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I. ABSTRACT

OBJECTIVE: To establish a quantitative understanding of the mass tradsfer-
Telated factors that determine selectivity and reaction rate in a slurry
-reactor. By use of a mechanically-stirred autoclave that can be operated

as a isothermal CSTR, to reliably compare and contrast the performance.
of specified catalysts. ‘

NORK DONE AND CONCLUSIONS: New data and reexamination of several previous
Studies in either vapor-phase or liquid-phase reactors with iron catalysts
show a Flory carbon number distribution that exhibits a marked break at
about Cjp. At higher carbon mumbers hydrocarbons are produced with a
mch higher probability of chain growth (o) than for lower carbon nuzbers.
Total product distribution based on light product analysis may therefore
be in substantial error. Results are interpreted in terms of a two-site
catalyst structure.

Cn a reduced fused magnetite catalyst the inhibiting effects of CO
© and Hy0 were determined quantitgtively and led to the following rate
e = aht ' s

expression: R!_izo ab PCOPI-Iz /(Pﬁ20 +b pCOPHZJ'_ In most previous )
kinetic studies the partial pressure of hydrogen did not vary significantly
with conversion so the hydrogen fumctionality was not c¢learly established.
In our model, b' is a fumction of temperature only, but the above expres-
sion reduces to the form proposed by Anderson (1956} if b in his expression
is inversely proportional to PHZ.

With a precipitated Mn/Fe catalyst, the olefin/paraffin ratio of the
products at all carbon numbers was less than that with a reduced fused
magnetite catalyst containing 0.4 to 0.8 wt$ K.0 and the 8-olefin/a-olefin
ratio was much greater. Secondary hydrogenatidn and olefin isomerization
Teactions appear to be much more significant with the Mn/Fe catalyst. With
both catalysts the Floxy distribution was followed but in each case two
values of the chain growth probability, &, were found, with a sharp
increase above about Ci1- Values of a based on the C.,-C o Products were
less for the Mn/Fe cata}yst than for the fused magnetite catalyst, attributed
to the absence of potassium in the Mn/Fe catalyst. The activity 6f the
present Mn/Fe catalyst was moderately less than that reported for a similar
catalyst studied elsewhere in a bubble columm.




With a precipitated iron-copper catalyst, the carbon mumber distribution
of products was very similar to that observed with a reduced fused magnetite
catalyst. The chain growth probability, «, had two values, 0.63 and 0.86,
breaking at about Cg. Compared to results in a fixed bed with the same
precipitated catalyst, methane formation was less and the olefin/paraffin
ratio of products was slightly greater in the slurry reactor.

SIGNIFICANCE TO FOSSIL ENERGY PROGRAM: A liquid-phase Fischer-Tropsch process
is a promising route for conversion of carbonaceous sources such as cozl to
liquid transportation fuels. However, in order to achieve maximm selectivity
and activity, there must be an adequate understanding of the effect of mass
transfer on the nature and distribution of products. Further, the stirred
autoclave system developed provides a umique method of comparing _catalysts
under isothermal intrinsic kinetic conditions.

PLANS FOR THE COMING YEAR: The effect of the nature of the liquid on rate
and selectivity of a slurry reactor will be studied. The effect of solids
loading, particle size and other variables on gas-liquid transfer will be

determined. ’ '
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II, HIGHLIGHT ACCOMPLISHMENTS

The occurrence of two values of the chain growth probability (a)
breaking at about C.., is characteristic of a variety of iron-based
catalysts. In a representative case, the amount of Diesel and jet fuel
actually synthesized is about double what would be predicted from the
light product analysis if a single value of a indeed applied. A preci-
pitated Mn/Fe catalyst, reported to produce highly olefinic products,
actually formed products in a stirred autoclave of lower olefin/paraffin
ratio than a reduced fused magnetite catalyst.
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GENERAL CHARACTERISTICS OF RATE OF REACTIOM
1. ABOUT PROPORTIONAL TO PH )
~2. INDEPENDENT OF PCO OR SLIGHTLY
inHIRITED BY CO
;
3. Innsitep By Hy0
i, ACTIVATION ENERGY OF ABOUT 20 TO 25 XCAL/MOLE
(8% 7o 105 xJ/moLE) |
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ExperIMENTAL CONDITIONS

232 T6 263°C

" 445 to 1480 xPa (4.45 10 4.8 ATM)

Y iir 2
Hz) = 0,55 710 1,81

\CO FEED
Hy conversions 17 To 68%

co :couvsnsious 16 10 982
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MOLE FRACTION, mp,
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