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I.; Abstract

In this Quarter three separate runs of the two-stage
Fischer-Tropsch/ZSM-5 pilot plant were completed. A fourth, .Run
CT-256-12, was started at the end of the Quarter. Catalyst
settling in the first-stage bubble-column reactor caused the/
ending of Runs 9 and 11, so the unit was modified before the
latest run to help prevent this. Initial results from all three
of these runs showed that Catalyst I-B gave low methane + ethane
yields and high Hg+CO conversions at moderate temperatures and
pressures. Also, catalyst dging during Run CT-256-8 (Catalyst
I-C) was analyzed using a mathematical model; a reactor-wax

.sample from Run CT-256-7 was analyzed using Field Tonization Mass
Spectrometry; and hydrodynamic studies using the tall hot-flow
bubble- columns were concluded. Investigated were real reactor
waxes  and £he effect of solids and column diameter on gas holdup
and bubblelsizes. Lastly, design base data were developed for
the conceptual process design of a high liquid fuels
Fischer-Tropsch commercial plant.
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ITi Objective and Scope of Work

The general objective of thls work is to develop a
slurry Fischer~Tropsch/ZSM-5 process for converting low Ho/CO
ratio synthesis gas, of the type produced in a coal gasification
system, into maximum yield of transportation fuels. Te
accomplish this objective, the follow1nF tasks will be
undertaken.

Task 1 - Process Studies 1n'Two—St4ge Bench-8cale Unit

Dperatlon of the bench- scale unit w111 be directed
toward production of hydrocarbons containing less than 8 wt % of
- .methane plus ethane with high throughput, high conversion, and
good catalyst stability. Together with Task 2, high qdality Y
liquid fuels, particularly the distillate, W111 be maximized. At
least two tests shall be conducied using at least two different

catalysts. One of these catalysts may be provided by DDE’
alternate catalyst development projects. -

Task 2 - Scoping Studies of Fischer-Tropsch
Reactor-Wax Upgrading

The methods for upgrading the reactor-wax which is
withdrawn from the slurry Fischer-Tropsch reactor will be
evaluated. These methods should include conventional refinery
processes, such as Fluidized Catalytic Cracking, Hydrocracking,
Catalytic Selective Cracking, Thermal Cracking, and
Hydrodewaxing. Proprietary mathematical models and open
literature information will be used to the extent p0551b1e for
‘these process evaluab10n<

I

Means for separatlng the reactor-wax. from the catalyst
fines, if such a separablon is needed prlor to reactcr—wax
upgrading, shall be investigated.

Task. 3 - Product Evaluation

The quality of the hydrocarbom liquid products from the
two-stage unit and the reactor-wax upgrading processes shall be -
evaluated. Gasoline octane and distillate cetane quality, as
well as pour points should also be determined.

Task 4 - Slurry Flscher-TrAQsch Reactor Hydrodynamic
Studies

The effect of dxffereut feed-gas dlstrlbutor designs on
the slurry Flscher-Tropsch reactor performance will be
investigated. Tests will be conducted in the BSU slurry reactor,:
or other bubble-column reactors, to provide guidance for :
subsequent. runs in Task 1 as well as, for design and operation of
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the nbn -reacting models. For hydrodynamic studies, the design,
construction, and operation of hot, non-reacting bubble-column
models will be required. : :

Task 5 - Development of Conceptual Process Schemes

A conceptual process scheme to maximize gasoline and
distillate yield using a combined system of slurry
.Fischer-Tropsch/ZSM-5 reactor plus reactor-wax upgrading will be.
developed. Scoping costs of the plant will be estimated.
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fIIi- Summary of ?fogress-to Date

o

o Run CT-256-9 of the two-stage pllot plant was ended.
Hearly in this Quarter, with no success in resuspending the-
zettled catalyst. Possible reasons for the settling are
presented- here, including microscope photos of slurry saiples

. showing seemingly enlarged catalyst particles., Run CT-256-10,
“which lasted 10 days, demonstrated that the reactor hardware was
not responsible for the settling. Also, the run showed that
Catalyst I-D could not be fully activated at synthe51s
conditions, nor could it be further activated by various means
after the initial activity level was reached. The eleventh run
of the BSU, which used Catalyst I-B, gave results similar to:Run
9: high conversicn, low methane + ethane selectlvlty for 13 days
then catalyst settling taking place. \

A .simple catalyst: dlstzlbutlon mathematlcal .model was
used to evaluate the feasibility of using an upflowing slurry to’
improve the catalyst suspension in the bubbleZcolumn reactor. We:
found that a small slurry upflowing veloc1ty of 0.05 em/s can
substant1ally improve the catalyst suspension. *Such. a small
slurry flow is expected to affect very little the bubble
residénce time in the reactor. The circulation of slurry from.
the bottom to the top of the column can further improve the. -
catalyst .suspension. We therefore decided to modify the unit to
set up a liquid circulation throughout the entire colummn (the :
circulation had been only in the top half). Also, a
sintered-metal plate feed-gas distributor replaced “the single
‘orifice’ wnlch had been used to that point, though #t was found
Iater tKat it made no significant charige on the catalyst
concentration profile. “Run CT-256-12 was then started toward the
end of the Quarter. < - : =

Also_ in this Quarter, the catalyst aging which was
obqerved in Run CT-256-8 (Catalyst I-C) was analyzed using a
mathematical model. The aglng rate waswfound to be'unacceptably’
high. .

Reactor-wax from Run CT-256-7 was analyzed using Field
Ionization Mass Spectrometry and found to be similar to wax from
Run CT-256-4. Both runs bad: similar methane + =thare
selectivities. ? -

.+  Hydrodynamic studies in the tall hot-flow _
bubble—,olumns were concluded during the Quarter. For the first
time, real reactor-waxes from the two-stage pilot plant were
used. These waxes did not foam and produced substantlally lower
holdups than did FT-200, a P-T derived paraffin wax used in
previous studies. Gas holdups_ln the 10.2 cm ID column were
found to be higher than those in the 5.1 cm ID column. In
another study, catalyst particles were found to decrease-gas
holdup
. Finally, a data base for a conceptual process design is
~discussed. The reactor-wax upgrading schemes are presented in

‘the ‘Appendix-Restrictive Distribution.
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T IV: Detailed Description of Technical Progress

A. Task 1 - Process Studies in Two-Stage
Bench-8cale Unit

-1. Run CT-256-8 — Analysis of Aging of Catalyst I-C

. During Run-CT-256-8, Catalyst I-C (Fe/Cu/K9CO03) was
Tound to age significantly under moderate operating conditions.
In the following we analyze the aging rate of this catalyst. The
major highlights were: S ' :
e Assuming first-order kinétics for Ho+CO conversion,

first-order aging kinetics fits the experimental data
quite well. At 250°C, 1.48 MPa and 1.4 NL/gFe-hr, ‘the
half-life of the catalyst activity is estimated to be
abdut 24 days. o

e At 255°C, 1.82 MPa and 2 NL/gFe—hr, the catalyst
T ' activity half-life decreasad to about 13 days.

o This catalyst is not acceptable because its aging rate
is high at moderate operating conditioms.

The aging rate of the catalyst has been obtained at two
~ different conditions from the conversion versus DOS data. The
conversion data for Run 8 has been reported in last Quarterly

. Report. There are two time periods (22-30 and 38-60 DOS) when
constant operating conditions were maintained. We have estimated
the aging rates during these two time periods. ’

To simplify the analysis, we assumed first-order
kinetics to translate the Hp+CO conversions to catalyst
activities and a negligible gas-liquid interphase mass-transfer
resistance. The .resulting equation is: )

1n (1-XHg+cO) = ~kTc - : (1)

Tc is the contact time of Ho+CO with the catalyst. The precise
definitions of the k and T, are not needed here, since we are
interested only in the relative changes in the activity, k.

If first-order kinetics is.assumed for the catalyst
- aging rate, then :
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"k = k° exp (-At) _ . (2)

where k° is the initial k and A is the first-order aging rate
constant. Combining Equations (1) and (2), the Ho+CD conversion
can be related:to catalyst age, t, as follows: : .

1n (-1n(IXgmecp)) = 1n (k°To) - At @)

Figure 1 is a plot of the left-hand.side of Equation (3) versus
DOS. The slope of the straight line fitted to the data gives the.
first—-order aging constant, A. The data are summarized below:

DOS Temp., °C Pres., MPa A, 1/Day
22-30 - 255 1.82 . ° " 0.053

38-60 250 1.48 0.029

The higher aging rate over 22-30 DOS can be attributed to higher °
temperature, pressure and space velocity (2.0 vs 1.4 NL/gFe-hr).

The aging rate constants, A, in Equation (2) can also
be translated into the half-life of the catalyst activity at the
given operating conditions. For the two sets of operating
conditions given above, the half-life of the catalyst activity
"are 13 and 24 days, respectively.

. The operating conditions of 250°C, 1.48 MPa and-1.48
NL/gFe-hr are rather moderate. However, the corresponding
catalyst aging rate is high. One can estimate, based on the
observed aging rate, that a catalyst makeup rate 'of more than 5%
is needed to compensate the aging. This catalyst makeup ‘rate is
equivalent to a hydrocarbon production rate of less than 200
gHC/gFe. ' This low production rate is not acceptakle.

- 2. Run CT-256-9 - Conclusion

Run CT-256-9 of the two-stage pilot plant was ended on
April 12, after eighteen days on-stream. The main objective of
the run was to demonstrate long-term low methane + ethane ¢
operation with high H9+C0 conversion using Catalyst I-B
(Fe/Cu/K9C03) at elevated pressures. . )
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The January-March 1985 Quarterly Report summarized the first 13
days on-stream of this run. The following are the major
bhighlights of the run: . !

Low methane + ethane selectivity (5.4 wt %) was
achieved at 1.48 MPa, which is the same pressure used in

gasoline-mode operation with this composition F-T

catalyst. It was found later that this batch of
catalyst has lower surface area than that of the older
batch.

Successful high Ho+CO conversion and high reactor-wax
mode operation was demonstrated for 10 days.

The F-T catalyst settled in the bubble—column reactor
following an electrical power interruption, causing a
hot spot and low conversion (740 mol %). Photographs of
the catalyst sample taken through a microscope revealed
somewhat larger particle sizes.

High velocity Ho+CO (up to 9.1 em/s) did not completely
resuspend the catalyst however, hlgh velocity nitrogen
did. Thzs remains unexplained.

