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Tabkle 2.7

Reaction conditions of run 1 — 4.

Conditions
Run 1 Run 2 Run 3 Run 4
Temperature [°€] 230,250,270 250 250 190-270Q
Pressure {bar} 1.5-17 1.5-9.0 4.0-13 1.1-9.0
(Hp/COVgpeq L= 0.67 0,67-3.0  0.67-3.0 0.57-1.0
Flow [ml/min] S0-300 100-250 150=-250 1G0~360
Catalyst conc. [wtX] 13.0 13.0 9.1 2.8

1} measured at 20°C and 1 bar

2.8.2 Experjmental

a1l measurements were carried out in the stirred auvtoclave reactor
(see section 2.3) using the potassium prometed fused iron catalyst C73
{(see saction 2.2), and in the absence of mass transfer limitations. Four
runs were carriad out of which the conditions are presented in Table 2.7,

To investigete the influence of the pressure of HpQ on the symthesis
gas conversion rate {0 was co—fad. Addition of eithar CO; or Hp0 can be
applied to attain a certain HyO concentration in the reacter because the
Ha0 and C0p concentration are practically in equilibrium via the
watgr—-gas shift reacticon (see saction 2.6). The Hy0/C0O; concentration

ratic in the reactor can be adjusted only by changing the Ha/CO ratio.

2.8.3 Results and discussion

The rate of the Fischer—Tropsch synthesiz at a low conversien level
iz congidered first. When the convarzion of CO was lower than 30%, the
rate of the Fischer-Tropsch synthesis approximately obeyed first order Hy
prassure, as shown in Figure 2.16. Figure 2.17 shows that the activity of
the iron catalyst inereased in the usual way when the temperature rises.
It iz intergsting to note that both data points at pH2=0.5 bar in this
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figure lie somewhat beyond the curve. Futhermore, the catalyst was not
stable at these reaction conditions in contrast with all other
experiments. Additional experiments have demonstrated that the height of
the hydrogen pressuve is important as will he pointed out below. It
appears that increasing the hydrogen pressurae above a certain value can
cause an unexpected increase in ths conversien of CO and Hz as shown in
Figure 2.18. This figure indicates that the first order dependency oa Hp
is only valid over a small range of hydrogen pressure values . The
non-linear increase of the synthesis gas conversion rate was not caused
by a decrease in water vapour or CQOp pressure. This has beesn shown by the
values of the CO eonvarsion in parentheses (since the HpQ pressure

ingreases with inereasing €O conversioen). In addition, it was also not
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Fig. Z.16 Synthesis gas conversion rate as a function of the pressure of

hydreogen at 250°C (run 4)
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caused by the sequence in which the experiments were carvied eut. Fig.
2.1% demonstrates that the seguence of the experimenis (shown by the
numbers) is not related to the nen=linear increase of the conversion of
synthesiz gas. Thus, two different “regimes” can be distinghuished
depending on the value of the abselute Hy pressure.

The inhibiticn of the rate of the Figcher-Tropsch synthezis by water
or CO3 does not play a significant role when the CO conversion is kept
below 70% and the inlet Hp/CQ ratio is lower then 1.0 {(see Fig. 2.16).
However, at a higher conversion and/or a higher Ha/CO ratio, the
inereazed water vapour and CQp pressure can reduoce the rate of the

Fischer-Tropsch gynthesis, as can been seen from meodel 2 and 3 of Table
2.6.

