analytical techniques and,or by differences in the way the selectivities were reported (relative

quantiti=s vs. concentrations in the product stream).

V.2.1.4. Summary

Promotion of iron with potassium in the range 0.2 - 1 wt%, increases activity of the Fischer-
Tropsch and water-gas-shift reactions, and the average molecular weight of hydrocarbon and
other organic (primarily alcohols) products. It also causes suppression of olefin hydrogenation
and isomerization reactions. Potassium promotion inhibits iron reduction and as a result the
potassium promoted catalysts require longer time to achieve the steady state activity.

Promotion of iron with copper (100 Fe;/3 Cu) also increases rates of FT and WGS reac-
tions. Copper is a more effective promoter than potassium in increasing the rate of FT, whereas
the opposite applies to the WGS activity. Also, promotion with copper facilitates reduction of
iron and thus decreases time required to achieve the steady state activity. in the presence of
copper, the hydrocarbon product distribution shifts toward higher molecular weight products,
but the magnitude of changes is significantly smaller than that observed with potassium pro-
motion. Copper promotion enhances slightly the secondary reactions (olefin hydrogenation and
isomeriza® : =).

The FT activity of the two doubly promoted catalysts (100 Fe/3 Cu/0.2 K 2nd 100 Fe/3
Cu/0.5 K) was independent of their potassium content and higher than that of any of the
singly promoted cataljsts. In tests over a long period of time (up to 460 hours on stream) the
catalyst with higher potassium content lost about 9% of its maximum activity, whereas the
100 Fe/3 Cu’/0.2 K catalyst lost only 2%. The WGS activity of the doubly promoted catalysts
was similar to that of the Fe/K catalysts. Selectivity behavior of the doubly promoted catalyst
was strongly influenced by their potassium content. The catalyst containing 0.2 wt% K hac
selectivities (hydrocarbon product distribution, olefin content) similar to that obtained with the
100 Fe;3 Cu catalyst, whereas the 100 Fe,/3 Cu/0.5 K catalyst had selectivities similar to that
obtained with the 100 Fe /0.5 K catalyst. This shows that, in the presence of copper, higher
potassium loadings are needed to achieve promotional effects on product selectivity.

V.2.2. Fixed bed Reactor Tests of Catalysts Activated with Carbon Monoxide

These tests were conducted during the early period of this contract before the two zone
temperature contr.l was employed, and consequently significant axial temperature gradients
were often observed. Also. the catalysts deactivated with time on stream. Only selected results,

obtained in the absence of large temperature gradients and during early periods of tests. will
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be discussed.

Eigiit precipitated catalysts were tested to study the effect of copper and potassium promo-
tion on catalyst activity and selectivity in fixed bed reactors. The catalysts were caicined before
use, with air at 300°C and ambient pressure for 5 h. They were ground to 30/60 mesh, and
diluted 1:7 with glass beads of the same mesh size range before loading the reactor. Reduction
of the catalysts was performed using pure CO at 4-4.5 Ni/ g-Fe.h, 280°C, and ambient pressure
for 8h. The process conditions employed during these tests are listed in Table V.2-3.

The effect of potassium promotion at 235°C, 1.48 MPa (200 psig). 2 NI g-cat.h and
H,/CO=1 for catalysts containing either 1 or 3 parts of Cu per 100 parts of Fe are shown
in Table V.2-4 and Figures V.2-12 and V.2-13. As shown in Table V.2-4, FT activity (i.e.,
(H,~CO) conversion) increased initially with potassium addition, and then decreased for the
100Fe/1Cu /xK (x=0.0.2 and 0.8) catalyst, whereas an increase in activity was observed with
the 100Fe,3Cu/xK (x=0.2 or 0.5) catalyst. However these trends might have been affected
by non-uniformities in temperature and/or pressure in these tests. The WG5S activity of all

catalysts, measured by extent of the WGS, increased with potassium loading.

