)

Gas separation (i.e. Air separation...)

Modern and effective materials should
have high sorption capacities, high
selectivities , and a good kinetic
performance.

-— For such applications, one must consider gas mixtures
and their sorption properties in any case.
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Why are Textural Properties not enough...? portcd il

Textural properties of adsorbents:

« BET-Surface
 Pore Size Distribution

* Micropore Volume

m=)  Textural properties allow only limited qualitative statements regarding:
« expected sorption capacity (Micropore volume)

« rough assessment of general sorption properties from pore size
distributuion

m=p  Textural properties do not allow quantitative statements regarding:
« sorption affinity
» selectivity
* no sufficient information of surface chemistry
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Often different definition of selectivity (separation factor)!

Thermodynamic selectivity and limit of selectivity (p=20) a
Difference of shape of isotherms and of loadings important [1]

Y... mole ratio in gas phase

Ao, o, (P 0)=—"2 X... mole ratio in adsorbed phase
CH,

H... Henry constants
Sorbent selection parameter of Rege and Yang [2]

_ AQeo,

S = F“ooz,cm Ag... difference in loading between adsorption and desorption
CH,

Kinetic separation faktor B

Difference of sorption rates important [3]

Heo, - Do, H... Henry constants

,Bco2 CH, —

Hew, | Den, D... Diffusion coefficients

[1] R.T. Yang, Gas separation by adsorption processes, Imperial College Press, London, 1987
[2] S:U. Rege, R.T. Yang, Sep. Sci. & Technol., 2011, 36, 3355-3365

[3] D.M. Ruthven, S. Farooq, K.S. Knaebel, Pressure Swing Adsorption, Wiley-Verlag, New York 1994.
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Dependence of partial and total adsorption amounts

A

joading / mmei g

- - partial loadings, - total loading

General:

Neo, cH, total = FKT (Yco2 ’YCH4’ p)

Investigation along:

THE READ LINE — Case A

Neo, cH, total (p = ConSt-) = FKT (Y(:o2 ’YCH4 )

THE BLUE LINE — Case B
Neo, cH, total (Y002 ’YCH4 = ConSt-): FKT(p)
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Typical presentation of sorption capacities for binary mixtures

Case A — variable gas composition

Case B — variable pressure
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p=const. (1 bar), CO,,CH, on D55-1.5

—
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Y=const. (50:50), CO,,CH, on D55-1.5

X-Y-Plot with statement to the composition of adsorbed phase at
constant pressure

n-p-Plot with statement to the composition of amount of adsorbed
at constant composition of the gas phase
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Typical presentation of sorption capacities for binary mixtures

Case A — variable gas composition
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Case B — variable pressure

pressure / bar

Y=const. (50:50), CO,,CH, on D55-1.5

n-Y-Plot with statement to the partial loading at constant pressure

n-p-Plot with statement to the composition of amount of adsorbed
at constant composition of the gas phase
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Relationship between loading — mole fraction — selectivity

1. Calculation of mole fractions of adsorbed
phase from partial loading 1200

2. Calculation of mole fraction of gas phase < >
from partial pressures , o Selectivity
_ o 3 800 + e Selectivity o p->0
3. Calculation of selectivity > !
> .
4. Check plausibility with help of limit for o %
selectivity (for IAST-Calculations) g 4007 \
0 |
Xeo, =0 Yeo, = _ Peo, )I
nCOZ + nCH4 pCOZ + pCH4 0 T T LR T T LR | T
1E-6 1E-5 1E-4 1E-3 0.01 0.1 1 I 10
YCH4 xco2 Heo, pressure / bar
Qco, cH, = VY Oco, cH, (p - O): "I )
co, \cH, CH, 50% CO,,50% CH, on NaMSX, IAST with Toth

== Limit of selectivity can be used to check the results of IAST-Calculations
(only for models with Henry range)
_—

Often Limit of selectivity do not reflect the selectivity for the real separation
process, therefore a single consideration is not enough

10
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Requirements:

Models for
: * Knowledge of pure component
mixture data isotherms
Extended

langmuir-like e [Tzr]‘eory VS-Model [3]

equations [1]
»  Multi Component-Langmuir (MCLAI) * JAST with Langmuir * VS-Modell with Wilson
«  Multi Component-Sips (MCSIPS) * IAST with Toth

