
TECHNICAL PROCRESS REPORT 
DE-AC22-81,PC40077 

"Ninth" Quarterly Report 
March,.- May 1983 

, 

D E 8 4 0 1 5 9 4 3  
I IIIllllUlll lll lltilll$1111111HIIilliUlll llll 

DOE/PC/40077-~TI 

DE84 015943 

LIQUID.HYDROCARBON FUELS FROM.SYNGAS 

DISCLAIMER 
: t 

This report was prepared as an account ol" work sponsored by an agcn~ or th~ United States 
Go~,cram,'nt. Neither the United Stat~  Government nor any agency theft.of, nor any of their 

,. cmploy~s, makes any ".,ar~anty, e xpr~.  or i~plied, or assumes any l¢sal liability or responsi- 
bility for the a~uracy, complet=n~,s, or uscruln~s of any information, apparatus, product, or 
pr .oo:ss dis¢losr.d, or rcpr~enls that its u~¢ would not infringe privately owned rights. Refcr- 
r.nee h,'t¢in to any specific commercial product, process, or scrvlc~ by trade name, trademark, 
manuracturor, or otherwis~ does not necc.ssarily constituto or imply its ~dorscment, recom- 
mendation, or fa,;'oring by the United States Government or any agency thereof. Th= viows 
and opinions ol" authors expressed h,'rcin do not .necessarily state or reflect thns~' or the 
United States Gowrnment or any ogeno~;'.ther¢of. 

Moleculsr Sieve Department 
Catalysts and" Process Systems Division 

c~ : .: 

Union Carbide ~Corporation ': 
Tarrytown. 9ethnical Center ,. 
• :Tarrytown,, New York 10591 .:- 

[. .- 

~ . ~ , ~  ~-~: ";~51.~ REi~ORT ARGILLEGIB.L~ 
i? has bee]! repr~.~ced from the best 
~ai|able cepv to ~.rmit  the broadeslL 

3 

. 
J ~  



I 

p 

Contents 

I. Contract Objective . . . . . . .  . . 1 

II Schedule 2 • l e e o m o m m o o u o l e  

t, 

3 III Organizaeion . . ~ . . . . . . . . . .  

IV. Summary o2 Progress . . . . .  , • • 4 

V C~anges ~ • • o . . . . .  ~ 9 a • • • • • • 

V!. Future Work , .~ . . . . . . . . . .  i0 
a! 

. 11 A p p e n d i x e s  . . . . . . . . . . . .  

A. Catalyst Synthesis . . . . . . . . .  12 
%, 

B. Catalyst Testing . . . . . . . . . .  15 

C, ~Catalyst Testin8 Operations . ~ . o 280 

D. Surface Studies . . . . . . . . . .  281 

- ii - 
° 



p 

I. CONTRACT OBJECTIVE 

i 

The objective of the "contract ~" is to devel, op a catalyst and 

operating conditions for the ,direct conversion 'of syngas to 

liquid hydrocarbon'fuels, usinE.microporous crystals ("Molecular 

r, 

Sieves") in combination with transinion metals. 



%, 

I I °  S'CHEDULE 
°° 

f:, • 

.The contract work was. planned for the 36-month period begin- 

ninES:March 6, 1981o 

Work dn" the prosram is divided Inno four tasks. 
( °.--, 

Ta~k I, essentially'completed, was the conversion of low 

molecular weight'liquids, such as methanol and propylene, to 

gasoline and diesel fuel, with'catalysts consistlng'of only a, 

Molecular-Sieve component, commonly designated as the shape- 
¢ 

selecUlve comp6nent (SSC). 

Task 2 is the convers'ion of syngas (carbon monoxide and hyU 

drogen) to gasoline and diesel fuel, using catalysts, consisting 
i 

of both an'SSC and a transition-metal component (MC)o" 

Task 3 is a study of the surface effects and reaction inner 

mediates presenu on'var'ious catalysts durin8 the hydrogenation of 
i 

carbon monoxide. This task is conducned under a su%contracU winh 
~ .. 

the University.of California at Berkeley, and is directed ~ by Dr. 

Gabor A, Somorjai. 

Task 4 c~mprises'the management an~ technical reports for the 
.° 

contract. " ' 

U 
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I-II. ORGANIZATIGN 

Sy~thes iz in~  " ~ q ~ d  ~yd~ocarbon ~ue i s  from $~nsas" i s  the 

goal of a research and development ~rogra~ on catalysis conducted 
,. 

l 

by'the ~olecu£ar Sieve Department, Catalysts and Process Systems 

Divisionm Union Carbide Corporationo 
..l" $ 

The'work is p~rformed at Union Carbide Corporation's Tarry- 

'town'Technical Cenuer, Tarrytown NY 10591. 

Principal investigator is Dr. Jule A. Rabo. 

, ~rogram manager~is Dr.'Albert C. Frost. ./' 



IV:- SUMMARY OF PROdRE'SS 

A. Task I. 

Task 1 has been essentially completed. Only minimal work, if 

any, is contemplated in future. 

B, Task 2 
T 

For the 11 catalysts reported for February through April 

1983, the metal components were either potassium-promoted iron, 

cobalt, or~pthorium-pr~mo~ed cobalt. The shape-selective compo- 

nents were various Molecular Sieves. In two of these, ~he two 

components were combined~In their dry states as .a simple physical 

mixture. In all others the components were combined by precipi~ 

tatln 8 the metal oxide from an aqueous slurry of the Molecular 

Sieve. 

The ~ethod of promotin8 each catalyst depended on how it was 

made. 

With each of the two catalysts made as a simple physical 

3 

mixture, the metal component ~as promoted alone, before it was 

~' m~xed w~th the Molecular Sieve component. The others, made by 

precipitation of the metal component in~ the slurried Molecular 

Sieve, were promoted by impreEnation of the combined product.. 

For a detailed description of these methods, see Appendixes A 

and B. For details of the test results, see Appendix B. 
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Iron Comp'onent Test Res.Its 
. 

The five iron catalysts reported in this quarter were all 

promoted with potassium. Two of them were the physically mixed 

catalysts~ in these, 6he Molecular-Sieve comDon.enns were UCC-IO9 

and UCC-111. The three others were precipit,ate-slurry catalysts 

with LZ- 05-6, 0CC-10  and UCC-10  as their Holecula -Si vecom- 

ponen£s. 

The most promisinE results were obtained with the catalyst 

con'talninE UCC-111 (AppendixB, Run IO225-3). In earlier suudies 

UCC-111 alone had been found to:he a poor Task 1 catalyst for 

olignmeriz.ing propyleneo Physically combined with potassium- 

promoted iron', .however, it prov.ed surprisingly effecti've as a 
." u. i, 

synsas catalysU in Task 2. It produced straisht-chain olefinic 
-. 

hydrocarbons, as a normal Fischer-Tropsch catalyst does, but un- 
:' t 

:like the normal Fischer-Tropsch catalyst, it may also have iso- 

imerized the carbon-carbon double bond. Transfer of the double 

bond from the usual Position I, typical for Fischer-Tropsch pro- 
.,., 

ducts, to an interior position, should not only lower the pour, 
i 

point of the liquid:.pro.duct, but it should raise its octane num- .-.. 

bet as. well, For instance, l-octene..'has a blending RON of 25 

while those of 3- and 4-octene are 95 and 99, respectively. 

Another effective catalyst was the one containing LZ-105-6, .. 

which yielded steady conversions and product distributions 

(Appendix B, Run 10225-1). Although isomerization of pentane 

decreased at first, the quantity of isomerate in the prod~ct cut~ 

remained high. ~ts gasoline yield and apparent quality of pro- 
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duct, were comparable, to :those of the physically--mixed iron/po- 

tassium and UCC-104 catalyst (Second Annual Report, Run 10011- 
z 

I0). Its total fuels (gasoline plus diesel) appear, however, to 

be lower than that of the UCC-104 catalyst~ 

The catalyst containing UCC-109 al~o yiel~ed steady conver- 

sions and product distr.ibutlons (Appendix B, Run 10011-17)o 

However, the quantity of isomerate in the product cuts decreased 

rapidly, suggestins that the highly acidic UCC-I09 component was 

probably cokin~. 

