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I. CONTRACT OBJECTIVE

The objective of the contract is to develop a catalyst
and to select operating‘éonditions for the direct conversion of
syngas to liquid hydrocarbon fuels, using microporous crystals -
"molecular sibves",- in combination with transition metals.

" ( B

II. SCHEDULE

The contract work is planned for a thirtyJE;x month period,
which started March 6, 198l1. The work on the program is divided
into four tasks. In Task 1, shape-selective catalysts (SSC's)
are being evaluated for converting low molecular weight liquids
such as methanol and propylene to desired products like gasoline,
turbine and diesel fuel. 1In Task 2, the feed is syngas (CO + Hz),
and the catalyst is a combination of transition metal component
(MC) and SSC. Task 3 is a study of surface effects and reaction
intermediates during the hydrogenation of carbon monoxide, carried
out as a subcontract under the direction of Dr. Gabor A. Somorjai,
of U.C. Berkeley. Task 4 is a series of management and technical
reports.

III. “ORGANIZATION

"Liquid Hydrocarbon Fuels from Syngas” is the goal of a
research and develcpment program on catalysts carried out by the
Molecular Sieve Technology Department of the Engineering Products
Division, Union Carbide Corporation at their Tarrytown Laboratories.
Principal investigator is Dr. Jule A. Rabo. Program manager is
Dr. Richard C. Eschenbach.



V. PROGRESS SUMMARY

TASK 1

The SsC candidate testing program is éentered on the
evaluation of new UCC molecular sieves and modified forms of
known zeolites, using propylene feed. In this study, we are
monitoring the cataiytic activity-in. the conversion of propylene.
The. product selectivity to liquid hydrocarhons, and the ratio
of olefins to saturatés is also established. The observed
catalytic performance is then used to grade SSC candidates for
application in Task 2 catalyst formulation.

We reported in the last quarter on the outstanding
performance of UCC-104 with'propylene'feea. This catalyst .
had high activity,ﬁand it converted the propylene with near
guantitative yield to Cs+ liguid hydrocarbon product. Signi-
ficantly, the liquid prodﬁft boiled ma;n}y in the gasoline
range. The conversion of ‘the propylene feed to propane, a
usually prominent,‘ﬁndesirable reaction with all strong acid
zeolites, was nearly absent. Thus, we clearly established that
UCC-104 is an outstanding SSC catalyst candidate for Task 2
service.

In order to complete the test of relevant reference
materials in the conversion of propylene, we have prepared,
and began the evaluatic&sof, several known zeolites in appro-
priately activated or modified form. Catalyst preparations
were based on three new UCC molecular sieves. One was tested
thisiguarter and two will be tested next guarter. In addition,
modiﬁied forms of zeolites omega and L were also prepared repre-
senting varying degrees of acidity. The catalyst synthesis work
forfTasks 1 and 2 is reported in Appendix A.

FIA analyses of product molecule types (paraffin, olefin,
aromatic) were .not reported in the last quarterly report because
of analytical problems encountered with the products. We have
now found that the cause of the problem is fluorescence of the
products from the Berty reactors (see Appgg@ide). A substitute
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for the FIA technigue is being sought, thus far without success.

Test results for six Berty reactor tests and one micro-
reactor test, all with propylene in the feed, are reported in
Appendix C.

Test Results

The LZ—iOS—s, a medium pore molecular sieve, similar -
in structure to ZSM-5, is the most active catalyéitﬁg%have
tested so far for the conversion of propylene. At oﬁ%imal
conditions, it converted 90% of the feed versus 63% found with
UCC-104. However, the test carried out in the Berty reactor
showed that this catalyst has inferior selectivity to cs+ (89%)
relative to UCC-104 (96%). The lower C5+ yield with LZ-105
£ollows frﬁm the increased conversion of the propylene to
saturated 63294 hydrocarbons.

The lEFEekpore molecular sieves tested this quarter all
deactivated more ;Epidly than the medium pore materials. Among
these catalysts, tﬂe multivalent-cation—exchanged Y zeolites
deactivated veryf;apidly. ucc~103,- a lower acidity modification
of UCC-101, had slig&;;yfimproved catalyst life and selectivity
to CS+ products witho&g'significant loss of activity compared
. to UCC-101. In contrast to the medium pore molecular sieves,
the large pore molecular sieves tested in this quarter had the
advantage of (ét least initially) producing some of their liquid
products in the diesel range. o

TASK 2 N

Task 2 catalysts consist of the shape selectibe component
(SSC)' and the syngas active metal component (MC). 1In the last
guarter we ran a test to firmly establish the performance of an
industrial standz .1 catalyst for reference purposes. 1In addition,
t+h2 evaluation of‘ihe efficiency of various mixing techniques
setween SSC and MC was sought in terms of syngas conversion
’activity and selectivity. This information is necessary to
the successful formulation of Task 2 catalysts using best SSC
catalyst candidates.
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Catalysts were synthe51zed using three different
technlques- physlcal mlxtures of the metal component (MC)
and the shape selective (SSC) molecular sieve, precipitation
of MC from solution ont5>ssc and occlusion of MC into SSC by
calcination after loading the SSC with gaseous metal carbonyls.
The iron—contalnlng catalysts were usually promoted with potassium.
Work has started on cobalt-based catalysts, most of which will
be promoted with thoria.
- T -Syrfdce ‘analySis has indicated a probable cause for the
low activity of one Task 2 catalyst tested last quarter: inter-
action of the iron (MC) with the alumina binder used in formu-
lating the catalyst pellets. Details are in Appendix A.

Test Results
An extensive test is reported using a commercial, state

of-the—art, promoted iron catalyst. he catalyst was very active
even at 250°C. It produced mostly olefinic hydrocarbons. The
selectivity to Cs+ products was excellent, over 80 wt.% under
favorable reaction conditions. The catalyst produced more C20+
hydrocarbons than would be expected by the Schultz-Flory carbon
distribution rule. As a result, the C, product collected was
mostly solid, reflecting the high bomllng range .and the high
n-paraffin content of the hydrocarbons produced. As the reactor
temperature was incpeased, the product selectivity tended more
towgrds°lighter products and more methane. It was not until
thevreaction temperature was increased to 340°C, with almost
40 wt.% of the product being methane, that the liguid hydrocarbons
produced were such that the pour point was below room temperature,
i.e., the condensed product was all liquid instead of partly solid.
A Task 2 catalyst was prepared by the physical mixture of
the reference Fischer-Tropsch catalyst used above and the large
pore.UCC—101. This catalyst, in contrast to the reference catalyst,

did not produce the excess c20 products. Here, the hydrocarbons
were isomerized and the pour points of all condensed samples {:

were beélow room temperature. Conditions were adjusted to obtain

excellent selectivity to gasolinz, 50 wt.%, and total motor fuel,




70 wt.%. The high selectivity was achieved with this catalyst,

however, at a relatively low activity level. Importantly, the

product distribution of two runs showed signs of a carbon number

cut off (shape selective effect). Thus, this experiment demon-
strated the efficiency of UCC-l0l1 as SSC cemponent in that it

isomerized the hydrocarbons formed on the/MC resulting in
substantial improvement of the motor fuel products, and it also
seemed to SHow a cut-off at the end of the motor fuel boiling
range (Czo). Both of these properties are essential for an
efficient catalyst applied for the direct conversion of syngas.

Two additional molecular-sieve-containing, unpromoted
iron catalysts had excellent selectivity to gascline, 50 wt.%,
and producedtlittle material that boiled above that range.

-TASK 3

In.work carried out in California under the direction of
Professor G. A. Somorjai (U.C. Berkeley)., catalysts were syn-—
thesized of rhodium, rhodium compounds and thoria. Data are’
presented in Appendix D on reactionirates and product distribu-
tions in their micro-reactor, used in the flow mode. Rhodlun

metal 15 shown to be an effective’ methanatlon catalvst.

v

V. CHBANGES

Mod A007 was executed, Encreasing obligation to the fully
funded level of §$2,384,850.

VI. FUTURE WORK

Effort in the next quarter will be concentrated very strongly
on Task 2 testing, using both bays for such tests. The work will
have three foci: evaluating new moiecular sieves, testing different
metal-loading technigues, initiating tests with gobalt as the
netal component in the catalyst.

P
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Appendix A: Catalyst Svnthesis - P. K. Coughlin
F. P. Gortsema

Task 1 catalvst svntheses this qﬁarter have proceeded along two
distinct lines. The first was to.complete a series of modifiéations
‘of well known zeolites. These materials have been used to define
the important parameters in Task 1 éésting. The results also
establish standards:against which the new molecular sieves will be
compared. Manyv of these materials have been tested alrgady. Othexrs
will be included later in the project if more comparison:data are
thought to be needed. The sod;hm-exchanged omega zeolite (synthesized
last guarter) was used as a starting material for a partially acid
form of the zeolite. BAn acidity series was also synthesized using
potassium I zeolite. The previously known zeolite catalysts synthesized
this quarter also included a ZSM-5 and LZ-Y82.

The second type of Task 1 catalyst- synthesized this guarter used
new molecular sieves. AlPO,-11 which was synthesized last guarter
was éhemlcally modified to txry to lntroduce catalytic acthLty into
the otherw1se inactive molecular sieve. This materlal w1ll be tested
for Task 1 catalytic activity next gquarter. Two other new molecular
smevus, UCC=107 and UCC-108, were lntroduceé into the program this
quarter. One of them, UCC-107, was tested and the results of the
;esting are reported in Appendix C. The UCC-108 will be tested and
the results repcorted next gquarter.

The synthesis of Task 2 catalysts has proceeded along a
number of lines. Most of this work has centered around the investi-
gaﬁion of the effects of various modes of metal loading to determine
the advantages of each method and determine which is optimal.
Previously, most of the catalysts had used precipitation of the iron

onto the molecular sieve. A new batch of iron precipitated on UCC-101
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was prepared. This time it was potassium-promoted by the impregna-

tion of potassium carbonate solution to give 1% K,0. This catalyst

was tested at the end of this quarter and the results will be reported

next quarter. P
i
Another mode of metal loading strongly pursued this quarter
is a simple physiral mixture of the metal component and “the molecular

sieve which is then pressed into a tablet with no binder. Some

potassium-promoted reference iron catalyst, from the same lot that
was tested last quarter in Run 10011-6, was ground into powder,

physically mixed with UéC-lOl powder, and pressed into tablets. A
similar catalyst was prepared from a precipitated iron powder source.
The Fe203-XH20 was synthesized by tﬁe fast addition of aqueoﬁs
ammoriia to a boiling solution of the nitrate. The washed and; dried
precipitate was impregnated with 1% KZO from K2CO3 solution and
dried again. The iron powder was ground slightly, intimately mixed

with UCC-10l powder, pressed into peilets and air calcined ‘at 250°C.
The results of testing these last two catalysts are repofted in
Appendix C. This second iron component was also physically mixed

d
with UCC~104 and formed into a catalyst using the same procedure

as before. This catalyst was tested this quarter but the results
N is
of the testing will be reported next quarter. A reference catalyst

of this type will be synthesized (and tested next .quarter) : ﬁpe
same metal component will be mixed with 1lu paréicle size a alumina
and formed as before. This material should have the properties

gf the last two catalysts except for the catalytic activity of

the molecular sieves.
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The other method of metal incorporation which has been pursue@

2

is occlusion. This method uses volatile metal compounds which are
\

[ a
adsorbed into the molecular sieve and then decomposed inside the

molecular sieve. So far the metal carbonyls Fe(CO)s, Fe,; (CO) g and
Mn, (CO) ;5 have been used as the volatile metal compounds.
One of these catalysts, 10% (4Mn:1Fe) in UCC-103, was tested for

Fischer-Tropsch synthesis activity. The results of that test,
reporte%.last quarter, showed the extruded product te be almost
( .

completely inactive. It had been suggested lasi quarter that the metal

<

component may have been damaged during the extrusion process. The
basis for this suggestion was that the metal-ldaded molecular sieve

powder was tested in Pro{éssor Somorjai's lab and found to be an
active catalyst, while the alumina bonded extrudate made from that

powder was completely inactive. TEM/XPS analysis showed differences

-

in the metal components before and after the alumina bond%pg. The

480°C calecination used to set the alwnina binder was not the cause

for the change in&the metal components. The surface of the metal -

loaded powder had a manganese to iron ratio of 7.0. When this powder
: 7
was calcined in air, the manganese to iron (Mn:Fe) ratio dropped

slightly to 6.2. This was caused by a slight loss of manganese from
the surface. The Mn:Fe ratio on the surface of the calcined extrudate
was very low, 3.7. Thé'pﬁ;verized pellet had a Mn:Fe ratid™of 2.0.

When the metal components were indexed to an element in the molecular

sieve, it is seen that the manganese concentration was the same as,
. ) .

in the calcined powderlg'The surface iron concentration was 2 to 3

-

times higher than that on the calcined powder. The alumina bonding

process removed iron from the inéide of the molecular sieve and brought
hY 2

“
it to the exterior of the molecular sieve particle.

Q
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Not only had the concentration of the iron changed, so had
its chemical state. This change was shown by analysis of the binding

energies of the XPS photoelectrons which are reflections of the

et

chemical environments in the syétems. The binding energies of the
manganese photoelectrons changed very little from the powder to the
calcined extrpdate. While this indicated that the chemical environment
of the manganese changed little,: it did not reveal the oxidation
state of the iron.  The binding energy of the Mn2p?/2 photoelectron
does not correlate well with the oxidation state of the manganese
between Mn?*-Mn**, The energ§ separation (splitting) of the two

Mn3s photoelectrons does correlate well with oxidation state. While
this splitting was observed in samples synthesized by-.precipitation
of a manganese salt, it was not observed in any of the samples
dervied from manganese carbonyl. The normal causes for tﬂis kind

of behavior (lack of two observable Ma3s lines) were ruled out:

A
RN
by

possible CO ligands by the IR spectﬁgﬁ, metallic state by the hich
Mn2pd/2 photoelectron binding energy. The cause of this 1l2gk of -
two Mn3s photcelectron binding energies and the exact Mn oxidation
state are séﬁll unknown.

The Fe2p®/, photoelectron binding energy correlates much better
with changes from Fe?* to Fe®®., The calcined powder had an Fe2p®/:
binding energy..ef 711.4 e.v. .This value is fairly typical of Fedt
compounds. The Fe2p?/, binding energy of the extrudate was 712.4 e.v.
This value was outside the range normally seen for Fe®’ and indicated

a significant change in the iron's chemical state. This high binding

energy may be due to interaction with the alumina support.

-8b=-



From this surface analysis, it is evident.;hat the alumina bondina
process had little‘effegt on th; manganese but a large effect on both
the coﬂcentration and the chemical state of the iron. The bonding
process seems to have brought the iron out of the molecular. sieve
and possibly out onto ‘the bindexr. The lack offactivity of this
extruded catalyst is tentative;y attributed to ;ﬁese changes in the

iron. While these results do not rule out the use of metal carbonvyls

as a source of metallic components, they do suggest that such materials

should not be alumina—bonded:

Synthesis of Task 2 gatalysts has also proceeded along another
line. All previous Task 2 catalysts were based on iron as the metal
component. Catalysts have now been prepared using cobalt as the metal
component. The modified porefilling technique used’ an aqueocus/acetone
solution of the nitraﬁe to deliver the cobalt to the alumina—bohded
extrudate. The excess liguid was removed on a rotarv evaporator. Thé
molecular sieves used so far in this type of catalyst were silicalite
and UCC-10l. A silica-alumina extrudate was also used to act as a
reference for this type of catalyst. In the future the cobalt catalysts
will be promoted with thoria. .

