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5 THE EFFECT OF THE CONVERSION AND THE RECYCLE OF PRODUCT GAS ON THE
OLEFIN SELECTIVITY OVER POTASSIUM PROMOTED FUSED IRON IN A BUBELE
COLUMN

5.1 Introduction

At industrial scale a bubble ceolumn type of reactor is more suitable
than a stirred reactor. Using the kinetic data obtained in the stirred
autoclave and the mass tranafer data obtained from ethene hydrogenation
experiments. the performance of such a reactor can be predicted.

To verify this, a bubble colwnn reactor was built and operated with
the fused iron catalyst. Unfortunately. this catalyst is not sufficiently
active to demgnstrate gsevere effects of mass transfer limitations. It is
wvery interesting however to gompare selectivities obtained in the bubble
columh reactor, which behaves more like a plug flow system, as one would
expect, with those from the stirred reactor.

A=z the reacter was equipped with a gas recycle compressor direct
evidence was obtained of the effect of "backmixing” of product gas on
selectivity at various conversion levels. At high recycle ratie this
column should closely resemble the stirred system.

A simple reactor model for the bubble ¢olumn was designed based on
results obtained in the stirred autoclave., The model was derived asz
zupport to experimental data and may be used to explain trends observed
rather than to predict absolute values of conversion and selectivity of

the Fischer-Tropsch synthesis in a bubble column.

5.2 Modelling a hubble column with recycling of product gas

In this section a simple model 1s presented which predictz the
conversion of synthesis gas in a bubble column for which part of the
product gas is recycled. The objectives of the model are to predict the
olefin selectivity and support experimental results.

A zchematic drawing of the reagtor system is given in Figure 5.1.
Fresh synthesis gas is fed together with recycle gas to the bubble
column. Products and unconverted synthesis gas are coeled in a ceold trap
in whirh water and higher hydrocarbons condense. A part of the gas,
consisting of low boiling products and unconverted CO and Hy is recycled

by means of a compressor. The remainder leaves the system.
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Fig. 5.1 Schematic diagram of the reactor system

The mazzs balances of the gas phase are derived on the grounds that
bath the concentration of watar in the outlet stream of the condensor and
the concentration of hydrocarbons in the water phase of the condenser are
equal to zero. The gas flows of reactor inlet and outlet and the

condensor outlet are equal to:

Fg = Fp + Fg (5.1)
Fp = Fy+ Fr v Fy 5.2)
Fy = P+ Ty (5.3)

For the concentration of various components in these streams, the

following equations apply:
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Cig= —ECE*FeCipr (5.4)
Fr + Fp
Ci= o ie*FrCic {(5.5)
ot Fr + Fy
Ci,z2 =Ci.p=0Ci,r (5.6)
The conversion of COQ or Hy per pass is:
Fg Cy w F i
Kips = 0.0~ F15 (5.7
Fo €i,0
The {total) eonversion ¥t
Fe Cy - F ;
fH.e = £Ci£ - % Cup (5.8)
Fg Cif
can be related to the conversion per pasz as follows:
x.
Xi,ps = ik {5.9)

1+ (1= Xy ¢ Pp/Fp
or, after introduction of the recycle ratie R. which is defined as the

recycle flow/fresh synthesis gas flow ratic (Fy/Fg). and rearrangement

xip = ips(l*EFE/FE) (5.10)

UV ¥ pe R Fg/Fp
The assgumptions made to develop the model are:
a) The synthesis gas conversicn rate is first order in Hz and zero order
in €O and products
b

-

The rate of the secondary hydrogenation ig egual te

r =k Cyle,n Cu,,0/C0,0
c} The water—gas shift reaction completely reaches eguilibrium
d) The usage ratio and chain growth probability are gonstant
e} Equilibrium is achieved between gas and ligquid agcording to Henry's Law
f) The gas phaze behaves az plug flow
g} The liquid phase is non-wmixed
h

jor}

The catalyst particles are uniformly suspended

i) Steady-state isotharmal and iscobarie operation
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j) The overall reaction rate is dependent on the chemical reaction rates
only and not on mass transfer rates
k) Gases hehave as ideal

