Part 1: Explanation of several instationary techniques

Scanned copies of presentation prof. Frerich Keil at the Eurokin workshop on June 20, 2002. 

This belongs to the Powerpoint file Keil_summary.ppt.
Part 1: Explanation of several instationary techniques
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Wave front analysis

Concentration step at the reactor inlet

the disturbance migrates as a concentration wave with a
defined migration velocity towards the reactor exit

shape and propagation velocity of the wave depend on the

mass and heat capacity of both phases inside the reactor and

the fluiddynamic conditions

the amplitude of the wave changes (shape of wave front far

less) (space relaxation)

temperature wave runs through the reactor far more slowly
than the conc. wave (analysis is restricted on the "isothermal"

part of the conc. wave => no heat balance)

fast analysis at the exit (MS, IR)

Well - g

fRoBLEM : Defined TwITiAL
CowDiTion





[image: image2.jpg]umbﬁs NOILIV
prmg | 43T

swn ! 1

TUOIJaARM

uoTeXe[al 908ds T~
UOIBXR[AI SWN .

U0 Ju0d

(UOTTeXe[aI W) JUOL] JABM Y] JOJe A[oJRIPIWLUI UOIOUN] UONISUB) dY) JO JUSIPRIL) -
(uonexe[a 20eds) 2oueqinisip da1s 3y Jo apmy|dwe Jyj JO Ssuey)) -

20UBQINISIP Ay} JO £3100[9A uonesedoid -

:AqQ posLIgIOBIBYD ST 9ABM UONBIUIIUO))

(uo3ueyry) uuewjoy H
SISA[EUR JUOIJ dABAN





[image: image3.jpg]Example wave front analysis

CO-conversion (WGS) on a Copper/Zinc catalyst (1 atm,
180-280°C). 1%’ CO+H0 =H +C0

Simultaneous conc. step of CO und H,O at the inlet of an

oxidised catalyst.

MS
conc
ox. CAT-Reduction
with CO
<« .D,'spef—:folv
130C CO H, from conversion reaction
M
&S

305 time
~

- CO conc. nearly a step function

- CO, also nearly a step function (10 s time lag = adsorption)

- H,0 30 s retention time, dispersion

- Adsorption/desorption not controlled kinetically, nearly no
adsorption capacity.





[image: image4.jpg]Steady-State Isotopic Transient Kinetic Analysis (SSITKA)
Shannon/Goodwin: Chem. Rev. 95 (1995) 677
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[image: image5.jpg]SSITKA

- Switch from isotope R to R* (step) (e I 4;/ "/"V + //&7,
- isothermal, isobaric reaction conditions VN )

- reactant and product conc. and flow rates remain undisturbed

during step change

- steady-state reaction conditions are maintained under

isotopic-transient operation

- reaction intermediates present on the catalyst surface do not

change

Information obtainable:

- conc. of different types of adsorbed reaction intermediates
- coverages

- surface lifetimes

- site heterogeneity

- activity distributions

- identification of possible mechanisms

(TOF)ﬂqu / (T-OF),,"“
Bowdart : Chem. Rev. 95 (19950661





[image: image6.jpg]SSITKA
Typical transient responses

- Step-input response is a statistical distribution representing

the probability that an isotopic level remains adsorbed on the

catalyst
- Inert tracer is used for determination of the gas-phase hold-up

for the reactor system

Step input; R —R*; P —P*

new isotopic label

inert

E response

i old isotopic label
¢, (initial time) time
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[image: image8.jpg]Thermal Frequency Response Method
(Mass transfer Kinetics)

- Bellows are moves sinusoidally (107 + 25 Hz)

- pressure is recorded through fast response baratron gauge
(z=1 ms).

