
I IIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
DE83008218 

e 

One Source. One Search. One Solution. 

COMPARISON OF IRON FISCHER-TROPSCH 
CATALYSTS USING ON-LINE GAS CHROMATOGRAPHY 

DEPARTMENT OF ENERGY, PITTSBURGH, PA. 
PITTSBURGH ENERGY TECHNOLOGY CENTER 

1980 

f 

U.S. Department of Commerce 
N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  S e r v i c e  



One Source.  One Search.  One Solution.  

P r o v i d i n g  P e r m a n e n t ,  E a s y  A c c e s s  
t o  U . S .  G o v e r n m e n t  I n f o r m a t i o n  

National Technical Information Service is the nation's 

largest repository and disseminator of government- 

initiated scientific, technical, engineering, and related 

business information. The NTIS collection includes 

almost 3,000,000 information products in a variety of 

formats: electronic download, online access, CD- 

ROM, magnetic tape, diskette, multimedia, microfiche 

and paper. 

Search 

Link to 

the NTIS Database from 1990 forward 
NTIS has upgraded its bibliographic database system and has made all entries since 
1990 searchable on www.ntis.gov. You now have access to information on more than 
600,000 government research information products from this web site. 

Full Text Documents at Government Web Sites 
Because many Government agencies have their most recent reports available on their 
own web site, we have added links directly to these reports. When available, you will 
see a link on the right side of the bibliographic screen. 

Download Publications (1997 - Present) 
NTIS can now provides the full text of reports as downloadable PDF files. This means 
that when an agency stops maintaining a report on the web, NTiS will offer a 
downioadable version. There is a nominal fee for each download for most publications. 

For more information visit our website: 

www.ntis.gov 

U,S. DEPARTMENT OF COMMERCE 
Technology Administration 
National Technical Information Service 
Springfield, VA 22161 



DE83008218 
 ---4 mllllll ill, HHI ,I ,ll IH Lt, II,I ElL I,I 

DE83 008218 

A COMPARISON OF" IF%ON FISCHF-R-TROPSCH CATALYSTS 

USING ON-L/NE GAS CHROMATOGF~APHY 

R. A. lDiffenbach~ ~. R. $ehehl, and D. 0. F'auth 

Iron-based ~ischer-Tropsch (F-T) catalysts could well play an important 

role in the conversion of lean syngas mixtures (H2/CO < i) to liquid fuels in a 

liquid phase ~actor. WhJJe a tremendous amount of data concerning catalyst 

performance has been accumulated over the past fi0 years, seldom have Fischer- 

Tropsch catalysts been tested under identical reaction condition~ therefore a 

meaningful comparison of catalyst activity and selectivity could not be made. 

5uch data are important in order to select a catalyst that will yield a given product 

slate, in particular, attention will be given to determining which catalyst would 

be most e f fect ive in maximiz ing gasoline selectzvi ty in a slurry reactor .  

The problems encountered in testing catalysts used for synges conversion 

are wel l  documented and w i l l  be described only br ie f ly  here. The highly exothermic  

nature of the react ion precludes the use of large volumes of cata lyst  for  convert ing 

Large volumes of syngas in an adiabatic vapor phase reactor .  Berry reactors or 

reactors w i th  external recycle capabi l i ty can be operated so as to achieve nearly 

isothermal operation, but these reaotors are expensive and labor intensive and 

therefore not well suited for screening a large number of catalysts. Meaningful 

conversion-selectivity data can be obtained using adiabatic microreactors, where 

the magnitude of the temperatume exotherm can be minimized by d i lu t ion of  

the s>,ngas wi th an iner t  gas, di lut ion of the cata lyst  bed, and working at low 

percent conversion of syngas. While these microreactors are found in most catalyst 

laboratories, one problem associated with their use ~.n conver~ng syngas to liquid 

products is the fact that periods as long as 2~ hours are required to accumulate 

MASTER 



a few mL of liquid product. Quantitative recovery of such a sm~ll amount of 

product ~s difficult. Exacerbating the recovery problem is the fact that light 

gases dissolved in the liquid product are flashed off whenever liquid samples are 

taken. F~ecovery of these gases when worldng on the mic~oreactor scale is nearly 

impossible. Even if 100% product: recovery could be effectedy a significant change 

in conversion or selectivity over the period of the run can easily render meaning- 

iess the calculation of conversion and selectivity. 

