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I. CONTRACT OBJECTIVE 

The objective of the contract is to develop a catalyst 

and to sel"ect operating conditions for the direct conversion of 

syngas to liquid hydrocarbon fuels, using microporous crystals - 

"molecular sfeves" - in combination with transition metals. 

II. SCHEDULE 

The contract work is planned for a thirty~'six month period, 

which started March 6, 1981. The work on the program is divided 

into four tasks. In Task i, shape-select'~ve catalysts (SSC's) 

are being evaluated for converting low molecular weight liquids 

such as methanol and propylene to desired products like gasoline, 

turbine and diesel fuel. In Task 2, the feed is syngas (CO + H 2) , 

and the catalyst is a combination of transition metal component 

(MC) and SSC. Task 3 is a study of surface effects and reaction 

intermediates during the hydrogenation of carbon monoxide, carried 

out as a subcontract under the direction of Dr. Gabor A. Somorjai, 

of U.C. Berkeley. Task 4 is a series of management and technical 

reports. 

III.~6RGAN!ZATION 

"Liquid Hydrocarbon Fuels from Syngas" is the goal of a 

research and development program on catalysts carried out by the 

Molecular Sieve Technology Department of the Engineering Products 

Division, Union Carbide Corporation at their Tarrytown Laboratories. 

Principal investigator is Dr. Jule A. Rabo. Program manager is 

Dr. Richard C. Eschenbach. 

c 
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IV. PROGRESS SU~LMARY 

TASK 1 

The SSC candidate testing program is centered on the 

evaluation of new UCC molecular sieves and modified forms of 

known zeolites, using propylene feed. In this study, we are 

monitoring the catalytic activity-inthe conversion of propylene. 

The. product selectivity to liquid hydrocarbons, and the ratio 

of olefins to saturates is also established. The observed 

catalytic performance is then used to .grade SSC candidates for 

application in Task 2 catalyst formulation. 

We reported in the last quarter on the outstanding 

performance of UCC-104 with propylene'feed. This catalyst 

had high activity,~and it converted the propylene with near 

quantitative yield to C5+ liquid hydrocarbon product. Signi- 

ficantly, the liquid product boiled mainly in the gasoline 

range. The conversion of-the propylene feed to propane, a 

usually prominent, undesirable reaction with all strong acid 

zeolites, was nearly absent. Thus, we clearly established that 

UCC-104 is an outstanding SSC catalyst candidate for Task 2 

service° 

In order to complete the test of relevant reference 

materials in the conversion of propylene, we have prepared, 

and began the evaluat~on...of, several known zeolites in appro- 

priately activated or modified form. Catalyst preparations 

were based on three new UCC molecular sieves. One was tested 

thisl!quarter and two will be tested next quarter. In addition, 

modified forms of zeolites omega and L were also prepared repre- 
r senting varying degrees of acidity. The catalyst synthesis work 

for'Tasks 1 and 2 is reported in Appendix A. 

F~A analyses of product molecule types (paraffin, olefin, 

aromatic) were.not reported in the last quarterly report because 

of analytical problems encountered with the products. W~ have 

now found that the cause of the problem is fluorescence of the 

products from the Betty reactors (see Appgn~ix"B]. A substitute 
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for the FIA technique is being sought, thus far without success. 

Test results for six Betty reactor tests and one micro- 

reactor test, all with propylene in the feed, are reported in 

Appendix C. 

Test Results 

The LZ-~05-6, a medium pore molecular sieve, similar- 

in structure to ZSM-5, is the most active catalys~W%, have 
r%.' 

tested so far for the conversion of propylene. At o~timal 

conditions, it converted 90% of the feed versus 63% found with 

UCC-104. However, the test carried out in the Berry reactor 

showed that this catalyst has inferior selectivity to C5+ (89%) 

relative to_ UCC-104 (96%). The lower C5+ yield with LZ-105 

follows from the increased conversion of the propylene to 

saturated C~C 4 hydrocarbons. 

The large pore molecular sieves tested this quarter all 

" • " " n deactivated more rapidly than the medlum pore materlals. Amo g 

these catalysts, the multivalent-cation-exchanged Y .eolites 

deactivated very ~rapidly. ucc-103,, a lower acidity modification 

of UCC-10i, had sli,~htly/improved catalyst life and selectivity 

to C5+ products without significant loss of activity compared 

to UCC-101. In contrast to the medium pore molecular sieves, 

the large pore molecular sieves tested in this quarter had the 

advantage of (at leas~ initially) producing some of their liquid 
~', 

products in the diesel range. 

TASK 2 

Task 2 catalysts consist of the shape selective component 

(SSC)'and the syngas active metal component (MC). In the last 

quarter we ran a test to firmly establish the performance of an 

industrial stan~'~.} catalyst for reference purposes. In addition, 

~he evaluation o~'-%he efficiency of various mixing techniques 

between SSC and MC was sought in terms of syngas conversion 

activity and selectivity. This information ks necessary to 

the successful formulation of Task 2 catalysts using best SSC 

catalyst candidates. 
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Catalysts were synthesized~using three different 
• ~2 ~ 

techniques: physical maxtures of the metal component (MC) 

and the shape selective (SSC) molecular sieve, precipitation 

of MC from solution ont~SSC and occlusion of MC into SSC by 

calcination after loading the SSC with gaseous metal carbonyls. 

The iron-containing catalysts were usually promoted with potassium. 

Work has started on cobalt-based catalysts, most of which will 

be promoted with thoria. 

...... ~'~:S~face:analy-s~" has indicated a probable cause for the 

low activity of one Task 2 catalyst tested last quarter: inter- 

action of the iron (MC] with the alumina binder used in formu- 

lating the catalyst pellets. Details are in Appendix A. 

Test Results 

An extensive test is reported using a commercial, state 

of-the-art, promoted iron catalyst. The catalyst was very active 

even at 250°C. It produced mostly olefinic hydrocarbons. The 

selectivity to C5+ products was excellent, over 80 wt.% under 
+ 

favorable reaction conditions. The catalyst produced more C20 

hydrocarbons than would be expected by the Schultz-Flory carbon 

distribution rule. As a result, the C. + product collected was 
D 

mostly solid, reflecting the high boiling range .and the high 

n-paraffin content of the hydrocarbons produced. As the reactor 

temperature was increased, the product selectivity tended more 
C • 

towards laghter products and more methane. It was not until 
O 

the reaction temperature was increased to 34~"C, with almost 

40 wt.% of the product being methane, that the liquid hydrocarbons 

produced were such that the pour point was below room temperature, 

i.e., the condensed product was all liquid instead of partly solid. 

A Task 2 catalyst was prepared by the physical mixture of 

the reference Fischer-Tropsch catalyst used above and the large 

pore UCC-101. This catalyst, in contrast to the reference catal~st, 

+ products Here the hydrocarbons did not produce the excess C20 . , 

were isomerized and the pour points of all condensed samples :. 

were below room temperature. Conditions were adjusted to obtain 

excellent selectivity to gasoline, SO wt.%, and total motor fuel, 
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70 wt.%. The high selectivity was achieved with this catalyst, 

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

product distribution of two runs showed signs of a carbon number 

cut off (shape selective effect). Thus, this experiment demon- 

strated the efficiency of UCC-101 as SSC c~mponentl, in that it 

isomerized the hydrocarbons formed on the I.MC resulting in 
%. 

substantial improvement of the motor fuel products, and it also 

seemed to ~5ow a cut-off at the end of the motor fuel boiling 

range (C20). Both of these properties are essential for an 

efficient'catalyst applied for the direct conversion of syngas. 

Two' additional molecular-sieve-containing, unpromoted 

iron catalysts had excellent selectivity to gasoline, 50 wt.%, 

and produced little material that boiled above that range. 

TASK 3 

In. work carried out in California under the direction of 

Professor G. A. Somorjai (U.C. Berkeley), catalysts were syn- 
i 

thesized of rhodium, rhodium compounds and thoria. Data at6' 

presented in Appendix D on reaction.'=rates and product distribu- 

tions in. their micro-reactor, use~\.in the flow mode. Rhodium: 

metal is shown to be an effective methanation catalyst. 

V. CHANGES 
'3 

Mod A007 was executed, increasing obligation to the fully 

funded level of $2,384,850. 

Vl. FUTURE WORK 

RCE/eh 

Effort in the next quarter will be concentrated very strongly 

on Task 2 testing, using both bay's for such tests. The work will 

have three loci: evaluating new molecular sieves, testing different 

metal-loading techniques, initiating tests with cobalt as the 

metal component in the catalyst. 

R. C. Eschenbach 

r 
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Appendix A: Catalyst Synthesis P. K. Coughlin 
F. P. Gortsema 

Task 1 catalyst syntheses this quarter have proceeded along two 

distinct lines. The first was to~.complete a series of modifications 

'bf well known zeolites. These materials have been used to define 

the important parameters in Task 1 testing. The results also 

establish standards:against which the new molecular sieves will be 

compared. Many of these materials have been tested already. Others 

will be included later in the project if more comparison~.data are 

thought to be needed. The sodi'um-exchanged omega zeolite (synthesized 

last quarter) was used as a starting material for a partially acid 

form of the zeolite. An acidity series was also synthesized using 

potassium L zeolite. The previously known zeolite catalysts synthesized 

this quarter also included a ZSM-5 and LZ-Y82. 

The second type of Task 1 catalyst synthesized this quarter used 

new molecular sieves. AIPO4-11 which was synthesized last quarter 

was chemically modified to try to introduce catalytic activity into 

the otherwise inactive molecular sieve. This material will be tested 

for Task 1 catalytic activity next quarter. Two other new molecular 
.~ 

sle~,es, UCC-107 and UCC-108, were introduced into the program this 

quarter. One of them, UCC-107, was tested and the results of the 

testing are reported in Appendix C. The UCC-108 will be tested and 

the results reported next quarter. 

The synthesis of Task 2 catalysts has proceeded along a 

number of lines. Most of this work has centered around the investi- 

gation of the effects of various modes of metal loading to determine 

the advantages of each method and determine which is optimal. 

Previously, most of the catalysts had used precipitation of the iron 

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

tion of potassium carbonate solution to give ~1% K20. This catalyst 

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

r, 

next quarter. 

Another mode of metal loading strongly pursued this quarter 

is a simple physic.el mixture of the metal component and~che molecular 

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

potassium-promoted reference iron catalyst, from the same lot that 

was tested last quarter in Run 100°11-6, was ground into powder, 

physically mixed with UCC-101 powder, and pressed into tablets. A 

similar catalyst was prepared from a precipitated iron powder source. 

The Fe203-XH20 was synthesized by the fast addition of aqueous 

ammonia to a boiling solution of the nitrate. The washed andudried 

precipitate was impregnated with 1% K20 from K2C03 solution and 

dried again. The iron powder was ground sld:ghtly, intimately mixed 
c 

with UCC-101 powder, pressed into peilets and air calcined :at 250°C. 

The results of testing these last two catalysts are reported in 

Appendix C. This second iron component was also physically mixed 

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

as before. This catalyst was tested this quarter but the results 
C 

of the testing will be reported next quarter. A reference catalyst 

of this type will be synthesized (and tested next:quarter): :~he 

same metal component will be mixed with i~ particle size e alumina 

and formed as before. This.material should have the properties 

~f the last two catalysts except for the catalytic activity of 

the molecular sieves. 
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The other method of metal incorporation which has been pursued 
Q 

is occlusion. This method uses volatile ~etal compounds which are 
0 

adsorbed into the molecular siive and then decomposed inside the 

molecular sieve. So far the metal carbonyls Fe(CO] 5, Fe2 (CO)9 and 

Mn 2 [CO)l0 have been used as the volatile metal compounds. 

One of these catalysts, 10% (4Mn:IFe) in UCC-103, was tested for 

Fischer-Tropsch synthesis activity. The ~esults of that test, 
¢ 

reported last quarter, showed the extruded product te be almost 

completely inactive. It had been suggested lash q~_rter that the metal 
4 

component may have been damaged during the extinlsion process. The 
9 

basis for this suggestion was that the metal-16~ded molecular sieve 

powder was tested in Professor Somorjai's lab and found to be an 

active catalyst, while the alumina bonded extrudate made from that 

powder was completely .,.inactive. TEM/XPS analysis show~ differences 

in the metal components before and af.~er the alumina bond~<ng. The 

480°C calcination used to set the alu~sina binder was not the cause 

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

loaded powder had a manganese to iron ratio of 7.0. When this powder 

was calcined in air, ~he manganese to iron (Mn:Fe) ratio dropped 

slightly to 6.2. This was caused by a slight loss of manganese from 

the surface. The M_n:Fe ratio on the surface of the calcined extrudate 

was very low, 3.7. Th~ p~iverlzed pellet had a Mn:Fe ratid~Df 2.0. 

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

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

in the calcined powder~: The surface iron concentra£ion was 2 to 3 

t//nes higher than ~hat on the calcined powder. The alumina bonding 

process removed iron from the inside of the molecular sieve and brought 
"k ,, 
%. 

it to the exterior of the molecular sieve particle. 
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:- .... Not only had the concentration of the iron changed, so had 

its chemical state. This change was shown by analysis of the binding 

energies of the XPS photoelectrons which are re@lections of the 
~, ' .~ 

chemical environments in the systems. The binding energies of the 

manganese photoelectrons changed very little from the powder to the 

calcined extlnldate. While this indicated that the chemical environment 

of the manganese changed little,~ $~ did not reveal the oxidation 

state of the iron. The binding energy of the Mn2p3/2 photoelectron ;f 

:9 does not correlate well with : oxidation sta£e of the manganese the 

between MnZ+-Mn ~+, The energy separation (splitting) of the two 

Mn3s photoelectrons does correlate w=ll with oxidation state. While 

this splitting was observed in samples synthesized b~.precipitation 

of a manganese salt, it was not observed in any of the samples 
& 

dervied from manganese carbonyl. The normal causes for this kind 

of 5ehavior (lack of two observable Ms3s lines) were ruled out: 

possible CO ligands by the IR spectz~'~m, metallic state by the hiuh 

Mn2p3/2 photoelectron binding energy. The cause of this l~k of 

two Mn3s photoelectron binding energies and the exact Mm oxidation 

state are still unknown. 

The Fe2p3/2 photoelectron binding energy correlates muc h better 

with changes from Fe ~+ to Fe 3+. The calcined powder had an Fe2p3/2 

binding energy of 711.4 e.v. This value is fairly typical of Fe 3+ 

compounds. The Fe2p3/2 b~nding energy of the extrudate was 712.4 e.v. 

This value was outside the range normally seen for Fe 3+ and indicated 

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

energy may be due to interaction with the alumina support. 

I 
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From this surface analysis, it is evident that the alumina bondina 

process had little effect on the manganese but a large effect on both 

the concentration and the chemical state of the iron. The bonding 

process seems to have brought the iron out of the molecular, sieve 

and possibly out onto the bander. The lack of~activity of this 

extruded catalyst is tentatively attributed to these changes in the 

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

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

should not be al~mina-bonded~ 

Synthesis of Task 2 catalysts has also proceeded along another 

line. All previous Task 2 catalysts were based on iron as the metal 

component. Catalysts have now been prepared using cobalt as the metal 

component. The modified porefi!ling technique used" an aqueous/acetone 
I 

solution of the nitrate to deliver the cobalt to the alumina-bonded 

extrudate. The excess liquid was removed on a rotary evaporator. The 

molecular sieves used so far in this type of catalyst were silicalite 

and UCC-101. A silica-alumina extrudate was also used to act as a 

reference for this type of catalyst. In the future the cobalt catalysts 

will be promoted with thoria. 

The catalyst synthesis is still in an exploratory phase, investi- 

gating several avenues. The results reported in this quarter and next 

quarter should start to show which options are most viable so that 

synthesis can be concentrated on those materials and methods which 

gave the best results in the exploratory phase. 

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

is given in Table i. 
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TABLE i 

CATALYSTS TESTED AND OR REPORTED THIS QUARTER 

NAY-62 
10% H-Y62 
40% H-Y62 

97% H-Y62 

Ca-Y62 
and 

RE-Y62 

TASK 1 

These are a series of large pore zeo!ites with a three- 
dimensional pore structure, which were first catiom ex- 
changed with sodium and then partially cation exchanged 
with ammonium. The proton form of the zeolite is pro- 
duced by calcination. 

Similar to the above materials except produced by more 
completerammonium exchange. 

The sodium cation exchanged form of Y was 
subsequently cation exchanged with a poly- 
valent ion. 

LZ-Y82 The steam-stabilized acid form of Y zeolite. 

LZ-105-6 

ZSM-5 

A Union Carbide medium pore molecular sieve 
with a pore structure similar to ZSM-5 and 
Si02/A1203 ratio of about 35. 

A medium pore molecular sieve synthesized at 
Tarrytown based onprocedures described by . 
Mobil Oil, with Si02/A1203 ratios of 35 and 85. 

UCC-103 The acid extracted form of UCC-101~ 

UCC-106 A new large pore molecular sieve having moderate 
acidity. 

UCC-107 A new Union Carbide proprietary molecular sieve. 
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TASK 2 

=ference Fe 

:-Y52 

:C-201 

pp t--UC C- 10 I+K 

M.-Ref. Fe-UCC-101 

M.-Fe-UCC-101 

M.-Fe-UCC-104 

An unsupported potassium-promoted iron catalyst. 

20% iron as Fe203-XH20 precipitated on sodium 
LZ-Y52. 