Ball-milling most of the catalyst and then returning it
to the unit showed no improvement on the catalyst
suspension. Removing the bottom of the reactor and
cleaning the single-orifice feed-gas distributor also
showed no improvément. -

The run was ended on April 12. What follows is a description of
the flnal period of Run CT—256 9. . .

a. F1rst~Stage Flscher—Tropsch
Reactor Operation

As described 'in the last Quarterly Report, Run CT-256-9

produced high and stable Ho+CD comnversion, low methane + ethane
selectivity and smooth operation for ten days using Catalyst I-B.
The operating conditions and performance for that period were:

Temnperature,®°C 257
Pressure, MPa 1.48-1.82
Feed Ho/CO Ratio, Molar 0.67
Space Velocity, NL/gFe-hr 2.0-2.5
Superficial Feed Gas Velocity, cm/s 4.3-4.8
Ho+C0 Conversion, mol % . +80-91
Methane + Ethane Yield, wt % of HC 4.7-5.7

*. Reactor-Wax Yield, wt % of HC 40-50

Hydrocarbon Production, gHC/gFe 100
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The low methane + ethane (and high reactor-wax yield) at 1.48 MPa
was a surprise, since Catalyst I-B:(a different batch) was used
as the gasoline-mode catalyst in Run CT-256-3 (Kuo, 1983) dt~thzts
pressure and nearly the same temperature. Analysis of the
catalysts from both runs showed identical Fe/Cu/K9COs
compositions. However, the BET surface area of this new batch of
catalyst is substantially less than that of the old batch. This
‘may have led to higher concentrations of Cu and KoCOz on the
catalyst surface, causing changes in pretreatment time and
product selectivity. Regardless of the reason, it was decided
not to increase- pressure as long as the methane + ethane
selectivity remained low (the pressure was increased later to
1.82 MPa to permit higher throughput).

Following the electrical power outage (see previous
Quarterly Report), the Hp+CO conversion droppid to 40 mol:% while
.the catalyst settled in the first-stage bubble-column reactor.
Over the remainder of the run, we attempted to resuspend the
catalyst and recover high conversion, but all .efforts were
unsuccessful. A plot of the run is shown in Figure 2 and a
summary of the material balances taken during the run is in
: Appen@?x A. '

The first attempts at resuspénding the catalyst were
done by increasing the feed-gas velocity. Superficial gas
velocities as high as 9.1 cm/s were attempted, using Ho+CO.
Slurry samples taken at the 30 cm level, however, showed
virtually no change in catalyst concentration over the entire
range of velocities (730 wt %). Figure 3 shows the gas holdup -

"profiles for three different velocities, taken using the newly
installed steam-jacketed DP-cells. It can be szen that the gas

" holdup at the bottom of the reactor was very low, consistent with
the existence of a high solids concentration. The holdup at the
top of the column is higher, consequently, due to the relative
absence of solids. Overall, the holdup increased as the velocity
was raised, but the éatalyst remained at the bottom. ‘

One, interesting note during this time was the fact that
at the same high velocities, nitrogen seemed to resuspend the
castalyst while Hg+C0 did not. Slurry samples taken from the 30
cm level at.a ‘nitrogen.superficial: gas velocity of 8.1 cm/s
showed only 19.8 wt %. Even when a 50/50 mixure of nitrogen and
Ho+CO was used at this velocity, the slurry samplie.showed 20.0 wt
%. BEvery time the nitrogen was shut off, however, the steep
catalyst profiles would return. At the present time there is no
explanation for this phenomenon. . N ‘

: Figure 4 is a.sampling of catalyst concentration
profiles taken before and after the settling took place. .The
profile at 9.9 DOS (before settling) shows a relatively uniform
concentration throughout the column: The othier two profiles
clearly illustrate the settling phenomenon. 'All- three profiles
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wetre taken using H2+CD and the steeper proflle at 17 1 DOS is due
more to the later.time-on- stream than it is to the lower
_superficial gas vizlocity. ‘This is because the settling seemed to
" get more pronounced as time progressed, perhaps indicating a
particle agglomeration phenomenon.

To investigate the possibility that the particle size
had changed, we examined slurry samples frow immediately before
and after the power shutdown, Using an optical microscope
equipped with a ‘camera, we photographed samples which had been
diluted . (roughly 1000: 1) with mineral oil while hot. then allowed
to cool. The results are shown in Figure 5. At 200x
magnification, catalyst particles are apparently clearly defined.
That being established, it appears that the particles are roughly
twice as large after the upset (T10 vs "5 micromns). This would
of ,course lead to higher catalyst concentrations at the reactor
bottom. An important note must be made here, however: the
slurry samples from before the upset was taken from a mixture of
the samples from each of the four sampling ports, while the
sample from after the upset is only from the 30 cm port. These
*”photos are not~—therefore, deflnztlve proof that the catalyst
particles increased in sigze.

, .The cause of the catalyst settling therefore remains a

mystery. It is known, however, that catalysts used in

. polymerization reactions grow in size due to the incorporation of
long-chain polymers on the surface (Nagel et al., 1980). Sincze
the F-T reaction is essentially a polymérization reaction,
particle growth may be due to this phenomenon. Of course, :the
degree of polymerization in the F-T reaction is much less than
that in commercial polymer pIoductlon with consequently shorter
chain lengths, but the phenomencn is stlll somethlng to be
considered.

,

Another attempt to resuspend t“a catalyst was the
reball-milling of a portion of the slurrj This was done to
possibly reduce the catalyst size, if that was indeed the
problem. ‘About one-half the slurry, containing nearly all the
catalyst, was drained from the bottom of the reactor. The

. catalyst was then concentrated and removed, then diluted with
Mobil F-509 oil. (1) The catalyst/wax/oil mixture was ball-milled
at room temperature for 2.5 hours, after which the catalyst was
recombined with -the reactor-wax and loaded into the reactor.
This was domne at “14 D0S, and apparently had no effect omn the
catalyst concentration profile.. )

Lastly, "it+was decided to examine the single-orifice
feed—gas distributor to see if any changes in the gas
distribution may have led to the settling. A cold shutdown was
performed, with the slurry solidifying in-situ. The distributor
was then removed and the lower 10 cm of solid slurry was chipped
out of the reactor. No irregularities on the distributor -could

g proprietary high molecular-weight paraffinic base stock.



Page xlO_

be detected. Upon cleaning and reassembling the reactor and
starting up, the catalyst remained settled.

Fcl‘ow1ng this last attempt, the run was voluntarlly
ended on April il. Further photographic studies of slurry
samples»dld not clearly reveal any more changes in partlcle size.

b. Second-Stage ZSM-5 Reactor Operation

£

The second-stage ZSM-5 reactor was in operation for the
entire run. The inlet temperature to the bed ranged from 310 to
380°C and the outlet temperature ranged from 350 to 400°C. The
severity index (i-butane/(propenes + butenes), molar) averaged
about 0.75 throughout the run, and-the gas-hourly space velocity
averaged about 3,500 NL per hour/L-Cat.~.No octane or stability
tests were performed on the gasoline"produbed, but a breakdown of

the second- (and first-) stage hydrocarbons appears in Appendix
A. ' : .

3. Run CT—256—10“

The tenth run of the iwo-stage pilot plant was started

on April 16. The main objective of the run was to determine
whether Catalyst I-D (Fe/Cu/KoCO3) could be fully activated
without a high temperature pretreatment step. Another important
goal of the run was to verify that catalyst could be suspended
normally in the reactor, following the catalyst settling:problem
of Run CT-256-9. TIf all went well, the run would be continued,
in 2 low methane : ethane, high reactor-wax mode operation.

Run CT-256-10 was terminated after nine déys when the
original objectives.were accomplished. The major highlights

‘T were:

i

e The catalyst could not be fully activated at syntheals
conditions. The Hg+CO conversion leveled off at only £2
mol %.

. Subsequeﬁt attempts to activate the catalyst were
unsuccessful, including Ho and CO treatments.

/A

e No indications of catalyst settling were observed.

A‘summary of the run follows:



Page 11

a. Fischer—TroE§ph’SIurry
Catalyst Loading and Operation

. Run CT-256-10 was initially loaded'with 2,200 g of
Catalyst I-D. The starting wax medium consifited of Run CT—256—9
‘reactor-wax. The synthesis conditions were then established:

! Temperature, °C 255
- Pressure, MPa 1.48
- Hp/CO Feed Ratio, Molar 0.67
' .Space Velocity, NL/gFe-hr 2.0
Superficial Feed-Gas Velocity, cm/s .5.0

Initial :Catalyst Loading, wt % \22

Fully'actlvated catalysts which we have ubed previously
gave Ho+CO conversions of 85-90 mol % when operated*‘t these
conditions. It was expected here:that the conversiofi would rise -
to this level over a period of 1-2 days.

As seen in Figure 6, however, the conversion:never
reached the expected levels. After 15 hours, the volume
contraction reached a steady value of 40%, correspondlng to a
conversion .of: only 62 mol %. ,Figure 7 is a comparlson of initial
F-T catalyst activities taken from some of our previous- studles,
corrected to the same base conditions. The initial activity of
the I-D catalyst used in this rum is obviously well below ‘any of
the others. It is interesting to note that,'on the same plot,
Catalyst I-D shows "normal" activity for two other runs. In both
those cases, however, the catalyst was pretreated,at 280°C before
normal.synthesis was started. The methane + ethane selectmv;ty,
1nc1dentally, was in the range of 3.5-4.0 wt % of. hydrocarbons
produced, which is. good for high reactor—wax:operatlon

. oy )
. Starting at 22 DDS we began a series of treatments
which was hoped would actlvate the catalyst fully «In °
" succession, ‘the following were attempted:

e s0peration at "standard" activation temperature (280°C)
and high superficial gas velocmty (9 cm/s) for tﬂo
hours.

e In-situ hlgh temperature (280°C) hydrogen treatment for

‘five hours.-

" @ 24-hour CO treatment at 260°C and 0.8 MPa, followed by ‘a
20-hour Hp treatment at the same conditionms.

e High temperature (280 C) CD treatment at 260°C, followed
- by a "standard" H2+CU actlvatlon )

S

All these efforts failed to act1vate the catalyst ‘beyond the
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original level. It was therefore decided to end the.run on April

26. No material balances were performed during the run, and the
second-stage ZSM-5 reactor was not. operat10na1

4. Run CT-256- 11

~ Follow1ng the unfortunate ending of Run CT-256- 9 and
the subsequent. demonstration in Run 10 that the reactor hardware
was not responsible for the catalyst settling, Run CT-256-11 was
* started on May 2. The objectives were identical to those of Run
9: demonstrate long—term low methane + ethane operation with
high Ho+CO conver81on using Catalyst I-B (see Subsection IV.A-2).

Run 11&1asted twenty days. .The highlights were:

e High H2+CO conversion (80—90 mol %), low methane +
ethane select1v1ty (83.5-4.3 vt %) was achieved for

thirteen days.  These results were v1rtua11y 1dent1cal
to Run 9 : :

® Catalyst settllng occurred at thirteen DOS, dropplng the
conversion to “40 mol % and creatlng steep témperature
and catalyst profiles in the bubble-column reactor.
This occurred simultareously with the stoppage of” the
slurry circulating pump which is used in the reactor<wax
removal system ! ;

® Superf1c1al feed-gas veloclty hlgher than 10 cm/s was
needed to satlsfactorlly suspend the catalyst However, -
the h2+CD conversion became unacceptably low due tu very
high space veloc1ty

The run was ended on May 23, after we were unable to
restore high conversion or, completely reestabllsh slurry
circulation.

a. Flrst Stage Flscher-Tropsch Slurry .
Catalysb Loadlng and Pretreatment
Y

Run CT—256 11 was charged’ w1th'2 200 g of Cata]yst ‘I-B
(Fe/Cu/KoC0g) . The initial! wax medium was the reactor-wax from
Run CT-256-7. Pretreatment was then s@arted at the follow1ng

- conditions:

Temperature, °C- 280
Pressure} MPa, i 1.14
Feed Hg/CD, molar: , 0.67
Space Veloc1ty,nNL/gFe—hr E 1.7
Superflcﬂal Gas Veluc1ty, cm/s . 5.9

Initial Loadlng, wt % _ 20
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' The catalyst activated in an identical fashion to Run 9
(see last Quarterly Report), reaching 48% volume contraction
(equivalent to ~75 moli% Ho+CO conversion) in 4~5 hours. The
~ reactor temperature was then lowered 5.6°C/hr until it was at an
average of 257°C. ;

b. First-Stage Fischer-Tropsch Reactor -Operation®
h .

