Table 2
HMICROREACTOR

TEST TARAMETERS FOR FTS

Paranmeter Range Precision (%)

Catalyst welght 10 to 50 =g % 1

Feed gas composition 5 volX CO, 10 volX 'H.z,* + 1 vol %

bal. He

Feed gas flow rate 10 to 600 emd/min +5

Pressure 100 to 120 kPa _
Temparature 475, 500, 525, 550, 575 K + 0.4

Co convarsion 0.05 to 0.20 mol/mol feed + 0.5

Product pas partlial
pressure C0, COg, Cy.
CS, C€+

CO conversion rate
CH; preduction rate
Cq preoduction rate

5 to 1000 Pa

0.4 to 400 umol/g/s
0.1 to 400 pmol/g/s
0.001 ta & pmol/g/s

*B,/CO ratio fixed at 2.00 * 0.05.
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FIGURE 2 CATALYST CHARACTERIZATION AND FTS TESTING APPARATUS
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spectrometric analysis. The amount of the remaiuing allyl, ethyl, or
carbonyl ligands will be of great importance ia judging the kinetics and
sultability of the wvarious syathesis methods for the iron and Fe—Bu
aixed—metal clusters, as well as providing information about the most

appropriate activation procedures.

Task & — Evaluatiou of Improved ¥TS Caralysts

The objective of Task 4 1s to accurately determime propercies such
as the activity, product distribution (with exphasis on light and heavy
hydrocarbous), wax accymulation, and deactivarion tendency of selected
improved catalysts- All these properties will be compared with those of
+he base catalyst uuder realistic FIS reactor conditions £ox an accurate
gage of catalyst improvemant. Perailed kineric studies are not
an:iciﬁated, although the effect of tremperature and product gas partial
pressure (such as COp or 320) will be exanined.

The two or three most proalsing improved FIS catalysts will be
further evalusted, beyond the tests of Task 3, for activity and product
distribution under 3.0 MPa pressure and inlet gas composicion simuilating
purified syngas from a Lurgl oxygen-blowa coal gasifier (50 vol.T H,, 45
vol.Z CO, and 5 vol.% CO5)- We anticlpate using a semi-bateh slurrcy
reactor or a Eixed-bed recycle reazctor, depending on the properrties aof
the iwproved catalyst.

For lron-based catalysts that require low temperatures (< S00 ¥) to
achiave low wethane selectivity, a sepibateh slurry reactor {Autoclave
Eagineers) should best represent commercial operation. The syagas
(coataining variable levels of COp if the caralyst is promoted) will flow
through an agitated solvent {(such as n—octacosane, 025) containing the
suspended finely powdered (< 50 pm) cacalysc, aad the effluent will be
antomatically sampled and analyzed by GC. The light gases—Iincluding
hydrogen, merhane, carbon gouoxide, carbon dioxide, hydrogen sulfide, and
light hydrocarbons (to CG)—-vill be analyzed using a Carle automared two-
colum gas analyzer with TCD and FID detection. Tha heavier hydrocarbons
will be analyzed using a tempe:atu:e—ptagtannnble capillary column high—
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resolution gas chromatograph (Hewlett=Packard 5890 with FID detector).
See Figure 4 for a schematic diagram of the experimental apparatus. At
the end of a tum of up to 100 h under isothermal starionary state
conditions, the liguid will be analyzed by #PLC25 and periodically by
field ionizarion mass spectrometry. The overall conversion rate and
preduct distribution as a function of time wi1l be derermined for the
fixed composition gas at several temperatures and space velocities.

Table 3 gives a list of experimental parameters and specifications for
thia task.

Improved eatalysts that can rolerate higher temperatures to reduce
the formation of waxes may, on the advice and consent of the DOE project
manager, be studied further in a fixed—bed internal recycle reactor in
order to better simulate a fluld-bed reactor. The same experiwental
system and product gas analysis would be used as for the slurry reactor,
with the exception of the reactor ltself. The pressure and syngas
compogition will be as described above for the slurzy reactor, but the
temperature range will be higher (500 to 600 K). Rapid deactivaticn due
to carbon deposition way be a problem 2t higher temperature. Therefore,
at the end of a runm, the catalyst will be removed and examipmed with
temperature—programmed rteaction (TPR) in hydrogen, oxygen, aad helium, 1o
a2 maopmer as described above for Task 3, to determine the quality and

quantity of any carbonaceous residue.
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Table 3
EXPERIMENTAL PARAMETERS FOR FTS CATALYST EVALUATION

Paramster Description Range Accuracy (%)

General Parameters

Pressure 3.0 Mpa *5

Faedgas Composition CO, - 0.05 to 0.20 wol/mol feed +3
(8,80 = 2.00 + €.05 {H, + €O} ~ 0.95 ro 0.80 (hal)