The effect of potassium on hydrocarbon and olefin selectivities for the catalysts containing
1 and 3 parts of Cu per 100 parts of Fe is shown in Figures V.2-12 and V.2-13, respectively. The
trends with potassium loading are qualitatively the same irrespective of the copper content of
the catalyst, i.e., the production of methane and gaseous hydrocarbons decreases, whereas the
olefin selectivity increases with addition of potassium. Similar trends were observed at other

process conditions.

in summary, promotional effects of potassium observed with the CO activated catalysts are
similar to those found in tests with the Ho reduced catalysts. Catalyst activity and selectivity

displayed nc discernible trends with copper promotion.

V.2.3. Promoter Effect / Kinetic Studies in Stirred Tank Slurry Reactors

Four of the most active doubly promoted precipitated Fe/Cu/K catalysts were tested in
stirred tank slurry reactors. These tests had a dual purpose: (1) to determine promoter
effects in slurry phase, and (2) to determine kinetic parameters from tests at different process
conditions. These goals were not completely achieved due to a lack of catalyst stability with
time on stream and problems with quantification of the high molecular weight products {wax)
which accumulate in the reactor. in two of the four tests, catalyst activity increased with time

or stream (Runs SA-05-2957 and SB-07-0458), whereas in the other two, catalysts deactivated
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rather rapidly with time on stream (Runs SA-25-3657 and SA-07-0468). Also, during run SA-
05-2957 (100 Fe/ 0.3Cu,0.2K catalyst), the wax was withdrawn only three times during the test
which prevented us from obtaining accurate mass balance closures and hydrocarbon product
selectivities. Results from the latter portions of runs SA-05-2957 and SB-070458 were used
to estimate kinetic parameters of the FT and WGS reactions (see Section V.3 of this repart).
in this section, the results from these four slurry reactor tests will be described, foliowed by a

brief summary of the major findings.

V.2.3.1. Run SA — 05 — 2857 with the 100 Fe /0.3 Cu /0.2 K Catalyst

This run was made as a retest of the unsuccessful run SA-05-2777, using the 100Fe,0.3
Cu/0.2K catalyst. A hard paraffin wax (FT-300, from Dura Commodities, New York) was
used as the slurry liquid, and an excess of wax was loaded with catalyst (< 325 mesh) into
the reactor prior to reduction. The catalyst was reduced in situ using CO at 250°C. Following
reduction, the excess wax was withdrawn from the reactor to a preset static slurry volume of
about 440 cm3. A total of 18 mass balances were made during the run, ard the run was
voluntarily terminated after about 550 hours of operation. The results obtained during the run

are summarized in Table V.2.5.

Wax which accumulated in the reactor during the synthesis was withdrawn only three times
during the course of the run, with withdrawals of 163, 395, and 148 g of wax after balances
7. 12, and 18, respectively. Several methods were tested to aliocate the wax collected over
multiple periods to individual mass balances. The simplest was to assume that the wax was
accumulated in the reactor at a constant rate between withdrawals, regardless of operating
conditions. Under this assumption, the rate of wax accumulation in the reactor was 0.75 g/h
in balances 2-7, 2.2 g/h in balances 8-12, and 0.55 g/h in balances 13-18. This method of

wax allocation often gave poor mass closures and unrealistic estimates of total product yieid.

Two methods of wax allocation based on mass closures were also tried. The first method
assumed that the amount of wax produced at a given set of conditions was proportional to
discrepancy of the total closure obtained during the mass balance period. The amount of wax
needed to obtain 100% closure for all balances was then normalized to agree with the actual
amount of wax withdrawn. The second allocation method distributed the wax in order to
optimize the carbon and hydrogen atomic closures obtained during the mass balance periods.
With the exception of balance 12, this method gave good total mass closures, and in most

cases, reasonable values for the total yieid. Balance 12 had inherently poor atomic C-H closures,
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thus the total closure allocation was used to estimate the amount of wax accumulated during

this period. The optimized C-H closure allocation was used for all remaining periods.

