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I. CONTRACT OBJECTIVE .

. The objective of:the contract is to'develop a catalyst
and o select operating conditions for the direct conversion of
syngas to liguid . hydrocarbon fuels, using microperous crystals -
"molecular ¢ieves" - in combination with transition metals.

II. SCHEDULE

P

The contract work is planned for a1tnirty-six month period,
which started March 6, 1981. Thecwork on_ the program is divided
into four tasks. In Task 1, shape-selective catalysts (SSC's)
are being evaluated for converting low, molecular weiéht liquids
such as methanol and propylene to desired products like gasollne,
turbine ‘and diesel fuel. In Task 2, the feed is synggg (CO * H2)
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 hydrogenatlon of carbon monoxide, carried
out as a subcontract under the dlrectlon of Dr. Gabor A. Somorjai,
of U.C. Berkeley. Task 4 is a series of management and- technical

reports. e ‘ a

IIT. ORGANTZATION

S——

“quuld Hydrocarbon Fuels from Syngas" is the goal of a
research and development program on catalysts carried out by the
Molecular Sieve mechnology Department of the Engineering Products
D1v151on, Union Carbide Corporatlon at their Tarrytown Laboratories.
Pr1nc1pal investigator is Dr. Jule-A. Rabo. Proqram manager is
Dr. Richard C. Eschenbach.



IV. PROGRESS SUMMARY =

Task 1

Four new aluminophosphate molecular sieves were prepared
in test quantities. Chemical modification to increase their
catalytic ad¢tivity is planned. One of these (unmodified),
A1P04~ll} was tested and found ratper inactive for propylene
oligomerization. Appendix 2 report% synthééis woxrk on both
Task 1 and Task 2 -catalysts.’ . ) -

Appendix B reports development work on:analytical tech-
niques. The on~line G.C. was puf,into service. Separation
'procedures for the proposed ligquid chromatographic alternative
to FIA analysis were found unsatié%actory. o )

Data from seven tests of propylene oligomerization with
" several catalysts are reported in Appendix C. Changing from
methanol to propylene feed eliminated earlier problems assoc;ated
withlthe solid part'of methanol reaction products. Tests with
UCC-101, a proprietary UCC, large pore molecular sieve of
moderate acidity, resulted in reaction products having both
gasoline and diesel fractions. Tests with L2-105-6, similar
in properties to Mobil's ZSM-5, resulted in good yield of
gasoline range product with very little diesel range product.
Feeding water along with the propylene and hydrogen was found’
to markedly reduce the rate of deactivation of both LZ-105 and -
UCC-101. Another '‘mew UCC proprietary molecular sieve, UCC-104,
was active and very selective for the production of gasoline
_range hydrocarbons (more than 95% selective to C5+). At low B
temperatures, the UCC~104 produces less propane_than the .LZ-105-
6, i.e. the UCC-104 is more selective to liquid product, formatlon
than catalysts like ZSM-5.

+ Also included in Appendix C are some Task 1 sc;eening
tests on a microreactor setup.s ' h



Task 2
¢ Results of seven Task 2 tests appear in Appendlx cC.
In four runs the catalysts had reasonable actzvxty,but were not
as selective to liguid products as desired. The very -low catalyst
activity in the other three tests is believed due; to problems with

catalyst pheparatlon or activation.
!

- ;Task 3 . ' s

The high pressure-low pressure cell in Proéessor-Somorjai's
lab has been completed. PfEiiﬁénary F-T tests were carried out in
it.. A catalyst, prepared at Tarrytown by decomposing adsorbed
metal carbonyl inside the zeolite, showed good selectivity to
olefins in a test in this apparatus.

V. CEANGES
No changes in the last quarter.

" VI. FUTURE WORK

Promising SS8C catalyst types will contlnue to be evaluated
in* Task 1 Berty runs. Tests with MC loaded UCC-~ 104 w111 be done
using syngas feed. Exploratory’work on metal-loadlng techniques

will continue.

”

: R. C. Eschenbach-
Program Manager

RCE/eh



P. K. Coughlin
F. P. Gortsema

APPENDIX.A: .. CATALYST SYNTHESIS
- - * o -
" Synthesis of catalysts to be used in Task 1 testing has

procegded well this quarter. More of the previously synthesized
materials were formed as 20% alumina bonded extrudates ready for
testing. Sodium exchanged LZ-Y62, was further cation exchanged
with rare earth to give a RE(III)Y62. The rare earth accounted
for 70% of the ion exchange capacity of the zeolite. ‘This was
prepared as. a continuation of the series of- catalysts preparéd
last quarter with multlvalent cation exchange to create Lew1s ,;
acid sites in the zeclite. The LZ-Y62 was-also cation exchanged
with cesium to give a CS%GZL The activity of this material for
propylene oligomerization will be compared with that of Na¥62,
which was tested earlier this gquarter, to see the effectf cation
size on the activity of the catalyst. Zeolite Omega was sodium
cation exchanged in preparation for maklng a partially. acid Q-
zeolite catalyst. e )

Additional scaleup batches ofPAlPO4—5, 11, 17, 31 have been
prepared by hydrothermal techniques using Parr 24 stainless steel
autoclaves and the procedures described in the Wilson patent (1).
The goal of tHis synthesis effort is to prepare enough material
of the four structure types listed above to provide material both
for catalytic testing and to try chemical ﬁ%dification technigues
onthese new mater;als to enhance their catalytic activities. The
latter materials would also be tested catalytically to determine .
if the chemigal modification techniques were effective. in changing

the acidity characteristics of the material, or' some other property
of these new molecular sieves.

The major emphasis in synthesis act1v1ty this gquarter has
been to prepare these materials, phase—pure, in: sufficient gquan-
tities to permit thorough testing of each structure type. This
has meant that synthesis procedures have had to be modifiedl or
in some cases different structure-directing templates have had to

-l
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be used. 'At least one satisfactory 200g batch of each composition

has been prepared. One more batch of each’ will be Q&nthesized to
provide material for modification Structure of eécb composition.
. So fa; only AlPO4-ll has been tested for propylene oligomerization.
Two new Union Carbide molecular sieves labeled UCC-104 ~and UCC-105
have been lntroduced into the’ program and formed as 20% alumlna—
bonded extrudates. One of them, UCC-104 was tested for propylene
ollgomerlzatlon this quarter. N

yn%he51s and charactexrization of metal-loaded molecular
sieve catalysts for Task 2 -testing has also proceeded well this
qguarter. A prev1ously synthesized material, with 50% Fe as Fe2 3
precipitated on UCC 101, was formed® as a catalyst and calcined
under different conditions,. temp 250°C 500°C, time 2 hours ~ 16
_hours, o see if the form of the Fe203 and activation procedure
affected the catalytic properties_of these iron-loaded gdlechlér
" sieves. It appears that catalyst preparation or contamination’
muddled the results of thls investigation. Many of these: materlals
were completely 1nact1ve for Fischer-Tropsch synthesis even though
the 1ron ‘had been reduced. One of the completely inactive catalysts
was suspected of massive sintering of the iron during activation,
but SEM analysis showed no real differences in the form of the iron
after testing between a catalyst which had been active and the one
which was suspected of sintering. EDAX showed no sign of sulfur
contamination, another possible explanation for inactivity. At
the present the cause of the problem'with that batch of catalyst
is'still unclear.

S

, Other catalysfs of this type have also begn prepared. A
catalyst which was to be 20% Fe was synthesized by .the stoichio-
metric addltlon of 6M agueous ammonia to a boiling slurry of the
zeolite LZ-52 in aqueous ferric nitrate. The chemical analysis
showed the anhydrous material to be 20.7% Fe. This analysis shows
the maﬁerial to be 28.6% Fe2 3 with the balance being zeolite.
This material was tested at the very end of this quarter and found
to be active for F-T synthesis. A similar catalyst has been pre=-
pared using silicalite (2) as the molecular sieve. Catalysts have



also been prepered,by partial iohuexchange of F-T metals into
molecular sieves. fThe catalysts of this type synthesized thus
far have been Fe(III) end Co(II) ion exchanged into LZ-13X.

The synthe51s and characterization of catalysts made by .
the occlusion of metal carbonyls, Fe(CO)S, Fez(CO)g, and Mn (CO)lo

in molecular sieves has. begun. The magerlals prepared thus far
are shown below.

Q
Anhydrous

Notebook # Molecular Sieve % Fe % Mn
967434 Hydrated UCC 101 5.8 —
9674-37 Hydrated UCC 103 6.3 -—
967440 Dehydrated UCC 103 1.3 8.5 g
9674~42 Dehydrated UCC 103 1.2 7.8
9673~17 Dehydrated UCC 103 a1 7.3

The metal carbonyls were adsorbed in the pores of UCC 10l and acid
extracted UCC 101, UCC 103. The attempted total metal ‘loading ’
level was 10%. When hydrated molecular sieves were used only

5. 8 and 6.3% metal loadlng were obtained after oxidation decompo-
s;tlon of the metal carbonyls. When the molecular: sieves were

air calcined to remove-the.adscrbed water just prior to adsorption
of: the carbonyls, metal loadings of 8.6 - 9.8% were obtained after
oxidation decomposition of the metal carbonyls. In the mixed
manganese-iron system the Mn:Fe ratio in the product was greater
than the desired 4:1, indicating preferential loss.oé iron during
decomposition. Further characterization of these catalysts using
ESCA and. TEM is proceeding.

A description of the catalysts tested this gquarter is given
in Table I.

(1) U.S. Patent 4;310,440
(2) U.S. Patent 4,061,724



10% H—YGZ

NaY=-62 ¢ %
40% H-YSZﬁ

97% H~Y62

2
-

Ca¥-62

LZ-105-6

ALPO4-11
yce-101

ucc-103
Jice-104

Ucc-106

Reference Fe

Fe-¥52

uce-201

UCCc-202

TABLE 1

CATAL¥STS TESTED THIS QUARTER

"

o

< s
TASK 1

These are a series of clarge pore zeolites with a
three-dimension.pore structure, which were first
cation exhcanged with sodium and then partially
cation,exchanged with ammonium. The proton form of
the zeolite i& produced by calcination.

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

The sodium catiom efbhanged form of ¥ waszsubse-.:Q
quently cation exchanged with calclum.

A Union Carbide medlum pore molecular sieve with a
5i10,/a1,03 ratio 8f about 35, having a structure
similar-to ZSM-5.

A new Union Carbide aluminophosphate moleéular sieve
with a pore size of ~62 and undetermlned structure.

A large pore molecular sieve having moderate
acidity.

£

The acid extracted form of UCC-101.
A Union Carbide proprietary“polecular sieve.
A large .pore molecular sieve having moderate
acidity.
TASK 2
An unsupported potaseium;promoted iron catalyst.
20% iron as Fe503'XH20 precipifated on sodium LZ-Y¥52.

A catalyst with ~40% iron as Fep03°XH,0 precipitated |
£rom a nitrate solution on UCC-101.

»A catalyst made by,the oxidativé decomposition of

manganese and iron’ carbonyls which hadebeen adsorbed
inside UCC-103, resulting in about 8% by weight of
~€:n:lFe.
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APPENDIX B: ANALYTICAL TECHNIQUES

.. . Q-
The new Carle Model 530 gas chromatograph, for on-line

gas phase analysis, required several maaor modlflcatlons ko the
original plumbing scheme to obtaln the desmred chromatographlc

separat;ons, These changes were-made andcthe instrument has been

in service since mid-June. ' s -

The Envirechem/Unacon Model 8103 sample concentratlng purge
and trap G.C., which was ordered to do caplllary column analysis
of the Cg to C,, carbon range "heart—cut" of the LHF product
samples, arrlved in early June. The instrument has been set up
and woEks is underway to develop the analytiecal technlque which
Wlll be used to fracticnate and analyze the heart-cut.

2 The samples of LHF products whlch we reported last quarter
a) had been separated by Perkin-Elmer: into hydrodarbon group-itypes
via liquid chromatography and b) were awaiting efforts by Enviro-
chem to quantitate the ffactlons via their Unacon Model 810B," .
showed the following results: ¥
: 1, The saturates fraction was a lighter cut than
the original sample. Higher boiling saturates
were missing. ] : .
2. Part of the mid to heavy saturates were found
in the olefins fraction.
3. Normal*baraffins were evident in the.aromatics
fraction.— . .

All of these resultls indicate that the highly non=polar’
character of the freqn—tfpe LC»solvent cannot accomplish group
type separations of wide boiling mixtures. l

Perkin-Elmer subsequently tried a pentane solvent system
and returned the separated fractions tc’us for.analysis [iising our
newly acquired Unacon Model 810B. Tﬁe pentane solvent was not able
to separate the saturates from the olefins and therefore was not

" accéptable. Perkin-Elmer expressed a desire to further investigate

techniques to accomplish the desired separations. They indicate
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that the wide boiling range of our samples is the prlmeareason
why current LC techniques have not been successful. ‘ - i

In the shope that ﬁhey can ,resolve these probiems, we have
,placed a conditional purchase order with Perkin-Elmer for an LC
system. Delivery of the LC would not be made until we are satisfied s
with the separatlon wechnlques they develop.J The conditional
purchase order places us on the” manufacturing’ list and is auto-"*
matically cancellad ln four months, if satisfactory, technlques
have not been developed oy that time.

‘Data on FIA analyses (performed on almost all llauld samples
taken this quarter) -are notcpresented in this quarterly report.
Significant discrepancies in analyses, submltted as dupllcates or
from nearly equivalent condltlons, have cast doubt on thé rell-
ability as well as the accuracy and reproducibility of the techniques’
as used for our samples. Work to f£ind a reliable way to distinguish
olefins and aromatlcs'separately from saturates is startlng.
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INTRODUCTION

vDuring the months of June, July, and August,;l9§§ we had
thrée reactor systems in operation - two Berty ihternal recirculation
reactors and one flxed bed micro-reactor. In thé two Berty reactors,
we made ten runs w1th propylene feed (Runs 9972~1 to 9972-10) and
ten ruas w1th syngas feed (Runs 9710-18, 9710-19, 10011~ l to lOOll -6,
9972 ll, and 9972~ 122. In the mlc*o—reactof system, ‘we made flve
runs with propylene feéd. A brlef description of the runs- is pre-
sented in Taﬁles 1, 2 and 3. The catalysts used are descrlbed in
table/ I of Appendlx A. ’

In the Task 1 program fcf evaluation of the shape=-selective
component of the catalyst, we re%ort on the performance of two new
catalysts on propylene feed, oné tested-both with and without co-
fed steam. Steam stablllzes the catalyst performance and slows N
down catalyst deactlvatlon. The first new catalyst was an AlPO4—}l
catalyst, a new microsporous crystalline molecular sieve of the
alunlnophosphate series dlscovered by Union Carbide Corporatlon
- scientists (U.S. _patent 4,310,440). It has’ practlcally no catalytic
. activity for propylene reaction. The result is not surprising,
sinca the as-synthe51zed alumlnophosphate materlals have perfect
electrlc charge balance ln their crystal structure and have no lon
exchange capacity. However, this does not preclude utility as a
shape selective component in syngas reactions of,Task 2. Another
new molecular sieve, UCC-104, was also tested. The selecthltz of..

UCC-104 for liquid products (91 to 95% C5 ) was superlor to that
of LZ-105-6 or UCC-101.

N
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In. the Task 2 program,athe results of syngas operation
using Fe-loaded UCC- 101 catalyst and Mn-Fe-loaded UCC~103 catalyst
are reported. None of the catalysts reported here contain pro-
meters and therefore are not expected to have high selectivities
to heavier hydrocarbons; they are only preliminary tests of activity.
The manganese—lron loaded UCC—103 made by the oxidative decomposition
of the metal carbonyls inside the molecular sieve was almost comple-
tely inactive fg;“F-T synthes;s. “The best run on Fe-loaded UCC-10l
catalyst {(Run 97f3119) was carried out with the Ysactor pressure at

300 péig and temperatures of 250, 284, and 313°C with 60/30/10 ﬁz/qo/

Argon feed. It achieved syngas conversion levels of 34, 47 and 53%
and C5 product select1v1ty of 40, 13 and 7% at the. respective
temperatures of 250, 284, and 313°C. One of the product samples

(Run 9710~19-5 at 250°C) showed a selectivity of 60% Cl--C4 light
ends, 29% C5-420°F gasoline range and 10% 420~7009F diesel range
products. Simulated b01llng point distributions of the collected
liquid products are also presented. The performance of each :catalyst
is also a function of its activation conditions. These are detailed
1n the descriptions of individual runs.

As noted in Appendix B, FIA results obtalned this quarter
are not reported.

-12-



TABLE 1 OPERATING STATUS

PROPYLENE RUNS IN FIXED BED MICRO-REACTOR

FEED C3H6 _
RUN NO. CATALYST H2:C3H6 WHSV PSIG T C LIQUID HC PRODT

10027-1 LZ-105-6 2:1 - 1 150 340 NO
10027 -2 " " " " * YES, 11.3 GM

10027-3 10%2H-Y62 2:1 1 150 340 NO
10027 _4 ] (] u u NO

10027-5 97ZH-Y62 2:1 - 1 150 340 YES, 1.£9°GM
" " " YES, 0.91 GM

©10027-6 40ZH-Y62 2:1 1 150 340.YES, 0.66 GM
10027-7 NA-Y62  2:1 1- 150 340 NO

-13-



TABLE 2 OPERATING STATUS

PROPYLENE RUNS IN BERTY REACTOR

L FEED c3H6
RUN NO. CATALYST H2:C3H6:H20 WHSV PSIG TEMPERATURE C
9972-1 LZ-105-6 1: 1: 0 1 150 280,310,340,370,280
150,75,300 280
300,150,50 370

9972-2 LZ-105-6 1: 1:
9972-3 UCC-101  1: 1:

0.4 150 410
0.4> 150 410
9972-4 UCC-101  1: 1:
9972-5 ALPO-11. 2: 1:

0.5 150 280,340

— w NN

0.5 150 280,340
300 340

9972-6 . UCC-104 1: 1: 0 0.5 150 280,3?0
9972-7 uUcc-104 2: 1: 1 0.5 150 280,3&0
9972-8 UCC-103 1: 1: 0.5 150 280,340
9972-9 UCC-106 1: 1

997210 CA-Y62 1: 1

0.5 150 280,340
0.5 150 280,340

N N

-14-




TABLE 3 OPERATING STATUS

e st et iy

4

"SYNGAS RUNS IN BERTY REACTOR

RUN NO. CATALYST H2:CO:AR GHSV PSIG

TC

%CONV %C5+ SAMPLE NO & REMARKS

I

9710-18 UCC=201  60:30:10.

(FE-UCC-101)
© 9710-19 UCC-201  60:30:10

45:45:10

. 10011-1 UCC-201 ~ 60:30:10

10011-2 UCC-201  60:30:10
45:45:10

' 10011-4 UCC-201 45:45:10

“10011-5 UCC-201  45:45:10

10011-3 UCC~202 45:45:10
(MN~FE-UCCT03) "

10011-6 REF. CAT. 50:5

0:
FE203,K20 45:45:;
© 60:30:

L]

.9972-11 UCC-201  50:50:0
9972-12 FE-Y52 60:30:10

c
10,
10

435

435

300

300
297
294

, 297

220

300
"

100

100
103

105
300

102
98
95
n
93
32

101
190

250

250
284
313
313

280
u
220
219
270
251

273

302

279

220
252

254
254
254
281
309
310
342

252

251
280

-15~=

5.

34
47
53
69

a4
18*

10

9
37
15

37
35

12

3
a

24

40
13
7

17.

15
1

15
32
29
36

19
15

17
7

17

~

*AFTER 113 HRS @410F

BRN OIL TO YLW WAX i
YLN WAX

YLN WAX

YLW GRN WAX

YLW WAX

YLW WAX

YLW OIL
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Propylene Runs in Fixed Bed Micro-Reactor System

4

A fixed bed“micro-reactor system;owned by UCC was used
as an initial screening device on theractivity of several catalyst
candidates as part of the Task 1 test .program. Seven grams of
catalyst was used ln each test. The feed consisted of a mixture
of" ‘hydrogen and propylene at 2:1 H2.C H ‘mole ratio; propylene
was fed at 1 WHSV (we1ght hogrly space velocity). The reaction
was run at 150 péig and 340°C.‘ Propyvlene was fed during day-time
hours only, with hydrogen flowing continuously cvernight. A
catalyst was Usually tested for two days. This is a rough screen-
ing 'test, designed to see if the catalyst has any activity for
making of liguid product. If so, the catalys% may be considered
for further testing in the Berty reactor.

