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Studies at 234 to 269°C and at 790 kPa showed a precise linear relationship between the log of 
mole fraction m, of products of carbon number n, and n, as predicted by the Plory molecular- 
weight distribution provided that all products, including oxygenated species, are considered. The 
relationship held over more than four orders of magnitude of m,, values of n of from 1 to about 20, 
and over a wide range of gas composition. The chain growth probability factor, a, increased slightly 
from 0.67 at 269°C to 0.71 at 234°C. 

A substantial number of papers postulate 
various mechanisms for chain growth in 
Fischer-Tropsch synthesis and present the 
resulting predictions of the distribution of 
the products. The first attempts to analyze 
the Fischer-Tropsch product distributions 
mathematically as a polymerization process 
that could be treated in terms of relative 
probabilities appear to be those of 
Herington (I). He considered n-paraffins 
and (Y- and /3-olefins and postulated that 
they were formed by stepwise addition of a 
methylene radical onto a growing chain on 
the catalyst surface. The probability /In that 
each carbon (C) number will appear as a 
product in contrast to continuing to grow 
on the catalyst surface is given by 

Pn = mn/T m,, 
n+1 

where m, is the mole fraction of carbon 
number IZ , Herington experimentally dem- 
onstrated that & values remained fairly 
constant at 0.28 for olefins plus paraffins 
from C5 to C,, formed on a cobalt catalyst. 
He suggested that much of the CH, proba- 
bly appeared by a different mechanism. 

m, = m,(l + /3)“-“. (3) 

Weller and Friedel (2) later proposed a 
method, also based on probability consider- 
ations, by which methyl-substituted isomer 
distributions for saturated hydrocarbons 
within any one C number in the range C5 to 
CB formed on a cobalt catalyst could be 
correlated. Anderson et al. (3) extended 
this model to include the carbon number 
distribution. Satisfactory agreement was 
obtained between theory and experiment 
for hydrocarbon products from iron or co- 
balt catalysts. For a stepwise addition of 
one carbon atom entity to either the termi- 
nal or an internal secondary carbon on a 
growing chain, Anderson and co-workers 
proposed that 

m, = km2 F,,a”+, (4) 

A useful form of Eq. (1) is where a and k are constants. Assigning a 

1 + B = m,lm,+,. (2) 

Often it is desirable to focus attention on a 
specific range of hydrocarbons formed. For 
the mole fraction of m, relative to the mole 
fraction of any other carbon number x, m,, 
Eq. (3) is readily derived: 
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different probability to the two types of ad- 
dition steps, the term F, increases with C 
number and equals [l + (n - 3)f + (n - 
4)(n - 5)f2/2] for n L 4, neglecting third- 
order effects which are usually in- 
significant. Since there are no branched 
C, and Cs hydrocarbons, F, is 1 for n = 2 or 
3. If m2 is assigned a relative value of 1, 
then k is 2. The low value at C, results from 
the assumption that, unlike the polymeriza- 
tion process for larger molecules, chain 
growth can occur on either end of a CZ 
group. Equation (4) simplifies to Eq. (3) 
whenx=2andfork= landf=OinEq. 
(4). Then 1 + p = l/u and LI equals (Y as 
defined below. 

More recently, Anderson and Chan (4) 
modified this chain growth sequence by in- 
troducing another parameter g to account 
for ethyl-substituted isomers. By using ex- 
perimental data reported in the literature, 
the parameters, a ,f, andg were adjusted by 
computer simulation of the Fischer- 
Tropsch process to give the best fit. While 
the general pattern is predicted for C4 to Cg 
isomers, deviations of computed compared 
to experimental results were much smaller 
for products formed over a cobalt catalyst 
than those from an iron catalyst. 