The effect of space velocity was studied at 250 °C, 1.48 MPa with nominal (H5/CO) feed
ratios of 1.0 (balances 5, 3 and 16, and 4) and 0.67 (balances 12 and 15, 10, and 11) at 1,
2. and 4 Ni/g-cat.h. The (H;—CO) conversion decreased approximately linearly with space
velocity. The catalyst appeared to become more active with time on stream, as shown by the
(H, — CO) conversions obtained in balances 3 and 16 at 250°C. 1.48 MPa, (H,/CO)=1 with
2 Nljg-cat.h space velocity. During balance 3 (approximately 10€ h on stream) the (H;—CO)
conversion was 55.6%, while during balance 16 (approximately 494 h on stream) the conversion
had increased to 67.1%. At the same process conditions using a 0.67 (H,/CO) feed ratio. the
(H,=CC) conversion was roughly constant at 345 and 445 hours on stream, 80.8 (balance 12)
and 84.7% (balance 15), respectively. The increasing catalyst activity may be due to continuing
catalyst activation during synthesis testing. The in situ catalyst reduction conditions of 250°C
for 8 h may not have completely reduced the catalyst, however, catalyst activation would have

continued at the elevated synthesis temperature with the synthesis feed gas.

At the same process conditions, the (H,/CO)=0.67 feed ratio favored higher conversions
over the (H,/CO)=1 feed ratio. Also, the lower feed ratio accelerated wax production. During
ba]ances 8-12. of 91 h duration, 395 g of wax were produced, whereas during balances 1-7,
of 177 h duration. only 163 g of wax were produced. Balances 8-12 were all made using
the lower (H,/CO) feed ratio. and balances 1-7 were made using an (Hy/CO)=1 feed ratio.
Also, balances 1-7 consisted of 5 balances (1-5) at the same temperature, pressure, and space
velocity as balances 8-12, plus two additional balances at other process conditions. Thus wax

production must have been much higher at the lower feed ratio.

A plot of the space time yield versus pressure is given in Figure V.2-14. The space time
yield was found to vary roughly linearly with pressure over the range of pressures studied. The
precipitated catalyst did not deactivate at high pressure in the slurry reactor, as was found in

the fixed bed tests of these catalysts.

Comparison of hydrocarbon selectivities at different process conditions is difficult due to
the approximate nature of wax allocation, which may have had a significant effect on the
results. Methane yield varied from 1.4% (balance 8) to 12.1% (balance 6). whereas the yield
of C5-C4 hydrocarbons was between 6.4 and 31.1% (balances 11 and 6. respectively). inspite

of some uncertainties in hydrocarbon selectivities it is clear that much less CH, and gaseous

V35




01 pur 200 = (02/41) 0.

087 ' AS/d WwIsUOD 3@ ainssodd Jo uoldung v sv pIR1& oy 3VAG B4 A MM

(ediW) eansoaad

0
2 !

S S _ o

F€0'0
n
o)
[
n
®
Lcn® ar ]
a 60'0 %
(1]
<
-
[o 1)
e M
] 40'0 8,
"
u
Ny
Q
o
—
-60'0 @
. g
ﬂf
g

. 2
o'11{0a/n) W
~11°0
L9'0t(00/°n) @
T T ¥ ﬁa.c

T

V-



hydrocarbons (C5-C,) were produced when the CO rich feed gas was used (H,/C0=0.67).
Reproducibility of results for balances at the same process conditions (250°C. 200 pisg. 2 Ni/g-
cat.h) was not good with Hy/CO=1 feed gas (balances 3 and 16), but was quite satisfactory
with Hy/CO=0.67 feed ( balances 12 and 15).

V.2.3.2. Run SA — 25 — 3657 with the 100 Fe /3 Cu /0.2 K Catalyst
Run SA-25-2657 was performed to test the precipitated 100 Fe/3 Cu/0.2 K catalyst under

a variety of process conditions. Excess purified n—octacosane (Cog. Hurmphry Chemical) was
loaded with catalyst {< 325 mesh) into the reactor prior to reduction, and the catalyst was
reduced in situ with CO at 280¢C. Following reduction, the excess wax was withdrawn from the
reactor to the preset static slurry volume of 478 zc. Eight material balances were made during
this run, which was terminated voluntarily after 430 h of operation. The results obtained in
each of the eight balances are summarized in Table V.2-6.