The catalyst containing UCC-I04, prepared during, this 'quarter 

by precipitate'ion of iron oxide in a UCC-I04" slurry, was found to 

have negligible activity. (Appendix B, Run 10225-'4). So also we§ 
. - 

the catalyst containing UCC-107, prepared in the same way 

(Appendix ,B, Run 10112-11). 
J 

The low activity of the UCC-104 catalyst is in marked.~on- 

"trast to ~'t~e high activity found for its physically-mix~.d form 

(Second Annual Report, Run I0011-10). This fin'din E, as well .as 

the genera'lly:high activities of the LZ-105-6 catalyst described 

above (Appendix B, Run 10225-1) and the coba1t catalysts de- --. 

i, 

scribed below (including one containing UCC-I07)~ suggest that 

the precipltate-slurry mode of synthesis has an effect on cate- 
r 

lyric activity which is not yet predictable. 

Cobalt Component Test Results . 

Four of the six cobalt 'catalysts reported,~this quarter were 
c 

promoted with either thorium or thorium and potassium, All six 

~were synthesized by the precipitate-slurry method,'with either 

- 6 - 
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LZ!105-6, LZ-Y-82, UCC-IOI or UCC-I'O7 as the Molecular Sieve com- 

ponent. The test results. ~ for most. ~°f"these catalysts indicate 

that cobalt is more effective than iron in producing a high yield 
u 

of motor fuels. '~For instgnce~ the cobalt catalysts containing 

LZ-105, LZ-Y-82, IUCC-101 sad UCC=I07 produced motor fuel yields 

in the range of ~.~ t6'73 percent (Appendix'B, Runs 10112-6, 

10112-10, 10112-4 and i0625-2, respectively). 
i. 

This increase in motor ~uel yield was due primarily to a 

higher, yield of diesel oil, with ~he gasoline yield remaining" 

approximately the same as for the iron cataly'~ts'. This increased 

diesel, oii yield, as well ~s an increased methane yield~ was bal- 

anced as"ainst a decreased C2~C 4 yield. The yields of the hea~y 

fractions for both metal catalysts remained relatively low. 

With all the cobalt cag~lysts there was" a gradual deactiva- 

tion of both their conversions and the acid activities of their 
r 

Molecular Sieve components. Loss of acid activity was reflected 

by~'~uid products with a continually decreasing degr'ee"of iso- 
I 

~merization and an attendant increaslns.degree of waxing. 

The loss of acid activity of the catalyst containing LZ-~-82 

(Appendix B~ Run i0112-I0) was somewhat more gradual-than antici- 

pated from the Task 1 studies. In Task 1, LZ-Y-82 deacnivated 
C; 

more'qulckly than UCC-I09 (Second Annual Report, Runs 9972-i9 and 

10112-1) which, in turn, deactivated quickly with iron/potasslum 

as its metal component (Appendix Bi Run I0011-7)~ 'Lowering of 

the LZ-Y-82 deactivation rate may have been'caused by the lower- 
C 

ins of its initial activity from a paryial ion exchange of its 
O 
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acid sites by the impre&nated potassium. 
£ 

Such redistribution of: the impregnated promot'er.:within the 

catalyst matrix may also explain the insignificant differe~nces 

between the product distributions (a primary function of the ~ 

metal component) of the cobalt and UCC-101 catalyst (Appendix B, 

Run 10112-4) and the cobalt/thorium and UCC-101 catalyst (Appeu- 

~-~x B, Run .10,1 1 2 - 7 ) .  

Analytical Development ~ 
t 

Efforts to develop a routine, reliable method of analyzins 

hydrocarbon EroupinEs for nhe tot&l liquid products" have centered 

on.liquid chromatoEraphy techniques which were believed to=be 

more reliable than the "inaccurate FIA an~alysis, it-is now evi- 

dent that current liquid chromatographic technology is not capa- 

ble of':ma.king these determinations (Appendix C). 

C. Task 3 

Studies ~' the University of~California at Berkeley, under 

the direction of Professor G. A. Somorjai, have coucen-trated on 
= > 

the investigation of thorium oxide and new rhodium catalysts. 

Thorium Oxide was found to be an active catalyst for synthesizin E 

methanol, and unlike catalysts based on copper oxide it does not 

require carbon dioxide t.o maintain its activity (Appendix.D). 
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V o CHANGES 

i 

f~ 

There weTe no contract changes durinE the ninth quarter, 
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VI. yUTURE WORK 

Efforts duni~h8 the next quarter will be dire=ted at examlnln~ 
i 

the= ' ..; cobaln.c'atalysts at various thof, ium levels, wit~ various met- 

al x addit'i.ves, and with various onher .M'olecular Sieves. 

A° C. ~Frost 
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Appendix A, CATALYST SYNTHESIS 

By P, K. Coughlin 

The synthesis~of Task 2 catalysts during this quarter has 

followed two parallel paths, one based on iron as the metal tom- 

ponent, one based on cobalt, 
? 

0 

Trials of physical mixtures of an iron component with a Ho- 

lecular Sieve were extended to include new Molecular Sieves, 

since this method of evaluating new Sieves for use in F-T: cata- 

is t~e easiest <to interpret~ The promoted irou lysns component 

has a high-and well-known activity for both the F-T synthesis and 

~he water-~as shift reactions. ~With the aid of data:previously 

reported, the effects of the Molecular Sieve can easily .be sepa- 

rated from those of the iron. 

A number of iron catalysts were also prepared by precipitat- 

ing the ir?n ont~ the Molecular ~ieve, an arrangement which ~ 

sharply increases the Sieve's effect o, the activity of'the metal 

component. The Molecular Sieve has ~etal-suppo~t and possible 

partlcle-size effects on the metal component. Furthermore, since 
T 

the Sieve affects the partition of ponassium.~between the metal.. 

component and the Sieve, the potassium used to promqte the iron 

is al~ added to the Sieve, which can impair the Sieve's acid 

activity. These diverse side effects rule out.precipitation as 

the formulation of choice for evaluating a pew Molecular Sieve 

- 12 - 
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w'ith iron metal. ,: Physical-mixture catalysts not only are free of 

such complications, but'also allow observation of the Sieve.'s 

effect on the componenus of the product distribuuion. Preclpl- 

ration ~catalysts may, however~ be useful in two ways: First, in 

observing a mere intimate interaction of the two components, and 

second, whenever there are corresponding physical-mixture cat- , 

alysts for comparlson, in isolating ~nd observing the side 

effects. 

Cobalt catalysts were first reported in the Seventh Quarterly 

Report. Although they present difficult problems of product 

quality, their high selectivity for gas01ine and diesel 011 figs 

been very encouraging~ recently, gherefore, we have given them 

more attention than iron catalysts. Formn'lation of cobalt caE~- 

lysts, originally done by pore=filling alumina-bonded extrudates, 

has since' .been,expanded, as with iron,, to'~'include using the tech- 
' ° i ' ¢ :  

niques of prec~plt.atlon and physical mixihg. Cobalt'catalyst~ 

are generally ~r0moted with thorium instead of potassium. 

Cobalt~fun~'tions differently from iro~ in at least two ways. °~.. ,° 

¢ 

Fi'rst, undey the same :processing conditions i.t is moye active :in 

Fishg'r-Tropsch, s~nth~siso Second, its product, being much more 

paraf'finic, is more difficult ~@r the Nolecular Sieve to upgrade. 
,.. ~ 

These diffeyences have led to differences in formulation. Iron 
l 

c a t a l y s t s  g e u e r a l l y ' i h a v e  equ81 w e i s h t s  of  MC and SSC. Cobal t  ~, 

catalysts with the same ratio are very active, hut their.Molecu- 
t.. 

lar Sieves .have !itt~e effect on the product. Cobalt catalysts 

with 20 percent cobalt, ~hich are as active as 50-percent iron 

. io 

- I'3 
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. catalysts, allow a ¢:I ratio of SS~ to MC. Because the propor- 

tion of Molecular Sieve is much larger, its effect on the final 

product is dor~respondingly greater. The small quantity of metal 

component, however, requires the use of a binder to maintain the 
i 

mechanical strengt h of the pellets formed by physical mixing. 

All such catalysts were forme~ as 15-percent silica-5onded extrn- 

dates, .~ 

Table A-i lists the catalys%s for which results are reported 

in Appendix B. 

- 14 - 
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Table A-I. Catalysts tested this quarter. 

Fe/K + UCC-109 

Fe/K + UCC-III 

Fe/K on LZ-105-6 

A 50:50 physical mixture of i~ potassium- 
impreenated precipitated Fe203-XH20 and UCC- 
109." UCC-109 is a larEe-pore Union Carbide~ 
proprietary Molecular Sieve. Formed as a ~5~ 
silica-bonded extrudate. 

Physical mixture as above with UCC-111 instead 
of UCC£109. Formed as tablets with no binder, 

Fe2OB.XH20 was p r e c i p i t a t e d  onto=LZ-lOSL6 pow- 
de r  from a slurry of the zeolite in aqueous 
ferric nitrate to Eive 20~ on the Sieve. The 
metal-loaded Molecular Sieve was then impre 8- 
hated with K2CO 3 solution to Eive I~ K20. 
Formed into extrudates with 15~ silica binder. 