These product recovery problems can be largely circumvented by the use 

of an on-line gas chromatographic analysis. A schematic of the combined reactor - 

£'-.C. (gas chromatograph) is shown in Figure i. ,-he reactor was a 0.0095-m diameter 

stainless steel tube mounted vertically above the G.C. and connected to the sample 

valves of the G.C. by a heated transfer line. This line and the sample valve compart- 

ment were maintained at the same temperature as ~he reactor to insure that 

condensation of the F-T product did not occur. A detailed drawing of the sample 

valve compartment is shown in Figure 2. The gas chromatograph was a Hewlett- 

F>ackard ~ 5750A equipped with dual flame ion~zat;.on detectors CFIE)) and dual 

thermal conductivity detectors (TCD). The product gas from the reactor passed 

through the first sample valve and then to an ice ~_-ap where the aqueous product 

and C5. hydrocarbons were condensed. The unreacted syngas, CO2, and C!-C{; 

hydrocarbons then entered the second sample valve and from this valve proceeded 

to the back pressure regulator. Column i was a G.l-m x 0.0032-m i0% SP 2100 

on 100/120 5upelcoport which was effective in resolving the C1-C20 product 

according to carbon number. Column 2 was a LB3-m x 0.0052-m i001320 Carbosieve 

*LJse of brand names facilitates understanding and does not necessarily imply 
endors~rdeFA: ~b)~ ~e U. S. Department of Energy. 
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S column useful for separating the light gases. The oven was temperature-programmed 

from 223°K (2-minute hold) to 67_3°K at a rate of 8°K/min. Typical chromatograms 

are shown in Figure 3. The top chromatographic pro~:le was obtained using column 

2 and a TCD. The negative peak is due to H 2, followed by the 02, N 2, CO, CH 4, 

C2Ha, and C2H G peaks. At the same time th~ FIE) signal is shown with the peaks 

of a given carbon number clustered together. The clustering of these peaks greatly 

facilltates analysis of the data since resolution and identification of each isomer 

peak was rendered unnecessary for the purposes of this study. The retention 

t~mes are shown in Tables 1 and 2. 

TABLE 1 
F~ETENTION TIMES FOR COMPOUNDS DETECTED BY TCD 

Compound Time (rain) 

H2 1.63 

CO 25.65 

CH~ 22. Z:i 

H~O Z3.Z6 

CO 2 26.58 

C2H~ 3"/.95 

c" ,~ 41.06 

The on-line G.C. technique has a number of limitations. It is useful for 

analyzing a product that consists of only parafflnic and/or olefinic hydrocarbons. 

Oxygenates and aromatics are not resolved fro:,= the paraffins and olefins on 

the Sm2100 column and since their F.I.D. response factors differ significantly 



I 
I 
,1 

6 

JL. 

7 

I 

A. Hydrogen 
B. Gorbon monoxide 
G. Me/hone 
O. Carbon dioxide 
E. Ethylene 
F'. Efhone 

~ 2 0 1 2  13 14 16 16 17 18 

Fh:jure 3 - Gas chromotogrom of Fischer - Tropsch Product, Peaks numbered I-eO represen! 
Gl-G20 hydrocarbons as defecled by FID, Peaks labeled A-F were delecled on 
the TGD. 

L-81288 



TABLE "17 
RETENTION TIMES FOR COMPOUNDS DETECTED BY FID 

Compound Time (rain) 

C.-: 4 
cz% 
C2H 6 

C3H 6 

C3H 8 

C5" 

C6* 

/ 

CB+ 

C9+ 

C10 * 

C!!~" 

C12 ~ 

C~ -K- 

C14" 

C15+ 

C16 ~ 

C17 + 

C18+ 

C19" 