" The catalyst synthesis is still in an exploratory phase, investi-
gating several avenues. The results reported in this quarter and next
quarter should start to show which options are most viable so that
synthesis can be concentrated on those materials and methods which
gave the best results in the exploratory phase.

A description of the catalysts tested and/or reported this quarter

is given in Table 1.



Nay-62
10% H-Y¥62
40% H-Ye62

97% H-Y62

Ca-¥62

and
RE~Y62

LZ~YB2

L2-105-6

ZSM-5

Ucc-103

Ucc-106

UCC-107

TABLE 1

1

CATALYSTS TESTED AND OR REPQRTED THIS QUARTER

TASK 1

These are a series of large pore zeolites with a three-
dimensional pore structure, which wer=z first cation ex-
changed with sodium and then partlally cation exchanged
with ammonium. The protcn form of the zeolite lS pro-
duced by calcination.

Similar to the above materials except produced by more
complete "fammonium exchange.

The sodium cation exchanged form of ¥ was
subsequently cation exchanged with a poly—
valent ion.

The steam-stabilized acid form of ¥ zeolite.

A Union Carbide medium pore molecular sieve
with a pore structure similar to 2SM-5 and
§i0,/A1503 ratio of about 35.

A medium pore molecular sieve synthesized at
Tarrytown based on-procedures described by
Mobil Cil, with Si03/Al;03 ratios of 35 and 85.

The acid extracted form of UCC-101.

A new large pore molecular s1eve having moderate
acidity.

A new Union Carbide proprietary molecular sieve.

-10-



:ference Fe

:—YSZ.

©-201
ppt—-UCC~-101+XK

M.-Ref. Fe-UCC-101

M.-Fe-UCC-101

M.-Fe-UCC-104

TASK 2

An unsupported potassium-promoted iron catalyst.

20% iron as Fe203 %E»0 p*ac1p1tated on sodium
LZ-¥52.

A catalyst with ~40% iron as Fe,0,"XH, 0O pre-
cipitated from a nitrate slurry with gcc-10l.

Similar to UCC-201 but the metal loaded molecular
sieve was impregnated with K,CO3-

The potassium promoted reference iron catalyst
ground up, physically mixed with UCC-10l1 powder
and pressed into tablets.

" Similar to the brev1ous catalyst except the

source of iron was potassium promoted precipitated
Fe203 XH20. .

Same as the previous catalyst except the molecular
sieve used was UCC-104.

r-"
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APPENDIX B - DEVELOPMENT OF ANALYTICAL PROCEDURESQ‘

: J.M. “Basile

A reliable analytical method forquantitatively
determining hydrocarbon group-types in LHF samples is still
pending.

As reported last guarter, result discrepancies of duplicate
samples submiéted for analysis made the FIA method suspect. To
determine whether this was an "in house" analytical :problem,
twelve LHF samples (6 pairs of duplicates) were sent to E.W.
Saybolt Testing Company for FIA analyses. The reproducibility
and "probable " accuracy of Saybolt's results were just as suspect
as results obtained by our analytical laboratory. Although reasons
for these discrepancies cannot be fully explained, we have found
that most of our LHF samples have a natural fluorsscence under
U.V. light. This may be contributing to, or masking the color
bands of the FIA test. .

Liguid chromatography as an alternate to FIA analysis has
not materialized. Perkin-Elmer has advised us, after many
attempts, that present column technology is not suiéﬁb&e to the
wide boiling range of our samples. At present, the best that
can be done is separation into two fractions - a combination
saturates plus olefins fraction and an aromatics fraction.

-12=-



CONTENTS

Introduction

APPENDIX C

CATALYST TESTING

C. L. Yang
P. K. Coughlin
L. F. Elek
G. N{ Long

Introduction to Task 1 Testing

Run 9972-8:
Run 9972-9:

Run 9972-10-:.
Run 9972-13:
Run 9972-14:
Run 9972-15:
Micro-reactor Run

Summary of Task 1

Ucc-103
ucc-106
Ca¥-62
LZ-105-6
Ucc-107
RE-Y62
L2-105
Testing

Introduction to Task 2 Testing

Run 10011-6:
Run 10011-7:
Run 10011-8:
Run 10011-9:
Run 9972-11:
Run 9972-12:

Summary of Task 2

Ref. Iron Cat.
ucc-201
Fe+UCC-101 P.M.
Fe+UCC-101 P.M.
Ucc-201

Fe on ¥-52

Testing

-13-

PAGE

14
15
17
25
34
42
58
68
76
79
80

83
118
142
172
184

188
202



INTRODUCTION

Both Berty reactors were in operation for this quarter.
Bach of the bays is egqually capable of either Task 1 or Task 2
operation. During the duarter, Bay 2 was used exclusively for
Task 1 operation. The Task 1 tests performed in Bay 2 this
quarter used the Etandard test conditions which were defined
from the previous quarters tests.' A 1l:1l:2, HZ:C3H6:H20, molar
#atio feed was introduced into the reactor at 0.5 WHSV. Temper-

a tpfe was the only process condition altered dq;ing the testing.

Bay 1 was used exclusively for Task 2 opération. Six
such tests were conducted this.guarter. Some of these tests
were quite extensive. The effects of man§ different process
condition changes were studied. These effects were investigated
in the early tests to better define the approbriate conditions )

for the standard task 2 tests. These standard conditions along
\ . . » -
with standard activation conditions were defined for iron based

catalysts. Use of a g;;ferent metal component is likely to
necessitate at least*élight changes in these standard conditions.

-1l4-



INTRODUCTION TO TASK 1 TESTING

The results from seven Task 1 tests are reported this
guarter. One micro-reactor test from last quarter, three - Berty

reactor runs begun last gquarter, 9972-8 to -10, and three Berty
reactor runs from this quarter, 9972+13 to -15, are all presented
in this report. In addition four other tests were conducted in
the Berty reactor this guarter but their results will be dis-
cussed in the next report because not all the analytlcal data are
available yet.” ’

A standard catalyst test has been developed. The propylene
is introduced at 0.5 WHSV 1n a l:1:2 H, C3H6 1Hy O molar ratio feéd.
The reactor is maintained at 150 psig. At least two reaction
temperatures, 280°C and 340°C, are used. Temperatures of 250°C
and 370°C -are also frequently included depending upon the activity
of the catalyst. Generally the catalyst is tested for two days
at each temperature. The time before the next temperature increase
is shortened if the catalyst has low activity or rapid deactivation.

The calculations used are the same as described previously.

Analysis of the liquid samples has remained a problem as described
in the analytical section. The liguid samples fluoresce so strongly
that FPIA analysis is meaningless. For the present the density and
refractive index are used to estimate the percentage of aromatics.
The densities and refractive indices of paraffins and olefins with
the same carbon number are similar. An aromatic with the same
boiling point has a very different density and refractive index.
Flrst +the simulated distillation is used to obtain an average
boxllng point of the liquid. An average density and refractive
index is calculated from the normal paraffin and olefin with that
boiling point. The density and refractive index of the methylated
aromatic with the same boiling point is also found. Two equations
are set up assuming that the densities and refractive indices are
additive. Each one is solved separately for the percentage of
aromatics. These two percentages are often close in value; when

-15-
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this is so, the fraction of aromatics is considered to be measured
accurately. When the numbers differ, the percentage based on

refractive index follows other trends in the samples better than
on the one based on density. In these cases the number based on
refractive index is used; it is not considered as reliable as when
the two numbers almost coincide.

~16-



Run 9872-8: UCC-103

0
’

UCC~103 is the product ofmgéid extraction of UCC-10l. The
acid extraction was intended to give UCC-103 even milder acidity
than UCC-101. The results of this run are probably best compared
to those of 9972-4, which was reported last quarter. The differences
in these two runs should show the effect of the acid extraction.
There is only a slight difference in the reaction conditions between

these two runs. Run 9972-4 had ;Jl:l:B H2=C3H6=H20 mole ratio feed.
Run 9972-8 had a 1l:1:2 feed. The effect of this difference in water
levels should bé'minor. The direction of the change can be seen for
the results of earlier runs with feed ratio of 1:1:0. Some of the

comparisons of these early runs with Run 9972-4 were discussed last

guarter and will not be repeated here.
The detailed results of the testing are reported in Table 1.

Plots of the conversion and product selectivity versus time on stream
are presented in Figures 1 and 2. Simulated distillation plots for
samples 1,2,3 are given in Figures 3 to 5. This catalyst was tested
at the standard conditions previcusly described. The time at each
temperature was shorter than the usual two days because of the low
activity of the catalyst. There were no gas chromatographic analyses
for samples 3 and 5. Therefore sample 4 is the only completely inde-
pendent analysis of the activity of the catalyst at 340°C.

" The catalytic activity of UCC-103 was very low, as expected.
The level of conversion was similar to that seen with UCC-101.
Deactivation of the catalyst was observed in spite of the short
duration of this test. The deactivation rate for UCC-103 may be
slightly less than that of UCC-101 but with samples 3 and 5 being
estimates, this is not certain.

The product selectivity was very different from that of UCC-1l0l.
While neither catalyst showed significant cracking to C, or C, products,
UCC-103 produced even less than UCC-10l. The largest difference in
the selectivity was in the Csy and c, saturates formation. Selectivity
to ' butane was up slightly but propane was down drastically. The
selectivity to combined C,y and Cy saturates was less than half of

-17-



what it was with the UCC-10l1 catalyst. These saturates, in partic-

ular propane, are formed by hydride transfer to the corresponding

olefin. The hydride transfer aétivity was much lower in UCC-103

than it had been in UCC-101. This lowering of the propane production

was the major reason for the increase in Cs+ yield with UCC-103 the

¢t yield inereased 35% at 280°C and 50% at 340°C relative to UCC-

101l. Very little of the C5+lproduct was actually condensed. Most

of it was analysed in the gas phase; much of that in the backflush

peak in the G.C. which probably contained C6 to C12 hydrocarbons.

It appeared from the conversion and product selectivity data that

the production of each hydrocarbon remained fairly constant through-

out the test with only slight differences between samples taken at

280°C and those at 340°C. The sinulated distillation of the condensed

liguid products revealed that this was not the case. Sample 1 had

a broad smooth distillation curve with no distinguishable amounts

of C9 or C12 hydrocarbons. The other samples did show large amounts

of Cq and C12 hydrocarbons in the distillation. These samples also

showed a significantly narrower boiling range and much lighter product.

The refractive index of the condensed product of sample #2 suggested

the product contained 30% aromatics. Since these condensed ligquid

samples were at most 7% of the total hydrocarbons and 10% of the-

Cs+ product, the differences petwegg the samples were not guite as

large as the analysis of the condensed products may have suggested.
The UCC~-101 and UCC-103 were similai in their catalytic activity.

There were however, major differences in their'p;bduct selectivity.

UCC-103 produced less light saturates because of reduced hydride

transfer"activity. The lower light saturates production led to a

high selectivity to C ¥ with Ucc-103.

-18-



TABLE 1

RUN NO. 9972-8
CATALYST
FRED
C3IHE6 MW= A2.0B13
'"ARGET FLOW: C3H6 34.30CC/HR
ACTUAL TLOW: 34.4 CCHR
RUN & SAMPLE NO. 9972-08-1
C3H6 WHSV 0.5
 {IRS ON S'TREAM 6.8
PRRSSURE,PSIG 150
THMP, € »2B3
FEED C3H6 CC 211.43
HOURS FREDING 6.8
EFFLNT GAS LITER 98.6
GM AQUEOUS LAYER 97 .22
GM LIQ HYDROCARBON 0.78
WT FR. LIQ HC/FEED .Q072

MATERIAL RALANCE WT % 101.43

C3H6 CONVERSION % 10.56
PRDT SELECTIVTTY WT %
ciA 0.04
€2 HC'S 0.05%
C3H8 13.04
C4H10 5.29
CAHB = 7.66
CSHL2 1.51
CSH1O= 0.15
C6H1A4 12.51
CEH12~ & CYCLO'S 15.09
C7+ IN GAS 37.74
LIQ HC'S 6.91
TOTAL 100.00
SUBGROUP ING
Cl1 -Ca 26.09
€5 =420 F ) 68 .24
420-700 T 4.08
700-END PT 1.59
CS% -END PT 73 .91

NESULT OF PROPYLVENE OPERATION

2
T

UCC 1LO3 HD939-46 76 CC 35.00GM (34.72GM APTER THE RUN, -0.28GM)
H2:C3AH6:H20 @ 1l:1:2 MOLE RATIO.0.5 C3H6 WHSV,CONTINOUS OVERNITWY

DENSITY- 0.51041 GM/CC (@ 73 F)
H2 150 CCMN, 9.0 L/HR H20 15 CC/HR
RITLUENT 15.23 L/HR AQ LAYR 14 CC/UR

9972-08-2 9972-08-3 9972:88%4, 9972085
\

- em owEm memIm = TSNS TS IR AT T Tmmeo am== =

I R R E R

0.5 0.5 0.5 0.5
23.0 30:6 ag .9 H4 .7
13 144 LOHO 1LA0
281 341 338 338
570.74 249 .82 646 .25 203.2%
16.1 7.6 18.3 6.0

243 .6 112.8 202.5 95 .4
224.51. 104 .17 254 .83 82.36
L.46 2.93 1.66 0.54
.00%0 .0230 .00%0 0052
89 .64 91 .47% 88.51 93.73%®
7 .66 13.21E 11.4% 11 .44F
NO GC NO GC
0.07 0.09R 0.11 0.118B
0.06 0.13F 0.15 0.17E
15.53 16.67E 19.63 19 .63F
3.39 3.68F 4.33 4.338
7.89 6.75E 7.95 7.95T
0.53 0.AS5T 0.53 0.53E
0.l6 0.1l5E 0.18 O.18F
9.50 7.14F 8.41 8.11E
22.07 24.518 28 .87 28.87F
33.49 21.13B 24 .88 24 .8BE
7.31 19.30E 4.96 A.95%
100.00 100.00 100.00 100.00
26.94 27.31R 32.17 32.17E
71..23 65.25F 66.24 65.60R
1.83 7.18F 1.49 2.08BE
0.00 0.25F 0.09 0.15E
73.06 72.69E 67.83 67.83E
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ISO/NORMAL MOLR
o
Y
(94 :)
ca-

RATTO
0.4781
7.%573%

13.9%93
0.574%

PARAPF IN/JOLRFTN M RATIO

c2
3
c4a
CS

LTO HC COLLRECTION

PIYS. APPEARANCE

DENSITY

0.6765
0.0149
0.6668
10.0517

0IL

N,RTFRACTIVE INDEX
SIMULATED DTISEPILLATION

10 WT % @ DEG
L6
50
84
90

RANGF (16-84%)

WT % @420 T
WT % @700 F

F. 356
' 1Q
597

732

765

Q.2797

7.6110
0.5287

0.4074
0.0124
0.4149
J3.19%7

OIL
0.802
1.4537

273
281
374
450
AT0

169

75.0
100
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1.092
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191
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Run 9972-5: UCC-106

UcCc-106 is a new, large pore molecular sieve of moderate
acidity. In this respect, it should be similar to UCC-10l1 and
UCC-103. Therefore, comparisons to those catalysts have been made
in our study. The catalyst was tested for 1 day at 280°C. The
temperature was then raised to 330°C overnight and to 340°C En the
morning. It was tested at 340°C for 1 day before the test was ..
terminated. The detailed results of the test are presented in
Tables 2A and 2B. The conversion and product selectivity:ére plotted
versus time on stream in Fugures 6 and 7. The simulated distillation
of samples 1, 9 and 4 are presented in Figures 8 and 9. The experi-
mental data was of high guality except for sample 2 which had a
material balance of only 85%. Since the results of that sample are
in'liné:with those of adjacent samples, the calculated numbers are
probably right.