Feedgas Flow Rate 1 to 25 x 1078 = 3/s NTP + 5

Per Pass CO Conversilon < 202

Run Puration 2¢to 50N *1
Product Analysis co +3
(n = 2 to 30) COs +5
9 + 16

CH,, + 3

Cabamen t5s
G2 +10

Cnﬂzn_!_loﬂ * 10

Slurry Reactor Parameters

Temperature 470 to 520 K + 0.5
Volume of CpgHsg 0.5 to 2 x 107 w? - +10
Catalyst Load 1l to 208 + 0.1
Agitarion Speed 30 to 300 rpm + 10

Fluid-Bed Reactor Parameters

Temperature 550 to 600 K + 0.
Catalyst load 5tolC g + 0.1
Agitation Speed 300 rpm - + 10
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II1 PROJECT MANAGEMENT

Project Organizntion

Specific reapousibility for the proposed vesearch will reside in the
Materials Research Laboratory (MRL), which is part of the Phesical
tciences Division. Dr. D. L. Aildenbrand, Directer of MRL, will be the
Project Supervisor- All experimental work will be performed ar SRI
Internarional, Menlo Park, california. SRI's Physical Sclences Division
operates under a project management plan in which projects are reviewed
on a regular basis by a selected group of managemeunt and senlorw
professional personnel to ensure that all ipput necessary te & successful
conclusion of the work is beiog provided. These management reviews will
be an integral component of the ovarall masnagemeunt control of the
proposed study, and ssscciated costs have been included in the project

cogt estimate. The proposed proiect team and minagement structure are
ghown 1o Figure 5.

The project team for the propesed research program will include the
following staff members:

. Pr. Jon G. McCarty, Manager of the Catalysis Program, is
currently supervising research on several prograns concerned with
catalyst deactivation by sulfur and carbon deposition. ¥e has
studied the thermodynamics of sulfur depesition of catalysts, and he
has extenslve experlence in catalyst activity measurements using
various reactor coufigurations. Dr. McCarty will be the owverall
project leader and leader of Task 2.

* Dr. Bobert B. ¥Wilsom, Jr., Organowmetallic ChemistT, has extensive
experience in homogeneous catalysis. In receant years he has gtudied
catalyst systems composed of bimerallic cluster cowplexes, and he
has investigated the i1mmobildization of such clusters on solid
supports. Dr. Wilsen will lead Tasks 1 and 4.

e Mr. Berunard J. Wood, Senfor Chemist, is currently studying the
problem of catalyst deactivation by sulfur and carbon deposition on
steam reforming caralysts. He has participated in cataliyst studies
at SRI for many years. He receatly completed an investigatiom of
the mechanisnm of catalycic gasification of coal char for DOE. Wr.
Wood will lead Task 3.
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e Mr. Michasel (uinlan, Chemist, for a number of years has used
the technique of temperature-programmed desorption/reaction to
study the mechanism of catalyst action for a varlety of .
reactions. Catalyst polsooing processes by sulfur aod by halogens
have been of particular coucern in this work. Mr. Quinlano will
assist in the characterization studlies of Task a.

. Mr. Gilbert Tong, Materials Cheumlsr, ig a chomical engineering
graduate of the University of Califorcias at Berkeley. &t SRI he
has been engaged in studies of catalyst deactivation and catalytic

coal gasification. Mr. Tong will assist in the reactor studies of
Tasks 3 and 4.

. Or. Hal Wel Huang, Postdoctoral Fellow, is an inorganic chemlst
recently graduated Erom Iowa State Uuiversity. She has
considerable experience in the synthesls of organometallic
complexes. Dr. Puang will perform the organcmetallic synthesis
reacticns of Task 1 and assist in the evaluation studies .of Task 4.

In addition to this research team, the followlng staff member will
serve as c¢omgultant to the program:

e TDr. Henry Wise, Sclentific Fellow, directed catalysis research
at SRI for many years. THe has made numerous contributions to the
field of catalysis, as exemplified by more thaan 100 publications In
books and scientific jovrnals. Receatly, he has been involved in
studies of catalyst deactivatlion by sulfur and carbon.

