A A

DE82004148 "t 03[ 9{ _ a information is our business.

FISCHER-TROPSCH SYNTHESIS IN
SLURRY-REACTOR SYSTEMS. QUARTERLY REPORT,

AUGUST 1, 1981-OCTOBER 31, 1981

MASSACHUSETTS INST. OF TECH., CAMBRIDGE

1981

U.S. DEPARTMENT OF COMMERCE
National Technical Information Service




DDE/ c,/
/7 y‘077/"‘3-/
Fischer—-Tropsch Synthesis in Slurry-Reactor Systems

“hg‘m Quarterly Report for Period

August 1, 1981 to October 31, 1981 DOE/PC/40771--2

DEB2 004148
Department of Chemiczl Engineering

and
Energy Laboratory
Massachusetts Institute of Technology

Cambridge, Massachusetts

Report Ho.: DOE/PC40771-2 brcLAmsEn
T LI ST e e e e e
Grant Mo, : DE-FG22-81PC40771 e g oyt upgndi Mgl cliegyegicliialaliviosgdd

—pr— L e N e L e
LR (AT R T WRATE L Tl A Talema S leClut B CSwem— o
Mt s e ey A wAGr— e(te—r e el v = LW
S Greer e sty gy Se—mct T g s QIO ¢ Y ST Nean B
A e P O il © Sy " ey LT Slpen, Cee et O gy mpeey Smmrep®

Submitted by
C.N. Satterfield
T. Bartes
G.A. Buff, Jr.

E. Stenger

ISTRIBUTION OF THIS DOCUMENT IS UNUMITED

i b bs b T b J&WWW_.M-vA

RIS T




,— e ——

I. SUMARY
A large quantity of data were obtained with the fused iron catalyst
under intrinsic kinetic conditions, covering for the first time 50
and 200 psi. These data are being analyzed for information about
overall rates and product selectivity. Preliminary conclusions
about a rate model are presented.
Study of the effects of suspended solids on gas—ligquid mass
transfer was started. Most previous informztion is on agueous
systems, which is not readily translatable into predicted effects
in organic liguids such as Fischer-Tropsch liquids. The most
promising and useful method at present appears to be a chemical
nethod based on absorption of co, into an organic solution of an
amine. We are currently studying its potential.
A report has been prepared describing the detailed design
cf our reactor and trapping procedures, as follows: Gsorge A. Huff, Jr.
and Charles N. Satterfield, "A Stirred Zutoclave Apparatus for Study
of the Fischer-Tropsch Synthesis in a Slurry-Bed I. Reactor and

Trapping Procedures." A copy is appended.

II. DETATLED RESULTS

A. Reaction Studies

In accordance with the projected plans in our last report, an
expanded base of intrimsic kinetic data has been obtained for +the
fused iron catalyst, extending for the first time to pressures of
50 psi and 200 psi. Complete reduction of the large amount of data
has not yet been completed, however several preliminary conclusions
are available. In fitting the kinetic data to a Langmuir-Hinshelwood
model, inhibition by water vapor is clearly evident. Over a wide

range of conversion the rate is nearly zero order in CO,. suggesting

it is strongly adsorbed on the catalyst surface. The dependence on
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hydrogen is very nearly first order. These dependences are consistent
with the kinetic expression reported by Dry as is the inhibition by
watei. Since the inclusion of water inhibition in a kinetic model
requires an additional paraﬁeter to be determined, the most usefil
data would be that from operation under conditions where water vapoXr
partial pressures are low. This suggasts the use of low HZ/CO feed:
ratios to retard the water gas shift reaction.

In our last report we mentioned that an important guestion in
Fischer-Tropsch synthesis is the extent to which o-olefins, the
primary products, may be reincorporated into new growing hydrocarbon
chains, since this can have a major effect on the overall product
distribution. Dwyer and Somorijai (J. Catalysis, 56, 269 (1978))
have presented data that indicated that incorporation of ethflene
or propylemne into growing chains was a significant secondary reac-
tion on an iron catalyst that markedly affected the value of a
in the Flory-Schultz distribution. Our studies undexr intrinsic
kinetic conditions show no effect of degree of conversicn on o,
which indicates that under our cénditiOns the phenomenon does not
occur.

