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This indicates that the gas phase ethylene does not hydrogenate as
readily on this catalyst as compared to the Fe catalyst where the
differences are muéh smaller. As the GHSV is decreased the ratig
associated with both feeds approach similar values as in the case for

iron. Similar behavior is observed at 7.8 atmosphers (Figure 5.4.4).

The X0§/X53 ratios for both feed mixtures at one atmosphere

pressure are given in Figure 5.4,5, -The ratio values obtained using the
1-pentene feed are included in this figure as a matter.of convenience.
The propylene/propane ratios obtdined with the ethylene/CO/H, feed

Tie well above the values cbtained with the pure feed. It

again appears that the primary gas phase product from the ethylene
insertion reaction is propylene. The Ac3/Xc, data for the Co ;ata1y§t

at 7.8.atmospheres are not available since high GHSY values were employed

and only trace amounts of propane were preduced.

5.4.1,3 FeCo Catalyst

The Xg3/Xc, and xczfxcs ratios for the alioy catalyst for the
alloy catalyst are presented in Figure 5.4.6 for both feeds at a total
Pressure of one atmosphere. There is a marginal increase in the
Propylene/propane ratio due to the ethylene in the feed mixture. The
}ethy1ene/ethane ratios are identical for both feeds over the entire GHSY

-Tegion investigated at one atmopshere. These results are a bit suprising

1Tty to one hundred times higher in the ethylene/CO/H, mixture compared
C the pure CO/H, mixture over the GHSY range investigated. In section

3 ethylene yield data is presented which shows that the alloy catalyst
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has the highest intrinsic ability to produce ethylene on a tota] CO
consumed basis at one atmosphere. The fact that the ethylene/ethane
selectivity appears to be independent of the ethylene and ethane gas
phase concentration indicates that the adserption/desporption kinetics of
these products play a small role (if any) in determining their rate of
production, This subject is discussed.in Section 5.4.2,

Figure 5.4,7 presents the XCZXXCZ and Xczfxca data for the alloy
catalyst at 7.8 atmospheres. At this pressure there.is no change in the
propylene/propane ratin., This is due to the enhanced hydrogenation
activity at the higher pressure. The XCE/XCZ ratios_are again identicai

- for both the ethylene and pure LO/H, feed. 1In the next sections the
Kinetics of ethylene hydrogenétion are reported and the secondary

reactions of ethylene are discussed in relation to the cvéral? FT

reaction mechanism.

5.4.2 Hydrogenation of Feed Gas Ethylene

Comparison of. the Xg3/Xc, ratios for the iran containing catalysts
;%ndicates that a large fraction {typically >30%) of the feed ethylene
ydrogenates. These ratios are typically 0.5 to 3.0 for both the

thylene and pure CO/H, feed. If no feed ethylene undergoes hydrogena—
ion the Xco /XC2 ratios would typically range from 70 to 100 over the

HSY range investigated, so even in the case of the cobalt catalyst where

he ratios vary from 1.0 to 9.0 there is a substantial amcunt of

% s worthwhile to compare the hydrogenation activity of the catalyst at

ﬁe conditions investigated.
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NHCE} catalyst are listed in Table 5,4.1 at some typical reaction
conditions employed in this investigation. The Nyc, values are
calculated in a manner similar to that used to determine the CQ
activities.(Section 4,1}, The total number of available catalytic sites
is determined by hydrogen chemisorption over the reduced metailic
catalyst. Since the olefin lydrogenation mechanism {Section 2.3.3
{H4,H5)) involves two active sites, the number of active sites available
for ethylene hydrogenétion is half the total number determined by
hydrogen chemisorption. <{Calculation of NHCé by this method may not be
gquantitatively correct since the hydrogenation mechanism for metallic
surfaces may be completely different than the mechanism over FT surfaces.
In any case the values listed in Table 5.4.1 provide a basis for

comparison among the catalyst.

