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corresponds to the value obtained with the pure CO/H, mixture over the

)
-
L
-4
3

Cny3 carbon range,

5.3.3 SF Parameterization for the FeCo catalyst

The growth probability, «, for the alloy catalyst is not affected
by the presence of either the ethylene of 1-pentene in the feed gas at 1
and 7.8 atmospheres. Figure 5.3.10 presents some typical SF piots for
thé ethylené/CO/Hz mixture at one atmosphere, The va]ue.is
~ approximately 0.47 for this feed corresﬁonding to the same value obtained
" with the pure CO/H, feed. At 7.8 atmospheres there again is no change
- in & (Figure 5.3.11) however the an{Yeq) increased to a value correspond-
1ng.to'the straight line determined by the zn(YCi) for the Chza producté.
This behavior is identical to that observed for iron and discussed in the
next section. Figures 5.3.12 and 5.3.13 present the SF plots for the
1—pentene/C0/H2 foed over the FeCo catalyst at 1 and 7.8 atmosheres

‘respectively. There again is no change in the value of o compared to

‘that obtained with the pure feed.

:5.3.4 Mechanistic 1mp1i¢ations of Schulz Flory Distributions Using the

0lefin Ephanced Feeds

" The growth probability, «, is a ratic of two reaction rates shown

elow to be

r .
propagation 5.3.1
rpropagation + "termination

[ % =
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Figure 5.3.9 Schulz Flory plot for the Co
catalyst using the ethylene containing and pﬁre-
1/3 CO/HZ feed at 7.8 atm and 250°C., HNominal
a=0.77 GHSV = 1000 hr-L,
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Figure 5.3.10 Schulz Flory pleot for the

FeCo catalyst using the ethylene containing

and pure 1/3 CO/H2 feed at 1 atm. and 250°C.

Number in brackets refers Lo the GHSV [hr™*1.

Number in parenthesis refers to o.
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Figure 5.3.11 Schulz Flory plet for

the FeCo catalyst using the ethylene

containing and pure 1/3 CO/H2 feed at
7.8 atm, ‘and 250°C. Nominal“value of
o = 0.45,
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If one assumes a saries of insertion reaction to occur on the surface
{Section 2,6) involving a monomer containing one carbon ataom, the surface

reactions can be written as shown below

kT T kT
2 . n f+l
»* »* ¥* *
x C,_ x C x C x C
: (: 3-(: | (: i BN (: iad BES
l 2 ki n k¥ Thl k¥
g' 2 n n+i
5.3.2
where ¢} is the single carbon insertion monomer
c; surface intermediate containing n carbon atoms
k? . rate rconstant for insertion reaction of intermediate C?
e e k? rate constant for termination reaction of intermediate C?

The growth probability can be written in taerms of the individual

reaction rates of surface intermediate C; as shown below

kCCl
growth probability = & = = < . 5.3.3A
- KCC, + kGC
R 5.3.38
K, o+ k
1 T

. ' * .
assuming C*i can be treated as a constant and Tumped into ki . In this

reaction scheme the termination reaction which include hydrogenation,
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Figure 5.3,12 Schulz Flbry plot for the Felo
catalyst using the l-pentene
containing and pure 1/3 co/H

feed at 1 atm. and 250°¢.
Nominzl o valus = 0.45 ,

© 5.4% 1-¢./1/3 CO/H, feed; CHSY = 1800

© 1/3 CO/H, feed; GHSV = 1800
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Figure 5.3,13 Schulz Flory plet for the Felo
catalyst using the l-pentene
containing and pure 1/3 CO/H2
feed at 7.8 atm. and 250°C.
Nominal va}ue is 0.5 .

© 1/3 COKHZ feed; GHSV = 300 hr_l

460 hr T

O 1-C, /CO/H, feed; GHSV

O 1—c5= /CO/H, feed; GESV = 1300
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otefin desorption, and olefin isomerization are Tumped into one effective

rate constant kiT'

The presence of high olefin concentrations in the feed stream.

should increase {at least) the concentrations C*X where x 1s the carbon

number corresponding to the feed clefin. Rearranging equation 5.3.3 one

- obtained

+The value of a is independent of the surface concentrations of the growth

gaction intermediates ([C *1) in the carbon range complying with SF

;klnet1cs. Consequently any enhancement in [C *1 should result in an
:uncrease in the observed product yield and the slope determined by

n {Y¥i41) - (2n ¥i) should remain unchanged at steady state cond1h1ons.
{ndeed this is observed for the Ch,4 products for the iron based catalyst
al