C20+ 

1.62 

!. 97 

2.37 

5.06 

5.31 

8.31-11.01 

12.05-15. O0 

16.41-18.46 

18.79-21.80 

22.55-25.60 

26.03-2B. 12 

28.73-30.65 

31.25-33.02 

33.61-Y'.88 

35. Z5-36.93 

37.79-38.85 

39.5O-aO. 6a 

41.22-42.84 

43.13-43.92 

4~.38-45.49 

45.96-47.25 

47.74-~9.27 

*Retention tim~.s for C n (n---~-20) fractions are given for all C n compounds. 



from those of aliphatic hydrocarbons, a signif3cant yield of either oxygenates 

or a~omatics leads to erroneous results in determining product distribution. As 

far as aiipnatic hydrocarbons are concerned, twelve compounds ranging from 

methane to octadecane were found to have nearly identical F.I.D. response factors 

(on a weight percent basis). The second problem with this type of C=.C. analysis 

is that i f  reactor  pressure ts, for example, 2068 t<Pa, then the pressure of the 

product gas in the sample valves is also 2068 kPe. A~ a result, when the sample 

is injected into th =_ carr ier  gas stream which is a t  345 kPa, considerable expansion 

of the injected sample occurred, result ing in peak broadening and poorer resolution. 

F~uns have been made at pressures as high as 275B kPa, but at ~at pressure the 

pe~k broadening makes it difficult to resolve methane from ethylene and ethane 

using the SP2100 col~mn. Resolut.;on of these peaks is critical because the methane 

0eak is used to relate the CO and CO 2 peaks f rom the TCE) with the C2+ peaks 

from the FIE). 

Having determined the weight f ract ions for  the various carbon numbers, 

the Anderson-Schulz-Flory (A-S-F) equation was used to determine if the selectivity 

data could be reconciled to a polymerization type reaction as suggested by Anderson 

el. at., CI) Henrici- Olive and Olive, (2) and other~. 

log Wn/n = n log p ~ log ~ 2  

where W n = weight f ract ion of carbon number n 

p = probability of polymerization 

From a plot of log Wn/n vs. n, the slope = log p, and the intercept  on the ordinate 

: log (i-~) 2. Having calculated p, one can then calculate the degree of polymeri- 

P': 1 
zat.ion, D, where D = ~ , 



TABLE 3 
FUSEE) 1RON CATALYST COMPOSITION AND ACTIVATION CONE)ITIONS 

Temperatures°K_ Time(rain) Gas Space Velocity 

(lite~s hr'l_~-1)_ 

Reduction 723 120 H 2 7.2 

Induction 5Z3 60 H2/CO=I 7.Z 

Synthesis 573 H2/CO=3 7.2 

The following data were obtained using the on-line G.C. technique with 

a fused iron catalyst~ C-73-2, available from United Catalysts. The catalyst 

composition and conditions for reduction, induction~ and synthesis are given in 

TaOle 3. F~eduction and induction were carried out at 101 kPa; synthesis pressure 

was 2068 kPa. The A-S-F plot is shown in Figure 4. There is some curvature 

at the high carbon numbers~ which is due to a baseline shift resulting from column 

bleed from the SP2100 column. Experimental artifacts of this sort can easily 

mislead the casual observer ~o the conclusion that a meaningful deviation from 

~he A-S-F distribution has been found. In general, however, deviation of the 

point for C 2 is not uncommon when studying iron catalysts and probably results 

from the facile incorporation of ethylene into the growing carbon chain. 

The on-line microreactor technique has been used to determine the conversion 

and selectivity of a number of iron-containing Fischer-Tropsch catalysts. The 

stud~' was carried out wi th the objective of finding a catalyst  that would maximize 

gasoline selectivity as well  as unsaturatas while at the same t ime minimizing 

C1-C 2 formation and carbon deposition. Since the long term objective is to use 

the microreactor technique to select catalysts for use in ~ slurry phase reactor, 
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a lean syngas (H2/CO = 1) ,las used. The recent growing interest in the slurry 

phase reactor arises predominantly from economic considerations. So-called 

second generation gaslfiers, such as the Texaco, Shell-Koppers, and BGC-LurgI 

gasifiers, are more ef f ic ient  than earlier gasifiers and produce a H2-1ean synges 