Fe/K on UCC-I04 Prepared like the catalyst above hut with UCC- 
I04 (a new Union Carbide proprietary Molecular 
Sieve with medium pores) instead of LZ-I05-6. 
Formed as tablets without binder, . 

Fe/K on UCC-107 UCC-107, a Union Carbide proprietary Molecular 
Sieve, was metal loaded and formed in 'the same 
manner as UCC-I04. 

Co on LZ-I05-6 

Co/Th/K on 
LZ-Y-82 

Co on UCC-101 

CoO was precipitated onto LZ-I05-6 from an 
aqueous CoNO 3 slurry of the Molecular Sieve 
powder by the additi~on of Na2CO 3. Formed as 
tablets without binde'r. " 

Co was precipitated onto LZ-Y-82 by the same 
method used for the catalyst above. The 
metal-loaded powder was impreEnated with a 
solution of K2NO 3 and Th(N03) 4 to add I~ of 
each promoter. Air calcined two hours st 500C 
in RuN 10112-9, at 250C in Run 1-10112-10. 

Prepared by the same method used fo£ Co on LZ- 
105-6. UCC-101 is a Union Carbide proprietary 
Molecular Sieve of moderate acidity. 

Co/Th onUCC-IOI 

Co/Th on UCC-107 

The previous catalyst was impregnated with 
Th(N03) 4 solution, then formed into tablets. 
=This catalyst contained lZ Th. 

Prepared by same procedure as the catalyst 
above except with UCC-I07 instead of UCC-IOI. 

- 15 -' 



Appendix B. ~ CATALYST TESTING 

By~P. K. Coughlln, C. L. Yang, G. N. Long and L. F. Elek 
o, 

Contents 
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l: 

Summary ~ 275 XlII . . . . . . . . . . . . . . . .  
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I. INTRODUCTION 

Both Berry reactors were used exclusively for Task 2 testing 

this quarter. 

Results of II tests, conducted February through April, 1983, 

are reported, The order in which they are reported is nut chron- 

ologlcal, but in a sequence designed to/clarify each tes~.'s:_., sig- 

nificance. Catalysts containing iron..are reported first, follow- 

ed by those containing cobalt. With4'n each group the nests are 
e~ 

reported in a sequence designed no:. relate. ~-:-he results of one ex- 

periment to those of another, Actual data are presented in the 
~'~' ,: 

~same format as in previous repd'rts. 

Each catalyst designated as having a metal compoueut "on" a 

Molecular Sieve "was formulated by precipitating the metal compon- 

ent in a slurry of the Molecular Sieve powder. The metal compon- 

ent is predominantly on the surface of .the Molecular Sieve crys- 

taliites. When such a cat:~lyst is promoted, the metal-c0ated 

Molecular-Sieve crystallites are impregnated with th~ promoter, 

an action'.which affects both the metal component and the Molecu- 

let Sieve component. 

Each catalyst designated as having a metal componenn "+" a 

Molecular Sieve was formulated by physically mixing the metal 

component with the Molecular Sieve crystallites. The metal com- 

- 17 - 



ponent is impresnated with the promotor before mixing. In this 
: C 

formulation the promoter affects only the metal component, not 

the Molecular Sieve. 

. o °° ..- 



II. RUN 19Ol1117, Fe/E + UCC-IO9 

This ~atalyst had to be formulated differently from other 

physical mixtures reported previously, which were made by press- 
C 

in E the well mixed meta~ component and Holecular Sieve powder 

into tablets. Tablets made in this way with Fe203"XH2 O, however, 

had.almost no physical strength, presumably because the inher- 

ently cohesive :parnicles of Fe2Os'XH20 were seplrated to some 

degree by the relatively uncohesive cr, ystallites of Molecular 

Sieve, Since the'particles of UCC-109 are even smaller than 

"those of Fe203-XH20 , and thus even more likely than standard- 

sized'zeolite particles to surround and separate the iron parti- 

cles," the Fe/K + UCC-IO9,mlxture is exceptionally poor in pellet 
, . -- 

strength. Consequen'~ly-it" was extruded with a lb~weiEht-percent 

silica bi~der. 

During the binding process the potassium promoter may posslb- 

ly have migrated from the iron to the Molecular Sieve, which 

would" lower both the prom-o'ti'on--effect of the potassium on the 

iron and the acid activlty-'-'of"-the-Si-eve-.----=A.na-l.y-sl.s--of the ,.'.test 
• ,°" r' 

results indicates that this:.a-~ka-l-i=~trans-f:er~--was=-not:--significant- 

• f . 

A major effect of potassium ion on iron. is to :ntroduce water gas 

shift (WGS) activity into the catalyst. The"H2:C0 usage, and 

C02:(C02 + H20) effluent ratios, show that the WGS activity of 

thiscatalyst is'comparable to those of other physical-mixture 

catalysts, but much higher than those of promoted precipitation 

- 19 - 
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catalysts such as that used in Run 1001.1-11 (Second Annual Re- 

port) where the potassium transfer to the Molecular Sieve was 
i 

sienificsnt. Also, this catalyst had high initial acid activity, 

another high of little alkali transfer. 

Conversion, product selecniviBy, isomerization of the pen- 

Bane, and percent olefins of the C4Vs, plotted aEainst time on 

stream, are presented in~Fieso 1-4. SimulaBe~ distillations of 
• , . r~ °L 

the entire pentane+ product of three representative samples are 

presented in Figs. 5-7, The carbon number product distributions 

of the samples are presented in Fi~s~8~14o C.hromatoErams from 
.% 

the simulated distillation of the condensed:prodUcts of particu- 

lar samples are reproduced in Figs. 15-21. De~'ailed material 

balances are presented in Tables IA-IC. 

The syngas conversion shows only slight deactivation with 

time on'stream (Fi~. i). .After an Initial loss of activity tile 

catalyst shows very steady conversion. T-he carbon monoxide and 

hydrogen conversions are similar,~ showing that the WGS activity 
4 {  

is sufficient for this catalyst' t0~•use the l:l:'hydroeen:carbon. ,. 
• - , ° .. . ,, °., 

monoxide feed efficiently. For mos~'~'of .the test'it'°was actually 

convertinE a O.95:1,O hydroEen:carbon m~oxlde'~feedj 'This activ- 

ityj. is mosEly a function of the metal component, and 81yes little. 

indication of the stability or act-ivity of the Holecular. Sieve. 

Product selectivity is also fairly constant (Fig. 2). The 
; 

only reliable trend is an initial decrease in methane yield with 

a concomitant increase in C5 + yield. The methane yield of 12 

weight percent is similar to that of other physically mixed cata- 

- 20 - 
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lysts under comparable test conditions.. Yields of gasoline and 

dieseloll "are similar to those of the catalyst mixture contain- 

ing UCC-104 (Ru~'10011-10), while the catalyst mixture containing 

Fe/Kwi'th UCC-101 (Run 10011-9) produced more diesel oil relative 

uo gas ollneo. The carbon-number product distributions also imply 

of the catalyst was fairly steady (Figs, 8- that the operation .÷ 

14). The first sample (10011-17-02, Fig. 15') seems to show a 

.double behavior~ changing its slope (In u) at C15| the~, other sam~ 

plea show a similar double behavior to varying degrees. The 

effect.is not as great :as for the reference iron catalyst (Run 

10011-5), in which the carbon distribution drastically changed 

=Ws, at C20. The simulated distillatlon plots also sho~ a con- 

stant product from this catalyst (Figs.. 5-7). Though not iden- 

• 

tlcal, the three distillations are closely similar. 

All these data imply very stead? operation for ~hls catalyst, 

bu~ closer examination of the products shows that it may not be 
. 

as steady as it seems, The Molecular Sieve component deactivated 

rather rapidly, clearly shown by the isomerization of the pentane 

(Fig. 3), Initially the acidic UCC-109 isomerized the pentane to 

the degree that more than 70 percent of it was isopentane. This 

value agrees well with the e~uilibrium value of 76 percent at 

250C. The Isomerization activity decreased exponentially until 

only 20 percent of the pentane was isomerized~a level only 

slightly greater than that produced by a F-T catalyst with no 

Molecular Sieve, Chromatograms from the simulated distillation 

of the condensed product (Figs. 15-21), show a similar loss of 
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isomerization activity. However, the liquid product is more 
L: - .s 

highly isomerized, even at the "end of the ruln, than the products- 

of a normal F-T catalyst, as can be :seen by comparing Figs. 15-21 

with Fig. 22, the chromatogram from Chhe reference iron catalyst 

(Run lO01i-~). 

