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5.4.5 Secondary Reactions Involving 1-Pentene

The presence of 0.5 mole ¢ T-pentene in the feed gas does not
significantly affect the overal) prudﬁct distribution for a13 tﬁe
catalysts at the low Cg conversion levels investfgated_(Section 5.2).
However this alefin does undergo extensive hydrogenation and double bond
isomerization under FT reaction conditions. Figure 5.4.15 is a plot of
the T-pentene .fraction contained in the total Cs moles as a function of
the GHSY at various Pressures for the jron catalyst. The space velocity
range employed at each Pressure corresponds to an approximate CQ
conversion range of .5 to 4%. The fractiona] amount of feed f-pentene
which reacts via secondary reactions decreases with increasing pressure,

Similar trends are observed for both the FeCo and Co catalyst, These

results indicate that alefin readsorption and reaction through secondary

. Pathways plays a diminishing role at higher Pressures with respect tg

shifts in the product distribution,

Figure 5.4.16 Presents the 1-pentene ang n-pentana mole fractions

__Moles Cgj '
t5ta) Csmoies) for the Co catalyst at 1 atmosphere, The open symbols

represent fractionslobtained with the l-pentene feed while the solid
symbols correspond to a pure 1/3 CO/H, feed. The fractions are

comparable with hoth feeds Suggesting that_the adsorptipn of the fead
1-pentene is not rate limiting with respect to the secondary reaction

kinetics. Similar resuits were observed for the iron containing

3 catalyst.
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The 1-pentene and n-pentane mole fractions are plotted as a
function of the GHSV for a11 three catalysts at 7.8 atmospheres in Figure
5.4,17. The Co cata]ygt produces the smallest amount of n-pentane gver
this CO canversion rangé. This is expected since this catalyst exhibits
the highest olefin/paraffin selectivities. The n-gentane yield of the
alloy cata]yst is essentially identical to the Fe catalyst over the GHSY
range investigated, This is nﬁt_surprising since thess twa catalyst
yield similar NCE/ch'and Ng;/Ng3 selectivities at these conditions,

The 0.5 mole % T-pentene in the CO/H, Teed undergoes extensive
double band isomerization into both cis and trans 2-pentene, The

reaction can be written as shown below

M H H HH / "\
C=C-C—C-CH —>T=C oR C=C
H HHHH \ 70N\
M CH:a CH3 CH2 5.4,11
\ \
| CH3 CH3
{ TRANS) (CIS)

~ At one atmosphere over the Fe catalyst, the combined 2-pentene yields
account for over 60% of the total G5 products while at higher pressures
the yields decrease {(Figure 5.4.18). SimiTar-behavior is observed for
the FeCo and Co catalyst (Figures 5.4.19 and 5.4.20}, Increasing
_.pressure increases the n-pentane yields for tha Fe and Felo catalyst as
. shown in Figures 5.4.21 and 5.4.22. The Co catalyst exhibits unusual
behaviar in the n-pentane yield-pressure trend. Increasing pressure
decreases the n-pentane yield (Figure 5.4.23) in addition to the
2-pentane yields., At 7.8 dtmospheres the 1-pentene is possibly

hydrocracking over this catalyst and this may be the preferred reaction



i (mola fraction)

X

0.9

Figure 5.4,
GHSV for a1

1000
GUSY (hr"ly

at 7.3 atm- and

Fa

FeCo -

Co

Ol-pentene

On—pentane

Ml-pentene

®0-Dentana

Al-penteng

17 Mole fracti
1 three catal

250°c,

AD-pentane

- 2000

¥sts using

ene of I-pentene and

.the 0.5% 1-p

288

e ———e ———

I-pentane vergyg the
entene 1/3 CO/HZ feed



Molegy 2 entene

08

A
06/~
f 04l
I %
: - ]
Il
2

A1y
-® 7.8 atn
A 14 atp

O

Figure 5.4,18 2
the Fe catalyst
PTessures ang 25

u
0

l 2

GESV x 103 (y-1,

Péntene fracrigp of tota]l C5 moles

Sing the 0,5% l-pentene 1/3 Co/Hy £
°e,

4 5

vVersus the @gysy for
eed gt variousg

289



moles 2-pentene
total 05 noles

moles 2-pentene
total C5 moles

0.8
0.6
0.4

0.2

0.6

4

0.2

O 1 atm.
% ® 14 arm.
8
0o
= O o
-
° 0
_ ° g
. .
@ o o
L 1
| 2 3 4
GHSY X107 (hr 1y

Figure 5.4,19 Fraction- of 2 pentene in

total 05 products for the FeCo catalyst using
the l-pentene/l/3 COKH2 feed at 1 and 14 atm.