We have now tested this hypothesis further by runs in which
ethylene has been added to the synthesis gas. No effect on a
was cobserved over the range of conversions obtained, but some
of the ethylene was hydrogenzted to ethane. However, it is
possible that at low partial pressures of CO, adsecrption and
reaction of the ethylene may occur. In a CSTR, such as ouxs,
this may be readily cobtained by running‘at high TO conversions.

2 second run of this type will be conducted in the pear future.
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B. Mass Transfer Studies

In order to better characterize the mass transfer aspects of
the Fischer-Tropsch reaction in a2 slurry reacteor, we plan to examine
the effect of solids (density, particle size, loading) upon the mass
transfer in ‘g;s/liquid stirred systems.

Currently, very little information is available concerning the
interaction of the solids with the gas dispersion in a reaction setup
such as ours. An approximation that can be made is to combine the
solid and liguid phases into one pseudo liguid phase. Attempts can
then be made to correlate changes in either of the individual phases
with changes in the pseudo liguid phase. Most notably, Joosten
(CES, 32, 563 (1977)) has rmade a preliminary attempt at relating
solids loading to apparent viscosity for measurements of the effects
of solids loading upon the mass transfer coefficient [kLa) in a
stirred contactor.

This treatment is not wholly adequate, since enhancement or
reduction of mass transfer dne to the presence of sclids is not
preédicted by 2 model such as this. Additionally, the data available
on mass transfer in three phase systems in the literature are
primarily restricted to aguecus sclutions as the liguid phase. Due
to the high surface tension of water relative to organic liquids,
the irterfacial area measured in agueous solutions is highly dependent
upeon such factors as conptaminant concentration and ionic strength,
The inference of interfacial areas in organic systems from agueous
ones is not clear, which rlaces significant liwmitations uvpon scale-up
for mass transfer controlled reactions in stirred contactors.

Mass transfer in gas-liguid systems can be measured by either
of two general methods: (1} measuringnfhe rate of stripping of a

slightly soluble gas (e.g. helium) from the saturated liquid by a
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- second gas (e.g. nitrogen) (see e.g. Joosten, et al, Chem. Eng. Sci.,

32, 563 (1977)) or by (2} a chemical method such as the sulfite method.
These methods in general, as applied to aqueous syctems, have been

recently reviewed by Van't Riet (I.E.C. Process Des. Dev., 18, 357

(1579)). Our preliminary analysis of the physical stripping method
indicates that very fast and accurate responses wouléd be needed, in
our system. We are currently examining the possibilities of a method
published by Srigharan and Sharma (CES, 31, 767 (1376)) who appear to
have develdped a chemical method for measuring interfacial areas in
nonaqueous systems by reaction of carbon dioxide with various amines.
This is analogous to the sulfite method used in determining interfacial
areas in agqueous systems. Because the method applies to organic
liguids, results should be much more relevant to the hydrocarbon
synthesis,
liquids encountered in Fischer-Tropsch , than would be studies in
agquecus medila.

We plan to try Sridharan's method in a stirred contactor to
measure the effects of solids loading, density and particle size
upon gas-liquid interfacial areas. The solids will be nonreactive,
but particle loadings, size and density will cover the range usad
in our experimental Fischer-Tropsch reactor system. The liquid ohase
ipitially will be toluene/isopropancl, since data on viscosity.,
gas solubility and diffusivity are availatle from the literature
on this combination. The gas phase will be carbon dioxide ig nitrogen
at flow rates comparable to those in our experimental system.
Measurements will be made at approximately atmospheric pressure and

room temperature.
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ITI. FUTURE WORK

We anticipate that analysis of our intrinsic ginetic data on the
fused iron catalyst will be completed during the next gquarter, as well
as that obtazined under mass-~transfer controlled conditions. Additiomal
studies will be made with synthesic gas spiked with ethylene under
low CC partial pressure conditions to see if incorporation of
ethylene inte growing chains is significant under these conditions.

We alsc plan to secure analysés (from an outside lahoratory} of
a representative liguid retained in our auteclave to determine

'.the extent to which high meolecular weight material (e.g. liguid C20+)
is formed and whether its formation follows the Flory distribution.
We are alse planning to make computer simulations of the effects of
certain unsteady-state phenomena that may occur in a slurry reactor,
such as the effect of the changing liguid composition in the vessel
on accumulation or depletion, and on the instantaneous vapor composi-—
tion.

