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3.3.2. Comparison of RuFe/SiQs and Ru/Si0y

Run 4 has been carried out with Ru/8i0p which sentained as much
ruthenium as the 5.5 wt¥% RuFe(1:3)/8i0; catalyst that was used in run 3.
The aim of this run was to investigate the effect of the addition of iron
to ruthenium supported on giliga on the activity and selastivity.

A fresh Ru/8i0y ecatalyst deactivates rapidly and similarly as
RuFe/3i03, az sheown in Figure 3.4. It is interesting to note that
initially the catalyst is very active while it produces a great deal of
water. resulting in a high water vapour pregsure. Thiz is shown by the
first data peint in Table 3.4 (experiment 1,1), As will demonstrated
later. water strongly inhibits the veaction which means that even higher
activities should be expected if measuraments were made at a lower

conversion level.
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Fig., 3.4 The activity of a fresh Ru/5i03 catalyst as 2 function of time

on stream (see experiments [-d of Table 4}
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It appears that the activity of Ru/8i0p, after the steady-state is
reached, is hardly different from the activity of RuFe/3iQ; as
demonstrated in Table 3.6. It can thus he concluded that the addition of
iren ta Ru supported on silica hardly influences the steady-state

activity reached after a moderate time on stream.

Table 3.6
The activity of 2.1 wt% Ru/$i0z and 5 wt¥% RuFe/Si0; at 9 bar and 250°C.

Catalyst Run H.0.8. PHy BCO Fin Activity 2}
no. (var] (bar] {ml/min] 1)

5.0 wti(1:3)RuFes/8i0 2 238 5.96 2.62 228 1.4

5.5 wt%(1:3)RuFa/8i0; 3 116 5.80 2.5% 214 1.6

2.1 wtiRu/310; 4 215 5.67 3.20 208 1.1

1) measured at 20°C and 1 bar
2) [mg C1-C9/kg cat.s]

3.3.3 Comparison of RuFe/3i0-. Ru/8i0-» and fused iren

Comparison of Ru(Fe)/Si0; and fused iron catalysts promoted with
potassium (see 2.2) shows remarkable differences. The activity of fused
iron is not only much higher at comparable reaction comditiens but the
inereate of the activity versus the temperature is also larger for fused
iron as is ¢learly shown in Figure 3.%. It has to be noted that the
activities in Figure 3.5 are related to the total weight of the catalyst
{including support material). This means that the activity diffarences
are less pronounced when only considering the weight of the metals. No
reliable data is available to compare the catalyst on the basis of the

metal surface exposed.
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3.3.4 Kinetic model for RuFe/510;
The influence of the total pressurs, the Hp pressure, the €0 pressurs

and the watey vapour pressure on the activity and conversion of synthesis
gas over RuFe/5i0p resulting in an emperical kinetic relation will he
presented in this gection. The results are based on the experiments
cacried out during run 3.

Regarding the performance of RuFe/Si0p at higher pressures. the
influenge of the total pressure on the converszion of CO over fused iron
was investigated first. As demonstrated in Chapter 2, the conversion of
synthesis gas over fused iron iz linearly proportienal to the hydrogen
pressure up to a high gonversion, Ingreasing the total pressure

therefore, re=ults in an ingrease of the converzsion of CO a= shown 1in

70 =y ot 188 i 1 s

80

st -

(%)

30

CO COMVERSION

20 — &

10 4 /’/

0 T T ¥ T T
220 240 260 280

TEMPERATLIRE e
=] RuFe,/&lo2 < FUSED—IRCN

Fig., 3.5 The conversion of €0 as a function of temperature for bolh
RuFe/5i07 and potassium promoted fused Icon. Reaction
conditions: pressure = 9 bar; H/CO ratio = I: gas flow in =

200 ml (20°C, ! bar)/min
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Table 3.7. Surprisingly, the pressure does net significantly affect the
conversion of CO over RuFe/SiQ; despite an increase of the Hy pressure
with a factor 10 ag shown in Table 3.8. Apparently,. the conversgion of
synthesis gas iz streongly hampered. The effect of the Hy pressure has
been investigated by keeping the pressure of CO constant. As expected,
the preggure of Hy has a positive effect on the activity of RuFe/$i0; as
shown in Table 9. However, the precise relation between the pressure of
Hy and the activity is not very clear and complicated by the fact that

the ingreasing water vapour presgure interferes (see below).