A power loss occurred at about 129 h on stream, causing 2 flow interruption to the fea:tor.
The reactor also cooled from 235 to 80°C. Power was restored after 5 h, and the reactor was
brought to its original température over 2a4h period. The catalyst was deactivating prior to
the power failure, and continued to deactivate once the run continued. The deactivation made
it difficult to determine what effect the interruption had on catalyst performance. Table V.2-7
lists the major events occurring during run SA~-25-3657.

The initial catalyst activity was very good, with an (H5=—CO) conversion during balance 1
(250°C. 1.48 MPa, (H,/CO) = 1. 2 NI | g-cat-h) of 83.0 %. No signs of deactivation were
observed before the end of period 1 (50 h on stream), but after the wax withdrawal and an
increase in spacs velocity to 4 NI/ g—cat-h a sharp decline in activity occurred. Over the 46
h period these conditions were maintained, the gas contraction decreased steadily from 48 to
36 %. The process conditions of balance 1 were repeated during balance 4. by which time the
(H,+CO) conversion decreased from 83.0 to 28.5 %.

In all cases, feed gas with (H;/CO) = 0.67 (nominal) gave sroduct distributions with
lower methane yield (3.2-4 %). In addition, the lower feed ratio produced larger amounts of
high molecular weight products (C1o=). Catalyst deactivation may have skewed the selectivity
srends of the run. For example, the methane and C5—C4 product fractions decreased as the
catalyst deactivated between balances 1 and 4. The more active catalyst produced 9.31 %

methane and 35.9 % C,-C,. as compared to 4.87 % and 21.7 %. respectively, during balance
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Table V.2-7. Major events in run SA-25-3657.

TOS (k) Event

-28 Catalyst pretreatment

0 Initiate run

4 Achieve initial process conditions: T = 250°C.
P = 1.48 MPa. SV = 2.0 Nl/g—cat-h. Feed (H;/CO) = 1.0

31 Change process conditions: T = 250°C, P = 148 MPa
SV = 4.0 Nl/g~cat-h, Feed (H;/CO) = 1.0

94 Change process conditions: T = 235°C, P = 1.48 MPa
SV = 2.0 Nl/g-cat-h. Feed (H,/CO) = 1.0

129 Loss of reactor power

134 Power to reactor restored

138 Achieve desired process conditions

166 Change process conditions: T = 250°C. P = 1.48 M Pa
SV = 2.0 Nl/g~cat-h. Feed (H,/CO) = 1.0

214 Change process conditions: T = 250°C. P = 1.48 M Pa
SV = 1.0 Nl/g—cat-h, Feed (H,/CO) = 0.67

260 Leak in reactor feed valve discovered and repaired

262 Change process conditions: T = 250°C. P = 1.48 M Pea
SV = 2.0 Nl/g—cat-h, Feed (H»/CO) = 0.68

310 Change process conditions: T = 265°C, P = 1.48 M Pe
SV = 2.0 Nl/g—cat-h, Feed (H./CO) = 0.68

357 Wax plug in reactor feed line repaired

358 Change process conditions: T = 235°C, P = 1.48 M Pe
SV = 1.0 Nl/g—cat-h, Feed (H2/CO) = 0.67

40€ Change process conditions: T = 265°C, P = 2.96 M Pe
SV = 2.0 Ni/g—cat-h, Feed (H;/CO) = 0.67

430 End of Run SA-25-3657
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4 at the same nominal process conditions (250°C. 1.48 MPa, (H,/CO) = 1, 2 Ni / g=cat-h)

after catalyst deactivation.