270°C

s [
230°¢
/
*
q/
. l

| i
0 2 A &

— =i PRESSURE OF HYDROGEN (bar)

—_— "C1-C;, img/kg cat s)
O

Fig. 2.17 Rate of hydrocarbon production as a function of the pressure of

hydrogen at various temperatures (run I)
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The inhibition by water vapour and COp can be investigated by the
addition of COz. Az mentioned before, the inhibition by HpQ generally is
{much) mors important than the inhibition of CO2 but the influence of the
latter cannst be excluded. Due to the high rate of the water-gas shift
reaction, the pressure of COs; and H30 are related in this investigation.
Therefore. it is not possible to distinguish between the influence of
water and CO3. Thus, the addition of COp imcreases both the COp and Hp0
concentration, the latter as a result of the water-gas shift reaction,
The higher CO; concentration caugses a decrease of the conversion of HyO,
produced by the Figcher-Tropsh syntheszig, inteo £0s. This rezults in a
lowar CO; production with respect to tha CO conversion ag shown in Figure
2.20.
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Fig. 2.18 Synthesis gas c¢onversion rate as & function of the pressure of
hydrogen at 250°C {(run 3)
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The co-feeding of CO» appeared to have only a moderate effect on the
synthesiz gas conversion rate, The activity decreasas very little. even
when the synthesis gas contained 40% (0, as shown in Figure 2.21,
despite the high Ha0/CO and C0/CO pressure rakic as shown in Figure 2.22.

It follows from literature that two models are available which
express the rate of synthesis gas conversion over iron catalysts in the
slurry phase. First, the model of Ledakowicz will bhe discussed. Next. the
model of Huff and Satterfield will be compared with the experimental
data. Ledakowicz 3% reportsd that using a precipitated alkali-promoted
iren eatalyst, CO; is one of the most abundantly available components due
the high water—gas shift activity of that catalyst. He suspected that the

lower synthesis gas consumption rate with respect to the first order rate
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Fig. 2.19 Synthesis gas conversion rate versus pressurg of hydrogen at
250°C (run 2). The sequence of the experiments is indicated In

the figure
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in hydrogen could be attributed to competitive adsorption between CO and
COz. The argumentation was twofold. Pirst, the water concentration was
very small compared with the CO; concentration, because of the high rata
of the water-gas shift reaction and the low Hy/CO inlet ratio. The water
congentration shauld therefore be neglected. Secondly, there was no
correlation between the calculated HzO concentration and the deviation of
the first order rate, Some valuez of the water concentration calculated

even appeared to be negative.
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Fig. 2.20 CQp production rate with respect te the CO conversion as a

function of the percentage of oz in the gas feed (run 3)



-5 3.

Neither argument. however. is satisfectory. With regard to the first
argument: a small HpQ congentration gan be sgignificant when the
adsorption coefficient is high. With regard to the second one:; in case of
such low water vapour pressures and a high water-gas shift rate. the
water mole fraction can be caleulated more accurately via the water-gas
shift squilibrium than via the usage ratio (as done by Ledakowicz 3%
(see section 2.6.3 Eg.(2.15)). Therefore the water vapour pressure has
been recalculated, using the report of Ledakowicz 34 jn order ascertain
whether his model, Eq.(2.28), givez a better fit than the model of Huff
and Satterfield 33, Eg.(2.30). The first step was, therofore, to rewrite
EQ.(2.30). Under the assumption that the water-gas zhift reaation has
reached the equilibrium, the model of Huff, Eg.(2.30), can be written as

follows:
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Fig., 2.2} Effect of the addition of €0z on the hydrocarkbon production
rate and conversion of synthesis gas (run 3). The pressure of

hydrogen iz shown in parentheses
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- rcosm, = k PH,/tl + a K5 PCO,/PCOY) {2.35)

After rearrangement of Egs. (2.3%) and (Z2.28) both models can be written

in a cemparable form;

PHy/~TCO+; L7k + ta/k)(peo,/peo) {Ledakowicz) (2.36)

[E]

PHy/~TCO+H; 1/% + (Kg a/k)(pcozfpcoz) (Huff & Satterfield) (2.37)

Figure 2.23 iz obtained from the answers from these eguations. This
figure shows that, based on this data, it is hardly possible to
discriminate between the two medels. With the knowledge that Eq.(2.36) iz

only valid at a low water vapour concentration, BEg.(2.37) is preferred
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for caleulating the conversion rate of CO+Hy over iron catalysts in
slurry reactors. Therefore the pco,/pco? ratie (see Eq.(2.37)) is chosen
as the parameter which might explain the devistion of the first order
rate law in the experiments of this study.