With UCC-106 the initial conversion of 17% was much higher
than that of UCC-101 or UCC-103 but the deactivation rate was also
higher. The product selectivity seemed to be intermediate between
those of UCC-101 and UCC—103. The propane formation was lower than
that observed with UéC—lOl. This lower propane formation was also
‘reflected in the higﬁér C5+ vield with UCC-106. In contrast UCC-101
and UCC-103, the cs+ yield with UCC-106 did not decrease upon raising
the reactor temperature to 340°C. The refractive index of sample 1
suggests that it contained 15% aromatics. The simulated distillation
curve for sample 1 revealed largye amounts of Cq and same Cqs hydro-
carbons. However, the products'dropped off rapidly beyond ch'
indicating molecular sieve effect. Sample 4 had a much smcother
distillation curve. The liguid also contained much heavier hydro-
carbons.

Because of the low activity and rapid deactivation, UCC-106
is not considered to be an efficient catalyst for propylens oligo-
merization.
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The UCC-106 has some catalyti'c propert.es similar to UCC-101.

The conversion and deactivation data suggests that UCC-106 is more

acidic than UCC-10l1. The product selectivity data suggests that,
UcCc-106 is intermediate in properties between UCC-101 and UCC-~103.

-26=



TABT.E 2A RESULT OF DPROPYLFNE OPRERATION

RUN NO. 9972-9 (LZ 20)
CATALYST - UCC- LO6 #9939-.35 56 CC 3%.0 GM(3%.77CM AFTRR ‘THE RUN, +O0.77GM;)

FRED H2:C3HG:HR0 @1:1:2 MOLE RATIO,.0.%5 CIHE WHSV,CONTINOUS OVERNTTE
£346 MW- 42.0813 DENSITY= 0.%1041L GM/CC (R 73 F)
TARGET PLOW: C3H6 34.33CC/UHR 2 1%0 CCMN, 9.0 ./1R H20 15. CC/IIR
ACTUAT FLOW: 34 .83 CCIR BEFTLUENT- 16.43 TL./ZUR AQ TLAYR 13.9 CC/MR
RN & SAMPLE NO. 9972..09-1 9972-09-2 9972..09-3 9972.09-4 9972 09-5
b XX B T ] AmE et~ 32 FmEaETETYY a8 a=mew~oa~-—a - ey e ez T T
(a3 1{;} WHSV 0.5 Q.5 0.% 0.9 0.5
HRS ON STREAM 5.6 21.7 27.4 A5 .9 53.2
PRESSURE,PSTG 164 141 143 143 147
TRMP. C 282 283 282 329 342
FRED C3H6 CC 201.99 558 .78 201.36 655.06 251.07
HOURS FEERDING 5.6 16.3 8.75% 18.% 7.33
EFFLNT GAS LITER g4.6 263.5 96.4 303 .1 117.8
CM AQUEOUS'LAYER 72.7 227 .56 79.53 287.48 101l.41L
GM LTQ HYDROCARRBON 2.68 0.25% 0.70 1.29 1.19
WT FR.f}IO HC/FREED .0260 . 0009 .Q068 .0037 .0093
MATERTAL DALANCE WT % 90.36 85.70 100.20 89.11 92.55
C3H6 CONVERSION % 17.23 7.37 6.20 8.59 11.41
PRDT SELECTIVITY WT %
CHA 0.07 0.05% 0.21 0.14 0.17
C2 HC*'S 0.13 0.14 0.14 0.23 0.26
C2H8 20.52 32.65 26.88 26.37 23.29
c4711.0 A.51 7.42 8.88 6.42 5.52
CAHB= 6.48 10.53 11.73 8.42 L..78
CHYHL2 1L.60 0.62 1.21 ©.38 2.81
CHl10= . 0.14 0.13 D.14 0.19 1.12
c6illa 9.80 5.71 4.42 4.67 5.62
Culi12= & CYCLO'S 13.21 21..82 19.24 28.7% 24.75
07+ IN GAS 26.39 19.55 15.99 19.5) 15.81
LIQ fC'S - 17.15 1.38 11.16 4.87 8.89
TOTANI. LO0 .00 100.00 100.00 100.00 100.00
SUBGROUPING -
cl -C4 3L.71 50.80 17 .84 11.59 43 .01
CS -420 F 864 .40 A8 .89 49 .62 5%.76 54.10
q420-700 F 3.77 0.30E 2.468 2.47 4.55E
700-END PT 0.12 0.01E 0.08T% 0.18 0.34E
0% -FND PT 68.29 49,20 52.16 58.41 58.499
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FSO/NORMAL MOLE RATIO

ca 0.57193
[94- [2AL.1778
6 16.7078%
fod I 0.34896

RPARATF IN/JOLREFIN M' RATIO

c2 0.1444
c3 0.041Y
_C4 0.H723
cs 1.0.9670
LTO HC COLLRCTION
PHYS. APPEARANCE oIm
DENSTTY ©.769

N,REFRACTIVE TINDEX L.4353
STMUT.ATED DTSTILLATION

10 WT %5 @ DREG F. 267
16 275
50 344
84 451
20 490
RANGE(16-84%) 176
WT % @420 F 77.3
WT 3 @700 T 99.3

0.053%8
4.95823
S.75%5Q0
0.3768

C.HH0O0
0.0253
0.6806
A.7667

11

‘=28

0.08527
16.68667
14.5%179
©.3337

0.7273
0.0173
0.7310
8.2812

0.0610
2.0887
2.93186
0.4550

0.7423
0.0241
0.7367
1.9286

326
31673
429
%595
610

0.0/21
1.6364
3.10732
0.3566

0.317%
0.0291
0.4525
2.4442



PARLY i@‘ RFSULT OF

RUN NO. 9u'72 .0 (L7-20)
CATATYYST UCC LDO6 109939-35 58
FEED H2 :C3H6:H20 @ L:1:2 MOLE RATIO,0.5 C3HG WHSV,CONTINOUS OVERNITRE
0316 MW= 42.0813
'"ARGRET FLOW: C3H6 34.33ICC/HR

ACTURL, TTLOW: 314.83 CCEHR
RUN & SAMPLE NO. 9972096
smE=TmTSOn.
Q3H6 WHSV 0.5
HRS ON STRREAM 70.7
PRESSURE,PSIG 148
TEMDP . c 337
FREEN C3IHGB CC 616.67
HIOURS FREDING 7.4
EFFLN'T GAS LTTER 290.1.
GM AQUREOUS T.AYER 244 .89
M LIQ HYDROCARRON 0.0
WT FR. I1,IQ HC/FEED .0000
MATERTAT. BALANCE WT % 92.50
C3H6 CONVERSION % 6.26
PRDT SELECTIVITY WT %
Ctia 0.14
c2 HC'S Q.24
C3H8 26 .91
C4lilo $.39
CAHA-= 8.75
CSHL2 0.30
CSMUL0= 0.17
CaH1d4 4.86
C6H12= & CYCLO'S 33.01
C7+ TN GAS 20.23
LIO HC'S 0.00
TOTAL .00 .00
SUBGROUP TNQG
CclL -C1 al.42
CS ~-420 T 58.58
420-700 F 0.00
700-END PT 0.00
€5 -END PT 58.58

PROPYLENE OPERATION

CC 35.0 GM (3%.77GM AFPTER THE RUN, 0.776GM)

DENSITY- 0.51041 GM/CC (@ 73 )

H2 1%0 CCMN, 9.0 L/HR H20 14, cCe/7uR
EFFLUENT 16.43 T./HR AQ LAYR 13.9 CCQ/HR

9972-09-7
sSTemnmAaxTaSe
0.5
77.1
148
338

200.10
h.3
1oo.9 !
88.56
0.0
.0000

96.96
6.93

0.19
0.23
26.55
7.40
9.85
0.31
D.186
4.85
32.34
18.11
0.00

100.00

14.23
55.77
0.00
0.00
55.77
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IS0/NORMAL MOLE RATIQ

an Q.0%5089
cY% 2.7059
ce 2.1301
CA - 0.4863

.

PARAFFIN/OLRFTN M RATIO

c2 0.6000
o3 0.0174
cAa 0.59%48
CH ’ 1.6979

1.[0 HC COLLECTLON
PHYS. APPEARANCEX
DENSITY .
N,REFRACTIVE [NDEX .
S [MULLATED DISTILLATION
10 WT % ¢ DEG F.
16 )
B0
g4
20

RANGE( 16-834%)

WT % @420 F
WT % @700 £

0.04a18
1 .8000
2,.22732
0.4328

0.7179
Q.0192
0.7351
1.842)
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% CONVERSION OF CzHg

W17 PRODUCT SELECTIVITY

: RUN NO. 9572-09

Figure 6
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Run 9972-10:“Ca¥-62

The catalyst was prepared by calcium exchange of sodium
exchanged ¥ zeolite. Y zeolite is a large pore molecular sieve
with a three dimensional pore structure. The acid forms of this
zeolite were tested in a micro-reactor. Rare earth exchanged Y
zeolite was tested in Run 9972-15. The results from both of these

cataljsts will be discussed later in this report. The subject

catalyst, Ca¥62, was tested for 31 hours at 280°C. The temperature
was then raised to 357°C overnight and adjusted to 340°C in the
morning. The test was terminated after 30 hours at 340°C. The
material balance, conversion and product selectivity data are

presented in Tables 3A and 3B. Plots of the conversion and pr duct
selectivity are given in Figures 10 and ll. The simulated distilla-
tions of the condensed products from Samples 1 and 2 are shown in
Figures 12 and 13. Samples 2 and 6 “are suspect because of low
material balances. The elimination of those samples does not affect
" +he evaluation of the catalyst.

The propylene conversion was guite low, similar to Uucc-101.
The rate of deactivation was even worse. Raising the temperature
resulted in lower conversions because of rapid deactivation. The
product selectivity'to Cs+ was poor due to the formation of large
amounts of propane, up to 45% at 340°C. The C5+ yield decreased
with the increaSed propane formation. The distillation of the con-
densed products from Samples } and 2 indicated that_mﬁch of those
materials boiled above the gasoline range. Unforthnately, this was
an insignificant portion of the total hydrocarbon product.

The low activity and rapid deactivation with this catalyst
make it of no further interest for LHF production. The generally
bad performance of this catalyst is ascribed to its strong-~acid
nature.
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TARLE  3A.

QUN NO. Hv72.10
CATALYST CA-Y-h?
PERED

HRA: Q306 :H20 A@1:1:2

C3HE MW= 42.0H13
TARGRT FLOW: C3H6H 34.3 CC/HR
ACTIUIAL FT.OW: 1.1 COHR

RON & SAMPLE NO.

EmMTmMETEETY
CIH6 WHSV 0.4
I'!RS ON STREAM 7.42
DPRESSURE,PSIG 1458
TEMP. C <280
FRED ClH6 CC 245.41
HIOURS FEEDING 7.417
RFFLNT GAS LITER 113.4
GM AQUTOUS LAYER LOO .31
,GM 1, TQ HYDROCARRON . 1.s58
Wt FR. LIQ HC/FRED .0l34
MATERIAT. BALANCE WT & 94.31
(C3HE CONVERSION % 10.47
PRNT SELECTIVITY WT %
cu4 0.04
C2 HC's 0.L1l6
CIHY 20.32
C4HL10 2.10
C4HB = 7.32
CoH12 1L.79
CuwHlo-= 0.18
Cer4 11.16
CHLIL2= & CYCLO'S 16.66
C7+ I[N GAS 26.10
LT HC'S 13.86
TOTAL 100.00
SUB-CROUP ING
C1 -ca 30.2%
C% -420 P 64 .69
420-700 T 4.85
700~FEND PT 0.21
CS -END PT 69.75

9972--10-1 9972-10-2

E R Rk

0.5
213.7
146
280

569.48
16.333
' 253 .4
228 .11
.91
.0032

84.05
5.14

0.04
0.1a
25.71
8.22
11,58
1.74
0.22
8.37
17.71
22.12
1.186

100.00

1% .68
52.14
2.02
0.17
54 .32
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RESULT OF DPROPYLENE OPERATION

B9939 37 5% CC 34.000M(32.59GM AFTER THE RUN, -2.41GM)

MOLE RATIO,.0.b% Q3114 WHSV, CONTINOUS

DENSITY= 0.510al
H2 130 CC/MN,
EFFLURNT

OVERNTTE
M/7CC (3 73 )
9.0 L/UR 20 1% CC/HR
15.3 L./UIR NO TLAYR 13, QCC./!-IR
9972-10-3 9972-10 4 9972-10-5
0.5 0.5 0.5
30.7 18.0 53.6
146 140 145
279 357 340
237.23 608 .97 184.37
7 .00 .7.2% 5.5
110.50 281.10 88.1
97.81 239.199 7TH.0
0.00 0.00 0.0
.0000 .0000 .0000
97.56 93.22 100,42
5,99 2.45 2.38
0.12 0.74 0.21"
0.05 0.61 0.29
10.44 37 .97 34.21
7.587 1.65 1.5 .80
13.43 13.89 13.3%
3.85 0.33 2.78
1.58 0.00 1.07
H.63 1.48 5.13
17.52 24.42 15.82
21.82 18.92 12.24
0.00 0.00 0.00
100.00 100.00 100.00
51.60 54.86 63.85
48.40 45.14 36.15
0.00 0.00 0.00
0.00 0.00 0.00
48.40 a5 .14 36.15



T30 /NORMAL. MOLE RATTO
«A . 3.2118 0.209% 0.10148 0.0732 0.0116
CY 29 . 6667 5L.4000 25.1191 1.33373 1L.6667
(o1} 16.0000 11.%2738 v.2533 8.636G4 32.0000
ca - 0.4181 0.3406 0.3934 0.0339 0.1328

PARAFF IN/OLRFIN M RATIO
c2 0.3119 0.6923 0.5294 0.1176 1..1429
3 0.6229 0.0251 0.0189% 0.0093 0.0081
ca 0.3163 0.6867 0.5438 0.1148 1.1428
cs 9.9077 7.8209 2.367L - 1.9785

LIQ HC COLLECTION

PHYS. APPEARANCE OTrrl, QII, TRACE OTL *

DENSITY - .

