(335°C, FA-27-2518) causes the catalyst to produce more lower molecular weight products. For
example, the lowest methane percentage, 6.3 % (FA-27-2518, balance 2, 166 h), for the high
temperature reduction was greater than the highest methane percentage. 8.0 % (FB-27-2438,

balance 3. 240 h), for the iower reduction temperature.

V1.3. Stirred Tank Slurry Reactor Test with Silica containing Catalysts

VL3.1. Run SA — 99 — 0888 with the Ruhrchemie LP 33 /81 Catalyst

Run SA-00-0888 was a long term test of the commercial, state—oi-the—art, Ruhrchemie
LP 33/81 catalyst. The calcined catalyst was reduced in situ with CO at 280°C. 34.6 g of
the catalyst was charged to the reactor, and purified n—octacosane was used as the initial
slurry liquid. The run wes divided into two portions: during the first part of the run (up to
343 h on stream), catalyst stability was evaluated at 2 fixed set of conditions: 250°C, 1.48
MPa, (H,/C0)=0.67, 2.0 Ni/ g-cat-h; during the last part of the run, process conditions were
varied to evaluate their effect on catalyst activity and selectivity: 235-265°C, 1.48-2.96 MPa.
(H,/€C0O) = 0.67-1.0, 1.0-4.0 NI/g—cat-h. The major events occurring during run SA-95-0888
are summarized in Table VI-7 . Five mass balances were performed during the stability portion
of the run and 8 mass balances were performed during the process variable studies. The resul;cs

cbtained during these balances are summarized in Table VI-8.

A stability plot, (H,+CO) conversion versus time on stream, is shown in Fig. VI-18 Yor
the first part of the run. The catalyst was very stable. and no significant deactivation occurred
during 343 h or stream. At 46 h, the (H,+CO) conversion was 46.0 %, and at 338 h, the
conversion was 44.2 %. The conversions obtained during the stability test varied between 42.6
and 46.4 %. Wax was withdrawn after the catalyst activation and at the end of balances 2,
3, 4, and 5 using the external settling tank system. The selectivity of the catalyst changed
with time on streamn, with more gasecus products formed as the catalyst aged. The effect
of time on catalyst selectivity is shown in Fig. VI-1S. During balance 1 (49 h) the weight
% hydrocarbon distribution was 4.3 CHy, 17.8 C,—Cq. 22.1 C5-Cq;, and 55.8 % Cpp+ while
during balance 5 (336 h ) the distribution was 4.6 CH,. 21.3 C5—Cq4. 29.5 C5-Cy;. and 44.6
% Cyp=+. The olefin/paraffin ratios decreased with time, for example, the C; ratio decreased
from 1.8 in balance 1 to 1.5 in balance 5. A repeat of the baseline conditions was made in
balance 11 (619 h), after 5 balances at different process conditions. The (H,+CO) conversion
dropped to 35.9 % in balance 11. showing that the process variable studies had accelerated

deactivation of the catalyst. The trends in selectivity seen in balances 1-5 were also evident
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Table VI-7. Major events occurring in run SA-99-0888.

TOS (h)

Event

- 17

4.0

49.0

94.5
166.5
264.0
336.0
343.0

391.0

439.0

488.0

531.0

584.0

619.0

627.0

Cataiyst pretreatment:

CO, 280 °C. 0.79 M Pa, 16 h.
Initiated svnthesis gas.

Achieved desired operating conditions:
250 °C. 1.48 M Paq, (H2/CO) = 0.67, 2.0 Nl /g—cat-h

Conditions stable, (H,+CO) conversion = 45.9 %.
Conditions stable, (H;+CO) conversion = 46.1 %.
Conditions stable, (H;~COQ) conversion = 43.1 %.
Conditions stable, (H»~CO) conversion = 43.8 %.
Conditions stable, (H;+CO) conversion = 44.4 %.

Changed process conditions:
250 °C, 1.48 MPa, (H,/CO) = 0.67,4.0 N!/g-cat-h

Changed process conditions:
250 °C, 1.48 M Pa, (H,/CO) = 0.65, 1.0 Nl/g-cat-k

Changed process conditions:
235 °C, 1.48 M Pa, (H;/CO) = 0.65, 2.0 Nl/g—cat-h

Changed process conditions:
235 °C, 1.48 MPa, (H;/CO) = 0.67, 1.0 N1 jg—cat-h

Changed process conditions:
265 °C, 1.48 M Pg, (H2/CO) = 0.67, 2.0 Nl/g—cat-h

Changed process conditions:
250 °C, 1.48 MPaq, (H;/CO) = 0.67, 2.0 Nl/g-cat-h

Replication ¢  initial process conditions:
{H,+CO) conversion = 36.0 %.

