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Sections 5.4 and 6.3 with respect to the relative hydrogenation

(

termination) and propagation rates for all three cataiysts.,

5.2.2.3 (o Catalyst

The C¢ product yields are higher with the 1-pentene/CO/H2 feed

however the tota] fraction of i-pentene consumed in chain growth reactions

The C, through Cy product yields are tomparable for
both feeds at one atmosphere,

is less than Q.5%,

Figure 5.2.9 presents the T-butene,

1-hexene and n-hexane yields for the pure and T-pentena CO/Hy mixture at

one atmosphere, It appears that at this Pressure no appreciabie

T-pentene hydrocracking is accurring over the Cop catalyst since there is
p _

N0 measurable increase ip any of the low molecular weight

( Cn(4) pr‘Odu_Ct
- yields, -

At 7.8 atmospheres there is a significant increase in the Tower

-molecular weight prodyct yields with the T-pentene containing feed asg

- opposed: tg the pure feed. The ethylene, propylene and 1-butene yields

for both feeds are shown in Figure 5.2.10. The total molar fraction of

I-pentene which need be consumed to account for the C2 through CS product

Yieid Tncreases is approximately 7% at a'nOmina1 3% CO conversion.. The

methane activity is found to substantialily higher for
5.1) he total 1-pentene

The C¢ product yields are shown in Figure 5,2.11. The

increase in the l-hexene and n-hexane yields accaunts for approximately

% of the tota] t-pentene at anominal 3% €O conversion (GHSV
PProximately 450np-1y, |

If thesa yield increases are due to l-pentene hydﬁocracking they
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and n-hexane (top) yields versus
GHSV for the Co catalyst at 1 atm.
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1/3 co/H2 feed,
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and l-butene (top) yields versus GHSV for the Co catalyst

using the .5 mole % l-penten and pure CO/Hy feeds at

7.8 atm and 230°C.
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would reflect a combined decrease of approximately 13% in the total Cy

ﬁroduct 1oles relative to the amount of 1-pentene in the feed mixture.
unfortunately this decrease is not observed since the accuracy in
determining the total Cs product areas in these experiments is generally
20%. The poor -analytical measurements associated with the 1-pentene feed
studies is due to the nonisothermal conditions maintained in the NaCl ice
" water bath used with the 1 pentene/CO0/H, feed. The conductive heat loss of
this copper trap is very rapid relative to the small ice resevior centained
Iin the dewar. The ice bath was typicalily replaced every two to six hours.
Consequently the temperature of the silica in the trap varied during the
_courselof an experiﬁent. The constantly changing trap temperature
resulted in an unsteady 1-pentene feed male fraction due to
absoprtion-desorption transients an the silica. This problem is not

present when a dry ice/acetone bath is used since one is able o

continually add dry ice thereby maintaining a constant trap temperature.

5.2.2.4 Hydrocracking over the Co catalyst

The product yields obtained with Co catalyst using the
-pentene/CO/H, feed spggest that a significant amount of hydracracking
s occuring at 7.8 atmospheres. The methane yield increase is the
ﬁghest on a fraction 1-pentene consumed basis being 3.6% compared to a
:ﬁtal of 7% for é11 the ¢, through C, products. This product

T

jstribution iz not expected for cata]ytic hydrocracking where methane
generally a minor product (29). For example the catalytic ;racking.of
ECtEHe produces mostly Cz, Gy, and Cy products and only trace amounis
methane (10). Methane is a dominant product when thermal

drocracking is the principal reaction mechanism. This process
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generally occurs at temperatures greater than 500°C, At the FT reaction
temperature of 250 C it is unlikely that any thermal hydrocracking is
0ccur1ng.

The observed product yield increasas may be due to the transfer of
the o carbon in the 1-pentens as a8 methylene species to othep surface
intermediates. This can be illustrated by equation 5.2.1.