w:th a H2/CO --. 0.6. Iron Fischer-Tropsch catalysts, if used with such a lean 

gas, will deact/vate readily in a fixed-bed, gas-solid reactor due to carbon deposition 

on the catalyst surface. As a result, an expensive water-gas shWt step is required 

to increase the Hz/CO ratio to 2 or higher. Slurry reactors, however, because 

of their more effective heat removal and eliminatioc Jf hot spots can be used 

with a lean syngas. Thus, by eliminating the need for a water-gas-shi f t  step 

through the use of a slurry reactor, the improved thermal efficiency of the second- 

generation gasifiers results in greater efficiency for the overall process involving 

conversion of coal to hydrocarbon fuels. According to P,.M. Parson's study in 

1977, (5) it was estimated that up to 6% cost reduction would result for a coal- 

based slurry phase F-T plant, as compared to a coal-based gas phase F-T plant. 

However in order to make a complete economic comparison, it is necessary to 

establish the conversion-selectivity data for the F-T catalysts. 

The composition and manner of catalyst ~reparation are as follows: 

A. Fused iron - United Catalysts C-73-2 

Wt.% Fe- 67.1 

CaO- 1.82 

MgO- 0.17 

A1203-3.02 

K20- 0.60 



Precipitated iron. Prepared by adding a 10% Na2CO 5 solution to 

a 10% Fe(NO3)3-gH2C solution, both at 353~C, until a pH of 7 was 

reached. After heating the resulI~ng slurry to boLiing, the slurry 

was filtered and washed with deionized water. The soda content 

was less than 0.&%. 

C. Potamsium-promoted prec ip i ta ted iron. Prepared as above, but a 

!0@/@ K2CO 3 solut ion was added to tr,c moist fUter  cake. The K con- 

1 D ten t  was ~.1%. 

D. Precipitated iron-cobalt Cpotassium-promoted). Prepared in a manner 

similar to that described for B and C (%Fe-36.8, %Co-!3, %K-5.!). 

F_. Precipitated iron-manganese. This catalyst was provided by Professor 

Deckwer, Hannover University, W. Germany. This Kolbel-type catalyst 

was prepared by mixing a Fe{NO))~ . 9H20 and Mn{NO3) 2 . &H2C) 

solution at a temperature of )68°K and at a pH of 7. The N~n/Fe 

r a t i o  w a s  9. 

In order to maximize catalyst performance, thermogravimetric studies 

were carried out to determine the effect of the following variables: 

l= 

2. 

3. 

P, eduetion temperature and gas composition 

Carbiding tempera~.ure and gas composition 

Effect of reduction temperature on carbiding rate 



A Perkin-Elmer TG5-2 analyzer system was used to determine the weight 

changes observed as a result of the reduction and carbiding reactions. All thermo- 

gravimetric and microreactor studies were carried out with a (-200 + 325) mesh 

particle z!ze. 

a_ Fused iron. The reduction in H 2 of this catalyst at dif ferent temper- 

atures is shown in Figure 5. Not only is the reduction temperature 

important from the standpoint of the t ime difference required 

for reduction but also because of its ef fect  on the rate of carbiding, 

as indicated in Figure 6. The difference in carbiding rates is probably 

due to the difference in the exposed metal surface area of the 

catalysts, although a crystallite size dependence (after normalizing 

the rate for metal surface area) cannot be ruled out. ~4icroreactor 

studies were carried out by reducing the catalyst at 723°K in H2, 

followed by carb]ding with syngas (H2/CO = I) at 523°K at 101.3 

kPa. 