In this model the formation of hydrocarbons and the water=gas shift

reaction are defined in a slightly different way to facilitate the

computation:
2 CO + hx Hp + CHy + CO3 {5.11)
(1-2)C0z + (l-z}H2 = (1-2)Hz0 + (1-2)C0 (5.12)

The material balanses sguabtions for hydrogen with regards to Eg.(5.11) are:
Gas phase:

d{(Fg CHz,G)fdz = kL,Hz a(cﬂg,L - CHz.GmeZ)A {5.13)
Liguid phase:

kL,Hz a(CHZ'L - CH2'G/mH2) = -k{l-eg)Cpa Cﬂz,[. (5.14)
By substitution of Eg.(%.14) inte Eg.(5.13) follows:

-d(Fg sz)/dz = k CFe(l—GG)pﬂz A/mﬂz {5.1%)
The value of the holdup is calculated according to the relation below
which follows from experiments presented in Chapter 3:

eq = 0.942(Fg/a0.7 {5.18)

It is assumed in Eg.(5.11} that only C0s is formed. This means that
the concentration of Hp must be adjusted for the water—gas ghift reaction.
The correction of Hp {(—dpHp) is equal to the increase of Hp0 (dpHzQ) by
which Eg.(5.19) changes into:

d(Fg pHZ) d(Fg PHZO)
- = k Cpe(lvtg)szAlmHz * {5.17)
az dz
The decline of the CQ pressure and the increase of hoth the pressure of

the COs and hydrocarbons ara:

d{Fq peo! . k Cpe(l-eg)pﬂz A _ d(Fg szo) (5.18)

dz T 4] dz
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d(Fg pcoz) _ k CFE(l“‘EG)PHZ A _ d{Fp pHZQ) (5.19)
Ta T T mg, 20 T a=
dFg Pprad) _ k Cpe(l—sg)p;.[2 A (5.20)

dz My 20 L ¢

where IC, ropresents the number of molaz of CO which is reguired to
produce 1 mele of hydrecarbons. The value of EC, can be calculated by
means of the Schulz-Flory distribution:

o :
K, = igl [(i «)l_l(l—a)] = 2.9 for @ = 0.6 (5.21)

The pressure of water is calculated by means of the water-gas shift

equilibrium:

1)
Bii, B
PH,0 ] Hy BCO, (5.22)

Ks PCO
The value of the gasflow, Fg. in the reactor varies along the height due
to the contraction which is calgulated with the help of the Schulz-Flory
distribution,
The calculation of the olefin selectivity is baszed on the madel
developed in section Z.9. According to this model the inerease of the

pressure of ethene, for example. can be written as:

atFg Coopy. 6!
dz

= (ry — r3)A (5.23)

and for the increase of ethene + ethane:

dtFg Cgy )
—

= (ry + r2)A {5.24)

in which the production rates of ethene and ethane directly fream CO+Hy
are represented by ri. and rp. respectively. The secondary hydregenation
of ethene iz represented by r3. Following the assumptions on the kinatics
of these reactions (see section 2,9.2) Eg.(5.23) can be written as:

1 .
! The value of Kg is reported in section 2.6
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dlFy Pczﬁg) . "1 a{l-a)  d(Fg Pprod) by PHy PCpHg

dz ry + rz dz ECO

(5.25)

The olefin selectivity follows from the outlet pressure of ethene and
ethane. obtained by integration of Eq.(%5.24) and (5.25).

The differential eguations were smolved by numerical integration using
Euler's method. The concentration changes due to the Fischer-Tropsch and
water-gas shift reaction were accounted for. To start the integration
initial values are given for:

*  the extent and composition of the fresh gynthesis gas supply

* the recycle ratio

* the recycle gas composition

The latter is an estimate, which should match the composition of the
recysle gas that follows from caleulations over the column. Hence the

solution is reached by iteration.

5.3 Experimental

5.3.1 Materials and catalyst

The gases, the ligquid phase, the catalyst and the method of catalyst
raduction are identical to those used for experiments in the stirred
autoclave. Only the catalyst particle diameter, approximately 3 um. was
considerably smaller in order to prevent zettling of catalyst particles
in the bubble column.