N,RREFRACTIVE INDFRX

S IMULA'TED DTSTILIATION .
10 WT % @ DEG F. 281 333 —— — -
16 . 298 364 —— — - -
50 393 425 ——— _—
B4 9L 538 — ——— —_—
90 53% 6086 - . oae ———
RANGE(16-84%) 193 174 - - -
WT % @420 T €3 .5 47.% - . ———
WT % @7Q0 T 98.% 96 .0 —_ - - —-—
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g

TAZLE 3B RESULY OF PROPYT.ENE QPERATTQﬁ
7

RUN NO. wY72-10 ‘
CATALYS'T CAY.62 $#9939.37 55 CC 35.00CM (32.59GM AFPRR THE RUN, -2.41GM)
FEED H2:C3H6:H20 @A 1:1:2 MOLR RATIO,0.5% C3H6 WHSV,CONTINOUS OQVERNITRH
C3IHNE6 MW= 12.0Q813 DENSI(TY-= 0.5104} GM/CC (@ 73 F)
TARGRT FLOW: C3HA 34.3 CC/HR [I2 -150 CC/MN, 9.0 L/HR ©H20 15 ce/nn
ACTUAL FLOW: 34.43 COCHR - EFPLUERNT 15.3 L/7UR: AQ LAYR 13.9 CC/UR
RUN & SAMPLE NO. 9972-10~-6 9972 10-7 "
C3MH6 WHSV 0.5 . 0.h
HRS ON HSTREMAM 1.6 77.86
PRUSSURE.PSIG 144 146
TEMP. C 340 340
FERD C3HA CC 618.56 207.66
HOURS FETDLNG ls.08 6.0
FFFLNT GAS LITER 239.2 97 .4
M AQUEOUS [LAYERR 249 .68 84.48
GM LIQ HYDROCARRNON Q.Q0 0.00
WT FR. LIQ HC/FEED . 0000 .0000
MATERIAL BALANCE WT % 79.99 B4 .53
Clltd CONVERLION % 1.78 2.1S
PRDT SRLECTIVITY WT %
CHA Q.38 Q.15
C2 HC'S Q.30 Q.36
c3us 45,31 39.99
CAHLO 3.75 10.13
CcAlIB = 5.10 6.68
CSH12 0.00 3.10
CSH10= .00 Q.51
CoHlA 3.30 l1l.44
CeHL2= & CYCLO'S 30.32 29.10
C7+ IN GAS 11.56 8.%3
LIQ HC'S ' 0.00 0.00
TOTAL 100.00 100.00
SUBGROUPING
cl -Ca 54.83 57.31
Cs -420 F 45.17 42.69
420-700 F 0.00 0.00
700.-END PT Q.00 Q.00
¢S -FEND PT 45.17 12 .69
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IS0/NORMAL ‘MOLF RATIO

na 0.0493
cs -
6 0.7700
ca - _ 0.2190

PARAFFIN/OLEFIN M RATO
a2 0.7143
c3 , 0.0080
ca 0.7095

* 05 -

LIO HC COLLECTION
FHYS. APPRARANCE
DENSITY .
N,REFRACTIVF INDRX .
SIMULATED DISTTLLATION
10 WT % @ DEG F. _—
16 %
50 -——
84 ———
30 ———

RANGE(16--84%) _———

WT % @420 F ——
Wr % @700 T C

0.08%6
0.50C0O
3.94a44
0.4550

1.2759
0.0086

1.4629

5.84 62

.
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%3 CONVERSIOM OF CxHg

WTZ PRODUCT SELECTIVITY

100

RUN NO. 9972—10
.Figure 10
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RUN 9972~13: ILZ-105-6

LZ-105~6 is a medium pore molecular sieve with a structure
similar to that of ZSM-5 with a si02/A1203ratio of 3%. This
zeolite has been tested extensively in this program Zor both

methanol and prcpylene conversions. The purpose of the present
test was to extend the knowledge of this catalyst into the range
of process .conditions which have become the standard test. LZ-105
was tested last quarter under the same temperature and pressure
conditions but without water in the feed in run 9972~1. Tests

of ZSM=-5 of two different SiOy/Aly03 ratios will be reported next
quarter. Extensive comparisons among thess materials will be de-
layed until the next report when all the data will be available.

The material balances, conversions and product selectivity
for the samples taken during this Run are presented in Tables 4A
to 4D. The conversion and product selectivity data is plotted
versus time on stream in Figures 14 and 15. Simulated distillation
plots of samples representaﬁive of the process conditions studies
are presented in Figuras 16 to 21. The catalyst was tested for
three days at 280°C and 150 psig, with a 1:1:2 H2:C3H6:H20 molar
ratio feed. The temperature was then raised to 340°C aftsr 2 more
days, then to 370°C where it was kept until the run was terminated
2 days later. Except for Sample #2, all the material balances
show the experimental data to be of high quality.

The initial conversion at 2B0°C was quite high. Almost 97%
of the propylene was converted. This was very siinilar to the initial
conversion in 9972-1, 96%. This catalyst showed slow deactiviation
with the conversion dropping to 90% at 48 hours on stream. In 9972~1
after 40 hours on feed, the conversation at 2809C was only 84%. Even
though 9972-1 was run to retard deactivation , the catalyst was de-
activating faster than it did in the run with water in the feed.
During this run when the temperature was raised to 340°C, much of
the catalyst's activity returned but the catalyst still deactivated
at the same rate. The temperature increase to 370°C again did not

g2



significantly alter the deactivation rate. During run 9972-1 the

conversion rates at 340°C and 370°C were 95% and 97% respectiqely.
These highexr conversions were probably due to lower catalyst de—
activation which resulted from the shorter sampling times between
temperature changes. That is, they were measured after fewer hours

on steam. In run 9972-2 at 410°C with water added to the feed, this
same lot of LZ-105-6 was found not to deactivate. The stabilizing
influence of the added water had only a partial effect at 280 to
370°C but had a large effect at 4l0°C. )

In the prior test at 410°C the product selectivity also shbwed
only minor changes over the course of the test. This test showed

much greater changes. Most changes occurred at 280°C and the changes
decreased as the temperature was increased. 1In nd catalyst tested
thus far was the production of Cl and C2 hydrocarbons from C3H6 feed
significant. The selectivity to butenes was constantly increasing
throughout the run to a point where their concentration in the effluent
was close to that of propylene. The selectivity to propane and partic-
ularly butane were both very high initially but dropped gquickly. They
increased again with temperature change. As the temperature increased
the rate of change of the selectivity’ to these two components decreased.
These two paraffins are the products of hydride transfer to the corre-
sponding olefin. A change in these concentrations is related to
changes in the rate of hydride-transfer. These changes in propane
and butane concentrations in the gas phase are reflected in changes
ifi the concentration of aromatics in the liquid. v

The high selectivity to CS+ resulted from the low guantities
of progpane and lkutane produced. The fraction of C5+ decreased as
these two products plus butene increased. In this run, the c5+ was
as higgﬂgsrss% of the total hydrocarbons at 280°C, decreasing to
69% at 370°C. A similar change in selectivity was seen in run 9972-1.
At 280°C 91% of the hydrocarbons were in the CS+ range, wiile at
370%C only 63% of them were. This decrease coincided with an increase
in light saturates production. The differences in “he composition
among these liguid samples is obvious from the refractive indices.
The ipitial sample in this run contained 50% aromatics. The corre-
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s
spondlng samole in 9972 -1l contained less than 20% aromatics. The
final sam\le from this run taken at 280°C was less than 20% aromatic
while the correspondlng sample from 9972-1 was still 15% aromatics.
At 280°C, water added to the feed increased the percentage of
aromatics in éhg condensed product but it did not stop the deactiva-
tion of this aréﬁgtization activity. &t 340°C the first sample was
again about half é*omatics but dropped to 30% by the last sample.

At 370°C the first qample was 40% aromatics but the aromatics were
still above 30% by the last sample. From 9972-1 there is data only
from initial samples. At 340°C the sample was half aromatics; at
370°C the condensed ligquid was 70% aromatics. The water in the feed
was better at reducing deactivation at 340°C than at 280°C. At 370°C
the water almost completely stopped deactivation of aromatization.
The price paid for this slower deactivation was lower activity.

These trends in aromatic concentrations calculated from re-
fractive indices were verified by the simulatéd distillations. The
distillation of Sample 1 revealed the presence of xylenes and C9
aromatics in the liquid. Sample 5 had a much smother distillation
curve and did not show signs of xylenes in the sample. Sample 6
again contained xylenes and trimethylbenzenes. Sample 10 still had
observable amounts of xylenes but no detectable C9 aromatics. This
. sample also probably contained toluene. Sample 12 contained both
xylenes and C9 aromatics. The last sample still contained these
aromatics but also had appreciable quantities of toluene. This
ligquid product contained mostly secondary products of the propylene
oligomerization reaction. The distillations did not contain the
large amounts of CG' C9 and C12 olefins that were easily observable
in previous samples.

LZ-105 is an excellent catalyst for propylene oligomerization
even at 280°C. . The catalyst has high activity and good selectivity
to liguid products. At these lower temperatures, the catalytic
activity, particularly the aromatization activity, deactivates in
spite of the presence of water in the feed. While the selectivity
to C5+ products was not gquite as good as that of UCC-104, reported
last quarter, the activity was higher.
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TARBLE 4A RESULT OF PROPYLENFR QPRRATTON

RUN NO. 29972-13
CATALYST L.Z--1.0%-6 W#9939-01 67CC 35.06GM (37.10GM AFTER ‘fHE RUN,+2.04GM)

¥RED H2:C3IT6:H20 @ Ll:1:2 MOLE RATIO,0.5 C3116 WHSV,CONTINOUS OVERNTTR
C3H6 MW= 42.0813 NENSTTY= 0.51041 GM/CC (@ 73 F)
TARGET FLOW: C3IH& 34.3 CC/IR H2 168 CCMN,10.1 L/MR {120 14 Cco/7iRrR
ACTUAL FL.OW: 28.4% CCIM FEFFLUENT 13.8 L/UR  AQ TLAYR 10.% CC/HR
RUN & SAMPLE NO. 9972-13-1 9972 -13-2 9972-13-3 9972-13-4 9972-13-5
czammanes TR SSEESY 2SRESSANTE SRINNTTESS O TRANSSTSE
CIM6  WIIGY . 0.42 0.42 Q.12 0.42 0.42
HRS ON STREAM 5.03 23.9 30.9 48,0 55.0
PRESSURR,PSIG 161 ST 154 %95 1.56
TEMP. c 280 240 280 280 28O
PRED C3H6 CC {38 .44 $©34.87 176 .19 492.08 193 .81
HOURS TEEDING 5.033 183.90 7.00 1\7.10 7.00
RFPLNT GAS LITER 65.35 235.75 88 .90 222.30 88.5Q
GM AOUROUS T.AYER 49.01 197.72 73.99 LBO. 0% 71.5%0
GM LIQ HYDROCARBON 24.089 1Iis.89 48.98 133.18 95.29
WT TR. [LIQ HC/FEFRD .3522 L5087 .5447 L5303 .5589
MATERLAL BANLANCE WT % 88.72 8l.s58 93.30 21.23 98.42
CJIH6 CONVERSION % 96.66 94.11 292.61 90.29 90.41
PRDT STLECTIVITY WT %
Cua Q.02 0.Q1 0.02 0.01 0.01
Cc2 HC'S Q.12 .10 O.11 Q.07 Q.07
c3dn 9.78 2.67 2.66 2.03 1.78
Catllo 16.20 1.07 3.99 2.400 2.36
CAHB - 2.24 1.57 5.68 6.27 €.36
C5H12 12.14 3.93 3.79 2.83 2.1%
C5H10-= 0.07 0.16 0.24 - 0.23 0.22
Caiil4 7.68 6.410 6.39 T.24 6.90
CARHL2= & CYCLO'S 0.77 1.68 1.97 1.79 2.58
C7¢ [N GAS 7.79 9.28 .80 11.7% L2.17
LIO HC'S 43 .19 67.12 65 .35 65.29 65.0%7
TO'LAL, 100.00 1.00.00 100.00 100.900 100.00
SURGROUPING
Cl -Ca . 28.36 11.42 12.46 10.88 10.59
CS ~420 F 67 .80 82.60 78.52 83.44 80.56
420 .700 F 3.84 5.97 9.02 5.68 8.85
700-END PT 0.00 0.00 0.00 0.00 0.00
C5 ~-END PT 71.84 B8.58 B7.54 89.12 89.41
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LSO/NORMAL, MOLEF RATIO

cAa 1.700Q3
() 2.0616
ce 6.00317
Ca= 0.4923§
PARAFRIN/OLEFIN M RATIOQ
c2 . 1.1074
c3 2.7274
c4 6.9926
csS 174.2164

1,IQ HC COLLECTION
PHYS. APPRARANCE

NDENSITY 0.792
N,REFRACTIVE LNDEX 1.14540

SIMULATED DISTILLATTON

QIl.

IO WT % @ DG T. 180
16 201
50 294
8q 389
S0 111
RANGE (16- 31%) 184%
WT % @420 T 91.1
WT % @700 T 100

2.1154
201181
10.505%1
0.1681

0.2107
0.104%9
0.8609
22.5243

oLl
0.759
“ 1.4323

172
200
292
391
114

191

91.2
100

-4 6=

2.3041
1.93223
9.%12%
0.4411

0.2782
©.J31RO
0.6771
195.0714

OTL
0.747

1.4296

182
209
307
A09
441

200

86.2
100

2.6302
2.0C860
12,1574
0.4371

0.1794
0.3849
L1.9156

ofr,
0.74%
1.4266

173
20z
292
391
413

189

91.3"
100

2.1587
2.0297
12.8041
0.4152

0.15%98
0.358%
10.77620

OIL
0.749
1.4287

173
207
304
409
a13

202

B86.4
100



TAULR 4B R

RIN NO. 9972 .13
CATALYST LZ 1O%-6
FERD
C3He
TARGET FLOW:
ACTUAL PTLOW:

c3Iueg

RIIN & SAMPLE NO.
C3HG WISV

HRS ON STRREAM
PRESSURE,PSIC
TEMP. ©

FRED €316 €O

fIOURS FERDING
RIPLNT GAS LITER
GM AQUEOQUS LAYER
M LTQ HYDROCARBON
WT TR. LTQ HC/TEED

MATERTAL BALANCE WT %

Q3IHG CONVERSILON %
PRDT SELECTIVITY W
4

C2 uc's

C3H8

CAl10

CAHB=

FCSH)2

FCSH10=

C6ILa

CeHlI2= & CYCLO'S

C7+ IN GAS

LIQ HC'S

TOTAL

SURGROUP ING
€l -ca
C5 -420 F
120-7Q0 F
700-END PT

CS5 -FND PT

284ULT oOr

19939-01 67CC IS5.06GM (37.10GM AFTER TIE RUN, «2.04GM)
H2:CQIH6IH20 @ 1:1:2 MOLE RATTO,Q.5 C3HA
MwW- 42,0813

34.3 CCAHR
28.45 CCHR

9972-13-6
0.42
71.5
157
310

18] .38

16.50
231.10
173.41
88.99
L3622

92.38
93.7%
T %

0.06
0.42
7.2%
13.72
5.01
10,50
0.17
7.76
1.19
10.68
42.35

100.00

27.37
68.61
4.02
0.00
72.63

NENSTTY =

PROPYILENE OPERATION

WISV, CONTTINOUS
0.51041 GM/CC (@@ 73 F)

H2 168 CCMN,10.1 I./1IR HJOQ

20 P LUENT

9972 -13-7 9972-13-8 9$972-13-9 9972-11.