The probable reason for the lo~s~Yof acid activity 'is coking 

-.'of ~the Molecular Sieve component, an idea supported by the data 

in Fig. 4. Compared with the primary "products of F-T synthesis, 

coke is hydrogen deficient| forma'tion:of coke, therefore, like 

the formation 6f an aromatic liquid product, should be accempa- 

nied by ~he':formation of hydrogen-rich products. Initially this , 
i 

catalyst was producing hydrogen-rich paraffins such as butane, 

but the §electivity switched to olefins as the catalyst's acldiry- ° 
.o 

decreased. Since none of the liquid samples was aromatic, the 

change in selectivity implies early coke formation. 

The metal component of this catalyst gives a very stable 

operation. The Molecular Siege component shows very high initial 

acid activity, which then2:: deactivates rapidly due to coking. 

During most of this test the.Molecular Sieve component had only a 
f> 

minor effect on the ~roduct, mhch~smaller than with earlier sam- 

pies. 
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TABLE IA RESULT 0[ SYNGAS OPERATION 

\ 

FEED HZ:CO:AR 50:50:0 ~ 50:50:0 50:50:0 50:50:0 50:50:0 
HRS ON STREAM 5.1~ 19.42 24.64 43.66 48.81 
PRESSURH~PSIG ~0~"  297 300 293 295 
TEMP. C ~'151 251 250 250 250 

FEED CC/MIN 400 400 400 400 400 
HOURS FEEDING 5 . 1 7  19 .42  5 .Z2  24 .24  S.15 
~FFLNT GAS LITER 40.25 158.00 70,64 341.05 74.46 
GM AQUEOUS LAYER Z.25 15.80 5.28 24.52< ~5.47 
GM OIL 0.90 5.52 2.15 i0.00 Z.Z6 

MATERIAL BALANCE 
GM ATOM CARBON % 86.28 87.15 91.12 90.07 93.74 
GM ATOM H~(DROGEN % 96.81 91.68 98.69 96.62 100.50 
GM ATOM OXYGEN % 94 . 26 94.40 97. Ol 96.11 97.68 
RAT'I 0 CHX/(H20+C02) 0.8185 0.8147 0 . 8 5 5 6  0.8358 0.8932 
RATIO X IN CHX 2.5916 2.4556 2.3916 2.5793 2.3607 
USAGE HZ/CO PRODT 0.7656 0.7622 0.8482 0.8809 0.9226 
RATIO C02/(H20+C02) 0.7728 0.7427 0.6688 0.6504 0.6142 
K SHIFT IN EFFLNT 8.58 4.69: 3.03 2.19 1.98 

CONVERS I ON 
ON CO % 81.09 70.II 68.27 59.91 59.51 
ON H2 % 58.48 55.81 55.99 51.96 51.85 
ON CO+HZ % 69.15 61.75 61.88 55.80 55.97 

PRDT SELECTIVITY,WT % 
CH4 18.34 14.65 11.6Z 12.57 II .96 
C2 HC'S 11.15 11.11 9.71 10.07 9.42 
C3H8 8.48 7.25 6.05 5.51 5.17 
C3H6= S. 57 11.02 10.30 ll.0S 10.46 
C4HI0 8.21 4.67 4.12 3.64 3.55 
C4H8= : 4.58 8.90 8.73 8.70 8.58 
C5H12 9.33 4.41 4.05 3.55 3.52 
CSHIO= 2.78 5.97 6. II 6.85 6.93 
C61~14 6 . 8 9  3.89 5.64 2.64 2.68 
C6H12= ~ CYCLO'S 1.56 3.66 3.93 3.14 3.17 
C7+ IN GAS ' 12.19 12.04 14;17 15.42 15.83 
L!Q HC'S 10.93 12.43 16.57 18.85 18.75 

- 45 - 

R[IN NO. 10011-17 
CATALYST FE+UCC-109 #10042-82 80CC 57.76GM (61.4gGM AF.TER RUN 73.73G) 
FEED H2:CO:ARGON 0F 50:50:0 @ 400 CC/MN OR 500 GHSV 

RUN ~ 3AMPL~ NO. 10011-17-01 011-17-02 011-17-03 011-17-04 011-17-05 



TOTAL 
SUB-GROUPING 

C1 -C4 
C5 -420 F 
420-700 F 
700-BND PT 
C5+-END PT 

iS0/NORMALMOLE RATIO 
C4 
C5 
C6 
C4= 

PARAYFIN/OL~PIN RATIO 
63 
C4 
65 

LIQ HC COLLECTION 
PHYS. APPEARANCE 
DENSITY 
N, R~PRACTIVE INDEX 
SIMULT'D DISTILATN 

10 NT % @ DEG P 
16 
50 
84 
90 

RANGE(16-84 %) 

WT % ~ 4 2 0  F 
WT % ~ 700 F 

100.00 

56.32 
3 8 . 4 3  

4 ,48  
0 .76  

43 .68  

1 .1280 
2.~5606 
3 .1107 
0 . 0 6 2 5  

1.4526 
1.7305 
3 . 2 5 7 7  

m ~ m  

1 0 0 . 0 0  

57 .60  
3 6 . 9 6  

4 . 5 5  
0 . 9 0  

4 2 . 4 0  

0 . 3 0 7 5  
0 . 6 3 2 4  
1 . 1 0 6 2  
0 . 0 7 6 4  

o.628o 
0 . 5 0 6 1  
0 . 7 1 8 8  

YL-BR OIL 
0 .784  
1 . 4 4 2 7  

256 
291 
404 
594 
657 

303  

56 .20  
92°80  

lOO.OO 

51.53 
40.52 
6,79 
1.16 

48.47  

0 .2673 
0 .5177 
0 .9836 
0.0791 

0 .5604 
0.4553 
0 .6448 

m D ~  

1 0 0 . 0 0  

55 
4 0 . 3 5  

7 . 4 7  
0 , 6 3  

4 8 . 4 5  

0 . 2 0 5 1  
0 . 3 6 0 3  
0 . 3 6 5 2  
0 . 0 8 5 1  

0 . 4 7 5 6  
0 . 4 0 3 9  
0 . 5 0 4 0  

CLDY OIL 
0 . 7 7 6  
1 . 4 3 5 5  

2 5 6  
2 9 5  
4 0 4  
5 5 5  
6 0 6  

Z 5 8  

5 7 . 0 0  
9 6 . 6 5  

100 .00  

49.12 
41 .88  

7 .69  
1 .31  

50.88 

0 .1883 
0 .3320 
0 .3088 
0 .0853 

0 .4719 
0 .3972 
0 .4929 

' %  

m m m 

e 

~m 
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TABLR IB RESULT OF SYNGAS OPERATION 

RUN NO. 
CATALYST 
FEED 

10011-17 
FE÷UCC-109 #10042-82 80CC 
H2:CO:ARGON OF 5 0 : 5 0 : 0  @ 

gUN ~ SAIW_PL~ NO. 

57.76GM (61.49GM AFTER 
400 CC/MN OR 300 GHSV 

011-17-08 10011117-06 011-17-07 

FEED H2:C0:AK 
HKS ON STREAM 
PRESSURE,PSIG 
THMP. C 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
67 .58 74,25 91 .67  

302 297 .300 
,250 250 2 5 0  

RUN +3.73GM) 

011-17-09 011-17-10 

50:50:0 50:50:0 
99.00 115.33 

293 298 
250 251 

FEHD CC/MIN 
HOURS FEEDING 
EPPLNT GAS LITHR 
GM AQUEOUS LAYER 
GM OIL 

3' " 

400 400 400 400 4 0 0  
25.92 6 .67 o 24 .09  7 .33  23.66 

556.96 104.16 375.36 116.44 371.25 
Z5.39 6.96  25.15 7.58 24.46 
10.49 2.04 7.38 2.21 7.13 

MATERIAL BALANCE 
GM A~OM CARBON % 96.35 98.47 97.48 97.07 97;25 
GM ATOM HYDROG~N % 105.22 104.82 104.05 104.25 104.16 
GM ATOM 0XYGHN % 98.88 I01.50 i00,80 100.05 100.75 
RATIO CHX/(H20÷C02) 0.9302 0.9157 0.9062 0.9147 0.9004 
RATIQ X IN CHX 2.3537 2.3669 2.3737 2.3768 2.3845 
USAGE H2/CO PRODT 0.9478 0.9465 0.9514 0.9602 0.9530 
RATIO C02/(H20+C02) 0.6058 0.6047 0.5989 0.5957 0.5980 
K SHIFT IN EFPLNT 1.86 1.80 1.75 1.73 1.74 

