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is interestfng to note that the Fe cataTyst.produces a greater fraction
of long chain hydrocarbon products (Cnz5) at higher pressures with 171
CO/H, feed. Comparison of the Fe and FeCo product distributions at 7.8

' atmospheres (Figure 4.4.6) reveals that the alloy catalyst has the lesser
ability to produce long chain products. In fact jts product
d1str1but1ons with respect to hydrocarbon and methanol fractions is
similar to that obtained with the 1/3 feed (Compare Figures 4.4.4 and

| 4.4.5 with 4.4.6 and 4,4.8). The methanol product fraction is relatively
“independent of feed suggesting that the methanol kinetics of this
catalyst are less sensitive to feed composition compared to the Fe
catalyst.

Figure 4.4.7 compare the product distribution of the alloy catalyst
to that of pure Co at 7.8 atmospheres with the 1/1 feed. The greater
fraction of long chain products for the Co catalyst indicates that the
FaCo catalyst again has a much smalier tendency to incorporate CO into
multicarbon products compared to the pure component catalyst. At total
~pressures of 14 atmospheres (Figure 4.4. 8) the Fe catalyst further shifts
its product distribution towards tonger chain products while the
principal shifts in the Fe Co catalyst is enhanced methanal and Cp
through C, paraffin.

4.4.2 Shifts in the Product Mole Fractions Due To Changing Pressure
and Conversion Levels.

In the previous section, it is shown product mole fractions (Pj)
exhibit a dependency on pressure and CO conversion Tevels. In order to
c¢learly illustraie this point, product fractions at different pressures

(constant CO conversion) and different CO conversions {constant pressure)
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are made for each catalyst. Important product yield trends for each |
catalyst are then readily jllustrated and direct comparisons can be made.

Figure 4.4,9 bresents the product distributions for the Fe catalyst
at both 1 and 14 atmospheres., There iS only a marginal increase in the
Tonger chain hydrocarbons while the principle shift with increasing
pressure fs the increase in PCH,O0H with a corresponding decrease in PCH, »
At a fixed pressure an increase in the CQ conversion Tevel results in an
incréase in the produce mole fractions for the longer chain products
(Figure 4.4.10 and 4.4.11). The product fraction of methanol decreases
with increasing CO conversion suggesting the influence of secondary
reactions unless the formation of higher melecular hydrocarbons inhibits
the methanol production rate.

The Co catalyst typically exhibits decreased product fractions in
the €, through €y olefins with increasing pressure while undergoing the
largest increase in the Cg and Cg* fractions compared to the other
catalysts. These shifts are illustrated in Figures 4.4.12 and 4.4.13.
Similar results are observed with increasing CO conversion ?evéls at
constant pressure (Figure 4;4.14).

Increasing pressure at a constant CO conversion level does not
increase the long chain {Cpys5) product fractions obtained with the alloy
catalyst. In fact generally there is a decrease in the hydrocarbon
product fractions with a carresponding large increase in the methano]
fraction (Figures 4.4.15 and 4;4.16). At & constant pressure, increasing
the CO conversion level results in marginal increases in Tong chain
product fractions. Figure 4.4.17 shows the product distribution-shift
due to increasing conversion for the FeCo cata1yst'at 14 atmospheres

using the 1/1 CO/H, feed. There is little change in the overall
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distribution other than an increase in the ethane fraction. Even a
large increase in CO conversion results in only modest shifts in the
distribution. Figure 4.4.18 presents steady‘state results obtained at
1.5% and 12% CO conversion, There are relatively small increases in the
Cs-and Cg* product fractions compared to the increases observed for
the Co {Figure 4.4.14) and Fe catalyst (4.4.10). It is also interesting
to note that for the alloy catalyst the methanel fraction increases with
increasing conversion while in the case for 1ron‘there is a decrease
(Figure 4.4.10),

The product distribution's dependency on pressure and conversion
level reflect the influence of product readsorption and secondary
reactions on the overall synthesis process. The cobalt catalyst has the
greatest ability to produce leng chain products (Chr»B) with.increasing
pressure and consequently the above mentioned factors (readsorption and
secondary reaction) undoubtedly have the greatest effect on this
catalyst. A weaker dependency exist in the case of the fron catalyst
where the princjplé shift is the increase in methanol, at the cohversion
Ieveis studied. However, it appears that methanol becomes less dominant
a product with increasing conversion suggesting that either it is
consumed via secondary insertion/chain initiation inte hydrocarbon chains
andfor its production is inhibited by readsorption of hydrocarbon
producté.

The alloy catalyst has the least ability to produce long chain
products and indeed the effects of product readsorption and chain
1nitj§tion are not readily observed for this catalyst. The greater
relative hydrogenation activity of this catalyst (Section 4.3) may indeed

be at least partially responsible for this behavior. Further comparisoné
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are made in Sections 4.5, 5.3, and 5.4 for all three catalysts in which
kinetic schemes are introduced in order to understand the hydrogenation

and chain growth behavior as well as their dependency on feed pressure.

4.5.0 Schulz Flary Parametefization of Product Distribition

The steady étate hydracarbon product distributions (excluding
methane) are presented in Figures 4.5.1 through 4.5.7 in tefms of the
Schuiz Flory (SF) model discussed in Chapter 2. The equation used in
obtaining the growth probability parameter, «, is shown below

zn(Yj x 10"} = n 2n(e) + N 4.5.1

where Y; is the product yield of component j
9, is the y intercept
a 1s the probability of chain growth

rpropagation
Thropagation * Mtermination

m is the scaling factor
The product yields are generally multipiiéd by 10® in equation 4.5,1 in
order to shiftlthe logarithm values to positive numbers. Table 4.5.1
provides a summary of the o values obtained for all catalysts and
conditions studied. _

Methane is not included in the SF analysis since its product yield
does not generally correspond to SF kinetics. (55,6,91) Indeed the
possibjlity exists that the reaction intermediates involved with methane
production may be different than those respensible for the prodution of
multicarbon products (87). In section 4.5.5 the product yields of the ]

compounds (methane and methanol) are discussed.
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