We tested five catalysts in the micro-reactor system:

. LZ-105-6 (ﬁsed as reference) and four modified LZ-Y62 cétalysts
starting with sodium-exchanged LZ-Y62, of various acidity:-Na¥62,

10% H~Y62, 40%H-Y62, 97% H-Y62. In these screering tests, the
respective liquid product makes were: LZ-105-6, 11.3 gm.; Na¥62, none;
10% H~Y62, none; 40%.H-Y62, 0.66gm.; 97% H-Y62, 2.8 gm. These

runs are listed in Table 1.

-16~



Propylene Operation in the Berty Reactor
S —
Hydrogen and steam were co~-fed with propylene into the
reactor in order to éiﬁulate the reactor environment of a syngas
operation in an internal recirculation reactor. The feed com-.

position is expressed in terms of mole ratios of H, C3H6 $H,0.

" The HZ:CBH6 ratio was generally 1 to 1, and on occa51on 2 to L.
The ratio of steam co-fed to propylene included values &% 0, 1,
2 and 3. In alY¥ the reported runs except Run 9972-1, the}feeé
‘mixture was fed continuously without interruption. For Run
9972-1, the propylene was fed during the daytime hours only,
with the hydrogen fed continuously throughout the nlght.

Seven different types of ,catalysts were used in this series
of operations. For the intermediate pore molecular sieves, we
tried LZ-105-6, AlPO4—ll, and for the large pore molecular sieves,
we tried UCC-101, UCC-103, UCC-106 and Ca-¥62, in addition we used
UcC-104. For a description of these’catalysts, please. refer to
the sectlon on Catalyst Synthesis and Characterization in this
report and earlier quarterly reports.

Seven propylene runs (Run 9972-1 to 9972 -7) will be covered
in this report. The prodiuct.samples for the other three runs have
not been fully characterized and will be cevered 1n the next report.

Run 9972-1, Feed 1: l 0 (H 3H6 20) on LZ2-105-6

In this run, as mentioned earlier, the propylene was fed
during éaytime hours with hydrogen being fed continuously overmight.
Since LZ-105~6 is known to be a stable catalyst, it was tested over
an extensive range of temperatures and pressures. The conditions
of the operation and results are tabulated in Tables 4A to 4E.

The Tables list the results including: material balances; conversion
of C HG’ product selectivities grouped by light ends, gasoline
fraction and. diesel fractlon- product characterlzatlons, such as
iso/normal ratiocs, paraffln/olefln_ratlos and boiling range of the
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liguid hydrocarbon samples. The operating conditions wefe 1l:1
.C3H6 mole ratro fed at 1 C3H6 WHSV feed rate, on 30 grams of
catalyst of about 30 cc. volume. The ‘pressure and temperature

schedule (Figure 1) is briefly repeated below (in chronologlcal
orderix.

PSIG TEMP. °C °©

150 280, 310, 340, 370, 280
150, 75, 300 280

300, 150, 50 370

=

Hence=there are data at constant pressure (150 psig) “and increasing
temperatures, as wﬁll as data at constant temperatures (280 and
370°C) with different pressures. These are plotted accordingly in

Jigures 2 and.3. For each of the conditions tested, a simulated

_ boiling point distribution plot of a representative sample is pre-
sented; Samples 1, 3, 5, 7, 12, 14, 16, 17, 20 are shown in Figures
4 through 12. ‘

Flgure 2 shows the effect of temperature on conver510n and
product borllng range. The conversions are high, w1th a range/of
92 to 96%. Higher temperatures resulted in much higher Cl—¢4
light hydrocarbon fractions. The ligquid products also become lighter
with increased temperature. At 280°C, 82% of the:05+ product boils
in tHe gasoline range, that is less .than. 420°F. At 310°C to 340°C,
88-90% of the C5+ product boils in the gasoline range. Comparison
of Flgures 4 to 7 also shows another trend in the composrtlon of
11qu1d product. As- the reaction temperature increases from 280 to .
370°C (going from Figure 4 to 7) the distillation curve becomes
less smooth. Individual components can be distinguished boiling at
230, 285,_and 330°F. These temperatures correspond to the boiling
points of toluene, xylenes and C9 aromatics respectively. Thep
increasing refractive index of the liquid product also supports

the coﬂclusion that the product is becoming more aromatic at the
; higher temperatures. Propane and butane, products\*éfnydrlde

transfer, also increase with temperature, as would be expected with
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increased aromatics production. The kinetics of aromatics formation
should improve with higher reaction tempefature.

Figure 3 shows the effect of pressure at gpnstant temperatures
of 280°C (left side cdlumn of the plots) and 370°C (right side column
of the plots). At 280°C and 75 psig, 86% of the C5+ product was in
f£he gasoline range. This amount decreased to 82% at 150 psig and
80% at 300 psig. IThe hlgher pressure led to a larggf percentage .
of the liquid product bolllng aBove the gasoline range. Increased
pressure, i.e., concentratlon, would be expected to increase addition
reactions,®leading to heav1er products. ;

At 370°C,’ (see the right side column of plots in Figure 3)
there was a major increase in Cl-C4 fraction with increased pressure,
mostly in the form of propane and butane (samples 16 and 17). Whlle
the absolute”amouﬁt of=C 5+ narkedly decreased with increasing pres-
sure, the CS+ that was produced became heav1er, just like at 280°C.
At 50 psig, 92% of the C "product was “in the gasoline range. At
150 psig this pex centage was 89 and at 300.psig it was only 84.

The simulated dlstlllatlon plots also show another trend with in=
creasing pressure (showh in Figures 12, 7, and 10 going fxrom 50 psig
to 150 psig to 300 psig). Thée curve becomes less smocth, i.e. the
distillation of individual components becemes more pronounced with
increasing pressure. The refractive index also increases with
increasing pressure. These observations of the liguid product along
with ‘the changes in the propane and butane producition are all con-
sistant with greatér aromatics production at higher pressures. The
propane and butane are the products of the Hydride transfer neces-
sary to form the aromatics. This would be a bimolecﬁlar reaction,
the rate of which would increase with pressure. This was not seen
at 280°C because the temperature was too low for the kinetics to
allow sxgnlflcant production of aromatlcs. A total of 21 product
collections were made with pressure and temperature conditions as
deplgted in Figure 1.
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TABLE 4A PROPYLENE(WITH.HZ) OPERATION

RUN NO. 9972—01

CATALYST LZ~105-6 #9939-01 50 CC 30.0 €M (33.16 GM AFTER THE RUN)

FEED . C3H6/H2 @ 1/1 MOLE RATIO, 290 CC/MIN H2 FLOW, C3= FLOW 7 HR/D
C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F)

z

RUN & SAMPLE NO. 9972-01-1 99;%-01-2 9972-01-3 9972-01-4 9972-01-5

2 e e g e e 2 e s e e e s e e
SSSSRmsmn oDEom=Domis ==S=SSs=c

C3H6 WHSV 1.1 1.0 1.7 1.1 T.1
HRS ON STREAMS5 2.5 ° 7.5 11.0 . 14,0 17.5
PRESSURE, PSIG 152 148 144 142 143
TEMP. C . 278 279 307 307 336
FEED C3H6 CC . 131.51  314.0  198.2 195.07 -195.07
HOURS FEEDING 2.0 5.0 3.0 3.0 3.0"
EFFLNT GAS LITER 45.2 116.9 711 - 70.3 78.3
GM LIQ HYDROCARBON 32,77 93.30 42.13 51.31 . 32.75”
WT FR. LIQ HC/FEED  .4882 .5821 4165 .5153  ° .3289
MATERIAL BALANCE WT % 83.99 90.23  80.26 - 90.80 82.83
C3H6 CONVERSION % 93.70 96.19  94.65 94,65 95.27
PRDT SELECTIVITY WT %
CH4 . 0.0509  0.0387  0.1174 . 0.0911  0.2584
C2 HC'S 0.1635  0.1226  0.0000  0.2999  0.7806
C3Hs 6.7851  9.0719  6.4647  4.4276 10.5096
C4H10 i 5.3615 2.8712  9.2434  6.6405 16.0236
CaHg= 3.5921  3.7820  4.7222  4.6925  4.3213
C5H12 | 3.9458  2.2712  6.933¢  5.3198  10.2667
C5H10= 4.0046  4.2365  4.4360  4.7022  3.3246
C6H14 3.0899  2.1888  4.2713  3.6977  5.0462
C6H12= & CYCLO'S 1.8936  2.0526 1.9870 1.6435  0.9596
C7+ IN GAS 5.2618  4.6779  4.9821  6.3212  5.4495
LIQ HC'S 65.8512 ;" 69. 1784 . 56.8424  62.1638  43.0597
TOTAL 100.00 ° 700 oo 100 oo 100 .00 100.00
SUBEROUPING ‘ § )
Cl -C4 15.95 1589 vzo.ss : \16 5 31.89
C5 -420 F . 70.61  69.14° - 69.79 - 73.59 60.51
420-700 F 13.43"  14.42° ' 9.38 - 10.26 7.43

C5 -END PT 84.05 84.11 .- 79.45 83.85 ~ 68.11
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ISO/NORMAL FOLE RATIO ‘
c4 1.1677  1.2819  1.7247  1.8769  1.507]

cs | 2.7926 2.7286 2.7825 2.8644 2.5075

ce - 2.8870 2.1805 3.0477 -2.7869 3.5047

C4=" = 04146 0.3881 0.43E9 0.4324 0.4413
PARAFFIN/OLEFIN M RATIO )

€3 ' 0.9677 2.1937 1.0930 0.7481 2.0319

c4 1.4408 0.7328 1.8895 1.3660 3.5794

C5 0.9578 0.5211 1.5193 1.0997 3.0018

LIQ HC COLLECTION
PHYS. APPEARANCE CLEAR OIL CLEAR OIL OIL,LT BL OIL,LT BL OIL,YL GR
DENSITY 0.759 _ 0.761 0.777 0.755 -0.797 -
N,REFRACTIVE INDEX 1.4346 = 1.4337 1.4457 1.4399 1.4684
SIMULATED .DISTILLATION r

10 WT % @ GEG F. 172 - 183 157 162 159
16 204 210 192 193 195
50 - 315 321 297 300 299
84 445 453 . 426 423 431
90 492 ' 503 475 ' 468 477
‘RANGE (16-842) 241 243 234 230 - 236
WT % @420 F 79.6 78.2 83.0 . 83.5 82.4

WT % @700 F 100.0 99.2 99.5 100.0 99.6

4]
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y TABLE 48 "PROPYLENE (WITH H2) OPERATION

RUN NO.. 9972- 01
CATALYST LZ-105-6 #9939-01 50 CC 30 0 GM (33.16 GM AFTER THE RUN)

FEED C3H6/H2 @ 1/1 MOLE RATIQ, 290 CC/MIN H2 FLOW, C3= FLOW 7 HR/D
C3H6 MW= 42.0813 DENSITY= 0.57041 GM/CC (@73 F)

RUN & SAMPLE NO.  9072-01-6 8972-01-7 9872-01-8 9972-01-9 9972-1-10

C3H6 WHSV 1.1 7.1 1.1 . 14 1.1
HRS ON STREAMS 21.0 25:0 29.0  32.5 37.5
PRESSURE, PS 16 145 147 145 % 147 150
TEMP. C ‘ 337 370 370 - 282 282
FEED C3H6 CC 223.39  230.94  247.30  193.81  292.60
HOURS FEEDING 3.5 3.5 4.0 3.0 4.5
EFFLNT GAS LITER 85.4 90.3  101.7 72.9  109.2
GM LIQ HYDROCARBON  49.15  29.72  44.4] 58.77 ' 86.62
WT FR. LIQ HC/FEED < .4311 .2521 .3518 .5941 .5800
MATERIAL BALANGE WT % 90.36  85:4] 92.38  95.08  93.74
C3H6 CONVERSION 2% 95.04  95.20  97.06-  86.37  89.19
PRDT SELECTIVITY WT % ,
CH4 0.2065 0.5748  0.4903  0.0294  0.0276
C2 HC'S 0.6403  1.5026 1.3124  0.0200  0.0762
C3H8 . 7.1552 17.8821 14.0543  3.0480  8.1101
. C4H10 12.1173  21.1874 16.9210  1.1281  1.4564
C4HE= 4.7449  4.1059  4.0579  4.7259  4.1347
C5H12 8.4045 10.2999  9.4264  0.9042  1.0794
C5H10= 3.8333  2.3068  2.8045  4.8598  4.3935
CEH14 4.3723  4.1523  4.2326  1.5975  1.5156
C6H12= & CYCLO'S 1.5794  0.8800° 0.8119  2.6501  2.6697
C7+ IN GAS . 5.2174  5.2134  5.6469  5.8134  5.2274
LIQ HC'S 51.7287 31.8948 40.2417 75.2225 71.2092
TOTAL | 100.00  100.00  100.00  100.00, 100.00
SUBGROUPING
1 -Ca 24.86  45.25  36.84 8.95  13.81
C5 -420 F 67.17  47.38  56.89 75.10 - 71.10
420-700 F 7.97 . 7.24 6.28  15.87  15.03
C5 -END' PT 75.14 54,75  63.16  91.05  86.19
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2 4 . bY

ISO/NORMAL MOLE RATIO : ‘o
ca . 3967 1.1239 0.5756

5 1.653,  1.3480 1, ]
s 2.5364  2.7891  2.5174  2.4760 - 1.5747
C6 2.9060  4.8999  3.6158  1.5029 . 1.2075
4= 0.4366  0.4201  0.4834  0.3231  0.3400
PARAFFIN/OLEFIN M RATIO .
€3 - 1.3100  3.4063  4.4573  0.1845  0.6397
c4 s 2.4652  4.9813  4.0253  0.2304  0.3400
cs 1 2.1312  4.3303  3.2672  0.1809  0.2388

LIQ HC CDLLECTION
PHYS. APPEARANCE OIL,YL GR OIL YL GR OIL,YL GR OIL,YLs/GR: OIL,YL GR
. DENSITY s 0.773 0.839 8. .815 0.753 - 0.736
®  N,REFRACTIVE INDEX 1.4562 1.4972 1.4732 1.4287 1.4305
SIMULATED DISTILLATION '

10 WT %.@ DEGF. 155 188 - 161 18 187
16 191 224 196 212° 212
50 204 321 299 324, 323
84 416 457 . M7 449 449
90 463 . 489 - 466 43a: 4%
RANGE(16-843) 225 233 221 _ 27 aar |
WT % @420 F 8406 , 76-9 , 84-4 N 78.8”\" . 78.8
T % 0700 F 100.0 9.6 *  100.0 ~ 99.9 ’ 99.9
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| TABLE ac
RUN NO.  9972-01

PROPYLENE(NITH H2) OPERATION

CATALYST LZ-105-6 #9939-01 50.CC 30.0 GM (33 16 GM AFTER THE RUN)
FEED 'C3H6/H2 @ 1/1 MOLE RATIO, 290 CC/MIN H2 FLOW, C3= FLOW 7 HR/D

C3H6 MW= 42.0813

RUN & SAMPLE NO.

C3li6 WHSY

HRS ON:-STREAMS-
PRESSURE,PSIG
TEMP. C

FEED C3H6 CC
HOURS FEEDING
EFFLNT ‘GAS LITER

GM LIQ HYDROCARBON ¢

WT FR. LIQ HC/FEED

DENSITY= 0.5104] GM/CC (€ 73 F)

9972-1- 11‘9972-1-12 9972-1-13 9972-1-14 9372-1-15

28z .-

- 186.26

3.0
74.1
57.36

.6034

MATERIAL BALANCE WT % 100.21

C3H6 CONVERSION %

PRDT SELECTIVITY WT %

CH4
L2 He's 5.
“C3Hg
C4K10 -
C4Hg=

© C5H12
C5H10=
C6H14

- C6H12= & CYCLO'S

C7+ IN GAS
LIQ HC'S |

TOTAL
SUBGROUPING
€1 -C4
C5 -420 F
-420-700 F
C5 -END PT

84.11

[ h!
0.5248
0.07%3.
265357
0.7715
5.0642
0.7983
4.8852
1.7032
3.4710

6.0648"

74.4924
100.00

8.5852
75.3244
16.0159
91.4148

1.1
44.0
74

279

188.78,
3.0
77.2
53.72
.5575

97.00

gy, 99

0.0167
0.0594
2.2477
0.6357
6.2363
0.5001
5.8271
1.6093
3.6054

56,7315

72.5307

-100.00

9.1957
78.1839
12.6204
90.8043

1.1
48.0
73
281

258.63
4.0
104.2

69.70
.5280

. 98,26

78.37

0.0190
0.0659

2.1299

0.6745
6.6248
0.5482
6.2591
1.7335
3.5951
8.6878
69.6620

100.00,

9.5141
78.7827

11.7032 .,

90.4859

~24-

el
52.0
299
283

219,61
3.5

79.9 ..

45.24

- .4036

xdekekk

71.43
85.87,

0.0809
0.1805
6.6429
1.9969
- 4.0554
“1.2119
4.3761

1.9060-

3.0626
6.1712
70.3155

100.00. v

12.9566
68.4098
17.8602
87.0434

1.0
55.5
303
289

210.80
- 3.5
80.4
59.4¢6
.5526

91 '70
89.09

0.0688:
0.71589 -
4.7074
1.7005
3.6196
1.1676
3.9528
4.5162
2.6430
5.0870
72.4052

N

100.00 < -

10.2852
72.7296°
16.6532
89.7448



g

ISgﬁNORMAL MOLE RATIO

. £1.1515 ' 1.2932 1.4982  0.6539 . 0.8371
c5 ©2.3461  2.7149  2.6332  2.1944  2.4042
Cé 1.4732  1.2844  1.2987  1.4945  6.2711 '
Cd= 0.2901  0.2939  0.3045  0.3169  0.3289

PARAFFIN/OLEFIN M RATIO

c3 0.1341  0.0913  0.0737 0.3865  0.3679
c4 - 0.1471  0.0984  0.0983 - 0.4753  0.4535
c5 0.1588  0.0834  0.0851 r 0.2692., 0.2891
.IQ HC COLLECTION ¢
PHYS. APPEARANCE LT YL OIL LT YL OIL LT YL QIL LT YL OIL LT Yk OIL
DENSITY 0.726 0.719 0.719 - 0.713 0/783

N,REFRACTIVE INDEX 1.4309  ‘1.4288 1.4289 1.4304 144320
SIMULATED DISTILLATION i

10 WT % @ DEG F. 189 178 173 205 193
16 L 213 209 * 208 233 217
50 324 308~ - 305 341 328
84 . 450 427 424 475 461
90 495 4695 466 524 509
RANGE(16-84%) 237 218 . 216 242 244
WT % 8420 F 78.4 . 82.6 ~ 83.2.  73.5 - 76.5
WT % @700 F - 99.9 100.0 100.0 _  98.9 99.5
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" TABLE iD PROPYLENE(WITH H2) DPERATION

¥

RUN NO.  9972-01
CATALYST LZ-105-6 #9939-01 50 CC 30.0 €M (33. 16 GM AFTER THE RUN)

FEED C3H6/H2 @ 1/1 HMOLE RATIO, 290 CCMIN H2 FLOW, C3= FLOW 7 HR/D,
C3H6 Mu= 42 0813 DENSITY— 0.51041 GM/cC (@ 73 F) =

RUN & SAMPLE NO. 9972-1-16 9972-1-17- 9972-1-18 9972-1-19 9972 1-20

C3H6 - WHSY 1.0 - 1.0 1.1 1.1 1.1
HRS ON STREAMS 59.0 .62.0 65.5 68.5 72.5
PRESSURE, PSIG 307 300 150 153 52

. TEMP. C 371 369 363 364 n
FEED C3H6 CC 182.48  183.11 188.78  185.63  221.50
HOURS FEEDING - 3.0 3.0 3.0 3.0 3.5 °
EFFLNT GAS LITER 70.0  70.3 76.0 *  75.5 96.1
GM LIQ HYDROCARBON 8.81 14.80 30.79 36.92 41.22

WT FR. LIQ HC/FEED  .0946  .1584 . .3195  =.3897  .3646
MATERIAL BALANCE WT % .90.11  87.50  83.58  -95.97  94.02

C3H6 CONVERSION % 98.05  97.25  93.47 94.22  89.15
PROT SELECTIVITY WT 3 ‘ ,

-CH4 1.8615  1.3055 0.3256 0.4916  0.0142
C2 HC'S 4.4719  3.1024 _ 0.0000 0.0000  0.9910
C3H8 47.1570 35.5407 '10.7354 10.8825  8.1611
CaH10 20.5693 20.6111 15.9695 14.9539 12.5917

_ CAHg= 1.1714  1.9056  5.7303  5.1026 - 9.8380

" CSH12 . 6.5860  8,1639  9.5202  8.7946  6.7556
C5H10= 0.4300 1.2504  4.0157  3.4684  5.9569
C6H14 -~ - 2.6697  3.2520 4.6131° 4.3146  3.7071

. C6H12= & CYCLO'S 0.3932  0.5338  1.4037  1.4463  1.9894
C7+ IN GAS 3.2135  4.4145 5.3114  5.8777  5.9876
LIQ HC'S 11.4765 19.9201. 42.3751 44,6677 44.0073
TOTAL 100.00  -100.00  100.00  100.00  100.CO
SUBGROUPING : .