- Multi Component-DSLAI (MCDSLAI) IAST with DSLAI

P
Ar ¢

(b py)* e
O = O, T — MCSIPS = | —dp =const.
| 1+Z(bjpj)‘ RT ?[ P

n = Isotherme(p,, )

[1] R.T. Yang, Gas Separation by Adsorption Processes, Imperial College Press,1987
[2] A.L. Myers, J.M. Prausnitz, AIChe Journal, 1965, 11, 129

[3] W. Kast, Adsorption aus der Gasphase, 1.Aufl., VCH Wiley Verlag, Weinheim, 1988 11
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Extended
langmuir-like
equations

»  Multi Component-Langmuir (MCLAI)
*  Multi Component-Sips (MCSIPS)
*  Multi Component-DSLAI (MCDSLAI)

0 = 0p; (b,p,)" — MCSIPS
1+Z(b,-pj)‘

Models for
mixture data

IAS-Theory

IAST with Langmuir
IAST with Toth
IAST with DSLAI

n = Isotherme(p,, )

predictive calculations with dynaSim possible

Requirements:

Knowledge of pure component
isotherms

VS-Model

* VS-Modell with Wilson

12
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Calculations of mixture data with dynaSim — Recommendations for pure components

1. Fitting of pure component data at same temperature for all components

2. All data as table - pressure / bar (mbar) and adsorbed amount / mmol g-!

3. All components must be fitted with same isotherm model

Amount adsorbed ———

I(a) I(b) IV(a) IV(b)

( : / /)4

v Vi

e
—

-

re

A ,

Relative pressure ————— mm—

TYP I. Langmuir, SIPS, Toth, DSLangmuir, DSLangmuirSIPS
Typ II: (Freundlich)

Typ IV, V: DSLangmuirSIPS, (DSLangmuir), (SIPS)

IUPAC Technical Report, Pure Appl. Chem. 2015; 87(9-10), 1051-1069 13
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Calculations of mixture data with dynaSim — fitting of pure components

tE Meodellanpassung an Reinstoffisother LEIL

Datei  Zwischenablage  Ansicht  Einheiten  Hilfe

Isothemendaten

Druck bar] ?u!d::;;ie[pn?nolfg] [erln?nn(ﬂ?g{]moddn Druck bar] ?ﬂd:ﬁ:;‘e[l::;ovg] [Dln'l_lent:‘ﬂ?g[]McdeH} Druck bar] ?u!d::;;ie[pn?nolfg] [::.?nnﬂ?g{]modd” = lsothermenmodelle
(S 0 000458011 0004757015 0.006865849 0.002470565 |sips -
0.003472018 0.468532639 0.020603231 0.007696778 L r;:w
0.012477618 1048656684 0.031250407 0.01175837 Toth
0.03730839 1601237634 0.041363275 0.015613759 dhch
0036144854 1613471556 0050362239 0019286552 Bgﬁ:gemﬁrngﬂg
0043390056 1732073398 0.061246217 0.023211446
0.055453544 1.865050588 0.071222353, 0 027015401 | B TS T . "
0065057526 1564831458
s |rzess oo 1) Copy equnlbrlum data from EXCEL
0084486444 2135270805
0094028538 | 2211579629 0091023877 0034547452 | SRR
0189961926 2674189981 0204665945 . . .
oo s oo | D) Ch0|ce of a swtable |sotherm model
0404448236 3172821526 0.399527085
0495526065 |3.200733652 0496237265  |0.184863878 | | | 0 |1
0577835466 339252191 0602080425 0.2228051%6
oo poons il 3) Fitting the Model to get model parameter
0778699066 3566393691 0787867705 0.28679448
|5mhme‘?1‘;21mm TRAGAR1114 N AR44RI7AR N 1194800955

Isotherme 1 lsotheme 2 lsotheme 3 'El:e;:;ﬁgfbhanglgkeﬂ des

Affiritatskonstante [1/bar] 5346338 Affinttatskonstante [1/bar] 0.149988 Affinitatskonstante [1/bar] 0 0

Maximalbeladung [mmal/g] 5.304088 Maximalbeladung [mmal/g] 3137722 Maximalbeladung Jmmol/g] 0