E~,C,O. Precipitated iron catalysts. I t  is apparent from Figure 7 that 

the reduction of the cobalt-containing catalysts proceeds most 

rapidly, as would be expected in view of the greater ease in [-educing 

oxides of Co. The potassium-promoted iron catalyst reduces less 

rapidly than the unpro~.~ted iron catalyst, B. This is consistent 

with observations by other workers, part icular ly Dry, (3) who have 

shown that while potassium increases carb~dlng rates, the rate 

of H 2 reduction decreases. The difference in carbiding rates is 

shown in Figure 8. While the difference between the potassium 

promoted and unpromoted catalysts is small~ the addition of Co 



0 

o I0 n 

O9 
0 
_3 
! -  
3: 
{9 
, ~  

tel 

50 
0 

1 I i .... I 

Fe304 -I- H 2 ~ - ~  Fe 4- H20 

CC 1 -73 ( -200+  325 mesh) 

o 675°K 
• 7230K 
A 773 ° K 
n 823 ° K 

I . .  I I . . . . . . . .  I I 
20 40 60 80 I00 

TIME, rain 

120 

Figure 5 -Reduction of 200 /525  mesh Fused Iron Catalyst as a 
funclion of temperature. 

-I?-RO I -17~5R 



"E 

I.d 
03 

z_ 

_.9. 
bJ 

I0 

8 

6 

4 

2 

I 'L 1 I . . . .  (- I ' 1  
Reduction 

temperature 

e 620°K 
m 72:5°K 
0 825°K 

1 

0 I0 20 30 40 50 60 70 
TIME, minutes 

Fi<]ure 6 -Garbidin<] of Fused Iron Catalyst in Syn Gas ( I / I )  al 
493°K. 

L-81327 



0 

5 

I0  

Q. 

, - !  

I - .  

25 

50 

35 

401. 
0 

• Precipitated Fe (K) 
• Precipitated Fe 
• C o - F e -  K 

\ 

I 

1.0 2.0 :5.0 4.0 5.0 6.0 7.0 
TIME, hours 

Figure 7-Reduction of Precipitated iron Catalysts in Hz 
at 52:5 = K. L - 8 1 3 2 6  



, .11 m 

U 
IN 
Q) 

m 

o 
Z 

m 

I O -  

8 

6 

4 

2 

.... I 1 '" I I I I 

e K-promoted preciplk~ted Fe 
Precipitated Fe 

= Oo - Fe - K 

A Oo - Fe 

0 
I ,I . . . .  I , 

I0 20 30 
I . . . . . . .  I .  _1 __ I 

4 0  5 0  6 0  7 0  

TIME, minutes 

80 

Figure 8-  Garbidlng of Iron Cotolysls wllh I / I  Syn Gas at 495°K. 

L-81525 



I° F--- 'I 

fJ 
t,,,, 

(N 

Ill 

w 

o 
z 

w 

8 

6 

4 

2 

0 

I [ I ' I 

Reduced in H~ ot 525° K 

Gorblded ot 495" K 

II O0 
• Syn Gos (H2/GO) = I 

Syn Gos (H 2/GO) ,2  

.i . . . .  _ L  l_ I L L I. I ___1 
I0  20  3 0  4 0  5 0  6 0  TO 

TIME, minutes 

8O 

Figure 9 -Garbidlng of K-promoted Precipitated Iron Gotalyst. 

L-81321 



l =  

0 t,,,, 
( I t  

ILl 

,¢l 
Id 

0 

ILl 

I0 

8 

6 

4 

2 

0 

I I I I I I 

Reduced In H2 at 523=K 

Oarbided ot 4930K 

II GO 
• Syn Gos ( H2 / 00) - I 
# Syn Gas (H2/GO) =2 

I0 20 30 40  50 
"rIME, minutes 

,,I, 
60 -TO 

Fig.re I0 -  Garblding of Precipiloted Iron Galalyst. 

L-BI32P_ 



I 0 I  t I I i . . . .  I '1 
Reductiofl 

tempera, t, l l, re 

m 573"K  

s / ~ 523°K 

"i 2 

I I 
0 I0 20 30 40 50 60 

TIME, minutes 

,I 
7O 80 

Figure II - Oarbiding of Precipitated Iron Catalysts in GO at 493°K. 

L-81328 



I0 

~ 8 

z 4 

! ~ " 1  I . . . . . . . .  i I . . . . .  i 

ion 
/ /  :.,.-,:,or:, 

// _ 

0 I0 20 30 40 50 60 70 
TIMEp minutes 

Fiqure 12- Garbiding of Precipitated Iron Gatalysts in Syn Gas 
(1/I) at 495°K. 