A catalyst with ~40% iron as Fe20~'XH20' pre- 
cipitated from a nitrate slurry w~th UCCyI01. 

Similar to UCC-201 but the metal loaded molecular 
sieve was impregnated with K2CO 3. 

The potassium promoted reference iron catalyst 
ground up, physically mixed with UCC-101 powder 
and pressed into tablets. 

Similar to the previous catalyst except the 
source of iron was potassium promoted precipitated 
Fe203"XH20. 

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

." 
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APPENDIX B - DEVELOPMENT OF ANALYTICAL PROCEDURES" 

2 :' 

: j.M.=Basile 

A reliable analytical method for,~uantitatively 

determining hydrocarbon group-types in LHF samples is still 

pending. 

As reported last quarter, result discrepancies of duplicate 

samples submitted for analysis made the FIA method suspect. To 

determine whether this was an "in house" analytical problem, 

twelve LHF samples (6 pairs of duplicates) were sent to E.W. 

Saybolt Testing Company for EIA analyses. The reproducibility 

and "probable " accuracy of Saybolt's results were. just as suspect 

as results obtained by our analytical laboratory. Although reasons 

for these discrepancies cannot be fully explained, we have found 

that most of our LHF samples have a natura~ fluer~scence under 

U.V. light. This may be contributing to, or masking the color 

bands of the FIA test. .; 

Liquid chromatography as an alternate to F!A analysis has 

not materialized. Perkin-Elmer has advised us, after many 

attempts, that present co!u/nn technology is not sultan~e to the 

wide boiling range of our samples. At present, the best that 

can be done is separation into two fractions - a combination 

satuzates plus olefins fraction and an aromatics fraction. 
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INTRODUCTION 

Both Betty reactors were in operation for this quarter. 

Each of the bays is equally capable of either Task 1 or Task 2 

operation. During the ~uarter, Bay 2 was used exclusively for 

Task 1 operation. The Task i tests performed in Bay 2 this 

quarter used the standard test conditions which were defined 

from the previous quarters tests. A 1:1:2, H2:C3H6:H20, molar 

~atio feed was introduced into the reactor at 0.5 WHSV. Temper- 

a ture was the only process condition altered during the testing. 

Bay 1 was used exclusively for Task 2 operation. Six 

such tests were conducted this:quarter. Some of these tests 

were quite extensive. The effects of many different process 

condition changes were studied. These effects were investigated 
t" ,% 

in the early tests to better define the appropriate conditions 

for the standard task 2 tests. These standard conditions along 
% 

with standard activation condftions were defined for iron based 

catalysts. Use of a different metal component is likely to 

necessitate at leas~<~light changes in these standard conditions. 

4. 

<. 
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INTRODUCTION TO TASK 1 TESTING 

The results from seven Task 1 tests are reported this 

quarter. One micro-reactor test from last quarter, three Berry 

reactor runs begun last quarter, 9972-8 to -10, and three Berty 

reactor runs from this quarter, 9972~13 to -15, are all. presented. 

in this report. In addition four other tests were conducted:in 

the Berty reactor this quarter but their results will be dis- 

cussed in the next report because not all the analytical data are 
• : =  

available yet. ~ 

A standard catalyst test has been developed. The propylene 

is introduced at 0.5 WHSV in a l:l:2 H2:C3H6:H20 molar ratio fe~d. 

The reactor is maintained at 150 psig. At least two reaction 

temperatures, 280°C and 3400C, are used. Temperatures of 250°C 

and 370QC .are also frequently included depending upon the activity 

of the catalyst. Ge~erally the catalyst is tested for two days 

at each temperature. The time before the next temperature increase 

is shortened if the catalyst has low activity or rapid deactivation. 

The calculations used are the same as described previously. 

Analysis of the liquid samples has remained a problem as described 

in the analytical section. The liquid samples fluoresce so strongly 

that FIA analysis is meaningless. For the present the density and 

refractive index are used to estimate the percentage of aromatics. 

The densities and refractive indices of paraffins and olefins with 

the same carbon number are similar. An aromatic with the same 

boiling point has a very different density and refractive index. 

First the simulated distillation is used to obtain an average 

boiling point of the liquid. An average density and refractive 

index is calculated from the normal paraffin and olefin with that 

boiling point. The density and refractive index of the methylated 

aromatic with the same boiling point is also found. Two equations 

are set up assuming that the densities and refractive indices are 

additive. Each one is solved separately for the percentage of 

aromatics. These two percentages are often close in valuej when 
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this is so, the fraction of aromatics is considered to be measured 

accurately. When the numbers differ, the percentage based on 

refractive index follows other trends in the samples better than 

on the one based on density. In these eases the number based on 

refractive index is used; it is not considered as reliable as when 

the two numbers almost coincide. 
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Run 9972-8:UCC-103 ; 

UCC-103 is the product of.:'acid extraction of UCC-101. The 
1 

acid extraction was intended to give UCC-103 even milder acidity 

than UCC-101. The results of this run are probably best compared 

to those of 9972-4, which was reported last quarter. The differences 

in these two runs should show the effect of the acid extraction. 

There is only a slight difference in the reaction conditions between 
r ' 

these two runs. Run 9972-4 had a"l:l:3 H2:C3H6:H20 mole ratio feed. 

Run 9972-8 had a 1:1:2 feed. The effect of this difference in water 

levels should be minor. The direction of the change can be seen for 

the results of earlier runs with feed ratio of 1:1:0. Some of the 

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

quarter and will not be repeated here. 

The detailed results of the testing are reported in Table i. 

Plots of the conversion and product selectivity versus time on stream 

are presented in Figures 1 and 2. Simulated distillation plots for 

samples 1,2,3 are given in Figures 3 to 5. This catalyst was tested 

at the standard conditions previously described. The time at each 

temperature was shorter than the usual two days because of the low 

activity of the catalyst. There were no gas chromatographic analyses 

for samples 3 and 5. Therefore sample 4 is the only completely inde- 

pendeht analysis of the activity of the catalyst at 340°C. 

The catalytic activity of UCC-103 was very low, as expected. 

The level of conversion was similar to that seen with UCC-IO1. 

Deactivation of the catalyst was observed in spite of the short 

duration of this test. The deactivation rate for UCC-103 may be 

slightly less than that of UCC-101 but with samples 3 and 5 being 

estimates, this is not certain. 

The product selectivity was very different from that of UCC-101. 

While neither catalyst showed significant cracking to C 1 or C 2 products, 

UCC-103 produced even less than UCC-101. The largest difference ~n 

the selectivity was in the C 3 and C 4 saturates formation. Selectivity 

tobutane was up slightly but propane was down drastically. The 

selectivity to combined C 3 and C 4 saturates was less than half of 
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what it was with the UCC-101 catalyst. These saturates, in partic- 

ular propane, are formed by hydride transfer to the corresponding 

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

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

was the major reason for nhe increase in C5+ yield with UCC-103 the 

C5+'yield increased 35~ at 280°C and 50% at 340°C relative to UCC- 

I01. Very little of the C5+ product was actually condensed. Most 

of it was analysed in the gas phase; much of that in the backf!ush 

peak in the G.C. which probably contained C 6 to C12 hydrocarbons. 

It appeared from the conversion and product selsotivity data that 

the production of each hydrocarbon remained fairly constant through- 

out the test with only slight differences between samples taken at 

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

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

a broad smooth distillation curve with no distinguishable amounts 

of C 9 or C12 hydrocarbons. The other samples did show large amounts 

of C 9 and C12 hydrocarbons in the distillation. These samples also 

showed a significantly narrower boiling range and much lighter product. 

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

the product contained 30% aromatics. Since these condensed liquid 

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

C5 + product, the differences between the sample~ were not quite as 

large as the analysis of the condensed products may have suggested. 

The UCC-101 and UCC-103 were similar in'their catalytic activity. 

There were however, major differences in their prDduct selectivity. 

UCC-103 produced less light saturates because of reduced hydride 

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

high selectivity to C5+ with UCC-103. 
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TABLI~ i IIF. B~.]LT OF PROP.V[,ICN F~ OPERATION.:: 

~tUN NO. 9972-8 
CATALYST HCC I.O'~ llggDg-46 76 CC 3S.OOG~ [34 .TP, C~M AFTER THE R(]N. -O.RHGM] 
FF, F.D H?.:C'~H6:H20 8 t:.~ :R MOLE RATiO,O-5 C3[16 WH.~V.CONT[NOU~ OVERNITR 

C'~H6 MW-- 4P,.0813 DENSITY- 0.5]041 ~M/CC (8 73 F] 

'."~RCET FLOW: C5H6 34 .30CC/HR H2 150 CCMN, 9.0 [,IHR H~.O i5 CC/HR 
ACTUAL ?L~%W: 34.4 CCHR 1,',F~'LUENT 15.23 [ , / K R  RQ LAYR 14 CC/IIR 

RUN & SAMPLE NO 997?.-08-]. 9972--O8.-2 9972-08-.~ 9972"~8='-4--: 9972-O8--5 
• % i ',~m -= a'~----..= "---- =" -- "= -"- --": 

C'~H6 WHSV 0.5 0.5 0.5 0.5 0 ,5 
[;,:HRS ON S ' ? R R A M  6 . 8  2 3 . 0  3 0 : 6  48.q 5 4  . 7  
~' [~RR,~SURE, P S  ~G 150 1.43 144 iSO 140 
'!'.~: MI • . C ;203 2.81 341 338 338 

~EED ~3H5 CC 211.43 570.74 249.82 546.25 203.25 

HO~/RS FEED[N~ 5.8 16.1 7.6 18.3 5.0 

EFFLNT GAS LITER 98,5 243.6 112.8 292.5 95.~ 
~M AQUEOUS LAYER 97,22 224.5]. I04.].7 254.83 82.36 
GM L£Q HYDROCARBON O.7B t.46 2.93 1.66' 0.54 
WT ~R. L£Q KC/?E~D .0072 .0050 .O230 .0050 .0052 

MATERIAL R~LANCE WT % %O1.45 89.64 gi.47R 88.51 93.732 
C3H6 CON'IFE.RS~ON % iO,56 7.66 1.3.RIZ Ii.45 i] .44E 
PRDT SELECTTVTTY WT % NO GC NO GC 

CI14 0.04 0.07 O.OgE O.ii O.~IE 
CR HC'S 0.05 0.06 0.13~ 0.15 0.1.7R 

C3H8 13.04 15.53 15.67E ]9.63 19.63E 

C4H]0 5.29 3,39 3.6BE 4.33 4.3BE 
C4}{8= 7.56 7.8g 6.75E 7.g5 7.95E 

C5H12 1.51 0.53 0.45~ 0.53 0.53E 
CSHIO= O.15 O.16 O.15E O.18 O.182 
C5H14 12.51 9.50 7.]4E 8.41 8.41E 
C6H12~ & CYCLO'S 15.O9 22.07 24.51~ 28.87 28.872 
C7+ IN GA~ 37.74 33.49 21.13E 24.88 24.8BE 
LIQ RC'~ 6.91 7.31 19.30E 4.96 4.9%E 

TOTAl, i00.00 IO0.00 i00.00 i00,00 IOO,00 

SUBGROUPZNG 
C1 -C4 25,09 26.94 27.51E 32.17 32.17E 

C5 -420 F 68.24 71..23 65,25E 66.24 55.60E 

420-700 ~ ~" 4.08 1.83 7.18E 1.49 R.08E 
7OO-EN~ PT 1.59 O.00 0.25E 0.09 O.15E 
C5 -END PT 73,gI 73.O~ 72.69E 6"7.83 57.B3E 
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rSO/NORMAL MOLF, RATIO 

C4 0.478t 0.2797 

C5 7.5735 
C6 1.3.g593 7.6] 3.0 
C4"~ 0.5747 O. 5-~.87 

.~ARAFYIN/OLF.FTN .M RATIO 
C.R O.6765 0.4074 
C3 0 , 0 1 4 g  0.O124 

C4 0.6668 0.4149 

C5 10.0517 3.1.957 

LT0 HC COI,LECTION 

PlnS. APPEARANCE OIL OIL OIL 
DENSIT~ O.80~ 
N,REF~ACTIVE INDEX ~ .4537 
S~MIILATRD DTET~LLATTON 

i0 WT % @ DEG ~. 3%6 R73 R83 
1 6  410 281 3OR 
50 597 374 396 

84 732 450 492 

g0 755 47fi 532 

P, ANGF, ( ] 6-84% ) 322  169 

WT % ~420 F 18.O 75.0 

WT % ~7OO F 77.0 100 

190 

/., 
6"I . 5 

98 .7 

0.i035 

1.092B 
2.7230 
O.5854 

0. []20.% 
0 .OR.45 

0.5253 

2.B194 

O I L  
, I  

.:j 

R 6 3  
R7"7 
B 7 B  
d g !  

5 4 4  

2 1 4  

68 .O 
9 B . ~  

N 

TRACE : 0 [ L 

NOT 

ENO - 

U G H  
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Run 9972-9:UCC-106 

UCC-106 is a new, large pore molecular sieve of moderate 

acidity. In this respect£ it should be similar to UCC-101 and 

UCC-103. Therefore, comparisons to those catalysts have been made 

in our study. The catalyst was tested for 1 day at 280°C. The 

temperature was then raised to 330°C overnight and to 340°C in the 

morning. It was tested at 340°C for 1 day before the test was 

terminated. The detailed results of the test are presented in 

Tables 2A and 2B. The conversion and product selectivity are plotted 

versus time on stream in Fugures 6 and 7. The simulate~ distillation 

of samples i, 9 and 4 are presented in Figures 8 and 9. The experi- 

mental data was of high quality except for sample 2 which had a 

material balance of only 85~. Since the results of that sample are 

in" line with those of adjacent samples, the calculated numbers are 

probably right. 

With UCC-106 the initial conversion of 17% was much higher 

than that of UCC-101 or UCC-103 but the deactivation rate was also 

higher. The product selectivity seemed to be intermediate between 

those of UCC-101 and UCC-103. The propane formation was lower than 

that observed with UCC-101. This lower propane formation was also 

"reflected in the higher C5+ yield with UCC-106. In contrast UCC-101 

and UCC-103, the C5+ yield with UCC-106 did not decrease upon raising 

the reactor temperature to 340°C. The refractive index of sample 1 

suggests that it contained 15% aromatics. The simulated distillation 

curve for sample 1 revealed large amounts of C 9 and some C12 hydro- 

carbons. However, the products dropped off rapidly beyond C12, 

indicating molecular sieve effect. Sample 4 had a much smoother 

distillation curve. The liquid also contained much heavier hydro- 

carbons. 

Because of the low activity and rapid deactivation, UCC-106 

is not considered to be an efficient catalyst for propylene oligo- 

merization. 
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The UCC-106 has some catalytic propert.es similar to UCC-101. 

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

acidic than UCC-101. The product selectivity data suggests that 

ucc-106 is intermediate in properties between UCC-IO1 and UCC-103. 
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TABLe: 2A R!~t%Ul'.'P OF PROPYLI,:NF, OP~RATTON 

RUN NO'. 99"72-9 (LZ 20) 
CATALYST UCC-LO6 b9939--35 56 CC 35.0 GM[35.77GM AFTER TH~ RUN, ~O..77GM) 
FRED H2:C3HS:H20 81:] :2 MOL]'~ RAT[O,O.5 C3H6 W[|SV,CON'P[NOUS OVERNTTE 

C3H6 M~4- 42.08t3 DENGITY= O.c~]O4i GM/CC [(,I 73 F) 

'EARG~T FLOW: C3H6 34,33CC/I[R ['I2 150 CCMN. 9.O I./U.R I[20 35. Cc/[rR 
ACTUAL F[,OW: 34.83 CCIIR EF.FT,U~.NT- 16.43 L/![R AQ F.AYR t3.9 CC/:|R 

RUN & SAMPLE NO. 

