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= in Aluminum cyclinders énd produced by AIRCO-Products, The gas

= obtained from Union Carbide were in stee] containars and it was

on the glass components of the reactor

- carbonyls were plated

The'water traps employed in the reactor systems trapped these

Most CQ/H, mixtures contained a trace amount of methane

In these cases methane product yields were

yy this amount. The olefin containing CO/Hz mixtures were

hecked to insure that no cracking, hydrogenation or
Table 3.3.]

aFeed Mixture Compositions (mole %)

ghigh pdrity K, (99.999%)

ahigh purity He (99.999%)

QQ_(QQ.S%} 75% H, (99.999%)

0. (99.5%) 54% Hp (99.999%)
(99.5%) 71% Hy(99.999%) 5% C,Hy(99.9%)

0 {99.3%) 74.7% H,(99.999%) 5% 1-pentene (99.9%)

umbers in parenthesis rafer to the minimum purities.

romgiograph Ca11brat10n Procedure

t10n mixtures containing various synthesis products

%te the chromatograph response factors. The

mixtures as well as there analyzed mole fractions are

The component concentrations in thnese m1xtures

ypically encountered under differential reaction

nse factors (mole fraction/chromatograph peak area)
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sach product measured at two different concentration levels are

11y with 5% indicating a linear chromatograph response (Appendix 1),
of the calibration

nse factors for products not contained in either

s were determined using the relative response factors of Dietrz

“He reporis that the relative response factors are accurate for

mal conductivity detectors. However, if one uses for instance

ene as the calibrated material to calculate the methanol response

sccording to the data of Dietz (35) a value is obtained which is

ar than the response factor obtained by a direct methanol

Similar errors were found when relative response factors

rto calculate chromatograph response factors of hydrocarbons of

ree carbon atoms more than the hydrocarbon used in the direct

These errors most likely arose from peak shépe differences

Many peaks were merged (Figures 3.3.3 and

y use of digital integration.

roducts.

deconvolution was accomplished b

ly, temperature programming was employed in order to get desired

Dietz (35) obtained his data. under isothermal

tusing pure components. Due to the peak hroadening of product

2= _
nts had a lower height/width ratio

=ights, the heavier compone

g continual changes in electronic integration parameters

ourse of an injection.' Thus the use of calibration mixtures

hromatographs were employed in product analysis for the

periments. A Perkin Flmer Sigma 3 was used predominantely
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he analysis of the low molecular weight products (Cy-Cy, C0s, CH30H)
3 Hewlett Packard 5730 handled the higher molecular weight |
icts. Both chromatographs possessed a liquid nitrogen subambieht

&m for cocling purposes. The low molecular weight products were

£ed ysing a poropak Q colume (10* by 1/8" 0D, Supelco Inc.) with a

ature programming schedule of 30 to 170°C at 20°C/Min. A SP 2100
_(10%.dn'chromnsorb, 100/120 mesh, 10' by 1/8" 00 -Hewlett packard)
ed fhe heavier products using a typical programming schedule of

in hold), 4°C/min to 100°C. |

Sigma 3 chromatograph (Figure 3.3.3) exhibits a reproducible base'
t which does not interferé with accurate peak area evaluafion.
matograph wés obtained using a 3390A digital integrator (Hewletl
hich has a wide range of integration functions and sensiiivity
which can adequately make up for non-ideal baseline behavior
gi'pés.'.The water peak accounts for that produced under |

tions since a molecular sieve trap (Linde BA) was used to

om the helium carrier gas line. " Nevertheless the épectr;1
“was not determined quantitatively due to its broad:

d.C, peak labelled C, paraffin also contains the
52:butene isomers. The high moelcular weight

o resolve these isomers allowing for the

5 paraffin, The‘Cn > 5 products would generally come
&bﬁ_peaks making analytical measurements dubious.
essary to bake the Porapak Q column (ét 170°C)
q1ated high mo1e2ﬁ1ar.weightiproducts_

;typical high molecular weight chromatograph

heomatograph using a HP 3880A digital- integrator
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low molecular weight
a poropak Q
0 to 170°C
and 250°C.