A part of the experimental data is shown in Table 2.8. The data is
arranged according to a deecreasing -roo4H,/PH, Tatio. This ratic should
be constant if the reactien iz first order in hydrogen. Clearly, the
decreasing synthesis gas conversion rate per hydrogen pressure unit does
not correlate at all with the COZIC‘.O2 pressure ratio which iz shown in
the lagt column, Moreover, it turns out to be difficult to find other
parameters that can explain the decrease of the activity over such a wide
range of reaction conditiens as is shown in Table 2.8. Therefora, two
series of experiments were carried out wherein the variation of the

reaction conditions was limited.
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Fig. 2.23 The hydrogen pressure/synthesis gas conversion ratio &s a
function of both the COz/C0 and COzlli'Dz pressure ratio at
250°¢C. The data are originated from Ledakewicz 34
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Table 2.8

The synthesis conversion rate at various reaction conditions of run 2.

P “TOOMHy /B, KOO, PH, Hp/CO peo,/eeo”
[bar] [m/(min.bac] (%] [bar] [mol/mol] thar~1)
5.0 26.1 52.1 0.78 0.16
9.0 25.9 80.2 2.0 1.43 2.55
3.0 21.7 73.7 2.2 0.99 0.87
9.0 16.0 27.8 2.4 0.42 0.03
3.5 14.5 4.4 1.8 0.71 0.16
3.0 10.0 41.7 2.3 46.3 0.45
1.5 4.6 11,7 1.1 3.3 0.4%

In the first series, the Hy pressure is increased by increasing the
ceactor pressure (other variables are kept constant). The water wvapour
presgure is low in this series which naturally means a low pcozfpcoz
ratio. In the second series the pressure is approximately constant
whereas the pcozlpcoz ratic ig increased by co—feeding of COz. The
results of the first series are presented in Table 2.9. This data clearly
shows that the synthesis gas cenversion rate is not first order in
hydrogen. The nature of this activity increase is not fully understood
but it may be considered as a degrease of inactive carbon on the catalyst
surface caused by an increase in the hydrogen preszure. Thiz explanation
is supported by low pressure measurements which demonstrate that this
catalyst loses activity when the Hz/CO ratio is lower than about 2 at
reactor pressure of 1.5 bar. At even lower reagtor pregsure. namely 1 bar
inclusgive 0.4 bar Helium, an Hz/CO ratie of § is still not high encugh to
prevent deactivation ( These experiments were carried out in the
fixed-bed apparatus as described in Chapter 3.3.8). Thus, the lower the
hydrogen pressure. the higher the Hp/CO ratio must ba to prevent
excessive carbon formation, In this connection it iz worth noting that
this catalyst does not lose activity when the MHa/CO iz as low as 0.4

provided the reactor pressure is 9§ bar or higher.
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Effect of the hydregen pressure on the relative synthesis gas conversion

rate (run 3).

Pressure ‘fCO+H2/PH2 XCo+Hy PC02/P002 PH, Flow 1} Hz/C0
[bar] {ml/min bar] {%1 [bar™l]  [bar] [ml/min] (mol/moll
k] 27,7 22.3 0.09 2.0 242 0.71
4 35.0 42.5 0.06 3.2 250 0.72
11 36.0 52.2 0.13 3.6 250 0.84
13 40.7 62.5 0.20 3.8 230 0.91

1) measured at 20°C and 1 bar

Tha ragults of the second series (high water vapour pressure and

approximately constant Hp pressure) are presented in Table 2,10. In this

saze the activity decrease with respect to first order Hp dependency is

obviously caused by water vapour as indicated by the correlation between

the —fc0+Hapr2 and the Pcoszcoz ratio. Note that the lowest pcngpcoz

ratio in Table 2.10 is higher than the maximum value in Table 2.9.