Table 3.7
The effect of lthe pressure on the conversion of CO over fused iron ({737

at Z50°C. The Hz/CO inlet ratio was (.67

Flow Hp /CO PH, P Py
[ml/min] 1} -1 [barl [bar] (%]
287 0.70 0.5 1.2 5
291 0.80 3.2 9.0 14
298 0.94 5.7 17.0 64

1) measured at 20°C and 1 bar

Table 3.8
The effect of the pressure on the conversion of CQ over RuFe/5i0z at

250°C. The Hp/CO ratio was approximately constant (run 37

Experiment Flew Ha /00 =00 P PH;
number {ml/min} 1? (-1 (%1 [bar] ibar]
21 235 2 11 1.4 0.9

6 209 2.2 16 a.0 5.8

11 207 2.1 14 17.0 10.8

1) measured at 20°C and 1 bar
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Contrary to this effest of Hz, CO inhibits the converszion of
synthesis gas. The activity cobviously decreases with increaszing pressure
of CO as shown in Figure 3.6.

The effect of the water vapour pregsure has been investigated by the
addition of a water-gas shift catalyst which provides for the conversion
of product water inte CO; until the watergas-shift equilibrium is
reached. Both the converzion of CO and Hz as well as the activity
increaze, and & rather large portion iz convarted to CO;, as shown‘in
Table 3.10. The ingrease of the activity can be attributed almost
completely to the decrease of the water vapour pressure becauss the
pressure of Hp does not change while the decrease of the CO pressure has
but a small effect as ghown in Figure 3.6. This experimental proef of the

inhibition by water can be used to explain the moderate effect of the

2.2 | e v
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Fig. 3.6 The influence of the €O pressure on the activity of RuFe/S5i0;
{run 3, experiment 3-10). The iy pressure was approximately 5.7

bar
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inereagse of Hp on the activity as chown in Table 3.9. It is clear that
the increase of the Hy pressure results in a higher HpQ pressure due to a
higher econversion lewel. This increased water vapour pressure Causes 2
decrease of the activity which iz only slightly zmaller than the increase
by Hs, resulting in an irregular activity pattern with increasing Hz

pressure as shown in Table 3.9,

Table 3.8
The influence of the H» pressure on the activity of RuFe/S5i0z {(run 3).

Other reaction conditions are reported in Table 3.3

Exp. PHy h=ala) BH,0 Activity
no. Ibar) [bar) [bar] [mg/kg.cat.s)
15 1.8 5.0 0.059 0.84

13 2.9 4.9 0.063 0.78

17 3.2 9.0 0.13 1.46

18 i.8 5.1 Q.13 1.62

14 5.1 4.9 0.13% 1.40

12 1.5 4.9 0.18 %.36

11 10.8 5.0 0.31 1.78

Before attempting to express the effact of the partial przssure of
Hz, €O and H20 in a kinetic model. some relations proposed in literature
will be discussed.

A preresquisite for the model to be selected is a negative influence
of both the pressure of CO and Hp0 on the conversion rate of synthesis
gas. Keeping this in mind, the ralation proposed by Huff and Satterfield
16 must be rejected. Although this relation does account for the decraase
of the reaction rate at a higher degree of conversion over a fused iron

catalyst, it does not desaribe inhibition at increasing CO pressure:
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a /
PHy PCO BHp/PH,0 (3.1

“TCO+Hy =
l+hb BCO pHZ/pﬂzo
The kinetic relation of Anderson 17 and Dry 38 based on the €O
ingertion theory can also be ruled out hecause this relation assumes that
CQ and HpO compete for the same active sites:
a p
—Yeom, = L N 3.2
1+b PHE_D/pCO
The pressure of CO actually has a positive effeet on the rate in this
relation which is certainly not the case for this catalyst as earlier

shown in Figure 3.6.

