\% The Effect of Source of Potassium and Basic Oxide Promoter

The objective of this task is to determine effects of two different sources of potassium
and addition of another promoter on performance of catalysts B land C. In our standard
catalyst preparation procedure silicon oxide is introduced by addition of a dilute potassium
silicate (KZSiOa) solution to the iron/coppe£ precipitate. This procedure introduces potassium
in the excess of the desired amount. Potassiurn is completely removed by washtng of the
precipitate. Addition of the desired amount of potassium promoter is accomplished via
"incipient wetness" method, using KHCO, dissolved in watec. An obvious alternative to the

~above procedure is to utilize potassium from K,SiO; as the source of potassium, i.e.
discontinue with washing when the residual amount of potassium equals thé desired amount
of promoter. Catalysts B and C were synth’esized nsing potassium silicate as the source of
the potassium promoter and performance of these catalysts was compared with those

4

synthesized using our usual procedure (Sectlon IV-2)

In many of the older German oreparation procedures basic'oxides such as: MnO,
MgO and CaO were .used as promoters (Anderson, 1956). In pafticular, calcium oxide was
used as a standard promoter in Ruhrchemie catalysts, and Kélbel stated that CaO increases
catalyst activity and possibly causes the increase in molecular: weight of the pfoduct
(Anderson, 1956; p.133). The effect of CaO promotion on .the performance of. catalysts.B
and C (two levels of promotion per catalyst) was investigated in this task. Synthesized _
cata.lysts were characterized (Sectton IV-1) and tested first in a fixed bed reactor and the two

most promising catalyst formulations were tested in the STSR (Section IV-2).

V-1 Catalyst Characterization Studies
Six new catalysts (four containing Ca0 as a promoter, and two using potassium
silicate solution as the source of potassium promoter) were synthesized. The synthesized

‘catalyst were characterized by atomic absorption spectroscopy (AAS), BET surface area
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(SA) and pore size distribution (PSD) measurements, and reduction behavior under
temperature programmed an;l isothermal conditions.
Elemental Analysis

The CaO containing catalysts were prepared by impregnation of Fe-Cu-SiO,
precursor from batch-3. For catalyst C series (100 Fe/3 Cw/4 K/x Ca/16 SiO,) the copper
(2.9-3.2 pbw of Cu per 100 pbw of Fe), and calcium (2.2 and 6.3 pbw of Ca per 100 pbw of
-Fe) cc’mtents are close to the nominal amounts (Table V-1.1). Their potassiﬁm (4.6-4.8 pbw
of K per 100 pbw of Fe) and silica (17-22 pbw of SiO, per 100 pbw of Fe) contents are
slightly higher thah the norﬁinal compositions. Similarly, for catalyst B series (100 Fe/5
Cu/6 K/x Ca/24 Si0O,) the copper, potassium and calcium contents are close to the nominal
values but the silica content is higher than the corresponding nominal afnount (24 pbw of
SiO, per 100 pbw of Fe). _

| Catalysts C (S3416-4-K) and B (85624-5-K) were prepared from Fe-Cu-SiO,

precursors from batch-4 and batch-5, respectively, using potassium silicate as the source of
‘both potassmm and SlllCOﬂ oxide promoters. The excess po;assmm was removed by washing
of the Fe -Cu-Si0, precursors (Appendix 1). Both potassium and silicon oxide contents of
these two catalysts were h1gher than the corresponding nominal amounts.
B_EI_SJ.uiac.e_Ama_and_RQmAmlum&

Surface areas obtamed from single-point method are similar to those obtained from

the BET plot (multlple pomt) method (Table V-1.1). Catalysts containing 6 pbw of Ca per

100 pbw of Fe (S3416-3+6 Ca and S5624-3+6 Ca) have surface areas of 73-105 m2/g, and
those contéining 2 pbw of Ca per 100 pbw of Fe (S3416-3+2 Ca and S5624-3+2 Ca) have
surface areas betweep 190 and 221 m?/g, whereas the surface area of the corresponding
catalysts without CaO\ is about 290 m?/g. The pore volume of the catalysts with 6 parts of Ca
per 100 parts of Fe is 0.26-0.30 cm’/g, whereas the baseline catalysts B and C have pore

volumes between 0.43 and 0.51 cm®/g. These results show that the addition of calcium
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decreases the surface area and pore volume of the baseline catalysts and thaty this effect is
more pronounced at a higher level of CaO promotion.