Tabie 2.I0

Effect of Lhe pcozfpcoz ratio on the relative synthesis gas conversion

rate (run 37.

Prazsure —reoH,/PH; RO+, Pcoafpcoz
(bar] [ml/min bar] %] [bar=1]

PHy

Flow 1}

Fcoq
[bar] [ml/minl E[ml/min] [-]

Ha /€O

5 40.4 47.4 0.25
7 37.3 43,7 0,96
5 3i0.0 41,0 3.49
6 26.8 36.8 5.97

1.7
1.8
1.4
2.1

144
157
140
150

54
55
100

0.82
1.05
2.42
2.82

1) measzured at 20°C and 1 bar



Y.

2.8.4 Conclusion

An inecreasing hydrogen pressure increases the synthesis gas
conversion per hydrogen pressure unit., Thig effect dominates the
inhibition by water vapour up to 2 moderate conversion lavel of CO, At a
high conversion lgvel the inhibition by water dominates as shown by the

C0s addition experiments,

2.9 Olefin selectivity

2.9.1 Introducrion
The production of low olafins from synthesic gas is an interesting
potential of the Fischer-Tropsch synthesiz, In that context much resgargh

has been carried out to davelop selective catalysts which specifically
produce olefinsg, Newly developed catalysts are often tested under
differential condifions at atmospherie pressurs. These reaction
conditions ocbviously are unattractive for industrial application.
Therefore. the catalyst performance (including the elefin zelectivity) at
2 high convecrzion level and high pressure have to be known. In this
section the influenge of the reaction conditions on the olefin
selectivity is investigated. The effects of the conversion level and
water vapour is given special attention.

The main products of the Fischer=-Tropsch synthesis, €Oz and Hz0
excluded, are olefinsg and paraffing, Paraffineg gan be considered as
inert under Fischey-Tropach conditionzs but olefinz formed can undergo
consecutive reactionz. The experimentally datermined olefin selectivity
will thus depend on the primary olefin seleativity and the importance of
secondary reactiong invelving olefins. such as hydrogenation,
igomerization., ¢racking and ingertion in growing chaing. The importance
of consecutive reactiong depends on the reaction conditions and naturally
on the catalyst.

Concerning the reaction conditions the space velocity often is the
dominating factor. The magnitude of the effect of the space veloeity on
the olefin gselectivity can be influyenced by the temperature (Fe 5-41, ¢o
3), the CO pressure (Co 2, FeMn 42), the H; pressure (Fe %43}, the Hp/CO
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ratic 4%, the alkali centent (Fe 41,43)  the cystallite size (Mo 48y the

iron content of bimetallic catalysts (RuFe %7) and the support (Ru 18),
Apart from the space velerity it is possible that the water vapour

and CO; pressure algo affect the olefin selestivity. Unfortunately, the

study of the effect of water and carbon dioxide on the elefin selectivity
over potagzium promoted iron eatalysts is hindered by tweo problems:

1. The dominating effect of the CO gonverzion level on the olefin
gelectivity {(as will be zhewn in secticon 2.9.4 helow)

2. The high rate of the water—gas shift reaction, causing an
interdependence of the water and carbon dioxide conceantration. (as
shown in section 2.8)

The dominating effect of the CO conversion level requives careful

experimentation at a constant converzien. This fact had often been

overleoked in literature.

Apart from the space veloeity. the water vapour pressure also affects
the olefin selectivity according to Dry 12 and Satterfield 8 et al, They
report an increasa of the olefin selectivity with increasing water vapour
presgure. The first author also reperts that increasing the CQ; pressure
at the entrance of an integral reactor leads to an increase of the Cp
olefin selectivity using an alkali promoted fused iron catalyst at 593 K.
Since the conversion level in both reports was not kept constant, it is
uncertain whether the olefin selectivity increase is céused by water and
COp. This matter will be clarified with the help of new experimental data.