Changed process conditicns:
250 °C, 1.48 MPa, (H;/CC) = 1.0.2.0 Nljg—cat-h

Changed process conditions:
250 °C, 2.96 M Pe, (H;/CO) = 1.0,4.0 N!/g-cat-h

Voluntary termination of run SA-99-0888.
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during balance 11. The weight % of methane increased to 7.0 % and C;,— decreased to 31.5

% The weak trend in decreasing olefin/paraffin ratios continued as well.

During the process variable studies, the effect of temperature was studied at 2.0 NI /g—cat-h
in balances 8 (235¢C). 5 (250°C), and 10 (265°C), and at 1.0 NI/ g—cat-h in balances 9 (235°C)
and 7 (250°C), with all balances at 1.48 MPa and (H,/C0)=0.67. A comparison of catalyst
selectivity at these conditions appears in Fig. VI-20. Conversion increases as expected with
temperature: 23.0 (235°C), 44.4 (250 <C), and 56.9 % (265°C) at 2.0 NI / g—cat-h, and 35.8
(235:C) and 56.1 % (250°C) at 1.0 NI/ g-cat-h. Temperature had little effect on the weight
% hydrocarbon distribution between 235 and 265°C (2 NI/ g—cat-h) and 235 and 250°C (1.0
NI / g—cat-h). Olefin/paraffin ratios decreased with increase in temperature, indicating that

hydrogenation activity increases with temperature.

The feed gas space veiocity was varied at 235:C in balances 9 (1.0 NI ; g=cat-h) and 8 (2.0
NI ; g—cat-h), and at 250°C in baiances 7 (1.0 NI g~cat-h), 5 (2.0 NI/ g—cat-h) and 6 (4.0
NI/ g—cat-h). Space velocity has 2 minimal effect on the weight % hydrocarbon distribution, as
shown in Fig. VI-21. Olefin, paraffin ratios increased with space velocity at both temperatures.
A higher (H,/CO) feed ratio. 1.0 (balance 12) increased the (H,+CO) conversion from 35.9
% (H,/C0=0.67, balance 11) to 45.4 %. The (H,/C0O)=1.0 feed also increased the amount
of methane formed from 7.0 to 9.4 % and decreased the percentage of C;,— products, as
shown in Fig. VI-22. An increase in pressure to 2.96 MPa in balance 13 showed a decrease in
(Ho—CO) conversion to 39.8 % which indicates that some catalyst deactivation aoccurred at
the higher pressure. The higher pressure suppressed the formation of gaseous hydrocarbons,

and the selectivities at the two pressures are also compared in Fig. VI-22.

Vi.3.2. Run SB — 66 — 2468 with the 100 Fe /5.0 Cu /4.2 K /24 510, Catalyst

Run SB—66-2468 was made as a long term stability test of the 100 Fe ’5.0 Cu/4.2 K/24
Si0O, catalyst. Results from this run will also be used to compare the catalyst performance
in slurry and fixed bed reactor tests (Run FB-66-1948, Section V1.1.3). The catalyst was
reduced in situ using CO as the reductant at 280:C. The reactor was charged with 35.1 g
catalyst (270-325 mesh) and 282 g of purified n-octacosane. The first five mass balances
(up to 460 h on stream) were made at 250° C. 1.48 MPa, 2.0 Ni / g—cat-h, H5/C0=0.67 to
determine catalyst stebility. These conditions were repeated following balance 7. The effect of
space velocity was studied in balances 6 (4.0 NI/ g—cat-h) and 7 (1.0 NI/ g=cat-h). The run

was voluntarily terminated after 582 hours on stream. The major events occurring during the
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run are summarized in Table VI-9. The results obtained from the seven mass balances made

during the run are summarized in Table VI-10.

Following reducticn the reactor was cooled to 230°C with flowing helium and the excess
wax was withdrawn through a cylindrical filter element (1.0-cm OD by 3.8—cm long). The
withdrawal of 65 g of wax took only 5 minutes and the clarity of the wax confirmed successful
operation of the filter. After increasing the pressure to 1.48 MPa, syngas with H, /C0=0.67 was
introduced at a gas space velocity of 2 NI / g—cat-h and the reactor temperature was gradually
raised to 250°C. These conditions were maintained for 19 days {455 hours). Over this period
of time, five mass balances and twelve wax withdrawals (through the internal filter) were made.
The durations for the wax withdrawals ranged between 5 and 40 minutes, depending on the
quantity of wax withdrawn. it was possible to withdraw as much as 150 g of wax in 30-40

minutes without the need to backflush the filter.