L-BI325 



i I  - I  ..... I I I I 

fStep I mH 2"  
Procedure A LSlep 2 & GO 

o= 

w 4 
Z 
<{ 
.-1: 
o 6 
I--- 
- r  
t9  
h i  

~= 8 

IOt,, 
0 

fSlep I 
Procedure B LSle p 2 

• GO 
0 H 2 

4 8 12 16 20 
TIME, hours 

Figure 13-Aclivotion o! Fe-Mn (119) Catalyst. 

523°K 

L_~__ 
24. 28 

L- B17~?.4 



results in a significant rate decrease. This decrease is consistent 

with the observation that cobalt T.orms a carbide less stable than 

that of iron. 

The importance of the gas used for carbiding is shown in Figures 

9 and i0. The faster earbiding rate of iron catalysts in syngas, 

as opposed to carbon monoxide, has been reported previously by 

Butt (4) and Delgass. (5) The importance of reductJon temperature 

on the rate of carbiding is shown again in Figures Ii and 12. The 

catalysts used in mlcroreactor studies were reduced at 523°K 

and carbided wi th  syngas (H2]CC = I )  at 52-3°K at 101.3 kPa. 

E. Iron-manganese. I t  is apparent from Figure 13 that the rates 

of reduction and carbiding are m,,ch slower for this catalyst. 

Using the activation procedure recommended by IKolbel, (7) treat- 

ment first with carbon monoxide followed by hydrogen, the data 

suggest that the catalyst, at least initially, does not contain any 

bulk carbide. This catalyst during reduction in H 2 underwent a 

weight loss of about 9 wt.%. If the catalyst before reduction is 

a mixture of Fe203 and PvlnO, and if only F'e203 is reduced to 

metallic iron, the weight loss due to reduction alone would be 

about 2.5%. Thus, it appears that the MnO must undergo some 

reduction at the same time as the Fe203. The iron-manganese 

catalyst, used in the microreactor studies was activated by treat- 

ment with CO at 523°K for 2z~ hours followed by H 2 at 523°K 

for 24 hours at !01.3 kPa. 



In order to s imulate as closely as possible react ion condit ions l i ke ly  to 

be used in a slurry phase reactor ,  the fo l lowing condit ions were used in our micro-  

reactor tests: 

Temperature 5b,8OK 

H2/CO = 1 

Pressure 1179 kPa 

Space Velocity 1.8-18 (liter hr -I g-l) 

The microreactor data are shown in Table 4. The hydrocarbon selectivities 

were c~l=ulated using the A-S-F" equation. 

TOS ( t ime on stream) = to ta l  t ime cata lys t  was on stream, regardless of 

reactor conditions. 

CO conversion = grams carbon converteo to CO 2 and hydrocarbons 

grams carbon as CO, CG2, and hydrocarbons 

The A-S-F plots for catalysts A, B, C, and D were similar to the plot shown in 

Figure 4. An A-S-F plot for the iron-manganese catalyst is shown in Figure 14. 

The deviation of the points for C I and C 2 from the straight line is potentially 

quite significant in any effort to develop a catalyst to maximize gasoline selectivity, 

i.e. minir~ize Ci-C 2 and maximize C3÷ yield. The methane selectivity using 

this mataiyst was 50-60% of that that would be calculated using the A-S-F equation, 

while the C 2 selectivity was 75-80% of the calcuI~ted value. 

The following conclusions can be reached: 



Catalyat 

TABI_F 4 

I~ilCI~f;IP.EACTOR TES1 DATA 

SpanE % CO SelEctivity (wt,%) P ropylene 
TOS(hr.) VElocity ConversiEn D C I ~ C 2 C 3 + C 4 C5-C l l  Propnne 