With regard te the catalyst and to iron catalysts in particular. it
is elear from literature that promotors, specially potassium. stongly
affect the rate of secondary hydregenstion of olefins and other
consecutive reactions 12.%6.49.50,51,52.55.54  Tnig cate degreases with
higher potassium content on iron catalysts 41.4%.33.54_ yp o
approximately 1 wt% potasaium does not affect significantly the synthesis
activity of fused iren and precipitated iron catalysts #1.5%4.55 pigher
potagsium contents than 1 wt% cauze a decrease in activity (unless large
amounts of Aly03, Ti0, or 85i0; are present °%) but do not result in a
further reduction of secendary reactions 4%, The presemee of potassium on

iron does not affect the primary formation of olefins and paraffing 43,
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2.9.2 Competition wodel for the olefin selestivity in a well-mixzed sluery

reactor

For a guantative descriptien of the experimental resultz a simple
model was developed in this study by which the clefin selectivity in a
well-mixed reactor up to a €O conversion level of approximately 90% can
be predicted. The model will be explained for the case of Cp.

In this model three types of reactions, the formation of olefinsz and
paraffing from aynthesig gas {primary reactionz) and the hydrogenation of
olefins inte paraffins (secondary reaction) as shown in Figurs 2.2.4 are

congidered.

S . .
COs+H 1 o
[:j__: 2 - =Ky G,

Fig., 2.24 Simplified model For the formatign of olefins and pareffins
from synthesis gas and the secondary hydrogenaiion of olefins.

represented far Cz

For ethene + ethane the following mass balances can be written:

Fout CooHy, 6 = (F1 - T30 VL {2.38)
Four {CCyH,.G + CCaHg,c! = (F) +12) Vo (2.39)
Thus, the Cp olefin selectivity — __ CCaHy L B
Ceong L+ SCpHg.L
is as follows for a perfectly mixed liquid phase reactor
“oata L = . - (2.40)

CoqHy L+ CCoHg L ry + 1 ry + £
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It was found that the sonversion of aynthesis gas and the production of
hydrocarbens is approximately first erder in Hy, up to a high synthesis
gag gonversion {about 60%) in agreement with literature 30,35, Therefore.
it is assumed that the reaction rates ry and r3 are only dependent on the
Ha pressure. The order in hydrogen of the olefin hydrogenation is not
measured but estimated on account of the following reports, Miller 56
reperts that the hydrogenation of olefins over evapcorated Fe wmetal films
ig first order in each reactant at low olefin concentrations and
temperatures above 150°C. The hydrogenation of athene is also reported to
be first order in both reactants for a wide variety of forms of nickel
above approximately 150°C. In our laboratory the same dependency. uging
Ni/alzQ3, for the hydrogenation of ethene in squalane at 250°C and 1 bar
57 was found. In the knowledge that it is guestionable whether
hydrogenation should be regarded as hydrogen addition directly to the
adsorbed olefin 33 and that the mechanism iz not fully understood, the
foallowing is assumed: secondary hydrogenation of initially formed olefins
during Fischer-Tropsch synthesis is both first order in H; pressure and
in the fraction of active sites occupied by the olefin (9 515Fip)-Based
on these assumptiens, the following equation applies:

CegHy L _ kG k3 Cwy.L OcpHy (2.41)

CC2H4,L + Ccsz-L (lky+k3) cHz.L (kl+k2) CHE.L
Raplacing the concentration terms which are proportional via Henry's Law
to partial pressure gives
PCzHQ/mCZHQ kK
PC2H4fmC2H4 + PCzHE/mC2H6 ky + kp

k3 Foony PogHy/®CoH,

_ (2.42)
{ky + kz)(l + Koopco/moo + Ke,PHy /™, + Kp Bp/Mp)

in which the ethene fraction on the satalyst gurface ig based on Langmuir
adsorption.
Since CO is strongly bound on potacsium promoted iren 33,49.52, it

will dominate the adsorption of H» and of products at €O conversion



]2
levela bhelow 90%. Asguming further, that the solubility of ethene and
ethane are approximately equal, Eg.(2.42) gan be simplified into