Table 3.10
The effect of a decrease of the water vapour pressure en the activity of
RuFe/S5iC3. The water vapour pressure was lowered by the addition of a

water-gas shift catalyst (run 3)

3} -
Exp. PH50 Beo, PH, Pco o Zg,  Activity
no. [bar] [bar) [bar] [barl [%] [%] [mg/kg.cat.=]
26 0.13 L <D.005 5.3 2.5 8.6 13.3 3.19
27 0.0z *? 0,48 6.2 1.8 15,1 18.5  5.43
1 calculated from hydrocarbons produced
2 calculated by means of the water-gas shift equilibrium
3)

based on the converszion to hydrogarbons

Dixzit and Taviarides 19 propozed a medel bazed on kinetic data
obtained on 0.5% Ru/Alz03 at a high deqree of conversicon and pressures up
to 10 kar, at steady state conditions (which are hardly available for

supported rutheniym catalysts):
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2 PCo PH
-rgg = 2 (3.3

(1 + b ppog)?
Thizs model iz based on the assumptiaon that the rate determining step is
the hydrogenation of adsorbed CH, species. This fitg in with the kinetic
data moderately well, because in this medel inhibition by CO is accounted
for. However, the data can be deseribed better with a wmodel that accounts
for the adsorption of HzQ alsp.

Az such model has not been presented in literature for RuFe
catalysts, twe models were developed in this study based on the reaction
network proposed for supported Ruthenium by Kellner and Bell 20, The
latter has been adjusted because also Kellner and Bell do not account for
water inhibitign (see appendix ljeither, In the models developed the
assumption is made that the rate determining step iz the hydrogenation of
adsorbed CHy species. In model I the agsumption iz that surface oxygen
reacts with hydrogen irreversibly in contrast with model II. wherein this
reaction is assumed reversible. The best fit is obtained with model I.
thereby assuming further that

* the rate determining step is the hydregenation of 8oy
* carbon and water saturate the active sites:

This results in the following simplified expreszssion:

'

a peol bmy

-ren = (3.4)
(QCO% + b szo)z

with a is 1.14 and b is 4.3.

The experimental data and the predicted rate of sonversion of CO ara
shown in Figure 3.6 and 3.7, Eqg,.(3.4) shows the strong inhibition of CO
and HyQ. It is ¢lear that the ackivity of RuFe decreases sharply with
decreasing space velocity due to the decrease of the Hy pressure and the
replacement of CO by HzO which supresses the activity even mere than CO,

az demonstrated in Bg.(3.4).
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Fig. 3.7 Comparison of experimental and predicted rate of €O conversion
for RuFe/8i0p (run 3, experiment 3-20). The closed symbols are

the geme experiments as shown In Figure 3.6

3.3.5. Kinetic modal for RBu/SiCs

A zingle run with Ru/Si0z has been carried out to compare the
kinetics over Ru/3i0; and RuFe/810;. A reliable eritical assessment of
models for the kinetics over Ru/3i0p is not posgsible in view of the
limited number of experiments. Howsver, the data can be used to cobtain an
indication of the similarity betwean the kineties of both catalysts.

The experimental data iz well described by Eg.(3.4) which has been
derived for RuFe/8i0z: only the parameters a and b are somewhat different:

14
0.58 py. Doot
—rop = Hp PO (3.%)

(po™ + 10py,072
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It is interesting to note that the rather clogse corregpondence hetwzen
the kinaties for RuFe/Bi0; and Ru/5i0p indigcates that the presence of Ru

dominates the performance of these catalysts.

3.3.6 Product distribution over RuFe/3i0q

This section starts with the description of the product distribution

of a fresh catalyst, folleowed by that of a used catalyst at various
temperatures and pressures and ends with some remarks on the Schulz-Flory
distribution.

