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I. SUMMARY

Professor Satterfield Fresented a paper, co-authored with
G.A. Huff, Jr., entitled, "Mass Transfer and Freduct Selectivity
in a Mechanically-Stirred Fischer-Tropsch Slurry Reacteor," at the
Seventh International Symposiur on Cherical Feaction Encineering
(ISCRE-7) held ir Bosten on Octoker 4-6, 1982. The raper is
published in the symposiur proceedings, A.C.S. Symposiur Series
#1960, 225-226, We also were hosts to a corsicderable nurnber of
attendees at ISCRE-7 from the U.S. anc¢ akroad who wished :o visit
our laboratories and discuss varicus aspects of Fischer-Tropsch
synthesis. Prof. Satterfield also vresented a summary of recernt
accomplishments under this grant at a D.C.I', Contractor's Conference
in Pittsburch during September 1082,

An Mn/Fe catalyst Preparec at the Tecnnical University «of Berlin
was studied under a set of conditiors chosen tc compare the results
with a reduced fused magnetite catalvst and with a similar catalvst

studied by Deckwer et al. (I.E.C. Proc. Des. Dev., 21, 222 (1382)).

The results are rresented in the forrm of a manuscript attached here-
wv.th that has been subritted te the sare journal for publicatier.
The pattern of product selectivity with the Mn/Fe catalyst was
very similar to that okserved with a reduced fused macnetite cata-
lyst in the same apparatus, but the clefin/paraffin ratio at all
carbon numbers was less than that with the reduced magnetite cata-
lyst. With both catalysts the Flory-Schultz distribution was fol-
lowed but two values of the chain growth probability, a, were found,
with a sharp discontinuity at about Cll' o values based or the

c —Clo products were less for the Mn/Fe catalyst than for the

1
fused Fe catalyst, attribuied to the absence of potassium in the
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claimed that certain mancancse-iron catalvsts of low Fe/Mn ratio
had unusual selectivity for olefins and sucggested that the products
did not follow the Schulz-Flory distribution. These claims have
Leen recently disputed by Deckwer et al. (3) and varn DiZk et al.
(4). Deckwer et al. studied a ¥n/Fe catalyst in a bubbhle column
reactor at 282 to 303°C arnd about the same Frocduct cistribu*tion

was oktained as in fired bed studies with the csamne catalyst.

1)

Ir this respect their results also differed from a report by

Kolbel et al. (5) that sigrificant differences in the ¢, to Cy

U

product distributien occurred betweo:r fised and slurry phase

-

1

ar Mn/Fe catalvst. Van ik et al.
reportec or a briefer study of a Mn/Fe catalyst in a fixed bed
reactor conbired with characterircation ©f the catalwvst by Meozslauver
.firacticn. For comparison with the

Mr./Fe catalvet in a mechanically-stirred reacteor descriked
elsevhere (6). Because of the excellernt rmixirg the reactor
contents are uniform in ccmposition, wi!ich simplifies inter-

pretation cf results,

PXPERIMENTAL

The Mn/Fe catalivst was crepared ky Dr, E.-J. Lehrmann at
the Technical University of Berlin, about January 1980, by their
continuous precipitation metheod. It is presumably essentially
the same as that studiedé by Leckwer et al. It analyzed 8.06% TFe,
58.28% Mn and 33.72 wt% O (Galbraith Labs). It was pretreated

ir the identical marner as that ocutlined by Deckwer et al. and
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reaction conditions were chosen to allow as nearly direct corpariscn
as possible with Deckwer's results and with our studies in the
same apparatus of a K-promoted reduced fused magretite catalyvst.
The Mn/Fe catalyst is stated by Deckwer to be a mixture of Fe
compounds {magnetite, carbides) and MnoO.

52.8 gm of the Mn/Fe catalyst was added to 400 gm of n-
Octacosane in the reactor. For activation helium was first
passed through the slurry while it was heated up and then CO
alone was passed through the slurry for 24 hours, followed
by H2 alone for 24 hours. For all three gases, conditions

were 0.65 L/min, 0.78 MPa, and 260°C.