H
HCH
i
H~H HCH
H H H H C 1
g\\c//g\\C//gH —> }{ -+ HQH .
; R -
H HC
hd o |

The methylene species can either hydrogenate to methane or combine
wWith other surface species to produce multi-carbon components, This
possible reaction sequence is supported by the investigations of Pichier
and Schulz {92) who found that there was significant radicactivity in
the small chained producté when Tabeled IL+CH2 = CH - CiyHp, was
present in the CO/H, feed gas over a cobalt Caba]ySL. However, the
Product d1str1but1cn radicactivity was the 1east for methane and increased

roughly 1inearly with carbon number up to Ci5-  This result does not rule

out the p0551b111ty of methylene species transfer since the resultant
Product d]stF}but]Oﬂ would most likely depend on the hydrocarbon
Selectivity of the catalyst and FT reaction conditions. However the
‘ncrease in the methane yield is s1gn1f1cant]y higher than the yieid
.btalned for the C, Lhrough C, products. pichler and Schulz (92)

perated at much higher conversion where the overall product distribution

Unta1ned a higher fraction of high molecular weight hydrocarbons
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compared to the conditions employed in the present investigations.

5.2.5 Methanol Yields for Al 1/3 CO/H, Feed Mixtures

In section 4.6.4 reaction mechanisms for the synthesis of carbon
dioxide and methanol are introduced and discussed in conjunction with their
transient and yield-pressure responses. It is suggested that COZIand
CH40H can be produced competitively over the same catalytic site, which
is possibly independent of the_FT hydrocarbon production sites. However,
it éppears that for the iron based catalyst that the presence of high
concentrations of alefins in_the feed stream depresses the methanol
activity.

Figures 5.2.13 and 5.2.13Ipresents the methanol yields for the pure
C0/H, and both oiefin containing feeds and 1 and 7.8 atmospheres
‘respectively. At both pressures there is a significant reduction in the
- yleld pf this product. The depression 1s more severe for the ethylene
ontaining feed. In fact at one atmosphere there 15 ng measureable
" amount of methancl produced. The FeCo catalyst did show a significant
yield decrease and in this case it appears that the methanol yield is
independent of feed stream olefin concentration. The Co catalyst which
produces only small quantitites (less than 4% of total products) did not
exhibit any yield change due to feed compositions.

The CO, yields are found to be independent of olefin feed
mposition for all three catalyst at both 1 and 7.8 atmospheres and in
e casé of the iron catalysi the 1-pentens and pure CO/H, feed yield
mi1ar amounts of C0, at 14 atmospheres. 'TypicaT results for this

talyst are presented in Appendix VI.
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~ The fact that the presence of relatively high olefin concentrations
in the feed stream suppresses the methanol éctivity raises some
interersting questions, Can the methanol and carbon dioxide products be
Tinked by a common reaction intermediate as suggested in Section 4.2.47
If so, why is oniy the methanol yield depressed with increased gas phase
hydrocarbon concentrations? In section 4.1 it is shown that the methano)
activity decfeases more rapidly than the hydrocarbon activity with
increasing CO conversion. Another way to state this is that the methano]
yie]d.1ncreases more siowly than the hydrocarbon yield with decreasing
GHSY, Hall, Kokes, and Emmett (54) have shown that methanol can readily
initiate hydrocarbon chains and indeed this secondary reaéton 1s at Jeast
artially responsible for the observed yield trends in Seétion 4.1,
However, the observed methanol yield decrease due to hydrocarbons in the
feed stream indicates that the methanol activity can also be subject to a

conversion dependent inhibition effect in a manner similar to methane.

3 Schulz Flory Parameterization of Hydrocarbon Product Distribution
Using Olefin Containing 1/3 CO/H, Feeds

3.0 The product yield data presented in section 5.7 indicates that the

drocarbon product distributions are not significantly altered by the

55ence of high olefin concentrations in the gas phase. Tﬁis result is

rther i1lustrated by the SchuTi Flory (SF) plots of the product

Etributions at the various pressures studied. The distributions

tained with the olefin contdining feeds are presented in conjunction

th the distributions obtained with the pure 1/3 CO/H, feed so

'Parisons between feed conditions can be made conveniently.
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£,3.1 Schulz Flory Parameterization for the Fe Catalyst.

Figures 5.3.1 and 5.3.2 present typical SF plots for the iron

catalyst at one atmosphere for the ethylene and 1-pentene feeds
respectively. The presence of ethylene (Figure 5.3.1)} has essentially no
effect on the growth pfobability, o, associated with the Cpyyg products
since the value obtained over this product range (@ = 0.45) agrees with
the value obtained with the pure feed (e = 0.42), This may seem
surprising since there is significant yield increases in the Cy and Gy
products due to ethylene insertion. These yield increases are occuring
approximately in proportion to the carbon number in such a way as teo
increase the en(Y;) values while maintaining the same slope of the line
defining the growth parameter a. One may argue that the ethy1éne
containing feed should possess 2 higher'a value however the uncertainty
in o is approximately 5% based on the accuracy in determining the

peak areas of the high moTecﬁ]ar weight products, It should also be
ﬁoted that zn(YCG) is not included in the determination of « since this
product yield is too sm$11 to measure accurately.