During the first hours on stresam. traces of COp were observed but the
CO; productien fell sharply to such low level that it was not measurable
during all other experiments, Thig indicates that the rate of the
water—gas shift reaction iz rather low with respect to the preduction and

removal of water from the reactor.

14 — 0 RuFa/S107

11 @ Ru/510%

{mole, mole)
°
1

C1/C3 RATIO
M oWk o N oDom

\(
|

0 0 40 &0 80
TIME ON STREAM (b

Fig. 3.8 The Cy/C3y mole ratio as a function of time on stream for both

RuFe/5i0y and Ru/5i0; (run 3 and 4, respectively)
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During this initial period the product distribution changes in spite
of the low reactor temperature. Figure 3.8 shows that the C;/C3 ratio
inereages gradually during the ficst 60 hours on stream at 230°C.
indicating that the value of « decreases during this period.

During run 1 and run 2 the temperature wags increased with increasing
time on stream which caused a decrease of the value of « (see Figure 3.9
and 2.1Q), This decline of ¢ ig irreversible. Figure 3.9 shows that when
the temperature iz reduced from 280 to 250°C, o does not significantly
change. After the temperature reduction to 250°C, the value of a versus
time on stream i3 constant also, a= shown in Figure 3.10 (see experiment
number 10 and 13), When, however, the temperature is increased again to a
higher level, the value of o at 250°C is lower than before this rise of
temperature took place (compars no. 13 and 16 in Figure 3.10). This means
that a second tewporary temperature increase may again result in a lower

o. Summarizing, the value of @ decreases irreversibly and slowly at a low
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Fig. 2.9 Summary of the values of « of Rufe/5i0z; for all experiments of

run i, The Llemperaturc is reported or the upper side
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Fig. 3.10 Summary of the values of o« of Rufe/5i0y for all experiments of

run 2. The tempsrature is reported on the upper side

constant Lemperature Lo a steady-state value {as shown for a frezh
catalyst in Figure 3.8). This deecline iz enhanced by a higher temperature.

This knowledge is applied to run 3. The temperature at the beginning
of this run was kept censtant at a relatively high temperature lewvel
{2B0°C) until the steady-state was reached {this steady-state was desired
for kinetie experiments). Figure 3.11 demonstratez that o stayed almost
constant after this "high temperature treatment” during the experiments
4-20. which cover a time period of 700 hours on stream. It is noteworthy
that the behaviour of ¢ vergus time on stream corresponds with that of
the activity. Thus, i1f the value of o is constant or decreases, the
activity keeps constant or decreases as well.

The influence of the pressure on ¢ is shown in Figure 3.11. The mean

value of @« is obviously lewer for low pressure experiments {no. 21-25.4)



—-146=

than for experiments at higher pressure (no. 2-20). Although the value of
@ increases with increasing pressure, it appears that the C3/C3 ratio
hardly dependsg on the pressure as shown in Table 3.11. In fact, the
methane fragtion exceeds the value predicted by the Schulz-Flory
distribution at high pressures {(see Figure 3.12).

In contrast to the C)/C3 ratio, the €1/C; ratio increases with
increasing pressure due to the decrease of the C3 fractien, probably
cauzed by insertien of ethene (see Table 3.11). This ethene ingertion may
thus be responsible for the dip in the Schulz-Flory distribution at

carbon number Z, as clearly shown in Pigure 3.12.

Table 3.21
The influence of the pressure on the product distribution of RuFe/$i0; at

an approximately constant Hz/CO ratio (run 17

Experiment H.C. 8. Hy/CO Pressure (q/01-Cq C1/Co Cy1/Cy

number [hl [mol /mal) [bar] [mel/mol]l Imol/mel] [mal/mol)
25 904 2.9 l.4 73 5 8
21 784 2.4 1.4 73 5 8
22 793 2.4 1.4 74 5 8
& 256 2.2 9.0 76 9 7
3 135 2.3 3.0 79 9 9
11 423 2.1 17.0 79 11 ]