RESULTS AND DISCUSSICON

Reaction was carried out at 283°C, 1.24 MPa with an irlet
H2/CO ratio of 1.19 and a gas flow rate of 0.70 L/min (at 25°C
and 1 atm). Steady-state activity was obtained after 12 hours
and was maintained for the further 60 hours of the run. During
the first 400 minutes gas sarples were taken at various intervals
and analyzed for Cl to C5 hvdrocarkons to indicate scome of the
trends in product composition during start-up. Over the last
30 hours a complete product sample of licuids and gas was
collected and used for the cteady state results presented here.
Further studies were not possible kecause of eguipment malfunction.
The material balarce on total weight for the steady~state samples,

including water formed, closed at 97.4%, At steady state 13.3%

of the H2 and 18.0% of the CO was converted and exit partial

pressures, which are the same as those throughout the reactor,

were PCO = 0,51 MPa and sz = 0.65 MPa.



Startup
Activity: During the initial reaction peried the activity

of the Mn/Fe catalyst of van Dijk et al., studied at 240°C,
increased to a maximum at about 1 1/2 hours and then decreased

to a nearly constant level, egual tc about 1/2 of the maxirnum,

at about 20 hours when the run was cencluded. With the present

catalyst, the first activity measurerent was at 50 minutes,

after which the activity dropped to a steadv-state level about 20%
below that first okserved (Fig. 1). During the 20 hour run des-
cribed, van Dijk et al. reported a steady increase in the ethylene/
ethane ratio. The present Mn/Fec catalyst showed similar behaviour
as followed curing the first 400 rinutes. Figure 2 presents
cata on the role fraction of clefin species of carbon nurber n
present in the total of Cl through C5 gas phase products. Ffor
each C rnurber the fraction present as clefirs increased with

time; the C2H4 concentraticns were low, as usual. Figure 3
presents similar data for paraffins. The usage ratio, defined
as moles of H, converted per mole of CO converted, is shown

in Ficure 4 to increase from 0.8 to just over 1.0 cduring this
time. This increase is probably a result of a loss in water
‘gas shift activity. 'The eguilibrium constant -for this reaction

1s 50 at 283°C but, as shown on Figure 5, the ratio PH2-PCO2/PH2O-PCO

was substantially below eguilibrium throughout the startup period

and indeed decreased with tire.

Steady State

The results can be compared to our own previous studies with

a reduced fused rmagnetite catalyst and with the results of Deckwer

et al. of their Mn/Fe catalyst in their bubble column.
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Activity: For iron catalysts in general the rate cf con-
sumption of CO plus Hy is first order in H, and zero order in
CO up to 60% conversion or more., For calculation of activity
we determine a rate constant by the expression rCO+H2 = kowcpnz,
where the rate is consumption of moles of i, + CC per minute,

M- is gm of iron present in the catalyst, as iron, and PH
is in atmospheres, ko therefore has the units mcles,/min+g
Fe-atm H2.

Deckwer et al. reported activity data for four @ifferent inlet
CO/H2 ratios., Most of their runs were at or near a ratio of 1.7.
This ratio provided the highest rate of reaction and it was only
for these runs that consistent rate corstants could be evaluated
by Deckwer et al. The activity of the catalyvsts dropped with
CO/H2 inlet ratic in the order: 1.73 > 1.35 > 2.29 > 0.73
and they suggested that hydrogen-rich cases give anomalous results.
However, such an Irregular pattern is odd and we note that
the above is alsc the order in which rurns were made. This suggests
to us that the catalyst was deactivating with time and it was
this effect rather than an effect of CO/H2 ratio that was being

observed. For their most active conditions, we calculate that

8.0 x 107¢,

their Mn/Fe catalyst had at 283°C a value of ko
based on the correlation in their Fig. 12. For a study by
‘Mohammed quoted by Deckwer, at 300°C, we calculate that

ko = 1.6 x 10—4. However this catalyst was prepared by an earlier

batch-type procedure that Deckwer et al. state does not give

reproducible results.

From the study of our Mn/Fe catalyst we calculzate ko = 1.5 x 10_4

at 282°C. From data on our fused iron catalyst at 263°C (7),



extrapolated to 282°C with an activation energy of 79 kJ/mele,
we calculate ko = 5.8 X% 10-4' This basis of comparison is, of
course, not entirely valid, since such factoers as surface area

are not considered.

Selectivity: Our method of product analysis allows us to

cdetermine for each carbon number, the mole fracticn present
of n-paraffins, a and £ n-clefins (these are mostly a), oxygenates,
and a "remainder" that consists primarily of branched hydrocarbons,
both paraffinic and oclefinic, plus a small fraction of cyclic
cormpounds, The product distribution plot of Fioure & shows a
great similarity to those obtained with a reduced fused magnetite
catalyst (7). With both catalysts a Schultz-Flory rlot of the
total organic products {sum of all four categories) breaks sharply
at about Cll' while the clefin and oxygenate distributions are
continuous. lowever the chain growth probability, a, based on
total organic production, is 0.55% and 0.75, respectively, for
the low and high carbon nurbers, for the Mn/Fe catalyst in contrast
to about 0.7 and 0.93 for the fused iron catalyst. Decckwer et al.
reported a = .67 for C17Ci6 {see below).