C3[16 WHSV 

HR$ ON STREAM 
PREGSURE, P'3 ~ G 

TRMP. C 

997~--O9-I 9972-O9-~ 9972-09-3 9972-09-4 9972 09-5 

0.5 0.5 0.5 0.5 0.5 

5.6 21 .7 27.4 4 5 . 9  53.~ 

164 141 ]43 1 4 3  t47 

2 8 2  2 8 3  2 8 2  3 2 9  3 4 2  

FEED C3H6 CC 201.99 
H~URS FEEDfNG 5.6 
EFFLNT GAS t,[TF.R 04.6 
GM AQUEOUS L A Y E R  72.7 
GM t, IQ HYDROCARBON 2 . 6 8  

WT ~R. "LIQ HC/FEED .0?.60 

558 .78 201,36 655.O6 251 ,O7 
16.3 5.75 18.5 7.33 

263 . 5 96 . 4 30.3 . 4 ].17 • 8 
227.56 79.53 257.46 IOI.4L 

0.25 0.70 1 . 2 d  1.19 

. 0009 . 0068 . 0037 . 0093 

MATERTAL ~A[,ANCE NT % 90.36 

C3H6 CONVERSrON % 17.23 

PRDT SELECTIVTTY NT % 
CHd 0.07 
C2 HC'S 0.13 
C~H8 20.52 
C4 II].O 4.51 

C4H8= 6 .  d 8 
CSHi2 1.60 

CSI[IO= O. 14 

C6][14 9.80 

Chill2= & CYCT,O'S [3.21 

C7 ~ IN GAS 26.39 

T, IQ [TC'S " 17.15 

85 . 70 IOO .20 89 . ] ] 92 . 55 
7.37 6.2,0 8.59 1.1.41 

0.05 O.21 O.14 O.17 
O. 14 0 . 1 4  0.23 0.25 

32 . 65 26 . 88 26 • 37 23.29 
7 .42 8.88 6.42 5 .52 

10.53 11.73 8 .42 LI.78 
0 . 6 2  " L . 2 1  0 . 3 8  2 . 8 l  
O . 13 O. 14 O • 19 1 • I 2 

5.71 d .42 4 .57 5.62 

2 1 . . 8 2  1 . 9 . 2 4  2 R . 7 5  2-1 . 7 5  
t9.55 15.99 Ig .51 15.8] 

] .38 I1.]6 4 ,8~, 8.89 

TOTAL tOO. OO 
SUBGROUP ~NG 

C1 -C4 31.71 
C5 -420 ? 64.40 
4 ~,O-7OO F 3.77 

700 -END PT O.12 

C5 -F, ND PT 68.~.9 

ZOO. OO iOO • OO 1OO . OO 1OO, OO 

50.80 47.84 41 .Sg 4] .O1 
4i1 .8q 49,62 55.76 54. 1.0 
O. 30~: 2.48E P.. 47 4.55E 

0.O1~ O. 08~, O. 1.8 O.34E 

49.20 52.16 58.41 ~8.99 
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[.~O/NORMAL Mr)LE .~ATIO 
Cd O.67q3 O. Or,.", 8 O.Ob%27 O.O610 O.O624 
t':'.~ .~I.'1778 4.c)'::;•3 ]6.6667 2.oH57 "L.6364 
C5 ~. 6.7."{75 5.7=,(.)0 4.5479 R .  6.~ ] ,6 "~ . 7 (~'7 .'% 
C4 = 0.3896 0.3768 0.3337 0,4550 O..'~ 56 (~ 

PARAFF[NIOLEF~N M' RATIO 
C2 0.1444 0.5t]00 O.7L73 0.7423 0.3175 

C3 0.0415 0.0253 0..0173 0.024]. O.029] 

C4 0'.6723 0.5806 0.7310 0.7367 O.AgR5 

C5 ].0.9670 4,7667 8.2B12 ]..9286 2.4442 

LT0 T{C COLLECTION 
~HYB. APPEARANCE OIL 
DENS TTY O . 769 
N.REFRACTtVE rNDEX 1.4353 
STMUT.ATED DTSTIL[+ATTON 

IO WT % ~ DEG F. 267 

16 2"15 

50 3 4 4  

84 451 

9 0  4 9 0  

RANGE(16-.84%) ].76 

WT % 8420 F 77.3 
WT % @700 V 99,3 

3 2 6  
63 

4 2 9  
555 
61.0 

192 

4 ~  . 0  
q 6  . 2  

e 

i 
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'PARLZ 2B' RESULT OF PROgYLENE OPERATION 

RUN NO. qg"?P. -~. (LZ-20) 
r:A'I'AT,YGT UCC iO6 119939-35 55 CC 3q.O GM (3q.7"FGM ~F'P~.R TIIE RITN. ,O.77CM] 
P~ED HP.:C3H6:HRO Ca I:I:P. MOT,E RATTO.O.5 C3}[6 WHSV.CONTTNOUB OVERNrT, v, 

C3Hb MW-~ 4R.O813 DENSTTY~ 0.51041 GM/CC (8 73 F} 
'PARCzET ~r,ow: C3II5 .3d.33CCIHR MR 150 CCIWN, 9.0 LlblR M2n ~',. CC./|{R 
ACTUAL FT,,OW: .~d .83 CC}|R EFFLUENT 16.43 r,/HR AQ LAYI~ !3,9 CC/HR 

RUN & SAMPLE NO. 

C3H5 WHSV 

HRS ON STREAM 

PRESSURE , PS IC~ 

q'EMI • . C 

g97~.- 09-6 9g72-O9-7 

O.5 0.5 

70.7 77.1 

148 145 

337 338 

FEED C3H6 CC "" 616.&7 
TIOURB ~ERDTNG 'IV.4 
~TPLNT GAB LT'PER 2gO.l. 
GM AQUEOUS LAYER R44.89 
GM LIQ KYDROCARBON O.O 

NT FR. LTQ IIC/FEED .OOOO 

2OO. 1 0  
h.3 

1OO.9 
B8 .5B 
O.O 

.COO0 

MATERTAL BALANCE ~T % 92.50 96.96 

C3H6 CONVERSION % 6.26 6.93 
PRDT SRLECTXVTTY W~ % 

C~4 O.~4 O.19 
C2 ffC'S O.~4 0.23 
C3}[8 26.91 26.55 
C4HIO 5.39 7.40 
C4 }{8~ 8.75 9.85 

CSHL2 0.30 O.31 

C51T!O~ O.17 O.]6 

CBHI4 4.86 4.85 

C6}[12~ & CYCLO'S 33.01 32.34 

C7÷ IN GAB RO.23 18.]l 
t,£O HC'S O.OO O.OO 

TOTAL l.OO.OO IOO.OO 
SUBGROUPlNG 

Ci -C4 41.42 44.23 
C5 -420 F 58.58 55.77 

420-700 F O.OO O.OO 

700-END PT O.OO O.00 

C5 -END PT 58.58 55.77 
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[SO/NOrMAL MOLH RATIO 
C~ O.O5~9 O.O418 
C~ 2.7059 % .8000 

C4- 0.4563 0.4328 

I~ARAF.~I.N/OL/~,FTN M l~aTIO 
C?, 0. 5000 0.71.7 r) 

C'] O.0t74 0. O197, 

C4 0.5948 0.72,5 ]. 

C5 1.55"/9 I. 84~.J 

I,[O IIC CO[,LECTtON 
OHMS. APPEKRANCE~ 
DENSITY 
N.R~FRACTIVE INDEX 
S rMU[.AT~D DTST~[,LATTON 

IO WT % ~ DEG ~. 

16 

50 
84 
90 

RANGEC|.5-84%) 

WT '% ~4~.0 F 
WT % ~aTO0 ~' 
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Run 9972-10:eCaY-62 

The catalyst was prepared by calcium exchange of sodium 

e~=hanged Y zeolite. Y zeolite is a large pore molecular sieve 

with a three dimensional pore structure. The acid forms of this 

zeolite were tested in a micro-reactor. Rare earth exchanged Y 

zeolite was tested in Run 9972-15. The results from both of these 

cata!ysts will be discussed later in this report. The subject 

catalyst, CaY62, was tested for 31 hours at 280°C. The temperature 

was then raised to 357"C overnight and adjusted to 340°C in the 

morning. The test was terminated after 30 hours at 340"C. The 

material balance, conversion and product selectivity data are 

presented in Tables 3A and 3B. Plots of the conversion and pr duct 

selectivity are given in Figures I0 and 11. The simulated distilla- 

tions of the condensed products from Samples 1 and 2 are shown in 

Figures 12 and 13. Samples 2 and 6:~re suspect because of low 

material balances. The elimination of those samples does not affect 

the evaluation of the catalyst. 

The propylene conversion was quite low, similar to UCC-101. 

The rate of deactivation was even worse. Raising the temperature 

resulted in lower conversions because of rapid deactivation. The 

product selectivity to C5+ was poor due to the formation of large 

amounts of propane, up to 45% at 340°C. The C5+ yield decreased 
• 

with the zncreased propane formation. The distillation of the con- 

densed products from Samples 1 and 2 indicated that. much of those 

materials boiled above the gasoline range. Unfortunately, this was 

an insignificant portion of the total hydrocarbon product. 

The low activity and rapid deactivation with this catalyst 

make it of no further interest for LHF production. The generally 

bad performance of this catalyst is ascribed to its strong-acid 

nature. 
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'?Af~LH 3A,~ RI.;SUT,T OF PROPY[.RNE OPERA'P[(~N 

RUN NO. .'~,]72-]0 
CATALYST CA-Y-,%2 ~g93g 37 ~5 CC 3t,.OOGM(~'l.59C, M AFTER THF. RLIN, .-'2.4!C,M) 
P~:ED ll,q:C3[16:I{20 81 :I:~?, MOLF, RAT~O,O.5 C..gll6 WHSV.CON'PTNOI].~ OVF.RNTTE 

C3H5 MW--- 4 2 . 0 t 1 1 3  DRN.'~TTY= O.5104 L (]M/CC ( 8  "13 F) 
"PtA~F,T FLOW: C'.~Hh 34.3 CC/HR H2 150 CC/~'No g.O L/I{R [*.2~ 15 CC/HR 
ACTITAL I'?LOW: :~4.4 Ct:l[I~ F.F. FLU]::NT 15..3 L/[[R AO [.A~R I 3.gcc,'HR 

R[/N & SAMPLE NO. 9972-.30-t g972--iO-2 9972-.10-'~ gg°l-9.--IO 4 g972.-]O-5 

C3H6 BIFI.~V O • 5 O . 5 O. 5 O. 5 O. 5 

|!RS ON STREAM 7.d2 23.7 30.7 48.{% 63.h 

PRESSURE . US [G 145 146 146 ].40 145 

'PEMP. C 280 280 27g 357 ~40 

.'FEED C[~[[6 CC ~.45.41 569.48 2D7.2.'I £~O8.9q 184.37 
| |OUR~3 I'~F.. D £'N G 7.417 15.333 7.OO 1.7 . ,n. '.% ~3.5 
RFFT.,N'P GA~ LITER 3.~3.4 ' .9.55.4 ]10.50 2,gl . IO OH./ 
QM AOLIEOUB LAYER |.OO.'~I R28.11 g7.83 ~.:lg.dg 7&.O 

>{;M T, rQ ~[YDROCARBON ] ..58 O.94 O.O6} O.OO {3.O 

WT FR. LIQ HC/FEED ~0134. .OO32 .OOOO ,OOOO .OOOO 

MATERIAL BAI,ANCE ~T ~ 94 .31 8t, .II5 97.56 g3.'22 ![~C~.42 

C3H6 CONE/E, RSION % 10.47 9.14 5,gg 2.45 2.3,g 

PRDT BELF, CT~VTT7 WT '% 

CIL4 O . O d  O . O d  O.  12 t3 .7 ,1  0 . 2 1 "  
C~, HC'S O.16 O.I~ 0.05 O.51 O.2q 
C'3 HI3 20.3~. ~.5 .'71 .'30.44 i~'7 . 97 34 . ~.] 
C.4HIO ~..40 8 .,".2 7.57 t.55 15.80 
C4HU= 7 .3~ ~,.i .56 !3,n3 1%.8g !3.35 

C5H12. ]..79 I .74 3..85 O.33 2.1:8 

C%1110"= O.J 8 O.22 1.58 O.OO 1.O7 

C6HI~ ii.16 8 .37 }l.fi3 I .48 5.].3 

C61112= & CYCLO'S L6.66 17.71 I~:.52 24.42 ]5.52 

C74 £N GAS 2 6 , 1 0  2 2 . 1 2  2 " ! . 8 2  1 8 . 9 2  1 2 . 2 4  
I, FQ I{C'S 13.8fi 4.16 O.OO o.oo 0.00 

TOTAL 100 . oo [oo . OO ] OO . OO 1 OO . Oo 1 Oo . OO 

SUE-GROUP ING 
C.I -C4 30.R5 45 .68 51.50 54 .86 63.85 

C% -42.0 P 54 .69 %~..]4 4(].40 45.14 36. t5 
420-7OO ~ 4.85 2.O2 O.OO O.OO O.OO 

7OO-RND PT O.22 O.17 O.OO O.OO ~3.OO 

C5 -END PT 69.75 '" 54.32 48.40 45.14 36.15 

I g 
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I 'JOINORMA[. 
c,1 

c 5  
c 4 -  

MOI,E RATrO 
3.R118 

29,6h67 
!6.0000 
0.418l 

PARAFF [N/OL~.F IN 

C2 

C3 

C4 

C5 

M RATIO 

0 ~ 3 1 . 1 9  
0 . 0 2 2 9  
0 . 3 1 6 3  
9 . 9 0 7 " i  

LIQ HC COI,L~CTION 
EKYS. APPZARANCE 
DENSITY 
N,REFRACTI%F~- INDEX 
S I M U / , A T E D  

I 0  NT % 

16 
5O 

84 
9O 

oEr. 

D ~BTILI,~'PTON 
DEG F. 281 

298 

3 q 3  
4 9 L  
5 3 5  

RANGE(]6-84%) 193 

WT ~ 8420 V 
WT % 8700 F 

63 .5 
98,5 

O.2095 
%L.4OOO 
11.523B 
0.3406 

0 , 6 9 2 3  

0 . 0 2 5 1  

0 . 6 8 ~ ' /  

7 . 8 2 0 9  

O i l ,  

3 3 3  
364 
4 2 5  
53 l} 
606  

]74 

47.5 
96 .O 

0.403U 
25,d]94 
').2533 
0.3934 

0 . 5 2 9 4  
0 . 0 1 8 9  
0 . 5 4 3 8  
2 . 3 6 7 L  

TRACE OIL 

. . - ° .  

- - w .  

¢).O732 
1.3333 
8 . 6 3 6 4  
0.0339 

0.11"/5 

0. 009:3 

0.1148 

° ° .  

• . °  

O.O~l& 
1.66fi7 

32.0000 
0 . 1 3 3 8  

I..].429 

0.008] 

i.]428 

1,9785 

..-- °. 

o;" 
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i' 

"rA.ql,E 3B R.'-:SUL"-' f)F L'Rt~PY[,i.:NE OI~F,R/%T[O~ /. 

RUN NO. 99'77,-10 
CATALYST CAY.52 !~9939--37 55 CC "35.OOGM (32.59GM /iF'[']~R '?HE RUN, -2.,IIGM) 
?~ED I[2:C3Hb:H20 8 !:1-:2 MOLE RAT.ro,o.r~ C3H6 WH.u,V.COIgTI'NOUS OVERNITI'. 

C3H6 MW= 42.O8L3 DEN,~[T¥-- O.5104J GM/CC ((,1 73 F) 

TARGET FLOW: C3H6 "34 .'~ CC/[IP, [12-150 CC/MN, 9.O L/fIR i.120 15 t:C/[l[l 

ACTIIAL FLOW: 

RUN & SAMPLE NO. 

C3['16 WHSV 
HRS ON 'VFREAM 
DRESSURF.. P5 IG 
TEMP. C 

FEI~D C3H6 CC 

HOURS FEEDING 
EFFLNT GAS LITER 

~M AOUEOUS LAYER 

GM LIQ HYDROCARBON 
WT FM. L EQ HC/F~ED 

34.43 CCI|H EFFLUENT 

9972-10-5 9972 10-7 

0.5 O. ~* 
71.5 77.5 
144 146 
340 340 

638.56 207.66 

18.08 6,0 
239.2 97.4 

249.68 84.48 

0.OO O.OO 
.OOOO .OOOO 

MATERIAL BALANCE WT % "79.99 
C3]T6 (:ONVERUI:ON %. 1.78 
I~RDT 5ELECTI:V'£TY WT % 

CH~ 0.38 
C2 HC'S 0.30 
C3H8 45 .3 ] .  
C4HIO 3.75 

C,tI[8 -~ S. IO 

C5H12 O .OO 
CSH'I O= 0 . 0 0  
C6H].4 3.30 
C5}II.2= & CYCLO'S 30,32 
C7+ IN GAS J.i.56 
LIQ HC'S O.OO 

94.53 
2.15 

O.15 
0.36 

39.99 
].O.13 

6 68 

3 IO 
O 51 
i 44 

29 iO 
8 53 
O OO 

TOTAL iOO,OO iOO.OO 
SUBGROUPING 

C1 -C4 54.83 57.31 

C5 -420 F 45.17 42.69 
420-700 F O.OO O.OO 
7OO.-END PT O.OO O.OO 
C5 -END PT 45.17 42.69 

L5.,'1 LIHR. hO LAYR 13.g CCIHR 
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r S'OINORMAL ' MOLT': RAT I O 

C 4 O. 0 4 9  :~ 

C5 
(:6 O. 7700 

C4- 0.2190 

DARAFFTN/OLEFrN M RATIO 
C~. O .7143 

C 3  0.00BO 
C4 O .7095 

-" C5 

[,IO [IC CO[.LECTION 

VHYS. APPEARANCE 

DENS ITY 

N, REF~ACTIVY,, INDEX 

SIMULATED D/STT LLATION 

iO WT % (a DEC F. ---" 

35 " --- 
50 --- 
84 --- 
90 --- 

RANGE ( 16--84 % ) --- 
r 

WT % @420 F --- 

WT % ~7OO ? . . . .  

0.0856 

0.5000 

3.9444 

0.4550 

1.2759 

0.0086 
1.46R9 

-- , m  
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RUN 9972-13: LZ-105-6 

LZ-105-6 is a medium pore molecular sieve with a structure 

similar to that of ZSM-5 with a SiO2/A~O 3 ratio of 35. This 

zeolite has been tested extensively in this program for both 

methanol and prcpylene conversions. The purpose of the present 

test was to extend the knowledge of this catalyst into the range 

of process,conditions which hav~ become the standard test. LZ-105 

was tested last quarter under the same temperature and pressure 

conditions but without water in the feed in run 9972-1. Tests 

of ZSM-5 of two different Si02/AI203 ratios will be reported next 

quarter. Extensive comparisons among these materials will be de- 

layed until the next report when all the data will be available. 