Toth/Sips./Freundlich Exponent 05224 Toth/Sips./Freundiich Exponent 1.0781 Toth/Sips/Freundlich Exponent 0

Temperatur [C] < Temperatur ['C] < Temperatur [*C] 400 |

Modellanpassung Rz=  0.998590 Modellanpassung Rz= 0.999930 Modellanpassung Rz= 0 Modellanpassung

Example: CO,, CH, on NaMSX at 40°C

14
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Mixture Equilibria - Calculations

Calculations of mixture data with dynaSim — fitting of pure components

Datei  Zwischenablage  Ansicht  Einheiten  Hilfe

Isothemendaten

Druck bar] ?u!d::;;ie[pn?nolfg] [erln?nn(ﬂ?g{]moddn Druck bar] ?ﬂd:ﬁ:;‘e[l::;ovg] [I‘Jn'l_len?‘ﬂ?g[ll\flcdeﬂ} Druck bar] ?u'ldesr?;;ie[pn?nolfg] [::.?nnﬂ?g{]modd” = lsothermenmodelle
'S 0 000458011 0.004757015 0219836972685 | 0.006865849 0002470565 0001887379064 SIPS -
0.003472018 0.468532639 0.587605206783... | 0.020603231 0.007696778 0.006162695239.. L
0.012477618 1048656684 1.037118364080... | 0.031250407 0.01175837 0.009645705421.. 1
0.03730839 1601237634 1.5968827596546 | 0.041363275 0.015613759 0.013035548287.. (K -p)*
0.035144854 1619471556 1578453456595, | 0.050962239 0.019286592 0.016307334203 Qea = Gmax” 1+ (K -p)t
0043390056 1732073398 1.6945422740491 | 0.061246217 0.023211446 0.019858850912..
0.055453544 1.865050588 1.836999615455... |0.071222353, 0 027015401 N N21742641761 | B TS T . "
0065057526 1564831458 1938443462812 | 0.07 A . . 2
e amass o o 1) Check Of coefficient of determination R
0084486444 2135270805 2.109241579301... |0.09
0034028598 |2211579629 2.180657622337.. 0091023877 003547452 0030339162562 | \ | SRR | [
0189961926 2674189981 2662767881467... |0.204665945 .
e s s oo | 2) EVENtUally choice of an another model
0404448236 3172821526 3.179180630646... |0.339927085
0495526066 (3299733552 3312785051456.. 0496237265 0184863878 | 0.179740874680.. | | | 0 |1
0577835466 339252191 3.4115935426045 |0.603080425 0.2228051%6
e e e e =) 3) Parameter for mixture equilibria available
0778699066 3566393691 3.596808896610... |0.787867705 0.28679448
AGRIRANAAR TRAGAR1114 1 RANT 2RNANR N AR44RI7AR N 1194800955 L ey e s vy B 1 I
Isothermenparameter 0

Isotherme 1 lsotheme 2 lsotheme 3 'El:e;:;ﬁgfbhﬁngigkeﬂ des

Affiritatskonstante [1/bar] 5346338 Affinttatskonstante [1/bar] 0.149988 Affinitatskonstante [1/bar] 0 0

Maximalbeladung [mmal/g] 5.304088 Maximalbeladung [mmal/g] 3137722 Maximalbeladung Jmmol/g] 0

Toth/Sips./Freundlich Exponent 05224 Toth/Sips./Freundiich Exponent 1.0781 Toth/Sips/Freundlich Exponent 0

Temperatur [C] < Temperatur ['C] < Temperatur [*C] 400 |

Modellanpassung Rz=  0.998590 Modellanpassung Rz= 0.999930 Modellanpassung Rz= 0 Modellanpassung

15
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Calculations of mixture data with dynaSim — fitting of pure components

Datei  Zwischenablage  Ansicht  Einheiten  Hilfe

= |sotherme 1

—— Modell (Isotherme 1)
* |sotherme 2

— Modell (Isotherme 2)
+ lsctherme 3

= Modell (Isotherme 3)

== berechnete lsotherme

=
=
o
E
E
(o]
[=2]
f =
[}
=
@
b=
)
e
5
o
w
o
[u]

T T
17.436 26.154
Druck [bar]

16
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Calculations of mixture data with dynaSim — fitting of pure components