As .mentionediearlier, the first thirteen days produced
the kind of operation which had been the goal of the run. The
range of operating conditions and performance.during that period
were: ! -

Temperaﬁure, %C - ’ 257

Pressure, MPa | 1.48
Feed Hp/CO, molar " 0.67
Superficial Feed-Gas Velocity, cm/s 5.3-6.0
Space Velocity,' NL/gFe-hr ) 2.3-2.6
Ho+CO Conversion, mol % + -80-80 -
Methane + Ethane Yield, wt % of HC 3.5-4.3
Reactor-Wax Yield, wt % HC. 45-55

Hydrocarbon Production, gHC/gFe 135

Again in this run, as in Run CT-256-8, the low methane
+ ethane yield at these conditions was not expected. We decided,
therefore, to leave the reactor pressure at this level until the
methane + ethane selectivity increased. A plot of the run is
shown in Figure 8. Material balances were performed daily and
the results are summarized in Appendix B. -

. During the early part of the rumn, reactor operations
went very smoothly, with the reactor-wax being removed with very
low (<0.05 wt %) solids content. Slurry samples showed no

"indications of any catalyst settling, as illustrated in Figure 9,
which also shows a catalyst concentration profile from Run
CT-256-10 for comparison. -

At 13 DOS, however, the catalyst in the slurry-reactor
began settling, as evidenced by increasing temperatures at the
reactor bottom, and a decrease in Ho+CO conversion. The catalyst
concentration at the 30' cm level showed an increase from 17.7 to

. 94.5 wt %, verifying the phenomenon. This settling coincided
with z failure of the slurry circulating pump of; the catalyst/wax
‘separation system, which circulates slurry between the 3 and 6 m
‘levels. This superficial liquid velocity (0.05 em/s) may have

been supporting catalyst particles in that upper section,

preventing its settling (see Subsection IV.A.B).

3
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.. Immediate efforts to restart the circulation pump were
unsuccessful, and it was clear that repair work was necessary.
So to try to keep the catalyst suspended, the superficial
feed—gas veloc1ty ‘was increased to 10 cm/s, the highest ever used
in the pilot plant. The catalyst concentration at.30 cm dropped
to 15.8 wt %,. indicating that the settling had been averted for
the moment. A The Hg+COD conversion consequently dropped to the
40-50 mol % range, which was in fact the expected conversion at
that high space velocity (74.2 NL/gFe-hr). The methane + ethane
selectivity was still low, so it appeared at this point as if the
catalyst was still fully active.

With the catalyst apparently suspended, we decided to
lower the feed-gas velocity in small steps, hoping to increase
conversion and yet retain the suspension. The velocity was
therefore dropped to 8.0 cm/s at 14 DOS and then to 7.0 cm/s at
15 D0S. Both changes 'failed to increase conversion, however,
indicating that either settling had occurred or the catalyst was
somehow damaged. . The ve1001ty was held at 7.0 em/s for two days.
During that time, the conversion dropped from 43 to 30 mol %,
while the temperature profile in the reactor became more and more
nonuniform. This appears to be an indication that the catalyst
© was settling during thls time.

Further proof of the settling was attalned when theA
velocity was raised back to 8.0 em/s. The Hg+CD conversion
remained at roughly 30 mol %, while slurry samples indicated =
steep catalyst profile-in- +he -reactor. This can be seen in
Pigure 10, which should also be compared with Figure 9. An
explanatlon for this behavior may be that once the catalyst had
settled, the high bottom concentration changed the hydrodynamics
there (perhaps causing the formztion of large bubbles), .
preventing the resuspen51on o? the catalyst.

At this point, the conversion was in the 35-45 mol %
range and so*it was decided to end.the run and make modifications
to the unit to help prevent catalyst settling from occurring
agaln

5. Modf*ications of BSU and
Startup of Run CT-256-12

Follow1ng Run CT-256-11 and the recarrence of catalyst
settllng, séveral modifications to_.the pilot ‘plant were made,
along with changes in the operat:ng procedures. These changes
were deelgned to ,help prevent eettllng in future runs. They
were:

® Setting up the slurry circulation (used for the
catalyst/reactor—wax separation) sthroughout the entire
.column. - The superficial. liquid velocity between the 8

57 am and 7 m levels would be O. 05 cm/s -

fo =]
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e Using a lower initial catalyst loading. Recent runs had
been started with 2,100 to 2,300 g of catalyst. Future
runs would start with 71, 600 g.-

) Replac1ng the 51ngle—or1£1ce feed-gas dlstrlbutor with a
: 20 micron sintered-metal-plate, the Same type which was
used in Runs CT-256~1 through -6.

. Before the start of ‘the néxt run, the end-of-run slurry
from Run 11 was used to test the new sintered-metal-plate
distributor. The unit was brought back to synthesis conditions,
with Hg/CO as the feed gas at 5.7 cm/s’ ‘superficial gas velocity.
Slurry samples were then taken to assess_the extent of settling.
A 7.8°C differential .persisted between the bottom and top of the
reactor, and the 30 and 600 cm level catalyst concentrations were
29 and 1 0 wt %, respectively. This was clear indication that
the new distributor bad no effect on the catalyst settling.
However, we decided to use the sinlered-metal plate in the fuvure
runs since nelther type was cliearly superior.

.Run 01—256—12 was then started on June 26, with the
same objec1ves as Runs 9 and 11. A new batch of Catalyst I-B was
prepared for this run. A lower catalyst loading than those used
in Runs 9 and 11 (1,600 g versus 2,100-2,300 g) was used. It is
expected that lower catalyst loading should minimize the catalyst
settling problem So far, four days-on-stream have been
accumulated. - % =

a. Fiécher;Trog§gh Slﬁéry -
Catalyst Loading and Pretreatment

A

Run CT-256-12 was lnltlally loaded with-1,600 g of
Catalyst I-B. The initial wax medium was Run CT- 256 7
reactor—-wax. Pretreatment was then started at the following
conditions:

Temperature, °C 280. .
Pressure, MPa . 1.14.
Feed Hg9/C0, molar 0.7
Space Veloc1ty, NL/gFe-hr : 2.0
Superficial Feed-Gas Velscity, cmlg - 4.8

A plot of the gis volume contraction during .
pretreatment is shown in Figure 11. The 4.5 hour duration of the
pretreatmept was comparable to both Runs 9 and 11.

b. Brief Descr;gplon of Pilot Plant Operations

-
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Following pretreatment., the first stage slurry reactor
temperature was dropped 3.3°C/hour until an average of 257°C was
reached. The pressure was then increased to 1.48 MPa and the
space velocity changed to 2.4 NL/gFe-hr. After about 24 hours,
the Hp+CU conversion had lined out at "87 mol % (exactly what was
expected) , and the methane + ethane selectivity was 4.1 wt % of
hydrocarbons produced. The slurry circulation and reactor-wax !
withdrawal system was started and the wax yield was ~60 wt %.
‘The second-stage ZSM-5 reactor was put on-stream, with an initial
inlet tewperature of 316°C. As ¢f the end of this Quarter, four
days of excellent operation and results had been accumulated.

6. Bubble-Column with Upflowing Slurry
Circulation ~— Mathematical Model Calculations

In Runs CT-256-9 and -11, very steep catalyst profiles
develeped at about 10-13 days.on-stream. These caused low
conversion, nonuniform temperature profiles, and eventually
termination of the runs (see details in Subsections IV.A.2. and
4) . Subsequent analysis of the particle size showed larger
particles (7-10 versus 5 micronjy=Figure 5). Hence, a settling
mathematical model was used to investigate the use of upward
slurry circulation to improve the catalyst suspension.

a. A Catalis%’SettlingﬁMaﬁhemaiical Model &

For catalyst distribution with or without slurry i
circulation in a whole column, a settling model developed by Cova
(1966) was msed (a similar model was used in catalyst profile
calculations in the final report of our previous contract, page
121, Kuo, 1983). The catalyst mass balance equations are given
below: =

(ucs—us1)dCe/dx + Bed2Co/dxZ = 0 (4)..
with the boundary c¢onditioms: ,
(ues—ug1)Cc f"EchE/dx =-q516ee; at x = 0 '(53)h

teslc + BEcdlo/dx = 05  at x = L“-q. 4 (SS)

The first ters of Equation -(4) represents the transport of the’
catalyst due to.convective force, whiie the second term
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represents the transport of the catalyst due to axial eddy
dispersion. Under an additional constraint of a known total
catalyst mass in the column, the linear Equations (4) and (3) can
be easily integrated analytlcally to give the catalyst
concentrab1on profiles.

The_correlat}ons ‘needed to estimate the catalyst
settling velohlty Ucg; and, the axial dlsper51on coefficient, Eg,
are summarized in Table 27 of our previous DOE final report (Kuo,
1983) However,. one shall notice that this model contains some
major assumptions.including uniform catalyst size, ucg, and E.
over the whole column. XRurthermore, the correlations for the
parameters-were developed mainly for non-F-T mediums.
Consequently, this model shall not be used for exact comparison *
with the ‘experimental data; rather, it is useful as a tool to
evaluate qualitatively the importance of several parameters, such
as the catalyst particle size, the slurry circulation velocity,
the slurry return location, on the catalyst concentration
profiles.

N

=,

An upward slurry circulation was already used in the
slurry bubble-column of .the BSU for the purpose of circulating
the.slurry to a catalyst settling vessel. The circulation was
established between 305 and 610 cm above the feed-gas distributor
and the circulation velocity is restricted to less than 0.05 cm/s
by the pump capacity. The model is an ideal tool to investigate
if it is necessary to relocate the slurry return location to
other places, such as the bottom of the bubble-column, to improve
the catalyst suspension. "For this purpose, the following two
additicnal relations are needed:

ug] = 0; at 0 < x < Ly . (6)

ug]1GCc® + BedCo/dx|y, —
i (—us§ Cc + Eidec/dx)'Lo+; at x = Lg (7)

'Equations (4) to (7) can be solved aﬁalytically to give the
catalyst concentration profiles in the bubble-column.

b. Effect of Slurry Circulation on
the Catalyst Suspension in Bubble-Columns -

It is essentlal to find ocut if =z small slurry
circulation will significantly affect the catalyst suspensiomn in
the bubble-column of the BSU. The existing slurry. pump-has a
maximum capacity equivalent to 0.05 cm/s superficial slurry
velocity. It will take too much time to order and then 'install a
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larger pump. Furthermore, too high a slurry circulation velocity -
may not be desirable since it may result in lower synthesis gas
conversion due to shorter residence time of the bubbles in the
reactor. Equations (4) and (5) were solved analyticaily to :
estimate the effect of varying the slurry circulation velocities
from O to-.05 em/s, and the results are given in Figure 12. The
steep catalyst concentration proflle for the non-circulation case
is significantly improved by ralslrv the slurry velocity to 0305
“cm/s.