Eomm=sioes

LOO .00

25 .86
70.50
3.64
0.00
74.14

-47-

13.8 I./7HR AQ

0.42
95.1

150

338

184.53
16.75
234.40
175.42
93.39
L3776

95.76
91.23

0.04
0.39
5.02
9.98
80.52
8.74
0.38
B.214
1.60

12.84

13.7%

100.00

23.95
72.42
3.63
0.00
76.05

EE RS S

0.42
Lo2.7

152

338

190.67
7.2
100.40
75.78
in.s59
3968

102.38
90 .80

0.04
Q.11
14.69

9.20
.92
8.09
0.39
8.9%
1L.74
13.58
13.92

100.00

23.26
72.3%
1.3%
Q.00
T76.74

Mo

11

W DO
[ e I

S
3

484%.79
16.10
230.60
171.581
95.19
.3839 .

91.11
89.38

0.04

Q.40
1.22

7.60
9.458
6.73
.30
9.00
1.77

12.82
a7.75%

100.00

2)..83
74 .41
3.76
0.00
78.17

15 CO/HR
LAYR 10.5 CC/MR

OVERN oy

0



TSO/NORMAL MOL® RATIO

Ca 2.5230 2.7893 2.1320 2.4708 2.6692
cH 3.0%50 2.1097 2.1092 2.39612 2.86237
CH 4.1218 7.8Q1Y 3.6750 R.BSSS 10.0178
CA= 0.4577 0.4327 0.4345 0.4341 0.4%44
DPARAFFIN/OMLEFIN M RATIO
c2 0.5772 0.3732 0.3282 0.3597 0.3044
c3 L.0466 0.7199 0.5009 0.4444 0.3399
cA 2.2397 1L.6013 1.1i308 0.9YS54 0.7659
cs 60.2097 23.5307 22.2957 20.275%5 21.7059

[.LIQ HC COLLECTION

PIIYS. APPEARANCE O1llL 0O1IL ofL. QoTL oLl
DENSITY & 0.770 Q.785 0.775% 0.738 0.748
N,REFRACTIVE TNDEX L.4494 1.445) 1.4398 1.4396 1.4349
S TMULATED DRISTILLATION
10 WT % @ DEG E. 166 168 162 166 162
16 200 200 196 198 194
50 295 298 294 289 285
B4 3%0 387 384 384 aTn
90 116 111 108 410 106
RANGR(16-81%) 190 187 188 1846 185
WT % @420 ¢ 30.5 91.72 91.7 91.58 92.13
WT % @700 F 100 100 100 100 100

-48-~
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" W

RESULYT OF PROPYL.ENE OPERATION

‘TABTLE 4C

RUN NO. 9972-13 .. . :

CATALYST 1,£-l05-6 #9939-01 67CC 35.06GM (37.10GM ARTRER THRE RUN,.2.04GM)

rwEn MR:CIHETH20 @ 1:1:2 MOLE RATIO,0.S5 C3ite WHSV,CONTINOUS OQURRNITE
Q376 MW= 42.08%3 DENSITY- 0.51041 GM/CC (@ 73 F)

PARGRT FLOW: C3016 34.3 CC/IR 12 168 CCMN,l0.l1 L/HR H20 L4. CC/HR

ACTUAT, FPLOW: ~28.45 CCHR FFFLUENT-' 13.8 L/JHR AQ LAYR 10.% CC/IIR

RUN & SAMPLE NO. 9y72-13-11 872.13-12 8972-13-13 972-17.24 2072-13..15%
N =2SmE= =—-.== k- R SR - V-3 2 % _mamE—TTom™ —srtiEmnsem=T
3116 WHSV 0.42 0.42 0.12 Q.42 0O.132
RS ON STREAM 126.8 143 .1 180.7 166.9 172 .7
PRESSURE,PSILG 191 150 1487 153 148
TEMD . c 138 370 370 370 370
FEED C3H6 CC 210.8 484 .53 213.43 47%.83 156.69
IOURS FEEDING . 7.7 16.3 7.58 16.25 5.75
RFFLNT GAS LTTER .106.9 238.9 . 110.6 237.0 83.5
GM AQUEQUS LAYER ™ 80.74 169.10 78.81 168.16 59 .56
GM [LIQ HYDROCARBON 41.30 80.04 37.728 S 5.14 26.25
WT FR. LIQ HGC/FRED .3038 .3236 .3539 .3107 03282
MATERTAL BALANCE WT % 96.71 100.42 106?26 9% .88 109:56
CIHE CONVERSTON = 39.22 8334] 87.83 85.16 H4 .5%
PREBT SELECTIVITY WT % T
Clia 0.04 0.13 0.12 0.12 0.12
c2 HC'S 0.38 0.78 0.76 0.80 G.86
0318 "3.95 7.46 6.55 6.10 5.82
0AH10 7.41% 12.14 10.63 0,44 9.02
CAHY - 9.99 10.82 11.07 13.26 13.82
C5H312 6.44 9.06 8.13 7.04 6.73
CHH10Q = 0.30 0.5 0.4a7 0.38 a.411
C6H1LA 9.02 " 8.53 8.68 8.86 9.33
CH6HI2:=: & CYCLO'S 1.89 1.79 1.97 .93 2.18
C7+ IN GAS, 11.82 11.92 149.02 13.499 1L5.07
LIQ HC'Ss 15,76 "16.85 37.64 38.145 36.66
TOTAL 100.00 *100.00 100.00 100.00 100.00
SURGROUPING .
.C1 -Ca 21.77 31..34 29.12 29,85 29.63
CY -420 T 74 .62 65%.96 658.20 £7.68 68.09
qa20-700 F 3.62 2.70 2.68 .2.47 "R2.28
700-END. PT Q.00 0O.00 0.Q0 0.00 0.00
CcY% -END PT 78.23 65.66 ‘70.88 70.18 70.37
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15Q/NCRMAT
ca
chH
()

Ca-=

MOT.

RATIO

2.5Q487
2.5651
10.1939
0.4403

PARALFPF IN/OLETIN M RATTO

c2
e3
C4
cs .
9y
. L.IQ HC COLLECTION
H PHYS . APPEARANCE
DENSITY
N, REFRACT [VE

INDEX

0.2506
0.3129
0.71686
20.7721

OIL
0.762
1.4337

S IMULATED DISTIMLATION

10 WT % @ DEG
16
50
84
90

RANGR(16-84%)

WP % 420 F
WL &% @700 F

F.

164
196
288
isl
407

185

92.1
100

a.2601
2.2856
n.7282%
0.1291L

0.%230
0.5474
1.0827
L7.2261

o1iL
0.740
1.44%8

164
197
290
a76
103

L79

92.67
100

-50~-

2.2867
2.2050
v.0131
0.4311

0.4913
Q0.4560
0.9277
16.736%

QILlL
0.759
1.4434

164
196
289
37%
102

179

92.89
100

2.2908 2.3034
2.4551 2.4084
10.794%6% 10,7362
0.4414 0.1416
0.4576 0.4499
0.3145% 0.3060
0.6961 0.6300
18.0000 16.0911
OoTL oIl
0.771 Q.770
1.4411 }.4381
162 163
194 194
286 28%
372 3N
398 397
L78 177
93.55 23.7R
100 LO0



75 CONVERSION OF C3Hg

W17 PRODUCT SELECTIVITY

RUN NO. 9972—-13

= Figure 14
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Run 9972-14: UCC-107

UCC~107 is a new Union Carbide proprietary large pore
lnolecular sieve. It was tested for 4 days at 280°C. The tempera-
ture was then increased to 340°C for 1 day and 370°C for 1 day,
after which the test was terminated. The detailed data analysis
is presented in Tables 5A to 5C. The conversion and product
selectivities are also presented in Figures 22 and 23. The simu-
lated distillation of the condensed product from Samples 1 and 2
are plotted in Figures 24 and 25. All the material balances are
satisfactory except for Sample 5. Since the calculated numbers
are not out of line with the other samples, the results are probably
reliable.

The conversion was low initially, and it did not change
significantly during the test. The catalyst showed fast deactiva-
tion with the conversion dropping by a factor of 3 in the first two
days on stream. Increasing the temperature to 340°C partially re-
stored activity but it dropped quickly. The temperature increase
to 270°C again restored activity but only for a short period of time.

It seems to be common for fast deactivating catalysts with
ultimate low activity that propane is a major product of propylene.
The selectivity to propane was fairly coastant over the test and
did not seem to be a function of temperature or deactivation. Butenes
were also major products. The selectivity to butenes was also inde-
pendent of. temperature or time. The selectivity to C5+ products
varied only from 69% at the beginning of the run to 61% at the end.
The distribution of hydrocarbons among the C5+ product was not as
constant as the previous numbers may have indicated. The amount
of condensed product dropped f£rom 12% to 0% in 1 day. The simulated
distillation curves had signs of Cs's and Clz's present but the
condensed product was only a small percentage of the total product.

The UCC-107 is a poor catalyst for propylene oligomerization.
It deactivated too quickly. It seemed to deactivate by a different
mechanism than previous catalysts since the propane and butenes
selectivities were fa;rly constant over the entire run.
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TAULR 5A RRKSULT OF PROPYVLENE QPRRATION

RUN NO.  9973-14
CATALYST UCC-107 RIQOAZ.21 LALEC 1%.00GM (33.83GM AFTER THE RUN, -1.L7GM;

FRED H2:C3HO:H20 @ 1:L:2 MOLR RATTO,0.S5 CIHE WHSYV,CONTINOUS OVERNTTR
CII6 MW= 42,0813 DENSITY= 0.5104) GM/GC (@ 73 F) .
TARGET FLOW: C3Ht 34.3 CC/HR  H2 L70 COMN,10.2 L/HR  H2AO 1% CG/HR
ACTUAL, . ¥ILOW: 15.15 CCNMR  EPPLUENT 20.4 L/HR AQ LAYR 13.9 CC/HR
RUN & SAMPLE NO. 9972-14-1 9972-14-2 9572-14-3 9972-14-4 9972.-14-5%
SsSmamEmsms ass mEImT el = m=EEmmEEEE= SammosEsTEESs SmmTmEESTEES
C3H6 WHSV 0.5 0.5 0.5 0.5 0.5
HRG ON STRENM 6.3 .  25.9 30.3 49.3 52.7
PRESSURE,PSTG . 157 1%0 149 147 149
TEMP . C : 2080 274 280 279 280
FERD C3HE6 CC 208.28 690.3 144.73 682.137 113.27
HOURS FERDING 6.33 19.6 1.4 19.0 3.3
EFFLNT GAS TLITER 116.9 395.3 88.5 491.9 67.6
CM AQUEOUS LAYER g2.48 269.11 60.56 260.74 16 .07
GM L.IQ HYDROCARRON 1.%9 1.7 0.00 0.00 0.00
WT FR. LIO HC/FEED .0L73 .0033 . 0000 . 0000 .0000
MATERIAL BALANCE WT % 95.27 9L.29 100.60 92.23 80.15%
C3H6 CONVERSION % 13.18 5.95 4.53 3.34 4.14
PRDT SELECTIVITY WT % .
CH4 0.00 0.00 0.00 0.00 0.00
Cc2 HC'S Q.00 0.00 0.00 0.00 0.00
CJlEH8 21.49 24.28 29.93 33.18 26.58
cAH10 3.33 2.67 2.00 0.54 3.00
CAHSs ' 5.88 5.01 3.53 2,73 7.75
CSIL2 L.50 1.67 0.58 0.00 0.13
CSH10= 0.13 0.08 0.16 0.00 0.15
C6H14 3.35 6.07 7.12 6.34 5.44
C6H12= & CYCLO'S 7.04 12.21 15.3% 17.69 15.50
C7+ [N GAS 39.08 37.90 41.33 . 39,53 a1.45
LIQ HC'S 12.20 6.10 0.00 0.00 0.00
TOTAIL 100.00 100.00 100.00 100.00 100.00
SURGROUP ING
Cl ~CA 36.70 35,97 35.45% 36.45  37.33
Ch -420 F £55.15 60.56 64 .55 63.55 62.67
420-7Q0 F 3.78 3.10 0.00 0.00 0.00
7O00-FEND PT 0.37 0.38 0.00 0.00 0.00
C% -END PT 69.30 64 .03 64.55 63.55 62.67
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TSO/NORMAL MOLE RATIO

(8] 1.3338
(o4-) 8.5424
Ct 13.QQ00
ca= 0.4014

PARAFFIN/OLFEEFIN M RATIO

c2 -

c3 0.0316
C4 0.%465
cS 11.0392

LIQ HC COLLECTTON
PHYS. APPEARANCE
DENSITY
N,REFRACTIVE INDEX
SIMULATED DISTILLATTION

.

10 WT 3 @ DRCG F. 277
16 288
50 387
841 491
90 550
RANGE (16--84%) 203
WT % 420 F 66.0
WT % @700 F 97.0

0.331%7
4.808%
hw.l481
0.4007

0.0149
0.2862
L9.5000

341
368
139
568
642

-60=-

0.6330
5.5455
1.7734
0.6234

0.0138
0.5453
3.6000

3.5138
0.6923

0.0111
0.1908

0.L1l901

3.6401
G.4336

0.0111
0.3739
0.8571



TARLR 5B RESULT OF PROPYLENE OPERATTON

RIN NO. 9897214
CATALYST UCC-10T #10042-21 S5CC 3%.00CM (33.83GM AT'TER THE RUM, -1.17aGM)

FRED H2:CIH6:120 @ L:lL:2 MOLE RATIO,0.5 C3Ho WHSV, CONTINGQUS OVERNITE
Q3H6 MW- 42.0813 DENSITY= 0.8710141 GM/CC (® 73 F)
TARGRT FLOW: C3HA 34.3 CO/HR  HY 170 COMN,10.2°L/UHR H20 15 QC/IR
ACTUAL FTLOW: 3%.1% CQHR EFFLURENT 20.14 L/HR  AQ T.AYR 13.9 CC/HR
RUN & SAMPLE NO. 9972-14.6 9972-14-7 9972 14-8 9I772.14..9 9972- 1410
mEETmTa2aaOn memmTmmome mmmsasmm= e i BN R R — X R SErmas fTTaT
C3H6  WHSVY 0.5 0.5 0.4 0.5 0.%
HRS ON STREAM : 731.8 77.25 97.48 103.8 123.84
DPRESSURN,PSIG 147 149 144 150 ° 152
TEMP. C 280 280 279 3139 337
FTERD C3IH6 CC T%4 .48 115.78 721.76 205 .52 713.58
IHHOURS FPETWNDTING 21.2 2.1 20.b 6.0 20.0
RFELNT GAS LITER A131%.0 71.3 az24 .8 123.3 411.9
CM AQUEOUS LAYTER 291.16 48 .09 2B82.76 82.8% 2A75.77
GM L.IQ HYDROCARRBON .00 0.00 0.00 0.15 0.6
wWe 'R, LTQ HC/ETED .0000 .0000 . 0000 - .Q015 L0016
MATERIAL BALANCE WT 3 93.22 BB.3%5 93.%1 100.99 92.42
C3H6 CONVERSION % 2.67 3.19 3.02 8.70 1.98
PRDT SRLECTIVITY WT %
Ciiq 0.00 0.00 0.00 0.2 0.28
Cc2 HC'S 0.00 0.00 .00 C.2. 0.00
C3HS 38.46 32.04 33.1% 29.02 28.11
CAHLO 0.48 3.85 3.01 1.33 L.46
CAHB = 2.35 6.85 7.37 5.97 4.73
cs1l2 0.00 0.20 0.24 Q.72 - 0.39
CSH10 = 0.00 0.00 0.00 0.22 0.25
C6Hla 5.67 5.10 1.88 7.25 6.49
CoHl2= & CYCI.O'S ©.00 16.93 17.75% 15.25 19.48
7+ IN GAS 53.03 35.02 33.61 38.07 35.21
LIQ HC'S 0.00 0.00 0.00 1.66 3.57
TOTAL 100.00 100.00 10Q0.00 100.00 100.00°
SUBGROUPING
cl -Ca 41.30 42.75 13.52 36.82 39.61
€5 -120 T 58.70 57.2% 56.48 62.143 63.79
A20=700 T 0.00 Q.00 0.00 0.68 L.87
700-TND PT 0.00 0.00 0.00 .08 Q.03
C% ~END PT 58.70 57.25% 56.18 63.18 65.19
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TSQ/NORMAL. MOILE RATIO

CAa -
(244 .
€6 3.2892
Ca- 0.7%332

DPARAFF IN/OLRFIN M RAYT.O

c2 -
C3 0.0103
cAa ) . 0.1982
) -

LTIQ HC COLLECTION
© DHYS. APPEARANCE

'

DENSTTY

NL.REFRACTIVE INDFX .