Interpretation of the double a is discussed elsevhere.
The values of a here (based on the Cl—C12 fraction) may be
raticnalized as follows:

(1) It is known that the presence of K in an iron catalyst

incresses a.

(2) In studies with the fused iron catalyst we found that

feeding higher ratios of H2/CO to the reactor resulted in a product



distribution corresponding to a lower a, although the effect was
fairly small. This is presumably an effect of the overall stoi-
chiometry on catalyst surface composition. Assuming that the
same effects occur with Mn/Fe, the lower & of our Mn/Fe catalyst
compared o that of Deckwer can pessibly be attributed to our

(1,/C0) .

i

of 1.19 versus (H2/CO)in = 0.6 for Dechwer et al,
The higher a of 0.7 for our fused iron catalyst is attributed
primarily to the presence of X, being slightly compensated for

by the (B,/CO), of 1.81.

in
Figure 7 is a comparison at each carbon number of the

olefin selectivity observed with the fused iron catalyst versus
that with the manganese/iron catalyst. At each carbon nurber
the olefin/paraffin ratio is higher for the fused iron catalyst
than for the Mn/Fe catalyst and the ratio drops with C number
more rapidly with the Mn/Fe catalyst than for the fused iron
catalyst. The fused iron catalyst was much meore active than
the Mn/Fe catalyst on a toctal weight bkasis and we cannot match
conditions precisely. For comparison, we chose a fused iron
study at the highest termperature and about the same hydrogen
pressure. This was 263°C, 1.46 MPa total pressure, (HZ/CO)in =

1.81, Conversion of hydrogen plus carbon monoxide was about 54%

and the exit gas compesition {(which eguals that throughout

the reactor) was PH = 0,80 !la and pCO = 0,20 MPa., For the
2
Mn/Fe catalyst (H2/C0)in = 1.19, conversion was 15% and
exit gas composition was P,, = 0.65 MPa and Prg = 0.51 MPa. With
2

the fused iron catalyst we found little effect cf degree of

- -

conversioi. on olefin/paraffin ratio for C3+ products for
’ .
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certain runs in which the partial pressure of hydregen rorained

essentially constant with varying conversion. Ecwever, this ratio
increased with decreased hydrogen partial pressurs in the sy stem
and with increased ternerature, and was e¢ssentlially indepondent

of CO or CO2 partial pressure. If the same trends of pressure

and temperature were tc have the same effect with the Mn/Fe
catalyst, the ratio would be expected to be creater here than

that for the fused iron rather than less.

Decriwer et al. reported an 0/P ratio of 4 to 5.5 for the C3
fraction versus 2.5 herc and 1.7 to 2.7 for the norral C4 fraction
versus 4 here, for studiecs at 28%3 to 298°C, (HE/CO}in cf 0.62 or
0.60 and 30 tec 44% conversion. Their runs at {Hz/co)in of about 0.6
gave a good Schulz-Flery distribution, hkased orn hvdrocarbon products
from CH, through Cy5s C, being low as usual. With (ﬂz/CO}in
of 1.37, Ci, production Incrcased greatly and the O/P ratio of
the CZ-C4 fraction greatly dropped. However, with our value of

(H,/CO} of 1.19 {and 1.27 ocut) we obtain a cood Schulz-Flory

in
distribution, including CHq. We thus suggest that the markedly
different behaviour of the Deckwer catalyst at (H2/CO)in of 1.37 may have
been caused rot by the (Hz/CO) ratic but by the immediately-preceding
run being carried out at a {HZ/CO)in cf 0.44, This could have
drastically altered the catalyst composition.
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FICURE CAPTIONC

Activity decreases with time during start-ugp.

Mole fraction of clefin of carbon number n present
in total Cl-C5 gas phase increased during start-up.
Mole fraction of paraffin of carbon nurber n present
in total Cl—C5 gas phase decreased during start-up.
(HE/CO) usadge ratic increasos with time during
start-ug.

“ctivity for water-cas shift decreases with time
curing start-up.

Steady~state distributicn of products by carbhen
number,

Yole ratio of n-clefins,/n-paraffins as a function

cf carbon nurber for reduced fused magnetite and for

Mn/Fe.
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