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4) It follows from the above that the ratio of
(plefin + remainder) /paraffin shows only two slopes
with a break at Cll'

The follwwing are postulated: Site 1 dominat:s betwesn

= and ég, on which over 90 mole % of the organic product is

synthesized. The a for all organic groups on this site is

about 0.68. Site 2 dominates the hydrocarbon product at C,,+.

On Site 2, the average o over all reaction conditicns is 0.93

for paraffins and 2.75 for olefins plus remainder. These c

values appear to be independent of reaction conditions. Oxygenates

are not formed on Site 2, since there is no break at Clo+ for

this category. Even though the o for paraffins and clefins plus

remainder are notatlv different on Site i, a fhira site is not
postulated based on tne following argument. The break for

both paraffins and olefins plus remainder occurs at the same

carbon number, clO' Fram a mechanistic standpoint, this behavior

would be noted for only two different cases: 1) The bulk of
paraffins and olefins plus remainder are formed orn two different
sites at Cig*- However, the fraction of sites producing each
group would have to be exactly the same for the break to occur

at only one carbon number; 2) ParaZfins and olefins plus

remainder are formed on the same site but with different o« values.

Since the first case seems highly improbable, the latter is

chosen. However, the reason for the ratioc of the rate of

propagation to the rate of termination, namely a, being much
higher for paraffins than olefins plus branched hydrocarbons

on Site 2 is not readily apparent.

Lo
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T+ is well documented that selectivity shifts towards
heavier hydrocarbon production with increasing alkali content,
expecially KZO {Anderson, 1956). Potassium is a very strong
base and so donates electrons to neichboring iron atoms. Since
carbon tends to accept electrons, the carbon-iron bond is
strengthened, and hence the statisticzl probability of chain
gro-th increases (Dry et al., 1969). Since the fused-iron
catalyst employed in this investigation was promoted with 0.5
to 0.8-wt % K0 (Section I. D. 2.), several possibilities for
site composition exist:

1) TIrorn without alkali: BAccording to Dry and Ferreira
(1967), it is conceivable that the distribution of
alkali is heterogenecus; a high alkali concentration
being on certain sites while others have little or
no alkali present. Lighter products would be
produced on the latter.

2} Iron promoted with alkali: Iron promoted with K50
produces a high molecular weight organic product.
Moreover, Anderson (1956) reports that basic promoters,
especially K,O. dispose the catalyst to form hydro-
carbons inst?ad of oxygenates.

3) Iron promoted with potassium silicate: In addition
to potassium, the iron catalyst also contained S5iO,
(less than 0.4-wt %). Silica 1s present as an
impurity in the iron oxilde ore used in the preparation
of the catalyst. While‘silica alone has no reported

effect on selectivity, SiO, in the presence of K,0
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greatly affects both selectivicy ané activiiy of the
catalyst (Dry, 1988l). Silica apperently combines
with bases, such as X;0, to form a s2parate thase

and so prevents X,0 from entering into solid solution
with the ircn during ceztalvst manufacture (Dry and
Ferreira, 1l%67). Silica, being acidic, lowezs the

basicity of the svsitem, and hence a2 shift to licghter

'.—l

products is observed (Dry ané Costhuizen, 1968). Alse

aAnderson (195€) reports that acidic ceomponents, such

as 5i0,, promote the formation of oxvgenated molecules.

While the low-a site (21) conld be due to unalkalized
iron, it is more likely iron promotec with potassium siliicate,
due to the large amount of SiO2 oresent combined with the fact
that both oxycenates and hvdédrocarbons are Zormed. Since bot:
values of = for hydrocarbons on Site 2 are higher than Zor
Site 1, and cxvgenates are not formeZ on Site 2, S5ite 2 is

probably irorn promoted with alkali.-

2 break in the carbon oumber cdistributions atc C9 o 512

was also reported by Anderson (1956) for a variety of irom
catalysts tested by Germary during WWII (Schwarzheide tests).

While 2ll of the catalysts were alkalized, no mention of

—

silica content was made. The probabilitv of chain growth o

(=S

was D.66 to 0.69 below C9 and abowt 0.87 at C,,+. It worlc

also appear that two sites were present on these catalysts.
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I. G. Conclusions

The procuct distributiosn shows a2 break at abort C10 above
which hvérocarbons are produced with a much hicher probability
of chain growth while oxygenates are unaifectecd. This suggests
rhat two kinds of sites are present for organic synitllesis on
~he catz2lyst. The various groups oI procucts each appear To
foliow =he distribution derived by Flozv for linear polv=eri-
zation in which one casbon unit is added at 2 time on tx

rerminvs of the growing chainm. EHowevar, procuct distril rvtions

———

based solely on material collected overhead of the reactor ca2=
be misleasing due to significant accu=ulation of the C

20
fraction iz the licuid carTier.

The rate of the Fischer-Tropsch svnthesis 1s approximately
first—order in hvérocer concentration and zero-order in carbon

moroxife concentration. The intrinsis activazion eaesgy oI

20 kcal/mol

th

ou=né here falls in the —iédle of the range 17 to
25 kcal/mol reported for £ixed-bed weactors. Water inbkibizs
the svnthesis Tate and is ap —arenzlv strongly adsorbed on the
catalvst suzface. Althougk 2 Flory pl + suggestis that there are
rwo xi=ds of sites, the intr-insic kinetics mostly rellect the
activity of the first site as it produces S0+ 2ole ® of tke

product (Cy to Cg)-
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Table 1-1

Rarce of Zxoerimental Conditions

Temperature 232 - 28&5°C
Totai ressure 275 = 1480 kPa
Space Velocity 1100 - B500 h:ﬁl
Inlex EZICO 0.34 - 1.81
Qutlet HZ/CO .25 - 30
Outlet 520/C02 0.0040 - 0.42
H, Conversion le - 68%
CO Conversion l6é - 98%

Table 1-2

Fit=ed Parameters for Lancmuir-ginshelwood

Kinetic Rate Models -

Egqn. (1-11)

ﬁ Ea = 21 kcal/mol
KCO AEads = +31 kcal/mecl
Kﬁzo AHads = +63 kcal/mol

k Ea = 20 kcal/mel
= - 3 q
KCDHZKCO AHads 24 ¥kcal/mol
KH Q

kLl

-
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Figure 1-3. Carbon Number Distribution by Organiec Class;
Run 9-45 (620 Hours on Stream) at 2§3°C, 790 XPa Total
Pressure, E3/CO Feed Ratio of 0.55, an' Space Velocity
of 2320 bkr-1.
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FPigure 1-4. Carbon Number Distribution of Liguid Carrier After
Run 9 (680 Eours on Stream).
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Figure 1-3. ¥Form of Flory Plot Postnlated for 2-Site
Reacticn and Accumulation of Products in Ligquid Carrier.
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Figure 1-6. Zffect of Time on Stream- on Carbon Numberxr

Distribution; Run 8 at 263°C, 790 kPa Total Pressure, E2/CO Feed
Ratio of J.63, and Space Velocity of 3300 hr-l.
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Figure 1-7. Time Required for Specified Percent of Carbon
Nunber n to Have Appeared Overnead.
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