Table 5.4.1 Ethylene Hydrogenation Activity

N 2o}
solecules ethane Growth (4
Catalyst | GHSY Pressure formed Repsswe (2] Probability [a)
: [nr-1) [Atm) STLE-SEC <
Fe ) 5100 1.0 1.5 13 .
&25(3) 1.0 3. : .2 > .43
4543 7.8 85.0 - W07
(¥ 7.8 14.0 5 3 .53
FeCa 4181 1.0 6.5 08
454(3)| 1.0 1.4 .1 > 47
279§ 7.4 18.% ul
487 7.8 17.0 .08 > L4
Co 24100 1.0 1.9 .16
15700(3) 1.0 28.0 RY- > .46
1288 7.8 1.0 1
[L ¥4 7.8 5.0 23 ¥ W77

1) 8Sated on number of sizes deternines by H; chemiscrption on reduced ne;allic
catalyst. Assuming Two sites 3re invelveg ia the hydrogenation reaction.
2) CQ turngver frequency {Mcp) corrpsponds ta value sotainad ia {0/Hz feed at

compireable GHSV. [Sectian 4.1) . )
3} GMSY values {n SrackeZs correspond o compardbse ethylene ralar flow rates.

4} from Table 4.5.1.
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The hydrogenation activity is generally strongly dependent upon the

GHSY in a manner similar to the CO activity (Nco) discussed in Section

4.1. In most cases decreasing the GHSY (increasing Co conversion) results

in lower ethylene hydrogenation activity, The exceptions (FeCo at 7.8 atm
and Co at 1 atm) to this general behavior can provide some clues into the
nature of this inhibition and how it is related to the synthesis procass.
Before discussing the two exceptions, the predominant trend is compared to
the obeserved decrease in CO'activity with increasing GHSy presented inp
section 4.1, :

Product inhibition or possible reversible deactivation of active
sites are two possible reasons for the observed decrease in the CO
activity with increasing conversion (decreasing GHSY). Indeed both are.
plausible since a greater amount of heavier possibly slower desorbing
preducts are formed at 10wer GHSY values as wel] as larger quantities of

water which can revers1b1y deact1ve FT sites. The percentage increase 1ip

either water or heavier FT products in going to g smaller GHSY need not be
' that great in order to have a measurable effect on the overall rate sinpce

~ these products are produced on the active sites and can readily inhibit

their activity if the desorption kinetics ape slow. If one assumes that

4 simflar type of inhibition effect is occurring on the ethylene

“hydrogenation sites and these sftes exist as seperate entities 1ndependent

Of the FT sites the ghserved decrease in the Nue, values at Tower space

velocities cannot be readily justified.

The NCo/NHe, ratios (Table 5.4, 1) indicate that generally the

: Ydrogenation activity decreases faster than the CQ activity with

ﬁecreas1ng GHSV This implies that {f a common inhibition effact ig
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affecting both activities it is more pronouned for ethylene hydrogenation.
If independent hydrogenation sites exist on the catalyst surface they

could only be inhibited by the FT products since it is untikely that

ethane (or for that matter any paraffin product) will inhibit ethylene
hydrogenation. In order to absorb onto a hydrogenation site the product
molecule would first have to deserb off the FT site. If the slow
desorption kinetics are responsible for_the decrease in Ncg, how can the
larger relative decrease in NCHZ occur? UOne possibie explanation is that
there 1s a much smaller number of hydrogenation sites relative to the
increase in products which can inhibit hydrogenation sites are indeed
being blocked by nondesorbing FT prodﬁcts one would not expect the
olefin/paraffin ratics, for a given carbon Chain to decrease at Tower GHS?
values when fhis.inhibition would be more prenounced, In section 5.4.3
data obtained with the .5 mole ¢ 1-pentene feed strongly fndicates that
the overall hydrogenation activity of the C, and C, olefins ié unaffected
by the presence of the high concentration of the Cs otefin in the feed
gas. |

An_additiona}uggpgrimenta1 result which indicates that hydrogenation
sites d¢ not exist independently of the synthesiﬁ sites are the comparable