The material balances, conversions and product selectivity 

for the samples taken during this Run are presented in Tables 4A 

to 4D. The conversion and product selectivity data is plotted 

versus time on stream in Figures 14 and 15. Simulated distillation 

plots of samples representative of the process conditions studies 

are presented in Figures 16 to 21. The catalyst was tested for 

three days at 280oc and 150 psig, with a 1:1:2 H2:C3H6:H20 molar 

ratio feed. The temperature was then raised to 340°C after 2 more 

days, then to 370°C where it was kept until the run was terminated 

2 days later. Except for Sample #2, all the material balances 

show the experimental data to be of high quality. 

The initial conversion at 2B0°C was quite high. Almost 97% 

of the propylene was converted. This was very s~ilar to the initial 

conversion in 9972-1, 96%. This catalyst showed slow deactiv~ation 

with the conversion dropping to 90% at 48 hours on stream. In 9972-1 

after 40 hours on feed, the conversation at 280°C was only 84%. Even 

though 9972-1 was run to retard deactivation , the catalyst was de- 

activating faster than it did in the run with water in the feed. 

During this run when the temperature was raised to 340°C, much of 

the catalyst's activity returned but the catalyst still deactivated 

at the same rate. The temperature increase to 370°C again did not 
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significantly alter the deactivation rate. During run 9972-1 the 

conversion rates at 340ac and 370°C were 95% and 97% respecti~[ely. 

These higher conversions were probably due to lower catalyst de- 

activation which resulted from the shorter sampling times between 

temperature changes. That is, they were measured after fewer hours 

on steam. In run 9972-2 at 410°C with water added to the feed, this 

same lot of LZ-!05-6 was found not to deactivate. The stabilizing 

influence of the added water had only a partial effect at 250 to 

370°C but had a large effect at 410°C. 

In the prior test at 410°C the product selectivity also sh~wed 

only minor changes over the course of the test. This test showed 

much greater changes. Most changes occurred at 280"C and the changes 

decreased as the temperature was increased, in nb catalyst tested 

thus far was t~e production of C 1 and C 2 hydrocarbons from C3H 6 feed 

significant. The selectivity to butanes was constantly increasing 

throughout the run to a point where their concentration in the effluent 

was close to that of propylene. The selectivity to propane and partic- 

ularly butane were both very high initially b*~t dropped quickly. They 

increased again with temperature change. As the temperature increased 

the rate of change of the selectivity;to these two components decreased. 

These two paraffins are the products of hydride transfer to the corre- 

sponding olefin. A change in these concentrations is related to 

changes in the rate of hydride-transfer. These changes in propane 

and butane concentrations in the gas phase are reflected in changes 

in the concentration of aromatics in the liquid. 

The high selectivity to C5+ resulted from the low quantities 

+ decreased as of propane and butane produced. The fraction of C 5 

these two products plus butene increased. In this run, the C5+ was 

as high as 89% of the total hydrocarbons at 280°C, decreasing to 

69% at 370°C. A similar change in selectivity was seen in run 9972-1. 

At 280QC 91% of the hydrocarbons were in the C5+ range, while at 

370%C only 63% of them were. This decrease coincided with an increase 

in light saturates production. The differences in ~he composition 

among these liquid samples is obvious from the refractive indices. 

The initial sample in this run contained 50% aromatics. The corre- 
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spondinq ~samDle in 99~,2-i contained less than 20% aromatics. The 

final sample from this run taken at 280°C was less than 20% aromatic 

while the 6~rrespondi~g sample from 9972-1 was still 15% aromatics. 

At 280°C, water added to the feed increased the percentage of 

aromatics in the cendensed product but it did not stop the deactiva- 

tion of this aromatization activity. ~t 3400C the first sample was 

again about half aromatics but dropped to 30% by the last sample. 

At 370°C the first ~ample was 40% aromatics but the aromatics were 

still above 30% by the last sample. From 9972-1 there is data only 

from initial samples. At 3400C the sample was half aromatics; at 

370°C the condensed liquid was 70% aromatics. The water in the feed 

was better at reducing deactivation at 340"C than at 280°C. At 370°C 

the water almost completely stopped deactivation of aromatization. 

The price paid for this slower deactivation was lower activity. 

These trends in aromatic concentrations calculated from re- 

fractive indices were verified by the simulated distillations. The 

distillation of Sample 1 revealed the presence of xylenes and C 9 

aromatics in the liquid. Sample 5 had a much smother distillation 

curve and did not show signs of xylenes in the sample. Sample 6 

again contained xylenes and trimethylbenzenes. Sample i0 still had 

observable amounts of xylenes but no detectable C 9 aromatics. This 

sample also probably contained toluene. Sample 12 contained both 

xylenes and C 9 aromatics. The last sample still contained these 

aromatics but also had appreciable quantities of toluene. This 

liquid product contained mostly secondary products of the prcpylene 

oligomerization reaction. The distillations did not contain the 

large amounts of C 6, C 9 and C12 olefins that were easily observable 

in previous samples. 

LZ-105 is an excellent catalyst for propy!ene oligomerization 

even at 280°C. The catalyst has high activity and good selectivity 

to liquid products. At these lower temperatures, the catalytic 

activity, particularly the aromatization activity, deactivates in 

spite of the presence of water in the feed. While the selectivity 

to C5+ products was not quite as good as that of UCC-104, reported 

last quarter, the activity was higher. 
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TABLE 4A RESU[,T OF P R O P Y I , E N F ,  OPERATTON 

.~IJN NO. 9972-] 3 
CATA~,~'ST I,M-- |.O5--6 Ibgg3q--O] bTCC 35.O60M [37. IOGM ~_E"L'F.9 THE RUN. ~-R .O4GM~ 
FRED H2:C:|II6:H20 fa ~.:i:2 MOLE ~AT]~O,O.5 C3116 WHSV.CONTINOU50VRRNTTR 

C 3 H 6  FCW- 42.08]3 DF, NSITY,, O.51.O41 GMFCC (~ 73 F) 
'PA~OET FLOW: C3I{b 34 .3 CCIIIR H2 168 CCMN, ]O. 1 L/[IR [[20 ]5 CC/HR 
ACTUAL Fi,0W: 28.45 CCII~ EI"F[,UENT 13.B [,/IiR AO LAYR IO.5 CC/HR 

R[~N & SAMPLE NO. 9972-]3-i 9972-13-2 9972-13-3 9972-13-,I 99'72-13-5 

C3H6 W|ISV 0.42 0.42 0.42 0.42 0.42 

HRS ON STREAM 5.O3 23.9 30.9 4n,O 55.0 
PRESSURE PSIG 161 157 154 " -  ~ 1.56 
'FEM9 . C 2[~0 21JO 280 2130 280 

"f"I~,ED C3H6 CC t 3 8 . 4 4  5 3 4 . 8 7  ] 7 6 . ] 9  49R.O8 193.~33 
HOURS ~'EED£NG 5.O33 18.90 7 .OO 17.10 7.OO 
EFFLNT GAS LITER 65.35 235.75 88.~O 222.30 88.50 

GM ~Q[JEO[I5 LAYER 49.01 L97.72 73 .99 LHO.05 71 .50 

GM LIQ HYDROCARBON 24.89 ]38.89 48,98 133.18 55.2') 

WT PR. LIQ KC/FEED .3522 .5087 .5447 .5303 .5589 

MATER[AI., RALANCE WT % 88.72 8]..58 93.30 91.23 98.42 

C3H5 CONVERSION % 96.66 94.11 92.51 gO.29 90.41 

~RDT SF, LECTIVITM WT ',% 
CI{4 O .O2 O.O1 O. 02 t).O]. O .Of 
C2 HC'S O.12 O.IO O.I] 0.07 0.07 
C3HI] 9.78 2.67 2.66 2.03 I .78 
C4~[iO 16.20 4.O7 3.99 "2.50 2 .36 
C4HB., 2.24 4.57 5.68 5.27 6.36 

C5H]2 i2.14 3. q3 3.79 2.83 2.4 g 

CSHI0= 0.07 O. l 6 0.24 0.23 0.2P. 

C~IIl 4 7.68 6.40 5.39 7.24 6. gO 

C6H].2= & CYCLO'S 0.77 1.68 1.97 1.79 2.5q 

C7'- IN GAS 7.79 9.28 9.80 |] .7h L?-..17 
[ . , I O  HC'B 43. 19 6"7. 12 65.35 65.29 65 .07 

TOTAl, 100 . O0 1.00 . 00 iOO . 00 1.00.00 l OO . OO 

5IJF4C3ROUP [ Nfi 
C1 -C4 2 8 . 3 6  I I  .42  1 2 . 4 6  I.O.B8 .LO.59 
C5 - 4 2 0  ~ 6 7 . 8 0  8 2 . 6 0  7 8 . 5 2  8 3 . 4 4  8 0 . 5 6  
4"20-700 P 3.84 5.97 9.O2 S.68 B.85 

700-END PT O.00 0.O0 O.OO O.OO O.00 
C5 -END PT 71.B4 88.58 8"7.54 89.1.2 89.41 
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r. SOINORMA[, MOL~; RATIO 
C4 1.7OO3 2.4154 ?,.30%1 ~..6"~O~ ~..1587 
C5 .9..O516 2. 111]I I . 93P.?. 2.C860 ~..O297 

C6 6. O g.'~'~ 10.5051 9.5125 ].9.. I"574 12.8041 

C4= O. 493.~ 0.468] O.44]I O. 4,~7l O.4 | 5P. 

PARAF~IN/Or,EFTN M RATTO 
C2 • I.]O74 O,2]O7 0.3782 
C3 2.7274 O.40~9 O.3180 
C4 6.ggR6 0.8609 O.6771 
C5 174.2464 23.5243 15.O714 

O. [7q4 
O • "~ R4g 

L1... 915.6 

O.1598 
O.3985 

]O.'1620 

I,IQ I{C COT,LECTION 
PHYS. ADPR~RANCE OIL OIL OTL OrL OIL 

DENBITY 0.792 0.759 0.747 0.745 O.749 

N.REFRACTIVE £NDEX 1.4540 " 1.43~3 1.4296 1.4265 1.4257 

SIMULATED DISTILLATTON 
[O WT % 8 DEG F. 180 ].72 18~ [73 ].7~ 
16 204 200 209 202 207 
50 294 292 307 ~g~ 304 
84 38g 391 409 3~] 409 
90 411 414 444 413 443 

RANGE ( ].6- 84",,) 105 1.91 200 ] 80 202 

WT % (a420 ~" 91.,I 91.2 86,2 91 .3" 86.4 

WT % (9700 F 1OO 100 !00 !00 1.00 
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TA]Ir,R 4B R!-'..~UT.T OF PROI'.vL:-',,"~E OPI.:I.~ATION 

RIrN NO. 9072 - I 3 
i':.,~'l'A[,Y..~T LT. iO5-6 I1983g--()I 67CC 3S.OSGM (3"2.].OGM AFTER Tile Rill~. ,.-2.O4GM) 
.P"~I,;I'} .zI2.:C'3FI6:H?.O (a I'1:2 MOL~ RA'PTO,O.S C31f6 W[I~3V.CON'FTNOU.~ O'JF:RNr'."": 

C3 l [6  MW- 4 2 . 0 8 1 3  DRNST'?Y,. O.5lO4J GM/CC C(a 73 ~') 
T/~RC, ET E'[,OW: C3H6 34.5 CC/.HR !{2 16B CCM'N, IO.L L/I!R H20 ].5 CC/KR 

ACT!fAr, !.'r,t)N- ,-,,~.45 CCHR EFI"LUI".NT 13.8 [,IIIR AQ [,AYR 10.5 CCI![R 

PJi'N & LIAMI'=[,I '. NO. 9 9 7 2 - 1 3 - 6  g 9 7 2  - 1 3 - 7  9 9 7 2 - 1 3 - 8  9 9 " / 2 - 1 3 - 9  9 q 7 2 - 1 " { - ! O  

C3R6 WI{',V 0.42 0.42 0.~12 O.d2 0.42 
}[RS ON STREAM 7] .5 78 .7 95 .4 102 .7 ] 19. I 
L:'RE,~SU'|~E. PS ro 15'7 "L4 ~ ].SO 152 I 58 
T~:MI TM . C 3,10 33:) 338 338 338 

FRRD C3H6 CC 4 8 ]  . 3 8  i95.52 484.53 IQO.67 48b.79 
HOURS F~DrNG ]6.50 7.2~ 16.75 7.25 16.40 

I~F;,NT GAS LITER 23]..10 i02.00 234.40 100.40 230.60 

GM AOUE0[]S LAYER 173.41 77.41 175.42 75.78 171.51 

GM [,TQ HYDROCARBON 08.99 38.].g 93.39 38.59 95.19 

WT FR. LTQ HC/FEED .3622 .3~63 .3~76 .3q55 .3830- 

MATER~AL BALANCE WT % 92.30 ]03.08 95.76 ]02..3B 91.'[.1 
C3H5 CONVE, RS£ON ~ 93.75 92..49 91.23 gO.SO 89.38 
['*RDT SEr, RcT'rVTTY WT % 

C['[4 O. 06 O .O5 O.O4 O . 04 O.O4 
C~. [IC'S 0.42 0.42 0.39 O.4] 0.40 
C3E18 7 .25 6 .O5 5.O2 4. &9 4 .22 

C4HI0 L3.72 12 . 07 9.98 9 . ~O 7.60 

.C4H8-. 5 . 91 "l . 27 O. 52 8 . 92 9.58 

/CSHI 2 I0. ~0 ] 0.05 8.75 8 . 09 6.73 

:'CSHIO-- O.].7 ~.42 0.38 0.39 0.30 

C61~14 7.76 8' 63 8.~4 8.99 q.OO 
C6}[12= & CYC~.,O'.~ 1.].9 1.51 "I .60 1.74 1.77 
C7z- 1"I'4 GAB 10.58 "L~..22 32.64 13.58 ~2.67. 
ILTQ }[C'5 4~..35 4"[..30 43 .7.~ ,13.94 ,'17.75 

q'O'PAL IOO.OO I.OO.OO iOO.OO 1OO.OO ]OO.OO 
SIJBOROUPING 

CI -C4 27.37 25.05 23.q~ 23.25 23..83 
i 

C5 -420 F 68.61 70.50 72.42 72.35 74.4] 

420-700 F 4.02 3.64 3.63 4.39 3.76 

700-END PT 0.00 0.00 0.00 0.00 0,00 

C5 -RND 9T 72.53 74.14 76.05 7h.74 78.1.7 
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t' 
t: 

ISO/NORMAL MO[,F, RATIO 
C4 2 .g130 ~.. ",Bq3 Z. 43R0 2.47OR 
C~I 3.0550 ,2.4097 ~,. 409~, '2.. IL 6 I~. 

CG B. !918 7.BOq9 8.6750 B.8595 

C4= 0.4577 O.4"~27 (5.4.~45 0.434:| 

~ARAF~IN/Or.|~FIN M RATIO 
CZ O.577R O.%732 O.32BR O.35q7 
C3 i. O466 O.7199 O.5OO~ O.44~4 
C4 R.2397 |..6013 I~1308 0.9955 

C5 60.209'7 23.5307 R2.RgS"7 20.2755 

1,10 HC COLLECTION 
PIIYS. APP~.A[%ANCE OIL 

DENS ~TY .~ O. 770 
N, RF, FRACTIVE INDEX !.4494L 
,~IMIJLI~TED DZST~LLI%T~ON 

lO WT % (a DEG F,,. 165 
] 5 ROO 
50 295 
84 390 

90 416 

RANGF, ( ] 6-B4% } ! 90 

0[L 
0.785 
1.4451 

]GB 
200 
291] 

3 B'l 

4'I 

tB7 

O fL 

0.775 
1.4398 

]52 
i96 
294 
384 

4O8 

188 

OT[, 

0.73B 
1.43'%6 

165 
198 
289 
3B4 

4tO 

186 

2 

lO 
O 

O 
O 
O 

ZI 

.65qR 

.5237 

.0478 

.4544 

.'~O44 

. "~ .~ ') 9 

.7659 

.7099 

O£L 

0.745 
1.4349 

15R 
194 
285 
.~79 

406 

.185 

WT % (8.420 ~' 90.5 91.~. 9] .7 9] .5 92.13 
W'F % (~7OO F iOO iOO iOO iOO IOO 
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TABLE 4C R E S t l L T  OF VROPY[,ENE OPERATION 

RUN NO. 9g'7 ~.- 13 -. 
CA'FALMLA'E I,'--'--.IO5-6 .g939-O1 (~'/CC 35.O66M [37.1OGM AJ~'PF.R ~'HF. RUN. ,~ .O4GM) 
F',:ED ll~::C:]l[5""-['I20 8 t~ :1:2 MOLE RATIO,O.5 C31[5 WH'.~V.CON'F[NOUS OVI.:RNIT]': 

(:3][6 MW= 4~..OU~3 DF, N'Z~TY- O.5104] GM/CC [8 7.3 F) 

TARGF, T FLOW: C3[|6 34..3 CC/HR H~ 15|] CCMN,IO./, L/HE H20 LL. CC/HR 

AC']'UA~: FLOW: --".'2..8.45 CCHR F, FFLUENT" 13.B [./H~ AQ LAYR 10.b CC/![R 

RUN & SAMPI,E NO. 9972-13-11 97~,. 13-]2 972-13-t3 972-J3-I~, 9972-!3 ,15 

T 
C3[[6 WTISV O.d2 0.42 0.42 0.42 O.47. 
:JR ~: ON STREAM 126.8 143.1. I~O.7 ]66.9 177. .7 
PRESSURE. PS [G i :. g 1 5 0  ] 57 1 5.~ 148 
TEMP. C 3 3 U  370 370 370 370 

F?:ED C3HB CC 2]0.8 4~.53 213.43 473.83 

[[OURS FEED TNG : 7.7 L6.3 7.5~ 16.25 

F, FFLNT GAS LITER 106.9 238.9 ., ].]O.6 237.0 

{IM AO[IEOUS LAYER ;L 80.74 ib9 .lO 78 .S| [68. i6 

GM [,~Q HYDROCARBON 41.30 80.04 37.28 75.14 

WT FR. LIQ HC/FEED .3038 .3236 .35:}9 .3107 

MATRRTAL 13AF.ANCE WT % 95.71 1OO.42 ]O5~26 95.88 
C3H6 CONV'R, RSTON .% 89.22 8R.4J 87..83 85.46 
PRDT .~F.T,~CTIV[TY WT % "= 

CII4 O.O~ O.]3 O.12 O.]2 
C~. HC' S 0.38 0.78 0.76 0.80 

C31T8 " 3.95 7,.46 6.55 6.1.O 

C4HIO 7.41 12.i4 ]O,6.3 q . h 5  
C4Htl • 9.99 IO.82 I] .O7 13.25 

C5H.]2 6.44 9.O6 8. 1.3 7.O4 
C5HI O-" 0.30 ~.51. 0.47 0.38 
C6H ].4 9.02 8 . 5.% 8 . 68 8 . 85 
C6H]?.-" & CYCLO'S I .89 1.7g .1..9~ t.g3 
C7+ IN GAG, ]4.82 ]1.92 ]4.{)2 }.~.%9 
[,[Q []C'B 45.76 ':}6.85 37.64 .38.'~5 

156 . (=9 

5.75 
8.3.5 

5') . 56 

25.25 
.37.82 

l Og : 56, 

84 .5 ~, 

0.I~ 
0.8(I 

5.82 

9 .O';. 

