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Abstract
The evaluation of some iron/mordenite catalysts for synthesis gas con=
version has been conducted. Mordenites with Si02:A1203 ratios of 1l.4, 17.4

and 61.8:1 have been used. The effect of 8102:A1203 ratio on the product -

distribution has been determined.




New Catalysts for the Indirect Liquefaction of Coal

. During the third quarter of the second year of support under grant No. DE-
FG22-80PC30228, evaluation of the catalytic ability o% some moédenite—suvport-
ed iron catalysts for synthesis gas conversion was conducted. The catalysts
were prepared frﬁﬁ Fe3(CO)12 and mordenites with SiOzlAlzo3 ratios of 1l.4/1;
17.%/1 and 61,8/1 by the extraction technique'previously reported;ﬁthe weight
percent iron loadings were ;pproximately 15%. All catalysts contain Y—FEZO;
on the zeolite sirface. Chemisorption experiments have been conducted on Fe/
Mordenite catalysts‘prepared by using tetrahydrofuran (THF) and cyclohexane
(CHX) as solvents in the preparation; the results are preseated in Table 1.
The Fe/mordenite catalysts prepared in cyclohexane have been evaluated for
their ability to catalyze synthesis gas conversion by using a mixture of Hz:
CO, 1:1 at 300 psig and at 280°C and 300°C as previously described. Prior to
catalytic evaluation, each catalyst w;s first reduced in HZ at 450°C, and
then carbided at 250°C in 1l:1 synthesis gas. The catalytiec data obtained are
presented in the accompanying figures; in each figure the first three points

(corresponding to 2, 4 and 6 days under evaluation conditions) are data ob-

tained at 280°C, the second three points (8, 10 and 12 days) are data obtained .

at 300°C.

NOTE: @ S:I.OZI.AIZO3 =11.4 ; A S:i.O?-/Ale3 =17.4 ; & S:LOZ/A1203 = 61.8.

From the data presented, the following conclusions may be drawn

1. All catalysts are effective for synthesis gas.conversion. Z Cco
gnd’z Hzfconversions (Figure 1) incgease with time at 280°C and remain fairly
consé;ﬁf at 300°cC. Incomﬁlete formation of the active carbide (Fescz)abefcre
run conditions woﬁld account for this behavior. E .

2. Increase in particle size of the jron component is reflected in

an increase in % CO and % H, conversion (Table 1 and Figure 1).
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3. All catalysts are effective .for the water gas shift reaction; the

equilibrium

o + H20 - CD2 + H

2
is moved further t;'the right at 300°C compared with 280°C (Figure 2). An in-
creased ;;oduétion of CO2 reflects an increase in particle size of the ir@n
com?onent, and 7 CO conversion.

4, The % hydrocarbons obtained in the reactor effluent iﬁcreases.at
the higher temperature (Figurevz). The' increased percentage yielé may be ;or~'

related with aﬁ increase in particle size of the iron component (Figure 2 and
Table 1). :

5. Significant quantities of low molecular weight (Cl-CAi hydroecar—
bons are obtained (Figures 3 and 4); In géneral, the catalyst with the smal-
lest particle sized iron component produces the highestfyield of ¢1—04 hydro-~
cgrbons.

6. All catalysts produce significant quantities of 1iqui8 hydrocar-
bons, C5+ (oil) (Figure 4). The catalyst with the smal%est particle~sized
iron component produces the lowest vield of oil. o

7. The Fe/mordenite catalyst with the strongest acidity (SiOzlAlzos’
ratio = 17.4) produces no wax; those with lower acidity éroduce significant

quantities of wax (Figure 4). Cracking of high molecula# weight hydrocarbons

i effective for the catalyst with the strongest acidity: less effective for

catalysts with lower acidity. .
8. The Fe/mordenite cééalyst-with.thé strongest acidity (Si02/A1203
ratio = 17.4) produces the highest % aromatics in the liquid hydrocarbon pro-
duct (Figure 5); The highést yield of olefins is obtainedéwith the Fe/mor-
denite catalyst with Si02/A1203 ratio = 11.4 suggesting theﬁaciﬂ sites in
this catalyst are effective for oligomerization of low mole&nlgt weight ole-
fins but not so effective for production of aromatics. | *

"9, The Fe/mordenite catalyst with 5102/A1203 ratio = .11.4 produces



high yields of olefinic products, both gaseous and liquid (Figures 6 and 7).
10. The 5102/A1203 tatio affects the % liquid hydrocarbon product

boiling in the gasoline range (Table 2).

Further study of Fe/mordenite catalysts is in progress in order to deter-
mine factors which control the formation of liquid hydrocarbons from synthesils

gas.




Table 1. Chemisorption Data for Fe/Mordenite Catalysts (1)

Si()2/A1203 BET Est. Fe Particle size (2)
Ratio S.A. (mz'g-l) . @
THF CHX
11.4 440 130 90
17.4 ' 350 110 35

61.8 460 350 150

(1) J. A. Goodwin and K. Irwin, University of Pittsburgh

(2) Assume CO/Fe = 1/2

Table 2. % Liquid Hydrocarbon Product boiling
in the Gasoline Range (<204°C)

Dz.iys on stream S:i.02/A1203 Ratio
°c) 1.4 17.4 61.8
2 i(zao) B8 . + .83
4:::}280) 89 + 83
o (280) 90 + 81
8 (300) 92 7 84
10 (300) 91 87 85
12 (300) | 90 87 85

+Insufficient sample for amalysis
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