Equation (4) to (7) were used to judge whether it is
necessary to relocate the slurry return line from 305 cm above
the feed-gas distributor to a location just above the
distributor. Figure 13 shows concentration profiles for three
cazses: no slurry circulation; slurry return to the 305 cm
level; =and slurry return to the bottom of the column. The
slurry circulation in the upper section of the column improves
the profile to a large degree. However, a significantly more
uniform profile can be obtained by relocating the slurry return
line to the bottom of the column.

c. Effect of Catalyst Particle
Size on the Catalyst Suspension

Equations (4) and (8) were used to evaluate this effect
for the particle size range of 5 to 10 micdrons. The results are
summarized in Figure 14. Within this particle size range, the
catalyst concentration profile detericrates drastically with
increasing particle size.

d. Possible Scenario for the Catalyst
Settling Phenomena From Runs CT-256-9 and 11

. Equations (4) to (7) were used to.analyze the catalyst
sett11ng phenomena observed during 10-13 DOS of Runs CT-256-9 and
-11. The results for the Run 11 are given imn Flgure 15. Before
catalyst settling (10.6 DOS), a 5 micron particle size is
suf{ficient to match the catalyst concentration profile at that
time. After catalyst settling (17.7 and 21 DOS), a2 13 micron
particle size is needed to match the steep profile. This :
suggests a strong possibility that the catalyst may have
increased in size either by agglomeration or by the growth of
heavy polymers on the'ocutside of the catalyst particles.

7. Future Work

Continue Run CT-256-12 at high H2+CD conversion, low
methane + ethane selectivity.
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B. Task 3 -.Producdt Evaluation

1. Field Tonization Mass Spéctrometry (FIMS)
for Fischer-Tropsch Reactor-Wax Analvses

‘' We have analyzed CT-256-7 reactor-wax using FIMS. The
sample was obtained from a homogenized blend of the reactor-waxes
produced throughout the run. This is the same blend from which
the DOE{was supplied with a2 22 kg sample. The raw FIMS spectrum
of the wax is shown in Figure 16. As explained in previous
Quarterly Report (July-September, 1984), the Csz*™ content can be
estimated from the FIMS .spectrum. Table 1 compares the results
to those for Run CT-256-4 reactor-wax which was produced under
similar operating conditions and using the same catalyst. The
similarity‘between the two waxes are clearly evident from the
table.

As discussed previously, one of the"limitations of the
FIMS is that the extent of fragmentation of these heavy ‘
reactor-wix8s 'during the analyses is unknown. To define the
extent of the fragmentation we have resubmitted the samples from
Buns CT-256-4 and -5 reactor-waxes to SRI International, Inc.
(Menlo Park, CA).

2. Product Analyses

Product analyses to support other tasks were carried
out. :

3. Future Work

e Continue evaluation of FIMS technique.

e Continue providing product analyses to support other
tasks. )

C. Task 4 - Slurry Fischer—Tropséh
Reactor Hydrodynamic Studies

1. Hydrodynamic Studies Usin
Tall Hot-Flow Bubble-Columns

Previously most of the hydrodynamic studies have been
carried out using FT-200, a F-T derived paraffinic wax. 1In this
quarter we have studied reactor-—waxes produced in our slurry
bubble-column reactor. These studies were planned to be carried
out at the end, fearing that these reactor-waxes may darken the
glass' column permanently. We have studied two reactor-waxes
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produced.in Runs CT-256-7 and & using both (5.1 and 10.2 cm ID)
hot-flow bubble columns. The results were compared with tkose
obtained with FT-200 wax. Also, gas holdup profiles along the
column have been obtained. . :

a. BEffect of Liquid Mediums
Using 5.1 ¢m ID Column

Figure 17 shows gas holdups given by Run CT-256-7 and
-8 reactor-waxes using 5.1 cm ID hot-flow bubble-column at 260°C.
The gas distributor used was a 1 mm single orifice. Also, the-
gas holdups obtained previously with FT-200 wax are depicted here
as a correlation (e, =_6.5 ugl-l)(see Quarterly Report :
January-March, 1984?. ’

Major conclusions from these studies are:

e Both reactor-waxes behave very similarly, even .though

their viscosities and compositions are substantially

.different.

e Both reactor-waxes gave substantiallyﬁibwer gés holdup
than that given by FT-200 wax. ;

e Urlike FT-200 wax, the reactor-waxes did not foam.

e In contrast to~%$—200 wax, the gas holdup of Run
CT-256-7 reactoi-wax decreased along the hot-flow column
above superficial gas velocity of 2.5 cm/s.

) Table 2 compares the physical properties of different

' reactor-waxes and FT-200 wax. Clearly the Run CT-256-8
reactor-wax has significantly higher viscosity and average
molecular weight than Run CT-256-7 reactor-wax. The two
reactor-waxes wére produced under different operating conditions
and using different catalysts. The difference in their
compositions is hence expected. The surface tensions of all
waxes are, however, very similar. In spite of the differences in
their physical properties, the Runs CT-256-7 and -8 reactor-waxes
behaved very similarly and also appeared to have similar bubble
sizes. .

Similar behavior was also observed previously using
short hot-flow bubble-column (5.2 cm ID x 2 m height) with Runs
CT-256-4 and -5 reactor-waxes, which were produced under
operating conditions similar to those of Runs 7 and 8
respectively. These results have also been shown in Figure 17
for comparison. Based on our previous knowledge of effect of
static height on gas holdup, the holdups of Rune.4 and-5 .
reactor-waxes in the short c<olumn are expected to be higher than
those oi* Runs.7.z2nd" 8 reactor-waxes in the tall column.. However,
. the short column studies were carried out at 20C°C instead of '
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260°C. The slightly lower gas holdups in the short column may,"
therefore, be due to lower temperature. :

Unlike FT-200 wax, the reactor-waxes did not produce
very fine bubbles (e.g., <1 mm) which are conducive to foaming.
The bubbles produced by the reactor-waxes appeared to be larger
than those produced by FT-200 wax. 'Consequently, the gas holdups
were substantially lower with the reactor-waxes. Slugging was
observed with .all waxes, and the slug frequency was found to
increase w1th 1ncreas1ng superficial velocity.

Flgure 18 glves the gas holdup profiles along the
column obtained at various supeirficial velocities using Run
CT-256-7 reactor-wax. Previously we have reported the gas holdup
profiles for FT-200 wax using the same 1 mm orifice distributor
in the same column (see”April-June, 1984 Quarterly Report). In.
the case of FT-200 wax the relatively larger bubbles produced at
the column bottom tend to break up along the column. Hence, the
gas holdup was found to increase along the height. In the case
of reactor-wax, however, the gas holdup was found to decrease
along the cnlumn at superficial velocities greater than 2.5 cm/s.
This may be due to the presence of slugs in the top zone (which
cause lower holdup). With FT-200 wax, the large number: of very
fine bubbles accofpanying the foam seem to compensate for the
lower holdup of slugs. Therefore, even in the presence of slugs
the gas holdup increases along the column height. At superficial
velocities lower than 2.5 cm/s slugging was very infrequent, and
consequently the holdup increased along the column height for
both the reactor-wax and FT-200 wax.

[l

b. Effect of Column DiZmeter

The effect of column diameter was studied using FT-200
wax in the 10.2 cm ID hot-flow bubble-column. The gas
distributor used was a2 2 mm single orifice. Previously we had
studied the same FT-200 wax in the 5.1 cm ID column using a 1 mm
single orifice. (Thus, the gas jet velocities at the orifices in
both columns were identical for a given superficial velocity.

Figure 19 compares the gas- hcldups for these two cases.
As seen from the figure, the gas holdups in the larger column are
lower. Also, the bubbles in the larger column appeared larger.
Similar .to the smaller column slugging was observed in the 10.2
cm ID column. However, unlike the slugs in the 5.1 cm ID column,
the slugs in the larger column did not occupy the whole
cross—-section of the column. These were really large bubbles
with widths about 80-90% of the column diameter. Also, they were
only 5-10 cm long compared to the 5-25 cm long slugs in the 5.2
cm ID column. For blmp11c1ty, we always refer to them as slugs.
The larger bubbles produced in the larger column may have been
due to a larger size orifice, even though the jet velocities were
the same in both' colummns. Hence, the gas distributor was changed
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.to a1 mm 4-hole distributor.

With the new distributor the orifice size as well as
the jet velocities are identical in both columns. Using this
distributor, we have studied the same three liguid mediums
(FT-200 wax, CT-256-7 and ~8 reactor—waxes), which were studied
previously (see last subsection) in the 5.1 cm ID column. Figure
20 compares the gas holdups obtained in the two columns for, ‘these
waxes. . . .

The two reactor-waxes gave about 30-40% higher gas-
holdups in the larger column over the superficial gas velocity .
range of 1.5 to 6.5 cm/s. The .bubble sizes appeared similar in
both columns. However, there was less slugging in the larger
column and the slugs were also shorter than those in the smaller
column. Again the slugs.were large bubbles about 5-10 cm long
and occupied 80-90% of the column diameter. The higher gas
holdup in the larger column may have been due to fewer and
smaller slugs. -

In contrast to the reactor-waxes, FT-200 gave the same
gas holdup in both columns. Even though large slug-like bubbles
were “observed in the larger column with the 1 mm 4-hole ‘
distributor, a-large number of smaller bubbles accompanied by
foam gave higher.holdups. In this case, the contribution of,
slugs to the gas holdup is relatively less. Hence, unlike in the
case of reactor-waxes, the fewer and smaller slugs in the larger
column probably did not increase the gas holdup.

c. Effect of Solids in a Reactor-Wax

The last experiment in the hot-flow column hydrodynamic..
studies was to use an actual slurry containing F-T catalyst. We
reserved this experiment as the last one to avoid the possibility
that use of a slurry will prevent further visual observation
through the glass section of the column. Also, to save time, the
10.2 cm ID column (with the 1 mm 4-hole distributor) which was in
operation at that time was used. Since there was not enough
catalyst to load this large column, we used a relatively low (2
wt %) catalyst loading. The liguid medium was Run CT-256-8
reactor~wax. The gas holdup was about 9% lower than that given
by the same reactor-wax without any catalyst. The trend of lower
gas holdup due to the presence of solids is consistent with
Iiterature findings.-

d. Dynamic Gas Disengagement Studies

To obtain information about the bubble-size
dlstrlbutlon, dynamic gas-disengagement exper:ments were carried
out in the 5.1 cm.ID hot-flow, bubble-column using FT-200 wax and
a2 2 mm single-orifice distributor. The gas holdups were reported
in the last Quarterly Report.
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Figure 21 shows a plot of expanded liquid helght as a
function of elapsed time for three superficial gas velocities.
As seen from the figure the data cannot be fitted by a single
straight line. As explained previously in the theory of dynamic
gas disengagement (July-September, 1984 Quarterly Report), this
data can be explained by a bi-modal bubble-size distribution.
The initial straight lines represent time periods where both
large and small bubbles are disengaging and leaving the column.
The straight lines after the break in the slopes represent the
disengagement of small bubbles only

*Zp\ The slopes and 1ntercepts of the two straight lines
'yleld the bubble rise velocities and volume fraction of the
bubbles in the two size ranges (see Equations (7a) and (7b),
July-September, 1984 Quarterly Report). The results are
summarized in Table 3. The fraction of small bubbles having
bukble rise velocities of 5.1 to 7.6.cm/s was found to decrease
with incresasing superficial gas velocity. The bubble rise
velocities of larger bubbles range from 32 to 36 cm/s. Since a
good correlation of bubble rise velocity and bubble size is not
available in the literature for a F-T 11qu1d medium, it is not
practical ‘to estimate average bubble sizes frcm the bubble rise
velocities estimated above.

