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Motivation

B Dynamics depend on different processes

™ Mass transfer

" Reaction speed

W Heat transfer
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Motivation

B Application in focus:

Adsorption heat pumps and chillers = Dynamics = power (density)
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Closed / pure gas
LPJ MeOH/AC Rubotherm TG

N

Data acquisition

| .
Magnetic |

B Characterization of Activated suspension

0

Balance Automation & Pressure sensor

Vacuum pump

coupling
Carbon extrudate

Sample in basket

Methanol

M Pretreatment /regeneration of the
sample

Thermostated

M Pressure Jump after opening a
valve

M Detection of uptake (balance)

Thermostated
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Closed / pure gas

LPJ MeOH/AC Rubotherm TG

B Characterization of Activated
Carbon extrudates

M Results (fitting to model):
Deff - 2'8 * 10-5 mZ/S

B Challenge: e .
Keep the adsorbent in e
isothermal condition e
No detection of sample
temperature =» missing B
information! s
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Closed / pure gas
Kinetic setup at Fraunhofer ISE
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M Large Pressure Jump (LPJ), Large Temperature Jump (LTJ), inert-LTJ, and
Small Pressure Jumps (SPJ) are ,,Standard”methods
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Closed / pure gas

LTJ - Driving temperature differences

® Here: LTJ) data for
adsorption and desorption
of Silicagel (©0.9 mm)

B Simple numerical model:
Equilibrium data to
calculate T

B Temperature difference for
heat transfer AT} ;r,,, and
overall driving temperature
difference AT, orqu

[ If AThtTrn ~ AToverall: Strong
heat transfer limitation

W If ATyirrn < AT pperqu: Strong
mass transfer limitation
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Closed / pure gas
LTJ, evaluation of Heat transfer in inert gas

B Here: LT) data under = 2_Fib xpr
N, atmosphere o 1_Pltxpr
1_PIlt sim
: . A |
® No sorption during _ ~~ 3Siosm
. o 4  Carrier plate xpr
temperature jump - —-  Carrier plate sim
. . O
B Identification of heat =
transfer parameters 2 g4
without influence of =
sorption effects =
g _|
I I I I I
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Timeins
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Closed / pure gas
LPJ - Driving temperature differences

o
O
—

® Here: LPJ data for two
samples with a binder based
NaY coating (Spray coating)

@ T _ads LRO&3-7 (thick layer)
—— T eqi LROG3-7 (thick layer)
T ads LR083-8 (thin layer)
T eqi LRO83-8 (thin layer)

B Both samples show a strong

heat transfer limitation ,thick”

B But: Adsorption kinetics are
very fast

Temperature in °C

® For the ,thick” sample
(dceg = 450 um) mass
transfer begins to play a
role

O
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Closed / pure gas
Identifying heat and mass
transfer resistances

s it always the heat

2 === Fibrous plate
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B Results can help to build 2 % 20
. 0 - 0
optimized heat s s a4 1 7 s g
exchangers deryse = 14 18 22 23 24 24 26 27
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Closed / pure gas
LPJ / LTJ — Modelling: Non-isothermal ads. kinetics (PDE)

Mass balance Heat balance
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Closed / pure gas
LPJ / LTJ - Modelling: Non-isothermal ads. Kinetics (PDE)

Determination of adsorption 1200
kinetics parameters _ 1000
M Experimental values (pressure p(t), % -
temperature T(t), heat flux Q(t)) are a |
used to parametrize: & ool desorption
B Diffusion coefficient desorption
L 4030" 1o’ 107 10°
B thermal conductivity time [s]

B heat transfer coefficients

B Mathematical model of the
adsorption process in COMSOL
Multiphysics (FEM)

poor coupling
200 WI(m? K)
good coupling |

® Diffusion can be described by 000 Wi’ K)

monodisperse or bidisperse models

surface temperature [K]
xt
n

! . ,
10° 10" 10° 10°
time [s]
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Closed / pure gas
Frequency Response Method

Sample Inp |
O ] Measuring T1
T \I_Ichamber
®
] | - | <] Vacuum
P — < V3 pump
>—1

jﬁﬂ@MEE
d
N
Thermostated Excenter(‘?_a ( :: ) Motor
water reservoir _|
D><t—
T3 V2 V4

é Dosing chamber

| | ] | |
@ Thermostated cabinet I I l I I

4 Tevap Teonar Tads Taes

—1/T

® Volume Swing Frequency Response (FR) measurements for in depth
investigations of heat and mass as a function of pressure, temperature or
loading by model fit [1] in frequency domain.
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Closed / pure gas
Frequency Response Method

Tab.: Identified coefficients at11 mbar kLDF=15r_2
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Closed / pure gas

Dynamic measurements on different scales

Kinetikmessungen

Kinetikmessung 2

/

Kinetic set-up

i

Kalibrierung
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Open applications / gas mixtures
Case Studies

B Dehumidification of (process) air
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Open applications / gas mixtures
Quantachrome DynaSorb BT

TCD

[ had:
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Open applications / gas mixtures
Case Studies

B Dehumidification of (process) air %7
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Open applications / gas mixtures
Case Studies

B Dehumidification of (process) air

waterin
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Open applications / gas mixtures

Case Studies

B Dehumidification of (process) air

waterin

hot, humid air hot, dry air

water out

Adsorbents !?
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concentration [Vol-%]

Open applications / gas mixtures
H20 @ TiAPSO
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concentration [Vol-%)]

Open applications / gas mixtures

H20 @ Al-Fumarate
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Dynamic Sorption Measurements
Adsorption — Desorption Cycle |

———TiAPSO, T_Des = 80°C| M ['{qes 4500 mL min-?
> ——— Al-Fum, T_Des = 80°C
® 50 % rel. humidity
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Dynamic Sorption Measurements
Adsorption — Desorption Cycle |

_____ TiAPSO, T_Des = 80°C| W ['{q .s 4500 mL min-
Al-Fum, T_Des = 80°C
® 50 % rel. humidity
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Open applications / gas mixtures
Adsorption — Desorption Cycle
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Conclusion

Closed application:

B Non-isothermal effects are severely influencing derived diffusion
parameters

LPJ and LTJ (+ Inert) are serving well for detecting limitations

Modelling allows extrapolation to different composite/material and
application conditions

Open application:

B Breakthrough experiments deliver the right choice of materials for
single and multicomponent adsorption
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Thank you for your attention!

Fraunhofer Institute for Solar Energy Systems ISE

Gunther M. Munz, Sebastian J. Ernst

www.ise.fraunhofer.de
gunthermunz@ise.fraunhofer.de; sebastian-johannes.ernst@ise.fraunhofer.de
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