PCoHy B PesHy

Cy olefin selectivity = F- (2.43)
PCaHy + ECaHg BCO
X
With A = __k_l____ and B = 3 ¥eaiy Mo _
ky + kg tky+kz Yoo moauy

Note that the olefin selectivity does not depend on the Hy pressure in
this model but on the olefin/CO partial pressure ratio alone,

Thus, the olefin selectivity in a well-mized slurry reacter is
determined by the competition betwsen olefins and CO. With inereasing CO
conversion, the PC5H,/BCO ratiop increazes, implying a higher probability

of olefins to reach the catalyst surface and be hydrogenated.
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Fig. 2.25 Influence of the gas flow rate on the olefin selgctivity and
the conversion of CO and Hz. Reaction conditions: pressure = 9

bar; temperature = 250°C; Hz/CQ inlet ratio = 1 (run 12
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2.9,3 Experimental

The measzurements were garried out in the stirred autoclave reactor
which 15 deseribed in section 2.3. The reaction conditions are egual to
thege presented in Table 2.7 {section 2.8.2),

2.9.4 Results and discussion

A characteristic of a consecutive reaction iz the flow dependency.
Specially the C; plefin selectivity appeared to be strongly depsndent on
the gas flow as shown in Figure 2,25, This figure indicates that ethene
formed during the Fischer=-Tropsch synthesis can be subsequently
hydregenataed inte ethane. The decline of the C3 olefin selactivity with
deereasing gas flow is less pronounced than that of the U elefin

gelectivity. This can be attributed to the lower reactivity of propene
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Fig. 2,26 The olefin selectivity as a function of the conversion of €O at
270%¢ (run 12
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due to a larger steric hindrance with resgpect to ethene 5B In
consequence of the change of the gas flow, both the CO and Hp conversion
change as well, az is shown in Figure 2.25. It can be seen in this figure
that the increase of the olefin selectivity correlates with the decrease
of the conversion level., The important role of the CO conversion ig shown
in Figure 2,26 wherein the decline of the olefin selectivity as a
function of €O cenversion is demonstrated. The decrease of the CO
cpnversion was achieved by a combination of gas flow and reactor pressuce
variations.

The wvalidity of the competition medel, deseribed in section 2.%.2, is
tested by plotting the elefin salectivity versus the olefin/CO prassure
ratio. The results for Cp and C3y are shown in Figure 2.27 and 2.28

rezpectively. Obviously, the model describes the experimental data gquite
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Fig. 2.27 The C; olefin selectivity as a function of the ethene/carbon

monoxide pressure ratio at 250°C
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satisfactory up to a CO convarsion level of 90%. Above this level product
concentrations becomes important. This means that it is not generally
allowed to simplify Eqg.(2.42) in section 2.9.2. This subject will again
be dealt later on.

according to the competition model the hydregen pressure does net
affect the olefin selectivity. The results shown in Figure 2.28 and Table
2.11 confirm this independence of the Hs pressure. Table 2.11 also
demonstrates that the CO: pressure and the H3/C0 ratio do not correlate
with the Cz olefin selectivity. The results reperted in Table 2,11
contradict those of Satterfield %3, who reported that the olefin
selectivity over fused iron is entirely dependent on the Hp pressure.
Note that this exclusive Hp dependency is unlikely since the strong
dependency of the CO conversion in this report and by others 41-