Furture experimental work will be conducted on cobalt and preci-
pitated iron catalysts, conducting extended runs similar +o those

on the fused iron catalyst.
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A Stirred Auvtoclave Apparatus for Stuly of the
Fischer~Tropsch Synthesis in a Slurry-Bed

I. Reactor and Trapping Procadures

George A. Buff, Jdr. and Charles N. Satterfield
Department of Chemical Engineering
Massachusetts Institute of Technology

Cambridge, MA 02132

Abstract

A mechanically stirred auvtoclave provides advantages over_othér
types of reactors for furdamental studies of iliquid-phase Fischer-
Tropsch synthesis, but nc information has been published on such
use. Particular attention must be paid to obtaining complete
suspension of the catalyst, use of non-catalytic materials of
construction, and proczdures to avoid loss of portions of the wide
rrange of products formed. Manv of the aspects of design and operation

are applicable to stirred autoclave reactors in general.




Introducticn

There has been an upsurge in interest in recent years in the
Fischer-Tropsch synthesis and especially in carrying it out in a
slurry reactor in which synthesis gas is bubkled into a suspensicn
of finely-divided solid catalyst in an inert liguid, products being
volatilized overhead. Industrially the reactor would probably be
of a bubble-column or pump-around design and essentially all labora-
tory and pilot plant studies published to date have been obiained
in bﬁbble columns. ~ However, interprgtation of results from such
studies can be ambiguous in that the compiex hydrodynamics makes
it difficult to separate intrinsic kinetics from physical effects.

A mechanically-stirred autoclave can be operzt=d so as to
behave as 2 C.5.T.R. ﬁith respect to all phases, which sinplifies
interpretation of results. Aithough such systems have been used
for stundying other slurry catalyst reactions,'little appears to
have been éublisheﬂ 2bout significant features in design and
operation. When a wide spectxur of products is produvced, as here,
particular attention must be devoted to trapping and analytical
methods. The trapping and analytical'procedures developed for our
slurry-~phase studies d%scussed here can, of éourse, also be applied
to Fisﬁhér—Tropséh-Ggp;r:ph;se studies. Likewise certain aspects of
autoclave operation here are applicable to stirred autoclave reactors

in general.

Apparatus .,

A schematié diagram of the flow system is shown in Figure 1.
Unless otherwise noted, all components are 316-stainless Steel and
Teflon. Major components and suppliers aée listed in Table I. The
unit can opérate at pressures to 4 MPa an& tgmperatures of 300°C.
Tubing is 0.64-cm 6.d. with a wall thickness of 0.089 cm. " Unless

otherwise noted, manually—opefated bellows valves were ewmployed. ) ;-




&éﬁks were eliminated by checking all compression tube fittipgs with
‘a liguid leak detector. Upon pressurizing the system to 8 MPa, a
negligible decline in pressure was observed overnight.

Reactor: The synthesis is carried out in alone~1iter Magnedrive
(4packless“) autoclave, illustrated in Figure‘z. The reactor has a
7.62-cm inside diam=ter and an intermal height of 24.1 cm. Two
kaffle bars (0.75-cm wide) are spaced 180; apart. The agitator
is a 5.08-cm diameter prcpeller (3 blades.at a 45° pitch), which
forces fluid downwards, set sbcve a 5.03-am diameter turbine impeller.
The impeller has 6 flat-bladed disks, each 1l.Z7-cm square, and is

3.5 cm avove the vessel bottom.

The autoslave is heated by a two—zone lapped furnace that fits
snugly arcund the unit. The heat input to one zone 1is rreset by a
variable transformer, and the amount of héat is regulated on the
other zone by a thres-mode controller with a digital setpoint
whicﬁ holds the reactor contents within * b.S“C in the range of
200-300°C, as measured by a typa "JI" thermocouple located in the
thermowell. Since the reactor temperatuvre must be controlled on
the skin between the vessel and heating jacke* to minimize thermzl
lag caused by the thick vessel walls, a calibration curve is recnlfed
between this temperature and that in the thermowell. In our system,
for instance, ap outside temperature of 315°C is required to mailntain
the contents at 250°C.