- temperature is measured by IR detection (= very high
response speed, nonintrusive measurement, local
measurement)

- stepper motor is run at a fixed speed

- volume, pressure and temperature are recorded

simultaneously
- signal is evaluated by a FT method

= Adsorption kinetic,

thermal transfer in- and outside the pellets,

surface barrier



[image: image9.jpg]Koubek et al.: 7th Int. Congress on Catalysis, Tokyo (1980), 853
J. Thullie, A. Renken, CES 46 (1991) 1083, 48 (1993) 3921

Deamination of primary amines on acid-base oxide catalysts

A steep increase of reaction rate was observed after a stop of
reactant feed.

Reaction rate

Stopp Effect
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Phenomena were explained by two models.
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[image: image13.jpg]CO, methanation on Ru/TiO; (110°C)
Marwood, Doepper, Renken: Can. J. Chem. Eng. 7#¢¢¢4)¢¢0
GO, + 9H, &CHy t2H0

CO, conc. is periodically switched between 0 and 10% (V/V) in
a constant hydrogen conc. of 40% (V/V).

Formate dissociation to adsorbed CO and inert CO reservoir on
the catalyst surface.
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Part 2: Dynamic microkinetic model MeOH synthesis
[image: image16.jpg]MEOH Synthesis

Dynamic Microkinetic Model
Ovesen et al.: J. Catal. 168 (1997) 133

Incorporates change of number of active sites as a function of
reaction conditions

Wulff construction to describe change of particle morphology
= the shape of a free particle of a given volume is simply
determined by the condition that the total free energy is at
minimum

conc. of oxygen vacancies in ZnO
H,(g)+Zn-0 < H,0(g)+Zn-0O
CO(g)+Zn—-0 < CO,(g)+Zn-0O

[0 = oxygen vacancy in ZnO

similar at Zn-O-Cu interface:
H,(g)+Zn-0-Cu < H,0(g)+ Zn -0 -Cu
CO(g)+Zn—-0-Cu < CO,(g)+Zn-0O-Cu

number of active sites
N:No th;o//yo)Dz
ij‘j((}//}/o)ﬁx)Dj

N, = number of sites of the actual catalyst at fixed conditions
D, = site density of plane i

fily!y,) = surface area of plane i

v !y, = relative contact free energy






[image: image17.jpg]Comparison of experimental data and simulation results
for MEOH-Synthesis over Cu/ZnO/Al,O,
Ovesen et al.: J. Catal. 168 (1997) 133
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Model assumptions

- Three regions are distinguished: BTy

a) the outer gas phase in the reactor

b) gas inside the pellets

¢) adsorbed phase on the catalyst surface

- The catalyst properties along the radius can vary

(Porosity, Tortuosity, etc.) Hefero g érloths

- The gas transport within the pores is described
by the Dusty-Gas Model DEM

- Mass transfer resistance at the outer boundary

layer may be included

- Adsorption/Desorption processes can be

described as kinetically limited or equilibrium

processes






[image: image19.jpg]- Concentration and temperature profiles are taken

into consideration

- Elementary reaction steps can be described as

detailed as possible

- The reactor is described by a cell model. This

may be changed.
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[image: image21.jpg]Dimensionless quantities and isothermal conditions:

g=

t~ |~

lead to a dimensionless system of equations.
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[image: image22.jpg]Outer boundary layer (set of ODE's) ‘

dn :
£ = (xin = XR)' Miotal in

dt
l_b[(mz(i)} -

RT

dimensionless form
dx 1

LB _x>_gz-.,{<xk ke Bl M} (8)

R

with . - _ﬁ.

Neglect of outer diffusion resistance:

%:é(xm—x)—/r£<(1—xReT)(ﬂlrxl;:L,zer+LT<3 j% 5k ! (9)
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Part 3: Temperature scanning reactor
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Experimental set-up
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Principle TSR
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Deriving reaction rates
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Evaluation of reaction rates
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Influences on deriving reaction rates
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Pseudohomogeneous reactor model
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Simulation of experiment
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Results of experiment simulation
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Influence of analytic error
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Optimization of kinetic parameters
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