Catalysts C (83416-4-K) and B (S5624-5-K) prepared from Fe-Cu-SiO, precursors
from batch-4 and batch-5, respectively, using potassium silicate as the source of both
potassium and silicon oidde promoters, have similar surface areas and pore volumes as the
baseline catalysts C and B prepared by impregnation of Fe-Cu-SiO, precursors with
potassium bicarbonate. |
Pore Size Distributi

Figures V-1.1(a) and V-i.l(b) show the effe'ct of potassium source on the pore size
distribution (PSD) of catalyst C (batch-4) and catalyst B (batch-5). Pore size distributions of
the catalysts originating from the sa;ne Fe-Cu-SiO, precursor are similar. |

Figure V-1.2 shows the effect of calcium addition on the pore size distribution of
catalysts C and B. It is found that the addition of calcium oxide promoter results in a shift
towards larger pores. These results again suggest that the calcium oxide plays significant
role in controlhng the catalyst structure and texture. |
R l ion B l i

o The ,effect of calcium addition on the reduction behavi_qr of catalyst C (batch-3) is
shdwn in Figure V-1.3(a). ‘The catalyst has two dominant peaks at about 306 and 530°C
cor‘responding‘t.o the reduction of Fe,O; to Fe,0, (first stage) ahd Fe,O,to Fe (second stage),
respectively. With the addition of CaO, both reduction peaks shifted to higher temperatures.
The fi‘rs_t‘ reductioi_l peak is located at about 321°C and the second peak is located at 609°C for
the catalyst with 6 pbw of Ca per 100 pbw of Fe. These results indicate that the addition of
calcium retards the onset of iron reductlon for both stages of the reduction, and causes the

‘broadenmg of both reductmn peaks.
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Similarly, with catalyst B (batch-3) the reduction peaks are located at about 300°C
and 580°C (Figure V-1.3b) corresponding to the first and the second stage of reduction,
respectively. In the case of the CaO containing catalyst (S5624-3+6 Ca) the peak positions
are shifted to higher temperatures (at 332°C and 650°C). These results suggest that the
addition of calcium retards the reduction of iron oxi&e.

Isothermal reduction experiments were conducted in thermal gravimetric (TGA) unit
with pure hYergen as reductant at 280°C for 8 hours. The final degree of reduction values
of catalysts C and B, without CaO promoter, were significantly higher (83 and 79%) than the
corresponding values obtained with catalysts containing 6 pbw of Ca per 100 pbw of Fe (68
and 49%). These results confirm that the addition of CaO inhibits reduction of iron in
baseline catalysts C and B. In the temperature‘programmed mode of reduction, the final
degree of reduction (at 800°C) values were between 88 and 96% for all four catalysts (Table
V-1.2).

Used cataiyst saxhples from studies on thé effect 6f source of potassium pfomoter and
addition of CaO promoter in ﬁxed bed and slurry reactors were analyzed by XRD and MES
and results are summarized in Table V-1.3. |

‘Used catalysts B and C, without CaO promoter, frofn fixed bed reactor tests contained
only g‘-Fez_zc (sﬁmples from both top and bottorﬁ portions of the reaétor). In two tests with
catalysts containing,6 pbw of Ca pér 100 pbw of Fe (FA-1705 and FB-1515) magnetite and
g'-carbide were identified by both XRD and MES analysis. Activity of the catalysts

containing 6 pbw of Ca per 100 pbw of Fe was markedly lower than that of the baseline
/

catalysts B and C (Section V-2.1).
In slurry reactor tests SB-3155 (100 Fe/3 Cu/4 K/2 Ca/16 SiO, catalyst) and SA-2405

(100 Fe/5 Cw/6 K/2 Ca/24 SiO, catalyst) both magnetite and €'-carbide were identified by
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XRD, whereas MES analysis of samples from run SA-2405 at 693 h reveals the presence of

g'-carbide (39%), small amount of x-Fe;C, (3%), and significant amount of an iron phase

exhibiting superparamagnetic behavior (58% Spm). At least a portion of the latter phase is
magnetite (small crystéllites less than about 10 nm in diameter). Bulk iron composition of
the sample which was exposed to air (EOR) in run SA-2405 is very similar to that of the

sample withdrawn from the reactor at 693 hours without exposure to air.