graph for the
3 chromatograph with

amming conditions of 3
CO,’H2 feed at 14 atm

3.3.3 Typical chromato
s, Obtained with Sigma
hader temperature PTOET
4n. FeCo catalyst, 1/3




1-C H
4 8

(W]
B
—
|
Il

ical chromatogram for the high molecular weight
d:with the HP #5730 chromatograph with a SP2100
rature programming conditions of 4°C to 100°C
t, 1/3 CO/H2 feaed at 7.8 atm and 250°C.



araffins. The branched isomers and internal olefins

Model 4018 valve with a sample loop volume of 1

actory instatied valve equipped with either a 1 ¢
. he chromatograph response factors were

_basis the actual volume of sample ihjected
ed;as Tong as the total molar amount injected

under both calibration and reaction

able pressure increase occurred in both

¢ tér than 40 cc/min (1 atm, 25°C). This
.al molar amount injected fcr analysis.
ﬁﬁblcc/min, 1 atm, 25°C), the amount of

&1y 60% more than that injected at
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1ow rates. Typically the increase was approximate1y 5-50% of the

1 product areas in reaction measurements. Consequentiy it was
ssary to correct for this additional molar amount as a function of
“rate. A series of sampie injections were performed DY passing the
ration mixture through the sample valves at gas flow rates typically
ntered in reaction -studies. The 1ncrea$e in area for sach measured
as then normalized to tha area obtained at flow rates where no flow
d pressure increase occurs (10-30 cc/min at 1 atm and 25°C). By this
one obtained fliow correction constants which reflect the magnitude

Yduct area increase as a function of flow. A piot of these

unction of flow rate is given in Appendix I.

ion constants as a f
in flow rate {cc/min, 1

were fit to a fourth order polynomal

). Flow correction values for CO/H, feed rates ysed in reaction
«ere computed by use of the polynomial function. The Tiow rates .

a of caiibration mixture

perimental studies was within the rang

ed to establish the Tlow correction constants.

Analysis

were calculated on a product mole fraction basis by

+ flow rate and feed composition. The reactor was

ntial reactor using the model equation shown below

rate of component i (moles/gm cat-sec)

mponent 1 formed/moles of reactant fed.

- rate (moTes/sec)
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€0 conversions were typically kept below 4% for reaction rate

é]ysis. The mole fraction X5 must be determined Dy a mass balance

pund the reactor since the total molar flow changes due to reaction.
computational mnethod used in performing the mass balance and

Cu]ating reaction rates is given in Appendix 11. Turn over frequencies

tivities) are based 0n hydrogen chemsorption values obtained on the

ﬂﬁced catalyst(5).

Reactor Operation

A measured amount of catalyst {calcined oxide, typically .4-.6 gms )

aced in the reactor and reduced at 425°C in flowing hydrogeh at one

Flow rates were typica11y 50 cc/min measured at 1 atmosphere

The total reduction time varied between eighteen to twenty

urs. 1t was found that this veriation in reduction time did not
thé exposed surface area as measured by hydrogen chemisorptioh.

t had a negligible effect oa the extent of readuction {119).

i;opling'to the standard reaction temperature {250°C) the water

he activated and the hydrogen {low was increased to allow any

ater to fiush out of the system. The catalyst bed was then

feaction temperature under & continuous hydrogen flow. The

cass took approximately fourty five minutes to insure thermal

The desired faed gas was then introduced generaily at gas

velocities (GHSV's) exceeding 10,000 hr=!.
5 mixtures were introduced at delivery pressures close to
The reactor prassure was then gquickly brought up to

?s;if desired by increasing the delivery pressure of the

tor. Some experiments involved changing the reactor
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changes were generally accomplished in less than one

ze any deletrious effects due subjecting the catalyst to
conditions ({i.e., wax formation). Upon termination of a
ithe system was brought to atmospheric pressure

was cooled in flowing hydrogen, However, if a Mossbauer
be taken on a particular catalyst after reaction the
gd.énd cooled in Helium at the pressure used in the

_3 been” shown that exposure to Helium at one atmosphere

peratures does not affect the Mossbauer spectrum of the

e formed under reation conditions {76).