Hilfe

2] Modellanpassung an Reinstoffisothermen

Datei  Zwischenablage  Ansicht  Einheiten  Hilfe

—— Modell (Isctherme 2)
+ |sotherme 3
a| — Modell (Isotherme 3)
== herechnete |sotherme

vailable

adsorbierte Menge [mmol/g]

17
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Calculations of mixture data with dynaSim — calculation of mixture data

o TEered onjo=i| |
Sl - = e Y
e
Berechnung
Isothermenparameter und Molenbriiche Parameter der einzelnen Komponenten Bedingungen fir die Berechnung
Komponente 1 Komponente 2 Komponente 3 Komponente 4
- @ konstante Gaszusammensetzung, vanabler Druck
Pffinitatskonstante [1/bar] 0.000 ‘ZI (1™ ] 1] ] 0 0
() konstanter Druck, variable Gaszusammensetzung
Maximalbeladung [mmal/a] 0.000 =) (] ] 09 i 1]
. Bereich fir die Berechnungen varable Komponente
Toth/Sips Exponient 1.000 B 9 09 i ]
Minimum 0.00 EI @ Komponerte 1
Molenbruch in der Gasphase  |0.000 B 05 05 0 0 Madmum 0o % Komponents 2
T 1 Ch f herm model for m
it derkarporemen sbemenmors = ) O ice of a ISOt er odel for mixture

IAST mit Langmuir
IAST mit Toth
Multitzon mso nenten LAl
3

v Multicomponent DSLangmuir
IAST with D'SLangmuir
IAST with DSLAISIPS

2) Input of parameter from pure component isotherms

3) Choice of calculation type
(p=const. or Y=const.)

Berechnungsmodell fir die Gemischberechnung : Multikomponenten SIPS

== The selected mixture model must include the pure component isotherm model!
l.e.: with SIPS only the Multicomponent-SIPS approach is available
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Calculations of mixture data with dynaSim — calculation of mixture data

3 Berechnung der Gleichgewichtsdaten von Gemischen
Datei  Zwischenablage  Hilfe
Berechnung
Izothermenparameter und Molenbriche Parameter der einzelnen Komponenten Bedingungen fur die Berechnung
Ccoz2 CH4 Komponerte 3 Komponerte 4
- @ konstants Gaszusammensetzung, variabler Druck
Affinitatskonstante [1/bar] 0.000 < 5.346338 0.149988
() konstanter Druck, variable Gaszusammensstzung
Maximalbeladung [mmol/g] 0.000 < 5.304088 3137722
— Bersich fir die Berechnungen
Toth/Sips Exponent 1.000 = 0.5224 1.0781
Minimum 000 = @ Co2
Molenbruch in der Gasphase 0.0 = 05 05 0 0 Mzdmum g Cha
< 50 — Komponente 3
Gesamtdruck [bar] 1.00 = Anzahl der Berechn. =
Komponente 4
Anzahl der Komponenten lsothemenmadell [( Ubemehme ] [( ubemehme ] «  ibemehme «  (bemehme
[2 '] [Mulhk.ompcnarﬂan SIPS '] I/ edilieren ] [/ editieren I ra editieren ra editieren Bl berechne | t . th
Gesamtdruck : - ) -
tbar) Y1 Y2 3 4 *1 X2 *3 X4 n1 (mmolsg) n2Z (mmolsg) ’?
3 0.000 0.500 0.500 0.000 0.000 0.000 0.000 3
0.020 0.500 0.500 0.938 0.002 0.343 0.002
0.040 0.500 0.500 0.936 0.004 1.257 0.005
0.060 0.500 0.500 0.995 0.005 1.470 0.007
0.020 0.500 0.500 0.995 0.005 1633 0.00%
0100 0.500 0.500 0.934 0.006 1.767 0.0
0120 0.500 0.500 0.933 0.007 1873 0013
0140 0.500 0.500 0.993 0.007 1977 0.014
0.160 0.500 0.500 0.952 0.002 2.063 0016
4 - T . [ I — o o 3
Berechnungsmodell fir die Gemischberechnung : Multikcemponenten SIPS

m=) The selected mixture model must include the pure component isotherm model!
l.e.: with SIPS only the Multicomponent-SIPS approach is available

19
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Mixture Equilibria - Calculations