V-2 Reaction Studies

Eight fixed bed reactor tests were conducted; two with baseline catalysts B and C;
two with catalysts B and C prepared using potassium silicate as the source of potassium
promoter, and four with catalysts containing CaO promoter. On the basis of results from
fixed bed reactor tests, three catalysts were selected for testing in slurry reactors. Two of
these tests were made with catalysts containing CaO promoter (runs SA-2405 and SB-3115)
and one with thé‘ catalyst B prepared u.sing potassium silicate as the source of potassium
promoter (SA-3155). Nominal catalyst compositions, test and catalyst codes, as well as the
general purpose of each of tﬁese tests are given in Table V-2.1.
V-2.1 - Fixed Bed Reactor Tests of Modified Catalysts B and C

Four of the synthesized catalysts containing CaO promoter, and two' catalysts
prepared using potaésium silicate as the source of potassium promoter were tested in a fixed
bed reactor to determine their abtivity and sélectivity duﬁng Fischer-Tropsch Vsynthesis.
About 3 g of the catalyst (30 to 60 mesh particle size) diluted 1:7 (reactor B) or 1:9 (reactor

-A) by volume with glass beads (the same size as the catalyst) was used in fixed bed reactbr
tests. Priqr to F-T synthesis the catalysts were reduced in-situ with hydrogen at atmospheric
préssure, 7500 cm’*/min and eithgr 240°Cfor2 h (catalysts‘containing 16 parts of SiO, per
100 parts of Fe on a mass basis), or 250°C for 4 h (catalysts 6ontaining 24 parts of SiQ, per-
100 parts,of Fe on a mass basis). After the conditioning period of about 24 h, during which

the reaction temperature was gradually increased from 210 to 250°C, all catalysts were tested
at : 250°C, 1.48 MPa (200 psig), 2 Nl/g-cat/h using syngas with H, to CO molar feed ratio of
about 0.67. Test duration was 120 - 140 h including the conditioning period.

Performance of catalysts having 16 parts by weight (pbw) of SiO, per 100 pbw of Fe
and containing either CaO promoter (runs FA-1525 and FB-1515), or being prepared using
K,Si0, as the source of potassium (FB-1895) is compared with that of the baseline catalyst

(catalyst C from batch 4; run FA-1605) in Figurés V-2.1 and V-2.2. The syngas conversions

V-12



Table V-2.1 Fixed Bed and Stirred Tank Slurry Reactor Tests of Catalysts under Task 5

Test Code Catalyst Composition / Test purpose
Catalyst Code
FA-1605 100 Fe/3 Cu/4 K/16 SiO, Baseline catalyst
$3416-4 |
FB-1895 100 Fe/3 Cw/4 K/16 Si(.)2 Effect of potassium source
$3416-4-K Fixed bed test
FA-1525 100 Fe/3 Cu/d K/2 Call6 Si0, Effect of CaO promoter
$3416-3-2Ca | Fixed bed test
 FB-1515 100 Fe/3 Cw/4 K/6 Ca/16 SiO,- Effect of CaO promoter
§3416-3-6Ca | Fixed bed test
FB-1715 100 Fe/5 Cu/6 K/24 Si0, Baseline catalyst
$56243 Fixed bed test
FB-1795 100 Fe/5 Cu/6 K724 Si0, Effect of potassium source
| ss624-5-k | Fixed bed test
TB-1425 1100 Fef5 Cal KIZ Cal2A 510, | Effect of CaO promotet
$5624-3-2Ca Fixed bed test
[FATI05 T00 Fel5 Cu/6 KI§ Cal24 510, | Effect of CaO promoter
§$5624-3-6Ca » Fixed bed test
SB3113 0 FA A KITCAI6SI0, | Effect of CaO promoter
$3416-3-2Ca Slurry reactor test
| SA-2405 T00 Fe/5 Cu/6 K2 Ca/24 Si0, Effect of CaO promotér
\85624-3-2Ca Slurry reactor test
SA3115 T00 /5 Cwl6 KI24 510, Effoct of CaO promoter
1 85624-5-K Slurry reactor test -
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decreased with increase in CaO promotion. The activity of the catalyst with lower amount of
CaO promoter (run FA-1525 with the 100 Fe/3 Cu/4 K/2 Ca/16 SiO, catalyst) was similar to
that of the baseline cétalyst (run FA-1605), whereas the activity (syngas conversion) of the
catalyst» containing 6 pbw of Ca per 100 pbw of Fe (FB- 1‘515) was markedly lower (Figure
V-2.1a). This may be due to significantly lower su&ace area of the latter catalyst in
comparison to the other catalysts (Table V-1.1). The syngas conversion in run FB-1895 |
(Catalyst C prepared using K,SiO, as the source of potassium) was about 80 %. By
comparison, the baseline catalyst C synthesized using KHCO, as the source of potassium
(FA-1605) was less active (syngas conversion of about 72 %). Usage ratios in all four tests
were sifnilar (about 0.6), indicating similar water-gas-shift activities (Figure V-2.1b).