CONVERSION 
ON CO % 57.82 55,47 
ON H2 % 52.31 50.69 
ON C0÷H2 % 54.97 53.01 

PRDT SELECTIVITY,WT % 
CH4 11.69 12.'10 
C2 HC'S 9.07 9.44 
C3H8 5.07 5.21 
C3H6= 10.42 10.73 
C4HI0 5.43 3 .57  
C4H8= 8.58 8.82 
C5H12 3.48 3.62 
CSHI0= 6.09 6.56 
C6H14 3.49 3 .56  
C6H12= ~ CYCL0'S 4.17 4.28 
C7÷ IN GAS 16.19 19.24 
LIQ HC'S 18.30 13.08 

54.67 
50.25 
52.59 

54.25 54.06 
49.88 49,70 
51.99 51.81 

12.45 12 .47  12.83 
9.63 9 .63 9.85 
5.20 5 .27  5.27 

10.62 10.61 10.75 
3.53 3.61 5.59 
8.77 9.02 8.88 
3.51 3 .69  3 .62  
6 .22 6 .38  6 .34 
3 .50  3 .74  3 .57 
4.14 3.31 3.15 

19.03 18.98 18.75 
13.42 13.29 13.40 
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TOTAL 
SUB-GROUPING 

C1 mC4 
C5 -420 P 
4 2 0 - 7 0 0  P 
700-HND PT 
C5~-END PT~ 

IS0/NORMAL MOLE RATIO 
"C4 
CS 
C6 
C4= 

P.A.~.AFFIN/0L~FIN RATIO 
C3 "- 
C4 
C5 

LIQ HC COLLHCTION 
PHYS. APPEARANCE 
DHNSITY 
N, R~FRACTIVE INDEX 
SIMOLT'D DISTILATN 

!0 WT % @'DEG F 
16 
50 
84 
90 

RANGE(16-84 %) 

fiT % @ 420 F 
WT % @ 700 P 

• 1 0 0 . 0 0  

4 8 . 2 7  
4 3 . 1 5  

7 . 7 1  
0 . 9 0  

. ~ 1 . 7 3  

0 . 1 6 7 6  
0.2856 
0 . 6 1 6 8  
0 ; 0 8 8 5  

0 . 4 6 4 4  
0 . 3 8 6 0  
0 . 5 5 5 9  

CLDY OIL 
0 . 7 7 3  
1.4355 

. 277 
30Z 
413 
578 
634 

276 

53.00 
95.11 

I00.00 

4 9 . 8 6  
4 3 . 8 6  

5 . 3 6  
0.92 

50.14 

0 . 1 6 0 1  
0 . 2 6 1 0  
0 . 5 8 4 2  
0 . 0 8 7 6  

0 . 4 6 3 5  
0 . 5 9 0 4  
0.5532 

~ m m  

m m m  

C 

i m i  

¢ 

~.00.00 

50.17 
4 3 . 2 2  

5J~7Z 
oj89 

4 9 . 8 5  

0 . 1 4 0 5  
0 . 2 5 0 5  
~ . 5 5 5 6  
0.0915 

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

CLEAR 0 
0 . 7 7 5  
1.4345 

288 
504 
417 
599 
658 

295 

50.75 
93.40 

19o.o0 

5 0 . 6 2  
43.01 

5 . 4 5  
0 . 9 3  

4 9 . 3 8  

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

0 . 4 7 4 2  
0 . 3 8 5 8  
0 . 5 6 2 7  

I L  . . .  
m ~ m  

m ~ m  

m . m  

I00.00, 

51.16 
4 Z . 1 4  
5.73 
o.97 

4 8 . 8 4  

0 . 1 3 8 9  
0 . 2 5 0 1  
0 . 5 1 9 1  
0 . 0 9 0 5  

0 . 4 6 8 3  
0 . 3 8 9 9  
0.5550 

CLEAR OIL 
0 . 7 7 2  
1 . 4 3 3 7  

292 
305 
420 
606 
666 

301 

5 0 . 0 0  
9 2 . 7 7  
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TABLE IC RESULT OF SYNGAS OPERATION 

RUN NO. 
CATALYST 
FEED 

100ii-17 
FE÷UCC-109 #10042-82 80CC 57.76GM (61.49GM AFTER RUN ÷3.73GM9 
H2:CO:ARGON OF 50:50:0 @ 400 CC/MN OR 500 GHSV 

RUN ~ SAMPLE NO. 10011-17-11 011-17-12 011-17-13 

FEED H2:CO:AR 
HRS ON STREAM 
PRESSURE,PSIG 
TEMP. C 

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

5 0 : 5 0 : 0  S 0 : 5 0 : 0  50 :50 :  
123.50 139.42  146.25 

302 303 293 
251 250 249 

400 400 400. 
8.17 24.09 6.83 

127.80 379.60 108.86 
8.42 24 .83  6.88 
2.39 7 .04  2.01 

MATERIAL BALANCE 
GM ATOM CARBON % 
GM ATOM HYDROGEN % 
GM ATOM OXYGEN % 
RATIO CHX/(H20÷COZ) 
RATIO X IN CHX 
USAGE H2/CO PRODT 
RATIO C02/(H20÷C02) 

• K SHIFT IN EFFLNT 

97.29 97.1S 98.14 
104.06 103.73  104.86 
100.81 100.89 99.86 
0.900? 0 .8923  0 .9481  
2.3853 2 .3890 2.3649 
0.9483 0 .9544 0.9872 
0.6019 0 .5950 0.5835 

1 . 7 8  1 . 7 0  1.59 

CONVERSION 
ON CO % 54.55 53.24 51.88 
ON H2 % 49.95 49.30 48.75 
ON CO+H2 % 5 2 . 1 6  51.21 50.~7 

PRDT SELECTIVITY,WT % 
CH4 12.84 13.09 12.32 
C2 HC'S 9.80 9.90 9.30 
C3H8 5.52 5.27 4488 
C3H6= I0.70 10.62 9.96 
C4HI0 3.60 3.56 5.34 
C4H8= 8.96 8.82 8.48 
C5H12 3.65 3.59 3.38 
CSHIO= 6 . 4 2  6 . 2 6  5 . 9 5  
C6H14 3.69 3.53 3.44 
C6H12= ~ CYCLO'S 3.35 3.14 3.92 
C7+ IN GAS 18.74 . 18.99 21.90 
LIQ HC'S 12.93 13.23 15.14 

0 I 
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TOTAL. 
SUB-GROUPING 

C1 -C4 51.22 
C5 -420 F ,, 42.58 
420 700 F 5 , 3 0  
700-HND PT 9 , 9 0  

C4 0 , 1 3 0 3  
C5 0 ,2215  
C6 0 . 5 1 5 3 "  
C4= 0 . 0 8 9 7  

PARAFFIN/OL~FIN RATIO 
C5 0 . 4 7 4 9  
C4~ 0 . 3 8 8 0  
C5 0 . 5 5 3 7  

LIQ HC COLLECTION 
PHYS. APPEAP~CE --- 
DENSITY "'- 
N~ REFRACTIVE INDEX "-- 
SIMULT'D DISTILATN 

I0 WT % ~ DEG F -'- 
16 "'" 
50 --- 
84 "-" 
90 --- 

R~G~(16-84 ,~) - - -  

~T % @ 420 F --- 
~/T % ~ 700 F - - -  

100.00 100.00 100.00 

5 1 . 2 6  4 8 . 2 8  
42 .07  44 .71  

5 . 6 0  5 . 7 4  
1.07 1.28 

4 8 , 7 4  . 51.72 
T 

0.1242 0-. 1244 
0.2143 0.2103 
0.5084 0:-¢872 
0.0907 0.0906 

0 . 4 7 3 7  0 . 4 6 7 4  
0 . 3 8 9 4  0 .3806  
0 .5568  0 . 5 5 1 8  

CLEAR O I L  CLEAR O I L  
0. 772 0 . 7 5 7  
1.4332 1.4343 

292 Z97 
305 324 
422 4 3 9  
617 636 
675 696 

312 312 

49 .60  4 6 . 6 0 :  
91 .92  9 0 . 2 9  
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Ill. RUN I0225-3 . Fe/K.+ UCC-III ~ 

Unlike the"prevlous catalyst~ this one was formed by physical 

mixing in th~sual way, cwith UCC-111 as the MoleculaD Sieve 

component instea'd of UCC-109. 
= 

Conversion, product selectivity, isomerization of the pen-" 

tane, and percent olefins of the C4's are plotted as a function 

: of  im on stream in Figs. 2 -20. Simulated distillations of 

entire pentane+ pr~'duct from representative samples ar~ shown in 

"Figs. "27-28. :Carbon number product distributions are presented 

in Figs. 29-37. Chromatograms fromothe simulated'distillation of 

the condensed product of particular samples are~shown in Figs. 
r: 

38-41. Detailed material baiances are given in Tables 2A-2C.' 