1 -C4 75.23  62.47  32.76 31543 _ 31.60
C5 =420 F . 20.41 ° 32.42 °60.03  62.32 © 63.08
420-700 = 4.18  -5.12 7.20 6,25 5.32
C5 -END T 24,77  37.53  67.24  68.57  68.40
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ISO/NORMAL MOLE RATIO
' C4 0.9991 1.0912 1.4695 1.4744 1.7370

C5’ - 2.8005 2.9919 2.5089 2.6507 2.6828
cé 6.3846 5.4527 3.3978 3.6525 3.7930
C4= " 0.4617 0.4555 0.4329 0.4290 . 0.4345

. PARAFFIN/OLEFIN M RATIO
€3 23.3722 12.2638 1.4624 1.6976 0.6412
C4 16.9506  10.4408 2.6902 2.8290 1.2355 °
5 - 14.8880 6.3466 2.3045 2.4648 1.1024

'LIQ HC COLLECTION '
PHYS. APPEARANCE LT Y& OIL LT YG OIL LT GR OIL YL GR OIL YL GR OIL
DENSITY f0.925 0.853 0.780 0.794 0.825

N,REFRACTIVE INDEX 1.5142 1.5004 1.4766 1.4610  '1.4651
SIMULATED DISTILLATION

1T0WT % @ DEGF. ' 232 199 160 155 158
16 . 265 233 196 193 192
“50 : -4 363 327 299 292 288
84° 488 473 428 407 398
90 i 528 500 472 451 437
-=RAMGE'T1,6-84%) - 223 240 232 214 206
WT 3 @420 F 62.0 74.3 83.0 86.0 . B87.9
WT % @700 F 98.4 100.0 100.0 100.0 100.0
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TABLE 4E PROPYLENE(WITH H2) OPERATION

RUN NO. -9972-01 - i

CATALYST LZ-105-6 #9939-01 50 CC 30.0 GM (33.16 GM AFTER THE RUN)

FEED C3H6/H2 @ 1/1 MOLE RATIO, 290 CC/MIN H2 FLOW, C3= FLOW 7 HR/D
C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F)

RUN & SAMPLE NO. 9972-1-21

C3H6 WHSY : 1.8
HRS ON STREAMS "75.5
PRESSURE,PSIG 47
TEMP. C 3N
FEED C3H6 CC 190.67
HOURS FEEDING 3.0
EFFLNT GAS LITER 80.0

.GM_LIQ HYDROCARBON = 29.44
. WT FR. LIQ HC/FEED .3025

MATERIAL BALANCE WT % 85.39 .~

C3H6 CONVERSION % 96.77
PRDT SELECTIVITY WT %
CH4 0.0137
C2 HC'S = 0.0000
C3H8 16.2809
.. C4H10 13.6646
C4H8= 7.8575
C5H12 . 7.5489
C5H10= 5.3913
CeH14 3.9106
C6H12= & CYCLO'S 1.5540
C7+ IN GAS | 6.7336
LIQ HC'S 37.0448
TOTAL - 100.00
SUBGROUPING .
€1 -C4 37.82
C5 =420 F 57.70-
420-700 F 4.49

C5 -END PT 62.18
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ISO/NORMAL MOLE RATIO

C4 1.2401
c5 . 2.1048
c6 2.2465
C4= 0.5205

PARAFF IN/OLEFIN M RATIO
€3 4.6953
ca 1.6787
C5 1.3611

- LIQ HC COLLECTION
'PHYS. APPEARANCE YL GR OIL
DENSITY 0.772
N,REFRACTIVE INDEX 1.4617
SIMULATED DISTILLATION
10 WT % @ DEG F. 158

16 192
50 287
84 406
50 433
RANGE (16-84%) 214
WT % @420 F- 87.9
WT % 6700 F 100.0
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FIGURE 1 RUN 9972-1

IDENTIFICATION OF

PRESSURE & TEMPERATURE AT WHICH
PRODUCT SAMPLES WERE TAKEN

CATALYST: LZ-105-6

FEED: . H2:C3H6 @1:1 & 1 C3HE WHSV
PSIG
300 + 14,15 . 16,17
150 + 1,2 3,4 5,6 7,8
9,10,11 : 18,19
75 + 12,13
50 + ' 20,21
00 + + s + +
280 310 340 370

TEMPERATURE DEG C
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FIGURE 2

EFFECTS OF TEMPERATURE '
ON PROPYLENE OPERATION
WITH LZ-105-L AT 150 RSIG
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FIG. 3 EFFECT OF PRESSURE ON PROPYLENE OPERATION WITH L2-105-
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.

Run 9972-2 Feed 1:1:2 (H,:C.H :H.,0) on LZ-105-6

Mobil 0il in U.S. Patent 4,150,062 previously disclosed
the effect of steam én the propylene oligomerization activity of
ZSM-5 in a fixed bed reactor. The conversion of propylene was
stable with and without steam. The steam gave lower hot spots
leading to a more favorabie product distribution, less. coking of
the cgtalyst and less Cio and Ci1 aromatics as a fraction of the
total aromatics.

The effect ofnsteam on the propylene oligomerization activity
of LZ-105-6 can.easily be seen by comparing the present test, 9972-2,
with one reported last quarter, 9710-13. The process conditions
for 9972-2 were 150 psig, 410°C and 0.4 WHSV of C3H6 with a Hz:
C3H6:H20 equal to 1l:1:2. Tables 5A and 5B and Figure 13 show the
results of this test. Table 5C and figure 14 repeats the results
of test 9710-13, which had process conditions similar to 9972-2
except that the propylene was fed at 1.0 WHSV with no co-fed water.

The présent test gave very constant operation with little
change in either the conversion or product selectivity. This was
not true for run 9710-13 which showed both decreasing conversion
and changes in product distribution with time. To examine the
effect of steam on product selectivity, the products of the present
run should be compared to the initial products of 9710-13, that is
before the effects of deactivation dominated the selectivity. The
initial conversions were very similar at approximately 97%. The
C, and C, selectivi???s'were slightly higher without steam. The
sum of the propane <ind butane production, the products of hydride
transfer .to the olefins, was constant with and without steam but
the -individual concentrations were different. The C5+ selectiv-
ities were also very close. The refractive indices of 9710-13-1
and the samples from run 9972~2 are all close to 1.5. This fact
along with the high propane and butane production again implies a
highly aromatic liguid product. The distillation of the individual
aromatid‘components can again easily be seen in the simulated dis-
tillation plots. This is consistehE*Eith what was seen in the

M

-42-



pfévious run,:that aromatics are produced at the higher temperatures.
The addition of steam to the reactor does not seem to significantly
affect this afomatlzatloh process The simulated distillation of “
9972-2-2L or -6L (Figures 152 ‘and 15B) looks llke that of 9710-13-1%=
(Figure 1l6A). The major difference is at m450°F and V475°F where
the distillation gf individual compounds can clearly be seen in
9710-13-1L and not in 9972-2-2L. This is consistent with the find-
ings of Mobil where heavier compounds are decfeased upon the addi-
tion qf steam. For run 9972-2 an average of 93% of the C5+ pro-.
ducts boiled in the gasoline range. The simulated disqillation
curve for the later sample in the run without steam (Figure 16B)
clearly differs from the other three curves. o )

Whep all_the aspéZts of the samples are coﬁsigéred, the
samples of 9972-2 are very mich like 9710-13-~1. Itgéan easily be
seen that 9710-13-1 is much more like 9972-2-2 than like 9710-13-2.
Unlike what Mobil found with 2ZSM-5, the major effect of steam with
L2- 105—6 in the Berty reactor system is simply to lock the catalyst
1nto lts initial reactivity and not allow deactivation. The slight
changes in the product selectivities seem secondary effects.
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TABLE 5A PROPYLENE(WITH H2) OPERATION

RUN NO. 9972-2 -

CATALYST LZ-105-6 #9939-01 50 CC 35.0 GM (34.27 GM AFTER THE RUN)

FEED H2:C3H6:H20 @ 1:7:2 MOLE RATIO,0.5 C3H6 WHSV,CONTINOUS OVERNITE
C3H6 MW= 42.0813  DENSITY= 0.51041 GM/CC (@ 73 F)

TARGET FLOW: C3H6 34.3 CC/HR H2 168 CCMN, 10.08 L/HR H20 15 CC/HR

ACTUAL FLOW: 27.77 CCHR EFFLUENT 10.70 L/HR 10.63 CC/HR

RUN & SAMPLE N0: 9972-2-1 9972-2-2 9972-2 3 9972-2-4 9972-2-5

£ o o oy T s A S e 2t e
SEESSNRIoE Z=EzssoEs

C3H6 WHSY 0.4 0.4 0.4 0.4 0.4
HRS ON STREAMS 7.5 24.5 29.5 47.5 53.
PRESSURE,PSIG” = 174 154 162 158 176
TEMP. C 410 410 408 - 409 409
FEED C3H6 CC 213.95 487.67 132.14 503.4 138.44
HOURS FEEDING: : 7.5 16.83 5.17 18.0 5.5
EFFLNT GAS LITER 82.0 187.5 47.3 198.0 47.9
GM AQUEQOUS LAYER 73.59 176.58 50.10 182.02 57.73

GM LIQ HYDROCARBON 25.02 63.46 18.87 69.68 20.61
WT FR. LIQ HC/FEED, . .2291 .2549 .2798 2712 «2917

"MATERIAL BALANCE WT i',94.99 96.22 97.55 97.05 94.42

C3H6 CONVERSION % 97.90. 96.00 96.97 97.03. 97.19
PRDT SELECTIVITY WT %
CH4 0.7609 0.3632 0.3466 0.3315 0.3093
C2.HC'S 2.2081 1.4594 1.3206 . 1.3695 1.2670
C3H8 30.7507 22.1348 "21.01Z7 21.3033 19.4161
C4H10 25.4877 28.4025 27.4300 28.3054 26.3262
C4H8= - 1.2135 2.3285 2.0277 2.0841 2.0393
C5H1Z2 - 6.9660 9.7110 9.8116 10.1027 9.7838
C5H10= 0.0228 0.0533 0.0408 0.0458 0.0467
C6H14 1.1132 1.7058 1.7949 1.7990 1.9180
C6H12= & CYCLO'S 0.2425 0.4559 0.4736 0.5002 0.5593
C7+ IN GAS 5.8875 5.4898 4.9319 5.0625 5.1790
LIQ HC'S 25.3472 27.8960 30.8052 29.0959 33.1554
TOTAL 100.00 100.00 100.00 100.00 100.00
SUBGROUPING
C1 -C4 60.4208 54.6884 52.1421 53.3939 49.3579
C5 -420 F 34,3830 42.4941 44.0997 44.1912 47.1974
420-700 F - 5.1962 2.8175 3.7582 2.4150 3.4447
C5 ~END PT 39.5792 45.3116 47.8579 46.6061 50.6421
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ISO/NORMAL MOLE RATIO

c4 2.0769
cs 5.4191
C6 7.6082
C4= 0.4614

PARAFFIN/OLEFIN M RATIO
c3 13.8700
c4 20,2750
c5 297.3053
LIQ HC COLLECTION
PHYS. APPEARANCE  OIL
DENSITY 0.888

N,REFRACTIVE INDEX

SIMULATED DISTILLATION

10 WT % @ DEG F.
16

50

‘84

90
RANGE(16-84%)
WT % @420 F

WT % 6700 F

1.5114

231
236
293
439
475

203
79.5

100.0

2.4555
5.6217
7.6459
0.4953

5.1500
11.7749

177.1607

oIL
0.863
1.4996

231
235
289
389
430

154

89.0
100.0

2.3613  2.4110
5.3059  5.6500
7.3716  7.7657
0.4677  0.4910
6.5519  6.8021

13,0582 13.1106

233.8688: 214.3594

)

oIL oIL
'0.862  0.849
1.4957  1.4975
221 218
233, 234
289" 290
396 372
435 405
163 138
88.0 91.7

100.0

~-45-

100.0

2.3919
5.5687
7.4144
0.4850

6.5335
12.4617
203.8476

0IL
0.852
1.4906

209
233
290
387+
425

154

89.6
100.0



TABLE 5B

PROPYLENE(WITH H2) OPERATION

RUN NO. 9972-2 ‘ '
CATALYST LZ-105-6 #9939-01 50 CC 35.0 GM (34.27 GM AFTER THE RUN)

FEED H2:C3H6:H20 @ 1:1:2 MOLE RATI0,0.5 C3H6 WHSV,CONTINOUS OVERNITE
C3H6 MW= 42,0813 DENSITY= 0.51041 GM/CC (@ 73 F)

TARGET FLOW: C3H6 34.3 CC/HR H2 168 CCMN, 10.08 L/HR H20 15 CC/HR
ACTUAL FLOW: 27.76 CCHR EFFLUENT 10.70 L/HR

RUN & SAMPLE NO.

10.63 CC/HR

9972-2-6 9972-2-7

0.4

C3H6 WHSV 0.4
HRS ON STREAMS 7.8 79.1
PRESSURE, PS 16 168 168
TEMP. ¢ 410 409
FEED C3H6 CC 516.62  223.37
HOURS FEEDING 18.75 7.417
EFFLNT GAS LITER 205.3 80. 4
GM AQUEOUS LAYER 194.21  75.49
GM LIQ HYDROCARBON  75.98  30.74
WT FR. LIQ HC/FEED  .2953  .2696
MATERIAL BALANCE WT % 109.24  99.83
C3H6 CONVERSION % 96.47 - 96.39
PRDT SELECTIVITY WT % .
CH4 0.2351  0.2629
C2 HC'S 1.1456  1.2075
C3H8 17.7434  18.8471
C4H10 30.3350 28.7799
CAHg= 2.8610  2.7738
C5H12 13.1666 11.5828
C5H1 0= 0.0674  0.0600
C6H14 2.2889  2.3055
C6H12= & CYCLO'S 0.6315  0.6871
C7+ IN GAS ©3.8993 -4.7166
LIQ HC'S 27.6253  28.7768
TOTAL 100.00  100.00
SUBGROUPING
c1 -c4 - §2.3210 51.8712
€5 -420 F 46.1596  46.2583
420-700 F 1.5194  1.8705
C5 -END PT- 47.6790 48.1288
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ISO/NORMAL MOLE RATIO

c4 2.2820
c5 - 5.5353
c6 7.5869
C4= 0. 4842

r "l“

PARAFF INJOLEFIN M RATIO
c3 L 4.7488
c4 * 10.2385
5 189.8147

LIQ HC COLLECTION
PHYS. APPEARANCE OIL
DENSITY 0.837
N,REFRACTIVE INDEX 1.4841
SIMULATED DISTILLATION
10 WT % @ DEG F. 180

16 230
50 287
84 354
90 385
RANGE(16-84%) 124
WT % @420 F 94.5
WT % @700 F 100.0

{:

2.3460
4.9806
6.7056
0.4699

4.9172
10.0159
187.8043

0lIL
0.840
1.4920

197
234
291
358
392

24

93.5
100.0
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CONVERSION OF C3Hy, 7

PRODT SELECTIVITY, Wt 7,

"

: ) : FIGURE 13
oo ,

RUN 9972-2,LZ-105-6
C HeiC3HiHo @ 13122
CaHy WHSV = ol
50+ 150 PSIG
4lo °C

] io ‘20 3o 4o So be 7 8o HouRs

0

‘\CI"CL .

/’/\/—f\/\\,’\/’ $Co Aliphmﬁ;g In EfFluent Gas
Other Liquid Products '

——

PRODT CHARACTERIZATION,wt %,

o A e e e —— -

9 la 20 30 ho Se bo 1o 8o Hours
jloco

SATURATES
50
AROMATICS LEEIN

o , A ; : . . .

] jo 20 3s Qo So 6o 7o g0  Hours

-48~



" RUN NO.
CATALYST LZ~105-6 ##9939-~01

TABLE 5C
9710-13
FEED

C3H6 MW= 42.0813

RUN & SAMPLE NO.

- PROPYLENE(WITH H2) OPERATION

43°CC  30.00 GM (34.05 GM AFTER THE RUN)
C3H6/HZ2 @ 1/1 MOLE RATIO, 285 CC/MIN H2 FLOW
DENSITY= 0.51041 GM/CC (@73 F)

9710-13-1 9710-13-2 9710-13-3 9710-13-4 9710-13-5

C3H6 WHSV

HRS ON STREAMS
PRESSURE,PSIG
TEMP. €

FEED C3Hd CC

HOURS FEEDING
EFFLNT GAS LITER
GM LIQ HYDROCARBON
WT FR. LIQ HC/FEED

MATERIAL BALANCE WT %
C3Hé CONVERSION %
PRDT SELECTIVITY WT ¢
CH4
€2 HC'S
C3H8
C4AH10
C4H8=
C5H12
CSH10=
CeH14 =
- CEH12=
C7+ IN
LIO

TOTAL
SUBGROUPING
€1 -C4
C5 -420 F
420-700 F
C5 -END PT

1.0 1.0 1.0 1.0
6.5 23.5 30.5 49.3
149 149 149 149
410 410 410 410
393.3  1076.0 - 440.8  1071.6
6.5 16.833  7.167 - 16.833
174.9  456.1 197.2 ~ 488.89
33.42 129.66  70.38  146.32
1665  .2361 3128 L2675
86.78  79.47  91.58  89.54
97.23 - 90.51 86.69  72.82
2.9546  1.6485  1.5167  1.6234
6.7002  3.3402  2.9545  2.6541
39.2707 16.2012 10.9699  6.3160
16.6900 15.4444 70.4353  2.8838
1.1912  7.1262  10.2218  14.5296
4.2091  6.8590  5.2173  1.6728
0.4215  3.8409  5.8190  8.8444
1.1600  3.4388  3.2288  2.6794
0.0624 1.7218  1.9208  5.2912
7.3186  7.4208  7.8250 12.2993
20.0216 .32.9583 39.85i5  41.2062
100,00  100.00  100.00  100.00
66.81  43.76  36.10  28.01
26.37  49.81 50.59  69.11
6.83 6.43 4.31 2.88
33.19  56.24  63.90  71.99

“49 -

410

394.46
" 6.50
202.60
33.20
.1649

94.07
55.63

1.5844
3.4606
6.6522
1.9024

" 16.3015
= 1.0093

9.6614

3.6413

9.5745
14.3433
31.685

100.00

29.90
68.51

1.59
70.10



ISO/NORMAL MOLE RATIO T :
C4 1.10817 1.5723 1.6006 1.3520 1.1954

c5 3.0558 2.5625 2.3316 1.9811 1.7615
Cé : 6.5961 3.5364 2.6188 1.2322 =1.2927
C4= 0.4641 0.411% 0.4069 0.3560 0.3379

PARAFFIN/OLEFIN:-M RATIO
c3 13.4417 ° 1.4833 0.6843 0.1621 0.0801

C4 13.5250 ~ 2,0921___0.9855  0.1916  0.1727
c5 . 9.7059 ¥ 1.7359°70.8716  0.1838  0.1015
LIQ HC COLLECTION - : : ‘
PHYSIGAL:APPEARANCE OIL OIL i  OIL 0IL 0IL
DENSITY 0.904  0.843  0.789  0.763  0.735

N,REFRACTIVE INDEX 1.5358 1.4972 1.4646 | 1.4485 1.4340
SIMULATED DISTILLATION ; '

10 WT % @ DEG F. . 235 191 160 158 160
16 . e B..2238.__ 231 192« 178 181
50 335 A7 286 266 261
84 481 441 39) 365 350
90 499 _480 427 397 38
RANGE (16-84%) 243 7 _ 210 199 187 169
WT % @420 F 65.9 80.5 89.2 . 93.0 95.0
WT % @700 F 100.0 « 100.0  -100.0 ~ 100.0°  100.0