Methane (Figure V-2.2a) and gaseous (C, - C,) hydrocarbon selectivities (Figure V-
ﬁ.2b) were slightly higher on the CaO promoted catalysts, than on the baseline catalyst.
Methane’selectivity in run FB-1895 was between 6 and 7 mol%, and gaseous (C, - C_4)
hydrocarbon selectivity was between 20 and 22 mol%. The baseline catalyst C had lower
methane selectivity (5.1 - 5.9 mol%), and its (C,-C)) ‘hydrocérbon sel¢cﬁvity (21-24 mol%)
was sﬁghﬂy higher than that obtained in run F.B-1895. |

Performance_: bf catalysts havihg 24 pbw of SiO, per 100 pbw of Fe aﬁd containing -
either CaO promoter. (runs FB-1425 and FA-1705), or being prepared using 'KzsiO3 as the
source of potassium (FA-1795) is compared with that of the baseline catélyst (catalyst B
from batch 3; run FB-1715) in Figures V-2.3 and V-2.4. As in the case of tests with catalysts ‘
containing “16.parts‘ by weight (pbw) of SiO, pér 100 pbw of Fe, the syngés conversions
dgcfeased with increase in CaO promotion. The activity of the catalyst with lower amount of
CaO promoter (run FB-1425 with the 100 Fe/5 Cu/5 K/2 Ca/24 Si0, catalyst), and of the
catalyst B prepared uéing K, SiO, as the source of potassium (FA-1795) was similar to that of
the baseline catalyst B from batch 3 (FB-1715),.whereas the activity (syngas conversion) of
the ‘100 Fe/5 Cu/6 K/6 Ca/24 SiO, ca‘talyst (run FA-'1705) was mafkedly lowér (Fig. V-2.3a).

This may be due to significantly lower surface area of the latter catalyst in comparison to the
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 Figure V-2.2 - Effect of source of potassium and CaO promoter on (a) methane selectivity and
(b (C, -C,) hydrocarbon selectivity in fixed bed reactor tests with catalysts
containing 16 parts of SiO, per 100 parts of Fe. |
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other catalysts (Table V-1.1). Usage ratids (Figure V-2.3b) in run FA-1705 were higher than

in the other three tests, indicating lower WGS _activity. |
Methane (Figure V-2.4a) and gaseous (C, - C,) hydrocarbon selectivities (Figure V-

2.4b) on the CaO promoted catalysts and on the catalyst B prepared using K,SiO, as the

source of potassium, were slightly higher than those obtained with the baseline catalyst B.