3.3.7 Product distribution gvey Ru/Si0Os and comparisen with RuFe/S8i0;
The outlet gas of the reactoy freshly charged with Ru/8i0; and

running for twe hourz at 250°C and 9 bar, consists almost exclusively of
methane. The C1/C3 ratio decreases sharply with inereasing time on gstream
as shown in Figure 3.11. This is due to the strong decrease of the
methang production rata which is expressed by the activity decrease
(Figure 3.4). However, the methane fraction and the C1/C3 ratio reach a
minimum and start to increase again after approximately 10 hours on

stream. This increase is similar to that of RuFe/Si0;. The inerease of
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the C3/C; ratio flattens after 60 hours on stream. After this point of
time the ¢;/C3 ratio remained practically censtant.

The product distribution for Ru/5i0p has been investigated for
various Hp/CO ratios. Both the methane and the C1/C3 ratio decrease with
increasing Hp/CO ratio, as genmerally reported. More important ig the
remarkable similarity of the methane fraction and the C;/Cy ratio for
RuFe/Si0; and Ru/3i03, as shown in Table 3.12. Thus, the preduct
distributions of bhoth catalysts appear to resemble each other closely.

In accordance with RuFe/8i0s, the Cp fractien for Ru/Si0; alse shows
a considerable dip in the Schulz-Flory distribution as shown in Figure
3.13. The ¢y fraction was gven lower than the C3y fraction for all

axperiments. Assuming that the deviation of the Gz frawtion is caused by
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Fig. 3,11 Summary of the values of « of RuFe/5i0; for all experiments of

run 3. Open symbels: high pressure: filled symbols: low pressure
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the insertion of ethene in the chain growth this indicates that this
secongary reaction of ethene oacurs very rapidly over both catalysts

despite the very low CO conversion and ethene aeoncdentration.
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Fig. 3.12 Schulz-Flory distribution for RUFe/5iC0y (run 3} at & low
pressure (experiment 25.1) and a high pressure (experiment [3).

The reaction conditions are rcported In Table 3.3
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Fig. 3.13 Schulz-Flery distribution for Ru/Si0p (run 4) at a Iow and high

Hz/CO ratio (experiment 5 and & respectively). The reaction

conditions are reported in Table 3.2
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Table 3.12
The elffect of the Hp/CO ratio on the product distribution for both
RuFe/Si05 (rum 3) and Ru/5iQp (run 4) at 250°C

Experiment H.0.8. Hp/CQ Pressure Cy/Cy vatic () fractioen

number [mol/moall [bar] fmel/mol] [mal %)
RuFe Ru RuFe Ru RuFe Ru Ruf'e Ru RuFe Bu

11 - 423 - 2.1 17 - 8.6 - 6.7 -

12 - 447 - 1.5 13 - 8.8 - 76.4 -

14 T 196 307 1.1 10.5 10.6 7.9 7.8 74.8 74.4

16 - 542 - 0.8 9.0 - 6.4 - 70.5 -

17 a8 Ble 370 0.7 8.3 8.5 5.4 6.2 68.0 9.5

15 - 531 345 0.4 6.8 7.0 5.5 4.5 656.5 6.5

3.3.8 Olefin melectivity for RuFe/5i0p

In this section the dependence of the olefin selactivity on the
reaction conditions and the time on stream of RuFa/8i0; is considered.

Aftar some notes on the olefin szelectiviky of 2 fresh catalyst, the
influgnge of the process cenditions on the olefin selectivity will be
discussed. The coursze of the Cp and C3 clefin selectivity as a function
of time on stream for a fresh RuFe/Si0; catalyst (the start of run 2) is
shown in Figure 3.14. The magaitude of the olefin selectivity is
surprisingly low in view of results at low pressure 3, the low conversion
of €O (¢ 10%) and the low temperakture (230°C). The increase of the olefin
selectivity with increazing time on stream is mainly caused by the
decline of CO conversion which is also shown in Figure 3.14, The low
olefin gelectivity after only a few hours on ztream shows that the
hydrogenation of olefing oceurs very rapidly over fresh RuFe/Si0p at a
high pressure (9 bar) and under conditions which are certainly not
differential.