-,
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7

PRODT SELECTIVITY Wt 7,

PRODT CHARACTERIZATION, WL,
@ .
o

joa

Hé' Zu
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CONVERSION OF (3
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Sa

a0

| _FIGURE ~ 14

"
1

RUN 9710-13, L2056
Hz:C3Ho @ I1:1, No waier
CsHy WHSV =- 1,0
‘156 P5IG

Jio “C

o  Other Ligud Products

———— —

HZO'F+ | e e e

0

o, 20 30 4o So bo 7o 8% 4o 190 Hours

SATURATES

OLEFINS

AR__OMATICS

o W !
J— P— L - 'Y i

0o 20 30 Y S0 s W B 9o 10o HOURS



(4) Iniod aN110d

2801 [86 968 paL 989" 985 2ov a0t 260z pel L/

AL AMAMASAAS A AR AR A= 8
SRS TSP FOTETRS YOO HOUTOOTUO SOOI SOOI N 4 ]

: : - : : ; I : 1

. m. ; : : : m [ : :
ﬁ... enemesssren .w ...... ......-M......_.-...:..m...-.-...-......n esstaretenee m o ..:......-..m-......-.mm....m- ecvsssveanme .m..........o...“ @N

¢ 4@82~0 HLSY HOI1YT11LSId AILUINKIS, . " ]
....... ST SO R SO SUPRPP NSCURTIRURN U SO AR TP SRR I, T

I : : : : : : : :

[ : : i T : Py : : .w
I ﬁ. ..... P ......... . : e _".. ...... « ....... ceean .. or
e R AP VTR SRS R SO SN ooeeee- ] 08

¥ : : : : i : i
DU SR PO O T " PR SR RO cedereiennne] 09
s sonsonnsuvmsne .: ....... ....-..m ......... ....-.m..o.. ..... ,-./.In. ! m m....-........-m. ...... .-...-.w........-....d ON

: : : : : ! : : 1

1 : ) : : : : : P ]

[ : m : : : i 12-T-2066 & 34uys ]
I S T T P P A I PRI TP PIWPEN. Y, T |

VSl 2§nYId

-D2m™

g3TI1LSIA % LA



i

a2

(4} LN10d 9NITI04 -

90T

0PA1 006 D o9 999 < DOG a9 b aag 291 9
ax.dlxiJ-! .~._..-..--.—--q.-.m-d-..--m-14<J--q---..-.-wm-q-qu.-d..m-ﬁ-.-.-—...q--.-l-l-.-.-..-...u..-..J
TUUUSRUU SO RUOUUURRR S ...... SO OO URPURR SOV UTPUOE SOPURTTURNS SO St e ]
” : 2982-0 WLSH NOTLBITILSIE @ILUINWIS . : P : ]
ST SO OO O POt SO SOUUO O UUUNORPUUN-SORUROUOROESOPURORY . SO
e e R P AT e PR S ; ]
: w w : : : : “
SRR S i PR PSPPI ST T AR PR
3 H . : : : . E
SELIIITRYY ‘ . . ...... .1
n : : PaT ]
N . Cerereerinn .....m..... ...... ...m..... ) .............m... cevsscncashionnenarnn ....4
: : . P 19— -T266 8 ATdUYS
T DT T T T PO o S T PR FUUT PP PP

g9l

3aN9id

&1

ae

ob

a5

92

ega

-1

291

GITTILSIOT % Lm

53



805

8oL

go9

(4) 1HI0d4 DK1M0E

098

oy

T

9

L)
AT e ey e YT L

: ! m ! ! m : : j u
I-Il'l'l'lotcntlhaoala :b‘”mc —~°-G”|dld-h“-ﬂ ﬂ“upcd-d:.—“.m-...l.I.ill'l'\Wﬂ!ll.!IQ'.-.llm t.l..”“ld-O-.DII-IQQOIWIlil...ll'nlllm
v‘-llll-l.-'l.'. .-I-OIHOOOQJIIMI-..'Ill.lntﬂlvwalltl‘l‘lllllllm ..'l'l.llllllM.l.....-.-lI-llm‘l.llI‘i'..i'l "tl‘.l‘.'.ll.llMQIII...Il.lll..@ll.ull'llll'(‘

ceanvspecscasgenainsnstvsansquace

wesssvequusans

soaa

.
srovnssnoenele

T

.

30,00 ee0000a80QInNNIRIENIIOITITS

e cososmasanea

I9sPITUICIIR I IR eacaTtar R

fosutsafsacese

Mesovadsssnenefeanacsa}evnanes

7

.
‘
L
®
v
1
.
L4
.
.
.
.
1
*
:
.
.

1rassssurersafesnasssscrones

esvvaa

easscessesvue

sessrevsvevecaf

124

enseeneld
sscsse
ansawe

]

cunedepoans
vacegageconas

4

.
P YT T IT LI IYTEST L AT TRYS
. H

4

daseevvesesoiues

cretesreassacngisosersnrnsasnsdrrsrasesoceore

TN-Ei1-8126 °ON I1dHUS

M\‘b B Gndd

—-\. )3 A A

[

V9! ‘9id

8 o S o
e - L
GTILSIC X L

.1

—-Gd~



aes

ool

(4) 1104 DHINIGE
20v

11

=
(-1

s

]
1

Tad
=1
-4
-

J

vasnanlgsnsne

1 SIS

T T T Ty ¥ T T Y y
. L ’ . . . q 1]
: : : : : : : . 1
s H : H H H : : v H
H : : : : ' ]
S SR SO gS g T T TTE T Y P P P R N T TIPS
. ' : H H H H H H
1 . i H : . . H H
. * b 1] . . . . . X
13 SrasenvysparsreSren s arennBens nasrsssagsdaronnrsarssreniosserareacanrabanseverrioessetfeevrsccniartochiosnnsasnnsnssl
- ! H
[ :
.
:
:
H
L4

e LA KXY RS LA ALY AL ] Rl ] M
20024 MH1§Y Filsid d : : f
: ; : i : : : -
l-..-.-.--.u.-n-.o.v..--on..-.no.-o-uc-..m.-.--.--u-m--.-n-.-o-nm--'-c-a-.-n-m----n-.o...mn--o-v-.. .mnqucns-nut.v‘ovo.-.-ln-ou-c
: : i i : : : : :
. " ., . ’ * . . . F
. H H ' 4 H H H J
l.-..;-.-..-.:w...-a.-...n.-.m.-o.o-.-.--:.".:....-.-nnno- ..:--v:..-m-.--.---.."-.-..-:.-..-.m..-.o.- —.----..-...Wo..-.-na:-q
. H : H H H H H H H 9
-F i i : : : H © : . 1
P : ! : m : m : :
H H . . H : H H H H )
1T S T PN LTTTITTTTITTLY (TPCTTTIPIPPPIP SOTTIPITITITORY ¥ SISTIPIVIPPRY SPPPIPTTPITOTEN PRRPPPTPPRITIN
H v ’ . [ b » ' 4
: H H H H : H
: : : . . : : : < i .
: H i H H H H ]
H : H H H . H H ]
\..l-.-.-.---o-\o.o-..---unn----a-o-hoo.-.-o-v-n..n.o..q.d-ochnu ceevsvensnnsenrevssrrgferosaitocveannascnsranssarasuceavsraprannsrenaans o
i H H H -1 : :
: H : H H K] 4
. H H . H H e 4
l....-.nn:.-..W.uu-sv.nu.u.a..ﬂnoo.-.-vc.Aco-.M-o--.-.-co-a .M..n.o-.l—"on—'Odha QQIQ* udazc“m
H H i : i i
T WO WG S N DHIE ST UUET SO JEEP SHNY NN DY BH N NUNE SR AT 1 Roa a8 2 R o o s s B s » o &

" g9 ‘D4

er
oz
ee
or
.om
29
.71
oe
os

ge1

*ln

QITIILSIC %
-55~



Run 9972-3, 9972-4, Feed Hy:CoH.: Steam on UCC-101

In these two runs, the catalyst UCC-10l was used with
hydrogen-propylene feed plus co-fed steam. The pressure levels
were similar, but the temperatures were different: 408°C for
Run 93872-3 and 280° and 340°C for Runm 9972-4. - The detailed-results
are tabulated in Tables 6, 7A and 7B, and’ the conversions and
selectivities are plotted in Figures 17 and 18. The catalyst still
deactivated with time on stream, though the presence of steam sta-

. bilized the catalyst to some extent and helped to slow down the
deactivation rate compared to tests reported last quarter (tests
9710-14, 16 and 17) particularly at high temperature. The initial
conversion level increased with temperature as expected (Figure 19),
but was much lower than that of‘LZ-105—6 at corresponding tempera-
tures. The cqﬁversions are 1l1%, 23% and ~40% and C5+ selectivities
are 55%, 47% and 44% for the respective temperatures of 278, 338

and 408°C.“ The simulated boiling point distribution plots (Figures
- 20 to 24) have a smoother appeérance than those with LZ-105-6 as

the catalyst. .

The high propane selectivity for all the samples and the
1.52 refractive index for the one sample measured implies an aro-
matic product. The smooth distillation plots show no signs of
toluene and little sign of the other aromatics which were so easily
seen in the distillation of samples from previous runs. The dis-
tillation data also shows that the condensed liguid collected from
these runs is much higher %oiling than that from the previous runs
with LZ-105-6 as the catalyst. This heavier product is less marked
when'the entire C5+ product is considered. Deactivation of the
catalyst seems to increase selectivity to ga% phase hydrocarbons
at the ekpense of the condensed liquid. Sample 2 of 9972~3 (408°C)
had half of the C.* as condensed liquid, while by sample 5 the
condensed liquid amounted to less than a tenth of the total C5+.



TABLE 6 PROPYLENE(WITH H2) OPERATION

RUN NO. 9972-3 .

CATALYST UCC-101 #9939-27 60 CC 35.0 GM (44.3 GM AFTER THE RUN,~+9.3 GM)

FEED . H2:C3H6:HZ0 @ 1:1:2 MOLE RATIO0,0.5 C3H6 WHSV, CONTINOUS OVERNITE
C3H6 MW= 42.0813 DENSITY= Q. 51041 GM/CC (873 F) -

TARGET FLOW: C3H6 34.3 CC/HR H2 168 CCMN, 10.08 L/HR H20 15 CC/HR

ACTUAL FLOW: 28.92 CCHR EFFLUENT ~ 17.13 L/HR 10.42 CC/HR
RUN & SAMPLE NO.  9972-3-1 9972-3-2 9972-3-3 9972-3-4 9972-3-5
C3HE6 WHSV 0. 0.4 0.4 0.4" 0.4
HRS ON STREAMS 4.1667  7.6667 25.1667 31.9167 48.5833
PRESSURE, PSIG 172 178 179 178 " 179
TEMP. C 408 408 408 409 408
FEED C3H6 CC 132.14  99.423 523.54  165.49  484.53
HOURS FEEDING 4.1667  3.50 17.50 .  6.75 16.6667
EFFLNT GAS LITIR 64.60  57.30  302.10  114.40  294.00
GM AQUEOUS LAY;R 0.0 72.37 175.12  67.37  167.36
GM LIQ HYDROCAXBON 0.0 3.51 1.40 0.29 0.13
NT FR. LIQ HC[[FEED .0000 .0692 .0052 .003¢ 0005
MATERIAL BALANCE WT 2 69.13  96.42  84.12  102.30 86.81
C3H6 CONVERSION % 50.37  31.06 9.47 ¢ 7.86 5.16
PRDT SELECTIVITY WT %
CH4 1.2558 .0.8444  1.3219  1.4112  1.6555
C2 HC'S 1.9387 1.5031  2.3223  2.6226  3.8195
C3H8 : 62.9995 47.4961 62.3689 62.2339 63.0845
C4H10 4.5238  1.1010  1.2465  2.6253  4.2017
C4Hg= 7.1352  4.4865  3.7899  5.6893  7.1939
C5H12 2.5906  0.6025  0.6040  0.6929  0.8256
C5H10= 0.2053 0.1618  0.1890  0.2343  0.3750
C6H14 4.9462  3.0185  3.5826  3.7124  4.2668
C6H12= & CYCLO'S 4.6688  7.9576  9.6325  8.5573  7.8029
C7+ IN GAS _ 9.7360 8.6442  8.4847  7.9335  6.6254
LIQ HC'S 0.0000 24.1844 14.1610E 4.2874E 1.1490E
TOTAL 100,00 © 100.00  100.00  100.00 - 100.00
SUBGROUPING ~
C1 -C4 77.8530 55.4312 71.0495 74,5822 78.9552
C5 =420 F 22.1470 33.9277 23.8295 23.5314  20.5392
420-700 F 0.0000  9.6979  4.3266 1.7192  0.4608
C5 -END PT 22,1470 44.5688 28.9505 25.4178 21.0448
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<y,
i
s

IsgﬁNORMAL MOLE RATIO

2.0584
cs 2.9107
c6 . 3.7536

sCé= . .. 7 0.4142

PARAFFIN/OLEFIN M RATIO
c3 0.6321
c4 - 0.6120

C5 12.2640

LIQ HC COLLECTION :
PHYS. APPEARANCE
DENSITY .
N,REFRACTIVE INDEX ..

SIMULATED DISTILLATION

T0 WT % @*DEG F. 0
16 0
50 0
84 0
90 0
RANGE (16-84%)

NT % €420 F 0
T % €700 F 0

1.13565
1.0894
2. 0800
0.4460

0.2098
0.2369
3.6197

0IL
0.879

1.5171

295
326
407
564
604

239

56
96.1

58=

0.3955
0.4038

1.7256
0.4075

0.0644
0.3175
3.1064

0.1466
0.4839

1.8657
0.3768

0.0524
0.4454
2.8750

OO0OOO0O0

oo

0.0833
0.2442

1.4759
0.3553

0.0340
0.5638
2.1400

COoOODOOo



TABLE 7A PROPYLENE(WITH H2) OPERATION

RUN NO. 9972—4

CATALYST UCC-101 #9939z27 60 CC 35.0 GM ~437.11GM AFTER  THE RUN, +2 q GM)

FEED H2:C3H6:H20 81:1:3 MOLE RATI0;0.5 C3H6.WHSY, CONTINOUS OVERNITE
C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F)

TARGET FLOW: C3H6 34.3 CC/HR H2 168 CCMN, 10.11 L/HR H20 22.5 CC/HR

ACTUAL FLOW: 29.8 CCHR EFFLUENT  14.99 L/HR 24.67 CC/HR
" RUN & SAMPLE NOw—---0972-4-1 0072-4-2 0972-4-3 9972-4-4 9972-4-5 '
C3HE WHSV 0.4 0.4 0.4 -0.4 0.4
HRS ON STREAM 7.8 23.8 28.1 3.2 48.]
PRESSURE, PSIG " 150 154 156 157 160
TEMP. C 278 278 278 340 338
FEED C3H6 CC 215.84  488.93  125.85  786.21  521.03
HOURS FEEDING &5 16,00 4.25 - "3.17  16.92
EFFLNT GAS LITER 108.70  244.40 - 63 80  45.80  258.30
GM AQUEOUS LAYER 187.46  390.30  104.88  77.11  412.63
GM LIQ HYDROCARBON 0.0 1.43 _ 0.00 .12 2.00

""" WT FR, LIQ HC/FEED 0.000 0.0057 *#0.000 0.0255 0.0075
MATERIAL BALANCE WT % 85.07 83.96 £ 88.49 ) 97.09 83.91

C3H6 CONVERSION % 10.99 7.14 6.51 22.76 <11.81
PRDT SELECTIVITY WT % -
CH4 0.0453 0.0837E  0.0925 0.2210 0.1835
C2 HC'S . 0.1854 0.1178E 0.1303 - 0.3156 0.2482
C3H8 34,9861 35.4022E 39.1240 37.1714  38.9291
C4H10 3.6021 2.2243E  2.4581 4.9234°  3.6059
C4H8= 5.9033 10.0413E 11.0969 10.2263 13.2319
C5H12 2.9608 1.3998E 1.5470  2.9490 0.7180
C5H10= 0.2288 0.1971E 0.2178 0.2826 0.3462
C6H14 15.2585 8.4234E  9.3089 7.3512 3.7970
C6HI12= & CYCLO'S 7.9238 9.6847E 10.7028 6.2292 12.0398
C7+ IN GAS 28.9061 22.9128E 25.3217 18.1121 19.3498
LIQ HC'S 0. 0000 9.5128E+ 0.0000 12.2182  7.5507
TOTAL 100.00 10¢.00 100.00 100.00 100.00
SUBGROUPING '
C1 -C4 44.7221 47.8693E 52.9018 52.8577 56.1986
C5 <420 F 55.2779 47.8499E 47.0982 41.8274  39.8977
< 420-700 F 0.0000 3.9954E  0.0000 4.8751 3.6243
C5 -END PT 55.2779 52.1307E 47.0982 47.1423 43.8014

50—



ISO/NORMAL MOLE RATIO

ca 5.8252
s emmaee
(e 18.4058
~ C4= 0.5287
, PARAFFIN/OLEFIN M RATIO
€3 0.0422
C4 " 0.5890
C5 - - 12.5811

LIQ HC COLLECTION
PHYS. APPEARANCE
DENS ITY .
N,REFRACTIVE INDEX .
. SIMULATED DISTILLATION

10 WT % @ DEG F. 0
16 0
50 0
<85 9
RANGE (16-84%) 0
WT % @420 F 0

0

"WT % @700 F

556
178

55.0
97.0

-60~

1.7902
10.6000
7.3011
0.4669

0.0265
0.2138
6.9048

oo [ow ] OO0 O

2.2263

5.9028
6.8580
0.4643

0.1070 .

0.4647
10.1429

oIL

275
290
405

592
247

56.5
9.4

0.3878
0.0973

1.8226
0.4480

0

0.0508
0.2631
2.0163

OIL

303
335

425
555
609

220
48.3

196.3



TABLE 7B PROPYLENE(WITH H2) ObERATIDN

RUN NO. 9972-4

CATALYST UCC-101 #9939-27 60 CC 35.0 GM (37.11GM AFTER THE RUN, +2 1 GM)

FEED H2:C3H6:H20 @ 1:1:3 MOLE RATIO0,0.5 C3H6 WHSY, CONTINDUS OVERNITE
C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F)-

TARGET FLOW: C3H6 34.3°CC/HR H2 168 CCMN, 10.08 L/HR H20 22.5 CC/HR

ACTUAL FLOW: 29.8 CC/HR EFFLUENT 14.89 L/HR ~ 24.7 CC/HR

RUN & SAMPLE NO. 8972-4-6

o o i et s s e
i

C3H6 WHSV 0.4
HRS ON STREAMS 55.0
PRESSURE, PS1G 155
TEMP. C 338
FEED C3H6 CC 201.36
HOURS FEEDING 6.92
EFFLNT GAS LITER 103.50
GM AQUEOUS LAYER 167.84
GM LIQ HYDROCARBON 0.790

WT FR. LIQ HC/FEED A 0.0020
MATERIAL BALANCE WT % 87.55

C3H6 CONVERSION % 9.81
PRDT SELECTIVITY WT % ‘
CH4 -3 0.1694
C2 HC'S, 0.4297
C3H8 39.4476
C4H10 3.1567
-C4HB= 10.9984
C5H12 0.8183
C5H10= 0.3326
C6H14 3.7366
C6H12= & CYCLO'S 13.4696
C7+ IN GAS 18.3737
LIQ HC'S 9.0675
TOTAL 108.00
SUBGROUPING :
C1 -C4 54.2018
C5 -420 F 41.7179
420-700 F 3.8083
C5 -END PT 45.7982



ISO/NORMAL MOLE RATIO

c4 0.3321
C5 1.3918
C6 1.4639
C4= 0.4805
PARAFFIN/OLEFIN M RATIOD -
€3 0.0419
c4 ' 0.277
c5 2.3918

‘L.1Q HC COLLECTION
PHYS.-APPEARANCE  OIL
DENSITY .
N,REFRACTIVE INDEX .