53.59,60.61 cannot be explained by it,
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Fig. 2.28 The O3y olefin selectivity as a function of the propene/carbon
monexide pressure ratio at 250°C {(run 2)
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Since it is improbable that the temperature would depend egually on
the reaction rate constants in Eg.(2.43), the eolefin selectivity will
change by changing the temperature, whereas the olefin/CO pressure ratio
is kept constant. This means that the slope in Figure 2.28 for example
will be a function of temperature. When the tempesrature decreages to
230°C the C3 olefin selectivity becomes practically independent of the
C3Hg/CO pressure ratio as shown in Figure 2.30. This indicates a
relatively low secondary hydrogenation rate. On the other hand,
increazing the temperature to 270°C result in an increase in the slope
for both C3 and C3, as shown in Pigure 2.3l. Thus, when the Cp olefin
selecgtivity at 230, 250 and 270°C with a PCZHQ/PCO value of 0.02 are
compared; tha Co olefin selectivity then drops from 60% via 50% to 30%.
The olefin hydrogenation rate thus strongly increases with increasing

Lemperature,

Table 7,11
The C; olefin selectivity measured under various process conditions.
Tea50°C

cop Ha 2 fiy /00 Ca olefin zel.

[bar] [bar] [bar] [merl/mel] [%)
D.058 0.59 1.5 0.71 89
0.048 1.09 1.5 3.30 71
0.76 1.55 4.5 0.71 80
4.31 2.20 9.0 0.39 40
2.27 2.90 9.0 0.78 16
0.5%6 3.25 4.5 18 16

It is interesting to note that the olefin selectivity does not
approach 100% at zero conversion (olefin/C0O pressure ratio = 0). Ienca,
paraffing are not formed exclusively by secondary hvdregenation of
alefing but can also be formed directly from CO and Hp. The initial

olefin selectivity, ky/(ki+ks) in Eg.(2.43) is influenced by the
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temperature. The initial paraffin formaticn increases with decreasing

temperature as shown for C3 in Figure 2,32, Nevertheless, even at 200°C

only 10% of the primary Cp; and Cy hydrocarbons congsist of paraffins.

Apart

from the investigation of the influence of the temperature, the

question whether the Hz/CQ ratio affects the initial olefin selectivity

haz been invegtigated. The iritial olefin gelestivity did not appear to

be dependent on the H3/C0 ratio over a large range of conditions, as

shown in Table 2.12., This confirms the model assumptiens in secticn 2.%.2

which inveolve that the olefin and paraffin production rate (ry and rp

respectively) are only dependent on the Hy pressure.
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Fig. 2.23

a1
T—ps

o7

o5

cz2

b ne p (bar) pH2 {bar)
1 8.0 4.6
N 2 70 35
3 13 0.7
L a0 2.4
B 5 110 4.0
) 50 .8
7 BO a9
1 & 11 0.4
v T i T T T T T T
i 2.001 0.002 0.003 0.004

. peaL/PCO ()

The C; clefin selectivity ax a function of the ethene/carbon
monoxide pressure at 250°C {(run 47. The reactor and hydrogen

pressure is indicated In the Figure
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Table 2.12
The primary C3 olefin selectivity as
function of the Hz/C0 ratioc.

H; /CO C3 olefin selectivity

[mel/mel] [%]
0.67 93
2 95
a b 92
23 1 92

1Y carried out in a differential fixsd-bed reactor

+ + — - —— — _ ——
;- - - - +
J L'-L\\
w
-
4 S s
T T T T T T T T T T T

o 0.0 0.04 0.08 0.08 0.1
petln /pC0 (-}
a ¢z +c3

The olefin selectivity as a function of the olefin/carbon

monoxide pressure ratlo at 230°C (rum 1)
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A conversion decrease is usually achieved by ap increase of the gas
flow or a decrease of sither the Hy/CO ratio or the pressure. In the next
axpariment, however, the conversion decrease is caused by slowing down
the stirrer gpeed. According to the competition model this method should
result in a differant value of the olefin selectivity with respect to the
ugual methods at an equal olefin/CO pressure ratia. Chviously. the olefin
selectivity increases with decreasing stirrer gpeed due to the conversion
dacrease asg zhown in Table 2.13, However, thiz increase is significantly
lower than with respect to measurements which are kinetically controlled
as shown in Figure 2.33. Thiz limited inarease of the olefin zelectivity
it caused by the higher olefin/CQ concentration ratio in the liquid phase

as @ result of the gas—liquid mass transfer limitation.