' A l10-micror frit was initially installed on the inlet end of
the sample 'tube but it became so easily plugged with either free
carbon or fiﬁely-ground catalyst that it was removed. In order to

~take a liguid carrier sample, the agitator is turned off and the

T~
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conténts allowed to settle for a few minuvtes. In this manner, as
little catalyst as possible is removed from the system. The line
is then backflushed with helium to purce the tube of its contents
back into the reactor. However, liguid carrier samples are taken
infrequently to minimize svstem disturbances.

Gas can be sparged at either of two different locations in tﬁe
reactor. Assuvrance that the system is wéll nmixed can be obtained
when there is no noticeable change in eithef activity or sgelectivity
caused by switching from one inlet to the other. Both tubes are
open blow tubes with a 0.32-cm i.d., and no operatirg difficulties
have been experienced provided thzat a slight positive pressure
;s maintained in the lines. However, check valves are present
upstream to ¢uard against incidents.

A 60-micron frit is present at the'gas-O'tlet.' It
gradually becomes plugged over a period of days to weeks,

depending on operating conditions, but it is essentizl

for tiouble-free operation. Without it a q;antity of slurry (e.c.

10-50 cc) may occasionally be suddenly expelled into the outlet

lines and wax trap. When this occurs, the reactor and wax txap

temperatures suddenly increase 3 to seCc. <This problem appears

to be provoked by using Hzfco ratios in the rezctor beslow one,

which probably results in products that have more tendency to foam.
Turbines are reportedly £he most effective type of agitator

for suspending fast settling, granular colids in a low viscosity

fluid (Lyons, 1967), and flat-bladed styles are particularly recom-—

mended for gas-liquid dispersions because of their ability to provide

a high discherge velocity normal to the ga} flow path (Bates et al.,

1966). Baffles aid solid suspension in the reactor by directing
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ﬁ}%ibw streams vertically and prevent wncontrolied swirl. ﬁhere maximum
lifting velocity is required, Lyons recommands that the turbine be
positicned directly on the vessel bottom, Unfortunately, the impaller
cannot be placed direétly on the tank bottom of our autoclaverreactor
because of its flat-conical shape.

Ccld studies iﬁ a transparent mock-up revealed that a raised
 turbine by itself produces the familiar figure-eight flow circulation
pattern, but a stirring speed of about 500 RPHM was reguired to suspend
a 15-veight percent suspension of S0-micren iron catalyst particles
in our system. The addition of the propeller increased vertical
circunlztion and lowered the minimum stirring spee@ to 200 RRM before
we observed any particle settling. In this system, gas flow has a
negligible effect on suspensicen.

Flow Control: The flow of gas is metered by a differential

pressure cell Which provideé a 4-20 milliampere (ma) signal to a
controller. At 4 mz there is no flow, and at 20 ma the flow
rate is such thet there is a pressure drop of 150 inches of water
across a jeweled orifice. &4 calibrzticn curve, accurate to within
less than one percert, is easily constructed since flow rate is
proportional to thé sguare root of the pressuré drop. A new curve
is consiructed for each different synthesis composition and orifice
size. However, in order to avoi@ recalibrating the flow control .
system each'time_reactor.pressure is changed, it is isplated from
the reactor by a dome-loaded back-pressure regulator which is.set
at 3SDIkPa above thé maximum working pressure.l ' | | .

2 three—-mode controllér receives the signal from the differential

pressure cell and then transmits a 4-20 ma electrical signal to a

transducexr where it is converted to a 3-15 psig pneumatic output.
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This drives an aii—operated needle.valve in a feed-back control loop.
With different valve trims, a wide range of.flows, 50 cc/m to 10 L/m
for our svstem, is easily obtained. If desired, the automated flow-
metering retwork can ke bypassed by a manuzlly-operated needle valve.
Gas flow rate is measured with scap-film fiowmeters which

are located dowastream of the sample traps. We do not employ a wet-
test meter for precise measurements because carbon dioxide and any
other soluble gas can dissolve in the water saturator used with it.

~ However, the weit-test meter provides a visual indication of gaseocus
efflvent flow.