SIMULATED DISTILLATION
10 WT % @ DE& F.
16
50
84
90

RANGE(16-84%)

WT % @420 F
WT % @700 F

oo o QOO O
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FIGURE 17
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PRODT SELECTIMITY, Wt
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Run 9972-5, Feed 2:1:1 (H,:C;H.:H,0) on AlPO,-11 ' .
I\

A new class of aluminophosphate molecular sieves has
been discovered by Union Carbide scientists (U.S. Patent No.
4,310,440). One member of this class, AlPO —ll, was tested
and showed almost nc activity for: propylene conversion at 280
and 340°C and pressures of 150~ 300 psig. AlPO =11 is an inter-
mediate pore size INGA) molecular 'sieve. \Lresults are reported
in Table 8. The small amount of converted products present in
the react efflient (up to g% at 337°C of propane and Cg hydro-
carbons) is attributed to the (20% by weight) alumina binder
. used in making the catalyst tablets. This as;synthesizéa alumino-
phosphate molecular sieve had perfect charge balance in the crystal
structure, and no ion exchange capacity. This implies it should
show no catalytic activity with”respect to propylene, but does not
rule out iEs use as a shape-sélective component in syngas operation.

-7]-



TABLE 8 PROPYLENE(WITH H2) OPERATION

RUN NO. 9972-5

CATALYST ALPD-11 (20% AL203) #9939-67, 63 CC 30 &M,30.05G AFTER THE RUN

FEED * H2:C3H6:H20 @ 2:7:1 MOLE RATIO,0.5 C3H6 WHSY,DAY-TIME FEED
C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (8 73 F)

TARGET FLOW: C3H6 29.4 CC/HR H2 290 CCMN, 17.4 L/HR H20 6.4 CC/HR

ACTUAL FLOW: 20.1 CCHR EFFLUENT  22.55 L/HR 6.0 CC/HR
RUN & SAMPLE NQ.  9972-5-1 9972-5-2 9972-5-3 9972-5-4 9972-5-5
C3H6 WHSY . . 0.4 0.5 - 0.5 0.5 0.5
HRS ON STREAMS 7.0 24.6 32.0 38.8  46.4
PRESSURE,, PSI6 150 148 149 304 301
TEMP. ¢ 278 278 339 337 336
FEED C36 CC 182.48  534.87  207.66  218.35  203.88

. HOURS FEEDING 7.0 17.6 7.4 . 6.8 7.5
EFFLNT GAS LITER 159:3  400.0  168.6  145.5  162.3
GM AQUEOUS LAYER 32.2 92.86  39.67  37.55  40.51
GM LIQ HYDROCARBON 0.0 0.0 * 0.0 0.0 0.0

WT FR. LIQ HC/FEED 0.000 0.000 '0.000 0.000 0.000
MATERIAL BALANCE WT % 97.30 84.55 86.29 83.46 86.91

C3H6 CONVERSION % 3.80 0.91 . 5.48 °  6.75 6.87
PRDT SELECTIVITY WT % -
CH4 0.4707  2.2457  0.0000  0.3702  0.0000
C2 HC'S - 0.0000  0.0000  0.0000  0.1877  0.0000
C3H8 72.9831  0.0000 27.0770 18.7602 15.0155
C4H10 5.3347 12.7855  0.0000  3.0310  0.8574
C4Hg= 2.6009 10.3224  0.0000  9.2956  0.4543
C5H12 . 0.0000  0.0000  0.0000 { 1.4880  0.7122
C5H10= 0.0000  0.0000  0.0000 % 0.1102  0.0000
C6H14 1.6208  7.1690  0.0000 % 7.8285  6.5284
. CEH12= & CYCLO'S  11.6183 45.1719 54.0272 3430115 48.9986
C7+ IN GAS 5.2815 22.3054 18.8958 24.9170  27.4336
LIC HC'S 0.0000  0.0000  0.0000  0.0000  0.0000
TOTAL \ 100.00  100.00  100.00  100.0  100.00
SUBGROUPING _
C1 -C4 81.4794 25.3536 27.0770 31.6449 16.3272
C5 -420 F 18.5206 74.6464 72.9230 68.3551 83.6728
420-700 F #070000  0.0000  0.0000  0.0000  0.0000
C5 -END PT 48.5206 74.6464 72.9230 68.3551 83.6728
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ISO/NORMAL MOLE RATIO

i

0.6871  ==~-—-- 0.0684

c4 2.2752

C5 - 0.4384
cé 0.5152 0.5522 0.0000 0.9392
C4= 0.5255 0.4739  .0.0000 0.4861

PARAFFIN/OLEFIN M RATIO

€3 0.0286  -==~=- . 0.0152 ' 0.0131
G4 1.9137 1.1957  ====== 0.3148
c5 - : 13.1250

~73-

0.2430
0.3284
1.0449
0.0000

0.0107
1.8219



Run 8872-6, 8972-7 on UCC-104

'These two runs were made on UCC-104 catalyst with hydrogen~
propylene feed, with and without steam. The feed composition and
other operating variables are tabulated below:

!

RUN . Hy:C H:H0 (G H WHSV PSIG TEMP, °C
9972-6 1:1:0 055 150 280, 340°C
9972-7 2:1:1 0.5 150 280, "340°C

The details of the‘results are reported in Tables 9.to 11 and
summarized in Figuies 25 to 27.

The results of the propylene oligomérization reaction of
runs 9972-6 and 7, using UCC-104 as the catalyst are shown in
Figures 25 and 26 respectively. Without steam, the catalyst shows
good initial conversions; 70% at 280°C and 96% at 340°C. The
presence of steam lessons the deactivation rate but also lessens
thé initial rate of conversion being only 43% at 280°C and 60% at
340°C. The lower conversion rate could be due to the:steam moder~
ating the acidity of the catalyst or it could be due td the higher’
"total feed rate, thus lower residence time of the run. Run 9972~7
was operated at twice the real space velocity of run 9972 6. This
effect on conversion was not seen in the cases of LZ-105-6 ox ucc-
101. - In the case of)UCC-lOl, tﬁe,faster deactivation rates may
have hidden the effect

The ucc- 104 produces only negllglble amounts of Cl’ C2, C
and C5 hydrocarbon products. These are the products of cracking
reactions. The catalyst also shows low selectivity to propane.
The total selectivity to ci_-C4 products averages only 10%. The
addition of steam has little effect on the Cl’ Cyr C3H8, C4 and
Cy product selectivities, although the sum of these products is

even less (9% at 280°C and 5% at 340°C). The heavier products,
- which are the great majority of _.the hydrocarbon inside the reactor,
are affected by the steam and temperature changes. Simulated

distillation data are presented in Figure 27 comparing UCC-104 with
Lz-105-6 and OUCC-101.

4
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fABLE 9A

RUN NO. 9972-6

CATALYST UCC-104 #9939-74 58 CC 35.0 GM (35.1 GM AFTER THE RUN +0.1 GM)

FEED H2:C3H6:H20 @ 1:1:0 MOLE RATIO,0.5 C3H6 WHSV, CONTINOUS OVERNITE
C3H6 MW= 42.0813 DENSITY= 0. 51081 GM/CC (@ 73 F)

TARGET FLOW: C3H6 34.3 CC/HR H2 151 CCMN, 9.06 L/HR(NOTE: H2 MASS FLOW)

ACTUAL FLOW: 29.6 CCHR EFFLUENT 9.20 L/HR( METER OFF )

PROPYLENE(WITH H2) OPERATION

_75—

RUN & SAMPLE NO. 9972-6-1 9972-6-2 9972-6-3 9972-6-4 9972-6-5
C3H6 WHSY ‘0.4 0.4 0.4 . 0.4 0.1
HRS ON STREAMS 7.1 24.9 30.3 48.9 53.5
PRESSURE,PSIG 150 150 150 150 151
TEMP. C 280 280 280 341 340
FEED C3H6 CC 171.79 532.98 160.46 457.47 36.5
HOURS FEEDING 7.2 17.8 5.7 16.6 4.5
EFFLNT GAS LITER 52.4 157.3 “52.6 138.5 26.6
GM AQUEOUS LAYER 0.0 0.0 0.0 0.0 0.0
GM LIQ HYDROCARBON 32.28 © 65.31 17.94 85.97 2.07
WT FR. LIQ HC/FEED 0.3681 0.2401 0.2190 0.3682 0.1648
*CHANGING T '
MATERIAL BALANCE WT % 98.37 85.35 95.81 53.86* 100.19
C3H6 CONVERSION % 71.64 61.85 58.56 96.12 86.25
PRDT SELECTIVITY WT % ,
CH4 0.0055 0.0233 ° 0.0331 0.0570 = 0.1624
C2 HC'S 0.0131 0.0128 0.0119 0.0818 0.2907
C3H8 10.7970 8.6405 8.5733 1.3926 11.5642
C4H10 0.4168 0.3198 0.4008 0.6145 2.6316
C4Hg=' 0.9287 1.0057 1.1858 0.9235 5.0197
C5H12 0.3429 0.1991 0.1919 0.6497 2.3623
_C5H10= 0.0350 0.0314 0.0334 0.0530 .0.7989
7C6H14 i 4.4915 3.1704 3.2983 3.4234 9.7083
@C6H12= & CYCLO'S 22.7645 36.8818 36.0544 13.5246 35.3949
"C7+ IN GAS 6.1001 3.6835 9.5362 7.1864 12.1123
LIQ HC'S 54.1061 46.0317 40.6807 72.0935 20.5578
© TOTAL 100.00 100.00 100.00 100.00 100.00
SUBGROUPING '
C1 -C4 12.1611  10.0021 10.2050 3.0695 19.6685.
C5 -420 F 84.9173 82.1265 84.9540 82.7281 76.7955
420-700 F 2.9217 7.6873 4.8410 12.8326 3.4948
C5 -END PT 87.8389 89.9979 89.7950 96.9305 80.3315



1SO/NORMAL MOLE RATIO . )

€5 13.7753 3.5489 5.5301 4.1335 4.3052

Cé = 3.5023 1.6072 1.4850 2.8733 3.3221

C4= - 0.7314 0.6984 0.6417 0.5267 0.5336
PARAFFIN/OLEFIN M RATIO .

c3 : 0.2636 0.1342 0.1165 0.3292 0.7012"

C4 0.4332 0.3069 . 0.3263 0.6423 0.5061

C5 9.5290 6.1735 5.5876 11.9241 11.5426

LIQ HC COLLECTION
PHYS. APPEARANCE OIL CLEAR OIL CLEAR OIL CLEAR OIL YLW OIL YLW
DENSITY 0.724 0.728 = 0.710 0.720 0.742 |
N,REFRACTIVE INDEX 1.4169 1.4166 1.4164 1.4165 1.4277
SIMULATED DISTILLATION

10 WT % @DEGF. .147 157 155 169 155
16 156 160 159 177 159
50 . 222 291... 278 30 . =282
84 362 433 397+ 453 433
90 392 485 447 521 499
RANGE (16-84%) 106 273 238 276% 274
WT % @420 F 94.6 82.9 88.1 80.3 82.8
WT % @700 F . 100.0 99.6 100.0 98.1 99.8

=76 -




TABLE 9B PROPYLENE{WITH H2) OPERATION

=

RUN NO. 9972-6

CATALYST UCC-104 #9939-74 58 CC 35.0 GM (35.1 GM AFTER THE RUN, +0.7 GM)
FEED - H2:C3H6:H20 @ 1:1:0 MOLE RATIO,0.5 C3HE WHSV, CONTINOUS OVERNITE

. C3H6 MW= 42.0813
TARGET FLOW: C3H6 34.3 CC/HR

DENSITY= 0.51041 GM/CC (@ 73 F)
H2 151 CCMN, 9.06 L/HR(NOTE: H2 MASS FLOW,)

ACTUAL FLOW:- -  29.6 CC/HR EFFLUENT .  9.23 L/HR( -  METER OFF 1},
RUN & SAMPLE NO.  9972-6-6 9972-6-7
C3H6 WHSV 0.5 0.6
HRS ON STREAMS 72.3 79.0
PRESSURE ,PS IG 155 152
TEMP. C 340 340
FEED C3H6 CC 648.76  288.83
HOURS FEEDING 18.8 7.0
EFFLNT GAS LITER 197.6 89.1
GM AQUEOUS LAYER 0.0 )
GM LIQ HYDROCARBON  101.69  39.11
WT FR. LIQ HC/FEED  0.3071  0.2653
MATERTAL BALANCE WT 3 Vog/go 96.72
C3H6 CONVERSION % 63.60 59.77
PRDT SELECTIVITY WT %
CH4 : 0.0396  0.0401
C2 HC'S 0.0571  0.0590
C3HS © 4.3172  4.4432
C4H10 0.4310  0.4564
C4Hg= 1.8769  1.9106
C5H12 0.3204  0.2821
C5H10= 0.0724  0.0726
C6H14 3.0862  3.1971
C6HI2= & CYCLO'S 32.1118  30.9868
. C7+ IN GAS : 8.9782 11.5794
LIQ HC'S : 48.7092 46.9727
TOTAL . 100.00  100.00
SUBGROUPING
C1 ~C4 6.7218  6.9093
T C5-420 F _ 93.2782 91.7755
420-~700 F 0.0000 1.3152
C5 =END PT 93.2782  93.0907



IS?/NORNAL MOLE RATIO

1.1860

C5 2.2365

Ccé - . 1.0160

. Cas 0.5779
PARAFFIN/OLEFIN M RATIO

C3 0.0727

C4 - 0.2217

cs 4.3019

LIQ HC COLLECTION

PHYS. APPEARANCE OIL CLEAR OIL CLEAR
DENSITY 16
N,REFRACTIVE INDEX 1 4132

SIHULATED DISTILLATION

10 WT % @ DEG F.
16

50

84

90

RANGE (16-84%)

NT % @420 F

WT % @700 F

146
155
168
294
305

139
100

100

0.8344
1.8553
0.7396
0.5840

0.0636
0.2306
3.7787

0.713
1.4331

150
156
173
306
368

150

97.2
100

~i



TABLE 10A PROPYLENE(WITH H2)} OPERATION
l|
. RUN NO. 9972-7 : o
. CATALYST UCC-104 *9939—74 59 CC 35.0 GM (33.9 GM AFTER THE RUN, -1.1 GM)
FEED H2:C3H6:H20 @ 2:1:1 MOLE RATI0,0.5 C3H6 WHSV, CDNTINOUS OVERNITE
C3H6 MW= 42,0813 DENSITY= 0. 5104] GM/CC (@ 73 F) -
TARGET FLOW: C3H6 34.3 CC/HR H2 310 CCMN, 18.60 L/HR H20 7.5 CC/HR

ACTUAL FLO: 32.5 CC/HR EFFLUENT °’ 19.15 L/HR 7.15 CC/HR
\ P
RUN & SAMPLE NO. ~ 9872-7-1 9972-7-2 §972-7-3 9972-7-4 997275
CH6 WHSY - ' ' 0.5 . 0.5 - 0.5 0.5 0.5
HRS ON STREAMS - - 7.3 24,4  ~.31.4 @ 47.5  %55.3
PRESSURE, PSIG . 150 Mo 147 142 - 146
TEMP. =C 277 276 216 277 339
FEED C3H6 CC 229.68  560.04 195.70  565.70  242.89
HOURS FEEDING 74 174 6.9  16.] 7.75
EFFLNT GAS LITER ° ©135.0  326.3  133.8_  321.1  141.9
GM AQUEOUS LAYER 46.80 115.32  46.15  107.69  50.99
e LIQ HYDROCARBON  11.31  16.30.  4.87 10,30  23.42

WT FR. LIQ HC/FEED  0.0965  0.0570  0.0488  0.0357  0.1889
MATERIAL BALANCE WT %* 96.39 91.47  108.66 87.52  105.78

C3H6 CONVERSION % 49.56 41.19 43.11 37.06 64.51
PRDT SELECTIVITY WT % - ° ' .
CH4 0.0321 0.0312 0.0305 0.0373 0.0350
C2 HC'S - 0.0144 0.0133 0.0086 0.0345, 0.0916-
C3H8 o 9.9002 7.8514 6.0165 6.1979 3.8257
C4H10 0.2975 0.5607 0.0954 0.5177 0.8287
C4H8= -+ 0.9039 1.0424 . 0.5315 1.1562 2.8463
CEHI2 0.3234 0.1898 0.0973 0.1279 0.8844
C5H10= 0.0361 0.0299 0.0271 - 0.0298 0.1172 .
C6H14 4.9220 4.1218 4.7261 4.6897 9.4567
C6H12= & CYCLO'S 48.6190 56.5851 61.2512 52.6780  34.5065
C7+ IN GAS 14.3996 14.3668 17.4462 23.4745 19.2499
LIQ HC'S 20.5518 15.2077 10.3698 11.0566 28.1579
TOTAL 100.00. 100.00 100.00 100.00 100.00 .
SUBGROUPING ; v 2 & .
1 -C4 11.1481 9.4989 6.6825 7.9437 7.6275
C5 -420 F 85.6253 88.4024 91.5962 90.4753 - 90.71199
420-700 F 3.2266 2.0987 1.7214 1.5810 2. 2526
C5 -END PT . 88.8519> 90.5011 93.3175 92.0563 92.3725

4



_ ISO/NORMAL MOLE RATIO ' : ’ |
C4 1.4853  0.2644  6.0000 - 0.2031  2.0866

€5 4.2235 4.5263 3.4848 3.3103 3.6684

C6 1.6207 1.0649 1.2931 1.1376 3.5866

C4= 0.7431 0.6352 -0.7673 0.5520 0.5275
PARAFFIN/OLEFIN M RATIO ' _ _

€3 © "0.0834 0:0528 0.0437 0.0350 0.0664

c4 0.3177 0.5192  .0.1733 0.4322 0.2811

r

CS T 8.7059 6.1765 3.4848 4.1667 7.3361

LIQ HC COLLECTION
PHYS. APPEARANCE OIL YL GN OIL YL GN OIL YL @N OIL YL GN OIL YL GN

“DENSITY 0.732 0.738 0.754 0.723 0.729
N,REFRACTIVE INDEX 1.4267 1.4274 1.4292 1.4310 1.4256
SIMULATED DISTILLATION

10 WT % @ DEG F. 158 158 160 159 0
16 163 163 172 164 0
50 296 297 302 299 0
84 . 4118 407 424 409 0
90 472 457 472 460 0
RANGE(16-84%) 255 244 252 245 0
WT % @420 F 84.3 . 86.2 83.4 85.7 92.0

WT % @700 F 100.0 100.0 100.0 100.0 100.0




TABLE 10B PROPYLENE(WITH H2) OPERATION

RUN NO.  9972-7
CATALYST UCC-104 #9939-74 59 CC 35.0 GM (33.9 GM AFTER THE RUN, -1.1 GM)
FEED H2:C3H6:H20 @ 2:1:1 MOLE RATIO,0.5 C3H6 WHSY, CONTINOUS OVERNITE
C3H6 MW= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F)
TARGET FLOW: C3H6 34.3 CC/HR H2 310 CCMN, 18.60 L/HR H20 7.50 CC/HR

ACTUAL FLOW: 32.5 CC/HR EFFLUENT 19.15 L/HR 7.15 CC/HR
RUN & SAMPLE NO.  9972-7-6  9972-7-7 9972-7-8
" C3HE 'WHSY 0.5 0.4 0.5
HRS ON STREAMS 70.7 78.0 94.3
PRESSURE,PSIG  ° 155 155 153
TEMP. C 337 337 337
FEED C3H6 CC 508,44  198.22 547,45
HOURS FEEDING o 15.3 7.4 16.3
EFFLNT GAS LITER 303.9 146.1 328.8
GM AQUECUS LAYER 103.80 48.27  109.62

@1 LIQ HYDROCARBON 35.85 14.28 29.68
WT FR. LIQ HC/FEED 0.1381 = 0.1411 0.1062

MATERIAL BALANCE WT % 101.35E 123.3S 123.42

C3H6 CONVERSION % 64.10E 63.17 / 50.45
PRDT SELECTIVITY WT % :
- CH4 NO 0.0000 0.0539
C2 HC'S GAS 0.0000 0.0514
. C3H8 ' SAM 2.6718 2.6813
C4H10 ) PLE 0.1980 0.1904
- C4Hg= — 1.5425 1.4552
-CBH12 —-— 0.1768 0.2437
C5H10= —-— 0.7216 0.0737
CeH14 ‘ - 5.6123 5.4110
C6H12= & CYCLO'S -— 52.4359 56.1453
C7+ IN GAS -— 18.1686 16.5006
LIQ HQ}S : -— 18.4725 17.3626
TOTAL -— 100.00 100.00
 SUBGROUPING ESTIMATED o
y  C1 -C4 4.2499E  4.4123 4.4323
v C5 =420 F 93.9678E 94.0175 94.1923
420-700 F 1.7824E 1.5702 1.3755

C5 -END PT 95.7501E 95.5877 95.5677



IS%QNORMAL MOLE RATIO

mmm e 3.3093
c5 T 1.9320
C6 D e 1.7710 1.4756
C4= . == 0.6102  0.5887

PARAFFIN/OLEFIN M RATIO .
c3 -—=  0.0438  0.0261
c4 ---  0.1239  0.1263
cs -—-  0.2381  3.2164

LIQ HC COLLECTION
PHYS. APPEARANCE OIL YLW OIL'YLW OIL YLW °
DENSITY 0.720 0.710 0.710
N,REFRACTIVE INDEX 1.4286 1.4302 1.4248
SIMULATED DISTILLATION

10 WT % @ DEG F. 156 157 -

16 159 160 -

50 282 285 -

84 . 384 - 387 -

90 407 208 -
RANGE (16-84%) 225 221 ¢ -

WT % G420 F - 1.7 91.5

WT % @700 F 100.0  100.0
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TABLE 11  COMPARISON OF C3H6 OPERATION AT 340 C TEMPERATURE
ucc-104 vs  LZ-105-6

RUN wen0972=T == wmmma 9972<6 . 1. /N S
CATALYST ~=l7-105-6~ —mmmm UCC-104 UCC-104m=mm-
FEED H2:C3HE:W ~ew]:]li0mm=  wmmmes]:1:0 2:1:1(WITH STEAM)
SAMPLE $-5 S-6 S-5 S=6 S-7 S-5 S-7 S~8
C3HE WHSV 1.0 1.0 0.5 0.5 0.5 0.5 0.5 0.5

‘HOURS ON STREAM 17.5 21.0 53.5 72.3 79.0 55 78 94
C3H6 LOAD'G G/G 17.5, 21.0 26.8 36.2 39.5 27.6 39 47
PSIG 143" 145 15617 155 155 146 155 153
TEMP C 336 337 340 340 340 "339 337 337

MAT'L BAL'd%,% 82.87 90.36- 100.19 99.90 96.70 106.0 123.0 123.4
C3H6 CONV,% 95.27 95.04 86.25 63.60 59.77 64.4 63.1 50.4
SELECTIVITY :

C3H8 WT % 10.51 7.16 11.56 4.52 4.44 3.83 2.67 2.68
C4H10 16.02 12.11 2.63 0.43 0.46 0.83 0.20 0.19
Cl -C4 WT % 31.89 24.86 19.67 6.72 6.91 7.62 4.41 4.43
C5 -420 F 60.51 67.17 76.80 93 " 91.78  90.12 94.02 94.19
420-700 F 7.43 7.97 3.49 0.00 1.31 2.25 1.57 1.38
700-END PT 0.17 0.00 0.04 0.00 0.00 0.00 0.00 o0.00
C5+ WT % 68.11 75.14 80.33 93.28 93.09 92.37 95.5% 95.57
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SUMMARY OF TﬁE PROPYLENE OPERATION

L2~ 105 6 is a very good catalyst for propylene vligomer-
ization. Its medium pore size leads to most ‘of the C5 product
belng in the gasoline range. Changes..in Ffeaction temperature
and pressure have pronounced effects on the product selectzvmty
partlcularly the com9051tlon of the liquid product Steam
addition keeps the catalyst from deactlvatlng at the condition
tested, 410°C, and has only a slight effect on the product
selectivity.