Calculations of mixture data with dynaSim — calculation of mixture data

graphische Darstellung der
Gemischdaten

— C02
CH4
—— Gesamtbeladung

ent isotherms

Berechnungsmodell fir die Gemischberechnung : Multikomponenten SIPS

m=) The selected mixture model must include the pure component isotherm model!
l.e.: with SIPS only the Multicomponent-SIPS approach is available

20
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Static-volumetric Method

Sorption in closed chamber
Measurement of pressure drop

Pure component isotherms, mixed gas sorption hard to realize
» Standard characterization (BET, Pore volume, pure component

isotherms)

Dynamic Method iSorb HP 1

Sorption in an open system at constant pressure

Time resolved measurement of effluent gas composition

Mainly for mixed gas sorption, pure component data only with
some approaches possible

Technical processes in ,Labscale”

» Investigations to technical relevant parameters (selectivity, sorption :
kinetic, regenerability, cycle stability ...) dynaSorb BT

21
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YV V V V

Temperature Sensor Temperature Sensors
Pressure ” Pressure ”
Sensor Sensor

5 I [ I I I T

| |

1 1

} 1

} 1

1 X V, 1

1 ' | _I 1

1 1

! ! ¥z 1

| : : Adsorption 1

1 ! 1

! 1 Chamber i

I 1

= - i A L X [
= - 1 1
g g | % J ample !
€ = 1! ! 1
2 2 ! ! 1
E E ! I 1
S & 1! ! 1
1 | VSN (Y ———— [ — ] 1

} . . 1

Circulation
1 1
—/ \_) 1 Pump 1 Vacuum Pump

1 A\ 1

1 I

MX—O—

Dosing and mixing of a predefined gas mixture in V1 by circulation pump
Switch to adsorption chamber V2 and continuous mixing by circulation pump
Recording of pressure drop and analysis of gas phase after achievement of equilibrium

Calculation of partial loading based on mass balance

- Precalculations necessary for a desired equilibrium point

R.Bazan et al., Adsorption, 2011, 17(2), 371-383 22



Quantachreme
5 Your partner in

particle characterization

Measurement Methods — Headspace

Headspace Method (HS):

»  Special case of a static-volumetric setup

»  Higher sample throughput as classical volumetry
»  Primarily for vapor mixtures suitable

Principle:

»  Regeneration under N, at 150 °C (AC)

»  Sometimes preloading with component 1 (i.e. H,O)

»  Loading of HS-Vial with sample and VOC (with pl-
Syringe)

»  Equilibration for several days in tempered bath

» Analysis of gas phase via GC and performing of a Vials

mass balance

- Precalculations necessary for a desired equilibrium point

M.J.G.Linders et al., AIChE Journal, 2001, 47(8), 1885-1892 23
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Flow plot of a setup for the dynamic method

Q 7 Open  Window Opticns  Offline Login M

| 1axer
Sample kto | integraton | Staus | Toble | Chat | etrument l'
St 13870.7 s (201701-19 12.21:35) Wasting for Stop Criterla. .. max. 480 min; mén. 420 min, TCD threshold finactive]. TCD stat. inactive]. Temp. stat. [10 min, <0.1 K}, Pm_'
Speed [ v

‘%’ —(®)— 105ber
o02 Ombimn %\1
&87¢C I
tumon || ._< p) | 3.042 vol % O
48~ Omlimn | [“%1 |Usardetond (RGN
{7 | mot | | ss5¢C
———{ L 552%C
| pumofi I: = 6
TPy R -
r  4%%20h |
- . L 250C
| % 0
N2 Oml/mn

»  Flow through the regenerated sample with a predefined gas mixure
»  Measurement of equilibrium data at a specified pressure and gas composition