As-Fig. 23 shows', this catalyst is rather active. Its high 
j" 

WGS a~tivity leads t~ low hydrogen:carbon monoxlde usage ratio~ 

that i~, carbon monoxide conversions.are higherl than hydrogen 
-j 

conversions. Conversion as constant except fo~ the 24 hours be- 
"i 

% 
"tween 1'50 and !74 hours on stream. ~he constancy of activi'ty 

i ~I . 
both before and-after this period suggests that the anomaly was 

not due =o simple catalyst deactivati~n; the record shows no 

~nusual temperature, pressure or flow during the period of 

change.,, The most likely cause is an unnoticed mechanical aber- 

ration. ':-:~" 

The c~talyst also maintained a stable product distribution 

over the course' of the test (Fig. 24). The methane yield of 12 
r 

- 51 - 
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t '  

weight percent is~consistent with those of promoted'iron cara- 
t 

" lysts tested previousiy. Combined selectivity to gasoline And 

diesel oll remained constant ~t 49 percent, slightly below the 

averaEe of 55 ~percent'for the other promoted if'on catalysts, and 

similar to the yield from the physlc~l mixture of promoted iron 

and UCC-104 (Run 10011-10),:'~The~.~atter,catalyst ~roduced'39 

percent gasoline and .I0 per%~nt diesel oil, with 1.7 percent 
i • 

heavies. These differences are probably within the errors of the 

.analysiso The-'carbon" number produc.t distribution@__~(Fieso 29-37) 

did not show a carbon n~imber: cut-off, as was the case with a 

number df.'catalysts based on UCC-IOI= There is a slIEhu curve in 

the carhon~numher:distributlon plot, as with the catalyst con- 

raining UCC-104 (Run i0011-i0).~ This distribution isvery like 

the one produced.by a physical mix~ure of promoted iron and 

=-AI203 .(Run 10011-15). At 280C with. a 2:1 h~drogen:carbon mon- 

oxide feed, the =-AI203 catalyst produced ro'uehly the same quan- 

tlty of gasoline, end diesel oll as..this catalysto The =-AI203 ~, 

did produce slightly more heavies, 4~11 percent compared with 1.7. 
t. 

percent. 

The products.from these two catalys~s are very similar. This 

c~talyst produced approximately 60 percent of the ~4 product"as 

bunenes (Fig° 25)--a value comparable to~ and actual~ less than, 

that produced by the =-AI203 catalyst. The pentane from,.the 

catalyst is barely isomerized at all (Fig. 25)~, slightly ~ess 
¢ 

~han that produced by the u-Al203 or reference iron catalysts 

.I= . • 

(Run I0011-6). Considering the lo~er ~tructural isomerlzat~on 
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~b 

and degree of,~nsaturation, the pour point of the condensed pro- 

duct from this UCC-!II catalyst shuuld be higher than that of a 

comparably heavy product from either reference catalyst". Sample 

2 from the Fe/K + a-A~203, catalyst has about the same distribu- 

tion as Sample 12 from this catalyst (Fig. 37). The =-A1203 

produced a solid product; the product from the UCC-III is a 

liquid. ". 

A probable cause of this phenomenon is the position of the 

double bond in the olefins. The c-A1203 catalyst=produced mostly 

straight-chain butenes, 96 percent of which were l-butene. With 

the UCC-III catalyst, more then half the straight-chained butenes 

were cis- and trans-2-butenes. While the Fe/K and UCC-111~.cata- 

lyst produced very little isomerization of the carbon chain,~the 

position of the double bond was highly isomerized. 

The high level of Isomerization of the double bond in the 

n-butenes makes it likely that the double bonds in the higher 

olefins are also isomerized~ This has two beneficial effects on 

-~he..liquid product. First, the isomerized internal double bonds 
r 

create kinks in the carbon chains which lower the freezing point 

of the mixture with a corresponding effect on the pour:point~ 

this effect of double bonds is well established in lipid chemis- 

try. Second, the shift of the double bond raises the octane 

number of the gasoline product. Thus 1-octene has a blending RON 
f 

of 25~ while 3- and 4-octene, with only. the double bond shifted, 

have blending RON's of 85 and 99, respectively. 

Since UCC-111 was .so poor a catalyst in Task I, its efficacy 
T. 

- 5 3  - ~- 



in Task 2,:~hen physically mixed with an activ6 met~ component, 

is remarkable. Its trivial effect on the chemistry of the reac- 

tion was anticipated from its low activity. That such innocuous 

chemistry can have so large an effect on product quality was 

quite unexpected. 
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TABLE 2A RESULT 0F SYNGAS OPBRATION 
[" 

RUN NO. 10225-03 
CATALYST F~,K +UCC~III #10252-3 80 CC 58.6GH 
FEED HZ:CO:ARGON 0F 50:50:0 @ 400 CC/HN OR 

RUN ~ SAMPLE NO. 10225-03-01 225-05-02 225-03-03 

YEED HZ:CO:AK 50:50:0 5 0 : 5 0 : 0  5 0 : 5 0 : ' 0  
HRS~0N STREAM 3.67 2Z.33 48.67 
PRESSURE,PSIG 314 295 296 
TEMP. C 250 250 250 

(71.i ~TER RUN +13 G) 
500 GHSV 

225u05-04 225-03-05 

5 0 : 5 0 : 0  5 0 : 5 0 : 0  
51~92 .70.58 

297 300 
250 250 

FEED CC/MI~ 400 400 400 4~0 400 
HOURS FEEDING 3.67 22.34 26.33 3o25 21.92 
EFPLNT GAS LITER 38.57 259.55 509.55 59.30 266. SS 
GM AQUEOUS LAYER 2.26 15.78 14.O7 1.62 10.90 
GM OIL 2.59 15.78 18.80 2.56 17.24 

MATERIAL BALANCE 
GMATOM CARBON % 88.49 92.81 94.47 
GMATOM HYDROGEN % 89.08 94.22 97.27 
GM ATOM OXYGEN % 93,22 100.07 96.97 
RATIO CI~//H20÷CO2) 0.9031- 0 . 8 5 7 5  0 . 9 4 8 5  
RATIO X IN CHX 2.3135 2.5641 2.4099 
USAGE H2/CO PRODT 0.6875 0.6750 0.7201 
RATIO CO2/(H20+C02] 0.8242 0.8278 0.8579 
K SHIFT ~N EPPLNT 35.46 25.46 22.64 

96.32 97~08 
100.85 101.43 

97.32 97.47 
0.9795 0.9918 
2.4066 2.4085 
0.7268 0.7336 
0 . 8 4 5 1  0.8444 

25.28 23.43 

CONVERSION 
ON CO % 95,33 92.54 91.80 91.90 91.55 
ON H2 % '~ 66.91 64.14 65.12 64.16 64.28 
ON C0+H2 % 81.08 78.23 78.27 77.71 77.52 

PRDT SELECTIVITY,WT % 
CH4 9,44 10.04 12.17 11.97 12.18 
C2 HC'S 9.55 10.29 9.65 9.56 9.22 
C3H8 4.78 6.88 7.89 7.90 7.94 
C3H6= Ii.19 8.59 8.15 7.79 7.33 
C4HI0 5.45 4.36 4.75 4.78 4.77 
C4H8= 8.90 7.52 7.40 7.55 6.89 
C5H12 5.65 4.47 4.67 4.72 4.71 
C5HI0= 7.23 5.92 5.31 5.27 5,09 
C6H14 2.69 3.54 5.68 3.75 ' 5.84 
C6H12= ~ CYCLO'S 4.52 3.74 3.42 3.35 3.18 
C7+ IN GAS 12.01 11.91 ii.18 10.32 11.81 
LIQ HC'S 22.59 22.74 21.75 23.25 23.03 

• r., 
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TOTAL 
SUB-GROUPING 

C1 -C4 
CS -420  F 
4ZO-700 P 
700-HND PT 
CS+-PND PT 

ISO/NORHAL MOL~ RATIO 
C4 
C5 
C6 
C4= 

PARAPPIN/OLFFIN RATIO 
C3 
C4 
C5 

' LIQ".HC COLT.]~CTZON 
PHYS. A P P E ~ C ] ~  
DI~NSITY 
N, RHFRACTIVH INDHX 
SIMULT'D D!STILATN 

10, WT % ~ DHG P 
16" 
50 
84 
90 

R.ANG;.( 16- 84 %) 