Product Sampling: For on-line sampling, it is necessary that the

sampling valve be at a temperature sufficiently highrto prevent selective
condensation or adsorption of products, vet be compietely inext. Horeover
much water is formed here, which attacks many gas chromatographic
packings used for hydrocarbon separation, resulting inm a loss in s
resolution., In earlier work, plugs developed in the stainless-—

steel tubing which was being heated with electrical heating

tzpes to 310 * 25°C to avoid premature product condensation.
“onn examination, -the interior wall was found to be heavily

coated with a carbonaceous residwee. Carbon can be formed rapidly

by the decomposition of carbon monoxide to carbon dioxide and carbon
with CD/H2 miztures over an iron catalyst at temperatures greater

than 300°C and elevated pressures (Dry, 1980). The iron in +he stainless
steel tubing may substantially promote this deleterious reaction.

At this time a frit was not being used in the gas outlet so some solids
coula also have been carried .over mechanically from the reactor;

We now condense ligquid hydrocarbons and water in two traps, one

~ -

operated at about 70°C and the second at 2°C (irmersed in a water

bath that is cocled by mechanical refrigeration). These are termed-

wax énd cold traps (see Figure 3), respectively. This same procedure

.



mg?é#tensively employed in earlier U.S. Bureau of Mines Fischer-Tropsch

Eyork with fixed-bed reactors (Anderson, 1956). The melting point of

. the wax collected in the first trap is about 40-50°C under typical

conditions. In our case we use normal octacosane as the ligquid carrier
in the reactor. This solidifies at 61.4°C and since a slight amount
volatilizes and is cecllected in Fhe wax trap, thaﬁ temperature is set_
at 65-70°C to avoid solidification. The cold trap is just above p°C to
prevent wéter, a major by—prodﬁct, from fregzing in‘the trap. Both
traps are kept as cool as possible to remove the greatest amount of .
volatile product. In each trap the liquid usually separates into an oill
phase which contains the bulk of the hydrocafbcn product-and én .
agueous phase consisting of water plus coxygenated product. These

fractions are each analyzed by gas chromatography. Non-condensable

gases are analyzed by a &edicated gas chromatograph, using an on-line S
sampling valve. Procedures are descrited in Part IT of this paperi

Entrainment separators, such as those ﬁanufactured by Wright-
Austin Co., Were not employed because their high internal surface
area could cause a significant amount of product to be retained on
vessel walls due to the wetability éf the condensed material on
stainless steel. This problem is enhanced by the fact that only -

5 to 50 grams of material is typically trapped over an 3-12 hour'
periqd. Iin our system, we employ emplty cylinders arnd rely on a
100-£fold decrease in superficial velocity to knock out entrained
liguid drops. Upcn corpletlon of a material balance, traps are
purged with a slow flow of helium after removing the bulk of the
liguid, to insure that 21l meterial has been removed.

The system must be at steady—s£ate for thié travping procedure
to work effectively as the dead volume in the Lraps (approzimately
300 cc for sample collectors and 1.0 L for bypass) dgreatly increases
the average residence time of gases thrcugh the system. Typically
the reactor is gnly half full of'slurry, so it also has 2 gas dead

volume. If we simply assume that all thrse volumes are 300 cc

—_—
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(autoclave and cold and wax traps) and the system flow rate is 0.2 L/m
at reactior conditions, then the holding time for each vessel is 1.5
minutes. Hence, 1f the concentration of gases above the lignid surface
in the autoclave were to experience a step-change, then the rate
-of change in concentraticn in the exit stream from the -last vessel

can be readily calculated, assuming well-mixed conditions in each
vessel and neglecting hold-up volume of tubing. See, for example,
Denbigh and Turner (1971). PFor the case above, it would teke 12.6
minutes for 9°% of a change to be observed at the effluent of the

cold txap, or 9.4,minﬁtes for ©o5%.

The short line of tubing that connects the wax trap and

reactor is fabricated of Alonized steinless steel. Alonizing

is a process that diffuses alvminum into the stzinless steel

inner walls so as to render them inert for reactions such as those
associated with the Fischer-~T opsch synthesics. Periodie inspection
reveals +that it remains clean during the course of a2 run even though
it is kept at 300°C. After remocval of waxes and heavy hydrocarbons

in the first trap, the tubing between the wax and cold'traps need

only be heated to 100°C to avoid condensation and loss of lighter
prdaucts on walls. Lines are heated by heavy insulated heating =

tapes which are suitable for direct contact with metal and temperature-
regulated by variable transformers. We haﬁe not observed any carbon
deposition‘on stainiess steel tubing at 100°C. Furthermore, synthesis
gas to which ethylene had been added underwent no secondary hydrogena-—
tion either on this tubing, or in +He reactor filleﬂ with octacosane
‘but without catalyst.