Ucc-101 shows good initial converSLQn of propylene and
reasonable C5 ylelds. The’ condensed’ product ‘has ‘a significant
fraction in the diesel range, in contrast to that from LZ-105-6.
Tﬁe catalyst still deactivates even in the presence of steam.

‘ The increased stability w1th added steam is most evident at
' higher temperature. =

AlPO4—ll (unmodified) is alwost completely inactive as a
catalyst.

UCC-104, is an excellent catalyst for propylene oligomer-
ization. It has very high selectivity to Cq products, >95%,
with nearly all the CS+ in the gasoline range. -:The propylene
conversion and product selectivity are both affected by the
addiaion of steam to the reaction. The good conversion and
desirable selectivity make UCC-104 the best catalyst tested thus
far in Task 1 and a promising ‘candidate for Shape selective com-
ponent in planned Task 2.

n
2,‘ . -
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Syngas Operation in Berty Reactor

As mentioned earlier, we made tenhFischer—Tropsch syngas
runs during the quarter, using UCC-201 (an Fe-loaded UCC-10l)
catalyst, UCC-202 ( a Mn- -Fe-loaded UCC- 103) catalyst, a reference
potassium~promoted, iron-oxide F-T catalyst and an Fe-loaded
L%Z-¥52 catalyst. 1In this report, data from the first seven of
these runs will be reported: 95710-18, 9710-19 and 10011l-1 to
10011-5. Omne of these (Run 10011-3) is with Mn-Fe-UCC-10l catelyst;
all others are on Fe~loaded UCC-101 catalyst. In two of the runs
(9730-19, 10011-2), enough oil was produced for characterization
by simulated boiling point distribution. In the other runs, not
enough liquid oil product was made fof characterization. All of
the low activity runs used catalyst from a particular preparation
batch. Problems with preparation procedures or contamination
probably caused the low activity.

2

Mormally the reactor was loaded with 80 cc of catalyst with
weights varyihg from 3% to 63 grams, The catal§sﬁ'was usually
precalcined in alr at 250 or 500°C. Two dlfferent activation
procedures were used: procedure A calls for carburlzatlon first -
and hydrogenation later. Procedure B calls for hydrogenatlon
first and carburization later. The catalyst is then brought into
contact with feed gas. Unless otherwise indicated, the feed ées
always contains 10% argon as inert carrier. Therhrgon will appear
intact in both feed gas and reactor effluent g;s and aids in
checking material balances. Two different feed gases were used:
orme with a 2/1 H2/CO ratio, designated “60/30/10“ mixture (for
2/CO/Argon), the other with 1/1 HZ/CO ratio,’ ‘designated "45/45/10"
mixture. The feed gas flow was copcrolled by a mass flow controllex
which works very well; one can_;igerally dial a desired feed rate
in cc/minute. The effluent gas.ﬁﬁz measured by a dry test meter
and analyzed by on-line G.C. The" condensed product was collected
in a glass container; the agueous layer und tbe organlc layer were
separated and weighed Selected samples of“aqueous layer were
submitted for chemical analysis for CHBOH and total organic content.
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A few.aqueous samples showed 2-3% CH3OH and 0.2~1.5% C,H-OH.
These minor amounts of organic substance in the aqueous layer
have been ignored in the material balance calculations. The
crganic layer was submitted for cbaracterlzatlon by simulated
distillation. The materlal balance analysis cons;sts of a

" computation of the reaction output/lnput ratios of carbon,
hydrogen and oxygen. A consistency ratio was also computed
among the products from the reactor.. For the Fischer-Tropsch

reaction, it is defined>by

. . toms of CHx
Consistency Ratio = g. 2
] Y g. moles of (H,0 + Co,)

If formation of alcohol is ignored, stoichiometry requires the
consistency ratio to be 1.0. Other parameters also computed
are: . ?
1. Usege ratio of H2/C0 from the product: the ratio
of the moles of H2 to moles CO reguired to produce
" the products. .
2., Extent of water gas shift reactlon (by eadculating
an experimental value of the compos;tlon ratio .
corresponding to the shift equilibrium equation):

, X = G ‘.‘;22,]—

On occasion when a gas sample may have leaked out of a
sample bomb, or the G.C. analyzer malfunctioned, then the G.C.
analysms of the closest sample was :used to estimate conversions
and selectivities; in such cases, the results have a letter E
included in the tabulation. Because the Berty reactor is an
internal recirculation reactor and operates at a steady state,
surprisingly good material balances can still be obtained using
these "second best" gas analysis data.

Conver51ons of more than 20% were achieved in only three
of the seven runs. Some of the problems with low activity are
believed to be associated with the activation procedures. It is



: 1
thoughf‘that some as yet unknown factor in preparation of the
catéljst'batch used for most of the tests may be responsible
for the low activity. ' i

Run 9710-18 on UCC-201 (Fe on UCC-101) Catalyst

) This was the first run conducted in the Bay 1 Berty reactor
/;nd therefore served as‘a shake-down run. There was reason to
?expect the catalyst to perform reasonably well; however, the
results were very poor, with only 5% conversion on 60/30/10
(HZ/CO/Argon) syngas at 250°C and 300 psig. The results -are
tabulated in Table 12. About 73-79% of the product was in the
Cl--C4 light hydrocgrbon range. The material balances consistency
ratio for both samples was very poor (.50 and .56).
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TABLE 12 RESULT OF SYN GAS GPERATION

RUN NO. 971018 (INADEQUATE (O TREATMENT DURING ACTIVATION)
CATALYST UCC-201 #9673-11C 80 CC 62.61GM ( . G AFTER,THE RUN, . GM)
FEED H2:C0:ARGON OF 60/30/10 @ 580 CC/MIN OR 435 GHSV ’

RUN & SAMPLE NO. 9710-18-1 9710-18-2 9710-18-3

FEED H2:C0:AR . 60:30:10° . . 60:30:10
HRS ON STREAM 24.7 . 48.2
PRESSURE, PSIG 299 298
TEMP. C 250 ) . <249
FEED CC/MIN 580" 580
HOURS FEEDING 25.0 3.5
EFFLNT GAS LITER . 984.2 142.2
GM AQUEOUS LAYER 0.0 0.0 ¢
M OIL 0.0 . 0.0

MATERIAL BALANCE

“GM ATCM CARBON % 107.86 110.47
GM ATOM HYDROGEN % 111.46 113.47
GM ATOM OXYGEN % 111.46 . 113.71
RATIO CHX/(H20+C02) 0.5015 - 0.5594
RATIO X IN CHX 2.8415 2.8062
USAGE H2/C0 PRODT  1.9423 2.0083

K EFFLT SHIFT (EACTN 0.1929 0.159

CONVERSION %
ON CO 3.94 . 4.21
ON H2 5.28 . 5.55
ON CO+H2 5.02 . 5.29

PRDT SELECTIVITY,WT %

CH4~ 30.85 GAS 29.38
C2 HC'S 23.26 SAM- 12.68
C3H8 8.90 - PLE- 9.05
C3H6= 4.12 LEA- 10.49
C4H10 7.38 KED 6.56
C4Hg= 4.23 . 4.58
C5H12 7.35 . . 6.62
C5H10= 0.00 1.32
C6H14 6.44 . 6.69
C6H12= & CYCLO'S 0.00 0.00
C7+ IN GAS 7.47 . 12.64
LIQ HC'S 0.00 . 0.0C
TOTAL 100 100°
SUBGROUPING
c1 -C4 78.74 . 72.74
C5 -420F . 21.26 . 27.26
420-700F 0.00 . 0.00
700-END PT 0.00 0.00
C5 -END PT 21.26 . 27.26
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ISO/NORMAL MOLE RATIO - - - ‘
¢4 .5760 . .4222

C5 ' 2.4348 1.1972

gﬁ 4.0435 2.5676
B 4= - ——
PARAFFIN/OLEFIN M RATIO -

C3 2.0592 0.8231

c4 1.6838 . ' 1.3813

s ——— : * 4,8750
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Run 9710—19 on UCC-ZOl (Fe=UCC-101) Catalyst

. This catalyst started rather uoorlj After, it has gone

; through an actlvatlon procedure (pure CO treatment at amblent ’
to 270°C, 3 psié, 400 cc/min. 40 hrs ‘and H2 treatment at 270 c,
3 p31g,,400 cc/nln. 26.5 hours), the conversion on- 60/30/10
(HZ/CO/Argon) syngas was only 7-8% at 250°C 300 psmg " (samples 1
“and 2 of the run). The catalyst was then subjected to a second
actlvatlon of pure CO treatment (16 hours at 270°C, 4 psig,
400 cc/min. and 7 hours at 300°C, 4“p51g, 400 cc/mln.g and°H2
treatment (2§ hours at 300°C, 4 psig, 400 ‘ce/min). The conversion
on 60/30/10 %yngas was dramatically improved to about 34% {(on
average) at f50°C, 360 psig (samples 3, 4, 5). . The product
selectivity also changed followrng the second actlvatlon. The
methane~-make decllnen}from 41% to 22%, while the C5 fractlon
1ncreased from 12% to 34% and the diesel fraction 1ncreased ’ from
zero to 10%, all\at/the same temperature level of 251°C aud 300
p51g. The llquld hydrocarbon collection showed a boiling polnt
range of 399°-638°F (range defined as temperature for 16-84 wtl3%
cut 901nts, or two-thlrds of the lquld sample 5) with 50° wh, % ¢
having dlstllled at 488°F. - . . L

° . When the temperature was raised to 284° and 313°C, the

conversions increased to 47% and 53% respectively (samples 6, 7,

¢

8 and 9, 10). At higher temperatures, although the conversion
1ncreased the C + "product selectzvrty decreased to 13% at 284°C
and 6.5% at 313°C. s . o
At thls point, the feed was sw1tched from 60/30/10 (Hz/CO/
Agon) syngas to 45/45/10 syngas. At 313°C, the conversion in-'
vcreased from 52.5% to 69.5% and C5+ selectivity increased from
6.3% to 17% (samples 10 and 14). The results are tabulated in
Table 13 and the conversion selectivities. and .simulated distilla;
tions are plotted in Figures 28 to 32. '
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. ~TABLE 13A RESULT OF SYN GAS OPERATION

RUN NO. 9710-18

CATALYST UCC-201 #9939~53 80 CC 43.5 GM (41 15 G AFTER THAESRUN,

FEED
- RUN & SAMPLE NO.

_ FEED H2:C0:AR .

HRS ON STREAMS |
PRESSURE,PSIG
TEMP. C

FEED CC/MIN .
HOURS FEEDING
EFFLNT GAS LITER
GM AQUEOUS LAYER
GM OIL ;

MATERIAL BALANCE
GM ATOM CARBON %
GM ATOM HYDROGEN %
GM ATOM OXYGEN %

RATI0 CHX/(H20+C02) 0.5753

RATIO X IN CHX
USAGE HZ2/CO PRODT

K EFFLT SHIFT REACTN 0.7145

- CONVERSION %
ON CO
ON H2
ON CO+H2

PRDT SELECTIVITY,WT %
CH4
C2 HC'S

' C3H8

C3H6=
C4H10
C4Hg=
C5H12
C5H10=
CoH14 o
C6H12= & CYCLD'S
C7+ IN GAS
LIQ HC'S

TOTAL
SUBGROUPING
C1 -C4
C5 -420F
420-700F

700-END PT
C5 -END PT

-2.4 GM) -

H2:C0:ARGON OF 60/30/10 & 45/45/10 @ 580 CC/MN OR 435 GHSY
9710-19-1 9710~19-2 9710-19-3 9710-19-4 9710-19-5,

D e e e e v e s e st -
SESEESNES mEmEmnass

-g4-

60 30:10 60: 30 10 60 30:10 60: 30 10
2. 4.5 2

?

7 4.2 .28.8
296 304 322 208
250 250 251 251
580 580 580 580
2.7 1.97 ° 19.67 4.92

96.1 74.9 £§77.0  150.7
0.0 0.0 30.43 0.0
0.0 0.0 1.77 0.0

98.26  107.04  101.19  101.42

98.38  107.62  100.71 94.01

101.70  108.89  104.58  87.65

0.7926  0.8991  1.9829

3.1780  3.0883  2.6402 2.6774
1.5722  1.6427  1.4981  1.422
0.8074  1.0043  3.8826

6.91 8.97 40.09 36.15
6.80 8¥4°  31.43 2252
6.82 8.22 33.17 25.42

43.22 38.57 22.37 23.48

18.24 17.32 13.29 13.99

15.74 14.95 9.22 9.13
0.00 2.79 8.42 ° 8.94
8.89 8.44 5,33 5.47
3.78 3.91 9.19 . 9.69
4.38 6.57 5.02 5.28
0.00 0.00 1.49 1.67
0.00 3.68 3.93 3.82
0.00 0.00 1.47 2.13
5.75 3.76 15.91 16.40
0.00 0.00 4.35 0.00
100 100 100 100

89.87 85.98 6762 70.71

10.13 14.02 29,52 29.29
0.00 0.00 2.55 0.00
0.00 0.00 0.10 0.00

10.13 14.02 32.18 29.29 .

60:30:10
30.8
298
252

580

1.92
58.7
10.95

0.66

3

109.61
131.06
157.33
0.4186 ?

- 2.5370

1.7364
0.2696 ?

1 39.54
44,52
43.66

15.43
11.35
7.86
7.92
4.81 |
8.80
4.55
1.49
* 3.58
1.36
14.11
14.74

100

60.16
28.68
10.45

0:71
39.84



ISO/MORMAL MOLE RATIQ, : : 2
. Ch ’ .1348 .0948 .0673 .0628; ..0594%

c5 .5393 -1647 1331 .1241° 0 L1219
cé e —  ..2813 .1655 1616
Cd= — 1503 .0788 .0776 .0799
PARAFFIN/OLEFIN M RATIO . :
c3 : ——-  5.1137  1.0846  0.9738  0.948]
- - 2.2697  2.0811  0.5509  0.5488  0.5281
c5 ——— ———  3.2747 °3.0780  2.9595
LIQ HC COLLECTION
'PHYS. APPEARANCE 0IL 0IL
DENSITY - -
N, REFRACTIVE INDEX - -
SIMULATED DISTILLATION . _
10 kT 2 @ DEG F === - 336 --- 369
16 -~ - 350 -—- 399
50 - ‘e 456 «  -=- 488
84 R 596 --- 638
90 -- —— 629 — 676
RANGE(16-84 %) ——n - 246, - 239
WT % @420 F - 38.5 , 24.7
WT % @700 F _97.4 ~ 93.4
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TABLE 138 RESULT OF SYN GAS, OPERATION

¢ ~

RUN NO.  9710-19 ’ _
= CATALYST UCC-201. #9939-53 80 CC 43.5 GM (41.15 G AFTER THE RUN, -2.4 GM) .
FEED 1i2:C0:ARGON OF 60/30/10 & 45/45/10 @ 580 CC/MN OR 435 GHSV

RUN & SAMPLE NO. 9710-19~6 9710-19~ 7 9710-19 8 9710-19-9 9710~19-10

TERSS SERSSSSST SSSSESSEST SSSRNSEmE oRmsmnsms

FEED H2:C0:AR 60:30:10 .60:30:10 60:30;10 60:30:10 60:30:10

HRS ON STREAM 47.3 49.7 55.5 71.4 95.4
PRESSURE, PSIG 295 €297 297 294 294
TEMP. C , . 284 284 284 312 313

. FEED CC/MIN 580 580 © 580 580 580

" HOURS FEEDING- 16.5 2.42.  5.83 16.0 23.92
EFFLNT GAS LITER 462.5 68.8 '~ 168.4 ' 443.4  629.7
GM AQUEOUS LAYER . 22.9 .0.0 11.13 & 17.09 14.07
&M 0IL © = 059 0.0 0.0 0:0 0.57-

MATERIAL BALANCE : . :
GM ATOM CARBON $ - 105.12  108.02  113.54" 109.13  104.35
GM ATOM HYDROGEN % 107.76  101.27  116.08  109.26  101.87
GM_ATOM OXYGEN<% * 106.40  93.77 116,30  109.88 % 99.54
RATIO CHX/(H20+C02) 0.9731  1.4521? 0.9486  0.9855 {1.1092
RATIO X IN CHX 3.0404  3.0734  3.0122  3.3804 °  3.3731
USAGE H2/CO PRODT 1.2511  1.1485  1.3334  1.2093 1.1870

K EFFLT SHIFT REACTN 4.7108 20.1352? 3.2581 . 9.4233 13.6506

CONVERSION %

ON CO 69.03 67.15 67.50 77.95 77.99
ON H2 42.50 37.09 44.81 47.29 46.02
ON CO+H2 47.70 43.42 _48.27 53.41 52.54
PRDT SELECTIVITY,WT %
CH4 37.06 38.18 34.24 54.82 54.59
C2 HC'S - 18.16 18.62 16.66 19.65 19.62
C3H8 = 15.71 16.29 14.83 12.70 12.57
C3He= | 3.39 . 3.33 3.22 1.08 1.07
C4H10 6.35 6.49 15.65 4.41 4.36
C4H8= 4.06 - 4.00 . 3.59 1.08 1.07
C5H12 4.43 4.29 4.02 i 2461 2.57
- C5H10=" : 0.31 0.26 0.25 0.04 0.07
C6H14 3.12 2.53 2.45 1.37 1.42
C6H12= & CYCLOD'S 0.54 0.43 0.39 0.08 0.07
C7+ IN-GAS .. 5.19 5.58 4.70 2.15 1.92
LIQ HC'S 1.68 0.00 *0.00 0.00 0.68
TOTAL 100 100 100 100 100
SUBGRUUPING . ‘
Ct -C4 © 84.74 86.91 88.19 93.74 93.28
C5 -420F T~ 1391 13.09 11.81 6.26 :6.30
420-700F . 1.24 0.00" ‘0.00 0.00 0.37
700-END PT: - 0,11 0.00 0.00 0.00 0.06