Wax was removed from the reactor at the end of each material balance. The reactor
stirring and feed to the reactor were discontinued after purging the reactor for about 5 min
with helium. The catalyst was allowed to settle for approximately 30 min, after which wax was
withdrawn through a dipleg in the reactor at a preset height. The wax and catalyst withdrawals

made during this run are summarized in Table V.2-8.

V.2.3.3. Run SB — 07 — 0458 with tne 100 Fe /0.3 Cu,/ 0.5 K Catalyst

This was the first run made in the new slurry reactor unit B. The precipitated 100 Fe/0.3
Cu/0.5 K catalyst was reduced in situ using H, as the reductant at 280:C. The catalyst (<
325 mesh) was suspended in a FT-300 wax to obtain a 10 weight % catalyst slurry. The slurry
withdrawa! dipleg was preset to give a static slurry volume of 375 cc. Ten material balances
were performed during the run, and the run was voluntarily terminated after 458 h on stream.

The results obtained during these ten mass balances are summarized in Table V.2-9.

At 4 h on stream, the inlet feed line had to be repaired due to a block that appeared
following the withdrawal of excess wax from the reactor after catalyst reduction. No other
major operational problems were encountered during the run. The major events of Run SB-
07-0458 are summarized in Table V.2-10.

The initial activity of the catalyst was low, which is consistent with previous observations
made in fixed bed reactors with 100 Fe/3 Cu/0.2 K catalyst reduced using H,. The (H,—~CO)
conversion obtained during balance 1 was 24.8 %, which is comparable with the 26.0 % con-
version obtained in the fixed bed test with 100 Fe/3 Cu/0.2 K catalyst reduced under similar
conditions (280°C for 24 h, run FB-25-3227 ,Section V.1.3). The catalyst appeared to have
become more active with time on stream. as is evident from the (H,—CO) conversions ob-
tained in balances 1 and 9 at 250 °C, 1.48 MPa. (H,/CO)=1 and a nominal space velocity of
2 NI, g=cat-h. During balance 1 (approximately 45 h on stream) the (H,—CO) conversion was
24.8%. while during balance 9 (approximately 428 h on stream) the conversion had increased
to 35.5 %. Catalyst activity improved foliowing balance 4, during which a 0.67 (H2/¢O) feed
ratio was used, while a 1.0 (H,,/CO) feed ratio was used in the previous three balances. During
the period of low catalyst activity (balances 1 through 4). the (H,—CO) conversion increased
from 24.8 % (balance 1) to 30.8 % (balance 3) as temperature increased from 250°C to 265°C,

whereas the increase was from 42.5 % (balance 5) to 70.8 % (balance 7) once the catalyst

v-21




Table V.2-8. Wax and solids inventory for run SA-25-3657.

TOS (h) Event
-48 Slurry loading: 424 g wax. 38.60 ¢ solids
-1 Wax removal following reduction: 120 g wax, 0.24 ¢ solids
30 Wax removal: 57 ¢ wax, 0.55 ¢ solids
93 Wax removal: 161 g wax. 0.26 g solids
164 Wax removal: 90 ¢ wax. 0.29 ¢ solids
212 Wax removal: 71 g wax. 0.13 ¢ solids
261 Wax removal: 36 5 wax. 0.09 g solids
308 Wax removal: 43 g wax, 0.C7 ¢ solids
335 Wax removal: 81 ¢ wax, 0.16 g solids
404 Wax removal: 20 g wax. 0.05 g solids
430 Wax removal: 60 g wax. 0.11 g solids
430 End of run: 289 ¢ wax. 33.06 g solids recovered

from reactor. 95 % wax recovery, 96 % solids recovery
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Table V.2-10. Major events in run SB-07-0458.

TOS (R) Event
-28 Catalyst pretreatment
0 Initiate run
4 Wax plug in reactor feed line repaired
3 Achieved initial process conditions: T = 250°C.