The linear portion associated with the SF parameterization of the
-pentene feed hydrocarbon product distribution is poorly defined at ohé
tmosphere compared to the other feed mixtures. This is due to a
ombination of reasons. At this pressure there is @ Timited product
hain length range {up to Cg), More importantly, there is a depression
! the C; and C, product'yields with the feed while the Cg product yields
Je énhanced due to 1-pentene insertion. These shifts in product yields
nd to increase the value of a. The value of the growth probability
th the CO/H, feed is 0.42 (based on Cy to Cg) compared to a value of

ith the 1-pentene feed over the same product range.
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At 7.8 atmospheres the presence of the feed ethylene does not

appreciably change the vatue of -« determined by the C, to £; product

yields {Figure 5.3.3). It is interesting to note that the increase in

the total Cy yield is enough to bring the 2n{Y¥c3) value up 1o the

straight line sstablished by the Tonger chain products. The

polymerization kinetics obeyed by the Ch>4 hydrocarbon fraction is now

abeyed by the C3 products due to the presence of a large ethylene

6 in the feed gas. This shift in the en(Ye ) value to a
3 .
y fortuitous due to the

concentratio
value consistent with the e yalue may be entirel

reaction conditions and the concentration of ethylene in the feed,

However on the other hand it may reflect a maximum steady state yield
condition brought about by the nature of the reaction mechanism with

dictates the propagation and toermination rates under a given set of

- reactor and feed conditions. Further discussion on this observation are

- given in Sections 5.4 and 6.Z2.

There is no effect on the growth parameter « due to the presence of

.5 mole % l-pentene in the CO/H, feed at either 7.8 atmospheres

(Figure 5.3.4) or 14 atmospheres (Figure 5.3.5)., 1In all cases the value

of « is approximately 0.54. In Figure 5.3.5 the SF plots for the two

feeds are deliberately imposed on each other by using identical scaling

factors for the &n(Yj) values.
5.3.2 Schulz Flory Parameterization for the Ce Catalyst

Figures 5.3.6 and 5.3.7 present the SF plots for the Co catalyst

sing both the 1-pentene and pure CO/H, feed at 1 and 7.8 atmospheres.

t both pressures there is no observed change in a for product chains

Teater than four carbon products. This again reflects the small amount

f 1-pentene antering into chain growth reactions (<1%}., On the other
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hand there is a noticable increase in the growth probability over the
C; to C, carbon product range for this caﬁalyst at one atmosphere with
the ethy]ene/CD/H2 feed. Figure 5.3.8 presents some typicaT SF
distribution data at these conditions. At_comparabTe'space velocities;

the o value in the ethylene CO/H2 feed is found to be approximately

0.61 compared to a vaiue of (.46 obtained with the pure CQ/H, feed.

The increase in « due to feed gas ethyiene for the Co catalyst at |1
“atmosphere indicates that the ethylene insertion reaction can possibly
affect the product distribution in a manner different from that obsarved
for iron. The product yield increases observed w1th the Fe catalyst
appeared to be exponentially decreasing with increasing carbon number.

In other words the increases did not affect the slope of the log yield vs
carbon chain length (n) line used in determining the growth probabiiity.'
However, it appears that this is not the case for the Co catalyst. The
aincrease in « observed for this catalyst indicates that the yield
:1hcfease is greater for the longer chain products relative to the shorter
chain products for 3 < n < 7. 'A simitar effect is reported by Dwyer and
Somarjai {40) using an ethylene CO/H ,mixture over an fe foil at 6
atmospheres., The o value increased due to ethylene insertion into longer
chain {Cpy3) products. A discussion on the mechanistic impiication of
this effect is given in section 5.3.4. To complete the presentation on
ihe Co catalyst, the SF plot for the catalyst at 7.8 atmosheres is shown.
in Figure 5.3.9. There is not change in the « value with the ethylene

esent in the feed gas. The value of the growth probability {a = 0.76)
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