The activity plot for this catalyst (gas contraction versus time on stream) is shown in
Figs. VI-23 (0-240 h TOS) and VI-24 (241-460 h TOS). Also shown on these plots are the
instances when wax was withdrawn from or added to the reactor together with the respective
amounts. Catalyst activity initiaily increased and the contraction reached 40.4% at 33 hours
on stream at which point in time 142 g of wax was withdrawn from the reactor through the
internal filter. Immediately foliowing the wax withdrawal, contraction dropped sharply from
40.4 to 14.7% (corresponding to a drop in (Hy—CO) conversion from 56.6 to 17.9%). There
appeared to be no catalyst present in the wax withdrawn from the reactor, therefore the sudden
loss in activity was probably due to the removal of a large portion of the catalyst from the
synthesis zone. Accumulation of the catalyst in the vicinity of the filter element was suspected
and corrective measures were taken. During the withdrawal of the wax through the filter, the
catalyst must have been left on the reactor wall (as the slurry level dropped giadually) and
some of it must have collected in the narrow space between the filter element and the reactor
wall. Backflushing of the filter with & small quantity of hexane (20 cc) did not improve the
contraction significantly (contraction increased from 14.7% to 21.3%). We then added 98 g
of wax back to the reactor through the external settling tank. The activity was restored to
pre-withdrawal ievel within 18 hours following the addition of the wax (contraction reached
40.5%). Apparently the addition of wax increased the slurry volume and the agitation was
sufficient to flusk the accumulated catalyst back into the slurry. Following the first mass

balance (TOS = 76 h), wax was again withdrawn from the reactor. however, the withdrawal
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Table V1-9. Major Events occuring in run SB-66-2468.

TOS (k)

Event

-14
-2
0

bs]

33

Catalyst Pretreatment: CO at 280°C
Cooled to 260°C and pressurized to 1.48 M Pa using He
Run initiated

Achieved desired operating conditions:
260°C. 1.48 M Pa. H»/CO = 0.69.2 Nlfg-cat-h

Sharp drop in catalyst activity following wax withdrawal
Activity recovered following addition of wax to reactor
Conditions stable. H,4-CO conversion = 56.1%
Conditions stable. H»+CO conversion = 51.9%

Sharp drop in catalyst activity following wax withdrawal
Activity recovered following addition of wax 10 reactor
Corditions stable, Hy+CO conversion = 53.2%

Sharp drop in catalyst activity following wax withdrawal
Activity recovered follnwing addition of wax to reactor
Condiuons stable, 2+ CO conversion = 49.3%

Smali drop in catalyst activity following wax withdrawal
Activity recovered following addition of wax to reactor
Conditions stabie. H,+CO conversion = 44.3%

Changed operating conditions:
260°C, 1.48 M Pe, B2/CO = 0.69. 4 Ni/g~cat-h

Changed operating conditions:
260°C, 1.48 MPa. H,/CO = 0.69. 1 Nl/g—cat-h

Small drop in catalyst activity following wax withdrawal
Activity recovered following addition of wax to reactor

Changed operating conditions:
260°C. 1.48 M Pa, H./CO = 0.69.2 Nl/g—cat-h

Voluntary termination of run SB-66-2468
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procedure was stopped short of complete withdrawal of all excess wax. The contraction did
not change following this withdrawal, probably because the slurry level was sufficiently above
the filter element to prevent any catalyst accumulation. However, following the majority of the
subsequent wax withdrawals, a drop in contraction was observed and wax had to be returned
to the reactor. Also, following each wax addition to the reactor, an equivalent amount of
wax was withdrawn from the reactor 24 hours following the addition, i.e., after enough wax
was produced to cover the filter element. Using this procedure, it was possible to prevent any
significant wax withdrawal related losses in catalyst activity. No other operating problems were

encountered during the entire run.

