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TABLE 3

~ Catalyst comparisons

Ruhr- PETC® Mobil® Mobil® UC C-73¢ SASOL* Precipi- Same,
chemie low high fixed bed tatedFe +1% K¢
wax wax Catalyst,
Unatka-
lized/

Wt.-% Selectiuity

C, 5.7 5.1 7.9 2.7 116 5.0 10.2 5.3
C.-C, 2740 209 29.0 1.7 39.6 12.6 : 32.4 23.1
Cs-Cye 40.0 42.9 1.7 18.1 39.5 225 39.8 34.1
Cias 27.3 31.1 514 875 - 9.3 56.0 17.6 37.5
a, 0.66 ‘ ' 0.63 0.64 (estimated)  0.64 0.68
@ . 0.91 0.80 0.93 (estimated)  0.88 0.93
Conditions
Temp., °C 263 260 262 258 263 220-250 260 260
Press., MPa 2.41 1.3 1.8 1.5 1.0 2.5 1.5 1.5
Flow, N1/(h) 2.0 2.4 27 2.4 1.0 2.2 2.2
(geat) .
00+ Hs 33.6 88.8 952 825 77.0 25.1 14.9
(H./CO) '
feed 0.70-0.78 1.0 067 Q.74 0.70 - 1.0 1.0
Activity
mmeol/ (min) 0.49 1.3 1.2 1.0 0.37 - - -
(geat)

Water-gas shift

activity , :
[CO;1[H,] 1.0 20,0 23.5 40.0 - - -
(CO}[H,0] | '

&zarochak et al. report 42.9 wt.-% "C liguids" and 31.1 wt.~-% "wax" in their
preducts., We have used these values™ as CS—CIZ and C13+, respectively.

Kuo reports CS_CI fractions, which we ‘have used as C -Cl2 products. The Mobil
low wax run uSed Piigh surface area I-B catalyst and ig designated as CT-256-2.
The data are those at a time-~on-stream (T.0.5.) of 15.8 days.

“kuc. The high wax run used low surface area I-B, catalyst and is designated as
CT-256-13., Data were taken at a T.0.3. of 19.8 days.
dputs. ®Caldwell.

fUr*.alka:l.:".zed precipitated iren catalyst prepared by Pittsburgh Energy Technology
Center (PETC) and studied . in our lakoratoery.

same as £, but after addition cZ 0.7 4 potassium tert-hutoxide to 25,0 g
catalyst as promoter. : i
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Table 4. Effect of Temperature on o, and «,
temp, °C a oy
this study 3104 0.65-0.68 0.82 (Cq5-Cy)
310° 0.50-0.55 0.83 (C3,~Cyp)
Huff and 248 0.62 0.93 (Cos~Coso)
Satterfield (1984) |
Stenger et al: (1984)  232-263¢ 0.89-0.90 (Cq5-Cso)
: 995-250° 0.92 (Cg5—Cso)
Schwarzheide tests 295 (max) 0.66-0.69 0.87-0.89
Mobil Kuo (1983) 255-280 0.66-0.70 0.88
Schliebs and 260 0.54-0.65 0.86-0.91
Gaube {1985)
Hydrocol 315 0.66 0.79
Michael process 330 0.70

9(H,/CO);, = 0.7; 1.48 MPa; fused magnetite. (Ho/CO)reqctor =
1-2. ®(H,/CO);y = 3.8; 1.48 MPa; fused magnetite. (Hy/CO)reactor
~ 40. °(H,/CO)y = 1.81; 0.79 MPa; fused magnetite. ¢(Hy/COp
= 0.55-1.8; 0.4-1.48 MPa; fused magnetite. ¢(H,/CO), = 1.38;
1.14-1.48 MPa; precipitated catalyst containing Cu and K. /Six
catalysts were of the precipitated type and contained slightly dif-
ferent K contents. Cu content varied between 1 and 10 atoms of
Cu per 100 atoms Fe. One catalyst was fused iron oxide without
Cu. f#Proprietary precipitated Fe/Cu/K,CO; catalyst.
h Unpromoted and K-promoted precipitated iron catalysts; Hp/CO
= 0.6-5.8: 1.0-1.2 MPa. «; and «a, calculated by fitting data to a
two-a model. iAlkalized mill scale. /Iron powder treated with
potassium borate. |
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APPFHNDIX A

Qur findings have been published in the form of 10 papers which
are listed below together with an abstract of each.