13.82 

6.73 

O.41 
9.33 
~..18 

1.5. O7 

36 .66 

TOTAL IO0.O0 " tOO .OO ~00.OO 1 OO.O0 

SURGilOUP [NG 
,Cl -C4 21.77 31.34 29.12 2'}. 85 
CH -420 ? 74.62 65.g6 58.20 67.68 
4~,O-7OO P 3.62 R .70 2.68 . 2.47 
7OO-END PT Q.O0 0.00 O.00 O.OO 
C5 -END PT 78.23 68.66 70.88 70. 15 

J O0. OO 

29 . 63 

58.0q 
2 . 2 8  
O. OO 

70.37 
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| 5OINCRMA[, 

C4 
(:% 

C 5 
C4= 

MOT,I': RAT I O 

2 . 5 0 5 7  

~..5651 
I¢). 1939 

( } .  d 4 {J3 

2.2 ~,01 
2 .2856 
11.7 R 8.",. 
O.4291 

PARAFFrNIOL[¢F~N M RATTO 
C2 O • 2506 n. ~230 

(:3 O. 3129 O. 5474 

C4 0.7165 I .082.7 

C% 20.772]. 17.2263. 

, LIQ HC COLLECTION 
PTIMS. APPEARANCE OIL OIL 
DENS IT%" O .762 O .740 
N,REFRACT[VF, INDEX ]..4337 I .4458 
.'~ [MULATF.D D [ ST [ L[.,AT r ON 

] 0  WT % 8 DEC, F. 164 ).64 

16 196 197 

.50 288 290 
84 38[ 376 

90 407 403 

2.~867 

2.2850 
q.O431 
O.4341 

O.4913 

0.4560 

0.9277 

16,736% 

OIL 
o .759 
i .4434 

16~ 

196 

2 8 9  

375 

,102 

2.2g08 
2.4551 

10.7955 
0 . 4 4 1 4  

~.4575 

0.3445 

0.6961 
18.0000 

OTL 
O .771 
I .441] 

15R 

.194 

285 

'372 

398 

~,,. 5 ( ) 3 4  
2 .  4 0 8 4  

~ 0  . ' 1 3 6 2  
(9.44|6 

0.4499 

0,3060 

0. b 3 0 0  

t6 .0911 

OI L 
O .770 
! .4381 

163 

194 

285 

37] 

397 

RANGE (16-84%) 185 L79 179 t78 L77 

WT % [a420 F 92.1 9R,67 g~..B9 g3.55 93.78 
WT % [a7~.O F IOO iOO iOO iOO tOO 
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Run 9972-14:UCC-!07 

UCC-107 is a new Union Carbide proprietary large por~ 

molecular sieve, lh was tested for 4 days at 280"C. The tempera- 

ture was then increased to 340°C for 1 day and 370°C for 1 day, 

after which the test was terminated. The detailed data analysis 

is presented in Tables 5A to 5C. The conversion and product 

selectivities are also presented in Figures 22 and 23. The simu- 

lated distillation of the condensed product from Samples 1 and 2 

are plotted in Figures 24 and 25. All the material balances are 

satisfactory except for Sample 5. Since the calculated numbers 

are not out of line with the other samples, the results are probably 

reliable. 

The conversion was low initially, and it did not change 

significantly during the test. The catalyst showed fast deactiva- 

tion with the conversion dropping by a factor of 3 in the first two 

days on stream. Increasing the temperature to 340°C par~ially re- 

stored activity but it dropped quickly. The temperature increase 

to ~70"C again restored activity but only for a short period of time. 

It seems to be common for fast deactivating catalysts with 

ultimate low activity that propane is a major ~roduct of propylene. 

The selectivity to propane was fairly constant over the test and 

did not seem to be a function of temperature or deactivation. Butenes 

were also major products. The selectivity to butenes was also inde- 

pendent of. temperature or time. The selectivity to C5+ products 

varied only from 69% at the beginning of the run to 61% at the end. 

The distribution of hydrocarbons among the C5+ product was ~ot as 

constant as the previous numbers may have indicated. The amount 

of condensed product dropped from 12% to 0% in i day. The simulated 

distillation curves had signs of C6's and Cl2'S present but the 

condensed product was only a small percentage of the total product. 

The UCC-107 is a poor catalyst for propylene oligomerization. 

It deactivated too quickly. It seemed to deactivate by a different 

mechanism than previous catalysts since the propane and butenes 

selectivities were fairly constant over the entire run. 
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TA!¢LZ 5A RI",SIII,T OF PROPYI,F, NE OI~ERATION 

RUt4 :;{J. U'JT".'.- [ ":. 
CATALYG'F UCC-I~7 I~10042.~.I :,6CC 35.00GM (33.83GM AFTER TIlE RUN,-i. tTtIM} 

|.'].;I~D II2:C3[.L~:[[20 (a ]:I:2 MOLE RATTO,O.5 C3116 WHSV.CONT[NOUB OVERNTTR 
C3[16 MW-- 47,.O813 DF, N,~ITY= 0.5104] GM/CC ((a 7"~ F] 

TAP.C, RT FLOW: C:{}I5 34.3 C.C/HR H2 L70 CCMN.10.2 L/fIR I{,n,{) 15 CC/!{R 
Ac'rIIA[, FLOW: 35.]5 CCIIP, R]~I-'LUENT ~.O.4 L/HR AO LA-VR is.g CC/HR 

RIIN ,'~ SAMPLE NO. 9977.-]4-I 9972-14-2 9972-14-3 g972-14-4 9t)7R.-14-5 

C31{6 W[-ISV O. 5 O. 5 O . 5 O. 5 O. 5 
}IR.~ ON STREAM 5.3 25.9 30.3 4g,3 52.7 
I~RESSU~R ,PSTG 157 150 ] 4 g 14"1 149 
TRMP . C P. 80 279 RSO 279 280 

FRED C3H6 CC 208.28 690.3 ]44.73 682.13 113.27 

HOIIR$ FEEDING 6.33 19.6 4 .4 ]9.o 3.3 
EFFE, NT GAS [,£TER I16.9 395.3 88 .5 :~91.5 67. 6 
GM AQUEOUS LAIrF.R 82..48 269.13. 60.56 260.74 46.07 
GM LXQ HYDROCARBON I.h9 ] .i7 O.OO c).OO O.OO 
WT HR. L£O HC/FEED .O173 .OO33 .OOOO .OOOO .OOOO 

M~TERIAL RALANCE WT % 95.R7 9L.29 ~OO.60 92.23 80.15 

C3H6 CONVERSION % ].3.18 5.95 4.53 3.34 4.14 

P~DT SEI,ECTTVITY WT % 
CH4 O.O0 0.00 O.OO 0.OO 0.00 

C2 HC'~ O.00 0.00 O.00 0.OO O.OO 
C3[[8 21.4g 24.28 29.93 ~3.].8 R6.SB 
C4H]0 3.33 2.67 2.OO O.54 B.OO 
C4H8~ 5.B8 9,O] 3.53 2,73 "l .75 
C51(12 i. 50 % . 67 O. 58 O, OO O. 3.3 
C5HIO= O.13 O.O8 O.15 O.OO O.15 
C6H34 9.35 6.O7 7.12 6,34 5.44 
C61~12= & CYCLO'S 7.04 12.21 15.35 ]'1.69 'L5.50 
C7+ IN QAS ~g.O8 37.90 41.33 3'3.53 41.45 

LIQ HC'B 12.20 6.10 O,00 O.OO 0.00 

TOTAl, IOO.OO iOO.OO IOO.OO IOO.OO I00.OO 

SUBGROUPING 
C] -C4 ~O.70 35,97 35.45 3~.45 37.33 
C5 -420 ~ 55.15 60.56 64.55 63.5% 6R.67 
420-700 ~ 3.78 3 . 1 0  O.OO O.OO O.OO 
7OO-RND PT 0.37 0.38 O.OO O.OO O.OO 
C5 -END PT 59.30 64.O3 64.55 53.55 62.67 

-59- 



TSO/NORMAL MO[,Z RATIO 
C4 1.3330 O.331,7 0.6330 - O.1901 
C5 8.54~4 4 .8085 ~.5a5~ 
C5 ]3.0000 h.148| ~.7734 3.~8 3.(,dO4 
C4~ O.4014 0.4007 O.6R34 0.6923 0.4336 

PA~AFFIN/O[.EFIN M R~TIO 

C2 
C3 0.03]5 
C4 0.5465 

C5 1 1 . 0 3 9 2  

LIQ HC COLLECTTON 
PHYS. APPEARANCE 

DENSITY 
N.REFR&CT[VE INDEX 
SIMULA'PED DISTII,I,ATTON 

i0 WT % ~ D~G F. R77 

iG R88 
50 387 

84 491 

90 550 

0 . 0 ] 4 9  
0 . 2 8 f i 2  

L 9 . 5 0 0 0  

341 

368 
439 

568 
642 

RANGE(16--84%) 203 200 

m 

0.0138 
0.5453 
3. 6000 

WT % {a420 F 66.0 43.0 : -- 

O . O ] ! l  
O. 1908 

w - -  , 

- - . ° . .  

-- . ° - -  

0,011]. 

o. 3"i"  9 
0.8 .~7 1 

N - - i  
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TAI%I,,," 5B RES[I[,T OF I~ROPYT,ENE OPERATTON 

RIIN NO, 9972-1d 
CATAr,YGT (ICC.-].C'! ,%]OO42-2} r,.SCC 35.0OGM (33.83C, M AFTF, R THE RUI~I. 
:"RED H2 :C3HE; : ! IP .O  {a i: 1.:2 MOLE RATI"O,O.5 C3l[6 WHSV.CON'PINOUS 

C3H6 MW-. 42.08|3 DENSITY- 0.51041 GM/CC {ca 73 F~ 
TARGF, T ?h'.}W: C ' / H 5  3 4 . 3  C C / I I ' ~  tI?. 170 C{:MN, ] O . 2 : [ . / l l R  H20 
ACTUAL FE,(}W: 35.15 CCHI:t EFFLUENT 20.4 [~/.=IR AQ I",AYR 

RUN & SAMPLE NO. 997~..-14-6 9972-14-7 9972 1.4-8 9972-14-.9 9cj7"2 - L4-10 

0.5 O.5 O.% 0.5 0.5 

73.8 77.25 97.11 103.8 !2.'i.H 

147 149 14'/ lqO 152 

280 280 27 ¢ ) 339 337 

754 .48 
2] .2 

435 .Q 
291.46 

O.OO 
.OOOO 

C3H5 WHSV 

HRS ON STREAM 

P P,I:IS SURf':, PSIG 

TEMP. C 

FZRD C3H6 CC 
IIOURB FEEDTNG 
RFFr,NT ~AS LITRR 
CM AQI;BOUS r, AYRR 
GM r. IQ HYDROCARBON 

~'P FR. LTQ HC/?RED 

-I.!7GM) 
OVERNITE 

15 C C / I I R  
£ 3 . 9  C C / } I R  

115.78 72] .75 R~5.52 713.~8 
"{.4 ~O.~, 6.0 20.O 

73 .3 424.1~ 123.3 41l..9 
48.09 2B2.76 82.85 27~.77 
O.OO O.OO O.15 0.6 

.OOOO .OOOO .~O15 .OO16 

MATERIAL BALANCE WT % 93,22 88.35 93.5t 1OO.99 92.d2 

C3H6 CONVERSION % R.67 3.19 3.02 8.70 4,98 

PRDT SELECTIVITY WT % 
CH4 O.OO O.OO O.OO O.7 0.28 
C2 HC'S O.OO O.OO O.OO O.2~ O.OO 
C 3 ~ B  3 B . 4 6  3 2 . 0 4  3 3 .  [ 5  2 9 . O 2  R B . ! 3  
C4HIO 0.48 3.85 3.O1 ] .33 I..4~ 
C4H8~ R.35 6.85 7.37 5.97 4.75 

C51[12 O.OO 0.20 O.24 0.72 O.~9 
CSHIO: O.OO O.OO O.OO O.22 O.25 

C6H14 5.67 5.10 4.88 7.25 6.4W 

C6H12= & CYC[,O'S 0.00 15.93 17.7~ 15.25 19.48 

C7÷ IN GAS 53.O3 35.02 33.6~ 38.07 35.21 

LIQ HC'S O.OO O.OO O.O0 i.~6 3.57 

TOTAL iOO.OO 
SUBGBOUI=T~G 

Cl -C4 41.30 
C5 -420 F 58.70 
420-700 F O.OO 
7OO-END PT O.OO 

Cb -END PT 58.70 

lOO.OO iOO.OO 1OO.OO IOO.OO 

42.75 43.52 36.82 34.61 
57.25 56.48 62.43 63.79 
C.OO O.OO 0.68 t.57 
O.OO O.OO O.O8 0.03 

~7.2~ 56.48 63.1.8 65.39 
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T:~O/MORMA[, MOI,E RATIO 
C4 0.1 ,~. 54 0. I 567 I. ~36.'% 0. 4068 

[~.l~ t . .q'~5"~ ] . 0759 

C6 i~.2Rg~. ,9..6477 .9...'3564 4 . ].~5"~ R.d791 

C4 -- O. 75"~3 CJ. 49,%0 0.45R7 0. q7g 6 0. [,~.38 

9ARAFFTN/O[,~F[N M RATIO 

C2 

C3 o.0103 

C4 O.i~8~ 

C5 

Lit) IiC COr,LV.CTTON 

.nH'fS. API~EARANCE 

DENS TTM 

N.REFRACTIVE INDEX 
SIMULATED DESTIt,LATTON 

iO WT % (a DEG P. ---- 

16 --- 

~.~O .... 

84 --- 

90 .... 
,<. 

RANGR C I.b--84% ) --- 

WT % ~420 F 
WT % 8700 F 

- - .  m 

[] .0!03 

0.5423 

-- . . .  

0.0 i00 

0.39~9 

° %  

. ° - -  

° - - m  

0 . 0 7 .  !~ 8 
0 .  ?.144 
3 . 1 4 0 4  

- - ° . .  

- ° 

0 . 0 t 4 3  
0 . 2 ' ) 6 4  
1 .  5 0 0 0  

° . m 

° . . o  

w - - °  
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'."/~IILE '5C R!':SUT.,'." L~='. P,r~.OPYT,ZN~ OP~:RA'PT(3N 

R~JN NO. 9')72- L4 
CATALYST IICC-]O7 IflOO42-~.! hSCC "J%.c3OC, M (5"~.87, GM AFTER THP Rt;N.--]..]7CM) 
b'I~RD }I2:CSH[, :[120 ('3 i: ! :2 MO[,]': RATTO,O.q C3[15 WI{!~V,CONT[NOIJS OUKRNT'['": 

C3116 MW= 47..O815 DHNS[TY-- O.510'11 GM/CC (l,I 7 5  F) 
'['ARC, ET FLOW: C31-!6 "14 .3 CC/IIR [12. 170 CCMN. LO.~. L/[[R H20~.: 1.% CC/HR 
Ac'ruA[ FLOtR: 35. ]5 CC}IR F.FF[,HF..N'P ?,O.4 L/HE AQ !.AYE 1.3.9 CC/,~IR 

RUN & SAMPLE NO. 9972-14-11 997P.-.]4- i?. 