" One might expect that C. and heavier hydrocarbons would be ef-
fectively condensed in the cold trap at 2°C. However, this is not

the case, as illustrated in Fiqure 4. This_shows (lower-curves),
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‘?fd; a representative Tun, how the pdrticn of the product of each
cﬁrbon number is distributed inte residual gas, celd trap and wax
trap. Note that a significant portlon of the Ce~Cyp fraction remzains
in the gas phase. The &ip at c, is because a substantial fracticn
of-the C2 product is.ethancl. The uprer curve shows the weight
fraction of the total product present in the form of each carbon
number. For an accurate material balance it is necessary to combine
information on guantities of materials in the three categories and to have
accurate anzlyses.

A material balance on the run shown indicated that 98.7% of the
material was accounted for on a welght basis. At 790 kPa and 230-270°C,
1 te 3 weight-percent of the product is high molecular weight material
which remains in the liqguid carrier, and is not incluvded. For this
set of conditions, C, \

20

retained in the liguid due to their lowered volatility. Carbkon,

and higher carbon numbers are significantly

formed by decompgosition of carbon ronoxide via the Boudouard reaction,
. wonlé alsec remain in the reactor. The amounﬁs formed in this run
appeared to be negligible from a material balance point of view, but:
this might nct be the case for other conditions such as use of verwy

iow EZ/CO ratios.

Redvetion Unit: The reduction temperaturese of 400-425°C.required

for a fused-~iron catalyst is too high for the catalyst to be reduced in

_ the reactor itself. Eence, the catalysf is prereduced in a separate vapér—
phase unit depicted in Figure 5. The reduction tube is constructed of
type~31l6 stainless steel and;meésures l.6—cm i.d4. bf-40;cm-long. Pérous
fri;s'in the tube ends preﬁent carry—dver and loss of the catalyst. The
first 1/4 to 1/3 of the tube is filled with 0.48-cm éiameter alumina

balls to preheat the gas. An aluminum sleeve fits securely around

the stainless steel tube to promote heat transfer and minimize axial

v




.—q

-10-

temperature gradients. This fixed-bed reactor is located in . a

Lindberg tubular furnace (Modél 55535).

calel chiearab il cT

Reduction of the iron catalysi is carried out with prepurified
hydrogen that is first passed through 13-X molecﬁlar sie#e and
aétivated carbon f£iiters., Flow is maintained by a Fischer-Porter
rotzmeter/needle valve assembly {Model 1021337). Two 2.5-cm i.d4.
by 25-cm long Plexiglass tubes, packed with meisture-indicating,
S—meéh Prierite, are located downstream of the reduction unit.
2s water is a by-product in the reaction of iron oxide with hydrogen,
the extent of reduction is followed by cobserving the rate that the.
brierite changes color down the tubz (from blue to violét). Upon

. complete reduction, the catalysi is cooled to room‘temperature and
then transferred, under an inert helium blanket, to the autoclavé
reactcr where it is introcduced by a side éort in the cover.

Safety: All gas cylinder connections are protected by spring-
loadéd pressure relief valves. Tne reactof is located inside a
ventilation hood. ALl exhaust lines_of poténtially flarmable gases
are vrotected by flash aﬂ%ﬁtdrs. The synthesis gas feed and
reactor furrace are automatically shut down in the event that:

{1) Cerbon monoxide concentration in the laboratory air exceeds

50 ppm (0.S.E.A. limit).

{2} Reactor temperature, gas feed rate or autoclave pressure.

substantially deviate from their set-point.

(3) Electrical power failure.

(4) Ventilation of reactor off-géses fails.

In aﬁ emergency, a solenoi& valve is opened (requires power to close)
which bleeds off the-air on é threé*way‘valﬁep' This' rotates, causing

the synthesis gas flow to shut off, and turns on a helium bleed

through'the system.

#F‘f&mrlt EEUEEERE
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"REACTOR CPERATION

Synthesis Gas: Hydrogen {prepurified) and carbon monoxide
(technical grade)} are blended to our specificafion and purchased
from Matheson Gazs Products, Inc. The synthesis gas is passed
througﬁ a 13-X moieéuiaf éieve and activated-cafboﬁ traés in the

experimental unit followed by a 2-micron filter.