2.. Future Work

Continue model appllcatlons tc coampare slurry CSTRs
with bubble-columns.

D. Task 5 — Development of
Conceptual Process Schemes

1. Introduction

The objective of this contract is to mirnimize methane +
ethane yield and maximize liquid fuel (gasoline and distillate)
yvields. This can only be achieved at increased reactor-wax
yields from the first-stage F-T reactor. For instance, in the
previous contract work (Kuo, 1983) we showed that when the
methane + ethane yield dropped from 10 wt % of the total
hydrocarbons produced to 4 wt %, the reactor-wax yield increased
from 8 to 50 wt %. A furtbher drop of the methane + ethane yield
to 2wt % increased the wax yield to' 80 wt %. Hence, im the high
wax (low methane + ethane) operation mode, it is essential to
convert efficiently the reactor-wax. into high quality fuels. In
the Appendix-Restrictive Distribution of previous Quarterly
Reports, we described scoping studies to upgrade reactor-wax into,
gasoline and distillate products. The results of , these studies
© are i%corporated in the conceptual design.
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To' maintain a:reasonable G/D product ratio and
sufficiently low methane -+ ethane yield, we set a target
reactor-wax of 50 wt % with a corresponding methane + ethane ,
yield of 4 wt %. The material balance #10 of Run CT-256-7 was
chosen as a basis for F-T process data. The balance gave a
reactor-wax yield of 57 wt % and a methane + ethane yield of 3.8
wt %, at 81 mol % Ho+CO conversion. These data were -adjused
slightly to give the target methane + ethane reactor-wax yields.:
The target Ho+CO conversion was 84 mol % (corresponding to 80% CO
conversion). Unfortunately, detailed analysis of the overhead
Cs* F-T product of Run .7 was not available. To £fill this gap,
the hydrocarbon distribution of the same stream used to develop
the design base case data of our previous contract (Kuo, 1983)°
was used. DBased on our experiepce, the Cg* hydrocarbon .
distributions in the overhead of the slurry F-T reacor changed
only slightly with the process conditions. The ZSM-5 reactor
data is based on material balance #14 of Run CT-256-7, which had
a severity index (molar isobutane/(butenes + propemne) ratio) of
.73. " This data was adjusted to give the same severity as that in
the previous contract (.78). All material balance data were
slightly adjusted to give exact C-H-0 balances.

: The reactor-wax upgrading to gasoline and distillate is
based on our scoping studies using Run OT-256-4 reactor-wax.
Runs CT-256-4 and ~7 both used the same F-T Catalyst I-B at the
same reaction conditions, and produced similar hydrocarbon
selectivities. Thus, the reactor-waxes produced in these rums
are also expected to have similar compcsitions. A detailed
carbon number distribution of Run CT-256-4 reactor-wax is
available up to Cgz by GC, and the Cgg™ content is known-from
FIMS analysis.

Two reactor-wax upgrading schemes are included in the
conceptial design and are described in the Appendix-Restrictive -
Distribution. _ -

2. Design Base Data For Slurry
Fischer-Tropsch/ZSM-5 Unit

The operating conditions of the slurry F-T and ZSM-5
reactors are summarized in Table 4. The heats of reaction and
adiabatic temperature rise were estimated. The space velocity
for the ZSM-5 reactor was estimated from that of the previous
contract, assuming the same contact time. The space velocity of
the F-T reactor was estimated from that of the previous contract,
"but we allowed 2" 15% drop due to a slight pressure effect, i.e.,
higher pressure at the same superficial gas velocity will
somewhat reduce the H9+CO conversion.

- Tables 5 and 6 show product yields fﬁr F-T and ZSM-5
reactors, as mol/100 mol feed Ho+CD. Table 6 also includes the
feed Hp+CO+Ho0 to the F-T reactor. We assume that the water-gas"
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shlft reactlon will convert rapidly the excess CO and water 1nto

‘Hg and CDg, to give an effective Hg/CO ratio of 0.67.

3. TFuture Work

Complete the conceptual design and scoping cost
estimates for a low methane + ethane mode F-T/ZSM-5 plant.

!
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V. Nomenclature

A First-order agiﬁg kinetic comstant, (1/day)
Ce ‘ Catalyst concentration, (g/cm3)
Cc® _ Catalyst concentratlon in the bubble-column

exit, (g/cm3)

Dc Catalyst particl% size, (micron)
Ec Catalyst axial dispersion coefficient, (cm2/s)"i
vk First-order klnetlc rate constant (1/s)
®° ' Initial k,’ (1/5)
L Reagtor he1ghb, (cm)
Lo Slurry return log;$ion, (em)
t Catalyst age, (da&)
Té Synthesis gas-catalyst-contact time, (s)
Ug Super%icial'gas velocity, (cm/s)
ug1l Slurry circulation velocity, (cm/s)
Ues Catalyst settling veiocity, (em/s)
upl, | Average bubble rise veloc1ty of 1arge butbles,
- | (cm/s) . J .
uBs ’ Average bubble rise velocity of small - bubbles,
(cm/s) _
We Weight fraction eof catalyst in slurry,
(gCat/g slurry)
x . Axial distance, (cm)
XHo, 00 'H2+CU conversioﬁ{ (mol %)

o~

Greek Letters

€g Gas holdup, (cmS gas/cm3 expanded
slurry)-
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Acronyms

BSU Bench-Scale Unit

CSTR : Continuous Stirred-Tank Reactor
DOE bepartment of Energy

DOS Déys on Stream

P Différential Pressure

FIMS - F{eldeonization—Mass—Spectrometry
F-T Fische;ETropsch

GC Gas Cﬁromatogr§phy

GHSV Gas Hourly Space Velocity, (NL per hour/L-Cat)
HC Hydrocarbons .

ID ‘ Inside Diameter

MW ‘Molecular Weight? -

WHSV Weight Hourly Space Velocity, (gFeed per hour/gCat)
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Table 5
FIRST-STAGE PRODUCT YIELDS

(BASIS: 100 MOL FEED H2+CO)

FEED MOLES

WATER T 6.7864

" HYDROGEN 33.3333
co 66.6667
P

METHANE

ETHENE

ETHANE

PROPENE

PROPANE

N-BUTANE

C4 OLEFINS
N-PENTANE

C5° OLEFINS
N-HEXANE .

C6 OLEFINS
N-HEFTANE
C7~OLEFINS

N-OCTANE

C8-OLEFINS

N-NONANE

C9-OLEFINS

C10-C15 (P+0)
C16-C20 (P+0)
€21-C25 (P+0)

C26+ (P+0, EXCL. wmoo
METHANOL

FORMIC ACID

ETHANOL

ACETIC ACID

ACETONE

N-PROPANGL
T-PROPANOL
PROPANDIC ACIDS
C4-CO (DXYGENATES)
C10-C15 (DXYGENATES)
C16-C20 (OXYGENATES)
C21-CG25 (OXYGENATES)
C26+ (OXYGENATES)
SLURRY REACTOR WAX

TOTAL MOLES 106.7864
TOTAL WT 2056.80
HYDROCARBON WT

396.

MW SP.GR MOLES
18.02 0.7902
2.02 9.8537
28.01 5.9880
44.01 33.1333
16.04 0.8249
2B.0b 0.2611
30.07 0.0875
42.08 0.5218 0.2615
- 44.10 0.5077 0.0688
58.12 .0.5832 0.0648
56.11 0.6011 ' 0.1731
72.15 0.8306 0.0694
70.14 0.5471 0.2201
86.18 0.6641 0.0586
84.16 0.8781 0.1517
100.11 0.6886 0.0314
98.19 0.7026 0.0766
114.23 0.7067 0.0343
112.21 0.7201 0.0721
128.26 0.7179 0.0318
126.24 0.7339 0.0565
167.82 0.7572 0.2278
245.95 0.7861 0.0538
311.75  0.7994 0.0082
384.55 0.8101 0.0007
32.04 0.7960 0.0413
46.03 1.2210 0.0022
46.07 0.7900 0.0855
60.05 1.0500 0.0055
58.08 0.7920 0.0144
60.10 0.8050 - 0.0425
60.10 0.7800 0.0098
74.08 0.9930 0.0021
894.24 0.8248 0.0721
181.43 0.8471 0.0164
261.83 0.8472 0.0017
330.75 0.8460 0.0000
417.58 0.8450 0.0000
821.41 0.8700 0.2414
53.2448

2056 .80



Tasble 8

SECOND-STAGE PRODUCT YIELDS
BASIS: 182 MOL FEED H2+CO)

HYDROCARBON WT

MW SP'.GR . MOLES
WATER 18.22 - - 1.0977
HYDROGEN 2.82 - 5.9537
€0 28.01 - 6.5880
€02 44.91 - 33.1334
METHANE 16.24 - 8.8434
-ETHANE 38.87 - 0.9923
ETHENE 28.95 - . B.1661 _ .
PROPANE 44.120  B.5877 ?.2836
PROPENE 42.88 ©.5218  ©.1617
N~BUTANE 58.12 ©.5844 £.1880
I-BUTANE BE.12 @.5831 8.2355
N-BUTENE 56.11 ©.6011 8.2866
I-BUTENE 66.11 ©.6100 .8577
- N-PENTANE 72.15  ©.8312 £.1134
I-PENTANE 72.16  ©.6248 £.1980
N-PENTENE 70.14 ©.8461 .0045

- I-PENTENE 78.14 ©.6326 £.1238
CYCLOPENTANE 70.14 ©.7505 £.9243
N-HEXANE 86.18  £.8640 £.9624
I-HEXANE  _ B8.18 ©.8579 2.1144
N-HEXENE  ° B4.18 ©.678D 8.9010

. I-HEXENE 84.18 ©.8722 .0273
METHYLCYGLOPENTANE 84.18 @.7505 .8254
CYCLOHEXANE 84.18 @.7834 .0010
BENZENE 78.11 £.6845 2.0114
N-HEPTANE 160.21 ©.8882 ©.9385
I-HEPTANE 100.21 ©.6838 0.0538
N-HEPTENE $8.19 ©.7288 0.9273
I-HEPTENE §8.19 ©.6982 0.9251
DIMETHYL-CYCLOPENTANE $8.19 1©3.74s6 8.8221