Henrici-Olive and Olive (5) evaluated 
Fischer-Tropsch product distributions with 
an expression derived by Schulz (6) for the 
radical polymerization of vinyl monomers: 

w, = (ln2a)n@, (5) 

where w, is the weight fraction of hydrocar- 
bon containing IZ carbon atoms and a is the 
chain growth probability factor defined as 

a = r&p + h), (6) 

where Y, and rt are the rates of propagation 
and termination, respectively. 

Their reanalysis of published experimen- 
tal data for cobalt catalysts showed a good 
fit for hydrocarbons between C1 and C12. 
Deviations of the C1 to C3 fractions were 
attributed to secondary decomposition of 
ethylene and propylene to methane, and to 
a smaller degree, to incorporation of these 

components back into the growing chains. 
At the upper end of the distribution, an 
increasingly poorer fit by the model was 
suggested to be the result of either hydro- 
carbon cracking or further polymerization. 
They also pointed out that discrepancies at 
high carbon numbers might be due to un- 
derestimation by the gas chromatographic 
technique used in the analysis. 

Using a statistical approach, Flory (7) 
derived the molecular-weight distribution 
for a linear condensation polymerization. 
This same mathematical expression has 
since been shown (see, e.g. (8)) to apply to 
any polymerization process, regardless of 
the mechanism, where the primary step is 
the addition of carbon units one at a time 
onto the terminus of a growing linear chain, 
and one polymer molecule is produced 
from each kinetic chain, i.e., termination 
by coupling is negligible. The mole fraction 
m, of molecules in the polymer mixture 
which contains n structural units is given by 

m, = (1 - &P’). (7) 

In each stage of the polymerization 
process an equal opportunity for reaction is 
assumed to be available to each functional 
group of a given chemical type, irrespective 
of the size of the molecule to which it is 
attached. In other words, the probability of 
chain growth LY is taken to be independent 
of molecular size. 

If the added weight of each carbon unit is 
proportional to chain length n, the weight 
fraction distribution NJ,, is 

w, = (1 - (r)%P-1). (8) 

At (Y > 0.5, Flory noted that this equation is 
equivalent to that developed by Schulz (Eq. 
(5)). However, the greater weight per car- 
bon number of Fischer-Tropsch products 
with oxygenated end groups cannot be ne- 
glected at very low molecular weights and 
the error introduced by this approximation 
is significant. For example, over an iron 
catalyst, in the C2 fraction a large amount of 
ethanol is produced together with ethylene 
and ethane. Little methanol is normally 
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formed but the greater weight per carbon 
number for CI&, the first member of the 
series, is greater than those for additional 
members of the series. 

All of the distributions predict that mole 
fraction (or the ratio m,/F,, in Eq. (4)) 
varies logarithmically with carbon number 
above some minimum C number. Devia- 
tions from this relationship, if any, would 
seem to be most likely for products of low 
carbon number where the assumption that 
(r is independent of chain length would be 
expected to be least likely. It is frequently 
reported that the CHI fraction is “higher 
than expected” and the other low-carbon- 
number fractions are “lower than ex- 
pected.” Consequently, C2 groups are 
sometimes postulated to have a greater re- 
activity attributed to chain growth on both 
ends and methane is considered to be 
formed by additional mechanisms such as 
cracking. In some cases, especially with 
cobalt catalysts, these mechanisms may 
well be true but in many others, especially 
with iron catalysts, it appears that these 
conclusions may stem instead from experi- 
mental artifacts, from consideration of only 
certain groups of products rather than the 

entire product spectrum, or from use of an 
inappropriate product distribution predic- 
tion (see later). The basic relationship for 
testing of data is the mole fraction distribu- 
tion, Eq. (7), which we shall term the Flory 
distribution. 

EXPERIMENTAL 

Synthesis gas was passed continuously 
through a mechanically stirred autoclave 
about half-filled with an essentially nonvol- 
atile and inert liquid, n-Cz8HJ8, octacosane, 
in which the finely divided catalyst was sus- 
pended. Such a system can be especially 
effective for fundamental kinetic studies. 
The entire contents can be well mixed so no 
gradients of concentration or temperature 
exist through the reactor. Relatively non- 
volatile hydrocarbon products are readily 
desorbed from the catalyst so accumulation 
of products in catalyst pores or catalyst 
fouling is much less likely. 

