The slope is less thamn one because ahe 14C alkanes formed during the period
of 14¢ ethene addition are diluted by the alkane accumulation in the CSIR
during the course of the runi hence, higher ecarbon mumber alkanes accumulate
to a greater extent than lower carbon tumber alkanes and thereby cause the
glope to be negative. The slope of the line defined by the C15 - G321
alkanes is positive as expected if 14C 1abeled ethene is incorporated
randomly into the growing chain (case IV, figure II1-9).

Again, the slope j= less than unity because of accumulation of higher
carbon number alkanes in the CSTR that were formed from unlabeled CO prior to
the 14c addition period.

I11-T. Results from Adding Labeled Alcchels to the Syngas

Labeled l-pentancl was counverted in a CSTR at 7 atmospheres using the c-73
catalyst, ca. 10% Fe supported on high surface area silica and an unsupperted
iron catalyst promoted by ca. &% ThOj. Tt can be seen from the data in
figure III-53 that the activity of the alkane fraction from each catalyst
exhibits a similar behavieor, and the activity decreases with increasing carbon
nuniber. Because an accurate measure of the accumulation of unlabeled
materizls was mot obtained, a definitive conclusion camnot be reached about
the significance of the slope of each line. These slopes are: ThOz-Fe,
—0.13; C-73, -0.19 and Fe-$i0p, -0.26.

The activity of the alkene components from twe runs was determined
(figures III-54 and 111-55). Tn the run with the 6% ThOz-Fe catalyst, the
alkenes have a higher activity per mole than the corresponding cacbon number
alkane. FPurthermore, the slope of the alkene curve (—0.22) is higher than for
the alkane cutrve (-0.13). This, while apparently elear—-cut, is not what was
observed with other catalysts where the slope of the alkene curve was smaller
than for the alkane line. For the mum with the C-73 catalyst the situatlon is
mich less clear—cut. The data in figure II1-55 does not have activity for
many common carbon bumber compounds; if the alkene line is extrapolated the
pattern would be similar to that shown in figure III-54. Unfortunately, when
the measurements were made, it was mot apparent that the accumulation factor
would impact So severely the 24C tracer data. Wnile the data illustrates
the uniqueness of the 149G tracer technique to elucidate this aceurulation
factor, it was mot apparent until near the end of the contract period.

Gaseous product activities from the conversion of CO/H; containing
1gbeled l-pentanol with the 6% ThOp-Fe catalyst ere shown in figure III-56.
It is apparent that a detectable amount of hydrogenolysis to Cy -~ G4
hydrocarbon products did not occur. Again, it is noted that the COy. but
not €O, contained 14C. The heavier hydrocarbons were not sufficiently
volatile to permit us to eonclude whether the activity in the Cg + alkane
plus alkene fraction is constant with increasing carbon nunber.

In order to wverify the cbservetions made with labeled l-pentancl,
1-hexanol [2-19C) was synthesized and added to the synpas feed to a CSTR
contsining a C-73 catalyst and operated at 2620C and 7 atm. In this case,
the data are alsoc consistent with hydrogenolysis baing less than could be
Anatected and with some decarbonylation (figure TIT-57). In this case, it
appears that dacarbonylation was at about 50% of the amount of alcohel
jncorporation. The much more extensive dilution of the l4¢p, from the
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Figme III-34. The M'C activity for the alkene () and alkane () procucts produced
when 1-pentanol{1-14C] was added to the synges feed to a 6% O, Fe
aatslyst {(CSTR, 262°C, 7 atm.).
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conversion of labaled l-pentanol by the GOz produced by water-gas shift
precludaes a quantitative estimate of the ratio of decarbonylation to chain
initiation: however, both alcchols produce similar results.

ohe data from the conversion of l-hexanol [2-14C] has serious
jmplications for the chain growth mechanism. The alcohol should react with
surface oxygen either prioer to or following decarbonylation; thus, for
reaction prior to decarbonylation we have:

[0}
CsChiyOH L Cs 1111-32]

”~ -

ug‘
N Jro
[ ]

R [111-33]

[TII-343

[+H] R-H
o
TT7E77

m) R' CH=CH,_ {111-351

If preoxidation occurs to for the structure shown in equation I1I~-32, or a
similar structure, that decarbomylates to produce a Cs alky) species, then

it appears that s similar alkyl group cannot be an intermediate in producing 2
significant fraction of the Fischer-Tropsch products. In the Fischer-Tropsch
synthesis, 1 and Z-pentenes account for ca. 75% of the normal Cg products.