C5 -END-PT 15.26 13.09 11.81 6.26 6.72
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1S0/NORMAL MOLE RATIO

71062

c4 .1092 ~.0397

5 .2513  ° .2466  .2568

C6 < .4509  .4283  .474)

Cd= 087 .1060  .1018
PARAFFIN/OLEFIN M RATIO .

c3 : 4.4233  4.6674  4.3977

c4+ 1.5093  1.5671 _4.2063

C5 14.0488 - 15.9029 15.8952

LIQ HC'COLLECTION
PHYS. APPEARANCE: CLEAR OIL
DENSITY .
N, REFRACTIVE INDEX
SIMULATED DISTILLATION
TOWT % @DEGF 395

16 42
50 512
84 656
o 69¢
RANGE(16-84 %) 244
WT % @420 F*  19.5

WT % @700 F “91.1-.
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[ T

.1687

.6134 -,

1.1702
.0784

11.1770 -

3.9289
58.0000

1719
.6194
1.3117

. .0807

11.2439
3.9399
38.4333

OIL

343
371
251
599
677 ,

228

37.0
91.2




TABLE 13C  RESULT OF SYN GAS OPERATION

RUN NO.  9710-19 o Y
CATALYST - UCC=201 #9939-53 80 CC 43.5 GM _(41.15 G AFTER THE RUN, -2.4 &M)
FEED H2:CO:ARGON OF 60/30/10 & 45/45/10 @ 580 CC/MN OR 435 GHSV

RUN & SAMPLE NO. 971019-14

FEED H2:C0:AR . 45:45:10
HRS ON STREAM 102.3
PRESSURE,PSIG 296
TEMP. € 313
FEED CC/MIN 580
HOURS FEEDING ™ 7.08
EFFLNT GAS LITER 178.6
GM AQUEOUS LAYER 3.31
GM OIL ‘ c 0.0
MATERIAL BALANCE: %
@M ATOM CARBON 108.61
GM ATOM HYDROGEN 107.61
GM ATOM OXYGEN 110.12
RATIO CHX/(H20+C02) 0.9666
* RATIO X IN CHX 2.9527

USAGE H2/CO PRODT 0.8544
K EFFLT SHIFT REACTN 8.3004

CONVERSION %

.
&

ON CO 76.04
ON H2 _ - 66.17
ON CO+H2 . 69.48

PRDT SELECTIVITY,HT %

CH4 _ 31.36
C2 HC's 17.22
C3H8 18.24
C3H6= ; 3.75
C4H10 7.95
CaH8= 4.63
C5H12 5.95
C5H1 0= 0.30
C6H14 3.52
CEHI2= & CYCLO'S 0.45
C7+ IN GAS . 6.73
LIQ HC's .0.00

" TOTAL 100.00

SUBGROUPING
C1 -C4 83.05
C5 -420F 16.95
420-700F 0.00
700-END PT 0.00

* €5 -END PT - 16.95
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ISO/NORMAL MOLE RATIO

c4 - 0.1733
€5 0.5846
- C8 - 1.1124
C4= 0.0519
PARAFFIN/OLEFIN M RATIO
€3 4,6372
C4 . "1.6569
C5 19.1737

LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULATED DISTILLATION

10 WT % @ DEG F
16
50
84
90 -

RANGE(16-84 %)
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Run 100ll-1 on UCC-201 (Fe-UCC-101) Catalyst

This catalyst was activated by, the same procedure used
in Run 9710 ~18, i.e., 24 hour CO treatment at 270°C, 3° pSlq,
400 cc/min. ang 24 hour H, treaumenﬁiet 270°C, 3 psig,’ and 400
cc/min. Ascarite and Drierite traps were installed to monitor
the Coz-ﬁgkebduring thenco trea%meut (6.6 gm. weight gain was
observed) and Hzo-make during the H2 treatment (0.6 gm %eight
gain was‘observed). The catalyst was then brought into contact
with 60/30/10 syngas feed at 280°C and 290 psig. The conversion
was found to be 44% with 15% selectivity for CS+ product (samples
1, 2, 3, Table 14). This peif%rmance was comparable to the pre-
vious run (9710-19) at 280°C. Because the drierite trap weight
gain was only 0.6 grams, we thought the Hy treatment was not
adequate. Therefore, the catalyst was subjected to a second H2
treatment at 400°C (diluted. with nltrogen, 300 cc/mln N,, 150 cec/
mln. H. ) under 300 psig. This happened to be a July 4th weékend
when the reactor was run unattended, so the treatment lasted for
113 hours. Thé €0/30/10 syngas feed was then brought on stream .,
again at 283°C and 303 psig. The result was worse, with the
conversion decreased uo 16-21% (Samples 4,5). It-is believed that
the active carbon species on the catdlyst sirface may have been
rendered inactive through graphitization by the high temperature
exposure. High temperature exposure after CO treatment should
probably be avoided. The results are given ln Table. 14. Obvious
inconsistencies in data from Sample 1 mean that results of this
sample should be disregarded;
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TABLE 14  RESULT OF SYN GAS OPERATINW

Y

RUN NO. .10011-1 g .
CATALYST UCC-201 #6939-56 80 CC 49.7 GM (45.82 G AFTER THE RUN,° -3.88GM)
_FEED - H2: co "ARGON OF 60/30/10 @ 580 CC/MIN OR 435 GHSV

RUN & SAMPLE NO. 10011-1 -1 10011-1-2 10011-1~- 3 10011 ~1-4 10011-1-5

..._.._— s a8 B0 40 ¢ 2 v st e e
SERINRSSE RREREEREERe s==nRaRTsEs

B

FEED H2:CO:AR = 60:30:10 60:30-10 60:30:10 60:30:10 60:30:10
HRSEONESTREAM 4.0 21.1 25.6 31.2 57.7
PRESSURE, PSIG . 292 5290 - 292 303 303,
TEMP. C 281 28 280 283 284
"FEED CC/MIN 580 580 580 580 580
HOURS FEEDING 4.0 17.0 4.6667 5.6 25.5
EFFLNT. GAS LITER ° 115.8 483.6 132.2 199.7 899.3
.+ GM AQUEOUS LAYER 0.0 28.48 7.49 0,0 8.98
GM OIL . 0.0 0.42 0.0 0.0 0.0

MATERIAL 'BALANCE -
"GM ATOM CARBON % 60.40 104.06 103.25 104,54 105.55 .
GM ATOM HYDROGEN % 103.59 105.24 104.25 101.36% 105.30

N
B

GM ATOM OXYGEN % 29.80 110.37 108.15 105.13  107.52.
RATIO CHX/(H20+CDZ) 5.7068 0.8621 0.8681 0.9627 . 0.9071
RATIO X IN .CHX .= 3.3339 3.0583 3.0701 3.0975 ; 3.0299

USAGE H2/CO PRODT  2.8455 1.3381 1.3325 1.1700 ~ 1.2544
K EFFLT SHIFT REACTN 2.1904 2.4338 0.2504 3.5296 2.4923

CORVERSION % : ' :
ON CO 64.14  58.01 56.49 - 23.75  28.70
ON tH2 32.19  40.38  37.51 - 14.50  18.63
ON. CO+H2 . . 36.26  43.87  43.88  16.40  20.65
PRDT SELECTIVITY,NT % | :
CH4 < "% 51200 36,24 36.57E 33.22  29.72
€2 HC'S 19.34 . 19.04 = 19.22E  27.49  25.66
€3H8 13.96." . 16.43° 16.58E - 18.30 = 20.17
C3HE= 0.55 2.54- 2.57E  1.16x  1.49.
C4H10 6.18 7.58 7.65  7.80 ~  8.78
CaHg= - ¢ 0.54 2:97 3.00E  1.14 2.16
C5HIZ 4.42  ° 6.22. . 6.28E - 4.62 - 5.20
C5HIO= - © 0.00 0.15 0.158  0.51,  -0.63
C6H14 | 235 3.65 3.60E  2.4] 2.74
-CGH12=:& CYCLO'S 0.00 0.23 ° . 0.23  0.20 _ 0.50
C7+ IN GAS 1.46 4.05 4.08E . 3.T4 972,96
LIQ HC's 0.00  -0.89 0.0 0.00 - 0.0
TOTAL 100 100 100 100 100
 SUBGROUPING = : -
C1 -G 91.76  84.81 ' 85.57E  89.12  87.98
C5 ~420F 8.24  14.48 . 14.43E  10.88 . .12.02
420-Y00F- 0.00  0.65 0.00 .0.00 0.00
700-END PT 0.00 . 0.06 0.00 =  0.00 0.00
C5 -END PT 8.24  15:19  14.43E  10.88  12.02
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- ISO/NORMAL MOLE RATIO  °©
C4 , ~w

0.2799 0.1641 0714 0653

c5 1.4631  0.8445 E .1482 .1223

Cé' 1.9707  1.6747 - 23013 .1800

Cd= . o ===  0.0195 - . 2759 .1401°
.PARAFFIN/OLEFIN M RATIO

c3 ) 24.0034 . 6.1657 - 14,9301 12.9210

c4 11,0786  2.4609 - 76.5878  3.9218

c5 --="" ¢39,2308 - 8.7736 . 8.0723

l1Q HC COLLECTION bk
PHYS. APPEARANCE  °
DENSITY
N, REFRACTIVE INDEX .
SIMULATED DISTILLATION .
10NT % @ DEGF ~ wem .  =em —— — —
16 s T D — el

50 S —

84 -— --- —— mem -

[0

90 ' - -— ! ewmeen - - - 't -

RANGE(16-84 %) © === . === -ma — -

WT % 0420 F.
WT % @700 F°
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Run 10011-2 on UCC=201 (Fe-UCC-10l) Catalyst

This catalyst (seme as the“ene for Run 1001l-l), was
activated by similar procedure (but with slight variation) as
Run 10011-1 &r Run 9710-19. The CO treatment was the same, 400
X cc/min, 270°C, S.psig,l24 hours.: The catalyst bed ghowed an
exotherfi of 24°C (to 294°C) and an ascarite trap weight gain of ,
11.6 grams (for Cco, ) The H2 treatment was doubled in duratiSn
with higher flow rate and under both low and high pressures, i.e.,
24 hours of 1000 cc/min. at 270°C, 3 psig and 24 _hours of 2000 cc/
min. at 270°C and 300 psig. No-weight gain on the drierite trap
(for H O) was observed. A feed gas of 45/45/10 cemposition was
1ntroduced. At reacthn eondiﬁions of 220°C, 350 psig, thé con-
version was aboat 9%. -The'temperature was raised to 270°C aﬁa
300 psig; the conversion increased to 37% and selectivity for C5
products was 29%. The temperature and pressure were then 1owered
to 251°C and 100 psig. The conversion decreased to 15%, but the
C5+ selectivity increased to 35.5%. ‘

The conversion, selectivity data and simulated distillation
are reported in Table 15A and 15B and plotted in Figures 33 to 36.
Compdring this run (with 45/45/10 feed) to Run 9710-19 (60/30/10
feed), the selectivity in this run for CH4 and C5+ fracticn seems
not to be significantly affected by the reaction temnerature. No
definite trend can be observed on the boiling.point dlstrlbutlon
of the liquid hydrocarbon collection.
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TABLE 15A RESULT OF SYN GAS OPERATION

RUN NO. 10011-2 ) ) i T
CATALYST UCC-201 #9939-56 80 CC- 49.556M (50.00 G AFTER THE RUN, +0.45GM) .
FEED H2:C0:ARGON ,OF 45/45/10 @ 400 CC/MIN OR 300 GHSY

RUN & SAMPLE NO. 10011-2-1 10011-2<2.10011-2-3 10011-2-4 10011-2-5

[

FEED H2:C0:AR 60:30:10 45:45:10 45:45:10 44:46:10 -45:45:10
HRS ON STREAM . 14757 19.3 27.0 43.5 51.3
PRESSURE,PSIG 300 301 300 299 - 297
TEMP. C 220 219 272 268 268
FEED CC/MIN 400 - 400 400 400 400
HOURS FEEDING 1.75 17.5 7.75 16.5 7.75
EFFLNT GAS LITER® 40.8 464.4: 162.6 341.0 169.2
GM AQUEOUS LAYER 0.0 0.0 . 8.17 - 11.12 5.4
GM OIL 0.0 0.0 0.31 = 0.84 0.42

MATERIAL BALANCE

GM ATOM CARBON % 93.29 119.91 107.25E 98.28 102.97
«GM ATOM HYDROGEN %  95.41 118.2¢4 104.76E 100.90 102.40
GM ATOM OXYGEN % 92.65 iZO.U@ 110.92E 103.36 109.12
RATIO CHX/(H20+C02) 1.0779 0.9631 0.6812E 0.7988 0.9653

‘RATIO X IN CHX 3.0036 2.6120 2.6520E 2.6554 2.6418
USAGE H2/C0O PRODT 1.7020 1.588% 1.0664E 1.0186 1.0074
- K EFFLT SHIFT REACTN 0.9649 0.3500 0.8925E 1.2296 1.1936

CONVERSION % . :
35.00E *35.10 33.72

ON €D 12.36 6.07
ON H2 10.00 9,92  40.9%  38.64 37.18 ,
ON CO+H2 10.46  °8.62  39.04E 37.45 36.02

PROT SELECTIVITY,WT % -
CH4 34.60  19.07  GC 20.07 -~ 19.12
C2 HC'S. . 18.10  13.23  MAL-  14.75 .  .15.30
C3H8 12.61 7.64  FUNC-  9.94 10.03
C3H6= 5.98  10.01  TION®  8.84 9.18
CaH10 8.30 6.35 - 5.67 .  5.66
C4Hg= . 5.85  11.02 - 10.52 ~ ° 10.57
C5H12 7.34 7.90 - 6.06.  :5.82 -
C5HI0= | “0.00 0.82 - 0.75 0.80
CEH14 " 4 14 5.94 - ‘4,70 - 84,27
CeHl2= & CYCLO'S ©  0.6D 1.10 - 21.09 - 1.04
C7+ INGAS  © 3.08  16.50 -2 13.01.  13.12
LIQ HC'S 0.00 0.00 - 3.51 3.82E
TOTAL 100 100 100 100 . 100

SUBGROUPING _

» C1 -C4 ‘ '85.44  "67.74  T71.45E 70.89 = 71.13
C5 -420F 14.56  32.26  26.90E 27.15 26.28

_ 420-700F ©0..00 0:00 1.37E  1.85 2.49

“c 700-END PT 0.00 -+ 0.00 0.27E  0.12 0.10 .
C5 -END PT , 14.56 ©  32.26  28.55E 20.T1 28.87
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| ISO/NORMAL MOLE RATIO

: 0.2394°
€5 . 0.6321
. Cé6 . 1.0000
© C4= = -
PARAFFIN/OLEFIN M RATIO
c3 -2.0110
.C4 1.3689-
cs Lo -

LIQUID COLLECTION

PHYS. APPEARANCE

DENSITY

N, REFRACTIVE INDEX ,

SIMULATED DISTILLATION “
10 WT % @ DEG F . -
16 -—
50 —
84 —
90 ———

RANGE (16-84 %) ---

WT % @420 F
WT % @700 F

2610

. .7867

1.2389

-110~-

« 2225
.6464
1.0395
.0276

1.0725
0.5202
7.8361

OIL

332
360
435
537
598

177

44.0
96.7

.1958
.5167

.8753
.2154

1.0424

0.5175
7.0387

OIL



TABLE 15B RESULT OF SYN GAS OPERATION.

RUN NO. 10011-2
CATALYST UCC-201 #9939-56 80 CC 49. SSGM (50 00 G AFTER THE RUN, 0.45 GM)
FEED H2:CO:ARGON OF 45/45/10 @ 400 CC/MIN OR ‘300 GHSV

St

RUN & SAMPLE NO. 10011-2-6

Y

FEED H2:C0:AR 45:45:10

HRS ON STREAM 67.2
PRESSURE, PS1G 100
“TEMP. C 251
FEED CC/MIN 400
HOURS FEEDING 15.92
EFFLNT GAS LITER 425.70
GM AQUEOUS LAYER 2.52
M OIL 0.41

MATERIAL BALANCE -
GM ATOM CARBON % 74.03
GM ATOM HYDROGEN % 92.48
@GM ATOM OXYGEN % 76.48
RATIO CHX/({H20+CD2) 0.7338
RATIO X IN CHX 2.5719
USAGE H2/CO PRODT  1.3489

K EFFLT SHIFT REACTN 0.5941

CONVERSION %

ON CO 13.20
ONH2 16.04
ON CO+H2 15.23

PRDT SELECTIVITY,WT & °

. CH4 .19
C2 HC'S 14.17
C3H8 §.36*
C3H6= 8.95
C4H10 4.20
CAHg= 11.68
C5H12 4.82
C5H10= 1.35
CEH14 3,64
CEHI2= & CYCLO'S 1.81
C7+ IN GAS . 18.44
LIQ HC'S 5.42E
TOTAL 100

SUBGROUPING
C1 -C4 64.47
C5 -420F 33.09
420-700F 4.06
700-END PT 0.37
C5 -END PT 35.53
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ISO/NORMAL MOLE RATIO

c4 0.1223

c5 : 0.2255

6 * 0.4444

C4= 0.2490
PARAFFIN/OLEFIN M RATIO

o C3 - 0.6783

c4 ©0.3474

c5 © 3.4699

LIQ HC COLLECTION

PHYS. APPEARANCE  CLEAR OIL

DENSITY

N, REFRACTIVE INDEX

SIMULATED DISTILLATION
10 WT % @ DEG F 401

16 _ 410
50 : 503
84 : 641
90 3 676
RANGE(16-84 %) 231
WT % 0420 F 18.30
WT % @700 F ° 93.20
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LiQuUID HC COLLECTION
BoILING POINT, °F

CONVERS|ON ON (Hz#C0), 2
(V)]
[v4

FIGURE | 33

log

Run looll-2
\)C.g‘_—ZOI

4S5 /i0 Ha/CO/Ar 53"\ s

20 250 300 “C
REACTION TEMP.
(00
b= Cl+z‘_
§ " SELECTIVITY * WITH
_?: 435 /4s5/10 (nz/co//a«)syuj&,
e Ca-C ‘
_‘: 50' LY t
2 . '
= .
J —_— T —
m e
d : “lg - 4o
0 .
al Y20~ 786 R —— . \
2e8 250 30 °C Rx Temp.
60 —_—
de T 3 \\ g ;
N, LIQUID PRODUCT COLLECTION
Seo ' ® . BOILING RANGE
oo 1 N srder
Sk WG :
a0 1
Lo 150 - 3“ aC Rx. Te;:np.
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Run 10011-4 on-UCC-201 (Fe—-UCC-101) Catalyst
\\ E :
In the previous four runs on Fe-UCC-101l catalyst, (Runs
3710- -18,<19, 10011l-1; =-2), the catalyst was dctivated by a pro-
cedure which calls for a carburization step- flrst _{generally at

270-300°C with pure CO :gas), followed by a hydrogenation step
at the same temperature. The catalyst was then generally Brought
on stream with 60/30/10 syngas at slightly lower temperature.
We shall call this procedure A. In this run, Ruu 10011-4, the
catalyst was activated by a different procedure which calls for
a hydrogenation step first (at 400-450°C), and then a carburization
step at 250°C with 45/45/10 H2/CO/Argon syngas. We shall call this
procedure B. - '

More spec;flcally, the catalyst, having been calc1ned in air
at 500°C, was treated with H2 at 1500 cc/mln. (1125 GHSV), 300
p51g, for 7 Hours at 340°C and 49 hours at 450°C._ The catalyst
was cooled to 250°C under I-I2 (total weight. galn ‘in the drierite trap
was 8.5 gm) and then treated w1th 45/45/10 syngas at 400 cc/min
(300 GHSV), 100 psig, for 48 Hours at 250°C. During this 48 hours,
the syngas conversion was 7-11% (refer tq\samples 1 to 4, table 16A)
No liquid product, agqueous or oil, was observed during that time,
and it was felt that the catalyst needed another activation, a
shortened version of procedure A. "The catalyst was treated for 5
hoirs wlfn Co at 400 ce/min, 3 psig, 270%C, followed by 16 hours
with H2 at 1500 cc/min., 100 psig and 270°C. The 45/45/10 syngas
feed was brought on stream again at 400 cc/min., 100 psig, and 273°C
The conversion was 17% (sample 6. The temperature was raised to
302°C and the conversion increased to 35%. The conversions and the
selectivities are plotted in Figure 37. The catalyst performance
in this run was poor. Throughout the whole run, not enough oil
product was made for collection.
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TABLE 16A RESULT OF SYN GAS OPERATION