"WT '~% ~ 420 F 
WT % @ 700 F 

i00.00 I00.00 100.00 

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

9 . 7 1  9 . 8 5  9 . 7 4  
1 . 8 1  1 . 2 4  1 . 4 4  

5 2 . 6 8  52 .32  50 .00  

0.0845 0.0589 0.0541 
0.1217 0.1006 0.1116 
0.1897 0.1615 0.1461 
0 .0000  0 .0000 0 . 0 0 0 0  

0 . 4 0 7 4  
0 . 3 7 4 4  
0 . 4 9 0 3  

0 .7644  0 . 9 2 3 8  
0 .5598 0 . 6 1 9 0  
0 .7346 0 . 8 5 4 5  

LT YL OIL CLR OIL 
. 0~753 0.753 

1 .4244  1.4232 

256 257 
287 297 
414 425 
587 602 
646 663 

300 ~ 305  

5~ .Z5  4 8 . 5 7  
94 .54  9 3 . 3 6  

i 

m 

1 0 0 . 0 0  

49.35  
38 .56  
10 .23  

1 . 8 6  
50 .65  

0 .0518  
0 .1143  
0 .1476  
0.0000 

0 .9680  
0 . 6 2 8 7  
0 .8711  

m 

.o 

~ 0 0 . 0 0  

.-, 4 8 . 3 4  
3 9 . 6 5  
10.25 

1 . 7 8  
51". 66 

0 .0505  
0.1085 
0.142'3 
0 . 0 0 0 0  

1. 0338~ 
0 . 6 6 7 8  
O. 8995 

CLR OIL 
0 . 7 5 3  
1 . 4 2 3 2  

258  
o • 299  

4.26 
612  
674  

313  

4 7 . 8 3  
9 2 . 2 7  

T 
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RUN NO. 
CATALYST 
F~D 

2B RESULT OF SYNGAS OPERATION 

? 

I022S-03 
FE,K +UCC-II1 #I0252-3 80 CC 58.6GM C71.1 AFTER 
HZ:CO:ARGON OF S0:50:0 @ 400 CC/MN OR 300 GHSV 

RUN 

RUN ~ SAMPLE NO. 10225-03-07  225-03-08 '  22S-03-10 225-03-11  

F~ED H2:CO:AR 
HRS ON STREAM 
PRESSURE,PSIG 
TEMP. C 

50:50:0 50:50:0 50:50:0 50:50: 
94.42  96.58 118.58 IZ5.58 

297 289 299 289 
250 251 250 250 

FEED CC/MIN 
HOURS FEEDING 
EFPLNT GAS LITER 
GM AQUEOUS LAYER 
GM OIL 

400 400 400 400 
23.83 2~17 24.17 7.00 

293.18 25.52 509.42 89.9@ 
11.44 1.01 11.26 3.19 
19.52 1.67 18.60 5.01 

MATERIAL BALANCE c 
GM ATOM CARBON % 97.33 92.86 100.88 98.79 
GM ATOM HYDROGEN % 101.91 97~31 1 0 2 . 2 6  100.49 
GM ATOM OXYGEN % 97.45 93.23 102.54 101.67 
RATIO CHX/(H20÷C02) 0.9976 0.9918 0.9665 0.9404 
RATIO X IN CHX 2.4203 ~ 2.4221 2.4381 2.4467 
USAGH H2/CO PRODT 0.7375 0.7366 0.7219 0.7126 

'RATIO C02/(H20÷C02) 0.8464 0.8450 0 . 8 5 2 6  0.8520 
K SHIFT IN EFFLNT 22.09 21.86 19.04 17.90 

CONVERSION : 
OR CO % 90.55 
ON H2 % 63.83  
ON CO+H2 % : 76.88 

PRDT SELECTIVITY,WT % 
CH4 1 2 . 6 7  
C2 HC'S 9.33 
C3H8 8.23 
C3H6= 6.97 
C4HI 0 4.82 
C4H8= 6.68 
C5H12 4.65 
C5HI0-- 4.86 
C6H14 3 . 6 5  
C6H12= ~ CYCL0'S ~ 3 . 0 3  
67+ IN GAS 11.04 
LIQ HC'S 2 4 . 0 7  

90.53 
63.78 
76.85 

12.73 
9.37 
8 . 2 7  
7 . 0 0  
4.84 
6 . 7 0  
4.67 
4'.88 
3.66 
3.04 

11.08 
2 3 . 7 6  

88.87 87.72 
63.88 62.47 
76 .29  74.99 

13.38 13 .78  
9.67 : :9.86 
8 . 5 1  ~ 8.48 
6 . 8 3  6 . 8 6  
4 . 8 1  4 . 8 0  
6 . 2 6  6 . 2 5  
4.51 4.48 
4.61 '  4 .55 
3 .64 3 .59 
2 .98 2.95 

1 2 . 1 7  1 2 . 3 7  
2 2 . 6 2  2 2 . 0 2  

+13 G) 
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TOTAL 
SUB-GROUPING 

C1 -C4 
C5 -4Z0 F 
4Z0-700 F " 
700-HND PT 
CS+-HNDPT 

ISO/NORI~ HOLH RATIO 
C4 
C5 
C6 
C4= 

PARAFFIN/OLEPIN PATIO 
C3 
C4 
CS 

LIQ HC COLLECTION 
PHYS. A/>PHARA_NCB 
DHNSITY 
N, R~RACTIV~ INDEX 
SIMULT'D DISTILATN 

10 WT % 0 DHG F 
16 
S0 
84 
90 

~.ANG~(16-84 %) 

WT %@ 420 P 

WT % @ 700 F 

100.00 

48.70  
38,S9 
11.05 
1.66 

51.30 

0.0486 
0.1061 
0.1372 
0.0000 

1.1265 
0.6963 
0 . 9 3 0 9  

CLR OI:L 
0.753 
1.4228 

258 
300 
428 
602 
667 

• 302 

47.Z0 
93.1Z 

100.00" 

48.90  
38 .50  
10 .93  

1 .66  
51.I0 

0 . 0 4 8 6  
0.1061 
o. f372 
0.0000 

1.1265 
0.6965 
0.9309 

I00.00 

49.48 
5 8 . 5 8  
10. Z5 

1 .70  
50.52 

0.0493 
0~11Z6 
.0.!1455 
0.0000 

1,'1885 
0.7411 
0.95'01 

CLR OIL 
0 .755  
1.4225 

258 
301 
42.9 
604 
672 

505 

47.17 
92.50 

I00.00 

50.03 
38.30 
~0.13 
1.54 

49°97 

0.0505 
0.1129 
0,1359 
0.0000 

1.1806 
0.7415 
0.9570 

9 
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:2 

TABLE 

RUN NO. 
CATALYST 
FEED 

2C RESULT OF SYNGAS~OPERATION 

1022~-05 
FE,K  ÷UCC-III #I0252-3 80 CC 58.6GM 
H2:CO:ARGON OF 50:50:0 8 400 CC/MN OR 

RUN 5 SAMPL;. NO. 

-FEHD H Z : C 0 : A R  
HRS ON STRHAM 
PRESSURE,PSIG 
THMP: C o 

FEED CC/MIN 
HOURS FEEDING = 
EF~LNT GAS LITER 
GM AQUEOUS LAYER 
GM OIL 

10225-03-12 225-03-13 

(71.1 AFTER RUN +13 G) 
300 GHSV 

Z 2 5 - 0 3 - 1 4  225-03-15  225-03-16  

5 0 : 5 0 : 0  5 0 : 5 0 : 0  5 q : 5 0 : 0  5 0 : 5 0 : 0  5 0 : 5 0 : 0  
142.58 150 .08  @66.08 174.08 .  238.08 

299 2~8 298 291 298 
250 250 250 250 250 

400 400 ~ 400 400 400 
24.00 7 . 5 0  23.50 8.00 7Z.0.0 

316.90 93.79 320.95 113.80 1149.80 
10.92 3:40 10 .64  3 .40 3 0 ~ 5 8  
17.18 4 .95  15.51 3 . 7 5  33.76 