The 100 Fe/5.0 Cu/4.2 K/24 SiO, catalyst was fairly stable in comparison to slurry tests
with other catalysts, with some loss in activity over the first 19 days (constant conditions). The
stability plot for the run over this period is shown in Fig VI-25. Also included are the (H,—CO})
conversion values obtained following the seventh mass balance, when the initial conditions were
repeated. Catalyst activity increased initially and reached a maximum at 107 hours on stream
(H,=CO conversion of 58.7%). thereafter it steadily declined and the (H;=~CO) conversion at
460 hours on stream was 44% (2 25% loss in activity). The reasons for catalyst deactivation
are not known. One possibility is that small quantities ~f air were introduced into the reactor
during the wax addition. The wax addition procedure involved the addition of molten wax to
the external settling tank, following which 1ae tank was purged with helium. The wax was then
forced into the reactor using a slight over pressure in the settling tank. Any air dissolved in
the wax, or present in the settling tank would be introduced into the reactor and would have
a detrimental effect on catalyst activity. When the same conditions were repeated after mass
balance 7, the (H,+CO) conversion was 35.4% (at 558 hours on stream), which represents
a 20% drop in activity in comparison to balance 5 conducted at 453 hours on stream. The
accelerated catalyst deactivation is probably due to the combined effects of frequent changes
in process conditions and the repeated introduction of small quantities of air into the reactor
during the wax addition procedure. Another possibility is that deactivation was caused by the
catalyst which had accumulated in the vicinity of the filter element and on the reactor wall
following each wax withdrawal. The catalyst above the slurry level is in direct contact with
the synthesis gas and this may lead to localized hot spots, leading to loss in activity with tir e
on stream. Inspection of the reactor, following the completion of the run, showed that a layer

of slurry was adhering to the reactor wall above the slurry level, and it is possible that the
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catalyst entrained in this layer would have deactivated more rapidly. When the same catalyst
was tested in the fixed bed reactor (Run FB—66-1948, section VI.1.3), it was very stable and
more active than in the slurry reactor. (H5=CO) conversion in the fixed bed was 68.7% initially
and declined to 64.3% after 457 hours on stream, a drop of only 6.4% in activity.

The activity of this catalyst was higher than that of the Ruhrchemie LP 33/81 catalyst as
shown in Fig. VI-25. The initial activity of the Ruhrchemie catalyst was lower (with Ho—CO
conversion of around 46%) in comparison to our catalyst (H,—CO conversion of around 56%).
However, at 336 hours on stream the differences in activities for the two catalysts were smaller.
The (H,~CO) conversion with the Ruhrchemie catalyst was about 45% vs. 51% with our
catalyst. Activities for the two catalysts at the end of the respective runs were the same
(H,—CO conversions of about 35%), as a result of partial deactivation of both catalysts.

With a decline in catalyst activicy over the first 19 days (constant conditions), the hy-
drocarbon selectivity shifted slightly towards lighter products (Fig. VI-26). At 69 hours on
stream (balance 1) the hydrocarbon fractions were 3.9 (CH,), 17.9 (C5-Cy). 20.7 (C5-Cy3)
and 57.5% (C;5=). whereas at 453 hours on stream (balance 5) they were 6.3 (CH,). 21.8
(C5-Cs). 23.5 (C5—Cy,) and 48 3% (Cy5+). During the same period, the olefin/paraffin ratios
decreased for all carbon numbers (Fig. V1-26). A similar, although weaker, trend for hydrocar-
bon selectivity was observed when this catalyst was tested in the fixed bed reactor as shown in
Fig. VI-10. In general, more light products were produced in the fixed bed than in the slurry
reactor test (Fig.VI-27). In balances 5.6 and 7 of this run, the effect of space velocity (1,2 and 4
NI/ g=cat-h) on the catalyst activity and product selectivity was studied. Conversion decreased
with higher space velocity, as would be expected, with an (H;+—CO) conversion of 26.2% at
4 NI / g=cat-h at 500 h (balance 6) compared to 61.1% at 1 NI/ g—cat-h at 549 h (balance
7). Hydrocarbon selectivity shifted toward lighter products with an increase in space velocity
(Fig.VI-28). The olefin, paraffin ratios for most carbon numbers increased at the same time.
When a lower space velocity was used (1 NI / g—cat-h in balance 7), hydrocarbon selectivities
were comparable to those obtained in balance 5 at 2 NI / g—cat-h. but the olefin, paraffin ratios

showed a significant decrease for all carbon numbers (Table VI-10 and Fig.VI-28).
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Figure VI-27

Comparison of fixed bed and s!urry reactor selectivity with 100 Fe/5 Cu/4.2 K/24
SiO- catalyst (FB=FB-66-1948 . SB=SB-66-2468)( 250°C. 1.48 MPa, H,/CO=0.69
. SV=2 Nl/g-cat.h (FB-1 and SB-1) and 4.0 (FB-6 and SB-6))
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