5.3.2 Apparatus
A schematic diagram of the apparatus iz shown in Figure 5.2. The

equipment is principally made of stainless steel. The flows of oxygen and
water—-frea CO and Hp are regulated by thermal mass flow controllers.
mixed by a static mixer and fed te the bubble column together with
regycie gas. The inlet gas of the reactor is distributed by a perforated
plate which contains 19 0.3 mm diameter holes {egual to the perforated
plate used for the experiments presented in Chapter 4). The head of tha
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Fig. 5.2 GSchematic diagram of the apparatus
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reactor is enlarged and provided with baffles for decreasing liguid
entrainment, The outlet ges flow is ecooled in two steps; the high boiling
products are condenged first at 30°C and the lower ones thereafter at
4°C, The recycle gas is slightly pressurized (a pressure increase of
3.3=-1 bar) and fed to the column. The gas rate of the recycle flow iz
measured by means of a turbine meter and iz independent of the gas
viggosity, density and composition, The composition of the fresh
synthesis gas., the reactor outlet and the recycle gas are analyzed by
means of on-line gas chromatography. The £low rate of the product gas is

measuraed by a wet or dry gas metev.

5.4 Results and discussion

The reaction conditionz of the experiments carried out in the bubble
column axe shown chronolegically inm Table 5.1, All the experiments are
carried out at 9 bar. The experiments are divided inte four series of
vwhich three are discusszed. The reliability of the last geries (no.4)
proved insuffucient to he included.

In saries 1 the recycle ratio R is changed while the fresh synthesis
gas flow is kept constant. The conversion per pass decreases continucusly
with increasing recycle ratio, as shown in Figure 5.3, due to the higher
gpace velogity in the reactor. The (total) conversion decreases as well,
because the plug flow character of the gas phase changes inte that of
ideally mixed. The deviation of the first data point from the calculated
curve is cauded by a higher catalyst activity in comparisen with other
experiments. The last dats point (R=14), showm in Figure 5.3. deviate=
for unknown reason. It is interesting to note that the first order rate
constant used for calculating the conversion of hydrogen in the
simulation agrees well with the oxperimental value observed in the

stirred auteclave.
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Table 5.1
Reaction conditions of the experiments carried out with 260 g fused
iron at 9 bar in the bubble column reactor. The initial amount of

squalane is 1.54 kg.

Exp. Serias Start Temp. H3/CO Flow Recyole
No. Na. after in %) ratio
[-1] -1 [h] (°C} [-1 [1/min] [-1

1 1 ] 250 21 0.65 2.04 3.2
2 1 86 250 0.66 1.94 10.2
3 4 114 250 0.74 8.06 0

4 1 134 250 0.66 1.93 14.5
5 - 161 250 3 0.6 1,94 6.7
6 - 174 250 - 4 1,94 o

7 - 250 0.66 1.94 11.8
8 1 246 250 0.66 1.94 13.8
9 1 278 250 0.66 1.98 9.6
10 2 306 250 0.72 12.2 ]

11 2 316 250 0.62 5.64 1.3
12 2 331 250 ) 0.s9 0.81 14.00
13 2 38l 250 0.71 1.3% 5.7
14 4 404 270 0.71 1.34 9.5
15 4 424 270 0.69 0.8 9.0
16 4 482 270 0.67 6.25 [

17 3 501 270 4.00 5.25 0

18 3 529 270 3.88 §.52 0

19 3 553 270 4.12 16.6 0
20 3 599 270 3.76 10.2 0

1) measured at 20°C and 1 bar

2} the egentre heat element of the reactor failed

3Y toa high wall temperature above the suspension level
4) only Hy gas flew

5) the lowest heat element of the reactor failed
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The pattern of the olefin selectivity and olefin/CO pressure ratio are
shown in Figure 5.4. The experimental data shows that increasing the
recycle ratic above R=9 does not significantly affect the olefin
selestivity, in accordance with the simulation. The experimentally
obsarved low olefin selectivity at R=3 is caused by the high olefin/CC
pressure ratio. This ratio is higher than predicted due to the high
activity of the catalyst during this experiment (see above). The
BCaH,"PCO ratios of the other points are much lower than that predictad
from the model. This difference is partly caused by ingertion of sthene