- Advantage over static volumetry, no precalculations necessary

A.Moller et al., Adsorption, 2016, 23(2-3), 197-209 24
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Closed Chamber >

no carrier gas >
necessary

Suitable for gas >
mixtures and vapors

Experimentally complex >

Precalculations >
necessary

Sequenced
experiments hard to
perform

Closed Chamber

no carrier gas
necessary

Mainly for vapors

Precalculations
necessary

Sequenced
experiments hard to
perform

Open System

carrier gas necessary,
depending on the
routine

Suitable for gas
mixtures and vapors

No precalculations
necessary

Sequenced
experiments easy to
perform

Experiments along
the ,,Lines“ possible

25
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Closed Chamber

no carrier gas
necessary

Suitable for gas
mixtures and vapors

Experimentally complex

Precalculations
necessary

Sequenced
experiments hard to
perform

>

Closed Chamber

no carrier gas
necessary

Mainly for vapors

Precalculations
necessary

Sequenced
experiments hard to
perform

-

o

N

carrier gas necessary,
depending on the
routine

Open System

Suitable for gas
mixtures and vapors

No precalculations
necessary

Sequenced
experiments easy to
perform

Experiments along
the ,,Lines“ possible

.
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Balancing of breakthrough experiments

N
o

o
>
~~
<
o
>
@)
| -
L
)
4
©
b
| -
O
[3)
| -

0- 1 ] 1 ] 1 ] 1 ] 1
00 02 04 06 08

time-on-stream / s
Nadsorbed = jﬂin(t)dt _jﬁout(t)dt

Ym() jVout(t)yout(t) dt

Nadsorbed =j 1n(t) v
m

Widely used approach and simplification for high diluted systems:
V., (t)=V,,(t)= const.
== Small changes in concentration minimize this error
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o,
T

concentration
concentration

time time
binary mixture: * ternary mixture:
CO,/He (non-adsorbable carrier gas) CO,/CH,/He (non-adsorbable carrier gas)
- Pure component equilibria Displacement of less adsorbed component
CO,/CH, (adsorbable carrier gas) - Partial Desorption, Role-Up Effects
- Preloading of sample with pure CH, - Complete Determination (evaluation
L complex)
- Incomplete Determination of the
system CO,/CH,/N, (adsorbable carrier gas)
(evaluation mostly simple) - Preloading of sample with pure N,
—> Partial loading for CO, (mixture —> Partial loading for CO, and CH,,

sorption data _
iy , ) - Incomplete ternary mixture data
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Calculation of mixture data desired (Y/N)?
- Pure component isotherms necessary
Definition of total flow, measurement temperature etc.
- Sample must be under ,,thermodynamic control® (always)
Is a complete determination of the system desired?
- determination of all partial loadings, diluting with Helium-carrier gas (Y/N)
Which concentration range is relevant?
—> Calibration of suitable analytic technique (always)
- Check if any approach is valid, i.e. constant gas velocity ...(always)
Sample preparation and definition of preparation conditions
- Temperature, carrier gas (always)
Build up of a measurement routine
—> pressurization, Helium or Adsorptive 1 (Helium for complete determination)

Evaluation of the experiment

29



Example of a Measurement Routine

Quantachreme

Your partner in
particle characterization

Task: Investigation of a binary system

Activated Carbon, CO, (25%), CH, (75%), complete determination at 5 bar

N o O bk DR

Weighting the sample and sample preparation at 120°C, He-flow 200 ml min-1 (STP)
Definition of partial pressures: 1,25 bar CO,; 3,75 bar CH,; 5 bar He; 210 bar

Gas flows: 1l mint (STP) He, 0,75 | min-t (STP) CH,, 0,25 | min't (STP) CO,
Pressurization with Helium up to 10 bar

Start of measurement by simultaneous dosing of CO, and CH, in Helium

Recording of effluent gas composition via MS (all components!)

After breakthrough, regeneration of sample for determination of activated mass

30



Result of an Experiment with a Gas Mixture @‘me

particle characterization

Task: Investigation of a binary system
Activated Carbon, CO, (25%), CH, (75%), complete determination at 5 bar

Result:
0.5
| Breakthrough curve with “Role-Up”

v 0.4 /" \ Effect
> . :
S 03 : > Includes all partial loadings
= . ® CH,
3 . ® CO, » Reference on p-5,=0,25 bar and
S 0.2 in He
o Pcua=3,75 bar
O .
(cD‘@ 014 > Mole ratios: Y-5,=0,25; Ycs=0,75

0.0 : — » Helium will not be considered!