C3H6 W}ISV 0.5 0.5 

fIRS ON STREAM I67.5 145.O 

PRESS!IRE.PRIG ]53 149 
" TZMP. C 3"70 371 

FEED C3[16 CC ] 1.6.41 
I[OUR~ ~ERD[NG 3 .7 
RFFI,NT GAS LITER 74 ,I 
GM AQUEOUS LAYER 50.28 

GM LIQ HYDROCARBON O.O0 

WT FR. LIQ HCIFEED .OOOO 

629.89 
17.5 

35B.5 
240.66 

O.00 

.00OO 

.:MATERIAL BALANCE WT % ]08.41 90.66 
C5H6 CONVE, BSION- % 8.O5 5.68 
P R D T  BF, T..ECTTVITY WT % 

C}14 0.75 0.56 
C7. HC'S O.9~. O.SR 
C3TlS 3 3  . 5 6  2 9 . 8 9  

C411~ 0 t . d 5  .'t . q 8  
C4 TTO-~ 6.8] ~ .37 

C5H12 0.70 0.38 

C~iTIO-- O. 28 0.12 

C6111 d 7.55 21,72 
C6111"2.= & CYC, LO'S i6.Bl 15.79 
C7÷ IN GAS 31.37 22.67 
LIQ ['[C ' S O.OO O.O0 

TOTP, L ] . 0 0  . OO 1.OO . OO 
S U B Gi~.OU'P rNG 

:~1 - C 4  P ~,,. 4 3 . 2 8  3 9 . 3 2  
C5 . - 4 2 0  \ ,  5 6 . 7 2  6 0 . 6 8  
420- 700 F ~ O.OO O.OO 

700-END ~T (~ O.00 .O.OO 

C,% -END PT 56.72 60.68 
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[GO/tlORMAI, MOLE RA'~IO 
t:4 O.8~7[l [).2025 
C %  I.O~B5 0.5000 
Cr, 2.910~ O.1748 

C4" 0.5'~03 O.4~g0 

PARA~FIN/OLEFIN M RATTO 
C2 O.fi774 - 
C3 0.0284 O.O175 
C4 0.2050 0.3004 
C5 2.4091 3.15"19 

LI'Q |{C CO[,LEC'PION 

PHYS. AI?t~EERANCE 

DENS I TY 
,~. ,~ ~.!" [{ACT rVE. INDEX 

S[~ULA'I'ED DIBT[r,LATION 
!.¢1 W'l' % (a I]EC~ F ,  - - - -  

1 . b  - - -  

'50 . . . .  

8.'I --- 
90 .... 

R A N G R ( I f i  84%) 

WT % ta420 
WT % r~700 F 
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i m l  

2BOOC 

• T 

3 4Ooc 370 °r" 
I I 

I ! 
I I 
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I 

I 

I 

• r I_,  , J , 

HOURS ON STREAM 

too 

gO 

nO 

~ "  70 

6O- 

(/l 
=SO- 

40. 

30" 

20, 

Figure 23 
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Run 9972-15~ REY-62 

Sodium Y-62 was cation exchanged with rare earth to produce 

this catalyst. The tri-valent rare earth should introduce acidity 

into the molecular sieve. The catalyst was tested at 280°C, 340=C 

and 370°C. The results are reported in Tables 6A and 6B. The 

conversion and product selectivity are shown in Figures 26 and 27. 
t" 

Simulated distillation curves of two samples are presented in 

Figures 28"and 29. The catalyst performance was poor, displaying 

low activity and rapid deactivation. Propane was a major product 

which increased with deactivation at 280°C. This selectivity to 

propane decreased with increasing temperature. The selectivity 

to b1~tenes increased with increased temperature. The distillation 

curve of Sample 1 had some unusual features. 70% of the material 

(3%-73%) distilled in a 200°F range. The next 25% distilled in a 

600°F range. The ether sample, #8, was more normal. It showed a 

narrow distribution and had only a small hig.h temperature trail. 

The ReY-62 catalyst performed even worse than the CaY-62 

catalyst. The catalyst showed similar initial conversion but de- 

activated much more rapidly. The ReY-62 has higher acidity than 

the CaY-62 and this higher aci6ity was probably the cause of the 

faster deactivation rate. 

i 

} 
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'I'A~LI". 6A RI,'~,IJ[, 'L' OF DItOI'*V'I,F, NF, OPI,':,RA'I'ION 

RUN NO. 9~7R-I 5 
CATAI.Y.~T RE--Y62 I~"1039-c') '2 53 CC 35.00GM (40.87(3M AI"T', ' IR THF, RUN,÷%.RTGM) 
F~':"~D II2:C3HS:H'~.O ~1:I:~ MOLl': RATIO.O.5 C3H6 WHBV,CONTTNOIIB OVRRNIT-~... 

C']H5 MW- 42.0813 DENB['PY= O.hlO41 GM/CC [(a 73 F) 

TARGET FLOW: C3H6 34 .3 CO/fIR H'2, ],70 CCMN,IO.2[,/HR H20 !t~ CC/Ii-~ 

ACTUAT, FSOW: 35.3 CC/HR EFF[,U~NT ~.O.Oh/HR AQ LAYR 13.TCC/H 

RUN & SAMPL~ NO. 997~.-15-I 99"12-15. "~. 

C5H6 WIIBV O . 5 
I{~S ON STREAM 7.3 
D~ESSURR,DSI~ t58 
TEMI~. ~ 280 

d 

9972-15- 3 9972 15 4 9972.-tS-5 

0.5 O . 5  O.% O.5 
2,5.4 37..7 %O.g 54 .3 
152 14g 151 I..~I 
7.80 RHO 279 RTg 

F~.ED C3H6 CC 2.30.31 644.99 

HnURB FEF, I)rNG 7.~,5 18.083 

EI,'F[,N'I' GAB LITEI% 120.8 367.8 

GM AQUEOUS LAYF.~ q5.76 250.05 

GM LIQ HYDROCARBON 1.40 O.OO 

WT FR. LIO HC/I~['~F,D .O119 .OOOO 

MATERIAL BA[,ANCF. WT % 89.21 93.08 
C3H6 COI~VRRSION % IO.;t6 2. .l :{ 
'2KD'F SI'.'I,RCTIVIT ~- WT % 

CH4 O. 00 O. OO 

C2 HC'S 0.46 O.OO 

U J H 8  27.55 55.66 

C41110 3 . ].0 4 . 54 

C4118- 4.97 8.16 

C51112 2.34 I .35 
CSH]O= O.R5 O.OO 
C5H14 U.80 4 .76 
C6|{12-- & CYCLO '-~, 3.~]5 4-~)9 
C'!~ IN C, AS 35.62 20.54 
I, IO HC'S 12.97 O.OO 

TOTAL, IOO . OO LOO . OO 

SUBGROUP £NG 

CI -C4 36.08 68.35 

C5 -4~.0 F 58.60 31.65 
4'2.0-700 F ~,. 3.75 0.OO 
7OO-F, ND PT i, 57 O .OO 
C% -END PT 53.92 31.65 

251.70 563 ,87 I 1.3 .27 

7.25 18. t67 3 .417 

147.8 373 .B 70.0 

100.O2 2.50. 013 47 .36 

O.OO O .OO O.OO 

• 0 0 0 0  . OO00 . (.}000 

94.42 91 .76 NOR~A[. [ ~,F:D 
"t . 6~ ! . 3 |  O.99 

0.37 
O. OO 

64.0g 

2..5~. 

4 0% 

1 36 
O 00 
.'3 W7 

18 54 
O. OO 

O. OO O. OO 
O .OO O.OO 

7] ,ll 70.1 | 

I . q3 0 ~ 9 f* 

7.20 2 . .O4  

0.32 0.00 

0. O0 O. OO 
2.61 0.8% 
0. OO O. OO 

R1 . R.~ 26 . 00, 

0. OO O. OO 

] 00,00 ].00. OO ).00.00 

71.O3 7~.24 73 .]i 

28.97 24 .'75 26.89 

O.00 O. OO 0.00 
0.00 0.00 0.00 

R8.97 ~,4 .76 7.6.89 
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15C)/NORMAr, MOI,F, ."<ATY('~ 
C4 1.2.455] 0.7905 3.61.29 2.2 t43 

Cb 1 ! . 5B'9.'3 2. % 552 1 . 9524 0.OO00 

C6 2 i , 845'I 4 .'~'17II 4 . O667 ] . 82'76 

C 4 =  0 . 3 3 4 2  O.  30"17 0 . 3 2 3 5  0 . ' 1 0 1 9  

PARAFFIN/OT,EFIN M RATIO 
C2 O, 1605 
C3 O. 0313 

C4 O. 60] 9 

C5 9. 2753 

[,TO EIC COLT,F, CTTON 

L~H'%'5. APPI':A.RANCE OfT, 

DENS I'UY 

N , i:~F, FRACTIVE INDEX 
SIMULATED DISTTT,LAT [ON 

iO WT % @ DI':G F. 2U6 
i b  300 
50 3'-}5 
84 5B") 
90 861 

L1~N GI~ ( 16 -84 % ) 281 

WT % 8420 F 59.0 

WT % (4'700 F 87.9 

0. 013.9 

0.53~9 

• m - -  

- - - - d  

o.o]o~ 

0.60o0 
.. 

0 . 0 0 ' )  ?, 
0 .  B4 q ! 

0 . 3  ') ~ g 

O. C)OG~ 

0./I'a45 

m . .  ° 

I Reproduced from 
best availab|e copy 
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.% 

,t,^~r,|," 6B RI,ISULT OF PROPYT,F,N~, OI~I"RATTON 

RUN NO. 9g'I.'2..- t5 
L'A'PAT,YBT !L~.: .YF~ llgg39-gV 6,'] CC 3'3.00CJPIC40.t]TC, M AI,°'rP,.~ "PHF, RUN. ~ ", .87C, M~ 
FFT,'.D H2:C3|t.r.~:H~.O (di:/.:2 MO[.~.~ RA'~TO,O.S C~E|6 WHSV,CON'rENOI|S OVERNIT~'~, 

C3H{~ MW- 4"),.O~]L3 D[':N.~TTY= O.5104L C,M/CC [8 7.'% F) 

'PARG~,'P FE,OW: C 3 H 6  3 4 . ' |  C C / H R  [-l:l 17{)  C C M N , ! 0 . 2  [ , / I I R  I I : : ( )  ! 5  C C / I ! R  
"~ .3 CC/[[~L RFPF,U~:~T 20.0 F,/FLL~ KQ LAY[~ ]3.7CC/!l AC't'UA[, FLOW : ,.,-, 

I[UN & ~AMPLE NO. 

C3H6 WIISV 
HRS ON STREAM 
PR~:SSUR~,PSIG 
' P~MP.  C 

9972-].5-6 9972-15-7 9972-1.5-}~ 9972-]5 9 

0.5 O ,~ 0.5 O.5 
75.] 80.4 9B.5 ]oi.g 

L57. 159 i, S5 I %r} 
3 4 3  34-3 3 7 ~  ~ 7 3  

FRED C3H5 ::C 

HOURS E],:EDLNG 

EFF[,NT GAS L r',"F.R 

t ]M AQ[I~:O[IS L A Y E R  
GM [.[q IIYDROCARL]ON 

WT FR. LYQ HC/I,"EED 

748.54 188.78 E~43.14 112.54 

20.75 5.333 10.16'7 3.41"7 

4 2 4 . 1  105.9 364.3 66.7 

287.].5 72.39 249.52 4E,.7 

0.56 O.00 0,92 O.00 

.OO17 .OOOO . 0 0 2 8  .OOOO 

i" 

MA'|'£:RIA[, BALANCE WI' % 91.3 r} 93.96 90.97 94.18 
C.qH6 CONVERSION '% 4.23 4.1"# 7.99 ~.O ~- 
P,r%DT .~Er,RCT£VI'rY W'~ % 

CH4 O. 40 O .38 O. 52 O. 62 
C2 T IC'5 0.OO 0.34 0.50 O.31 

C3H8 35.62 35.27 7.2.46 2 3 .  1.5 
C4HI 0 O. 78 O. 86 0.78 O .'7.q 

C4~L8 • 5.66 5.69 i1.O4 ] ] .78 

C5[!12 O. 36 O. 48 O. 75 O .'T4 

CS}II 0.= O . 44 O . L~3 O . 75 O. B5 

C6H14 5 .76 6.33 "I .50 V .BE 
C6H12- & CYCT,O'S 12.88 13.39 11.90 12.79 
C 7 +  I N  GAS 3 3 . 6 8  3 6 . 7 4  3 9 . 9 6  d l . l a  
T. FQ HC'S 4.43 0.00 3.85 0.00 

TOTAL ZOO. OO 100.OO 100.OO IDO .00 

SUBGROUP ING 
C] -C4 42.46 42.54 35.29 35 .59 

C5 -4?.0 F 55.6R 57.46 63.O~ 63.41 

420-700 F 1.55 0.00 1.58 0.00 
7OO-END PT O.31 O.OO 0.07 O.OO 

C5 -END PT 57.54 57.46 64.71 63.4.] 
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[.~O/NORMA[. MOLE RATTO 
C4 0.7273 0 .6364 0.9369 3..1236 

C5 0. ~353 0 . 8667 0.60 l 9 O..5714 

C6 3 . 0 4 2 6  3 . 1 4 6 7  4 . 4 8 2 2  , 4 . 3 7 8 9  
C4 ,- 0 . 3907 O , 3926 O. 2827 O . 2775 

PAKAFF¢N/OI.RFIN M RATTO 

C2 -- 
C3 O.O153 

C4 0.1326 

C5 0.7925 

LIQ HC COLLECTION 

PH?S. ~%PPE ARANCE 

DENS [TY 

N,REFRACTIVE INDEX 

SAUE.LATED I) [ST~[,LATION 
10 WT % Ca DEG F. ---. 

]6 --- 

50 --- 

84 --- 

90 .... 

RANGE(I5--84%) 

WT % (a420 F 
W? % (~700 F - - m - -  

0.0]49 

O.1463 

O. 8750 

q ~ m  

I '  

0 . 5 1 3 8  
0 . 0 3 . 8 9  
0 . 0 6 8 5  
0 . 9 5 9 3  

O I I ,  

297 

325 
40B 
5 i8  
569 

1 9 3  

5 7 . 0  

98 .i 

0.0. l  95 
0 .0596  
0 . 8 4  62 
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Micro-reactor Run LZ-105 

An LZ-105 micro-reactor run from lasu quarter is reported 

here. The exact conditions used were discussed last quarter. 

Briefly, a 2:1 H2:C3H6 molar ratio was fed during the day and ~w/2 ~2 
was fed overnight. The reactor was held at .150 psig, 340°C. The 

detailed r~sults of the run are presented in Table 71. The catalyst 

tested was LZ-105-6. It was used to evaluate the differences 

between the Berry and micro-reactors. The conversion of propylene 

was almost quantitative in the micro-reactor. (It was 95% in the 

Berry reactor.) This small difference may reflect material which 

can bypass the catalyst in the Berry. The selectivity to propane 
i 

was higher in the micro-reactor. Th~ butane w~s also higher, 

suggesting an accompanying highly aromatic liqui~ product. The 

amounts of C 5 and C 6 saturates obtained are lower in the micro- 

reactor. In a Berry reactor, the catalyst would see the recycled 

product mixture, and therefore never a high propylene concentration. 

In a plug flow micro-reactor, only the front of the active catalyst 
° 

bed would see:ahigh propylene concentration. Since large amounts 

of propane were produced, the aromatic precursors must have been 

formed before all the propylene ~s converted. We assume that the 

aromatics found were formed right at the reaction zone and not 

from secondary reactions further in the bed. The high propane and 

butane formation were the cause of the low C5+ selectivity, being 

only 41% in the micro-reactor and 68% in the Berry reactor. 
C 

'~ LZ-105 gave slightly different results in the micro-reactor 

than in the Betty reactor. The conversion was comparable in both 

cases. The product selectivity was different due to the differences 

between (continuous stirred tank reactor) plug flow and CSTR reactors. 
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TABLE 7 PROPYLEtCE OPERATION ~N MICRO-REACTOR 

NTB~ N~. 10027 MICRO-REACTOR RI3N W~TH CATALYST WT 7.00 GMS 
~EED H2:C3HE @ 2:1 MOLE RRTIO, 1.0 C3H6 WHSV; DAY-TTFtE ~EED ONLY 

C3R6 MT~= 42.0813 DENSITY= 0.51041 GM/CC (@ 73 F) 
TARGET FLOW: C3H6 13.7 CC/~R H2 135 CCM~, 8.1 L/HR 
ACTURL FLOW: 15.3 CC/~R EPYLUENT 12.5 L/HR 

RUN NO. 

CATALYST 
C3H6 ~SV 
HRS ON STREAM 
PRESSURE,PSZG 
TRMP. C 

F~ZD C3H6 CC 111.14 
HOURS ~EED~NG 7.25 
~YFLNT GAS LITER 62.77 
GM LIQ HYDROCARBON 11.34 
WT FR. LEO HC/YRED ,1999 

MATERIAL BALANCR WT % 82.56 
C3H6 CONVERSION % 99.69 
PRDT SELECTZVZTY WT % 

CH4 0 . 6 3  
C2 H C ' S  1 . 6 2  
C3H8 3 0 . 3 2  
C4HI0 23.12 
C4H8~ O.57 
C5H12 8.96 
CSHIO= 0.26 
CEHI4 3.30 
C6H12= & CYCLO'S 0,42 
C7+ IN GAS 5.45 
LIQ HC'S 25,34 

10027-02 
1~mlmiBlml mm 

LZ-IOS-6 
I.I 
7.25 
150 
340 

TOTAL iO0. OO 
SUB-GROUP ZNG 

C1 -C4 56.27 
C5 -420 F 32.33 
420-700 F Ii.15 E 
7OO-END PT O. 25 E 
C~ -END PT 41.40 
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I50/NORMAT. MOLE RATIO 
C4 1.2838 
C~ 3.2381 
C6 I 7.2715 
C 4 -  0 . 5 4 5 9  

PARA~FZNIOLE~ZN M RATIO 
C2 37.6116 

C3 95.7476 

C4 38.8192 
C5 33.571 

LI0 HC COT.LECTTQN 
PHYS. APPEARANCE 
DENSITY 
N.RR~RACTTVE INDEX .." 
SIMULATED DISTILLATION 

1O WT % ~ DEG F. 