-151=

80 s mee IO
=]
—g = —p ——
70 - o0
@ 3 OLEFIN SEL
50 |
£
o
50 V'
&
¥ 40 | b eTR
i |
0GR BLEFIN SEL. —DmDeD—t
30 — . o-0" wia]
=] a ‘
20 - l
10 4 ..-'-'-"—D
fom=peg—==00"_, +CO CONVERSION
—a, T
o ot — g — I
T T T T T T T T 1
o 10 20 a0 40

TIME ON STREAM ()

Fig. 3.14 The Cy and C3 olefin gelectivity and €O conversion as a
function of time on stream for a fresh RuFe/5iGp catalyst (run
2) The CO conversion shown is based on €O converted in Cj-C3

hydrecarbons, The reaction conditions are reported in Table 3.2

The effect of changing of reaction temperature on the olefin selectivity
hag been investigated for three Ha/CO ratios. At the highest Hp/CO ratio
the olefin selectivity of C3, C3 and C4 apparently decreases with
inareasing temperature as shown in Figure 3,15, At a lowey Hp/CQ ratio,
however, the C3 and C4 olefin selectivity increase with increasing
temperature despite the inerease of both the conversion of CO and the
pressure of olefins. This incresase of the olefin selectivity may be
czaused by a decrease of the formation of paraffins directly from
synthesis gas, A decrease of the secondary hydregenation rate with
respect to the Fischer-Tropsch synthesis rate, which would alse explain
the olafin selectivity increase, iz unlikely in view of the small

temperature dependance of the Fischer-Tropach synthesiz (zee Figure 3.5).
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The effect of the HszO ratig iz shown in Figure 3.15. This figure
demonstrates that the olefin selectivity inereasges when the Hz/CCO ratio
ig lowered. It has to be noted that this increase of the olefin
selectivity can be caused both by the lower Hz/CO ratie as such and hy
the decreased CO conversion level. The effect of the pressure of Hp and
CO on the olefin selectivity will be ghown later,

Az painted out in section 2.11. the olefin selectivity will increase
with increasing carbon nunber whea the value of « igs lower than 0.6. This
ig due to the fact that at « below 0.6 the concentration of hydrocarbons
decreases with increasing carbon nunber, in gpite of a decreasing
volatility. In ageordange with this predigtion, the Cgz olefin selectivity
is indeed always higher than the C3 plefin selectivity (see Figure 3.15%).

The influence of the pressure of both CO and H; has been investigated
by varying the CO pressure at a constant Hp pressure and reverse, in
order to verify the competition medel. presented in section 2.9 for fused

iron, for the vesults of RuFe/5i0. The effect of the CO pressure will

H2/CO =05 Hz/CO =1.0 Hz/CD =2.0
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Fig. 3.15 The olefin selectivity for RuFe/Si0z as & funetion of the

temperature at varieus {p/C0 ratios (run I)
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first be congidered, followed by that of the Hy pressure.

Whén the pressure of Hp is kept constant, the Cz and C3 olefin
selectivity increases with increasing CO pressure as shown in Figure
3.16. This increase of the olefin selectivity correlates with a decline
of the olefin/CO pressure ratio aloneé, as shown by the data reported in
Figure 3.16.

Unfortunately. this correlation is no longer valid when the Hy
pressure is varied over a large range. The decline of the eolefin
selectivity cannot be explained by a change of the olefin/CO pressure
ratio alone as shown in Figure 3.17. Althowugh the olefin/CO pressure
ratio for the first twe data points increases, this ratic deoes not
aignificantly change further in respect of the other data peints whereas
the plefin selectivity continues to decrease. Apparently, the increase of

the Hp pressure promotes the formation of paraffins. It is not clear from
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Fig. 3.16 The C7 and C3 olefin selectivity for RuFe/Si0; as a function of
the CO pressure (run 3), The Hy pressure Is approximately 5.7
bar. The numbers reported are the values of the olefin/C0