= 1.48 MPa, SV = 2.2 Nl/g-cat-h, (H;/CO) = 1.03

53 Changed process conditions: T = 250°C,

P = 1.48 M Pa.SV = 1.1 Nl/g—cat-h. (H2/CO) = 1.05
100 Changed process conditions: T = 265°C,

P = 1.48 MPa. SV = 2.1 Nl/g—at-h. (H;/CO) = 1.05
148 Changed process conditions: T = 250°C,

P = 1.48 M Pa. SV = 2.1 Ni/g—cat-h, (H,/CO) = 0.71
196 Changed process conditions: T = 250°C,

P = 1.48 M Pa, SV = 1.1 Nl/g—cat-h, (H;/CO) = 0.74
244 Changed process conditions: T = 265°C,

P = 1.48 M Pa, SV = 2.2 Nl/g—at-h. (H2/CO) = 0.70
292 Changed process conditions: T = 265°C,

P = 1.48 MPa.SV = 1.1 Ni/g—cat-h, (H,/CO) = 0.72
340 Changed process conditions: T = 235°C.

P = 1.48 M Pa.SV = 1.1 Nlj/g—cat-h. (H,/CO) = 0.71
388 Changed process conditicas: T = 250°C,

P = 1.48 M Pa, SV = 2.2 Nl/g—cat-h. (H./CO) = 1.06
436 Changed process conditions: T = 265°C,

P = 2.96 MPa, SV = 2.0 Nl/g—cat-h, (Hz/CO) = 0.73
438 End of run SB-07-0458
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became active. although the differences in space velocity and (H,/CO) feed ratio may have

influenced the results.

The catalyst selectivity shifted towards jower molecular weight products with an increase
in temperature, once the catalyst became active (i.e., following balance 4). For example. the
distribution at 235°C, 1.48 MPa, 1 NI/ g—cat-h, (H,/CO) = 0.67 (nominal) during balance 8
was 2.1 (CH,). 8.9 (C5-C4). 16.0 (C5-Cyy). and 73.0 % (Cyo¥). as compared to 2.8 (CHy).
11.9 (C5-C4), 2€.0 (C5-Cy1). and 65.3 % (Cyp7) at 250 *C (balance 5), and 3.2 (CH,), 11.4
(C»-Cs). 20.6 (C5-Cy1). and 64.8 % (Cyp7) at 265 °C (balance 7). The effect of temperature
on selectivity at other conditions were not consistent with the above example, probably because

of differences in catalyst activity.

During the process variable studies in the test SB-0458, the cataly.st was tested under
conditicns similar to that employed in Mobil's study in a bubble column slurry reactor (Kuo,
19085). Comparison of catalyst performance between our catalyst and Mobil's catalyst I-B in
high wax mode of operation is shown in Table V.2-11. Hydrocarbon product selectivities of the
two catalyst are very similar, but the activity of our catalyst was lower. However, the activity
of our catalyst can be significantly improved by using 2 lower activation temperature and/or

shorter duration (Sections V.1.3 and V.1.6).

V.2.3.4. Run SA — 07 — 0468 with the 100 Fe /0.3 Cu /0.5 K catalyst

Slurry run SA-07-0468 was made with precipitated 100 Fe/0.3 Cu/0.5 K catalyst rediced
in situ using CO as the reductant at 280°C. The catalyst (<325 mesh) was suspended in FT-
300 wax to obtain a 10 weight % catalyst slurry. The slurry withdrawal dipleg was presst to
give a static slurry volume of 385 cc. Eleven material balances were performed during the run.

before being veluntarily terminated after 466 h on stream. The results obtained are summarized
in Table V.2-12.

Beginning at about 20 h on stream, the Hy mass flow controller began behaving erratically,
giving lower than expecied flowrates. To achieve the desired flowrates and feed ratios, the fesd
was switched from pure gas to premixed gas at about 52 h on stream. At about 78 h on
stream, an improperly mixed feed gas cylinder containing approximately 95 % H, was installed,

exposing the catalyst to nearly pure H; for about 1 h before the problem was discovered and
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corrected. The exposure to H, did not appear to harm the catalyst, as the catalyst activity
(conversions and contraction) of the catalyst before and after the interruption was comparable.
No other major operational problems were encountered during the run. The major events of
run SA-07-0468 are summarized in Table V.2-13.