16 
50 
84 
90 

R A N G E  ( ~J 6 - 8 4  ~. ) 

WT • ~ 4 2 0  ~' 
WT % ~ 7 0 0  ~' 

lib m 

I i~h o" 

.-.., 

I . 
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SU>LMARY OF TASK 1 TESTING 

Based on tests from the previous quarter, standard test 

conditions were established. This test was flexible enough to 

allow temperature changes during the run, and~comparable enough 

to allow comparisons between catalysts. Generally, the medium 

pore molecular sieves tested were excellent catalysts for prmpylene 

oligomerization. Several of the other catalysts tested were 

disappointing, whowing either low activity or very rapid deactiva- 

tion. 

LZI05-6 was already known to be a good catalyst for propylene 

oligomerization. The test this quarter was only to extend our 

knowledge of its reactivity to the range of the standard test 

conditions. This medium pore molecular sieves showed only modest 

deactivation and good selectivity to liquid products. The percentage 

of aromatics in the condensed p~oduct was low because of the low 

reaction temperature. At the lowest temperatures, the aromatization 

process showed greater deactivation than the oligomerization process. 

,~ith its higher activity but slightly inferior selectivity to 

~5+ products, this catalyst, LZ-105~is comparable to UCC-104, 

which is the best catalyst for this reaction reported thus far. 

The multivalent ion, (calcium or r~re earth) exchanged Y 

zeolites were very poor catalysts for propyiene oligomerization. 

They both showed low initial conversion and rapid deactivation. 

The more acidic REY-62 showed much more rapid deactivation than 

CaY-62. 

The new materials reported this quarter, UCC-103, 106 and 

107, were also disappointing ca~:alysts. The UCC-103 (acid extracted 

UCC-101) was superior to UCC-!01. The activity was comparable and 

deactivation was slightly less. The selectivity to liquid was 

better because of the lower selectivity to propane. Even with 

being better than UCC-101, the UCC-103 suffered from low activity 

and only fair stability. UCC-106 had higher initial conversion 

than UCC-101 or 103, but deactivated more rapidly. UCC-107 had 

low initial conversion and very rapid deactivation. 
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INTRODUCTION TO TASK 2 TESTING ....... 

Six syngas tests are reported this quarter, 10011-6 to -9 

and 9972-11 and -12. Some of these tests were quite extensive, 

investigating many different process conditions. Three of the 

runs, 10011-6, 9972-11 and 9972-12 were begun last quarter but 

are reported here. Additionally three runs 10011-10 to -12 were 

begun this quarter but will be reported next quarter. This one 

month offset between testing and reporting periods is necessary 

to obtain all the analytical information for the test. 

Unlike last quarter, the tests run this quarter were not 

shakedown runs. The catalysts tested were very active and had 

~ood product distributions. The various activation procedures 

investigated last quarter allowed the adoption of a reliable 

activation procedure this quarter. The many process conditions 

examined in the tests early in the quarter also allowed for the 

establishment of standard initial test conditions. 

The standard activation procedure used for iron based 

catalysts is as follows. The catalyst is heated to 270°C under 

nitrogen at 50 psig. At temperature CO is introduced slowly into 

the nitrogen feed. This slow introduction is to control initial 

exotherms. The CO concent~ation is increased to 25% of the total 

feed, 400 cc/min. CO, 1200 cc/min N 2. The CO is fed ove~ the 

catalyst for 24 hours. The feed is then switched to hydrogen 

at 2000 ~c/min. and this is fed over'the catalyst for 18 to 24 

hours. 

For the standard initial test condition, the reactor is 

kept at 300 psig and 250°C. l:l H2:CO syngas is fed into the 

reactor at 400 cc/min. Depending upon the information desired 

about the catalyst, the test conditions may be altered after an 

initial period which is usually 4 days. Many tests are terminated 

directly after this initial period~ For those tests that continue, 

the change in process conditions usually involves changing the 

temperature or the H2:CO ratio of the feed. 
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Most of the calculations involved in the data analysis 

were discussed last quarter and will not be reiterated here. 

The new analysis which has been included this quarter is the 

product distribution presented in a Schultz-Flory format. This 

will be an important tool for catalyst evaluation from now on. 

The concentrations of the C 1 to C 5 hydrocarbons are taken from 

the G.C. analysis. The concentrations of the components in the 

condensed phase are calculated from simulated distillations. 

For this calculation: it is assumed that hhe product boiling between 

the boiling points of normal Cn-i H2n and normal CnH2n+2 has the 

carbon number n. This is a good assumption if the product is not 

highly aromatic because isoparaffins and olefins usually boil at 

temperatures lower than that of the normal paraffin but above that 

of the next lower paraffin. The exceptions to this occur in the 

lower carbon number products wh~n are mostly analyzed in the 

~as phase. The liquids produced this quarter fit thii low aromatic 

assumption. By refractive index analysis, dascZibed in the intro- 

duction to Task 1 testing, the liquids produced thi- quarter con- 

tained less than.5% aromatics. , . 

The difference in aromatics can be accounted[for. Aromatics 

of carbon number n generally boil in the range of Cn+l olefins 

and paraffins. Thls carbon number product distribution can take 

aromatics into consideration if the percentage of aromatics is 

known and the assump'hion is made that the aromatics are fairly 

equally distributed amont the carbon numbers. That is the aromatics 

have the same boiling point distribution as the product as a whole. 

For highly aromatic produc~s, this has to be true. For low per- 

centages of aromatics, it is unimportant. A problem maght occur 

for very heavy products with 20 to 30% aromatics. The heavier oils 

may dealkylate giving a io~ ~r average molecular weight to the 

aromatics than the paraffins and olefins. 

In our present analysis, the hydrocarbons are not well- 

defined. The total weight percent of this material is known but 

the distribution among carbon numbers is uxLknown. Presently certain 

-81- 



gas samples are bubbled into methanol. This methanol is analyzed 

on a capillary cclu/nn G.C. to see the distribution of hydrocarbon 

among the various carbon numbers. Until better correlations can 

be established to define this distribution, the C 6 to CI0 products 

will be ignored in this analysis. The data is plotted in a Schultz- 

Flory format, in(Wn/n) versus n where W n is the weight fraction 

of the product with carbon number n. 
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Run 10011-6: Reference Iron Catal~st 

Run 10011-6 was very extensive with the catalyst being 

on stream for over 450 hours. The catalyst was potassium- 

promoted iron oxide containing no shape selective component. 

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

a standard against which the molecular sieve containing catalysts 

will be compared. For a sieve containing catalyst to be superior, 

it shoul~ have either a higher selectivity to desired products, 
i 

gasoline or diesel oil, or it should have superior product 

characteristics, such as higher octane gasoline, and lower pour 

point, for the heavier distillate fuels, while maintaining high 

activity. 

The catalyst was kept on stream for ~ long time to investi- 

gate the catalyst's characteristics under many process conditions. 

These conditions were studied for two purposes. Firstly, the 

conditions were chosen to maximize the Cs+-product and then altered 
C 

in an attempt to convert the solid condensed product to oil. The 

data was to be used to choose the best conditions to test the 

molecular sieve containing catal~;s~ts. The se&ond reason for testing 

at so many process conditions w~s to have a reference material 

result to compare to that with a molecular sieve containing catalyst 

at a variety of test conditions. 

The material balances, activities, and product selectivities 

for all the samples in the run are reporte~ in Tables 8A to 8H. 

summary of the conversions and product selectivi~ies:are repre- 

sented in Fi~;es" 30 and 31. The boiling point distributions of 

condensed products representative of the various process conditions 

are shown in Figures "~2:to 36. The Schultz-Flory hydrocarbon pro- 

duct distributiens of those representative samples are shown in 

Figures 37 to 41. The first seven samples were taken with the 

reactor at i00 psig and 250°C. Th~ on-line-blended 1.06:1 H2:CO 

syngas was fed at 400 oc/min. After ~70 hours on stream the feed 

gas was changed to a preblended i:i H2:CO syngas which contained 

a 10% argon tracer. At ~120 hours on stream, the feed gas was 
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again changed this time to a preblended 60:30:10 H2:CO:Ar syngas. 

The higher hydrogen ratio syngas should produce lighter, more 
1 

hydrogen-rich hydrocarbons and possibly change the solid ~ndensed 

product to an oil. After ~175 hours on stream, the temperature 

was raised to 280°C. It was raised further to 310°C at ~250 hours 

on stream. These temperature increases were further attempts to 

reduce the amounts of heavy products. At %315 hours on stream, 

the reactor pressure was lowered from i00 psi~'to 30 psig. This 

lower reactant concentration lowered the probability of chain 

growth and gave lighter products. At %435 hours on stream, the 

temperature was $inally raised to 340°C and the run terminated 

at 455 hours on stream. This range of process conditions gives 

a Qide spectrum from which to choose conditions which will be 

optimal for the molecular sieve containing catalysts. 

The addition of potassium to an iron catalyst has a number 

of effects on its catalytic activity. The alkali introduces water 

gas shift activity into the catalyst. This allows for the efficient 

use of low H 2 to CO ratio syngas, the kind produced by modern coal 

gasifiers. With these CO rich compQsitions less of the hydrogen, 

the more valuable component of the syngas, is lost to byproduct 

water formation. The price paid is that more of the CO is diverted 

to the production of CO 2. From stoichiometry, the molar ratio 

CHx/(H20+C02) must be 1.0. This ratio, reported for every sample, 

was often less than 1.0 at the early stages of the run. This was 

probably caused by further reduction of the iron oxide tc iron 

.~ metal producing CO 2 or H20 but no hydrocarbons~Hx/(H20+CO 2) 

values far different from 1.0, particularly well into a run suggests 
.,J 

that the data is suspect. This catalyst showed good water gas 
] 

shift activity. With the 1:1 syngas at $50'~C approximately 1/2 

the CO became CO 2 with little water beidg produced. The switch 

to 2:1 syngas obviously lowered the amomnt of 202 produced but 

kept the water gas shift constant at th4[same ~alue. With increased 

temperature, the water gas shift increased while the actual % of 

the CO becoming CO 2 decreased. This was due to the absolute 

amounts of CO and H 2 in the effluent. The drop in pressure . 

initially increased the percentage of.~O becoming CO 2. During this 

I 

F 

. 
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run, the shift activity showed faster deactivation rates than 

the F-T synthesis its@lf. 

The addition of potassium to iron Fischer-Tropsch catalysts 

is also known to increase the amount of oxygenates produced, 

+ alcohol Many of the a~ueous layer samples were particularly C 2 . . 

analyzed for alcohols. Ethanol generally predominated over the 
~b 

other alcohols being up to 5% of the aqueous layer. Methanol, iso 

and n-propanol were also detected. Some of the later samples, 31, 

32 and 34, actually had isopropanol as the predominate alcohol 

(at 0.2%). The aqueous samples not analyzed for specific alcohols 

were analyzed for total organic carbon, TOC. The results gave 

10-50 mg/ml TOC. This corresponded to less than 1.5% of the 

carbon in the hydrocarbon product. With approximately half the 

carbon going to CO 2, the exclusion of alcohols from the product 

analysis does not significantly affect the product distribution 

or the material balance. 

The conversion of syngas, the combined CO+H 2 conversion, 

showed significant deactivation over the first two days of operation. 

It dropped from the initial 74% to approximately 45%. After this, 

the conversion remained relatively constant even though the reaction 

conditions were altered significantly. Some of t~is was due to the 

deactivation being overcome by the more rigorous t~st conditions 

-.employed. The syngas conversion decreased with the introduction 

of the 2:1 feed at 25_0°C. This was not due tca deactivation of 
~ ; -- 
he catalyst. We envision that the high concentration of hydrogen 

was not effectively used. The H2/CO usage ratio clearly showed 

hhis. <~In the i:i syngas the usage ratio was approximately 0.6. 

The reaction was using more CO than hydrogen. The introduction 

of extra hydrogen to such a system would not be'efficient. The 

usage ratio did increase to ~0.75 for the 2:1 syngas at 250°C. 

'. While the combined conversion of CO+H 2 decreased with the intro- 

duction of the 2:1 syngas, due to this inefficient usage of the 

hydrogen, the percent conversion of the CO actually increased. 

With lower CO 2 production and higher CO conversion~ the percent 

conversion of CO to hydrocarbons was actually 42% higher in 
,| , 

saunple 14, from 2:1 s.vngas at 250"C, than in sample 5, from l:06:l 

-85- 



syngas at 250°C, even though the combined syngas conversion is 

7% lower. The Fischer-Tropsch reaction is very sensitive and 

changes in product distribution and feed usage ratios result from 

changes in test conditions. This makes careful analysis of all 

the data necessary to evaluate the effect of any test condition 

change. Simply looking at combined syngas conversion can imply 

trends qoing in the wrong direction. Comparisons of the activities 

of different catalysts must be made with great care to see what the 

real differences in the two catalysts are and what losses or gains 

in activities were the cause of these differences. The increase 

in combined syngas conversion with increased temperature was not 

as great as expected. :The conversion was ~41% at 250"C and increased 

to only 59% at 310QC. Rather than this being due to the activation 

energy for the reaction, the small change is probably a sign of 

deactivation and changes in the catalyst with the increased tempera- 

ture. 

The changes in the reaction conditions had large effects 

on the hydrocarbon product distribution. The heaviest hy~:~=arbons 

were produced at the lowest reaction temperatures. The selectivity 

to methane was initially very.low, 4%, then increased to 7.0% with 

the introduction of the 2:1 syngas feed. While this was a 75% 

increase, the absolute amount of methane was still quite low. The 

selectivity to methane remained at or below 10% until the pressure 

was reduced to 30 PSIG at 310°C. With that change, the methane 

selectivity increased 150% to 27 wt.%. When the temperature was 

:increased to 340"C, the methane selectivity increased another 40% 

to 37 wt.%. 

The light gases, other than methane, showed much less 

dramatic changes with the various test conditions. The C3's and 

C4's did not increase with the dq9 p ill pressure or the temperature 

increase to 340°C. The paraffin to olefin ratio of the C3-C 5 

hydrocarbons indicated the entire hydrocarbon product was probably 

highly olefinic. The percentage of paraffins increased with de- 

creased pressure and increased temperature. The iso/normal ratio 

of the light paraffins, C4-C 6, was low as expected. This ratio 

r.''. 
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showed no clear trend with changes in test conditions until the 

pressure was decreased, when it increased. The iso/normal ratio 

increased further with the temperature increase at the low pressure. 

Analysis of these light gases has not helped to identify optimal 

test conditions. The choice must be left to th~ analysis of the 

C5+ product. 

~t the start, the C5+ yield was 83% at 250°C and decreased 

steadily to 33% at 340"C. The amount of material which was con- 

densed showed an even,more dramatic decrease, changing from 68% 

of the total hydrocarbons at 250°C to only 13% at 340"C. Since 

C5+ is the desired product, this would seem to give a clear advantage 

to 250°C with l:l syngas feed as the optimal test conditions. The 

choice is not as simple, however, s&nce the nature of the C5+ product 

also changed with process conditions. Different conditions would be 

chosen as best depending upon how the product would be further 

upgraded. 

At 250°C, the condensed hydrocarbon product was a solid wax 

at room temperature. The condensed product from all the conditions 

tested was solid except for the final condition, 340°C when a liquid 

condensed product was collected. At 250°C with l:l syngas feed, 

very heavy hydrocarbons were produced. 23% of the hydrocarbons 

produced boiled in the gasoline range, the hydrocarbons starting 
l, 

with C 5 which boil below 420°F. 29% boiled between the gasoline 

range and the upper lihit of the diesel range, 700°F. 32% of all 

the hydrocarbons produced (47% of the condensed product) boiled above 

the diesel range. While this final material, wax, may be a good 

cracking feed, it has little value in a once-through operation. This 

maximum selectivity to C5+ was not the maximum selectivity to motor 

fuel range materials. 

With so much of the condensed product being wax, it is not 

surprising that th~ condensed product from the reaction at 250°C 

was solid. The condensed product remained solid while the percentage 

of material boiling above the diesel range decreased from 47% to 20%. 

The lower pressure which decreased the C5+ selectivity from 60% to 

40% actually increased the percentage of the cond~,,~sed 700°F + product 
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from less than 20% to 23%. The final condensed product whiuh was 

the first totally liquid sample actually contained a higher per- 

centage of 700°F + material, 25%, than the previous solid samples. 

Xt may seem contradictory tha£ the liquid product was heavier than 

the solid product but the reason for this can easily be seen in the 

data. Analysis of the light paraffins showed that the hydrocarbons 

produced under most conditions were straight chains. These hydro- 

carbons pack well together and solidify at relatively high tempera- 

tures, i.e., they have high pour points. At 340°C, these light 

paraffins showed more branching. It is reasonable to assume that 

the heavier hydrocarbons were also highly branched. Branched hydro- 

carbons have much lower pour points than the corresponding normal 

hydrocarbons. The reaction conditions at 340°C produced liquid 

condensed products instead of solids not because it produced a 

lighter product but because it produced a more isomerized one. 