Reactor 

The slurry reactor and ancillary equip- 
ment are schematically presented in Fig. 1. 
The stainless-steel, l-liter autoclave was 
operated in a semibatch fashion in that syn- 

WAX OIL 

SAMPLE SAMPLE 

FIG. 1. Slurry reactor apparatus: (1) gas cylinder with premixed CO/H1 mixture: (2) pressure 
regulator; (3) automated flow controller; (4) back-pressure regulator; (5) l-liter, mechanically stirred 
autoclave with thermocouple at (a) and turbine impeller at (b); (6) pressure gauge; (7) wax receiver; (8) 
ice-cooled receiver; (9) back-pressure regulator; (10) gas sample valve; (11) soap-film flowmeter. 
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thesis gas was continually sparged to the 
slurry in the reactor while volatile products 
were removed overhead, whereas the cata- 
lyst and inert liquid remained in the reactor 
for the duration of a run (about 20 contin- 
uous days on stream). Accumulation of 
nonvolatile products during this time was 
small. No heat or mass transfer limitations 
were present, as evidenced by a negligible 
change in conversion at faster stirring 
speeds. This also indicated that the reactor 
was well mixed. After an initial period, 
steady-state operation with regard to 
catalytic activity and carbon number distri- 
bution was obtained over the entire run. 
Experimental parameters studied are sum- 
marized in Table 1. Space velocities re- 
ported are calculated as inlet gas volumetric 
flow rate at STP divided by the volume of 
the liquid carrier present (about 4 liter). 

Catalyst 

The catalyst (from United Catalysts, Inc. 
and designated C-73) was a fused iron nor- 
mally employed for ammonia synthesis. On 
an unreduced basis, it contained 2.0-3.0% 
A1209, 0.5-0.8% &O, 0.7-1.2% CaO, and 
~0.4% SiO,. It was crushed to particle 
sizes between 170 and 270 mesh and prere- 
duced in a separate vessel with hydrogen at 
400°C atmospheric pressure, and space ve- 
locity of 5000 l-n-‘. It was then slurried with 
the liquid (n-octacosane of >99% purity) 
to produce a 15wt% suspension, based on 
unreduced weight. 

TABLE 1 

Range of Experimental Conditions 

Temperature 234-269°C 
Pressure 790 kPa 
Space velocity 56-424 v/v/lu (at STP) 
Inlet H&O 0.67-1.3 
Outlet H&O 0.8.5-16 
Outlet H,O/COI 0.022-0.26 
H, conversion 30-63% 
CO conversion 59-96% 

Product Analysis 

Liquid hydrocarbons and water were 
condensed in two traps, one operated at 
about 70°C and the second at 2°C. In each 
trap the liquid separated into an oil phase 
which contained the bulk of the hydrocar- 
bon product and an aqueous phase consist- 
ing of water plus oxygenates. These 
fractions were analyzed by gas chro- 
matography. The material in the 70°C trap 
contained a small amount of n-CZBH,, (bp 
at atmospheric pressure = 429°C) vola- 
tilized from the reactor. Individual species 
were first identified by spiking experiments 
with known compounds and peak assign- 
ments were checked by gas chro- 
matography/mass spectrometry. Details 
of these procedures will be published else- 
where. Noncondensable gas samples (con- 
taining HZ, CO, COZ, and the various C, 
to C, hydrocarbons) were continuously 
taken with an on-line valve and analyzed by 
gas chromatography. By the use of a pure 
liquid in the reactor the slow accumulation 
of high-molecular-weight products could be 
clearly distinguished from the starting liq- 
uid. The material out of the reactor rou- 
tinely amounted to 97 to 99 wt% of that 
charged, based on total mass and individual 
number of moles of hydrogen, oxygen, and 
carbon species recovered in the traps and 
as exit gas. Analysis of the liquid in the 
reactor at the end of a run indicated that an 
additional 1 to 2% of the products had accu- 
mulated in the reactor. 