The activity of the catalyst during balance 1 was high, (250°C, 1.48 MPa, (H,/C0O)=1.0),
and comparable to the fixsd bed test of a similar catalyst composition (100 Fe/3 Cu/0.5 K, run
FA-27-2557) at the same nominal conditions. During the test in the fixed bed, the (H,=CO)
conversion was 70.4 %. as compared to the 74.8 % obtained in the slurry test. Catalyst
deactivation occurred when the temperature was increased to 265°C between balances 2 and
3 (at 1.48 MPa, (H,/CO) = 1. 4 NI/ g—cat-h). The (H;+CO) conversion dropped from 58.4
% in balance 2 (250°C) to 55.5 % in balance 3 (265°C), in spite of the 15 :C temperature
increase. In later balances using 0.67 (H,/CO) feed gas. the increase in temperature from 250
to 265¢C also did not significantly increase conversion. In balances 8 (250°C) and 9 (265°C) the
(H,=CO) conversions increased oniy slightly from 24.0 to 28.2 %. The catalyst was severely
deactivated by balance 10, which was a repeat of the conditions used during balance 1. The

conversion dropped from 74.8 % to 17.4 % between the two balances.

Increases in temperature shifted catalyst selectivity to lower molecular weight products. For
example. the distribution at 235°C, 1.48 MPa, 1 Ni/g~cat-h, (H,/C0)=0.67 (nominal) during
balance 6 was 2.0 (CH,), 11.0 (C,-C,). 12.5 (Cs—Cllj. and 74.5 % (C;,+). as compared to
2.5 (CH,), 12.8 (C5-Cg). 19.5 (C5—Cy;). and 65.2 % (Cy5+) at 250°C (balance 7). Similar
shifts in the distribution were observed at other conditions, although catalyst deactivation may

"have influenced the results. Comparisons of balances 1 and 10 shows the effect deactivation
may have on selectivity at 250°C, where the deactivated catalyst produced fewer molecular
weight products (4.5 % CH, and 17.3 % C;-C,) than the more active catalyst at the same
nominal process conditions during balance 1 (6.9 % CH, and 223 % C;-C;). The shift in
lower molecular weight products changed the percentage of the Cg~C;; fraction. while the

Ci2— products remained constant between the two balances.

Wax withdrawals were made following catalyst reduction, end at the end of each mass
balance period, by removing excess accumulated slurry from the reactor to the external settling
vessel. After separation by settling, the wax and trace quantities of catalyst were quantified,
and are shown in Table V.2-14 for each withdrawal. In all cases, the weight of catalyst removed

with the wax (after settling) was small, less than 2 weight % of the wax.
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TOS (R)

-20
0
4

19-39
39
47

47-52
32
68

139
141
143

191
233
261
311
359

398

466

Table V.2-13. Major events in run SA-07-0468.

Event
Catalyst pretreatment
Initjate run
Achieve initial process conditions: T = 250°C,

P = 1.48 MPa. SV = 2.0 Nifg—cat-h, Feed (H;/CO) = 1.0

Problems with hydrogen flow rate

Switched from pure gases 1o premixed gas

Replaced hydrogen flow controller; switched to

pure gases

Problems with hydrogen flow rate

Switched from pure gases to premixed gas

Changed process conditions: T = 250°C, P = 1.48 M Pa,
SV = 4.0 Nl/g-cat-h. Feed (H,/CO) = 1.0

Replaced feed gas cylinder. Gas not properly mixed:
95% hydrogen

Replaced problem cylinder, Feed (H2/CO) = 1.0

Changed process conditions: T = 265°C, P = 1.48 M Pa.
SV = 4.0 Nljg—cat-h, Feed (H2/CO) = 1.0