Licunid Carrier: We employ normal-~octacosane, n-Coplggr of 99%+

purity, synthesized by Humphrey Chemical Cb.; as the slurry ligquid.

I+ is a high boiiing point (429°C.at atmospheric pressure) , relatively

inexpensive paraffin that is characteristic of waxes produced by

the Fischer—-Tropsch synthesis. Product analysis is simplified by

the use of a pure carrier. The major Impurity is bromotetradecansg

aé the paraffin is made by coupling via the Wurtz reaction. We

furthexr purify the octacosane by scolvent extraction, adding cne #art.

paraffin to ten parts tetrahydrofuran (by weight), acitating, and

filtering with a Blichner funnel. The material is thoroughly dried

before placing it (typically 0.5 L) into the reactor. Octacosane

is thermally stable at temperatures below about 325 to 35C°C, and

it is not hydrocracked in contact with an iron catalyst under reaction

conditions so long as carbon momnoxide is present with the hydrogen. I
Catalvst: We presently employ a fused-iron ammonia synthesis

catalyst (from United Catalysts, Inc. and designated C-73). On u

an unreduced basis, it contains 2.0-3.0% 31203, 0.5-0.8% KZO, -

0.7-1.2% Ca0, and < 0.4% SiO.,. It is crushed to particle siéés

2
smallex than 45 microns (325 A.S.T.M. mesh) and pre-reduced

with hydrogen at 400-425°C for 72 hcurs at atmospheric
pressure and space velocity of 5000 cc gas/cc catalyst-hr. It is
then siurried with the octacosane. We typiczlly employ a 10-15 weight-

percent suspension, based on unreduced catalyst weight.
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Operating Procedure: Continuous runs lasting mere than 1000

houvrs have been performed. Sampling is taken over a 6 to 12 hour

period. After 2z change in operating conditions, about 6 hours is

allowed to elapse before the next sampiing period. Sipce material

in the traps forms an aguecus and oil layer, they are separated with

& separatory funnel and weighed. The reactor operates continuously

24 hours per day withovt interruvption. Possikble change in catalytic

activity or selectivity is monitored by pericdically repeating a

standard run. Analytical procedures are described in Pawt II.

Erxperimental results showing the change in performance upon the

onset of mass~-transfer limitations and intrinsic kinetics with an

iron catalyst are published elsewhere (Satterfield and Ruff)}.

ture
with
This

were

Blank runs a2t low space velocities and répresentative tempera-
and pressure (250°C and 720 kPaz) with the reactor half-filled
liguid but without added@ catalyst showed that no reaction occurred.
establishes that the walils of the reactor and hot gxit tubing

effectively inert and thzt homogensous reacticn is negligible.

=,
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FIGURZ: CaAPTIONS

Slurry-Bed Reaction Unit: A Pressure Regulator,

B Filter-Drijer, C Differential-Pressure Cell,

D Pneumatic Control Valve, E HManually-Cperated Needle
Control Valve, T Dome-loaded, Back Pressure Regulator,

¢ Condensed Products, H Electric Furnace, I Thermocouple
Well, J Baffle, X Magnedrive Stirrer, LI Pressure Gauge,

m 300 cc Trap, M 1.0 L Trap, N Gas Szmple Valve, O Soep-Film Flowmeter,
P Water Saturator, @ Wet-Test Meter, R Slurry Sample Tube,

S Agitaztor, T Three-way, Air-Operated Valve, U Mechanical
Refrigeration Unit, V Strip Heaterxr

One-Liter 2utoclave Reacter
Schematic of Liguid Trap

Iron Catalyst at 268°C and 790 kPa. HZ/CO ratio at inlet = 1.3.
HZ/CO ratio at outlet = 3.4, ‘ . .

Upper curva: Distribution of Product by Carbon Number, K

Tower curves: Distribution of Product of Carbon Number,
N, into Samples by Volatility.

Reduction-Unit: A Pressure Regulator, B Filter-Drier,
C danually-Operated Needle Control Valve, D Rotameter,
£ 2-¥icron Porous Frit, F Aluminum Jacket, G Elecitric
ffube Furnace, ¥ Thermocouwple, I Columns Packed with
Drierite, J Water Saturator, K Wet-Test Meter,

L 3/16~in. Alumina Bzalls
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