Although a large number of compounds 
was produced by the synthesis, they are 
characterized here only by C number. For 

TABLE 2 

Range of Product Ratios at 269°C and 790 kPa 

Carbon a- and p-olefins/ Oxygenates/total 
number n-paraffins organic 

2 2.2-4.3 0.26-0.37 
3 6.1-8.2 0.16-0.20 

10 3.4-5.1 0.05-O. 12 



CARBON NUMBER DISTRIBUTION OF FISCHER-TROPSCH PRODUCTS 191 

the total of the C, to C,, fraction, the total 
product composition amounted typically to 
about 45 mole% of (Y- (predominantly) and 
&olefins, 35 mole% normal paraffins, and 
15 mole% oxygenated hydrocarbons of 
which normal alcohols and aldehydes to- 
gether predominated. The remaining 5 
mole% included branched olefins and 
paraffins and a small amount of cyclic com- 
pounds. Table 2 gives additional informa- 
tion. 

RESULTS 

We will show that our products follow 
the Flory distribution to a remarkable de- 
gree, noting especially that C, (mostly CHJ 
and CZ fit the same distribution. For this to 
be true, the primary growth must involve 
only one unit at a time containing only one 
carbon atom, and all secondary reactions 
must result in no change in carbon number. 
To be sure, secondary effects can lead to 
products that appear to follow a Flory type 
of distribution above some minimum carbon 
number, but then the amount of C& 
formed would not usually fit the distribu- 
tion (9). 

It is generally believed that cu-olefins are 
primary products and that paraffins are 
formed from them. Henrici-Olive and Olive 
(5), following Pichler et al. (ZO), argue that 
alcohols are also formed as primary prod- 
ucts. Internal olefin isomerization or forma- 
tion of branched hydrocarbons by isomeri- 
zation as secondary reactions would not 
affect the Flory distribution provided that 
interconversion between carbon numbers is 
unimportant. Branching effects, whether as 
a primary or secondary reaction, were ne- 
glected here as the term to account for 
methyl-substituted isomers f in the model 
by Anderson ef al. (3) was about 0.014 for 
our data which corresponds to an F, value 
of only 1.10 for C,,, hydrocarbons, com- 
pared to 1.0 if no branching occurs. 

The Flory distribution (Eq. (7)) is more 
conveniently expressed in a logarithmic 
form: 

1-o In (m,) = n In (a) + In 7 . 
( > (9) 

A linear plot of ln(m,) versus n yields the 
value of (y from either the slope (as In(o)) or 
the ordinate intercept (as ln( 1 - (Y) at n = 
1). Agreement between the values of a from 
the slope and intercept is a check on inter- 
nal consistency and implies that the Flory 
distribution is followed. Figure 2 shows six 
sets of data obtained at 269°C with inlet 
HZ/CO ratios of 0.67 or 1.3 and various 
contact times. The percentage conversion 
of CO varied from 59 to 96, the exit H&O 
ratio from 0.85 to 13.9. The mole fraction is 
the sum of all organic species found for 
each carbon number (alkanes, alkenes, al- 
cohols, etc.). In the light gas range all the 
points cannot be shown because they over- 
lap one another. The CH, make, relative to 
the total organic product, was essentially 
the same in all cases. 

Note that C1 and CZ products fall on the 
same line as higher C numbers. In spite of 
the wide range of conditions all the data 
plotted in this fashion exhibit remarkable 
consistency. Agreement between the line in 
the figure, calculated using an a = 0.67, and 
the experimental points is good with a trend 
away from the correlation for C numbers 
above about 20. There is no trend with con- 
version or with the very wide range of 
H&O ratios present in different runs. A 
one-parameter equation well describes the 
carbon number distribution. 