as the deviation for propene {not shown) is substantially smaller.
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(geries 1) (series 1)
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The poor minimum of the clefin zelectivity predicted from the model
at R=3 is caused by the change from plug flow to ideally mixzed flow. From
the fact that the olefin selestivities at R=0 and R== are squal, it can
be concluded that the conversion decrease compensates the higher mean
olefin/CO presgure rat:o due to mixjng of the gasz phase at a high recycle
ratic. The peor minimum and the course of the experimental data took,
show that mixing of the gas phase at a moderate conversion level (=60%)
is of little importance to the olefin seleetivity of this catalyst.

At high recycle ratio the experimental olefin selectivity observed
should match the values obtained in the stirred autoclave at an equal
olafin/CO partial pressure ratio. The values of the olefin selectivity
for the stirred autoclave follow from Figure 2.27 and 2.28. The values of
the C3 olefin selectivity are close tegether: B8 and 90% for the bubble
column and stirred auteclave, respectively. The olefin selectivity of the
Cy fraction observed in the bubble column at high recycle ratio, however.
is higher than in the stirred autoclave, namely 76% in the column
cempared with 65% in the autoclave.

In contrast to series 1, in seriez 2 the gas flow at the entrance of
the reactor is stays constant., This means that the conversion per pass
stays congtant with increasing recycle ratie if the reaction rate is
first order. The experimental data are in acaordance with this theory as
shown in Figure 5.5. A constant conversion per pass means that tha total
conversion increases with increazing reeycle ratio. The experimental
conversion follows the trend of the simulation but the absolute values
are lower {gee Figure 5.5).

As a regult of the increasing conversien the olefin/CQ pressure ratio
increases with increasing recycle ratio as shown in Figure 5.6. The
experimental values are considerably lower than those obtained in the
simulation, This was also observed in series 1. From Chapter 2 we kuow
that the olefin selectivity decreases with increazing olefin/CO pressure
ratic. Hence, the olefin selectivity decreasez with increasing recyele
ratio as shewn in FPigure 5.6. The experimental values are lower than the
simulated values, indicating that the hydrogenation activity is higher

than was estimated in the model,
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At a high recycle ratio the olafin selectivity should match
comparable experiments in the stirred autoclave. The similarity is
reazonable as shown in Tabla 5.2. The lagt series, number 3, iz carried
out without recycling product gas. The inlet H»/CO ratic was 4 (instead
of 0.67) and the temperature 270°C (instead of 250°C) in order teo obtain
a high CO conversien. This high CO conversion level was chosen because it
is particularly interesting to measure the olefin selectivity reached in
a bubble column at & high GO cenversion level.

The experimental conversion of €O (Figura 5.7) clearly deviates from
the simulation at lewer gas velogities, probably due to mass transfer
limitation of ¢0 and inhibition by Hy0. Both fagtors are caused by the
high Hp/CO ratio which varies from 4 {inlet) to ? 10 {(ocutlet).



—224m

Table 5.2

Compacison of the Cp and Cg olefin selectivity observed
in the bubble column at high recycle ratio (zeries 27
with those in the stirred autoclave. T'he Iatter
originate from Figure 2?.27 and 2.28 at egual

olefin/CO pressure ratio.

Olefin selectivity {%]

Ca Ca
Bubble column 51 76
Btirred autoclave 44 85

The olefin selectivity appears to be independent of the gaz flow and
ig 77 and 84% for C» and C3 respectively as shown in Figure 5.8.