& chain growth mechanism that produces the Cs species in equation IIX-32
could not then produce the necessary alkenes according to the followlng
equation:

4 H [-4]
Ak cH,—cH ¢ @Cg‘-:cydfs

—_—
?Ht I+ ”] ! ) [I11-36)
T IAT 777777

I¢ the above reaction did occur and followed a selectivity simllar to the
mormal Fischer-Tropsch syathesis, ¢a. 75% of the 14C in the normsl C5
products should have bean present in the pentencs. The radiochromatogram in
figure III-58 clearly shows that this is not true. BRather, it appears that
the n-pentane contains ca. 75% of the total 14¢c present in the normal Cg
products. If this is the decarbonylation mechanism, then the
telf-hydregenated state equilibration doas not occur.
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Figwre IIT-58. Gas chrooatogram (wper carve) and radiochrametogram (bottom carve)
for the gasemns products when 1 heanol[2-14C] was akled to the
synthesis gas feed to a C-73 catalyst (CSTR, 262°C, 7 atm.).
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Oxyzen addition could also occur after the decarbonylation; e.8.

o
R-14CH 00 ——% R-14¢ZH ———> BH + 4c0 [111-37)

However, 14C0 was present in much lower concentration 14co,.  Thus,

reaction III-37 is mot responsible for the major fraction of the
decarbonylation or the 14gp produced by reaction II11-37 is oxidiged to

1“002 prior to deserption. For this latter event to oeccur, the CO

produced by decarbonylation must be uniquely diffevent from the CO adsorbed
frem the synthesis gas; if this is true then decarbonylation occurs on umique
sltes apart from the normal Fischer-Tropsch synthesis sites.

Another possibility is the following:

(o]

H
RI4CH, 04 ——¥ BH + CHOH ———— €07 {T11-381

This reaction is not considered to be likely since hydrogenolysis of the C-C
bond as shown in ITI-38 would require the very unique reaction shown;
otherwise, L%CH3OR would also be formed. Thus. a sequence involving
reactions I1I-32 through III-35 is considered most likely.

1-Pentanol [1-}%C] in syngas was also converted with the ThOz-Fe
catalyst at 7 atm and 260°C in the fiwed bed reactor. A hot spot developed
during this reaction so that the results with the fixed-bad resction are not
directly comparable to those from the CSTR. Ewen s0, they are of interest
beczuse most of the previous invesiigators used this type of resctor. The
slope of the line defined by the log activity of the ligquid products versus
the carbon mumber {(figure ITI-59) is much smaller than was obtained with the
CSTR. For the alkene fraction the value is -0.05, a value not much different
than 0.0 as expected for chain initiation by the alcohol. The slope for the
higher carbon number alkane fraction is slightly higher (-0.8) and, while it
does indicate some accumulation of the Cjg — Cz slkames in the catalyst
pores, it is considerably emaller than for the alkanes produced when this
alcobhol was added to the feed to the CSIR. The difference in the activity in
the alkene fraction obtainaed from thase itwo reactors is shown in figure
I11-60; bhere the slope of the line defined by the GSTR data i= —0.2Z compared
to the -0.05 For the fixed hed reactor. Similarly, the slope of the line
defined by the alkane data from tha fixed-bed reacter is —0.08 comparaed to the
value of -D_13; it ic likely that this latter value should be even more
negative.