The greater scatter in the data at higher 
carbon numbers is due to increasing experi- 
mental error because of the smaller quanti- 
ties of material formed, e.g., the mole ratio 
of Go to C, hydrocarbons produced is 
0.00045. Over a sampling period, the mate- 
rial collected in the wax trap normally con- 
tains less than 5 wt% octacosane, which 
has been volatilized from the reactor. This 
material in the wax trap is analyzed by gas 
chromatography using a capillary column 
and F.I.D. Because of its low volatility 
(normal boiling point of 429°C) the octaco- 
sane may not be completely volatilized in 
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FIG. 2. Application of Flory distribution, 269°C. 

the injection port and molecular-weight 
bias may occur in the capillary splitter. 
Consequently the amount of octacosane 
present in the wax trap tended to be slightly 
underestimated and the reported amounts 
of individual compounds at carbon num- 
bers greater than about 13 tended to be 
slightly high. This usually was not very 
significant but the results became increas- 
ingly unreliable when octacosane in the 
wax trap exceeded about 10%. The amount 
of octacosane volatilized and collected in- 
creases with reactor temperature and 
higher space velocities, but major difli- 
culties with wax trap analysis occurred 
here only under the most extreme condition 
studied (269°C and 424 v/v/hr). Hence on 

Fig. 2 no data points are shown beyond Cl3 
for this particular run. 

The products of high carbon number (n 
> 20) deviate below the theoretical line be- 
cause of their increasingly lower volatility. 
The amount of material m, depicted in Fig. 
2 is determined by those products which 
volatilize out of the reactor and subse- 
quently are analyzed downstream as either 
condensed hydrocarbons in the traps or 
light gas. It is not surprising that some high- 
molecular-weight material accumulates in 
the reactor as, for example, the boiling 
point of n-&b is 343°C at atmospheric 
pressure. Gas chromatographic analysis of 
the slurry liquid at the end of the run 
confirmed the presence of these species. 
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FIG. 3. Application of Flory distribution, 249°C. Inlet H&O ratio = 1.3. 

The slight S shape of some of the data 
points in Fig. 2 about the theoretical linear 
fit is attributed to experimental artifacts. In 
order to construct the carbon number dis- 
tribution, five fractions must be spliced to- 
gether, i.e., the aqueous and oil phases 
from each of the two traps together with the 
noncondensable gases analyzed on stream. 
The material collected from the trap at 2°C 
is perhaps the least accurate because of 
added dead volume in tubing and the back- 
pressure regulator. The slightly lower-than- 
expected amount of CB to CIZ hydrocarbons 
corresponds to that range of organics col- 
lected in this second trap. Better fit could 
be obtained by slightly adjusting upward 

the total weight of products collected in this 
condenser. 

It is remarkable that, within experimental 
error, the products follow the Flory distri- 
bution over more than four orders of magni- 
tude of mole fraction and C numbers from 1 
to 20 or more. The agreement of the C1, CZ, 
and C3 fractions with the rest of the distri- 
bution is noteworthy. Similar data taken at 
249 and 234°C plotted in the form of Eq. 
(9), are represented in Figs. 3 and 4, respec- 
tively. Once again, up to C1r or CM, the fit 
of the Flory distribution is good with values 
of (Y of 0.68 and 0.71, respectively. Values 
of a are seen again to be independent of 
conversion and H&O ratio, and increase 
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FIG. 4. Application of Flory distribution, 234°C. Inlet HJCO ratio = 1.3. 

only slightly with decreased temperature 
over a range of 269 to 234°C. 