Xp/Xe, ratios obtained with both the ethylehe and pure CO/H, feed

Section 5.3). Figure 5.4.8 presents the XCZ/xcz values for the alioy
Catalyst at 1 and 7.8 atmosphere. If a certain fraction of the total
talytic sites is only active for ethylene hydrogenation one wou]d expect
€ Xc;fXCZ ratio to be proportional to the gas phase olefin concentration
& given GHSV, since dehydrogenation.reactions are unlikely due to the

8h hydrogen partial pressure. The introduction of 5.4 mole % ethylene



263

(y-2w) asuo
0006 000% | 000¢ 000z 000T 0
¢t
no U
6 m N
8 . I
e
oo A
= o s
o O = bed
1z o
l. [N
Q xy L
. ]e
»
MIB g 9 " ghc o _ Ay

WIE gy o m:\oo £/1 o

WIET g IRl gy
M Ty g/



2604
in the feed gas éorresponds to a concentration at least fifty times
greater than typical ethylene preduct concentrations obtained with
conversion'1eve]5'typica11y amployed in the pure CO/H, feed. If all the
gas phase components are competing for a finite fraction of specific
hydrogenation sites one would expect the Xe3/Xe, ratios to be much higher
with the ethylene feed as compared to the pure feed for a given GHSY. The
incidental (XCZ/XCZ) VS GHSY curves obtained with these two feeds at the
pressures studied indicate that no such competition is abservable. Based
on these arguments it appears that seperate hydrogenation sites do not
exist-on the catalyst surface. 1In section 2.4 resylts from surface
spectroscopy investigations are reviewed and indicate that for iron
catd]yst, no meta{1ic atoms are detected after exposure to CO/H, mixtures,
Indeed CO is so strongly adsorbed on such Fe and Co meta1'surfaces that it
is.unlike1y that even a small fraction of these sites exist (26). The
hydrogenation and FT synthesis reactions most 1ikely occur on a common site
with different réaction intermediates. This subject as well as the
different possibie chemical nature of the two intermediates is discussed in
sections 5.2 and 6.3, _

Referring back to table 5.4.1, two cases are observed where the
ethylene hydrogenation aétivity is found to be independent of the gas’
hours space velocity (GHSV), the Co catalyst at 1 atm and the alloy
catailyst at 7.8 atm. The Co catalyst does net exhibit any decrease in CO
activity at lower GHSY values at this pressure, The inhibition effect
observed at other conditions is not seen at 1 atmosphere with the 1/3 C0/4
feed.” The lack of any conversion dependency in the ethylene hydrogenation

activity at these same conditions supports the belief that both the
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The alloy catalxst exhibits constant ethylene hydragenation activity
over the GHSY range investigated at 7.8 atmospheres, This behavior is
quite different than that obseryed for the pure component catalyst. [n
section 4.3 and 4.5 yield and selectivity data are presented whiﬁh
indicates thaf the FeCo cata?yst_possesses the higheét intrinsic
hydrogenation activity on a Product basis. The product yields for this
catalyst contain the greatest amount of paraffins, Interestingly enough
the FeCo SF growth parameter; «, (sectiogn 4.5) remains.constant 7.8
atmospheres-as compared to | atmosphere and tha product distribution did
not shift towards higher molecular weight products (Section 5.6}. These
_resu1ts:are consistent with a reaction Pathway that favors hydrogenation
" over carbon chain growth. Consequent1y_the constant ethylene
hydrogenation activity observed for the FeCo catalyst at 7.8 atmosphere is
_not unreasonable, _
| The hydrogenation activity for the Fe and Felo catalysts incregse at

7.8 atmospheres compared to 1 atmosphere {Table 5.4.1), This is expected
since o?efjn hydrogenation rates are positiye ordep in hydrogen partiaj
pressure'(48). - However for the o catalyst the activity decreases

significant]y at the highar Pressure. This may reflect a change in the