V-2, 2 Continuous Stirred Tank Reactor Tests of Modified Catalysts B and C

Two catalysts con@ning 2 pbw of Ca per 100 pbw of Fe (100 Fe/3 Cu/2 Ca/4 K/16
.Si02 and 100 Fe/5 Cu/5 K/2 Ca/24 Si0,) were evaluated in a STSR, to determine the impact
of CaO promotion on the long term cgitalyst stability (deactivation). The effect of potassium
source on the catalyst pérformance was also studied in slurry phase reactor test, run SB-3155
with 100 Fe/5 Cu/ 6 K/24 SiOV2 catalyst. For these three tests about 9.5 g of the catalyst was |
loaded into a slurry reactor with Durasyn 164 oil as a start-up liquid to form 3.3 wt% slurry.
Catalysts were reduced with hydrogen, at 0.8 MPa, 7500 cm*min, and 250°C for 4h
-(catalysts containing 24 parts of Sibi’ per 100 parts of Fe on a mass basis) or 240°C for2h
(catalysts containing 16 parts of SiO, per 100 parts of Fe). |
V-2.2.1  Effect of Ca0 Promotion on Performance of Catalyst C

Changes iﬁ synth_e'sis gas conversion and apparent reaction rate constant with time
on stream in tests of the 100 Fe/3 Cu/2 Ca/d K/16 Si0, catalyst (ruxi SB-3115) énd the |
baseline catalyst C from preparation batch-4 (run SA-1665) are _shown‘ in Figur_e V-2.5. The |
Fe-Cu-SiO, precursors for these two catalysts were from two different batcﬁes. The Ca0
containing catalyst was prepared by impregnation of Fe-Cu-SiO, precﬁrsor from batch-3 ﬁrsf
with calcium acétate followed by impregnation with potassium bicarbonate. However, since
the test results from different batches of baseline catalyst C were reproducible (Section [V-2),
data from run SA-1665 .c’an be used to evaluate the effect of CaO promotion. Run SA-1665

lasted about 500 h, but only the data from first 400 h are shown here.
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Figure V-2.5  Effect of CaO promoter on (a) synthesis gas conversion and (b) apparent

reaction rate constant in STSR tests with catalysts containing 16 parts of SiO,
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Figure V-2.5 shows that the CaO containing catalysf tested in run SB-3115 had
lower activity, i.e. lower syngas conversion and the apparent reaction rate constant, than the
catalyst C in run SA-1665. The CaO containing catalyst started to deactivate around 220 h
on stream, whereas the cataiyst C in run SA-1665 was fairly stable during 400 h of testing.

Also, the CaO containing catalyst had higher methane (Figure V-2.6a) and C,-C,

- (Figure V-2.6b) hydrocarbon selectivities during testing at 1.48 MPa. After the pressure was
increased to 2.17 MPa (while proportionally increasing the gas space velocity to 2.0 Nl/g-
cat/h) in run SB-3115, the methane and gaseous hydrocarbons selectivities started to decrease
(170 - 220 h), and then remained stable (220 - 350 h). The hydrocarbon selectivity of the
CaO containing catalySt depends on the reaction pressure (at constant P/SV ratio),.‘whereas
gaseous hydrocarbon éelectivity was independent of pressure in run SA-1665 with catalyst C.

Olefin and 2-olefin selectivities for runs SA-1665 and SB-3115 are shown in Figure
V-2.7. The addition of CaQ promoter .resulted in a decrease of the total olefin content and in
increase of the 2-olefin content, at the reaction pressure of 1.48 MPa. After the pressure was
increased ffom 1.48 MPa to 2.17 MPa in run SB-3115, the total olefin cohtent incréased and \
2-olefin content decreased, and olefin seleétivities became similar to those obtained in run
SA-1665 with the baseline catalyst C. | o |
Hydrocait i Carbon Number Product Distributi
L iped By deocatbon distrbition, Acivity paraiests and product yields obtatned
runs SA-1665 and SB-3115 are shown in Table V-2.2.I The CaO promoted catalyst producéd
more lower‘n‘lolecular products than the baseline catalyst C. For example at ’the reaption

" pressure of 1.48 MPa the _gasdline‘.t"racti’on (C sCy, hydrocatbons)‘in run SB-3115 was ébouf
38% of total hydrocarbons, whereas in run SA-1665 1t was 12% only. Upon increasing the

reaction pressure to 2.17 MPa in run SB-3115 the fractions of gaseous hydrocarbons and

gasoline fraction (C,-C,, hydrocarbbns) decreased, and the fraction of higher molecular .

weight hydrocarbons (C ,+) increased.
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Carbon number distribution at 121 h on stream in run SB-3115 Was fitted with a three

parameter model of Huff and Satterfield, and the estimated values of parameters were as

follows: a, =0.71; o, =0.90 , and B = 0.90.