A previous study provides enough de- 
tailed information on product distribution 
over the entire C number range to allow 
reanalysis by the Flory distribution. The 
data of Rheinpreussen A.G., reported by 
Weingaertner (11) as part of the Sch- 
warzheide tests, are illustrated in Fig. 5. A 
fixed-bed reactor was employed with an 
iron catalyst containing OS-l.0 parts 
&C03, 5 parts copper, and 100 parts Fe on 
a dolomite carrier, as reported by Anderson 
(12). We deduce from Anderson that the 
reaction conditions were 224°C and 1.0 
MPa. Agreement between the line in the 
figure, calculated using (Y = 0.70, and ex- 
perimental points is good. As in our experi- 

mental data, oxygenated compounds are in- 
cluded here with hydrocarbons. Anderson 
(12) estimated a chain growth probability of 
0.67 for these same data by employing Eq. 
(3), noting that cz = l/(1 + p). He calcu- 
lated this on a nonoxygenate basis and re- 
ported the linear portion to be between Cs 
and CB. As discussed later, the slight dis- 
crepancy might be caused by neglecting 
low-molecular-weight alcohols. 

DISCUSSION 

The number-average molecular weight 
fin of the product is 

ii& = M,/(l - a), (10) 

where M,, is the mean molecular weight of 
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FIG. 5. Application of Flory distribution to industrial FIG. 5. Application of Flory distribution to industrial 
Fischer-Tropsch data (after (II)). Iron catalyst in a Fischer-Tropsch data (after (II)). Iron catalyst in a 
fixed-bed reactor at 224°C and 1 MPa. fixed-bed reactor at 224°C and 1 MPa. 

the structural unit. Since (Y was indepen- 
dent of space velocity in our studies this 
means that the molecular weight of the 
product was essentially unchanged by the 
degree of conversion of carbon monoxide 
and hydrogen. 

Recently Dwyer and Somotjai (23), 
working with iron single-crystal surfaces, 
reported that ethylene and propylene, 
added as such to synthesis gas, markedly 
shifted the hydrocarbon distribution toward 
higher hydrocarbons, reporting information 
for the C, to C5 products. Studies were at 
300°C and 610 kPa in a closed system. At a 
HZ/CO ratio of 3 : 1, and for total conver- 
sions less than l%, the value of a! was 0.30 
when 0.04% C2H, was added, 0.56 when 
2.7% C&I, was added, and 0.70 when 2.2% 
C3HB was added. 

In an early paper Hall and co-workers 
(14) showed by tracer studies over iron cat- 
alysts that ethylene could be incorporated 
into growing chains and Schulz et al. (15) 
later showed similar results by use of l4c- 
labeled olel@, but the effect was much 
more marked with cobalt than with iron. 
With an alkalized iron catalyst at 22o”C, 2 
MPa, and H&O ratio of 2: 1 only 9% of 
CzHl or 1% of C3H, fed went into the grow- 

ing chains. Comparison of the Schulz 
results with those of Dwyer and Somojai 
suggests that possibly the effect is much 
less pronounced in the presence of alkali. 

In any event the molecular weight of the 
product might be expected to increase with 
increased contact time which would allow 
olefins, formed by a primary reaction, a 
longer opportunity to react. However, a 
small degree of product reincorporation 
into growing chains might be difficult to 
identify as a perturbation from a straight 
line on a semilogarithmic plot. 

In our studies a great deal of intraconver- 
sion within each carbon number occurred 
as contact time was varied (Table 2). Yet 
the same chain growth probability of 0.67 
was obtained even though, for instance, the 
amount of ethylene present doubled. This 
implies that although in a plug-flow-type 
reactor the relative amount of olefins, 
paraffins, and oxygenates within each car- 
bon number may vary with contact time,.the 
carbon number distribution should not 
change . 

5o7 
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3 
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CARBON NUMBER 

Fro. 6. Carbon number distribution of Fischer- 
Tropsch products (at&r (17)) for a nitrided-iron cata- 
lyst in a fluid-bed reactor at 252°C and 2.2 MPa. 
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FIG. 7. Percentage oxygenates in each carbon num- 
ber fraction (after (17)). Nitrided-iron catalyst in a 
fluid-bed reactor at 252°C and 2.2 MF’a. 