© METHYLCYCLOHEXANE 98.19 ©.7740 2.9123
TOLUENE §2.14 ©.8719 £.0447
N-OCTANE 114.23 ©.7068 0.8149
I-0CTANE 114.23  ©.7099 0.0249
N-OCTENE 112.21  2.7272 2.8289
I-OCTENE 112.21 ©.7188 2.9085
C8-N5 112.21  ©.7729 2.8225
C8-N8 112.21 ©.7841 2.9126
P~XYLENE 106.17 ©.8657 0.8148
M-XYLENE 186.17  ©.8687 0.0471
- D~XYLENE 126,17 ©.8848 2.9153
ETHYLBENZENE 106.17 ©.8717 .8176
N-NONANE 128.28  ©.7176 2.0057
I-NONANE 128.26 ©.7262 2.2129
N-NONENE 126.24 ©.7369 0.9162
I-NONENE 126.24 ©.7385 ©.9036
C9-N5 126.24 ©.7848 2.0084
Co-N§ 126.24 ©.7945 0.0847
N-PROPYLBENZENE 120.2¢ ©.8666 0.0036
I-PROPYLBENZENE 128.2¢ ©.8689¢ 2.0087
METHYL~ETHYL-BENZENE 126.28 ©.8896 8.0630
TRIMETHYL—-BENZENE 126.20 ©.7340 8.0269
N-DECANE 142.28  ©.7461 .8016
N-C4-BENZENE 134.22  ©.7493 8.0187
METHYL-I-C3-BENZENE 134.22  ©.7954 8.002¢ - -
TETRA-METHYL-BENZENE 134.22 ©.8078 £.8031
DIETHYLBENZENE 134.22, ©.8709 £8.0171
C11-ALKYLBENZENE 148.25  @.8602 0.8268
C12-PARAFFIN 170.34 ©.7626 8.8034
C12-ALKYLBENZENE 161.27 £.8617 8.6061

+ C13-PARAFFIN 184.37 8.7601 8.8027
C13-ALKYLBENZENE 176.30  9.88@9 ©.9250
C14-PARAFFIN 188.39 ©.7867 = ©.8016
€14~ALKYLBENZENE 192.33  ©.86923 2.8036
TOTAL MOLES 53.6587
TOTAL WT 1858, 64

198.273
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- APPENDIX A

SUMMARY OF DATA FROM RUN CT-256-0



(Nitrogen~Free Basis)
M.B. No. .
Days On-stream
First-Stage Conditions:
Charge H2/C0 (Moiar)
Temperature, of
Pressure, MPa
Feed Sup. Vel., em/s
Space Vel., NL/gFe-hr
N2 in Feed, Mol %
Conversnons Mol % :
H2
co
H2+CO .
Yields, Wt % of Products :
Hydrocarbons (1)
_ co2 i
T H20 (1)
H2

co
Total
Bal Recovery, Wt % of Charge:
(€02) (H2)/ (€CO) (H20)
gHC/Nm3 (H2+C0) conv.:
(H/€) Atomic Ratio in HC :
Selectivities, Wt %.of HC :
Methane
Ethene
Ethane
Propene
Propane
Butenes
i-Butane
n-Butane
cs - C11 (2)
> Light, Hydrocarbons (3)
. Heavy Hydrocarbons (4)
Slurry Rx.-Wax
Total

9- 1*
1.6

0.668
257
1.487
4.645
1.857
-8.7

.81.21
§3.81
88.68

23.68
67.81
2.07
©.83
5.61
188
105.986
27.63
218
2.18

3.87
2.17
2.84
3.52
@.68
2.75
2.04
9.63
4.85
10.96
13.22

* 56.2¢

128

Table A-1
First Stage Fischer-Tropsch Slurry Reactor

Operating Conditions and Msterial Bslances
(Based on Inter~reactor Sample)

(Run CT-266-9)

9- 3
3.5

2.681
256
1.487

. 4.823

1.957
0.6

79.73
95.89
89.41

23.81
69.57
1.79
5.96
3.87

109
98.50
§5.098
- 204
2,16

9- 4
4.%

2.673

255
1.832
4.792
2.403

e.6

73.85
92.12

'84.82

24.07
65.76
1.56
1.19
. 7.42
120
161.01
'38.58
223
1 2.16

4.23

2.12 -

8.95
3.44
2.84
2.77
2.26
©.92
7.45
18.71
15.78
50.08
108

S~ b
5.5

9.8639
256
1.832
4.803
2.408
2.6

77.08
90.87

85.34

24.19
65.27

1.19 .

1.3
B8.51
109
182.11
37.77
226
2.18

3.82
1,94
2.54
3.19

- 8.82
2.59
2.26
9.86
6.72

12.58
15.83
50.02

100

9- 7
7.5

2.663

255
1.825
4.780

2.394

2.6

89.49
87.39
86.25

22.58
53.60
1.41

« Not based on Inter-reactor saﬁp!e; Second-Stage not in operation

(1) Including Oxygenates
.(2) In Gas Phase Only

“(3) Collected in Chilled and Amblent Condensers

(4) Collected in Hot Condenser

8- 9
9.5

8.875
255

©1.825

4.831
2.420
0.7

72.11
86.58
80.75

28.98
63.72
1.1@
1.31
12.92

160

99.061
33.32
200

2.15 -

3.72
2.24

1.18
3.59
1.01
2.89
.08
1.08
8.33
11.82
18.28
45.00
100

9- 11
12.7

B.679

252
1.825
4.748
2.396
. 8.6

33.23
42.88
39.91

11.32
28.91
2.79
3.15
55 84

97.43
11.76
219
2.17

1.83
2.43
1.43
4.11
1.e8
3.17
B8.29
1.88
12.98
12.34
15.90
40.29
109



" M.B. No.

SLURRY REACTOR-WAX

« Not based on Inter-resctor sample; Second-Stage not in operation

Table A-2

" Composition of Hydrocarbon Products from

First-Stage Slurry F-T Resctor
(Based on Inter-Reactor Sample)

(Run CT:ZSG—Q)

g- 1* g9- 3 9- 4 - S5

Days On-stream: 1.6 3.8 4.5 5.8
METHANE 3.87 4.17 4.23 3.82
ETHENE 2.17 2.0, 2.12 1.94
ETHANE 8.84 1.82-- ©.95  8.94
PROPENE 3.62 - 3.88 3.44 3.19
PROPANE 2.63 R.77 0.84 9.82
I-BUTANE ‘ 0.04 2.85 Q.26 0.06
1-BUTENE+2-METHYLPROPENE 2.66 2.79 . 2.71 2.52
N-BUTANE : . ©.63 ©.82 0.92 0.86
TRANS-2-BUTENE 2.03 2.94 . 0.02 9.23
CIS-2-BUTENE ¢.06 2.06 2.04 2.24
3-METHYL~1-BUTENE 2.15 .15 .14 .14
I-PENTANE 2.95 @.96 2.02 0.22
1-PENTENE . 1.84 2.14 2.8 1.89
2~METHYL-1-BUTENE ¢.e8 2.8 2.07 2.87
N-PENTANE 2.44 2.61 2.68 0.82
TRANS~2-PENTENE 2.83 2.3 .02 .02
CIS-2-PENTENE 2.3 2.03 8.02 9.92
UNKNOWN CS-MONODLEFINS g.g9 . Q2.20 0.e9 0.00
CYCLOPENTANE 0.00 ° ©.91 8.861 9.00
HEXENES < ISO-HEXANES -.2.14 2.24 8.23 9.22
2,3-DINETHYLBUTANE 8.62 .02 6.02 .82
2-METHYLPENTANE 0.02 .08 .07 2.05
3-METHYLPENTANE 2.02 2.82 0.83 B8.82
1-HEXENE 1 1.038 1.54  1.47 1.32
N-HEXANE 2.26 ©.465: ©.50 .46
"HEPTENES + ISO-HEPTANES 2.13° ©.26 8.23 .21
1-HEPTENE B8.36 2.81 2.89 2.7
N-HEPTANE . 8,19 6.26 2.28 2.25
C8-OLEFINS + ISO-f 2.93 2.99 2.26 2.86
1-0CTENE . 2.97 2.32 2.34 8.29
N-0CTANE 9.02 2.11 8.13 0.1
C9-OLEFINS « ISD-P e.21 2.26 .28 8.25
METHANOL . 2.06 @.26 2.07 2.07
ACETONE 2.12 @.36 2.39 2.34
I-PROPANOL ‘ 2.13 2.17 0.26 2.24
UNKNOWN LITE HYDRO-CARB LIQ (1) 14.96 18.60 18.71 12.58
UNKNOWN HVY HYDRD-CARB LIQ (2) 13.22 16.82 15.78 1E.83

56.20 50.02 b0.62 60.20

(1) Collected in Ambient and Chilled Condensers
(2) Collected in Hot Condenser
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.28
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.23
0.04
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.10
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g.78
0.02
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g.e1
e.27
8.e3
2.99
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1.57
2.58
.26
2.89
2.34
0.08
.39
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2.33
0.09
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11.92
18.28
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Table A-3
Second-Stage Fixed-Bed ZSM~-5 Reactor
Oparating Conditions and Meterial Balances
s (Run CT-256-9)

{Nitrogen~Free Basis)

M.B. No. 8- 3 9- 4 9- 5 9- 7 9- 8 8- 9 9-11
Days On-stream o 3.5 4.6 5.5 7.6 8.5 9.5 12.7
First-Stage Conditions: }* | :
Charge H2/C0 (Molar) 9.681  ©.873 ©.669 ©.663 ¢.669 ©.675 ©0.6870
Temperature, ol 266 256 - 256 285 255 255 252
Pressure, MPa 1.487 1.832 1.832 1.825 1.825 1.825 1.825
Feed Sup. Vel., cm/s 4,823 4.792 4.803 4.779 4.809 4.830 4.747
Space Vel., NL/gFe-tir 1.957 2.483  2.428 2,394 2.412 2.420 2.396
N2 in Feed, Mol % 2.6 0.6 B.6 2.6 2.5 B.7 2.6
Second-Stage Conditions:* v ' : T
Temp., Inlet, oC 319 323 /328 333 361 358 373
? " Outlet, of 364 356 .+ 358 an 393 492 394
Pressure, MPa 1.487 1.825 1.825 1.825 1.825 1,818 1.825
GHSV, 2/hr 2511 3278 3352 376e 3368 3845 56850
Days On-stream 17.5 18.5 19.5 21.5 22.5 23.5 . 28.8
Conversions, Mol % : )
H2 81.27 78.76 77.78 71.82 75.12 72.12 90.63
Co 95.99 92.28 91.18 B6.44 87.77 86.67 43.89
H2+C0 g9.03 ©86.84 85.79 80.65 82.7¢ 80.81 38.57
Yields, Wt % of Products : .
Hydrocarbons 24.72 23.27 24.13 22.82 22.38 20,67 12.18
co2 68.93 6€6.89 85.902 62.48 62.48 63.83 28.69
H20 . 1.81 1.56 1.69 1.51 1.66 1.45 1.32
H2 ' .88 3.98 1.09 1.19 1.22 1.31 3.27
co o . . 3.85 7.31 8.26 12,82 12.38 12,84 54.65
Total 128 e 100 128 108 198 120
Bal Recovery, Wt % of. Chnrge 99.¢1 108.56 122.07 107.49 94.07 98.82 97.78
(C02) (H2)/(C0) (H20) : 66.67 32.83 28.27 23.35 22.38 25.52 7.36
gHC/Nm3 (H2+CD) conv.: 211 210 224 238’ 198 198 239
(H/C) Atomic Ratio in HC : 2.186 2.18 2.18 2.15 2.16 2.18 2.15
Selectivities, Wt % of HC : .
Methane 4.03 3.85 3.88 4,10 4,19 3.684 3.9¢
Ethene 0.44 2.48 2.54 2.82 2.89 2.79 1.38
Ethane ' - l.07 92.97 1.€4 1.14 1.28 1.34 1.64
Propene - 1.88 l.68 1.78 2,15 2.32 2.58 3.95
Propane ' 2.58 2.42 2.30 2.76 - 3.95 4.97 3.99
Butanes 2.92 3.28 3.14 3.91 3.34 . 3.34 4.84
1-Butars 4.08 3.684 3.21 4.05 5.38 6.29 4.80
n-Butane 2.80 2.e8 2.29 2,990 3.54 4.8 3.12
¢t - C11 30.89 38.49 31.45 33,18 29.78 27.49 32.33
Ci2+ (Exe!. Rx.-Wax) 9.44 9.54 92.37 8.20 8.7% 8.49 8.25
Slurry Rx.-Wax 5G.00 50.28 50.00 45.00 45.090 45.08 40.00
Total 102 100 109 100 108 122 190
1-C4/(C3= + C4=) Molar : 0.78 0.84 .56 2.58 2.81 .89 .47