0 5 10 15 20 25 .
_ _ Integration of areas:
time / min

» n(CO,); n(CH,); n(total); o
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Sequence of several breakthrough curves on Activated Carbon D 55-1.5

100

2

mole fraction y(CO_) / %

o)
o

(o))
o

SN
o

N
o

3000 6000 9000 12000

time-on-streamt/ s

Conditions:
20 °C, 2 L mint
10 bar (pressurization with N,)
Concentrations:
5% CO, - 80 % CO, in N,
Procedure:

Start further breakthroughs after
equilibrium before

Integration and summation results in
partial loading data of CO,

Volume ratio and total pressure defines
the partial pressure of CO,

- Mixed isotherm data of CO, in N,
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Measured partial loading data for CO, on Activated Carbon D 55-1.5 at 10 bar

10 T T T T y T y T

Dynamic measured data (red)

IAST-Model (Ideal Adsorbed Solution
Theory) based on pure component
Isotherms (lines)

— IAST total loading
— |AST partial loading CO2

IAST partial loading N, Mixturg of CO, and N, shows ideal
® exp. CO, loading behavior on AC

loading g / mmol g™
D

0 1 1 1 1 1 1 1 1 "
0.0 0.2 0.4 0.6 0.8 1.0
mole fraction y(CO,)

==» Determination of partial loading data of CO, on AC D 55-1.5 by
performing sequentially experiments along constant total pressure.

Neo, N, total (p = ConSt'): FKT (Yco2 'YNZ)
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Sequence of several breakthrough curves on Activated Carbon D 55-1.5

Assumption of non-adsorbable Gas, i.e. Helium 10,

as carrier gas will lead to pure component equilibria.

Other, adsorbable gases results in mixture

sorption data.

100

2
[0}
(@]
T

D
o
T

N
o

mole fraction y(CO.) / %
N
o

3000 6000 9000

time-on-stream t /s

12000

loading g / mmol g*
o

®  Sorb HP

Toth model
® dynamic experiment

0.01

CO,/He oot

10

0.1 1 10
pressure p / bar

-1

D
T T

m

loading g / mmol g
D

— IAST total loading

— IAST partial loading Co,
IAST partial loading N,

® exp. CO2 loading

0.2 0.4 0.6 0.8 1.0
mole fraction y(CO2)
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5% CO, 95% N, at 40°C, 5 bar, 2000 ml min-t on D 55/1.5

- 0.05
2
g < 0044
E >
a C
c o
8 'ﬁ 0.03 4
: &
§ 3 0.02 4
o @
c%; O 0.01-
0.00
0
pressure /bar time / min
Thermodyn. Model o
(Multi component- 2 MCSIPS : :
SIPS) E 15 = CO, experiment Dynamic Experiment
= (Determination of on
C - -
Y c0,=0,05 S 1o- partial loading)
Y\,=0,95 4> c <—
Piota=2 bar Q
o 2 Ncoy= 0,57 mmol g2
-o -
Uptoger=15,7 © ny,=not determined
0.0 T T T T T T T T T T T
0 1 2 3 4 5 6

oressure / bar OLeyperiment=N0t determined

== Systemsis.only incomplete determined. Model is confirmed.bysexpéfiment.
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5% CO, 15% CH, in He at 20°C, 5 bar, 2500 ml min-t (STP) on D 55/1.5

adsorbed amount / mmol g‘1

e CO,at20°C
¢ CH, at20°C

SIPS

Thermodyn. Model
(Multi component-
SIPS)

Y c02=0,25
Ycna=0,75
Poa=1 bar

OLModeI=3’5‘?’

pressure / bar

2,

adsorbed amount / mmol g'1

15

20

0.20

0.15

0.10

0.05

Gas Composition Y / -

0.00

* CH4experiment
m  CO, experiment

MCSIPS

1

2

pressure / bar

1

0

15 20

time / min

-

Dynamic experiment
(determination of all
partial loadings)

Ncop= 0,86 mmol g
Ncys=0,71 mmol g

aExperiment=3’63

== Systemuis.complete determined, good agreement confirmed.idealbehavior.

36



Measurements of Vapor Mixtures...