V-2.2.2

Activity comparisons between the baseline catalyst B from batch-3 (SB-1295),
modified catalyst B containing CaO promoter (precursor from batch-3; run SA-2405) and
catalyét B prepared using potassium silicate as the source of potassium promoter (precursor
from batch-5; run SA-3155) are made in Figuré V-2.8a (in terms of syngas conversions) and
~ Figure V-2.8b (in terms of the apparent reaction rate constant). During the first 120 h on
stream, the catalyst B was slightly more active than the CaO containing catalyst (higher
apparent rate constant), whereas after that the latter catalyst had higher activity. This is
primarily due to the fact that the CaO containing catalyst (SA-2405) mlaintained its activity
better than the catalyst B (SB-1295). The CaO containing catalyst ‘deactivated slowly during
teéting at 2.17 MPa (240-400 hours on stream). The catalyst B prepared using K,SiO, as
potassiurﬁ soufce was less active than the baseline catalyst B. The syngas conversions and
apparent reaction rate constant in run SA-3155 were lower than those obtained in run SB-
1295, whereas the H,/CO usage ratio was higher indicating lower WGS reaction activity
(Table V-2.3). | | | .
| -During tesﬁng at 1.48 MPa (200 psig) the baseline catalyst B had either similar
(first 30—40 h on stream) or lower methane (Figure V-2.9a), and C,C, (Figure V-2.9b)
hydrocarbon seleétivitie_s than the CaO containingb catalyst. However, when the preésure was
increased to 2.17 MPa v(at 237 h on stream) in run SA-2405, methane and gaseous
hydrocarbon selectiVities started to decrease and at 300 h were similar to those _oi)tained in-
test SB-1295 (here the system pressure is still 1.48 MPa). The data show that hydrocarbon
selectivities of the CaO containing catalyst are dependent upon the reaction pressure, and this
was also observed in run SB-3115 with the 100 Fe/3 Cu/2 Ca/4 K/16 SiO2 catalyst. During

the first 100 h on stream, methane and gaseous hydrocarbon selectivities in run SA-3155 (K
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from K,SiO;) were significantly lower than in run SB-1295, but ‘these differences in
selectivity diminished with time and gaseous hydrocarbon selectivities in the two tests were
similar after 140 h (Figure V-2.9). Gaseous hydrocarbon selectivities in run SA-3155 were
not affected by reaction pressure (i.e. they were nearly the same during operation at 1.48
MPa and 2.17 MPa).

Olefin and 2-olefin selectivities obtained in runs SB-1295, SA-2405 and SA-3155
afe shown in Figure V-2.10. As can be seen from this Figuie, thé addition of CaO promoter
resulted in a decrease of the totai olefin content and in an increase of the 2-olefin content
during operation at reaction pressure of 1.48 MPa. The total olefin and 2-olefin contents in
run SA-2405 during operation at 2.17 MPa were very similar to those in run SB-1295 at 1.48
‘MPa. The same type of behavior was also observed in run SB-3115 with the 100 Fe/3 Cw2
Ca/4 K/16 SiO, catalysL Olefin selectwmes in run SA-3155 with catalyst B (K from K, SiO,)
were essentially the same as those obtamed in run SB-1295 with the baseline catalyst B (K _
from KHCO,).

s! ‘r n nNm r Pr D1 (ri ns

A typlcal carbon number d1str1but10n obtamed in tests SB-1295 and SA-3155 with
catalyst Bi 1s shown in Figure IV-2.1 1. Positive deylagons ‘from ASF distribution are noted in
- run S8B-1295 for C ;- C,, carbon number range; kb'i:tAwer'e virtu@llj_absent in run SA—3155'.

Experimental data from both tests were fitted with a three parameter model of Huff and
Satterfield, and the estimated values of parameters were as follows: o, =0.68; o, = 0.91; and
B =0.74.