1.68 1.39 1.24 1,22 1.83 1.84 2.98
7.73 7.18 8.31 7.98 10.11 11.e8 9.42
.82 1.48 1.81 2.15 0.92 0.54 3.86

(C3/C3=) Molar Ratio
Alkylate, Wt %X of HC
Cat-Poly Wt X of HC

C5 - C11 PONA, Wt X :

s e

Paraffins 46.68 46.88 - 41.78 43.84 48.80 -
OleTins 22,35 2B.79 - 27.88 17.82 13.97 -
Naphthsnes 8.04 65.10 - 5.91 8.99 - 8.82 —-—

Aramatics 24.92 22,48 - 24.71 .32.54 28.80 -




-

Teble A-2
Composition of Mydrecerbon Products from

Teo-Stepe Slurri F-TIZSU-S Syngu Convarsion
on -

8.8, No. 9 3 9- 4 8- 6 98- 7 9 0 9- ® 011
Deys Dh'lll’.l'ﬂ: 3.5 4.5 5.6 7.8 8.6 2.6 12.7
NETHANE . 4.03 3,85 3.0 410 3.98
ETHENE 0.44 0.48  £.6a 8.82 1.28
ETHANE 1.87 8.97 1.04 1.4 1.64
PROPENZ . 1.86 1.66 3.7¢ 2.16 3.95
PROPANE 2.58 2.42 2.3 2.7¢ 3.99
T-BUTANE 4.86 3.64 3.21 4.86 4,98
1-BUTENE«2-NETHYLPROPENE 1.76 1.97 1.02 .M 2.79%
N-BUTANE 2.82 2.8 2.29 2.9 3.32
TRANS=2-BUTENE 0.7 6.78 .73 5.94 1.00
CIS-2-BUTENE 0.46 e.52 8.d9 0.%3 e.78
$~-RETHYL - 1<BUTENE .85 e8!  eo.e5 [N.:] .87
- ANE - 3.28 2.97 2.82 3.27 2.92
1=PENTENE [ 0,08 o.86 8.10 8.88
2-WETHY| -1-BUTENE £.44 .52 8.37 0.80 8.48
N-PENTANE 2.08 1.9 121 2.14 1.52
TRANS-2-PENTENE e.30 8.35 e.23 0.42 8.3
CIS-2~PENTENE 8.14 8.17 e.11 $.20 8.16
2~-NETHYL ~2~BUTENE 1.27 1.48 &£.80 1.85 1.86
2,2-DINETHYLBUTANE 8.02 8.02 8.02 8.82 ©.84
CYCLOPENTANE 6.83 .04 £.60 8.84 8.11
HEXENES « ISD-HEXANES 6.05 8.87 8.85 .06 e.08
2,3-DIMETHWL BUTANE 0.88 8.85 0.85 8.10 8.18
2-METHYLPENTANE 1.61 1.1 8.6 1.67 1.43 1.34 .89
3-METHYLPENTANE 8.59 #8.66 £.17 5.6 9.84 0.63 e.38
HEXENES 8.58 8.73 8.00 e.86 8.61 6.4 0.06-
N-HEXANE 1.24 1,28 S.M 1.39 1.18 1.87 8.58
2,2-DIMETHYLPENTANE 6.02 B.02 6.t P82 &.00 8.0 o.88
2,4=-DINETHYLPENTANE #.82 2.60 ®.00 a0 0.9 e.88 e.00
HETHYLCYCLOPENTANE 8.27 8.24 8.88 8.24 &.58 .81 e.39
3, 3-DIHETHYLPENTAHE o.00 6.6 p.eo 5.00 @.80 0.008 8.08
CYCLOHEXA!E 8.01 8.6 0.00 8.61 8.82 .82 o.0e
HEPTENES « ISO-HEPT”ES 8.21 0.23 8.26 0.24 8.14 e.13 8.36
2~ME THYLHEXANE .68 8.78 0.08 0.64 a.60 8.42 0.13
2,3~-DINETHYLPENTANE 0.86 .88 O.80 8.08 8.12 .54
ISMETHYLHEXANE 0.58 0.57 0.5 #§.58 B.42 9.312
1-CIS-3-DIMETHYL=NG f.313 0.11 2.1 e.15 0.28 .89
A~TRANS =3-DIMETHYL-NS 8.12 e8.11 &.08 8.14 8.88
1~TRANG ~2-DIMETHYL-NS 0.89 0.68 8.82 8.10 0.88
HN-HEPTANE 0.74 8.85 £.08 0.86 9.23
CT-DLEFINS B.85 .1.18 8.00 1.27 0.88
METHYLCYCLOHEXANE 6.10 .7 6.18 ©.00 2.00 8.18
CO-OLEFINS « ISO-P 0.82 8.0 2.6 8.02 0.2
JS0-CB-P « D « N5 = N6 6.0 8.0 6.81 8.01 .22
MNONOMETHYL-150-C8-P 8.85 8.7¢ .00 &.84 0.08
OTHER IS0-Co-P a8.97 0.87 .00 8.82 0.08
CB-OLEFINS 1.48 1.41 .80 2.24 8.00
CE-NAPHTHENES (NS+NS) 8.63 6.68 8.9 D.89 8.80
NeOCTANE 0.42 &.6 .80 8.60 2.6
CH-OLEFINS « IS0-P 6.0 0.88 6.08 8.00 8.28
NONQMETHYL~150-C9-P D.38 6.41 S$.80 D3 0.08
OTHER 150-C9-P ToLae 8.16 6.0 B.12 n.00
€9-DLEFINS 1.29 1.87 8.00 1.48 o.00
CO-NAPHTHENES (NS<N6S) 8.48 8.27 &.p6 ©.28 , e
N-NONANE 8.0 6.26 800 0.5 .00
ISO-CIB—P 0« N5+ N6 6.75 ° 6.77 8.9 1.18 0.99
N-DECANE B85 8.67 &.00 8.60 .80
C11-P < 0 « NS + NG .56 8.85 a.08 .28 8.08
BENZENE . 8.25 8.27 2.05 0.34 e
TOLVENE . 08.79 B.83 o84 8.92 8.34
ETHYLBENZENE .41 8.35 9.68 8.4 .40
N-XYLENE 1.46 1.29 2.06 , 1.81 ».00
O-XYLENE 8.29 8.22 9.8¢ 9.33 8.0
N-PROPYLBENZENE €.14 £.18 8.08 6.38 b.08
1-~METHYL-3-ETHYL-BENZENE 1.85 8.3 . 0.0 1.89 .08
1~-METHYL=-4-ETHYL ~-DENZENE 8.52 B.47 4.88 .64 ®.80
1,3, 6-TRIVETHYL-BENZENE 0.83 6.88 a.08 0.8 a.00
1=METHYL -2-ETHYLBERZERE 8.04 6.8 MS0¢ 0.8 o.00
1,2,4-TRIVETHYLBENIENE 0.76 8.68 #.00 3 0.00
1-METHYL -2-250-C3~BENZENE Be2 e 0.0 o8 o.80
1,3-DIETHYLBENIENE . $.42 “ 049 088 B30 .08
3-METHYL-3-H-C3-BENZENE e8.t2 8.03 % 6.8 ..
N-CA-BENZENE #.26 8.26 90 8 .08
1,2,4, B-TETRAIETHYL'ENZENE 8.85 a.08 a.88 [ ] n.08
1,2,3 E-TETRAMETHYLBENZENE .01 6.0 a.00 9.0a
1 2,3, 4-TEIRAIETHYLBENZBE 2.85 €.85 a0 .88
HTHALENE .08 o.00 .80 .88
UNKNOWHS  (HC ARDMATICS) 8.33 £.28 8.00 .00
UNKNOWN LITE HYDRO-CARR LIG (1) e.00 e.en 24.07 28 .87
UNGNOWN HVY HYDRD-CARB LIQ {2) p.ac  ©£.5¢ 8.7 9.26
SLURRY REACTOR-WAX g 5o.860 G0.00 k.00 46.06

(1) Coll.cud in Chillad and Ambient Condensars
Coll d in Hot Cond




APPENDIX B

SUMMARY OF DATA FROM RUN CT-256-11



Table B-1

First Stage Fischer-Tropsch Slurry Reactor

Operating Conditions and Material Balances
igecona-gtage Not Uperative)

(Run CT<265-11)

{(Nitrogen-Free Basis)