RUN NO. 10011-4 '
CATALYST UCC-201 #9939-73 80 CC 51.24GM (47.10 G AFTER THE RUN, -4.14GM)
FEED H2:C0:ARGON OF 45/45/10 @ 400 CC/MIN-OR 300 GHSV

RUN & SAMPLE NO. :-10011-4-1 ]b011-4-2 10011-4-3 10011-4-4 10011-4-5

DESSESIDED SOIESSERDID SREDSEIDNESD SRR RaRRR RSEmsewmEEsS

FEED H2:CO:AR 45:45:10 45:45:10 45:45:10 45:45:10 45:45:10

HRS ON STREAM 5.7 21.5 28.4 46.7 53.6
PRESSURE,PSIG " 102 99 100 98 99
TEMP. G, 252 = 282 251 251 273
FEED CC/MIN ~ 400 400 400 400 400
HOURS FEEDING 5.75 15.83 6.92 18.33 6.92
EFFLNT GAS LITER 163.4 432.4 189.1 499.6 176.3
GM AQUEOUS LAYER 0.0 0.0 0.0 0.0 0.
eM OIL . 0.0 0.0 - ~.0.0 0.0 0.0

MATERIAL BALANCE -
GM ATOM CARBON %  112.38  108.86  107.82  109.64. 101.54
GM ATOM HYDROGEN % 111.95  108.85  110.01  109.16  101.52
GM ATOM3GXYGEN ¢  114.66  110.22  108.94  108.52 . 102.80
RATIO CHX/(H20+C02) 0.6126  0.7611  0.8026  1.1920, 0.7611
RATIO X IN CHX 2.8932  2.8342  2.8285  2.5908  2.8342
USAGE H2/CO PRODT, 1.6348  1.6897  1.7221  1.7201  1.6897

K EFFLT SHIFT REACTN 0.2611  0.2678  0.2647  0.3021  0.2678

CONVERSION %

ON CO 4.33 = 5.12 5.32 7.63 5.12
ON HZ2- = 8,77 9.70 9.85 . 12.31 9.70
ON CO+H2 7.29 8.17 8.36 10.74 8.17
PRDT SELECTIVITY,WT %
CH4 22.55,, 21.53 22.07 15.67 21.53
C2 HC'S 24.17 22.58 21.25 14.90 22.58
C3H8 19.31 17.08 16.79 13.74 17.05
C3H6= . S0 3.3 4.74 4.55 27.21 4.74
C4H10 ' 10.02 8.33 8.16 6.21 8.33
C4H8= . 2.76 3.89 4.42 3.51 3.89
C5H12 8.18 B.01 7.68 5.84 8.01
C5H10= 0.00 0.00 0.00 0.00 0.00
CoH14 ' 5.10 6.13 6.63 - 5.34 6.13
C6H12= & CYCLO'S 0.00 0.00 0.26 0.44 .00
C7+ IN GAS 4.61 7.73 8.17 7.73 7.73
LIQ HC's : 0.00 0.00 0.00 0.00 0.00
TOTAL. . 100 100 100 100 100
SUBGROUPING ' = :
c1 -C4 . 82.12 78.12 77.25 80.64 78.12
C5 -420F 17.88 21.88 .  22.75 19.36 21.88
420-700F 0.00 0.00 0.00 0.00 0.00
700-END PT 0.00 0.00 0.00 0.00 0.00
- C5 -END PT 17.88  © 21.88 22,75 19.36 21.88
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ISO/%ORMAL MOLE RATIO
4 .

0.4636
c5 3.4035
C6 —-
C4= ——

PARAFF IN/OLEFTN=H<RATIO
c3 . 5.5747
ca ‘ 3.5046
c5 . —-

LIQ HC COLLECTION
~ PHYS. APPEARANCE
DENSITY 2
N, REFRACTIVE INDEX
SIMULATED DISTILLATION
TO0WT % @ DEG F 2-o
16 e -—-
50 : -—-
84. —
90 ) N

RANGE(16-84 %) =~ =--

0. 2951

. 2.2211

4.9394

3.4355
2.0681

0.2696
1.7509
.4.6923
=t
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5192
.784]

0.2322
1.2264
3.0448

0.4607
117106

0.2951
2.2211
4.9393

3.4355
2.0681



TABLE 16B RESULT OF SYN GAS QOPERATION

RUN NO.  J00V1- T : -
CATALYST UCC-201 #9939-73 80 CC 51.24GM (47.10 € AFTER THE RUN, -4.14GM)
FEED . H2:CO:ARGON OF 45/45/10 @ 400 CC/MIN OR 300 GHSV)

RUN & SAMPLE NO. 10011-4~-6 10011-4~7 10011-4-8 10011-4~9 10011-4~10

e p——
TSSSSSESES SRERRSESREE SRRCSSSSNS rmummnmmmms SEmDonosome

5
0 <

FEED H2:CO:AR _ 45:45:10 45:45:10 45:45:10 45:45:T0 45:45:10

HRS ON STREAM 7.4 . 78.4 - 97.2." 101:8  ,122.7

PRESSURE,PSIG 98 .101 104 105 103
TEMP. '€ : 273 303 304 299 300

’ " f o

FEED CC/MIN 400 400 - 400 - 400° " ¢ 400

HOURS FEEDING .17.83 7.0 - 18.75 4.67- 20.83
EFFLNT GAS LITER 455.9 156.0 416.4 . 103.7 475.1°

GM AQUEDUS LAYER ©3.57 . 0.0 7.05 0.0 7.45
GM OIL ' 0.0 0.0 0.0 0.0, 0.0

MATERIAL BALANCE ~ - - R
GM ATOM CARBON % ¢ 106.66 108.94 104.56 111.04 11
GM ATOM HYDROGEN % 107.76 105.76° 107.23 106.95 114.29
GM ATOM OXYGEN % 108225 109.62 110.0S 110.25 11
RATIO CHX/(H20+C02) 0.8559. 0.9700 {7945 1.0398 “ 0.8775
RATIO X IN CHX . 2.8360- -2.9613 2.9796 2.9354  "2.9232
USAGE H2/CO0 PRODT 1.3364 0.8734 0.9227 0.9286 0.5683
K EFFLT SHIFT REACTN 0.6782 5.4364 2.5123 4.4506 2.3358
& o

CONVERSION %

LONCOo - - 13.21 37.88 38.60 = 33.27 36.01
ON H2 . 18.46  34.36 37.11 31.74 35.89
_ON CO+H2 16.72 '35.55 37.60 32,26 - 35.93
PRDT SELECTIVITY,WT % , i
“CH4 - : 22.24 26.52 28.08 . 26.17 26.31
C2 HC'S 22.37, 26.22 . 26.20 24.45  23.43
C3H8 i 18.29 22.83 21.82 19.73 19.44
C3HG6="* - 4.93 2.95 3.41 3.85  4.34
- "C4H10 ‘ 8.42 2.42 2.50 . 7.93 - 7.98
. CaHgs -~ 4.34 2.35 L 2.67 " 3.00 3.51
C5H12 " 7.40 . 7.45 1 6.60 . 6.20: 6.07
C5H10= 0.24 0:11 .0.08 «. 0.09 0.18
CE6H14 i - 4,81 - 4.06 3.8%  3.67 3.58
. C6H12= & CYCLO'S 0.09 0.29 "0.22 0.15 . 0.35
C7+ IN GAS: ' 6.86 4.79  4.61 4.75 4.81
= LIQ HC'S, 0.00 0.00 0.00 0.00 0.00
- TOTAL 100 100 100 . 100 100
SUBGROUPING 5 .
C1 -C4 80. 39 = 83.29 "  84.68 85.13 85.01
° C5 -420F _ 19.41, _.16.71 © 15.32 14.87  14.99
" 420-700F 0.00° 0.00 0.00 0.00 . 0.00
*700-EKD: PT 0. oo' 0.00 0.00 0.00 0.00
C5 -END PT 19.41 * '16.71 15.32 14.87 14.99
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ISO/NORMAL‘MOLE RATIO i ' - '
== C4 0.2096 2.1429 1.4897 0.2044 0.1939.

cs5’ 1.3643 . 1.7747 . 1.6799 1.5772  1.2295 -

cé6 2.9560  4.1635 '3.9867  3.6960  3.1136

C4= 0.0205  0.0267  0.0254  0.0271 25.5854
PARAFFIN/OLEFIN M RATIO .

3. o 3.5444  7.3902  6.1101 4.8941 4.2735°

ca4 s 1.8738 0.9945  0.9009  2.5568  2.1973

c5 " 30.0909 66.5926 81.5263- 63.7273  32.6000

LIQ HC COLIECTION °.
PHYS. ArY ARANCE ° .
DENSITY - =
N, REFRACTIVE INDEX .
SIMULATED DISTILLATION -
10 T % @ DEG F —— ——— O — p—

16 —— — — — -
50 - — — — —
84 - i - --- -—-

l‘90 - Latshnd - ‘ - - - -

RANGE(16-84 %) - --- - - T
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SELECTIVIT Y, Wt/

5

CONVERSION ON ka i, 7

FIGURE 37

00
EDN 100”-4;
vt -20/(
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Sor I6Q PSIG
& -+ —
200 256 Bos ss C
loo
CHA.
50"0 Cl':c“?-
- GtevaoF
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o .t

REALTION TEMP. °C
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Run 10011-5 on UCC-201 (Fe-UCC-~10l) Catalyst

,The. activation procedure used.in this run was almost

’ ldentlcal to the previous run (Run 10011-4)#% The catalyst,
havmng leen calc1ned in air at 250°C, was acti;aied by treating
£irst with szat 2000 cc/mln (1500 GHSVL, 3 pszg (low pressure
this time) for 7 hours at 300°C, and . 33 hours at 400°C, cooled
under H, to 250°C - (Drierite trap wt. gains 7.2 gm. ) and then
treated with 45/45/10 syngas, 400 cc/mln, 100 psig, 48 hours at.
250 C and 24 hours atr280°C. The conversion. at 250°C was low,
only 7% (Sample 2, Table 17). The, catalyst was subjected to
another procedure A activation of CO at 400 cc/min. 3 p51g,'
280°C, 6 hours’ followed by H at 2000 cc/min. 3 p51g, 280°C, 18
hours, with a drierite trap welght gain (HZO) of 1.7 gm. and
ascarite trap weight gain (COZ) of 0.1 gm., No*dlscernable exo-
therm was observed. The 45/45/10 syngas was brought_pn stream
again at 400 cc/min, 105 psig,'279°C for 26 hours. The conversion
. was *still quite poor, only 12% at 279°C %sample 3, Table 17).
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TABLE 17  RESULT OF SYN GAS OPERATION

RUN NO. 10011-5 PR ,
CATALYST UCC-201 #9938-88 80 CC 47.5 GM (42.74 G AFTER THE RUN, -4.76GM)

FEED H2:C0:ARGON OF 45/45/10 @ 400 CC/MIN OR 300 GHSY
RUN & SAMPLE NO. 10011-5-1 10011-5-2 10011-5-3 '

ame e e e v 0 o e e s v S )t e o2
TODZSNCSRT SSRSSSRRSE SRETEESRS

FEED H2:C0:AR 45:45:10 45:45:10 45:45:10
HRS ON STREAM 25.7 44.7 93.1
PRESSURE,PSIG  ~ 97 - 94 105
TEMP. C 249 249 279
FEED CC/MIN 400 400 400
HOURS FEEDING 25.75 19.0 25.667
EFFLNT GAS LITER = 625.6 463.0 602.4
GM AQUEOUS LAYER 0.0 6.0 0.00
GM OIL 0.0 0.0 0.0

MATERIAL BALANCE
GM ATOM CARBON % 102.21 100.06 95.03
GM ATOM HYOROGEN % 102.51 105.11 95.76
GM ATOM OXYGEN % 104.86 106.13 95.46
RATIO CHX/(H20+C02) 0.3795 0.2293 0.9357
RATIO X IN CHX - 2.9423 2.8491 2.9208
USAGE H2/CO PRODT  1.9370 1.9806 1.3862

K EFFLT SHIFT REACTN 0.0786 0.0369 0.7258

CONYERSION %

. ON CO ’ 1.90 2.09 .  9.59
ON H2 6.17 9.67  13.50

~ ON CO+H2 4.75 °  7.23  12.21

PRDT SELECTIVITY,NT % ©

. CHa4 , 28.59  27.32  30.33
2 HC'S 22.72 17.38  21.54
C3H8 13.93  13.3 12.56
C3H6= . 4.90 6.06 7.30
C4H10 6.96 . 6.97 5.64
C4Hg= . 4,03 *¢ 5,17 5.42
C5H12 7.22 6.53 6.16
C5H10= 0.00 6.35 0.21
C6H14 6.27 5.4 4.72
C6H12= & CYCLO'S 0.00 0.00 0.00
C7+ IN GAS 5.38 5.78 6.13
LIQ HC'S . 0.00 0.00 0.00
TOTAL 100 100 100

SUBGROUPING . ]
c1 -C4 -+ 81.13  76.21  82.78
C5 ~420F 18.87  23.79  17.22
420~700F . - 0.00 0.00 0.00
700-END PT- 0.00 0.00 0.00
C5 ZEND PT - 18.87 . 23.79  17.22
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ISO/NORMAL MOLE RATIO

c4 0.4433
c5 6.3125
c6 -
Cd= —-

PARAFFIN/OLEFIN M RATIO
c3 . 2.7132
ca 1.6667
c5 -

LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX
SIMULATED DISTILLATION

TOWT % @ DEGFY ==~

16 ——
50 ——-
84 _—
90 -

RANGE (16-84 %) —

0.3964
4.5714

2.0968
1.3025
1.0000

-125-

0.
2.
4.

3373
6852
5435

.6403
.0044
.4286



!

Run 10011-3 on UCC-202 (Mn;Fe—UCC—lOB) Catalyst
This is a- manganese-iron loaded UCC-103 catalyst. The

catalyst was- actlvated by a modified procedure A, with 45/45/10
2/CO/Argon syngas“ as the carburizing gas at 400 cc/min, 100 psig,
250°C for 20 hours, and later again at 265°C for 18 hours, followed
by H treatment of 1000 cc/min 3 psig, 270°C for 7 hours, and 2000
cc/mln., 300 psig, 270°C for 2l:.hours (both low and hlgh pressure)
The 45/45/10 syngas feed was then. brought on stream at 400 cc/min.
300 psig? and 220°C. The conversion was very low, only 3% (samples
1 and 2, table 18).. The conversion was still very low at 4% for a
higher temperature of 252°C (samplé;;). Despite the uncertainties
with regard to the best activatiodzbrocedure, the very poor per-
formance of this catalyst is attributed to the catalyst itself and
the way it was prepared. The metal component ‘of the catalyst was
added through the decomposition of manganese and iron carbonyls
adsorbed onto the catalyst; catalyst activity may have been damaged
during the alumina bonding to’ form extrudate.
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TABLE 18 RESULT OF SYN GAS OPERATION

RUN NO. T10011-3 : )
CATALYST UCC-202 #9673-11D 80CC 38.91GM (39.05 G AFTER.THE RUN, +0.74GM)
FEED . H2:CO:ARGON OF 45/45/10 @ 400 CC/MIN CR 300 GHSY

"'l ird
RUN & SAMPLE NO. 10011-3-1 10011-3-2 10011~-3-3

FEED H2:CO:AR 45:45:10 45:45:10 45:45:10

HRS ON STREAM 1.5 19.0 26.3
PRESSURE,PSIG 299 302 302
TEMP. C 221 221 252
FEED CC/MIN 400 400 400
HOURS FEEDING ' 1.5 17.5 .7.25
EFFLNT GAS LITER 42.0 499.3 208.1
GM AQUEOUS LAYER 0.0 0.0 0.0
" GM OIL 0.0 0.0 0.0

MATERIAL BALANCE
GM ATOM CARBON % 101.77 110.05 109.98
GM ATOM HYDROGEN % 112.66 114.77 110.66
GM“ATOM OXYGEN % 106.09 114.21 113.98
RATIO CHX/(H20+C0O2) 0.06187 . 0.1188? 0.1833?
RATIO X IN CHX= 3.3971 2.6351 2.9055 .
USAGE H2/CO PRODT  2.0007 1.9711 1.9007

K EFFLT SHIFT REACTN 0.0154 0.0185 0.0494

CONVERSION % :

ON CO - 0.34 0.59 1.03
ON H2 ) 4.46 °©  4.68 5.39
ON CO+H2 3.18 3.35 3.94
PRDT SELECTIVITY,NT %
CHa . 66.85 31.40 39.44
C2 HC'S 17.71 50.66 16.99
. C3H8 6.00 1.96 4.43
C3H6= 7.55 8.99 13.38
C4H10 0.00 0.00 9.14
C4H8= 0.00 0.00 0.00
CBH12 ' 0.00 0.00 000
C5H10= 0.00 0.00 0.00
C6H14 ' 4.69 0.00 1.89
C6H12= & CYCLO'S 0.00 0.00 0.00
C7+ IN GAS 3.20 6.99 14.72
LIQ HC'S 0.00 0.00 0.00
TOTAL 100 100 100
SUBGROUPING
C1 -C4 92.11 93.01 83.39
C5 -420F 7.89 6.99 16.61
420-700F 0.00 0.00 0.00
700~-END PT 0.00 0.00 0.00

C5 -END PT 7.89 6.99 16.61
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'I1SO/NORMAL MOLE RATIO
C4 - - -

cs T - —- —-

C6 \ --- - -

C4=
PARAFFIN/OLEFIN M RATIO = . ‘ -
€3 ——z 0.2083 . 0.3161

C4 ——— ——— ——-

. (5 —- -— -—-
LIQ HC COLLECTION
PHYS. APPEARANCE
DENSITY
N, REFRACTIVE INDEX .
SIMULATED DISTILLATION .
10WT % @ DEGF  --—- -—- --
16 -—- -—- -—
50 —- —— -
84 _ -— —-

90 - - - . - — - - -
RANGE(16~84 %) -— — —

WT % @420 F
WT % @700 F
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SUMMARY OF THE SYNGAS OPERATION

The results from the syngas Speration reported this
quarter were poor, worse than expected. Since none of the
catalysts whose results were reported here had been promoted,
there was little expectation for .good selectivity to heavy hydro-
carbons. We did have reason to expect the coaversions to have
better than théy were. - All the reasons for the poor results are
not clear at this time. éenerally, the activation procedures
used, while possibly not being optimal, should have been quite
adequate. Analysis of the feed streams failed to show that the
feed could have contaminated the catalysts. It is suspected that
ohe batch of catalyst, used for most of the tests reported above,
may have been damaged in some way.

Starting with run 10011-6, conducted this quarter (the .
results of which will be reported next quarter) the“catalysts have
shown higher conversions and apparently good selectivity to desired
products in Task 2 tests.
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G. A. Somordjai

APPENDIX D: SURFACE STUDIES

We have completed constructlon of the new low pressure-
high pressure apparatus to be used for catalyst surface
studies. Preliminary studies of CO hydrogenation were
carried out in this apparatus. On a previously built
chamber, co hydrogenation reactions at 3-6 atm pressure
have been carried out using rhenium metal surfaces. While
the ¢lean metal is a mediocre methanation catalyst, the
addition of potassium to the surface increases the yield
of C, and C3 hydrocarbons {(ethane and propane) and suppress-
es the methane yield.

Samples of catalysts prepared by. the oxidative decompo-

sition of lron and manganese carbonyls inside the molecular
‘sieve, UCC-103, were provided by P.K. Coughlin. Auger
electron spectroscopy showed little metal on the surface.
In comparison to simple metal, metal oxide, and metal alkal;
oxide systems, the molecular sieve supported catalyst showed
high yields and géod selectivity towards olefins at 3 atm of
total pressure and 275°C. v

We have recently constructed a Mn evaporation source and
are currently examining changes in activity and selectivity’ which
occur on Fe foil promoted with Mn monalayers:. In the following
-few months we . will alsc examine the Fe/Mn éystemIWitﬁ O and X
additives comblnlng the high pressure results with ultra—hlgh
_ vacuum analysis.
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