Temp. = 250°¢C.

‘ 1 atm.
0
% Q 14 atm,
.°'
o
* 8
L%
0 8 &
L L @ p @
O i 2 3
GHSV X10° (hr 1)

Figure 5.4.20 Fraction of 2-pentene in
total C5 products for the Felo catalyst
using the l-pentene/1/3 COsz feed at 1
and 14 atm. Temp. = 250°C.

4

2

o]

0



with the catalyst,
The incorporation of @ olefin products is indeed partiaily
responsible for chaip growth, howaver internal (8) olefins are not

beTieved to be reactive in secondary chain growth reactions, The large

compared to those obtained at higher Pressures. The production of
internal olefins effectively removes that carbon chain from any
subsequent secbndary chain growtn reactions,

The cis and trans 2-pentene yields (based on tota) Cs Product)
Produced with tha 1-pentene Cﬁ/H2 mixture appear to be comparable to the

Yields produced With the pure CO/H, feed, 'This comparisen €annot be

feed yields are very small in most cases making guantitative analysis pf
the isomers difficult, Results obtained with the £o catalyst at one

atmosphera are given in figure 5.4,24. Similar results are obtained with the

N-pentane yields,

5.4.,5 Proposed Reaction Sequence Leading to Cs Products
The reaction sequence proposed in section 3.4.2.2 recejvag
additional support from the_se?ectivfty Studies presented in the previous

section. The presence of independent hydrogenatign sites is unltikely in
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Figure 5.4.21 The n-pentane fraction of total C5 products
versus the GHSV fer the Fe catalyst using the l-Pentenec
'CO/H2 feed at 1 and 7.8 atm. Temperature = 250°C.
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View of the fact that the C, and Cq o]erwn/para:(in ratios remafn

essentially unchanged due to the prasence of 0.5 mole = l-pentere in the

feed, If these sites existed the high oiefin cancentratio in

Lhis faed
wou]d most Tikely Partially inhibit their activity and Targer Csy L and

indeed Cs olefin/paraffin Seiect1v1tqes would be observed compared tg

selectivities observed with the pure CO/H, feed at comparabie GHSY

values,

\

- As discussed in section 5.4.2, the amount of - penténe coensumed

in FT chain growth reactions is small (typicaliy <1%) and appears to

decrease with 1ncreas1ng pre55ure These rasults further support the
reaction sequence invelying separate surface intermediates for both

hydrogenation and FT chaxn growth. The decrease in 2- pentene yields

with increasing pressure Suggest the ex1stence of an additional reac.

tion intermediate invelved with olefin 1somerization The react1on

Sequence envisioned for the production of Cg products is shown below

1 x G = C*
% (24 L;;(:ﬁ k;T;
: | k4* 1, 5
{2-pentene)} kL kK
. Bfi " 5r
T}S\\\C*hla____ *h 5.4.12
28 kh ,[5
- $ d a
{n-pentane) ks_ ks

{I-pentene)
1s FT chain growth intermediate

is the intermediate invalved iwth 1-pentens adsarption

clefin hydrogenation/isomerization intermediatea
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kgh hydrogenation rate constant

kgl olefin isamerization rate
Increas1ng the total pressure would favor the productian of n-pentane
from Cg *R as opposed toa the isomerization reaction since hydrogenation
1s positive order ip hydrogen partial pressure. The {somerization of
1-pentene to 2-pentene involves a hydrﬁgenation/dehydragenation se-

i quence on the a and v carbons respectivaly (28,98). The dehydrogenation
sequencec]ear1y would not be favored with increasing hydrogen.partial
pressure, |

The presence of a common intermediate for both hydrogenation and

- olefin isomerization is not unreasonable, The 1ntermed1ate may he 1 -

~allyl type structure typ1ca11y encountered in crganotran51t1on metal

chemistry (28) shown below

_C

| C /c
C=C—C— C— C-\— C//é*;\C 5.4.13

r—allyl intermediate.

Such intermediates are believed to be involved in olefin isomerization
Chemistry {28). Adsorbed hydrogen cah insert into the = allyl bond

resulting in hydrogenatian. The parallel reaction sequence is shown

below
{2 -oentanel
P
Cet=CmC—0
o
~C / s
eEm S c
: S 5.4.14
c\c,c
- \

[n -zentanal
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The hydrogen can either be adsorbed on the same site as the olefin or can

add from a neighboring site,