1-Decanol was also added to the syngas feed to the CSTE with C-73 catalyst
et 2600C mnéd 7 stmospheres. Here the alkene date fit the by now familiar
pattern of a decrease in mctivity with increasing carbon tumber {(figura
TII-61)- In this case the slope was -0.28, a greater deviation from the value
of zero than the other two alcchols showed with the C~-73 catalyst.
Extrapolating the straight line to carbon number 10 gives a walue of 4.28 for
the log CPM/ mole; this is about 12% of the activity of the alcohoel charged.
Thos, about 10-15% of the sdded alcohols wae incorporated to produce
‘hydrocarbons.
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Figure I11-60. Conporism of the a:uvil% in the alkene fracticon fram the Fischer-
) is when labeled i-pentmncl vas added &0 A Fixed
bedt or OST reactor {7 atm., 260°C).
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Ethanel [1- lic) was added to the synthesis gas feed to Fe-5i0s
catalyst in a CSTR maintained at 2609C and 7 atmospheres. This alcohol was
incorporated (figure I1I-62) but again the accumulation of unlabeled
nydrocarbons duriog the preceding peried of operation with unlabeled synthesis
gas diluted the alkanes so that the slope in figure III-62 was -0.20. Similar
results ware obtained using the €-73 and ThO,-Fe catalysts with & synthesis
gos containing labeled athanol and a CSTR produced similar resulis.

However, when atmospheric pressure conditions were utilized with ethanol
[1-14C) comtaining syngas to a fixed bad reacter at 2609C the result
differed from those of the CSTR runs. As shown in figure III-63, the slope of
the line defined for the alkane daia ig —0.04, nearly the zero value expected
for initiation of chain growth by the added ethanol. Thus, the atmospheric
pressure data for higher alkanes with the average hydrocarbon data reported by
Frmett and summarized in the Intreduction.

The activity of the alkane fraction as a function of carbon number 1S
surmarized in figure I1I-64 for C-73 and Fe-5i0; catalysis. The slopes for
€y, Cg and C1p alcchol and alkene feed to the C-73 catalyst are shown in
figure I1II-65. Since accumulation impacts these data, and this was not
appreciated nor contrelled accurately during the course of this study, they
serve to emphasize the importance of accumslatien frem earlier runs upon the
results produced by a processing change. These data serve to chow the severe
analytical requirements for mass balances if a CSTR is to be used in
Fischer-Tropsch synthesis studies where process variables are charged
frequently (i.e. every two weeks oOr S0J.

I1i-J. Comparigon of Initjation by Alcohol and Alkenms

The log CPM/ Z-mole versus carbon numbar for the alkane products data are
shown in figure 1II-66. Tt is clear that the alcohol was incorporated to a
much greater extent than the pentene. Cowparison of the activity of the
pentene added and the value obtained by extrapelating to the activity of the
Cs alkane produced during the sddition imdicates that ca. 3% of the pentene
initiated chain growth shile a similar caleulation shows that ca. 50% of the
added pentanel initiated chain growth.

A similar trend is observed for the comparison of the initiation by
ethanol and ethene. As indicataed in the figure III-67, 60 to B0 times more
ethanol was incorporated than ethene (different batches of labeled ethancl was
used for the two Tuns). i

The situation with Cyp appears to be quite different from the situation
with the Cp and Cg compounds. As shown in figure 1IT-68, the alkene is,
in carbon range shown, incorporated to a greater extent than decanol;
following the extrapolstion to the carbon nunber ten shows that sbout 10%
decansl incorporation and about 20% l-decane incorporation.

The relative asectivity expresged as (PH/ Lo aole for the alkeane produced
from the alcobol divided by that from the slkene is shown for a range of
carbon numbers in figures III-6% and III-70. In figure IITI~6%, data are shown
for duplicate separations of the products formed from ethanol or ethene
containing synges with the C-73 catalyst. Considering the experimental
procedures the agreement is excellent. It clearly shows that, for these
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separated frow the products preoduced from CO with added c}::--].1-
labeled ethanol conversion ever an Fe-S10, catalyst at 260 C and
7 atmospheres prassare.
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L
W

Relative Activity Per Mole, Products from Decano! / Products from Decene

12 13 14 15 15 17
Carbon Number

C activity per mole (CPW/mole in alkenes when l-decarml was
added divided by CPM/mile in aliemes when l-decene was added) versus
carbon nnber (CSTR, 262°C, 7 atm.).

Figmre III-70. Relative 4
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intermediate carbon number alkanes, the alcohel is a much more effective
initiator. PFor the decancl and decene results, a similar trend i= obhserved
{(figure II1-70) but the ratio is now in the range of 0.1 to ©.7 rather than
the range observed with the £z compounds, 10 to 106. Thus, it appears that
the distinction beiween initiation by alcohol and alkene decreazes with
jncreasing carbon mumber and becomes essentially the same for Cyp-
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