Quantachreme
Your partner in

narticle characterization

1% EtOH 2,5% H,O (approx. 80% RH) in N, at 25°C, 1 bar, 4000 ml/min on NaMSX

_ 0 » ] 0.03
o -t
g 12- L
= >
~ § 0024
S 97 e HOat25C @
Q
g ¢ FEtOH at 25°C a
G gl DSLAI &
3 O go1
E L r r r 3 ¥ §
8 3_/
o)
@
0.00 |
0 +——rr 0 100
1E-4 1E-3 0.01 0.1 1 10
pressure / mbar
Thermodyn. Model "
L) 4
(IAST-DSLAI) o :
E 12 4
E
= 104
5
Yeion=0,322 o e IAST-DSLAI
— © . H.O experiment
YHZO_O'678 3 6+ * E’iOH experiment
Piota=0-033 bar :: 2 ] = ntotal
wn
& 2
Olyoger>20000 0 /
0.0 0.2 0.4 06 0.8 1.0

/

EtoH '

T
200

T
300

time / min

-

T T
400 500

Dynamic experiment
(determination of all
partial loadings)

— -1

Ngon= €a. 0 mmol g
— -1

Nypo=12,9 mmol g

OLexperiment=NOt determined

== Weryshigh.selectivity of model confirmed by.experiment
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1% EtOH 2,5% H,O (approx. 80% RH) in N, at 25°C, 1 bar, 4000 ml/min on D 55/1.5

-
g8}

adsorbed amount / mmol g"1
[e7]

Thermodyn. Model
(IAST-DSLAISIPS)

Yeionu=0,286
Yho0=0,714
Piota=0-035 bar

OLModeI=2'9

pressure / mbar

2,

R 0.03
,._--—-'f""
<
>
! S o002
#& [tOH at 25°C _g ~er
& H20 at 25°C i)
DSLAISIPS g
£
o)
O .01
w
©
U]
0.00
, —
25 30 35 0 50
12
o IAST-DSLAISIPS
S 104 ®  H, O experiment
e & EtOH experiment
£ = 1 total
= 8
%’ .
£ 87
o
i®]
4
g *
(@]
4§ 2
o
0 T T T T T T T T
0.0 0.2 0.4 06 0.8 1.0

/

gtoH '

100

time / min

-

T
150

T :
200 250

Dynamic experiment
(determination of all
partial loadings)

Neon= 3,82 mmol gt
Nyoo= 3,11 mmol g

OLExperiment:B’ 1

== Deviation between.model and experiment = no prediction,.experiment necessary!
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15% Propane 45% Propylene in He at 25°C, 5 bar, 1000 ml/min on A1, A2, A3

0.5 0.5 0.5
4
. 0.44° . 0.4+ v 0.44
> ’ e Propyl - . >-
ropylene °
é 03 o ° Progine é 0.3 1 : ® Propylene é 0.3 1 : E:ggglﬁge
‘D ‘0 o ® Propane ‘0
o o H o
g 02 g 024 . & g 021
Q P — o ° : o
@) O H O
§ 012 § 0.1- . 3 § 0.1-
o [ ]
0.0 ! ! 0.0 -~ l . T 0.0 . . T
0 5 10 15 20 0 5 10 15 20 5 10 15 20
time / min time / min time / min
Sample: Al Sample: A2 Sample: A3
YPropane:Q'25 YPropane:o125 YPropane:O’25
YProperne:O'75 YPropylene:0175 YProperne:O’75
Npropane= 0,03 mmol g Npropane= 0,2 Mmol g* Npropane= C&. 0 mmol g*

- -1 — - — -1
nPropylene_O’06 mmol g rlPropylene_:l-’7 mmol g ! nProperne_2'1 mmol g
Opropylene=0,67 OLpropylene=2+83 OLpropylene= NOt determined

=== Selectivity

=) Statements on selectivity also possible without modeling from pure component data
m=) Determination of sorption capacities and selectivities, recording of kinetic
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Equilibria of mixtures and selectivities are important for applications
»  Knowledge of such data are highly valuable and of great interest
however much more difficult to measure as pure component equilibria

» There is a lack of data in literature

Mixture equilibria can not calculated by textural properties but partial
predictive from pure component isotherms based on classical

thermodynamic Models.

Predictions have some limits! = Number of components, vapors, non-

ideal systems...

Investigation of mixture sorption by dynamic method easy possible and

should be favored (= sequential experiments possible).

We can support you and offer commercial measurement capabilities.
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Thank you for your attention!

Please visit our website for further information

www.dynamicsorption.com

via E-Mail on

Info@quantachrome.de