Our results further imply that there is a 
common precursor in the formation of Fi- 
scher-Tropsch products whose rates of 
propagation and termination under our con- 
ditions have about the same partial pres- 
sure and temperature dependency on reac- 
tion order. This offers a challenge to 
mechanistic interpretation. If the precursor 
is a surface intermediate, this would imply 
that the rate of termination as CH, is the 
same as the rate of termination as olefin or 
as an alcohol, which seems unlikely. 

Alterations in catalyst composition can 
alter the average molecular-weight distribu- 
tion, which corresponds to a change in the 
value of (Y. Dry and Oosthuizen (26) dem- 
onstrated a correlation between catalyst 
surface basicity and hydrocarbon selectiv- 
ity. Alkali promoters of iron, in particular 
potassium, increase (r. 

The Schulz or Flory distribution is some- 
times applied to Fischer-Tropsch data us- 
ing a weight fraction comprising the sum of 
only hydrocarbons at each carbon number, 
neglecting alcohols and other oxygenated 
compounds. This can lead to misleading 
conclusions at lower carbon numbers 
where significant amounts of oxygenates 

are often produced. A study by Demeter 
and Schlesinger (17), as reported in a re- 
view by Baird et al. (18), illustrates this 
point. For a nitrided fused-iron catalyst, 
operated in a fluidized-bed reactor at 252°C 
and 2.2 MPa, the results for “period 11” 
are plotted in Fig. 6 on an oxygenate-free 
basis. The amount of CHI seems to be “too 
high” and CZ appears “too low.” However, 
the Ii-action of alcohols neglected is 
significant, as portrayed in Fig. 7. Data for 
all components, plotted in the form of Eq. 
(9), are represented in Fig. 8, and good 
agreement with the line in the figure is ob- 
tained, calculated using an (IL of 0.43. The 
lower value of (Y is consistent with the re- 
ports that nitriding an iron catalyst causes a 
shift to lighter products, as summarized by 
Anderson (19). The data of Demeter and 
Schlesinger are replotted in Fig. 6 on a total 
organic basis. The theoretical curve, ob- 
tained by plotting Eq. (8) for (Y = 0.43, fits 
the data well. 

Some deviations from the Flory distribu- 
tion may be intrinsic, as might be shown by 
a catalyst having more than one kind of 
site, by a catalyst or reacting environment 

1.0 -I , I I I - 

i 

I= 
Y 

W 

i; 

0.01 II 
1 2 3 4 5 6 
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FIG. 8. Application of Flory distribution to pilot 
plant Fischer-Tropsch data (after (I 7)) for a nitrided- 
iron catalyst in a fluid-bed reactor at 252°C and 2.2 
MPa. 
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that produces a different kind of termina- 
tion process, by reentry of product into 
growing chains, etc. However, in some 
cases the entire product distribution was 
not determined or certain groups of prod- 
ucts were not considered. Some investiga- 
tors report only liquid hydrocarbons and 
ignore gaseous products, others vice versa. 
Some report only hydrocarbons and ignore 
oxygenated products. However, many re- 
ported deviations seem to stem from exper- 
imental artifacts, which are discussed else- 
where (20). 

SUMMARY 

Our study of the Fischer-Tropsch syn- 
thesis on an alkalized iron catalyst in a well- 
stirred slurry reactor shows that if products 
are reported on a total organic basis, the 
Flory distribution, including CH, and other 
low-carbon-number products, is obtained 
over a wide range of operating conditions. 
This probability of chain growth relative to 
chain termination, given by (Y, was constant 
with H,/CO,ratios varying from 0.85 to 16, 
and increased only slightly with decreased 
temperature over a 35°C range. 
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