The zimulated olefin selectivity on the contrary ingreaszes sharply
with ingreaszing gag velogity ag a result of the strong decline of the CO
conversion. As the experimental conversion is less dependent on the gas
velocity, so the olefin/CO pressure ratio will change lsss than what
would be axpected according to the model. Thus the olafin selectivity
will also vary less than expected. When the olefin selectivity observed
in the bubble column at the lowest gas velocity is compared with results
obtained in the stirred autoclave it can be concluded that the olefin
selectivity is wery high relative to the olefin/CQO pressuvre ratio at the
exit of the reacteor. The olefin selestivity in the stirred autoclave was
only =20% and 70% for Cy and Cy respectively at thess high olefin/CO
pressure ratioz (zee Figure 2,30) The large difference of the olefin
selectivity observed in the bubble column and the stirred autoclave
supports the model of secondary hydrogenation of primary olafins as
developed in Chapter 2. According to this model the olefin selectivity
depends on the {local!) olefin/CC pressure ratic., The average value of
this ratio will be lower in a bubble column, resulting in a higher olefin

gelectivity as shown in this sectiomn.
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5.5 Conglugions

The olefin selectivity observed in a bubble column with product gas
recyaling depends mainly on the conversion of CO and to minor a dearee on
the recyeling of product gas. If the gas flow at the entrance of the
reactor is kept constant, (series 2) the olefin selactivity strongly
decreases with increasing reeycle ratio bacause of the combined effect of
inersased conversion and olefin recyeling. Howevar, if the fresh
synthesis gas supply is kept constant (series 1)} the olefin selectivity
inoreases slightly or stays conztant with increasing recycle ratic due to
the CO conversion decrease which dominates the effect of olefin recycling.

Without recycling product gas, the value of the olefin gelegtivity is
high even at high CO conversions. The much higher olefin selectivity
obtained in the bubble solumn, when comparad with results obsarved in the
stirred autoclave is caused by a lower average olefin/carbon monoxide

presgure ratic in the former.
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SAMENVATTING

Kleine olafinen zpals etheen en propeen =zijn belangrijke
basischemicalién, die in het algemeen op dit moment uit ruwe alia worden
verkregen, maar in de toekomst kan steenkool een belangrijke keolstofbron
worden voor da productie hiervan en die van andere koolwaterstoffen,

Uitgaande van steenkool als grondstof zijn twee routes van belang:
extractie met gelijktijdige hydrogenering en vergassing tot synthesegas
dat vervolgens tot koolwaterstoffen en zuurstofhoudende componenten wordt
omgezet door de Fiseher-Tropsch synthese. Deze studie betreft de laatst
genoende route, d.w.z. de omzetting van synthesegas, geproduceerd uit
steenkool, tot kleine olefinen.

bDe verhouding van Hz en {0 in het synthesegas is van groot belang en
kan tussen 0.4 en 4 varidren, afhankelijk van het gekozen
vergassingsproces. De doelstelling van deze studie is synthezegas met een
lage Hp/C0 verhouding (0.46 - 0.68) in €6n stap in een slurry reactor om
te zetten tot kleine olefinen. Dit synthesegas wordt door moderne
kolenvergassers geproducesrd. omdat een lage Ha/CO verhouding ecenomischg-
en procesvoordelen bhiedt,

Voor het bereiken van de doelstelling van dit proefschrift is het
noodzakelijk uit te gaan van een geschikt katalysatorsysteem, dat niet
aliean de gewenste eigenschappen bezit ten aanzien van aktiviteit en
selegtiviteit, maar dit systeem dient ook een goede water-gas shift
katalysator te zijn veor toepasging in een slurry reactor.

In dit proefschrift iz de selectieve produktie van kleine olefinen
enderzocht bij relatief hoge druk (10 bar) en een hoge conversie van
CO rijk synthesegas. Er zijn twee katalysatoreén gebruikt: RuFe/BiC; en
met kalium gepromoteerd “"fused iron”.

De RuFe/3i0z katalyzator is gehozen vanwege de hoge acstiviteit en
olefineselegtiviteit (waargenomen bij een laag conversieniveau). Ter
vergelijking is de bekende met kalium gepromotearde "fused iron”

katalysator gekozen,
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De slurry bellenkolom lijkt veelbalovend voor de industriéle productie
van kleine olefinen via de Fischer-Tropseh route. Derhalve iz de iavloed
van het gas-vlceiztof massatranzport in dit type reacter onderzocht.
Vooral het massatransport van waterstof is van belang omdat de
omzettingssnelheid van synthesegas voornamelijk door de waterstofdruk
kepaald worde,

De invloed van het reactortype op de olefineselegtiviteit is
onderzocht in een bellenkolomreactor waarvan gasvorwige reactiaproducten

en niet omgezet CO en Hy extern gerecirsuleerd werden.