S IMUT.ATED DISTILLATTON
10 WT % @ DEG P. -——
16 b ——
%0 -—-
84 —_—
%20 ——-
“RANGE ( 16--84% ) -
WT & @420 F .-
WT % @700 F _——

0.12%4

2.6477
0.4910

0.01073
0.5423

' -62-

. 01567

2.35%64
Q.A5R7

0.0100

0.3939

0.
3.

.2363
.3A%53

L263

LRT794G

0260
2144
1404

0.4068
1.0769
2.4791
0.6238

0.0143
0.29364
1.5000
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TARLE '5C REGULT OF

RUN NO. 9972-14

CATALYST UJCC-107 H10042 -
YRED H2:C3HA:HI20 @ L:1:2 MOLK
C3i6 MW= 42.0813
4.3 CC/HR
3% .1% CCHR

TARGET FPLOW: C3HG6
ACTUAT, FLOW:

RUN & SAMPLE NO.

G3HE WHSV
ITIRS ON STREMM
PRESSURRE,PSIG
TEMP., C

rUTD C3M6 CC

IHOURS FEEDING
EFTFPLNT GAS LITER
GM AQUEOUS LAYER
GM LIQ HYNDROCARBON
WT FR. LIQ HC/FRED

.MATERIAL BALANCE WT

C3H6 CONVERSION %

% 108.41

8.05

PRD'YT SELECTIVITY WT %

Cti4

C2 HC'S
c3ns

Callio
CA1B -
CGHL12
CHH1O-
ChAIIlA
CBH12= & CYCLO'S
C7+ IN GAS
LL1IQ HC'S

TOTAL

SURGROUP ING
£l ~Cc4 .
CS -420 F \\
420-700 F 3
700-END DT£
C% -END PT

0.75
0.92
33.%6

L.45
6.81
0.70
0.28
T.56
16.81
31.37
0.00

100 .00

13 .28
56.72
0.00
0.00
56.72

DENSITY=

PROPYLENE OPERATTON

2 170 CCMN, 10.2 L/HR

EFFLUEBNT

9972-11-11 9972-14-12

-G3-

20.4 L/HR

73 F)
H20Q,.-
AQ LAYR

21 46CC 3H.00GM (23.82GM AFTRER THE RUN, -1.170M)
RATTO,0.4% C2M16 WHSV,CONTINOUS OVERNTTN
0.51041 GM/CC (@

15 CC/HBR
13.9 CC/7HR



{30 /NORMAL MOLE RATIO

(B8] 0.8370
(20 1.0308%
ChH 2.9103
ca- 0.54%07%
BARAEF IN/OLEFIN M RATTO
c2 0.6774
cl 0.0284
ca 0.2050
cs 2.4091L

LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY

N,RPEFRACTIVE [NDEX .

S IMULATED DISTILLATION
LO WT % @ DEG F, ———
Lb —--
50 -
84 —-
90 ——
RANGR(16 84%) -
WT % @W420 F .
WT % @700 F -

0.2025
©0.5%000
0.1749
0.4490

0.017%
0.3004
3.15%79

—-64-
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% CONVERSION OF C3zHg

WTY% PRODUCT SELECTIVITY

RUN NO. 9972-14
Figure 22
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Run 9972-15: REY-62

Sodium Y-62 was cation exchanged with rare earth to produce
this catalyst. The tri-valent rare earth should introduce acidity
intoc the molecular sieve. The catalyst was tested at 280°C, 340°C
and 370°C. The results are reported in Tables 6A and 6B. The
conversion and product selectivity are shown in Figures 26 and 27.
Simulateé.distillation curves of two samples . are presented in
Figures Zskagd 29. The catalyst performance was pcor, displaying
low activitv and rapid deactivation. Propane was a major product
which increased with deactivation at 280°C. This selectivity to
propane decreased with increasing temperature. The selectivity
to hutenes inzreased with increased temperature. The distillation
curve of Sample 1 had some unusual features. 70% of the material
(3%~73%) distilled in a 200°F range. The next 25% distilled in a
600°F range. The cther sample, #8, was more normal. It showed a
narrow distribution and had only a small high temperature trail.

The ReY~62 catalvst performed even worse than the Ca¥-62
catalyst. The catalyst showed similar initial conversion but de-
activated much more rapidly. The Re¥-62 has higher acidity than
the CaY¥-62 and this higher acidity was probably the cause of the
faster deactivation rate.
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TARLE B8A QREUFST OF PROPYLENE OPERATION

RUN NO. 997715
OATALYST RE--YG2 1#1039-97 63 CC 3%.000GM (A0.870M AFTER 'THRE RUN, +% .87CM)
FHMED 112 :CAHB <120 @L:1:2 MOLE RATIO.O.% C3H6 WHSV,CONTTNOUS OVERNTTE,
CIHA MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F)
PARGET FLOW: C3HE 341.3 CC/ZHR W2 170 CCMN,LO.2L/HR H20 1% CC/UR
ACTUAI FLOW: 15.3 CC/IR  EPFFLUENT 20.0L./HR AD LAYR Li.7CC/H
RUN & SAMPLE NO. 9972-15-1 9972-15.2 9972-15-3 9972 15 4 9972-14-5
(o4 9387 WISV Q.5 0.% 0.5 0.% 0.%
HRS ON STREAM 7.3 29.4 32,7 . &0.9 4.3
PRESSURE,DPSIG 158 152 149 151 151
TRMI®, < 280 280 280 279 279
FEED C3H6 CC 230.31 644.99 251.70 663.87 113.27
HOURS FERDING 7.2% 18.083 7.24 18.167 3.447
RFFLNT GAS LITER 120.8 367.0 117.8 373.8 70.0
GM AQUEOUS LAYER n5.76 250.05 100.02 2%0.08 4'7.36
CM LIO HYDROCARBON 1.10 0.00 0.00 . 0.00 0.00
WT FR. LIQ HC/TRED L0119 L0000 .0000 L0000 . 0000
MATERIAL BALANCE WT % 89.2] 931.08 94.42 91.76 NORMALTZED
CIHE CONVERSJION % 10.46 2.12 . 1.6 1.31 0.99
DRDT SELFCTIVITY WT %
CHA 0.00 0.00 0.37 0.00 0.00
C2 HC'S 0.46 0.00 0.00 0.00 0.00
C3IHB 27.5% 55.66 64.09 71.11 70.11
c41110 3.10 4.%4 2.52 1.93 0.96
cang - 4.97 B.16 A.05 2.20 2.04
G512 2.34 1.25 1.36 0.32 0.00
C5H10= 0.2% 0.00 0.00Q 0.00 Q.00
ChHLA 8.80 .76 1.97 2.61 0.85%
C6HL2= & CYCLO'S 3.9% 1.99 5.10 0.00 0.00
C7+ IN GAS 35.62 20.54 18,54 21.R3 26 . 0%
IO HC's 12.97 0.00 .00 0.00 0.00
TOTAL 100.00 L00 .00 100.00 1.00.00 100.00
SURGROUP NG
cl -Ca 36.08 £8.35 71.03 75.24 73.11
C5 -420 F, 58.60 31.6% 28.97 24.76 26.89
420-700 T\ 3.75 0.00 0.00 0.00 0.00
700-~FEND PT 1.57 0.00 0.00 0.00 0.00
C% ~END DT 63.92 31.65 28.97 24.76 26.89

-5 -



TOO/NORMAT, MOLT
cA
Yy
co
CA=

RATIO

1.12.185%]1
11.58493
21 .8a%4

0.3342

PARNFFPIN/OTEFIN M RMATIO

C?2
c3
Ca
cs

I.L1Q HC COLLECTION

PHYS. APPLIARANCE

DENSITY
N, REFRACTIVFE

TNDFEX

0.1605
0.0313
0.6019
9.2763

olLT.

SIMULATED DISTILLATION

10 WT % @ DEG
16
R1e)
84
90

RANGE(16-84%

WT % 0420 F
WT % @700 T

T.

286
Klodi}
3435
5839
861

281

59
87.9

(o]

0.7906
2.56%2
a.%I79
0.3077

0.0119
0.5369

-70~

3.68129
1.95224
1.0667
0.3236

0.0106/
0.6008

2.21a3
0.0000
1.82748
0.77019 0.3939
0.0097% 0.006%
0.8491 0.4‘).45

Reproduced from
bkest available copy




TASRLE 6B RASULT OF
RUN NO. 997219
DATPATLYST  RHYR2Z 19Y39-97 63
FEED H2:CI6:HR0 @L:L:2
C3HEH MW- 12.0813
PARURT TLOW: ClU6 34.3 CC/HR
ACTUAL TI.OW: IL.3 QC/IR
RUN & SAMDPLE NO. N972-1%-6
CIHA WISV 0.9
[IRS ON STREAM 75.1
PRTSSURR, PSIG 152
TEMP. C© 343
FRED CIHE C 74B.54
HOURS FHREDING 20.75%
®FFLNT GAS LI'TER Az14.1
M AQUEOUS T.AYRR 287.16
M [L.IQ IIYDROCARBON 0.56
WT FR. LIQ HC/IEED Q017
MATERIAL BALANCE WT %  91.39
C3H6 CONVERSION 4 1.23
PRDT SELECTIVITY WE %
QHA .40
c2 HG'S 0.Q0
c3tH8 35.62
CAH1O 0.78
cA4Ha - 5.66
CSIH12 0.36
CSH10= Q.44
ceHlAa 5.76
C6H12- & CYCLO'S 12.88
C7+ IN GAS 33.68
L.LTQ HQ'S 4.43
‘TOTAL 100.00
SUBGROUP ING
cl -CA 42.1¢%
Ch -420 F 55.68
420-700 F 1.8%
. 700-END PT 0.31
CS -END PT 57.54

PROPYT.ANG

-71~-

OPERATTON

RUNM, % .876GM)

1% CC/HR

AO LAYR 13.7¢u/1

CC 35.000GM40.87GM AMTRR TUHR
MOLE RATTO,0.5 C3H6 WHSV, CONTINOUS
DENSTTY= 0.51D4L GM/CC (A 72 F)
MY 170 CCMN,L10.2 L/HR 1120
EFFLUENT -20.0 ILZHR
9972-15-7 9972-15-8 9972-1% 9
0.5 0.5 0.%
80.4 28.9% 10L.9
159 155 159
343 373 373
180.78 643 .14 112.64
5%.333 18.167 3.417
105.9 364.3 66 .7
72.39 249 .52 16 .7
0.00 0.92 0.00
. 0000 .0028 . 0000
93.96 90.97 94.18
a.1v 7.99 g.0!
0.30 0.52 0.62
0.34 0.50 0.31
34 .27 22.46 23.1%
0.86 0.78 0.73
5.69 11.04 11.78
0.48 0.74 0.74
0.%3 0.76 0.85
6.31 ‘7.50 7.86
132.39 11.90 12.79
'36.74 39.95 41 .18
0.00 3.85 0.00
100.00 100.00 L00.00
42 .54 35.29 36.%9
57.46 63 .08 63.41
Q.00 1.58 0.00
0.00 0.07 0.00
%7.46 64 .71 63 .41

OVERNITE



ISO/NORMAL. MOLE RATTO

ca
ch
€e
ca-

0.7273
0.2353
3.0426
0.3907

PARAFFIN/OI.RFIN M RATTO

c2
c3
(o]
cS

IQ HC COLLRCTION
PHYS. APPEARANCE
DENSITY
N,REFRACTIVE INDEX

0.0153
0.1326
0.7925%

-

SAVELATED DISTILLATION

10 WT % @ DEG F.
ie
50
34
90

RANGE (16--84%)

WT @420 F
WT % @700 F

0.
Q.
3
0.

O.
0.

e

6364
8667

.1167

3926

0l49
1463
8750

-72—~

N

0.
0.
4.
c.