The maximum amount of material in the motor fuel range, 

C 5 to 700"F, was produced at 280°C with 2:1 syngas at i00 psig. 

The other conditions at i00 psig were all close producing about 90% 

as much material in that boiling range. 

The plots of the simulated distillations of the condensed 

samples were all smooth and broad showing no high concentration of 

individual.compounds as had been previously seen in many of the Task 1 

tests. The condensed products had little material boiling below 

300°F and many of the samples contained material which boiled above 

1000"F. This boil~.ng point distribution data was combined with the 

gas product analysis tc give the product distribution for the catalyst. 

As described in the introduction, are not well characterized ~: C5"CI0 

at this time and were not included in the graphs. 

The reference F.T catalyst was expected to give a Schultz- 

Flory distribution. A Schultz-Flory distribution is obtained when 

the probability of chain growth is independent of carbon number. 

This distribution gives a straight line when plotted as in(Wn/n) 

vs. n where Wn is the weight fraction of the product with carbon 

number n. Sample 10011-6-4 had some scatter in the data but it 

did follow the expected straight line SF distribution. A straight 
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line through the daha gives an ~ of 0.83. A later sample, 

10011-6-9, which was taken under the same reaction conditions ', 

did not give s single straight line product distribution. Up to 

C20, it gave a straight line with'an = = 0.84. At C20 there was 

a sharp change and = increased to 0.91. This double = product 

distribution was seen in the rest of the samples taken during 

this run. Sample 10011-13 which was taken at 250°C but with 2:1 

syngas showed similar ~'s of 0.84 and 0.91 with the change at 

%C20. The other samples taken at higher temperatures all had 

lower ='s ~ut there were still two ='s with the change occurring 

at about C20. 

A simple explanation of this double ~ is that the probability 

of chain growth may actually increase with increased molecular weight. 

The probability of chain termination should increase with the increased 

ability of intermediates to desorb from the surface of the catalyst. 

Because of their low vapor pressure, the heavier hydrocarbons should 

have trouble desorbing from the catalyst even at the reaction tempera- 

ture. %h ~-, increase in = would be gradual and not a sharp break at 

C20. It would reflect the gradual changes in the hydrocarbon proper- 

ties with increased carbon number. 

There is another explanation which could explain this double :[' 

= typ, e product distribution. These two ='s may indicate there are ~ 

two distinct active sites each with its own distinct =. The site 

with the lowe~ = may have dominated the product distribution at 

carbon numbers below C20, while .the other site may have dominated 

the distribution of the heavier hydrocarbons. If the ='s were 

different enough a fairly sharp break would occur. It is possible 
l 

that one of the sites corresponded to a potasslum-promoted one 

while the other was unpromoted. The fac~ that the double = was 

not seen in the first sample would indicate that the high = site 

took longer to become activated. The two sites appeared to be 

deactivating at similar rates. If this is the correct explanation 

for th~ ~%~ ~'s it is unlikely that the n~ature of the sites will 

be easil2 ~efined since only a small percentage of the possible 

iron sites are actually used. 
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A double = product distribution (when the second = is 

higher than the first) has a greater percentage of wax formation 

than a single = distribution with the same first =. It would be 

better if the high carbon number = were less than the low carbon 

number ~ This situation would give more product in the desired 

motor fuel range with less than expected 700°F + formation. This 

kind of product distribution cannot be the result of two active 

sites, but it can be accomplished with shape selective control 

From the results of this catalyst it would seem that the molecular 

sieve containing catalysts should be tested at 250°C with a l:l 

syngas feed. These alre the most difficult conditions for the 

molecula~ sieve containing catalyst to halt the formation of 

heavy waxes. If the sieve cannot accomplish this, the conditions 

can be made progressively less stringent%%ntil the formation of 

wax product is stopped. 
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"ARLZ 

!~tlN NO.  
CA'PA[,YS.T 

8A RRSUI;." OF SYNt'~,AG OP~,:,'.ATrCN 

,I O0 i t ;~" 
F~.2Oq. t% K20, I~9673-11E.RE~'RRRHCE CA'I'AL%'BT. BOCC R6.R&' QM 
I[~.:CO:AH OY 501.%¢)10. 4~.~/451~O ~ ~}O/30210 ~ 4OOt:CI~N OR 3OO(~!1:%V 

RUN & GAMDf.%: NO. 1OO11-6-.I .iOO11--6-~. IOO! I.-6-3 1OOi j  5 - 4  tOOl3. 6-5 

I.".'.F.D I12 : CO : ~.P, 
I~[~'.~ ON ,STRF, AM 

t~R ?,SSUR[R,, P,'J TG 
TF,~P, C 

P V, 1"- D CC/MTN 
HOURS FV, ED T NO 
RFF. I,NT GAS LI'I'EB 
(;M AQLIEOIIS LAYER 
GM 0 [L & WAX ("I 

51:48:0 51:48:0 51.:4R:O 51 ;48:0 51:41~:0 

5.t67 ~i.9 ~4.4 28.q 4h.6 

] .OR 9 q  lOl t O I  I01 

~4 253 256 ~h3 253 

400 4 0 0  4 0 0  4 0 0  400 
%.167 Lh,58 2 . 5  7.~ 16.7 

61.4 RR7.O 35.4 9l].h 125.7 
n 

3 . 2 1  IO.9q C.q4"~ 2.[,4 4.08 

3.82 tg,3R 2,550 7 . 4 3  20.6]. 

MATRRIA[, BALANCE 

GM ATO~ CARBON % 8 3 . 4 4  
GH ATOM HYDROGEN % 86.38 

GM ATOM O X Y G E N  % g3.05 
RATIO CHX/(H20~-C~2] O,R(3. t : ; {  
RATIO g IN CIIX i_;1684 

USAGE H2/CO PRODT O,60%3 
K R?.~LNT SHTFT ERAC~PN 39.22 

CON~/FRS I ON % 

ON CO 94.16 

ON H 2  55.37 

~N CO÷~2 74.24 

PRDT .~LF.CTIVITY,WT % 

eli4 6.22 

C~ HC'B B.21 
C3HB I • I O 
C3Hfl= ] 2. ~.8 
C 4 H 1 0  1 . O 3  
C 4 H 8 -  g . 3 0  
C5H] 2 2 .  OO 

C.~HIO= 7.10 

C6I[14 2.19 

ChHI~.= & C.YC[,O ' S 4 , 18 

C7÷ I N  GAS 2 0 . 3 2  
I ,Tq ~IC'S 2 5 . 0 6  

TOTAL I.OO 

89.67 Bl~. i3 "lq.gq g8.74 

93 . 88 89.73 82.78 q9 . 511 

i00 • 03 93 . g7 B2 . 28 1"O6 . ,3g 
O • 788 ~, O . 8~89 O . g~,RI O .'7762 
21L % 8 ~ 2 . 1473 2 'q 3=~I R " |''~BB 
O • 6Q[~9 O . 602"~ C; . 687.3 O . 5762 
18 .~.9 l. fl .41| 6 .63 11 .32- 

87 . 30 ii0 . 34 6":~ .02 %r5 .'79 

51.30 45 .go 4n.27 37..33 

68 . 82 63 • 17 51.34 43 . '/5 

,. 
5.5g 5.17 4.44 4 .Sfa 
"7 . 08 fi . %7 5 . 57 % . 90 
0.90 O.83 O.fi5 0.66 
9. ~.~. ,B .'~8 6 .38 6 .Off 

O.B] 0.77 0.50 O.61 

6.92 b.41 4 ,9~, 4.59 

1.55 I . . 4 .3  I .15 1.08 

.2q 4 ,92 3.96 0.OO . 

I .63 l..53 1.27 O.i] 

3.23 3 .O6 ~..56 0.00 

].6.40 16. L3 ~5.03 12.78 

~1.39 44 .7g 53.. 48 63 • 65 

1 0 0  l O 0  LO0 ] O 0  
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SIIt~-.CRO[IP t NG 
C t -C4 38 . ] 6 
C.% -~420 ? =,2.40 
4 ?.0-700 ~ B.73 
7OO-~ND P'I' 0.7?. 
C5 -F.ND PT ~1.84 

LIfO/NORMAL MOL ~" RAT'tO 
C4 , L3~.3 
Cb , : 1 7 4 0  
CG .2321 

C4 - .OU'I ' I  
~ARAFI~'~N/OT=EI~ IN M ~IAT~O 

C2 .' .25B6 
C3 .O858 
C4 . tO6U 
[:.5 .2736 

L £O ~IC "'6..OLLECL~-TON 
L~HYS. APPEARANC~ o £ r ,  
DENS [TY O. 778' 

N, REFIt.ACTIVE tNDF.X [. 4297 

S~MULATF.D DTSTILLAT~ON 
J.O WT % Ca DF, C,, F 257 
[ 5 ' 291 

%0 385 
84 = 518 
~O s6,t ,, 

RI%NGF, [ 16- 84 %) ~.27 

WT % Ca420 F 63.7 

WT % (a700 ~ qT.~ 

3 0  • 52 
47.]3 
18.38 
3.97 

59.48 

. I . 3 6 4  

.1726 

.1843 

.0884 

.292[ 
,0927 
.I132 
[2859 

Or.L 
O .789 

1.4336 

281 
3 0 3  
443. 
650 
697 

347 

4~, ,6 

qO .4 

:'= 

28. 1.4 
4l~ .74 
? . 0 . 4 4  
4 .58 

, J . 3 9 3  
. L 6 ~ 5  
. 2 3 6 B  
. 0 9 1 3  

.2721 

.O946 

.LIS4 

.2820 

O[[.: 

LIQ" 

UID 
NOT 
COt,- 
LI'~CT- 

ED 

LEMPED 
T.NTO 

SAMPr,E 

4 

44%45 
25.0% 

77.45 

• 12 "LO 

.1750 

• 20£9 

.OB%B 

,2707 
.0969 
.1173 
.2811 

.. OTL 
(3.794 

i. 437~. 

3 0 ~  
3 4 2  
4 ~ 0  
6 7 0  
7 1 4  

3 2 8  

38.3 

81} .5 

R?...38 

2q .?.5 
27.62 
20.75 
"7.7.62". 

.1455 

• 1392 

.O79'I 

.247g 
• LO47 

. 1"279 

I ;  

WAX 

" 3 4 8  
3B4  
5"16 

.[122." 
R84 

438 

24 .O 

67 ~4 

O 

-92- 



TABLR 88 R E S U L T  

RUN NO. 1OO [I-6 
CATA[,YnT FE20:~. i.% ~20. 
FF, V,D EI~ : CO : AR 

-.Rt/N & .~AMPLF, NO. 

% 

0~' BYte, AS OP[;:&AT[ON 

~9573.-.|..LF..REFHRENCF. CATAr.MBT. RO CC 86.86 C~M 
OF ~O/50/iO,45/45/IO & 50'/30/IO ~ 4(.)OCC/MN OR ¢,30OGI|~V 

J00"~11-6.-6 ~1001.1-6-7 1OO11"-6-fl tOO[I'-6-g ],gOl i..h. ]0 

BR~D, R 2 : C O : A R  51t48:O 

I [RS ON STREAM ~ 51.O 
P R ~ S S U R R , P S [ G  IO] 
TEMP. C :R53 , 

FEEl) CC/M~N 4 0 0  
t~oui~s ~ ' ~ : D  r ~ c  s .  4 

,? 

MATERIAL BALANCE 
GM ATOM CARBON .% ] 0 6 . 5 1  
C,M ~TOM HM'DROGRN % IO6.72 

v 

GM ATOM OXYGEN %':. LO2.83 
RATIO CI'[X/(~RO+COR) 1.i19~. 
~ATIO X IN CHX " 2.1193 

USAGE II2/CO PRODT O.8675 

K EFPLNT SHIFT REACTN 12.73 

.%" 

- "= ,'T .'~ . -- "I'~= i 1 1 1 m  ~1 %-i , -~ f 

I 

51:48:0 45:45:LO "~ 4 5 : 4 5 : ] . 0  45 :d5 :.I0, 

"11 . 4  9 3 . 9  1 0 1  ::,9 ] . l .B . 2  
99 97 c![1 : 94 

2 9 3  ~. R 5 3  2 5 3  ~.53 

400 40 (1  dOO , 4 0 0  
2 O ,  4 ;17.. 5 8 ,"0 l 6 . 3  

:Ig~. 5 39.5 .0. [39 .0 280.% 

'O.85 0.0 O.O O.0 

3 4  • ] 4 ~ 3 2  , , 8 ]  9 . 6 3  2 3  . 3 4  

.j£ 
,,,106. q ! 94.55 gO.O:~ 92.48 
:110..7 22 ~- 92.66 89.6'I 90.96 

! ; a ' 5 . 3 2  : 9"3.70 g'~ . 31 gi.80 
I.O491 . I .OR83 O.R914 I.O~.~.9 
2.. 1 2 5 9  1 .  9 8 6 6  2 .  1 3 8 8  1 .  9 8 6 ' 7  
0.6347 O.5811 O.h649 O.5"192 

L 4 . 4 3  15.72 1 . 5 . 8 ~  1 5 o 7 8  
U 

CONVERSION % 

ON C0 ::,. .~ ~8.12 , ,~8.77 

ON R2 ~ 35.51 34.81 
0~[ CO+liE 46.56 46.47 

.~RDT SRI.ECTEVIT~,WT % 
CIL4 3 . 7 0  .. 3 . 9 4  
CR HC'S 4 . 2 6  4 . 3 3  
C3f18 0.49 0.4"/. 

C3}IG-' ,  4 , 59 4 . 3 4  
C4HI0 0.47 = 0.43 

,T. 

C 4 } i B - -  3 . 4 7 '  3 . 3 2  
C5Hf2 O .79 0.77 
CRHIO= 2.56 R.66 
C5H14 ~; I .OO O.89 
C6H~2-.':~ CYCT,O'S 1.51 : 1.62 
C,. .. , GAS 14  .gl "9.63 

LI ~.'-" RC ;'~ 62.19 67 .'60:" 
z 

TOTAL 1,OO ~ ] OO :, 

61 .87 60.43 6] .77 

3 6  . 4 2  3 5 . 3 . ]  3 6 . ] 6  
• 49. 15 47.90 48.9"! 

4.O4 4.6"7 4.] 5 
4 . 13 4 .h3 3.8~. 

O.41 0.49 0.41 

• "~.94 4.66 3.88 

O.39 0.46 0.38 

3 .05 3.51 2.9.] 

0.72 O. 80 O. 67 

R .43 R .88 R .41 
O. 66 O.75 0.75 
I . 6 0  "| . 6 9  ] . 4 5  
g.19 ]O.O7 9.08 

59.43 65.38 69.99 

] O0 I O 0  l DO 
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SUBGROUP [NG J ' 
C1 - C4 r; 

C5 - t . 2 0  F,~ ~ 

4 :~.O-700 I/', 
" / O 0 - R N D  P'P 

', C~. -RND PT 
I~'.O.#NORMA[. MOLE RATTO 

""  C4 ..L567 
i 

c~ . ] 806 
C6 ".31BO 
C4 --- .O867 

I~ARAE'FINIOE.~'[N M RATIO 

C2 .2462 

C3 . 101.7 

C4 . 1 3 2 5  
C5 ~ .2901 

L[0 .qC COLLECTION 
P H Y S .  AI~PEARANCR WAX 
DRNS £TY 
N, RF~FRAC'PTVR~ INDEX 
r, T MULATED D IS'r. I LLAT ION 

].O WT % [a DEG ~ 

.L 6 

50 

84 
90 

RANGE [ ] 6-84 %) " 

16.93 

3 q, OrE 

26,74F. 

23.25E 
83.07 

t 

WI' % 0 4 2 . 0  ~' 19.6E 
WT % 87OO F 6 2 . ( ~ E  

t ,  

1. f~.  8 3  

2 2 . 8 7  

~ 1 ~ .  5 3  
3 1 . 7 7  
8 3 ,  L'I  

• 167r~ 
• 1.978 
. 3 5 R 4  
. O 8 4 8  

,7 

. 2 4 5 6  

• 1 037 

• 1241 
.2798 

WAX 

4 1 4  

4 6 3  

, 676 

955 

1014 

502 

iO . R  

53. o 

1 5 . 9 6  
21 .27 
.9 .9 .51  

3 3  .2fl 
84.04 

. 1 . 4 5 4  
• 1406 
.O51g 
, 0 R 3 6  

. 2 7 4 2  

.O989 

.12~5 

.2894 

WAX 

4 2 2  

4 6 3  

6 8 d  

W55 

1 0 2 3  

5 0 2  

52.£ 

In .42 

27,. ~'I 

2B .77 

:iO : 53 

8L.58 

.1503 

.2124 
• 0938 
• 0823 

. ~.b43 

• IO10 

. L259 

.2714 

WAX 

4 2 4  
4 h5 

674,- 

&O,LO,:,, 

48g 

9 . 3  
"33 . 3  

1 . 5 . 6 5  

2 0 . 3 0  
3 I..57 

3 2  . ' I H  
£4  . 3 5  

• l r, L) 5 
. l . ~ 4 ' t  
. 2 5 6 " 3  
.O769 

. 2 4 7 4  

. I018 

. ~ 2 6 2  

.2725 

WAX 

4 3 1  
.~,.4 7 5 

6"13 

9 4 8  
1 .006  

d73 

8 . 5  
'~;.3 .. fi 
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