Het experimentels werk bestaat uit drie gedeeltan:

1. Een kinetische studie wan de Fischer-Tropsch synthese over RuFa/Si0s
en "fuzed iren" in een gsrogrde autoglaaf bij 1.%-17 bar, 200 ~ 300°C
en een converzigniveau tot 98%.

2. Een studie van de gas-vlgeistof massatranspert coefficient van Ha in
eenn glazen bellenkolom met een diameter wvan 5 em bij atmosferische
druk an 250°C, waarbij de hydrogenering van atheen over palladium is
toagepast.

3. Do omzetting van CO en Hy tot kleine olefinen in een roestvrij stalen
bellenkolomreactor met een diameter van 3 cm bij 9 bar, 250 - 270°C en
met "fused iron" als katalysator. Een gedeelte van het gas uit de
reaktor wordt met behulp van een compresasor gerecirculeerd. De
vioeisteffase in deze en in de andere reaktoren is squalane (CygHgz).

dat beschouwd kan worden als een kunstmatige Fischer-Tropsch was.

In het geval van "fused iron" wordt de C; en C3 olefineselektiviteit
voornamelijk bepaald door de mate waarin secundaire hydrogenering van
respactievelijk etheen en propeen plaatgvindt. De plefineselectiviteit
hangt geheel af van de olefine/koolmonoxide dyukverhouding in de reaktor
en is onafhankelijk van de waterstofdruk. Dit kan worden verklaavd deer
vompatitie te verondarstellen tuszen koolmonoxide en de gevermde olefinen
voor dezelfde plaatsen op het katalysatoroppervlak, waarbij de corde in
watgrstof van zowel de secundaire hydrogenering, als die van de converszie
van synthesegas., gelijk iz. Een toename van de CO conversie resultaert
dus in een hogere olefinen/CO drukverhouding, wat een toename van de

hydrogenering van olefinen vercorgaakt. Een hogere etheen/CoO
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drukverhouding blijkt voor etheen ook tot een grotere inbouw te leiden.
Mat deze inbouw wordt het duidelijk waarom bij hogere donversies het Cs
purtt onder de Schulz=Flory lijn valt.

De olefineselectiviteit voor RuFe/3i0; iz zeer laag in vergelijking
met “fused iron", vooral enige tijd na start van de reaktie. De
olefineselectiviteit daalt bijzonder snel met toenemende CO conversie.
Aangezien de olefineselectiviteit voor zowel RuFe/5i0p alg Ru/3i0; even
laag blijkt te =ijn en bimetallische RuFe deeltjes uit elkaar blijken te
wallen, is het duidelijk dat de werking van het RuFe/8i0; systeem bepaald
wordt door Ru deeltjes. Deze Ru deeltjes zijn verantwoordelijk voor de
grote hydrogeneringgactiviteit,

Qok andere eigenschappen van de "fuged iron" katalysator zijn
superieur aan die van RuFs/Si0; zoals een hogere activiteit en een
aanzienlijk lagere methaanselectiviteit. De laatst gencemde blijkt zelfs
lager te zijn dan berekend veolgens de Schulz-Flory verdeling indien CO
nagencag geheel iz omgezet.

Da activiteit van zewel “"fused iron" als RuFe/$i0p is zo laag dat de
snelheid van massatransport in een bellenkolom waarin de Fischer-Tropsch
reaktie wordt uitgevoerd, voldoande groot is.

De gas-vloeistof massatransportcoefficient kpa bereikt in squalane
uitzemderlijk hoge waarden (2 m3L/m3L+G 3) bij gebruik van ean poreuze
plaat als gagverdeler, mits de concentratie van vaste stof laag iz (< 1
gew. %).