1 conditions studied and the Co catalyst at 7.8 atmospheres. However,

For both iron containing catalyst the increased in the C3 product

lds associated with the ethylene/CO/H, feed brought the zn(YCa)
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yalues in agreement with the straight Tine astablished by the Tonger

chain products, This increase can be fortuitous due to the ethylene

feed composition chosen or due to a mechanistic limitation based the

ailable on the surface for reaction, or a change

monomer concentration av

in the termination rate relative to the propagatien rate. Consider the

surface kinetics of the ethylene insertion reaction shown below

5.3.5ha

= - *
“3gas C2

o . .
Cp% + Cpf - Cq* 5.3.50

‘The steady state production rate of Cg* depends upon the Cp* and Cy¥

urface concentration. 1t is shown in section 5.4 that at least 30% of

gas phase ethylene reacts on the surface to form ethane.' It is

1

r e athylene

me that a certain fraction of the gas phas

gasonable to assu

reacts on the surface for form C,” surface concentrations and indeed

these yield increase typically several hundred percent {Tables 5.2.1 and

1,

.2.2). However, if the increase in the C,* surface concentration is

reat enough one would expct the C* concentration to become limiting

tcording to the surface kinetic relationship

* k*C*C*—k*C*C*—kC* 5.3.6

re rcs* is the production rate of C * and

* . . . . -
Ci is the surface concentration of intermediate 1.



At 7.8 atmosphares

tions in tha plre CO/H2 fead

{Figure 5.3.3). One can envision that the Cy*

Propagation rate ig much

:faster relative to that of the Tenger chain Products., Howayer when

ethylene is present in the CO/H, feed the enhanceg Cs* surface

Concentration appears to underge terminati

than the propagation,



since the slope between 2n(Yc5) and n(Yey) agrees with the slope
throughout the entire carbon range. Similar arguments hold for the
alloy catalyst at 7.8 atmospheres.

The Co catalyst at one atmosphere exhibits an increase in a due to
the feed ethylene. In section 4.5 it is shown that the growth
probabiifity increases with increasing total pressurs. This is most
probéb1y due to some type of product desorption/readserption effect
either increasing the rate of propagation or decreasing the términation
rate. A similar effect can be occurrfng at one atmosphere due tp the

presence of the relatively high concentration of the feed ethy]ene.'

5.4 Selectivity Studies and Secohdary Reactions

5.4.1 Qlefin/paraffin Selectivfties for C, and {; products using the

Ethylene Enhanced Feed
5.4.1.1 Fe Catalyst
" The mole fraction ratio of ethylene to ethane {Xc= J/%e) s plotted
as a funct1on of the GHSY in Figure 5.4.1 for both the pure and ethylene

containing feed at 1 and 7.8 atmospheres. This ratio is approximately

etherne is undergo1ng hydrogenation, At one atmosphere and a nominal

CO conversion of 1% {GHSY = 5000), approx1mate?y 30% of the ethylene
hydPOQenates. As the GHSY is decreased it appear that the hydrogenation
- éthylene is more pronounced than the ethylene produced via the FT

YNthesis since the decrease in g,/ Xc, for the ethylene feed is more
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rapid than the decrease in the C, mole fraction ratio obtained with the
pure CO/H, feed. The kinetics of the ethylene hydrogenation and the

mechanistic implications with regard to the FT process is discussed in

section 5.4.2. _

The prbpylehe to propane mole fraction ratio (Xc3/%c3) for the Fe
catalyst is presented in Figure 5.4.2 for both the ethylene and pure
CO/H, feed at 1 and 7.8 atmospheres. The ratio is significantly higher
in the ethylene containing feed over the GHSV range stddied, however at
lower space velocities the ratios appear to be apphéaching cﬁmparable
values. These results indicate that the primary hroduct of ethylene
initiation is propylene. Furthermore it appears that prapylene initially
desorbs from the initiétion/growth site and that subsequent hydrogenation
is due fo readsorptions of propylene onto & site capable of inserting
hydrogen into the alefin bond. The other possiblity is that direct ;
hydrogenation of the Calsurface intermedijate occured éfter the ethylene
initiation reaction.. If this is the caselthen one wauld expect the
-xchxCB ratio to be the same for both feeds since the hydrogenation
activity of the C3* surface intermediate depends on the hydrogen partial
pressure and catalytic surface which are essentially the same in both

cases, This subject is discussed further in section 5.4.2 and £.3.

5.4.1.2 Co Catalyst

Figure 5.4.3 presents the XCZ/XCZ value for the Co catalyst at
" one atmosphere for both the pure and ethylene CO/H, mixture. At high
GHSY values (>20x103nr-1) the ethylene/ethane ratic is foﬁr to five

fmes higher for ethylene containing feed as compared to the pure feed.
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Figure 5.4,2B Propylene to propane product mele
fraction ratic versus the GHSV for the Fe catalyst
using the ethylene containing and pure 1/3 CO./H2
feeds at 7.8 atm. and 250°C. '
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Figure 5.4,3 Ethylene to ethane rafio versus the CHSV for the Co
catalyst using the ethylene tontaining and pure 1/3 CO./H2 feed at
1 atm. and 250°C, :