Lumped hydrocarbon distribution, activity parameters and product yields obtained
in runs SB-1295, SA-2405 and SA-3155 are shown in Table V-2.3. The catalyst activity,
productivity, and hydrocarbon selectivities in run SA-2405 with the 100 Fe/S Cu/5 K/2 Ca/24

SiO, catalyst at 2.17 MPa (300 psig) were very good. The highes‘t oxygenates yield was
obtained in run SA-3155 (8-9 g/Nm’ (H,+CO) converted).
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Four catalysts containing CaO promoter with nominal compositions 100 Fe/3 Cuw/4
K/x Ca/16 SiO, and 100 Fe/5 Cw/5 K/x Ca/24 Si0,, where x = 2 or 6, were synthesized and
tested in fixed bed reactors.‘ The major findings from these tests are that the addition of small
amounts of CaO promoter (x = 2) results in the catalyst performance (activity and gaseous
hydrocarbon selectivity) similar to that of the baseline catalysts B and C, whereas the
addition of a larger amount of CaO (x = 6) results in markedly lower catalyst activity in .
comparison to the baseline catalysts. Selectivity of the two catalysts with x = 6, is similar to
that of the corresponding baseline catalysts. On the basis of these results it was decided to |
evaluate two catalysts with x =2 in stirred tank slurry reactors.
The 100 Fe/5 Cu/5 K/2 Ca/24 SiO, catalyst was tested in run SA-2405, and its
' perfonnance was compared to that of the’basellne ca'talyst B in run SB-1295, whereas results
| from run SB 3115 with the 100 Fe/3 Cw4 K/2 Ca/l6 SiO, catalyst were compared with
results obtamed w1th the catalyst Cin run SA-1665 General trends in tests with the CaO
contammg catalysts showed some smulantres, as well as differences. For example activity of
the 100 Fe/5 Cu/S K/2 Ca/24 StO2 catalyst (run SA-2405) was nearly the same as that of the |
baseline catalyst B (run SB 1295) but 1ts stabrhty with time (deacttvauon rate) was better,
whereas the 100 Fe/3 Cu/4 K2 Ca/l6 StO2 catalyst (run SB 3115) was less active (about
15%) than the basehne cata.lyst C (run SA-1665) and 1ts deacuvatron rate was hlgher At
' 'reactton pressure of 148 MPa, selectxvrty of gaseous hydrocarbons on CaO contalmng_
_‘catalysts was hlgher than that of the correspondmg basehne catalysts However, at reaction
| pressure of 2.17 MPa the gaseous hydrocarbon selectivity decreased on the CaO contamtng
catalysts and was nearly the same as that of the baselme catalysts at 1.48 MPa It appears
that the selectrvrty of the Ca0 promoted catalysts 1mproves at hlgher reactron pressures
§ whereas the selectrvrty of the catalyst Cis essenually mdependent of reactton pressure (at a
‘ constant P/SV ratro to matntam a constant value of the gas residence time at different

e pressurcs) The addltron of CaO promoter did not result in 1mproved performance ot the p
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baseline catalysts but the CaO promoted catalysts may be suitable for operation at higher
reaction pressures. Finally, it is possible that the performance of CaO promoted catalysts
may be improved with the use of different pretreatment procedures, but this has not been
investigated in the present study.

Some differences in catalyst performance were observed in fixed bed tests of catalysts
B (runs FA-1725 and FB-1715) and C (runs FA-1605 and FB-1985) prepared by different
methods. In both cases, the activity and methane selectivity of catalysts prepared using
potassium silicate as the source of potassium .prom_oter were higher than those of the
corresponding baseline catalysts prepared by incipient wetness imp‘regnation using KHC()‘3
as the source of potassium promoter. On the other hand, in two slurry reactor tests of catalyst
B (SB-1295 - K from KHCO,, and SA-3155 - K from K,Si0,) it was found that the activity.
of the catalyst prepared from K, SiO, is about 15 % lower than that of the catalyst prepared by
KHCO, impregnation, whe_reas gaseous hydrocarbon selectivities were similar after about

140 h on stream.

On the basis of these results we conclude that the baseline procedure utilizing
impregnation of Fe-Cu-SiO, -precursor with the aqueoos solution of KHCO, is the preferred
method of catalyst preparation. The second procedure, which avoids the impregnatioh step,

provides satisfactory results, and may be used as an alternative.
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