pressure ratio
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Fig. 3.17 The ¢z and C3 olefin selectivity for RuFe/5i0; as a function of
the Hp pressure (run 3). The pressure of CO is approximately
5.0 bar. The numbers reported are the values of the elefin/C0

pressure ratio

these expariments whether promotion of the primary formation of paraffing
or enhancement of the secondary hydrogenation of olefing to paraffins is
the main cause of the hydrogen influence. Note that when the secendary
hydrogenation advances by a high Hz pressure this may indicate that the
overall order in hydrogen for this hydrogenation reaction is higher than
that of the Fischer-Tropsch reaction, The influenge of the Hz pressure on
the olefin selectivity implies that the parameter pglefin/Pco has to be
modified to obtain a suitable parameter which correlates all expeviments,
The best fit iz obtained when the data are correlated with the parameter
PolefinPHy/Peol Y. This empirical parameter satisfactory describes the
experimental data of both the C; and ¢y olefin zelectivity in view of the
large range of reaction conditions (1-17 hax. Hp/CQ = 0.4-10) as ghown in

Figure 3.18 and 3,19.



-155-

79 P

80 A

50

30 -

CZ OLEFIN SELEGTIITY (%}
]
1

0

10 A
o T T T T T T T

o 0.001 0.00Z s Ralek} 0.004

pC2HA.pHZ,/pCO™1 4 (bar~0.8)
O Rufe/510% +  Ru/Sioz

80
B5 -

b -]
o] "\ F

k|
75 ‘.\

70

85 4 ‘3\3\[,

¢z SLERN SELECTRATY {X)
]
oo

=]
—— &
55
] T T T T T T T T T T T T 1 T T T T
o 0002 0004 0008 Q.68 0.01 0.012  0.014  0.016 0018
CIHE.pHZ/pCO™1.4 bar~0,8)
o Rul ofslag (0 Ru/g102

Fig. 3.18 and 3.19 The course of the eslefin selectivity as 2 funclion of
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3.5.9 Olefi
In this section the olefin selectivity of Ru/Si0z will be handled.

Firstly., the olefin gselectivity of a fresh catalyst will be disgussed.

Secondly,

lectivity for Ru/Si0»

the steady-state olefin selectivity will be conzidered and

compared with that of RuFe/3i0a.

The =zecondary hydrogenation as well as the Pischer-Tropsch activity
of a fresh Ru/8i0; catalyst is wery high. Thess properties of a fresh
catalyst result in an extremely low olefin selectivity and in a high
conversion of CO shortly after the start of the exposure to synthesis gas

ag shown in Figure 3.20. The elafin seleetivity increases sharply with

increasing time on strz2am whereas the conversion of CO decreaszes

strongly.
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Fig. 3.20

It iz important to note that this increase of the olefin
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The course of the olefin selectivity and CO conversion as a

fuaction of time on stream for a fresh Ru/5i0z catalyst (run

41, The CO conversion is based on OO converied to O;-Cy

hydracacbons
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selectivity is not caused by the lower degree of CO conversion but is due
to a strong decrease of the secondary hydrogenation. This is demontrated
by the results in Table 3.13. It ecan be seen in this table that the
partial pressures of the olefins increase initially and decline slowly
later on, in contrast with the partial pressures of the Cp and Cj
fractions which decrease sharply with increasing time on stream.
Apparently, the decreased hydrogenation of olefins and a reduced
formation of hydrecarbons by the Fischer-Tropseh reaction largely balance

out .,

Table 3.12

The olefin selectivity and the pressure of the €z, (3, CpHg and CpHg
fractions as a function of time on stream for a fresh Ru/5i0; catalyst
{run 4>