De toevoeging van deeltjes. met een diameter van 3-64 um, resulterend
in een suspensie van 1-20 gew.%, leidt altijd tot een daling van kpa.
Deze daling is sterker voor deeltjes met een grotere diameter. De
toegevoegde deeltjes verocorzaken waarsehiinlijk een toename van
coalezcentie van gasbellen. Het voordeel van een poreuze plaat, die als
doel heeft kleine gasbellen te produceren. gaat dus verloren bij hogere
concentraties vaste stof.

Bij gelijke conversie is de olefineselectivitelit in een bellenkolom
aanzienlijk hoger dan in ¢en gergerde autoclaaf. Deze hogere
olefineselectiviteit wordt vercorzaakt door aen gemiddeld lagare
olefine/CO drukverhouding als gevolg van het plug flow karakter van de
gagstroom. Het effect van "terugmenging” van produktgas. onderzocht door
racirculatie van reactieprodukten en niet omgezet synthesegas, iz mindar

belangrijk dan het effact van de converzie,
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Bimetallische katalysatoren gebaszeerd op ijzer &n een edelmetaal.
bezitten in verse toestand zeer interessante eigenschappen voor de
Fizscher-Tropsch synthese. Tndustriegl zijn deze katalysatoren evenwel
oninterassant door de instabiliteit van het pimetallische systeem

onder technische synthese condities.

Steop, F.. Disgertatis, Technische Universiteit Bindhoven {1986}
Dit proefschrift.

Ledakowicz e.a. sluiten op verkeerde gronden water uit als inhibitor

voor da Fischer-Tropsch synthese over geprecipiteerd ijzer.

Ledakowicz, S.; Nettelhof, H.: Hokuun. R.: Declwer, W=D.,
I.E.CC. Proc. Deg. Dev., 24 (1983), 1043-1049

Het effect wvan de toevoeging van palladium en ruthenium aan ijzer Gp
de olefinesalektivitait, gemeten bij een (te} laag conversieniveau
van CO, levert een sterk vertekend beeld op van de werking van deze

metalen.

Guatafson, B.L.; Wehner, P.5., Prep. Pap.-aAm. Chem. Soc., Div. Fuel
Chem., 31 (1988), 109-115
Vammice, M.A.: Lam, Y.L.; Garten. R.L., Adv. Chem., 178 (1979}, 25-34

dan de lage (schijnbare) activeringsenergie en de hoge
katalysatoractiviteit, gemeten voor de Fischer—Tropsch synthese in
een bellenkelemreaktor, verzuimen Sakai en Kunugi de conclusia te
verbinden dat de synthesegasconversie gelimiteerd wordt door het

transport van €O en Hp van gas naar viceizstof.

dakai, T.: Kunugi, T.. Prep. Pap.-Am, Chem. %oc., Div. Fueld Chem. 27
(1982), 313-318



De beldiameter in een "Fischer-Tropsch" bellenkolomreaktor is
aanzienlijk groter dan de door Deckwer c.s. aangeduide waarde

van ca. 0,7 nqum.

Zaidi, A,; Louisi, Y.: Ralek. M.: Deckwer, W-D., Ger. Chom.
Eng.. 2 (1979}, 94-102
Quicker, G.:; Deckwer, W-D., Chem.Eng.%5ci., & (1981), 1577-1579

De snelheid en de toegankelijkheid van printers en
topieermachines heeft op veel plaatsen in onze maatschappij
reeds geleid tot dusdanig massala papierstromen dat de beoogde
verspreiding van informatie wordt belemmerd in plaats van

vargrootk.
Het aantal overspannen leraren zou sterk dalen door het

verpliecht gtellen van een psychologische test bij de

sollicitatieprocedure,

De grootschalige invoering van PC's in de privé-sfeer leidt tat

verdere ontmenzelijking van de samenleving.

Waar de Bijbel wet wordr, wordt de wetgever een tiran.

Aan diegenen die hun gewicht willen verminderen dient het

starten van sportaktiviteiten te worden ontraden,

Eindhoven, augustus 1988 J.H. Boelee