Fu~ed Fe 20 1.8 69 3.4 20.8 23,1 44.8 8,6 

26 1.8 67 3.4 20.8 25,1 44.8 9,0 

43 1.8 63 3.4  20.8 25.1 44.8 O.O 

Ppt. Fe 48 9 31 3 ,0  25.9 28.0 40.7 7.4 

67 4.5 52 2.9  26,9 2B.4 39.8 7 .5  

Fe-Co-I< ]6 18 41 2.4 36.6 31.4 30.4 6.2 

40 iB 39 2.6 32.3 30.4 34.5 6 .0  

64 10 34 2.6 33.8 30,8 33,] 6.0 

Fe-Mn 8 3.6 57 3,0 17,3 31,6 44.B ]0 

2[ 3,6 59 3,3 14,3 26.2 48.5 19 

Ppt, Fe(k) ]4 10 57 3,3 2]. 6 25.6 44.3 7.2 

t%eection conditions; 1-12/CO = ], 540°K, 1379 kPn 

Space Vehlcity - (litEr hr "1 g" 1) 
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. Ac t iv i ty .  When comparing catalysts on a space-t ime-yield basis, 

the potassium-promoted iron-cobalt catalyst and the ootassium- 

promoted iron catalyst are the most active. While th9 iron-manganese 

catalyst is quite act ive on a per gram of iron basis, on a pet gram 

of catalyst basis i t  is only about 20% as active as th8 potassium- 

promoted precipitated iron catalyst. The fused iron catalyst is the 

least active of any catalyst studied, but this catalyst was reduced 

at 723°K (vs. S230K for the precipitated iron catalyst). This catalyst 

can be reduced at 6230K in about ten hours, and considering the 

large effect of reduction temperature on cazbiding rate as shown 

in Figure 6, there is reason to believe the tower reduction temperature 

w[U result in a more active catalyst. 

While the fused iron, iron-cobalt-potassium, and iron-manganese 

catalysts showed l i t t le  change in c~nversion after being placed on- 

stream, the precipitated iron catalysts, B and C, declined signif icantly 

during the f i rs t  12 hours and then stabile.zeal. 

Selectivity. Olefin select iv i ty  as measured by the propylene/propane 

rat io decreases with t ime on-st.ream, although the degree of polymeri- 

zation changes l i t t le  during the f i rs t  50 hours. The degree of polymeri- 

zation decreased in the following order: Fused iron > K-promoted 

ppt. Fe > ppt. Fe, Fe-Mn > Fe-Co-K 

As far as maximizing gasoline yield is concerned, i t  appears the Fe-Mn 

catalyst is to be preferred not only because of the high C5-CII selectivity but 

also because the olefin content (as measured by the propylene/propane ratio) 



is the highest of any catalyst in this study. A high olefin yield is desirable ~)ecause 

olefins will be more readily upgraded to high octane components in a second stage 

reactor conLaining ZShA-~ or some other shape selective zeolite. The low activity 

of the Fe-Mn catalyst, however, may preclude its use in large-scale industrial 

react.ors. 

The present data confirm the results of Kolbel. (7) Kolbel claimed that 

catalysts containing at least 50% manganese and less than 50% iron, and activated 

according to the procedure described earlier, resulted in the preferred conversion 

of syngas to hydrocarbons and oxygenates with a chain length from C2-C 6. It 

has been found that  the use of manganese oxide as a support leads to a marked 

decrease in the methane yield not only for in0n but ruthenium supported catalysts 

as well. (8) As shown in Figure 15 (data from ref. b), the hydrocarbon se lect iv i ty  

for a 1% R,u/MnO catalyst (prepared by impregnation of MnO with an aqueous 

solution of FluCI3) shows a signi f icant deviat ion f rom the A-S-F  distr ibut ion 

for methane. One significant difference between the ruthenium and iron-manganese 

catalysts is ~hat the Exxon patent recommends reduction at temperatures as 

high as 773°~<, whereas reduction of the iron manganese catalyst at temperatures 

as low as 523°K was suff ic ient to e f fect  reduced methane yield. 

There is no indication in the literature of reduced methane yield for iron 

and ruthenium catalysts using alumina or si l ica as the support. There is considerable 

speculation at the present t ime that the unusual se lect iv i ty  of manganese oxide 

supported catalysts is associated with, the variable valency of manganese and 

the capabil i ty of compounds of manganese to be reduced to stable lower oxidation 

states. These catalyst  studies are being pursued wi th this idea in mind. 



R~ Lotion conditions: Hz/CO = I, Pressure I 
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