Exp. H.0.5. Po,Hy  BC3Hg Py BCy Qlefin selectivity (%)
ne. {h] [mbar] [mbar] [mbar] [mbar] Ca Cy
1.1 2.3 3.80 26.7 228.9 193.3 1.2 13.8
1.2 4.0 6.30 39.0 93.8 105.4 8.7 37.0
1.3 5.8 5.52 40.6 48.6 72.1 11.4 56.3
1.4 13.86 4.90 28.3 21.6 7.5 22.7 75.7
1.5 14.3 5.18 29.3 22.1 8.6 23.4 75.8
1.6 39.4 3.23 13.6 1.3 17.5 28.7 77.8
1.7 8z2.1 2.04 1.8 8.5 10.1 3l.6 75.6

Another indication for the strong initial secondary hydrogenation is
the C»/C3 mole ratic. The relatively high C; fractien which forms
initially, as compared to the Cy fraction indicates that the insertion of
ethene does not occur due ko the much more rapid hydrogenation to ethane.
When the hydrogenatien rate of ethene and other olefins (naturally alse
the Fischer~Tropsch activity) deersaszes with increasing time on stream,
the insertion of ethene does oceour, resulting in a decrease of the Cp

fraction with respect to the fraction of C3.
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The C3 and C3 olefin selectivity do not rise beyend 32 and 78%
regspadtively after 40 hours on stream, The CO conversion declines te
approximately 3% at the zame time. These low values of the olafin
selectivity at such a low conversion level means that the rate of the
secondary hydroegenation of olefins over Ru/3i07 stays high with respect
te the rate of the Fischer-Tropsch reaction,

The olefin selectivity of Ru/8i0; has been investigated at various
reaction conditions after the steady-state activity waz attained. The
experimental data can be gorrglated with the same parameter as used for
RuFe/3i03. Although it is not possible to conclude thab this parameter is
the optimum one to describe the dependence of the olefin selectivity on
the reaction conditions. it fits the data points satisfactorily and gives
an indication of the order of magnitude. Basides, the olefin selectivity
can be compared in thig way with the data obtained for RuFe/Si0O;. The
Figures 3.18 and 3.13 clearly demonstrate that the Cp and C3 olefin
selectivity for Ru/Si0p hardly differ from that of RuFe/SiOp. Thus, net
only activity and product distribution but alse the magnitude of the
olefin selectivity of RuFe/8i0s and Ru/Si0; are zimilar,

3.3.10 Comparjson of the olefin selectivity over RuFe/8i0- and fused iron

In contrast with the azmall difference between the olefin seleativity
of RuFe/5:i07 and Ru/3i0s, the degree of secondary hydrogenation of
olefins between RuFe/8i0; and potassium promoted fused iron differ
enormously. The C3 olefin selectivity for both catalysts az a function of
the optimum parameter for RuFe/S5i0s iz chown in Figure 3.21. As pointed
out in Chapter 2 the pglefin/Pcg retie is the right parameter to describe
the effect of the reaction conditions on the olefin selectivity for fused
iron. Nevertheless for the purpose of mervely giving an idea of the
difference between the olefin selectivity of these two typas of
catalysts, the parameter PC3H5PH2/PC01'4 can he used also for fused iron
if the pressures of Hy and CO do not vary mueh. Obvicusly. the decling of
the olefin selectivity iz very severe for RuFe/S5i0;, with respect to the
hardly ngticable decrease of the {3 clefin selectivity for fused iren
over the range shewn in Figure 3.21. The olefin selectivity of other
hydrocarbon fractions demonstrates a similar pattern. A survey of the Cp

olefin selectivity for both catalysts at various reaction conditions is
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Fig, 3.21 Comparisen of the C3 elefin zelectivity between Rufe/S5i0s and

potassium promoted fused iren at 250°¢

presented in Table 3.14. This data c¢learly shows that the €7 olefin
selectivity for RuFe/Si0; is always lower than that of fused iron even at
2 low pressure and a low dagree of CO conversion. The differences are
extremely large at high pressure; particularly regarding the mole
fraction of sthene with respest to the €1-Cz mele fraction (last column
of Table 3.14). The final econ¢lusion therefore is that the vield of
olefinzs over RuFe/3i0s is much lower than that over potazsium promoted
fuzed iron because of a higher hydrogenation rate ag wsll as a lagrger

incorporation.