MATERIAL BALANCE 
GM ATOM CARBON % 100.49 94.29 96.69 90.11 99.89 
GM ATOM HYDROGEN % I03.02 95.89 99.55 96.38 103.69 
GM ATOH OXYGEN ~ 101.56 96.10 97.30 93.54 99.67 
RATIO CHX/(H20÷CO2) 0J9774 0.9588 0.9851 0.9065 1.0065 
RATIO X IN CHX 2.4358 2.4378 2.4157 2.4408 2.4326 
USAGE H2/CO PRODT 0.7313 0.7306 0.7523 0.7369 0~8024 
RATIO COZ/CH20+C02) 0.8475 0.8397 ~0.8236 0.8081 0.7874 
K SHIFT IN EFFLNT 15.41 13.04  ~ 9 .07  7.52 5 .26 

C0NVERS,Z0N 
ON CO t 85.80 84.11 
ON H2 % 61.59 61.12 
ON CO÷H2 % 7 3 . 5 5  7 2 . 5 2  

PRDT SBLECTIVITY,WT 
CH4 15.36 15.56 
C2 HC'S '9~62:~ * 9.62 
C3H8 8;28 8.20 

C3H6= ~ 6.85 6.88 
C4H10 4 .77  4.73 
C4H8= 6.30 6.34 
C5H!2 4 .54  4.45 
CSHI0= 4.80 4.76 
C6H14 3 .74  5.58 
C6H12= ~ CYCLOtS ~ 3.09 3.03 
C7+ IN GAS 12.96 13.01 
LIQ HC'S . 21.70 21.85 

0 

~'~_.6.90 
s :6.4 z 
66.51 

69.66 61.70 
49~31 47.61 
59;14 54.53 

IZ.98 14.10 13.72 
9.30 9.61 9.14 
7 . 4 0  7 . 5 7  7 . 7 5  
6.98 7.56 7 .30 
4 .43 4 .52  4 .66  
6 .34  7 .04 6 .84  
4 .33  4 .33 4 .32  
4.96 5.05 3 .76 
5 .54  3,.52 3.61 

• 3 .18  3 .58 5 .88 
13.72;  13.55 16.05 
22.85 19.77 18.99 
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TOTAL '" 
SUB- GROUP ING 

C1 mC4 
CS -420 P 
420-700 F 
700-~ND PT 
C5+-~ND PT 

IS0/NORMAL MOLI~ RATIO 
C4 
C5 
C6 
C4= 

PARAPF I ~/.0LEP IN RATIO 
C3 
C4 
C-S 

Llq HC COLLHCTION. 
PHYS. APPI~ARAN C~- 
DHNSITY 
N, RHFRACTIVE INDEX 

• SIMULT'D DISTILATN 
i0 WT % @ DEG F '  
16 
50 
84 
90 

EANGE( 16-  84 %) 

',~T % ~ 420  F 
WT % ~ 700  F 

100.00 

4 9 . 1 8  
~0 .67  
8.42 
1.74 

50.82 

0 .0485  
0 .1110  
0 .1421  
0 .0000  

1.1538 
0.7302 
0.919.2" 

CLR" OIL 
0.759 
1.4231 

262  
301 
414 
621 
677  

320 

53.22 
9"2.00 

100.00 

49.52 
40.19 

8 . 5 2  
1 . 9 7  

50 .68  

0.0504 
0.I122 
0.1330 
0 . 0 0 0 0  

1.1365 
0 .7205  
0 .9088  

100.00 

47 .43  
41 .55  

9 .04  
1 . 9 9  

5 2 . 5 7  

0.0524 
0.1121 
0 . 1 3 2 6  
0.0000 

1 .O lO~ 
0 . 6 7 3 9  
0 . 8 4 7 2  

CLR OIL 
0~754 
1.4239 

Z68 
305 
416 

: 6 2 7  
683 

322 = 

51.75 
91.50 

100.00 

50.40 
39.32 
8.11 
2.18 

4 9 . 6 0 "  

0.0558 
0.1040 
0.1361 
0 .0000  

0 .9559  
0.620O 
O. 8 3 4 3  

o m  

100.00 

4g .40  
4 0 . 7 6  
7 ~  78 
Z.05 

50.60 

0 . 0 4 8 2  
0 . 1 0 5 3  

0 . 1 3 7 6  
0 . 0 0 0 0  

1.0131 
0 . 6 5 6 8  
1.1171 

MLKY OIL 
0.762 

• I. 4261 

• 300  
3 1 3  
436  
652  
709  

539  

48 ;18  
89;,18 " 

• 4" 

.% 
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IV. RUN 10225-1, Fe/K on LZ-I05-6 

: This catalyst was prepared by ammonlacai "precipitation of 

Fe203:XH20 from a slurry of Fe(N03) 3 and LZI05-6, a Union Carbide 

Molecular Sieve w'ith a structure similar' to that of Mobil Oilts 
.," 

ZSN-5° This metal-loaded powder, containing 20 perce~t iron,i.s 
1 

then impregnated with K2C03° Presumably the potassium promotes 

the iron and deacidifims the z~olite. .The catalyst was formed 

into extrudate with 15 perce~it filled binder. 

Conversion, product selectivity, isomerization of the pen- 

fanes, and percent olefins of the C4Vs are plotted as a function 

of time on stream in:Figs. 42-45° Simulated distillations of 

representative products are shown in Figs. 46-48. Carbon number 

product distributions of the samples are given in Figs. 49-55. 

Chromatograms from the simulated distill&tions of the condensed 

~.products are reproduced in Figs. 56-62. Detailed material hal- 

ances are given ~n Tables 3A-3C° 

The syngas conversion of this catalyst is lower than those of 

the last tw~ c~talysts reportsd (10011-17 and 10225-3, Fig. 42). 

Also, its concentration of~iron is only 40 percent of theirs. 

Gram for gram of iron, however, it is more active. Carbon mon- 

oxide and hydrogen conversion levels are close, but hydrogen con- 

version is higher, leading to a hYdrogen:carbon monoxide usage 

,.ratio greater than 1.0o All" the physica}ly mixed catalysts had 
,. .z.; 

hydrogen:carbon monoxide usage ratios lower ~han 1.0, al~,;.~ing 

- 8 0  - < .  



them to use hydrogen=lean syngas efficiently, The WG$ ~'ctivity 

of this catalyst is lower, making for higher hydrogen usage. 

Lower WGS activity was anticipated even though this catalyst has 
2 

a higher K content, 5 w/w percent compared to I w/w percent for 
j, 

catalys~s 10011-17 and 10225-3. With much.of the potassium going 

t6 the zeolite, less of it is available for effectively promoting 

the iron. Conversion was very steady at 25OC and increased with 

increasing temperature° Higher nemperandre also increased WGS 

activity relative to F-T activity. ~his. lowered the hydrogen: 

carbon monoxide usage ratio even though the F-T product hydro- 

carbons were more hydrdgen-rich. 

Hydrogen product selectivit~ remained constant a~ 250C,"with 

only a slight increase in the production of "lights" with rising 

temperature° Methane production was high, I$ percent at 250C.: 

Combined gasoline and diesel yield was lower than with the 6wo 

previous catalysts, $6 percent at 250C. Most of the drop was due 

to a change in diesel selectlvlty: with this catalyst, selectiv- 

ity to diesel was 3 percent. 

Isomerization of pentane decreased rapidly, then increased 

with rising temperature (Fi~.~ 44). The change in Isomerizat£pn 

activity was paralleled by changes in olefin content of the bu l 

tanes (Fig. 45.)° With the UCC-109 catalyst (Run 10011-17), thi~ 

was interpreted as an indication of coke deactivation; in this 

case, the ethanes and propanes did not follow the t~end to be 

expected if this were coking. The change in,selectivity was more 

likely due to potassium miZr-tien J.~to the zeolite, leading to 

,o 
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less active isomerization and hydrogen transfer sites. Both 

LZ-I05 and ZSM-5 are known to have strongly acid sites whlch do 

not coke rapidly~, but are poisoned by alkali. 

Products from this catalyst show unusual carbon number dis- 

tributions. These cannot easily be explained, considering the 7 

h~gh activity and the carbon, number ¢ut-of:f capability observed 

in Task I testing. There is generally less of the CI0-C20 pro- 
C 

duct and more of the C20-C3%. Perhaps the CI0 + product dimerlzes 

(possibly on the surface of the zeolite crystal) into the C20 + 

range. This effect has been found before with some medium-pore 

materials, but never fully explained. 
b" 

~ The quality of the gasoline produced should be quite high, as 

can be seen from Figs. 56-62. The condensed liquid products ~f 

thiu catalyst are all highly isomerized, even though the pentaae 

was not. The UCC-I04 catalyst was superior to this one, however, 

since it produced .a better yiel~ of gasoline and diesel oil. 

'S 
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