15°C rise in temperature of reflux condenser

Repeated wax removal twice due to excessive wax production

Changed process conditions: T = 235°C, P = 1.48 M Pe,
SV = 2.0 Ni/g—cat-h, Feed (H2/CO) = 1.0

Changed process conditions: T = 235°C. P = 1.48 M Pa,
SV = 4.0 N!/g—cat-h, Feed (H2/CO) = 1.0

Changed process conditions: T = 235°C, P = 1.48 M Pa.
SV = 1.0 Nl/g—cat-h. Feed (H./CO) = 0.66

Changed process conditions: T = 250°C. P = 1.48 M Pa,
SV = 1.0 Nl/g—cat-h. Feed (H2/CO) = 0.64

Changed process conditions: T = 250°C, P = 1.48 M Pa.
SV = 2.0 Nl/g—cat-h, Feed (H>/CO) = 0.69

Changed process conditions: T = 265°C. P = 1.48 M Pa.
SV = 2.0 Ni/g—cat-h. Feed (H3/CO) = 0.64

Changed process conditions: T = 250°C. P = 1.48 M Pa.
SV = 2.0 Ni/g—cat-k, Feed (H,/CO) = 1.0

Changed process conditions: T = 265°C, P = 2.96 M Pa.
SV = 2.0 Nlfg—~<at-h. Feed (H./CO) = 0.64

End of Run SA-07-0468
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Table V.2-14. Wax and solids inventory for run SA-07—-0468.

TOS (h) Event
-48 Slurry loading: 400 g wax. 30.25 g solids
-1 Wax removal following reduction: 156 ¢ wax. 0.80 g solids
64 Wax removal: 241 g wax, 0.86 g solids
92 Wax removal: 162 ¢ wax, 0.35 g solids
141 Wax removal: 342 g wax, 1.37 g solids
189 Wax removal: 94 g wax, 1.16 g solids
231 Wax removal: 38 g wax. 0.40 g solids
260 Wax removal: 40 g wax. 0.23 g solids
309 Wax removal: 75 g wax, 0.61 g solids
357 Wax removal: 34 g wax, 0.39 g solids
396 Wax removal: 72 ¢ wax, 0.37 ¢ solids
443 Wax removal: 31 g wax, 0.14 g solids
466 Wax removal: 38 g wax, 0.11 ¢ solids
466 End of ran: 241 g wax, 21.65 g solids recovered

from reactor. 98 % wax recovery, 34 % solids recovery
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V.2.3.5. Summary

No conclusions can be drawn with regard to promoter effects on catalyst activity and/or
selectivity due to changes in activity with time on stream. However, some general observations
concerning hydrocarbon selectivity can be made. Methane and gaseous hydrocarbon (Cx-Cy)
selectivities were, in general, rather low and the fraction of liquid products (C5+) was high in all
four tests. Hydrocarbon selectivities were comparable to those reported by workers at SASOL
and MOBIL (Section [11). In two tests : CO activated 100Fe/0.3Cu/0.2K catalyst (Run SA-05-
2957), and H, activated 100Fe/0.2Cu/0.5K catalyst (Run SB-07-0458) the activity increased
with time on stream . Both tests were terminated voluntarily after 550 and 460 hours on
stream , respectively. On the other hand, 2 rather rapid deactivation was observed in tests
using 100Fe /3Cu/0.2K (Run SA-25-3657) and 100Fe,0.3Cu/0.5K (Run SA-07-0468) catalysts.
both of which were activated with CO at 280°C. Initial activity was high in both tests, but
catalysts started to deactivate after the first or second wax withdrawal. It is not clear whether
deactivation was caused or accelerated by the wax withdrawal or by use of improper activation
procedures. Catalyst deactivation was also observed in fixed bed tests when CO activation were
employed (Sections V.1.3, V.1.8). Also, frequent changes in process conditions made during
slurry reactor tests might have contributed to loss in activity. Tests at a fixed set of process
conditions over a long period of time without wax withdrawals are needed to establish causes

of catalyst deactivation in siurry reactors.
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