Papers Published:

1. C.N. Satterfield, R.T. Hanlon, S.E. Tung, Z2.-m. Zou, and

G.C. Papaefthymiou, "Initial Behavicr of a Reduced Fused-Magnetite
Catalyst in the Fischer-Tropsch Svnthesis," I&FC Prcduct Research
and Development, 25 (198&) 401. '

In studies at 232 and 248°C and 0.92 MPa, during the first
20 hours on stream, both Fischer-Tropsch synthesis activity and
CO consumption increased to guasi-steady-state values. The bulk
catalyst, initially a~Fe, was converted to a mixture of o-Fe and
iron carbides, as determined by Mossbauer spectroscopy. During
the first few hours, methane selectivity decreased markedly while
the olefin/paraffin ratio increased. No change was observed in
the Cy-Cg product distribution with time on stream.

2. ©2.N. Satterfield, R.T. Hanlon, S.E. Tung, Z.-m. Zou, and
Georgia C. Papaefthymiou, "Effect of Water on the Iron-Catalyzed
Fischer~-Tropsch Synthesis," I&EC Product Research and
Development, 25 (1986) 407.

The addition of water vapor to dry synthesis gas to comprise
as much as 27 mol% of the feed composition decreased catalyst
activity, but the effect was completely reversible upon removal
of the water vapor. Reversibility was not complete with water
addition to comprise 42 mol% of feed. Water vapor decreased
methane selectivity, increased oxygenate selectivity, and

" increased the rate of the water gas shift. However, these
effects did not correlate with the relative FegCp, Fe304, and Fe
content of the bulk catalyst as determined by Mossbauer
spectroscopy, although the FegCp content did not change greatly.
Molecular weight distribution of the C3-Cy products was not
affected by water.

3. D.K. Matsumoto and C.N. Satterfield, "Effects of Po%soning a
Fused Magnetite Fischer~Tropsch Catalyst with Dibenzothiophene,”

Fnergy & Fuels, 1 (13887) 203,

Catalyst activity is decreased more if the catalyst is |
prereduced rather than precarburized before contact with poison.
The inhibiting effect of water on the reaction decreases mocre
markedly with increasing temperature on a poisoned catalyst than
on an unpoisoned catalyst. Formation of methane is significantly
le;s on poisoned catalysts than unpoisoned catalysts. On both
polscned and unpoisoned catalysts, the olefin/paraffin ratio
decreases with increased CO conversion and iscmerization of a- to
B-olefins increases. Isomerization activity is greater on a

preduced/poisoned catalyst than on a precarburized/poisoned
catalyst.
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4. R,T. Hanlon and C.N. Satterfield, "Reactions of Selected 1-
Olefins and Ethanol Added during the Fischer-Tropsch Synthesis,"
Enerqgy & Fuels, 2 (198B) 1°%¢€.

The effects of addition during synthesis of C3, C4, Cgr Clo-
or Cpg normal l-olefins was studied in a continuous-flow well-
stirred liquid-phase reactor. Studies were performed at 248°C
and 0.78-1.48 MPa, using a reduced fused magnetite catalyst
containing potassium. Incorporation of these olefins into
growing chains could be detected but was relatively minor.
Instead the oclefin was hydrogenated to the corresponding paraffin
or isomerized to the 2-olefin. Disappearance of all added
species was much less at low synthesis conversions than at high
conversions, attributed to competitive adsorption with CO. The
reacticons of added ethanol were also studied. Ethanol or
ethylene decreased the hydrogenation capabilities of the catalyst
as reflected in decreased formation of CH4 and increased
olefin/paraffin ratio of the products. Neither addition affected
the chain growth probability, o.

5. I.C. Yates and C.N. Satterfield, "Effect of Carbon Dioxide on
the Kinetics of the Fischer-Tropsch Synthesis on Iron Catalysts,"
I&EC Research, 28 (1989) 9.