00090

9369
6019
aB22
2827

.5138
.0l89
.0685
.9593

O1L

297
325
408
518
569

1.1236
0.h714

£ 4.3789

0.277%

.0185
.0596
.8462

000



% CONVERSION OF C3zHg

WT% PRODUCT SELECTIVITY

RUN NO., 9972—-15
Figure 26
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Micro-reactor Run LZ-105

An L2-105 micro-reactor run from last quarter is reported
here. The exact conditions used were discussed last quarter.
Briefly, a 2:1 Hy:CgH, molar ratio was fed during the day and H%P
was fed overnight. The reactor was held at .150 psig, 340°C. The
detailed results of the run are presented in Table 7, The catalyst
tested was LZ-105-6. It was used to evaluate the differences
between the Berty and micro-reactors. The conversion of propylene
was almost guantitative in the micro-reactor. (It was 95% in the
Berty reactor.) This small difference may reflect material which
can bypass the catalyst in the Berty. The selizctivity to propane
was higher in the micro-reactor. The buté&ne was also higher,
suggesting an accompanying highly aromatic liquid@ product. The
amounts of Cg and C, saturates obtained are lower in the micro-
reactor. In a Berty reactor, the catalyst would see the recycled
product mixture, and therefore never a high propylene concentration.
In a plug flow micro-reactor, only the front of the active catalyst
bed would see-2.high propylene concentration. Since large amounts
of propane were produced, the aromatic precursors must have been
formed before all the propylene 2as converted. We assume that the
aromatics found were formed right a* the reaction 2zone and not
from secondary reactions further in the bed. The high propane and
butane formation were the cause of the low C5+ selectivity, being

on%y 41% in the micro-reactor and 68% in the Berty reactor.

i

“  L2-105 gavé éiightly different results in the micro-reactor
than in the Berty reactor. The conversion was ccmparable in both
cases. The product selectivity was different due to the differences
between (continuous stirred tank feactor) plug £low and CSTR reactoxrs.
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TAﬁLE 7 PROPYLENE OQOPERATION IN MICRO-REACTOR

NTBK N&G. 10027 MICRO-REACTOR RUN WITH CATALYST WT 7.00 GHS

FEED H2:C3H6 @ 2:1 MOLE RATIO, 1.0 C3H6 WHSV, DAY-TIME FEED ONLY
C3H6 MW= 42.0813 DENSITYe= 0.51041 GM/CC (@ 73 P)

TARGET FLOW: C3H6 13.7 CC/HR H2 135 CCMN, 8.1 L/HR

_ACTUAL FLOW: 15.3 CC/HR  EFFLUBNT 12.5 L/HR
RUN NO. }0027-02
CATALYST L.2-105-6
C3H6 WHSV 1.1
HRS ON STREAM 7.25 .
PRESSURE,PSIG 150
TFMP. C Q 340
FRED C3H6 CC 111.14
HOURS FEEDING 7.25
EFFLNT GAS LITER 62.77
GM LIQ HYDROCARBON 11.34
WT FR. LIQ HC/FEED .1999
MATERIAL BALANCE WT % 82.56
C3HS5 CONVERSION % 99.69 ]
PRDT SELECTIVITY WT % -
CH4 D.63 i
C2 HC'S 1.62
C3HS8 30.32
C4aH10 23.12
C4HB= 0.57
C5Hi2 8.95
CSH10= 0.26
CEH14 3.30
C6H1l2= & CYCLO'S ©.42
C7+ IN GAS 5.45
LIQ HC'S 25,34
TOTAL 100.00
SUB-GROUPING
Cl1 -c4 56.27 -
€5 =420 F 32.33
420-700 F 11.15 E
700-END PT 0.25 B
€% -END PT 41.40
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ISO/NORMAI. MOLE RATIO

(o l1.2838
cs 3.2381
ce { 7.2715
C4= 0.5459
PARAFFIN/OLEFIN M RRTIO
cz2 37.6116
€3 95.7476
c4 38.8192
cs . 33.571

LI0 HC COLLECTION
PHYS. APPEARANCE
DENSITY .
N,RETRACTIVE INDEX o’
SIMULATED DISTILLATION
10 WT % @ DEG F.
16
50,
84
90

RANGE(16-84%)

WT % @420 F
WT % @700 F
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SUMMARY OF TASK 1 TESTING

1

Based on tests from the previous guarter, standard test
conditions were established. This test was flexible enough to

allow temperature changes during the run, and” comparable encugh

to allow comparisons between catalysts. Generally, the medium

pore molecular sieves tested were excellent catalysts for praepylene
oligomerization. Several of the other catalysts tested were

disappointing, whowing either low activity or very rapid deactiva-
tion.

LZ105-6 was already known to be a good catalyst for propylene
oligomerization. The test this quarter was only to extend our
knowledge of its reactivity to the range of the standard test
conditions. This medium pore molecular sieves showed only modest
deactivation and good selectivity to liquid products. The percentage
of aromatics in the condensed product was low because of the low
reaction temperature. At the lowest temperatures, the aromatization
process showed greater deactivation than the oligomerization process.

with its higher activity but slightly inferior selectivitv to
g=+ products, this c¢atalyst, L2-105,is comparable to UCC-104,
which is the best catalyst for this reaction reported thus far.

The multivalent ion, (calcium or rere earth) exchanged Y
zeolites were very poor catalysts for propylene oligomerization.
They both showed low initial conversion and rapid deactivation.
The more acidic REY-62 show:d much more rapid deactivation than
Ca¥-62.

The new materials reported this guarter, UCC-103, 106 and
107, were also disappointing catalysts. The UCC-103 (acid extracted
UCC~101) was superior to UCC-1l0l. The activity was comparable and
deactivation was slightly less. The selectivity to liguid was
better because of the lower selectivity to propane.' Even with
being better than UCC-10l, the UCC-103 suffered from low activity
and only fair stability. UCC-106 had higher initial conversion
than UCC-101 or 103, but deactivated more rapidly. UCC-107 had
low initial conversion and very rapid deactivation.
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INTRODUCTION TO TASK 2 TESTING - =

Six syngas tests are reported this quartexr, 10011-6 to -9
and 9972~11 and -12. Some of these tests were quite extensive,
investigating many different process conditions. Three of the
runs, 10011-6, 9972-11l and 9972-12 were begun last quarter but
are reported here. Additionally three runs 10011-10 to -12 were
begun this quarter but will be reported next quarter. This one

month offset between testing and reporting periods is necessary
to obtain all the analytical information for the test.

Unlike last quarter, the tests run this guarter were not
shakedown runs. The catalysts tested were very active and had
good product distributions. The various activation procedures
investigated last guarter allowed the adoption of a reliable
activation procedure this quarter. The many process conditions
examined in the tests early in the quarter also allowed for the
establishment of standard initial test conditions.

The standard activation procedure used for iron based
catalysts is as follows. The catalyst is heated to 270°C under
nitrogen at 50 psig. At temperature CO is introduced slowly into
the nitrogen feed. This slow introduction is to control initial
exotherms. The CO concentration is increased to 25% of the total
feed, 400 cc/min. CO, 1200 cc/min Nz. The CO is fed ovex the
catalyst for 24 hours. The feed is then switched to hydrogsn
at 2000 gc/min. and this is fed over the catalyst for 18 to 24
hours.

For the standard initial test condition, the reactor is
kept at 300.psig and 250°C. 1:1 H,:CO syngas is fed into the
reactor at 400 cc/min. Depending upon the information desired
about the catalyst, the test conditions may be altered after an
initial period which is usually 4 days. Many tests are terminated’
directly after this initial period. For those tests that continue,
“he change in process conditions usually involves changing the
temperature or the HZ:CO ratio of the feed. ‘
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Most of the calculations involved in the data analysis
were discussed last guarter and will not be reiterated here.
The new analysis which has been included this quarter is the
product distribution presented in a Schultz-Flory format. This
will be an important tool for catalyst evaluation from now on.
The concentrations of the C, to Cg hydrocarbons are taken from
the G.C. analysis. The concentrations of the components in the
condensed phase are calculated from simulated distillations.
For this calculation: it is assumed that. the product boiling between
the boiling Qoihts of normal Cn—l Hyn and normal an2n+2 has the
carbon number n. This is a good assumption if the product is not
highly aromatic because isoparaffins and olefins usually boil at
temperatures lower than that of the normal paraffin but above that
of the next lower paraffin. The exceptions to this occur in the
lower carbon number products whu.u are mostly analyzed in the
qas phase. The liquids produced this guarter fit this low aromatic
assumption. By refractive index analysis, dascribed in the intro-
duction to Task 1 testing, the ligquids produced thi- quarter con-
tained less than.5% aromatics. ..

The difference in aromatics can be accounted-for. Aromatics
of carbon number n generally boil in the range of Cn+1 olefins
and paraffins. This carbon number product distribution can take
aromatics into consideration if the percentage of aromatics is
known and the assumpiion is made that the aromatics are fairly
equally distributed amont the carbon numbers. That is the aromatics
have the same boiling point distribution as the product as a whole.
For highly aromatic produc.s, this has to be true. For low per-
centages of aromatics, it is unimportant. & problem might occur
for very heavy products with 20 to 30% aromatics. The heavier oils
may dealkylate giving a low ir average molecular weight to the
aromatics than the paraffins and olefins.

In our present analysis, the hydrocarbons are not well-
defined. The totzl weight percent of this material is known but
the distribution among carbon numbers is unknown. Presantly certain
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gas samples are bubbled into methanol. This methanol is analyzed

on a capillary column G.C. to see the distribution of hydrocarbon
among the various carbon numbers. Until better correlations can
be established to define this distrxibution, the C6 to ClO products

will be ignored in this analysis. The data is plotted in a Schultz-
Flory format, ln(Wn/n) versus h where,Wn is the weight fractiocn
of the product with carbon number n.
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Run 1001l-6: Reference Iron Catalyst

Run 10011-6 was very extensive with the catalyst being
on stream for over 450 hours. The catalyst was potassium-—
promoted iron oxide containing no shape selective component.

This catalyst represents the state—-of-the-art of iron catalysts,

a standard against which the molecular sieve contaiping catalysts
will be compared. For a sieve containing catalyst Eo be superior,
it shou;d have either a higher selectivity to desired producfs,
gasoliné or diesel oil, or it should have superior product
characteristics, such as higher octane gasoline, and lcwer pour
point, for the heavier distillate fuels, while maintaining high
activity.

The catalyst was kept on stream for a loxg time to investi-
gate the catalyst's characteristics under many process conditions.
These conditions were studied for two purposes. Firstly, the
cgnditions were chosen o maximize the C5+"product and then altered
in an attempt to convert the solid condensed product to oil. The
data was to be used to choose the best conditions to test the
molecular sieve containing catalysts. The second reason for testing
at so many process conditions wias to have a reference material
result to compare to that with a molecular sieve containing catalyst
at a variety of test conditions.

The material balances, activities, and product selectivities
for all the samples in the run are reporti: in Tables 8A to 8H.

2 summaryv of the conversions and product selectivities ‘are repre-
sented in Figﬁzégmaf and 31. The boiling point distributions of
condensed products represantative of the various process conditions
are shown in Figures 32 to 36. The Schultz-Flory hydrocarbon pro-
duct distributiens of those representative samples are shown in
Figures 37 to 4l. The first seven samples were taken with the
reactor at 100 psig and 250°C. Thé on-line-blended 1.06:1 H,:CO
syngas was fed at 400 cc/min. After ~70 hours on stream the feed
.gas was changed to a preblended 1:1 H,:CO syngas which contained

a 1l0% argon tracer. AF 7120 hours on stream, the feed gas was
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again changed this time to a preblended 60:30:10 H,:CO:Ar syngas.
The higher hydrogen ratio syngas should produce lighter, more
hydrogen-rich hydrocarbons and possibly change the solid imndensed
product to .an oil. After 175 hours on stream, the temperature
was raised to 280°C. It was raised further to 310°C at 250 hours

on stream. These temperature increases were further attempts to
reduce the amounts of heavy products. At m315 hours on stream,
the reactor pressure was lowered from 100 p51g to 30 psig. - This

lower reactant concentration lowered the probability of chain
growth and gave lignter products. At %435 hours on stream, the
temperature was finally raised teo 340°C and the run terminated
at 455 hours on stream. This range of process conditions gives
a wide spectrum from which to choose conditions which will be
optimal for the molecular sieve containing catalysts.

The addition of potassium to an iron catalyst has a number
of effects on its catalytic activity. The alkali introduces water
gas shift activity into the catalyst. This allows for the efficient
use of low H, to CO ratio syngas, the kind produced by modern coal
gas;ilers. With these CO rich compositions less of the hydrogen,
the more valuable component of the syngas, is lost to byproduct
water formation. The price paid is that more of the CO is diverted
to the production of coz. From stoichiometry, the molar ratio
CHX/(H20+C02) must be 1.0. This ratio, reported for every sample,
was often less than 1.0 at the early stages of the run. This was
probably caused by further reduction of the iron oxide to iron
metal producing CO, ox H,0 but no hydrocarbons. _CH /(H20+c02)
values far different from 1.0, particularly well into a run suggests
that the data is suspect. This catalyst showad good water gas
shift activity. With the 1l:1 syngas at @gﬁ°ﬁ approximately 1/2
the CO became CO, with little water beiry preduced. The switch
to 2:1 syngas obviously lowered the amognt of 20, produced but
kept the water gas shift constant at théigamg value. With increased
temperature, th= water gas shift increased while the actual % of
the CO becoming 002 decreased; This was due to the absolute
amounts of CO and H2 in the effluent., The drop in pressure

initially increased the percentage of, .CO becoming'coz. Dufing this
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run, the shift activity showed faster deactivation rates than
the F-T synthesis itself.

The addition of potassium to iron Fischer~Tropsch catalysts
is also known to increase the amount of oxygenates produced,
particularly Cz+ alcohol. Many of the agueous layer samples were
analyzed for alcohols. Ethanol generally predominated over the
other alcohols being up to 5% of the aqueous laver.  Methanol, iso
and n-propanol were also detected. Some of the later samples, 31,
32 and 34, actually had isopropanol as the predominate alcohol .
(at 0.2%). The agueous samples not analyzed for specific alcohols
were analyzed for total organic carbon, TOC. The results gave
10-50 mg/ml TOC. This dbrrespondgd to less than 1.5% of the
carbon in the hydrocarbon product:u With approximately half the

. carbon going to coz, the exclusion of alcohols from the product

analysis does not significantly affect the product distribution
or the material balance. .

The conversion of syngas, the combined CO+Hy conversion,
showed significant deactivation over the first +two days of operation.
It dropped from the initial 74% to approximately 45%. After this,
the conversion remained relatively constant even though the reaction
conditions were altered significantly. Some of this was due to the
deactivation being overcome by the more rigorous test conditions

--émployed. The syngas conversicn decreased with the introduction

?? the 2:1 feed at 2§Q°C. This was not due tc a deactivation of
the catalyst. We envision that the high concentration of hydrogen
was no; effectively used. The HZ/CO usage ratio clearly showed
this. “In the 1l:1 syngas the usage ratio was approximately 0.6.
The reaction was using more CO than hydrogen. The introduction

of extra hydrogen to such a system would not be efficient. The
usage ratio did increase to (.75 for the 2:1 syngas at 250°C.
While the combined conversion of CO+H, decreased with the intro-
duction of the 2:1 syngas, due to this inefficient usage of the
hydrogen, the percent conversion of the CO actually increased.
With lower CO, production and higher CO conversion, the'percent ,
convs;sion of CO to hydrocarbons was actually 42% higher in

sample 14, from 2:1 svngas at 250°C, tpan in sample 5, f£from 1:06:1
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syngas at 250°C, even though the combined syngas conversion is

7% lower. The Fischer-Tropsch reaction is very sensitive and
changes in product distribution and feed usage ratios result from
changes in test conditions. This makes careful analysis of all
the data necessary to evaluate the effect of any test condition

change. Simply looking at combined svngas conversion can imply
trends going in the wrong direction. Comparisons of the activities
of different catalysts must be made with great care to see what the
real differences in the two catalysts are and what losses or gains
in activities were the cause of these differences. The increase
in combined syngas conversien with increaseé“temperature was not
as great as expected. .ﬁhe conversion was "“4l1% at 250°C and increased
to only 59% at 310°C. Rather than this being due to the activation
energy for the reaction, the small change is probably a sign of
deactivation and changes in the catalyst with the incre=ased tempera-
ture.

The changes in the reaction conditions had large effects

on the hydrocarbon product distribution. The heaviest hyd.idcarbons
were produced. at the lowest reaction temperatures. The selectivity
to methane was initially very.low, 4%, then increased to 7.0% with
the introduction of the 2:1 syngas feed. While this was a 75%
increase, the absolute amount of methane was still quite low. The
selectivity to methane remained at or below 10% until the pressure
was reduced to 30 PSIG at 310°C. With that change, the methane
selectivity increased 150% to 27 wt.%. When the temperature was
dincreased to 340°C, the methane selectivity increased another 40%
to 37 wt.%.