M.B. No. 11- 2 11- 3 11- 4 11- 6§ 11- 8 11- 7
Days On~stream 2.3 3.3 4.3 6.3 8.3 7.3
First-Stage Conditions:
Charge H2/C0 (Molar) ©8.692 @.882 9.861 D.878 0©.879 0.688
Temparature, ‘o 268 258 259 2569 259 258
:Pressure,: MPa 1.480 1.4B2 1.4820 1.480 1.487 1.487
--Feed Sups Vol., cm/s 6.276 5.331 ©65.264 6.4868 6.595 6.013
““Spice Vel., NL/gFe-hr 2.329 2.30¢ 2.300 2.380 2.320 2.320
N°~ln Feed, Mol % %.8 2.5 °~ @.6 2.5 2.6 2.6
Convors:ons, *Mol % :
H2 . 76.8% 78.11 81.25 78.77 76.73 73.7¢
co 92,64 94.07° 96.22 93.98 91.76 89.87
H2+C0O T 7- 88,18 87.60 89.66 87.82 85.68 83.17
Yields, Wt % of Products :
Hydrocarbons (1) 21.44 22.28 20.98 24,32 21.96 - 21,42
c02 87.60 6€8.14 70,39 68.83 86.28 85.23
H20 (1) 2.21 2,39 2.78 1.92 1.89 1.72
H2 e 1.20 1.12 .83 1.88 1.20 1.3
co , 7.88 8.17 4.94 8.e9 8.71 19.32
Total 12 ie9 100 120 120 ie9
Bal Recovery, Wt X of Charge: 91.66 91.35 S92.14 94.43 S2.24 95.17
{€02) (H2) /(CO) (H20) : 27.34 38.68 27.17 34.01 27.84 27.27
gHC/Nm3 (H2+CQ) conv.: 178 180 189 203 179 189
(H/C) Atomic Ratio in HC : T 2.14 2.14 2,14 2.13 2.14 2.14
Selectivities, Wt % of HC :
Methane 3.15 3.18 3.24 2.87 3.16 3.88
Ethene 2.23 1.81 1.93 1.57 1.71 1.8
Ethane 2.78 2.85 ¢.91 .88 2.86 0.82 .
Propene 3.27 3.24 3.83 2.6e8 3.16 3.82
Propane 2.82 2.64 2.74 g.6% 0.87 2.656
Butenes . .2.68 2.60 3.27 2.38 2.81 2.47
i-Butane 0.04 .24 ¢.85 &.04 2.04 9.03
n~Butane g.61. . ©.63 ©.84 8.82 .88 8.87
Cs - Cl11 (2) 6.24 6.11 6.98 4.62 5.21 5.21
Light Hydrocarbons (3) 14.87 14.98 18.82 18.77 17.33 16,73
Heavy Hydrocarbons (4) 16.47 16.56 11.84 13.6¢ 14.23 15.33
Slurry Rx.-Wax 50.22 60.22 50.20 50.02 62.82 ©0.00
Total 128 188 1092 100 - 109 128

(1) Including Oxygenates

(2) In Gas Phlae Only

(3) Cellected in Chillod and Amblont Condensers
(4) Collected in Hot Condenser



Table B-1 (Cont’d) )
First Stage Fischer-Tropsch Slurry Reactor
" Dporating Conditions and Material Balances
(Second-5Stage Not Uperative)
(Run CT-256-11)

(Nitrogen-Froe Basis) L ’
“M.B. No. . 11- 8 i1- 9 11-10 11- 11 11- 12

Days On-stream . 8.3 9.3 1.3, 12.3 14.3
First-Stage Conditions: ’, It :
Charge H2/CO (Moiar) ©.661-..0.876 ©£.682] ©£.882 ©.882
Temperature, o€ - 289 . %58 268" 2E8 257
Pressure, MPa 1.480 1,480 1.480 1.480 1.480
Fead Sup. Vel., cm/s 6.7689 5736 B.748 5.180 8.070
Space Vei., NL/gFe-hr 2.36¢ 2.300 2.3%8 2.382 2.3
N2 in Feed, Mol % 8.8 9.8 9.8 .6 ' ©.8
Conversions, Mol % :
H2 73.11 69.12 '78.72 71.19 36.76
co 89.23 86.897 87.92 86.22 48.79
H2+C0 ' 82.7¢ 79.17 ©©.95 82.12 43.91
Yields, Wt % of Products : ’
Hydrocarbons (1) 21.88 21.81 22.82 22.91 12.11
oz 65.06 61.756 62.98 61.28 38.24
H20 (1) 1.49 1.49 -1.48 1.49 1.87
H2 - 1.27 1.47 1.38 1.34 3.20
1] 10.32 13.68 11.66 13.00 B2.77
Tota! 120 109 129 100 1eg
Bal Recovery, Wt % of Charge: * 99.28 97.71 99.43 129.98 92.36
(€o2) (H2) / (CO) (H20) : 32.81 25.31 29.24 24.03 8.268
gHC/Nm3 (H2+C0) conv.: 204 287 218 224 198
(H/C) Atomic Ratio in KHC : . 2.14 2.1k 2.4, 2,14 2,14
Selectivitios, Wt % of RC':-. . ., ' . .
Methane 3.19 2.93 3.32 3.27 2.88% .
Ethene ) 1.88 1.88 1.7 1,78 2.38
Ethane 2.88 -~2.80 ©.93 .97 ©.86
Propsne . 3.26 2.93 3.17 3.23 3.27
Propane \ 2.50 p.84 -0.868 2.868 ©.73
Butenes 2.66 2.42 2,59 2.67 2.569
i-Butane 2.84 6.04 .04 2.85 .96
n=Butane B3.70 2.88 g.72 9.74 .76
Cs ~ C11 (2) 5.23 6.11 © 5,19 6.19 7.2
Light Hydrocarbons (3) 16.280 16.62 15.96 15.18 24.01
Heavy Hydrocarbons (4) 16.48 IR.97 165.34  18.22 4.78
Slurry Rx.=-Wax © 69.28 £09.60 b60.99°.. 68.92 50.02

Total 100 129 156 ~ 109 109

(1) Including Oxygenates

(2) In Gas Phase Only

(3) Collected in Chilled and Ambient Condensers
(4) Collected in Hot Condenser



Tabie B-2
Composition of Hydrocarbon Products from

First-Stage Slurry F-T Reactor
z§econ3-§tage Not Uperative)
(Run CT-256-11)

M.B. Ne. 12-2 11-3 11- 4 11~
Days On-stream 2.3 3.3 4.3 5.
METHANOL . 2.88 .05 .06 0.8
METHANE 3.18 3.18 3.24 2.8
ETHENE 2.03 1.92 1.93 1.5
ETHANE 8.78 2.85 2.91 2.8
PROPENE 2.27 3.24 3.83 2.8
PROPANE L, 2.82 ©.64 9.74 2.6
I-BUTANE 2.04 ©.04 0.05 3.8
1~-BUTENE+2-METHYLPROPENE 2,51 2.51 3.15 2.2
N-BUTANE ©.81 @.83 0.84 2.8
TRANS~2~BUTENE 8.23 8.23 0.85 2.8
CIS-2-BUTENE 2.25 2.28 2.08 2.6
3-METHYL~1~-BUTENE P.14 ¢P.13 2.17 9.1
I-PENTANE @.85 2.25 2.87 2.2
1-PENTENE 1.83 1.83 2.80 1.7
2-METHYL-1-BUTENE 9.98 2.07 o.09 6.08
N-PENTANE ©.45 2.48 .68 9.45
TRANS-2-PENTENE 2.92 2.83 0.04 2.83
CIS-2-PENTENE 2.03 2.83 2.085 %.03
CYCLOPENTANE ©.02 2.02 2.02 2.09
HEXENES + ISO-HEXANES ¢.15 2.13 .9.19 .19
2,3-DIMETHYLBUTANE 8.02 2.92 .0.08 2.01
2-METHYLPENTANE 9.04 2.04 ‘3.06 .04
3-METHYLPENTANE 2.2 ©.02 '2.02 2.9
1-HEXENE 1.20 1.14 ‘1.68 1.8
N~HEXANE 9.31 c.3e 2.44 2.2
HEPTENES + ISO-HEPTANES 2.14 @.12 2.185 a.1
1-HEPTENE : 2.48 £.46 2.46. 8.3
N-HEPTANE 2.12 @.12 2.12 2.1
C8~OLEFINS + ISO-P, g.91 2.02 2.82 9.9
1~0CTENE 2.11 2.19 2.09 2.0
N-OCTANE .83 g.03 0.93 .0
C9-0LEFINS + XSC-P 2.21 2.01 9.01 2.0
ACETONE 2.15 2.13 2.28 8.1
I-PROPANOL 2.13 2.12 0.19 8.1
UNKNOWN LITE HYDRO-CARB LIQ (1) 14.87 14,93 18.82 19.77
UNKNOWN HVY HYDRO-CARB LIQ (2) - 16.47 18.65 11.04 13.60
SLURRY REACTOR-WAX 60.92 b5B.868 ©E2.08 -659.09

(1) Collected in Ambient and Chilled Condensers
(2) Collecte§ in Hot Condenser
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, Table B-2 (Cont’d)
Composition of Hydrocarbon Products from
First-Stage Slurry F-T Reactor
{Second-Stage Not Operative)

(Run CT-265~-11)

M.B. No. 11- 8

11- ¢ 11-16 11-11 11-12
Days On-stream 8.3 9.3 1.3 12.3 14.3
METHANOL 0.05 4 .24 8.04 .19
METHANE - 3.19 3 3.32 3.27 2.88
ETHENE : 1.88 .80 1.7¢ 1.73 2.38
ETHANE 8.85 .88 .93 9.97 2.8
PROPENE 3.28 .98 3.17 3.23 3.27
PROPANE 0.5 .64 2.89 .66 8.73
I-BUTANE B.04 .04 .04 9.65 0.86
1-BUTENE+2-METHYLPROPENE 2.48 .34 2.59 2.47 .B6b
N-BUTANE 2.78 .68 9.72 8.74 .75
TRANS~2-BUTENE 9.83 .93 2.03 .24 .
CIS-2-BUTENE 0.96 -85 -85 9.8 .
3-METHYL-1-BUTENE .11 W11 .12 2.13 .
I-PENTANE 26 . 29 . -
1-PENTENE- .88 . .
2=-METHYL-1-BUTENE . . - . .
N-PENTANE . .

TRANS-2-PENTENE
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2.28 .05 ©.06 o7
9.5 9.63 ©.6% 58
8.0 7.83 ©.03 22
CIS-2-PENTENE 2.0 . 0.63 _ 0.03 2
HEXENES + ISO-HEXANES 2.1 . 9.11 ' 8.12 .2
2, 3-DIMETHYLBUTANE 5.2 . 2.02 9.02 2
2-METHYLPENTANE 9.04 . p.84  ©.p4 .2
3-METHYLPENTANE 8.22 22  8.82 ° B.92 .2
1-HEXENE 1.18 .34 1.8 1.1 .6
N-HEXANE .34 .26  ©8.34 ©.33 .4
NEPTENES + ISO-HEPTANES 6.12 A1 9,18 8.1 .1
1-HEPTENE : 9.45 .47  ©.45  ©.40 .9
N-HEPTANE @.13 .14 . 2.13 9.13 .2
C8-0LEFINS + ISO-P 0.02 .22  9.92. ©.22 .8
1-0CTENE 8.10 .18 0.1 9.08 .4
N-OCTANE 2.03 .03  ©.93 ©.03 .1
C9-OLEFINS + ISO-P 8.01 B 881 | 2.5l .1
ACETONE . £.13 < 8.13 €.12  06.13 .2
T-PROPANOL : .13 ©.12 €39 ©.14 9.2
UNKNOWN LITE HYDRD-CARB LIQ (1) 16.28 18.62 15.98 15.18 24.01
UNKNDWN HVY HYDRG-CARB LIR (2) 16.48 15.97 15.34 16.22  4.78
£0.08 62.08

SLURRY REACTOR-WAX 50.e¢ t0.00 E@.79

(1) Collected in Ambient and Chilled Condensers
{2) Coilected in Hot Condenser
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from nearly 3 million titles available in our collection.

For economy and efficiency, NTIS does not maintain stock of its
vast collection of technical reports. Rather, most documents are
custom reproduced for each order. Documents that are not in
electronic format are reproduced from master archival copies
and are the best possible reproductions available.

Occasionally, older master materials may reprbduce portions of
documents that are not fully legible. If you have questions
concerning this document or any order you have placed with
NTIS, please call our Customer Service Department at (703)
605-6050.
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