A recently proposed kinetic expression applicable to feed
ratios Hp/CO of 0.8 or less correlates the synthesis rate by an
equation containing an inhibition term for CO; and assumes that
water vapor concentrations are too low to offer significant
inhibition. Experimental studies here with synthesis gas of
Hp/CO ratios of 0.67-0.72 to which COp was added show, in
contrast, that COp is relatively inert. The data are well
correlated by an equation developed by Huff that contains an
inhibition term for H;0 but not for CO;. We suggest that the
inhibition attributed to CO; was instead actually caused by H30
formed by the reverse water gas shift reaction.

6. T.J. Donnelly, I.C. Yates, and C.N. Satterfield, "Analysis
and Prediction of Product Distributions of the Fischer-Tropsch

Synthesis," EFnergy & Fuels, 2 (1988) 734,

A method is developed for calculating the three parameters
needed to characterize the carbon number distribution of products
of the Fischer-Tropsch synthesis. Experimental data are fit by a
modified Schulz-Flory model that has two chain growth
probabilities, using nonlinear regression. Excellent fit is
shown for data from precipitated iron and fused magnetitsa
catalysts., The model is used to calculate selectivity
information of interest in catalyst comparison and reactor

design. Advantages of this method over asymptotic regression
methods area discussad in detail.
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7. C.N. Satterfield, D.K. Matsumoto, and R.T. Hanleon, “Effects
of Temperature on Product Selectivity in the Fischer-Tropsch

Synthesis on Iron Catalysts," Proceedings: World Congress III of
Chemical Engineering, Tokyo, 1986.

Studies over the range of 232°9C to 310°C, and at 1.48 MPa,
indicate the following trends with increasing temperature:
marked decrease in the Schulz-Flory parameter o £for the Cjip+
fraction, increase in zromatic content and degree of branchlng of
paraffin waxes, and shift in oxygenate composition from
predominantly alcohols to predcominantly aldehydes and ketones,

8. D.K, Matsumoto and C.N. Satterfield, "Effects of Temperature
and Hydrogen/Carbon Monoxide Ratio on Carbon Number Product
Distribution from Iron Fischer-Tropsch Catalysts,” Energy &
Fuels, 3 (1989) 249.

Present studies and analyses of the literature indicate that
a) = 0.60-0.70 for the Schulz-Flory distribution up to about Cjg
for a variety of iron catalysts. o1 is relatively insensitive
to the presence or absence of pctassium and H»/CO ratios up to
about 10. Vvalues of a2 for the Cig+ fraction vary from about
0.89 to 0.93 at 225-2639C, decreasing to about 0.82 at 310°cC.

9, D.K. Matsumoto and C.N. Satterfield, "Effect of Carben
Monoxide on Olefin Hydrogenation and Isomerization on a Reduced
Fused Magnetite Catalyst," Energy & Fuels, 3 (1989) 287.

Some of the effects of high syngas conversion on the
secondary reactions of olefins formed by Fischer-Tropsch
synthesis on a reduced fused magnetite catalyst were simulated.
Sstudies were of clefins in the presence of hydraogen and low
concentrations of CO, or in hydrogen alone, at 232°C and total
pressures of 0.30-0.79 MPa. No significant incorporation of
olefins into growing chains was observed.

10. T.J. Dornnelly and C.N. Satterfield, "Product Distributions
of the Fischer-Tropsch Svnthesis on Precipitated Iron Catalysts,"
Applied Catalvsis, 52 (1889) 93.

The product distributions of the Fischer-Tropsch synthesis on
alkalized and unalkalized precipitated ircon catalysts were studied
in a continuous-flow well-stirred slurry reactor at 230°C to 265°C
anc 0.77 to 2.98 MPa, A commercial Puhrchemie catalyst with 1.9
wt.—-% potassium and 12.7 wt.-% silica showed stable activity for
1300 hours-on-streanm. The average molecular weight of products
frem this catalyst decreased with time-on-stream and, at the sanme
time, oxvgenate producticn increased substantially. In contrast,
a precipitated iron catalvst with neither potassium nor silica
shcwed stable selectivity hut decreasine activity for 2006 hours-
cn-stream. Ccnparisons are presented amondg these twe catalvsts
and cther iron catalvsts discussed in the literature. Particular
attenticn is paid to the carbon nurber distributions of hydrocarhen
preducts. These distributions from both alkalized and unalkalized
catalysts are accurately described bv a modified Schulz-Florv
distribution witn two chain growth prokabilities.