The light gases, other than methane, showed much less
dramatic changes with the various test conditions. The C3's and
C4's did not increase with the dzop in pressure or the temperature
increase to 340°C. The paraffin to olefin ratio of the C3--CS
hydrocarbons indicated the entire hydrocarbon product was probably
highly olefinic. The percentage of paraffins increased with de-
creased pressure and increased temperature. The iso/normal ratio
of the light paraffins, C4—C6, was low as expected. This ra;ig
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showed no clear trend with changes in test conditions until the
pressure was decreased, when it increased. The iso/normal ratio
increased further with the temperature increase at the low pressure.
Analysis of these light gases has not helped to identify optimal
test conditions. The choice must be left to the analysis of the
C5+ product. )

At the start, the C5+ vield was 83% at 250°C and decreased
steadily to 33% at 340°C. The amount of material which was con-
densed showed an even.more dramatic decrease, changing from 68%
of the total hydrocarbons at 250°C to only 13% at 340°C. Since
C5+ is the desired product, this would seem to give a clear advantage
to 250°C with 1l:1 syngas feed as the optimal test conditions. The
choice is not as simple, however, since the nature of the C5+ product
also changed with process conditions. Different conditions would be
chosen as best depending upon how the product would be further
upgraded. ) !

At 250°C, the condensed hydrocarbon product was a solid wax
at rcom temperature. The condensed product from all the conditions
tested was solid except Ffor the final condition, 340°C when a liguid
condensed product was collected. At 250°C with 1:1 syngas feed,
very heavy hydrocarbons were produced. 23% of the hydrocarbons
produced boiled in the gasoline range, the hydrocarbens starting
with C5 which boil below 420°F. 29% boiled between the gasoline
range and the upper limit of the diesel range, 700°F. 32% of all
the hydrocarbons produced (47% of the condensed product) boiled above
the diesel range. While this final material, wax,.mav be a good
cracking feed, it has little value in a once~through operation. This
maximum selectivity to CS+ was not the maximum selectivity to motor
fuel range materials.

With so much of the condensed product being wax, it is not
gurprising that the condensed product from the reaction at 250°C
was solid. The condensed product remained solid while the percentage
of material boiling above the diesel range decreased from 47% to 20%.
The lower prassure which decreased the c5 selectivity from 60% to
40% actually increased the percentage of the condsused 700°F+ product
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from less than 20% to 23%. The final condensed product which was

the first totally liguid sample actually contained a higher per-
centage of 700°Ft material, 25%, than the previous solid samples.
It may seem contradictory that the liquid product was heavier than
the solid product but the reason for this can easily be seen in the

data. Analysis of the light paraffins showed that the hydrocarbons
produced under most conditions were straight chains. These hydro-
carbons pack well together and solidify at relatively high tempera-
tures, i.e., they have high pour points. At 340°C, these light
paraffins showed more branching. It is reasonable to assume that
the heavier hydrocarbons were also highly branched. Branched hydro-
carbons have much lower pour points than the corresponding normal
hydrocarbons. The reaction conditions at 340°C produced liguid
condensed products instead of solids not because it produced a
lighter product but because it produced a more isomerized one.

The maximum amount of material in the motor fuel range,

Cg to 700°F, was produced at 2B0°C with 2:1 syngas at 100 psig.
The other conditions at 100 psig were all close procducing about 90%
as much material in that boiling range. )

The plots of the simulated distillations of the condensed
samples were all smooth and broad showing no high concentratlon of
individual .compounds as had been previously seen in many of the Task 1
tests. The condensed products had little material boiling below
300°F and many of the samples contained material which boiled above
1000°F. This boiling point distribution data was combined with the
gas product analysis to give the product distribution for the catalyst.
As described in the introductign, CS—Clo are not well characterized
at this time and were not included in the graphs.

The reference F.T catalyst was expected to give a Schultz-
Flory distribution. A& Schultz-Flory distribution is obtained when
the probability of chain growth is independent of carbon number.
This distribution gives a straight line when plotted as lr{Wn/n)
vs. n where Wn is the weight fraction of the product with carbon
number n. Sample 10011-6-4 had some scatter in the data but it
did follow the expected straight line SF distribution. A straight

K
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line through‘the datia gives an o of 0.83. A later sample,
10011-6-9, which was taken under the same reaction conditions

did not give a single straight line product distribution. Up to
Czo, it gave a straight line with'an =« = 0.84. At C20 there was
a sharp change and = increased to 0.91. This double = product
distribution was seen in the rest of the samples taken during
this run. Sample 10011-13 which was taken at 250°C but with 2:1
syngas showed similar a's of 0.84 and 0.91 with the change at
mczo. The other samples taken at higher temperatures all had
lower ='s out there were still two «'s with the change occurring

at about CZO'

A simple explanation of this double o is that the probability
of chain growth may actually increase with increased molecular weight.
The probability of chain termination should increase with the increased
_ability of intermediates to desorb from the surface of the catalyst.
‘:Because of their low vapor pressure, the heavier hydrocarbons should
have trouble desorbing from the catalyst even at the reaction tempera-
ture. Th'. increase in « would be gradual and not a sharp break at.
CZO' It would reflect the gradual changes in the hydrocarbon proper-
ties with increased carbon number.

There is another explanation which could explain this double
= type product distribution. These two «'s may indicate there are
two distinct active sites each with its own distinct «. The site
with the lower = may have domin;ted the product distribution at
carbon numbers below Czo, while Fhe other site may have dominated
the distxribution of the heavier hydrocarbons. If the «'s were
different enough a fairly sharp break would occur. It is possible
that one ©f the sites corresponded to a éotassium—promoted one
while the other was unpromoted. The fact that the double « was
not seen in the first sample would indicate that the high « site
took longer to become activated. The two sites appeared to be

deactivating at similar rates. If this is the correct explanation
for the #up ='s it is unlikely that the nature of the sites will
be easily 3efined since only a small percentage of the possible
iron sites are actually used.
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A double = product distribution (when the second « is
higher than the first) has a greater percentage of wax formation
than a single « disé&ibution with the same first «=, It would be
better if the high carbon number « were less than the low carkon -

number « . This situation would give more product in the desired
motor fuel range with less than expected 700°F+ formation. This

kind of product distribution cannot be the result of two active
sites, but it can be accomplished with shape selective control
From the results of this catalyst it would seem that the molecular
sieve contalnlng catalysts should be tested at 250° with a 1:1
syngas feed. These are the most difficult conditions for the
molecular sieve containlng catalyst to halt the formation of

heavy waxes. If the sieve cannot accomplish this, the conditions
* can be made progressively less stringent smntil the formation of
wax product is stopped.
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TARLE  8a RARLVIST OF SYNOAS OPRRATICN

RUN NO. 1000t & .
CATALYST FE203.1% K20, #9673-11E.REFRRENCE CATALYST. 80CC 86 .86 GM
FEEDY, . H2:CAIAR OF 50/50/0, A%/45/10 & 60/30/10 @ A00UC/MN OR A00OGHSV

RUN & SAMPLY NO. 1001L~6~) 1LO0O1L-6-2 10011-6-3 1001}

§-4 100L1.6-5
SammemgL s IEmSRImSeT "THoe2EIWR c2ERTTATESS

FERD N2:C0:AK S1:48:0 51:48:0 51.:48:0 51:48:0 SL:48:0
RS ON STRFAM 5.167 2L.9 24 .4 2B.9 a%.6
BRESSURE, PTG 102 99 101 101 101
TEMD,  C 254 257 256 243 253
RED CO/MIN 400 400 700 400 oL
HOURS FREDING S.167 . 16.%8 2.5 7.0 16.7
EFFLNT GAS LITER 6L.4 227.0 35.4 8.6 126 .7
GM AQUEOUS LAYER 1.21 10.99 a.941 2,604 q4.08
GM OIL[l. & WAX ¥ 3.82 19.38 2.6%0 7.3 20.61.
MATRRINL, BALANCH ot
GM ATOM CARBON % 83.44 89.67 Al .13 '19.99 98.74
UM ATOM HYDROGEN % 86.38 93.40 89.73 82 .78 99 .51
GM ATOM OXYGEN % 93.05 100.032 93 .97 82.28 106 .39
RATLO CHX/(H20+C02) ©.8OLY ©.7882 0.8589 0.9221 0.7762
RATIO X 1IN CHX 2.:1684 2.1%8% 2.1473 2.13%1 2.1388
USAGE H2/CO PRrRODT 0.604%3 0.6048Y 0.6023 ¢.6823 O0.%762
€ RFFLNT SHTET REACHN 39.22 18.29 16 .44 6.63 . 8.32:
CONVERSION %
ON 0 94 .16 87.30 80.34 63.02 5%.79
ON 2 55.37 51.30 46.90 40.27 32.133
ON CO+H? T4.24 6B.8B2 63.17 51 .34 43.7%
PRDT SELRGTIVITY,WT % .
cliA 6.22 5.59 ° 5S.17 . 4.44 4.56
€2 HC'S 8.21 ‘7.0R 6.%7 5.87 5.90 =
clHe . 1.10 0.9%0 0.1B3 0.65 0.66
C3IHO= 12.28 9.22 B.38 6.38 6.06
CAH1O 1.03 0.81 0.77 0.60 0.61
CAHB - 9.30 6.92 5.41 A.92 4.59
CSH12 2.00 1.5% ..43 1.15% 1.08
CSH10= 7.1¢ .29 4.92 3.96 0.00 .
Cerla 2.19 1.63 L.53 1.27 0.11
CHH12= & CYCLO'S 1.18 3.23 3.06 2.56 0.00
C7+ IN GAS 20.32 16.40 16.13 15.02 12.78
.IQ He's 26 .06 41.39 44 .79 $3..18 63.65
TOTAL .00 100 100 LOO 100
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SUH-GROUPING
€l -Ca
Ch 420 T
A20-700 F
700-END P
C% -BEND PT
LSO/NORMAL, MOLE RATIO
Ca
Ch
C6
C4-

PARAFFIN/OLEPIN M RATIO

c2
cl
‘ca
cs
LLO HC COLLECERION
PHYS. ADPEARANCE
DENSITY
N, REFRACTIVE LNDEX
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$%“w2.40
B.74
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6l.84

. L323
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.2321
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Q.778
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20
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.1132
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46.0
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ED

LUMPED
INTO

SAMPT.E

a

22.55
an.q%
26.0%

H.1h
77.15

.12°10
L1750
L20LY
.08%8

.2707
L0969
<1173
.2811

OrL
0.794
1.437%

308
342
480
670
714

328 <

38.3
au.5

22.38
29.25%
27 .62
20.75

T7 .62

L1485
1392

0794

.2A79
. Lo47
. L2779

WAX

* 348
384
576
Ry
R84

A3l8

24.0
67.4



. 'CARLE 8B RESULT o1 SY»GAS OPRRATION

RUN NO. 100L1-6
CATALYST FE2031,1% K20, #9673-LLlE, REFHRRENCTE CATALYST, RO CC 86.86 GM

FRRED "H2:CO:AR OF 50/50/10,4%/4%/10 & AO/30/10 @ 400CG/MN OR 3Q0GIHSV
:RUN & SAMPLE NO. 100L1-6-6 100LL-6-7 10011-6-8 L00(1-6-0 1801 L-6- 10
‘_ =mREERTERIS SmMmERETTaS IR AMT LI T SETwWeramdTm=es f‘-‘I‘HHI:IE'-'ﬂ'H,
] .
FRER H2:CO:AR 51.:48:0 51:48:0+ 45:45:10 245:48:10  15:45:10Q
IIRS ON STREAM . 51.0 1.4 - n3.9 101 =9 . 11B.2
PRUESSURR,PSIG B W 99 . 97 ag ;94
TEMP. @ 253 2573 .« 293 253 253
FEED QC/MIN 400 A00 400 " 40w .400
[IOURS FREDING e 5.4° 20.4 22,58 8.0 16.3
KEFLNT _GAS LITER 103.3 | 39L.6 394 .0, 139.0 280.5%
OM- AQUEOUS LAVYER .« 0.3 % ‘0. A5 0.0 T 0.0 0.0
GM OIL & WAX 8.47 34.147% 32.481 9.63 23.34
MATERTAL BALANCE ur
M ATOM CARBON % 106.51 ~106.91  94.5% 20.03 92.48
GM ATOM HYDROGEN % 106.72 Yio7.22 7 92.s6 89.67 90.96
GM ATOM OXYGEN %= L0 .83 10%.32 ° = 93.70 91.31 91.80
RATIO CHX/(H20+CO02) 1.1192 1.0191. 1.0283 0.8914 1.0229
RATIO X IN CHX ©2.1193 2.1259 1.9866 2.1388 1.9867
USAGE 112/CO PRODT 0.6675 0.6347 0.5811 0.4649 0.5792
K EFPLNT SHIFT REACTN 12.73 L1.43 15.72 1.5.85 ° 15.78
-V CONVERSTION % .
ON CO " . B8.12 58,77 61.87 60.43 61.77
ON H2 7 S 35.61 34.81 36.12 35.3) 36.16
oN CO+N2 46.56 46.47 . 49.15 47.30 AB .97
PRDT SELEGTIVITY,.WT % .
It 3.70 . ¢« 3.94 a.04 A.67 4.15
c2 HC'S 4.26 4.33 4.13 4.63 3.81
C3H8 0.19 0.47 0.41 0.19 .41
C3HE- : 4.59 4.31 ©3.94 4 .66 3.88
C4HLO - ©0.47 ¢ 0.a43 0.39 0.46 0.38
C4HB= 3.42 3.32 3.05 3.51 2.9)
CSHI2 ‘0.79 0.77 0.72 0.80 0.67
CS5H1O0= 2.66 2.66 - 2.43 2.88 2.41
C6H14 ) =~ 1.00 ©.89 0.66 0.7% 0.75
CEHL2~ %% CYCLO'S | 1.51 ¢ 1L.862 1.60 1.69 1.45
ci7+ i, GAS 14.91 9.63 9.19 10.07 9.08
LI HC"S 62.19 67.60 ° 69.43 65.38 69.99
§
TOTAL . 100 £100 . 100 100 100

-0 F- &

"



.

4

od
SUBGROUP ING |

g1 -ea 3 16.93
cYH -420 F) 13,078
420-100 F 26 .74
700-RND BT 23, 26F
cs, -RND PT A83.07
I S07NORMA[. MOLE RATTO ’
~oca .1B667
cs ' .1806
ch L3180
g4 = 0867
PARAFFIN/OLEFIN M RATILO
c2 : 2462
(o} Lot
ca L1325
cY o .2901
{0 HC CONLLRCTION
PHYS. APPEARANCE WAX
DENSLITY

N, REFRACTTVE INDEX
SIMULATED DISTILLATION
11O WT % @ DEG F -

L6 . -
50 -
84 ) -
30 -
AN o

RANGER(16-84 %)

t

WT % @420 TF 19.6E
Wr % @700 ¥ 62.681

»

L

16.083
22.87%7
AR.53
3L.T77
83.L7

.1e7h
. 1978
.31R4
.0848

L2456
.1037
1241
.2798

WAX

414
153

- B76

955
lOol4

502

-94=

15.96
21.27
209.51
13.26
B84 .04

L1454
. L4086
0519
.OR36

¢
2742

L0989

.12a5
.2894

WAK

422
463
684
965
1023

S02

9.6
S2.L

18.42
2.2
28.77
30:53
8L.58

1503
-212a
.0938
.0823%

.20A3
. 1OLO
. L2589
2714

WAX

424
65
67,

954

}lOlg&'

189

15.65
20.30
AL.57
a2 .48 °
f4.35%

L1695
L1947
L2%63
.Q769

2174
.lo018
1262
.2725

WAK

431
w475
. 673
948
L006

473