Project Schedule

A detailed program schedule for the project, broken down into
estimated time for completion of each task and report, is given in
Figure 6. Results frem rhe activarion and characterization rtests,
conducted in Task 3 (vhich will run parallel to Tasks 1 and 2), may
result i modificatious {a synthesis procedure, abandoument of a
synthesis route, or more emphasis oo a Ttoute that shows proaise.
Similarly, the sulfur treatment task, Task 2, may 2lso be modified bhased
on the results of the testing. For example, if half- saturation with
sulfur leads to a caralyst with very poor activity, additionsl tests
with sulfur coversge greater than half-saturation will be abandoned.
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Eatimated Labor Hours

As digcussed above, each rask requires contributions from geveral
ascaff members. In a regearch progranm of this type, 1t is uot poasible
to identify the pumber of labor hours each staff amember will gpend on
each aspect of the program. However, on the basis of our past
experience with similac programs we have estimated the number of labor
hours, by labor category, required for each task, and these are shown in
Table 4. Some of the supervisory personnel, iz addicion to thelr
supervigory fuaction, will participate in the technical performance of
the progran. The professional staff will perfora the mnecessary
experimental work and will assist supervisory and senior seaff in the
performance of other tagsks. The estimated fractiouv of time the key
personnel will devote to each task lisred fn Table 5.

Cost Manzgement

The materials and supplies cost estipates (Table 6) for project
1245 are attached below. The Cost Plan {DOE Form CR-333?, Table 7) was
derived from the cost estimate schedules of our proposal PYD-127R dated
Angusr 29, 1985, with sdjustmenrs for the increage in MES costs (due te
a more detailed cost breakdown) and the fipal contract size, $289,007
ws. $290,397 as proposed. The initial Contract Management Summary
Report (DOE Form 536) is also attached (Table B).

Govermment Property

We do pot expect to purchase caplital equipment for project 1245.
Govermment property presently located at SRI Internacional may be
required for use in Task 4. SRT will formally request the traasfer of

guch equipment as needed and according to the conditions of our
coutract-
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‘Table &

ALLOCATION OF LABOR HOURS BY TASK

— —
o -]
g g
- |5
-] =
o [2]
>~ Bt = B
o =] = -l
] - o -
g = 3§ 4t
o> " @ oW
o a & -t —
Q - Nt - -]
. = [ =] U3 el
2 & & g% &
Task Description @
0. Work Plen 40 0 &40 42 122
1. Synthesis of Dual-Function
Mixed-Hetal Cluster Caralysts b o 1611 21 1638
2. Suylfer Treatment of Fischer-
Tropsch Catalysts 222 0 570 39 831
3. Characterization and Testing of
¥TS Catalysts [ 378 1117 39 1540
4. PEvaluation of Iaproved FTS
Catalysts 6 0 798 21 825
5. Report Production and Travel 40 42 216 372 690
Total 320 420 4352 534 5646
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Table 5

ESTTMATED FRACTIONAL® TIME COMMITMENT

- =
o c @
b c w o=
Q ® o c [
[ - [} o L] —
3] -l k=] = 2 - -1
= = = == or ab o ]
= L¥] - e}
s 45 2 < & 3T E 38
Task Task U ) - . - 8 g g
Ho-. Duracion (weeks) — e = = = © © L a
0 4 25 25 s 0 0 0 15 0 12
1 80 0 10 0 45 0 0 o 1 0
2 76 10 0 0 0 0 15 0 1 0
3 88 10 0 12 0 s 13 o 1 0
3 32 1 8 0 45 [H ] 0 2 o
S 100 1 2 1 5 1 1 5 0 5

-Erpressed as the T of pexsounel time charges devoted to each task.
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Table 6

ESTIMATED COSTS FOR MATERIALS AND SUPPLIES

Description Estimated Cost $

TASE 1: rTeagents for orgapometallic synthesis 600
organonecallic catalysts 400
glassware 300
gases (dry ;) 60
dry ice, liquid pitrogen 200
miscellaneous supplies 240
51700

TASK 2: reagents for catalysts 100
carrier gases (He, Hy) 60
uixed gases (HpS5/H,, C0/He) 180
oxytrape (2) 60
sleve traps (2) 60
dewvars for traps (2} 60
in-line filters . 60
TFE fiteings 200
vCo fittings 200
pump dlaphram 100
HaS/Hg regulator 100
solid-state relays 100
sampling valves (2} 800
valve acrtuatar 200
miscellanecus supplies 240
$2800

TASK 3: carrier gases (He, Hp) 90
mixed gases (CO+H,, CO+ie) 250
liquid nirrogen 800
VOO fittings 300
55 fittings 300
TFE fittings + quartz for reactors 300
cut=off isolation valves (4) 180
sampling valve 400
valve sactuator 200
migcellanecus supplies 140
$2900
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TASK 4:

back pressure regularors (2)
sampling valves (2)
metering valves

8s fittings & tubing
carrier gases (HU;, He)
nixed gasas (CO + Hy, €04)
1liquid nitrogen + dry ice
DAS iunterface couponents
miscellaneous supplies

Toral Materials and Supplies
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