Takle 2.13
Influence of the stirrer speed on the conversion of (0 and the clefin
selectivity. T=270°C; P= 9 bar

Experiment Stirrer co Olefin selectivity

number speed conversion Cx Co
[min~1] 1% (%) [%1

1 1300 72 34 82

2 900 73 34 81

3 700 72 35 82

4 500 67 33 82

s 250 47 43 BS

-] 100 3% sS4 87

At a high C0Q conversion level the water vapour and CO; presgure may
additionally affect the clefin selectivity. In a view of the dominating
effeat of the CO conversion (see Figure 2.26) the influence of HpO and/or
COz on the olefin selectivity was investigated at a congtant CO
conversion level (H20 and COp canmot be distinguished in these
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experiments because Hz0 is related te CO;, see section 2.6). The water

vapour and COp pressure were inecreased by the addition of COz. The olefin

100
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&0~ —— +
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50
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[a]

20 o

o 0.02 0.04 .08 0.08 0.1 0.12
pQlafin/pCO {-)
0 c2 + 3

Fig. 2.31 The olefin sclectivity as a function of the olefin/carbon

menoxide pressure ratio at 27Q°C (run 1)

selectivity after addition of 0. 2B and 40% CO; is plotted in Figurae
Z.3%4. This figure shows that the C; olefin selectivity only slightly
increases with increasing H3OQ and COp pressure {the Hz0/CG and C02/C0
ratio is shown in Figure 2,22). but this increazse of the selectivity can
be solely attributed te Hy0 and €O because the olefin/CO pressure ratio
was kept consztant. This small selectivity increasze implies that the
influence of H30 and CO; can be neglected under normal reacktion
gonditiong, Only in case of an almost complete conversion of CO the
influgnce of Ha0 and COp will be significant. The latter is indeed shown

by the remarkable increase of the Cz olefin selestivity with increasing
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alefin/CO pressure ratio (and thus with increasing CO conversien).

whereby the CO converszion level has passed 30% as shown in Figure 2.35!

100
ag

88 j |
§7 =
B8 1
B85 —
24 =
B3
2 4
e
80 ¢
2

%)

a7 -
88
as% -
a4
83 —

82 4 |
81 I
B2 4 T T T T L T 1 T d

o 0.001 0.002 2.003 0,004

pC3HE/pCQ
« 270

€3 OLEFIN SELECTIMTY

o 250 + 300 X 200 v 1905

Fig. 2.32 Effect of the temperature on the C3 olefin selectivity

(run 43

Under these extreme circumstances the water vapour pressure will reach

high values due to the high Hp/CO ratio as shown by Eq.(2.44)

Pus0 = E"H_z - BCo, Ka (2.44}
pco
When the water gas shift equilibriuwm is net reached the water vapour
pressure will be even higher than predicted by Eg.(2.44), In this
situation the competition model has to be adjusted. Since pCO<{<{pHp0 +
pCOs Eq.{2.42) may be written as:
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PCsHy

¢y olefin sel. = & - (2.45)

Uyt Img oy, 1 4 R0 PH0 | Kooy OO,
M 0 o,

The COp pressure does not significantly continue to change above the (O
conversion level of 90%. For this reason it is more likely that the high
HzO vapour pressure and not CQ; prevents the adsorption of olefins on the
catalyst surface. This absorption of Hp0 decreazes both the rate of
secondary hydrogenation of olefins and the formation of hydrocarbons as

demonstrated by the decrease of the activity shown in Table 2.10.
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Fig. 2.33 Effect of the stirrer speed on the Cz olefin selectivity at
270°¢C (run 1)



