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THE CONVERSION OF SYNGAS ON Fe/M nO
Il . The Role of K in Modified Fe/M nO Catalysts

Guan Naijia
(Department of Chemistry, N ankai University, T ianjin 300071)

Abstract Fe-Mn-K catalysts have been found to exhibit good catalytic activity
and high C.~ Csalkene selectivity in FT-Synthesis. The effects of K, with co-ex-
isted Cu, Co, Pd and Rh in the Fe/M nO systems, were investigated. The K acted
as a strong prom oter, so the effects of Cu, Co, Pd and Rh on the product distribu-
tion were inhibited to a great extent. The reactions were performed at T= 543 K,
p=1.1 MPa and GHSV= 215 h’ '. The optim ization of the reaction conditions has
been studied. The best conditions for 3% K-1% Co-Fe/M nO should be at T= 573
K and GHSV= 800 h"'. The catalytic results were related to the surface com post
tion of the catalysts obtained by XPS analysis and coke measurement.
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The studies of co-precipitated Fe/M n ox ides for selective production of low-
er alkenes have been reported' °!. The addition of alkalimetal to Fe/M nO cata-
lysts, improving alkene/alkane ratio, has also been observed ®’. The m odified
Fe/Mn oxides have been studied for selective production of short chain olefins
and alcoholic products in FT-synthesis. In the earlier work, the addition of 1% K
to this system could increase the olefins/paraffins (O/P) ratio in the Co~ Caef
fluent, but the CO conversion was a little inhibited. It is assumed that the inter
action of Fe and M n oxide on the surface is altered by the presence of K. In pre-
sent paper, Cu, Co, Pd and Rh were loaded on K-Fe/M nO catalyst, w ith the in-
tention of studying the role of K, the catalytic behavior of multirmetal catalysts
for CO hydrogenation, and their effects on the production of C; ~ C4. The optr
m ization of reaction conditions has also been made. The results are discussed in
com bination w ith XPS analysis and determ ination of coke deposit.

1 Experimental
The Mn-rich 3%K-Fe/Mn oxide
(nre/nun= 0.25) was prepared by con-

Table 1 Composition of the catalysts

Com position” (% )

tinuous co-precipitation from K-, Fe-, Catlyst T e Mm)” K Cu Co Pd Rb
Mn-nitrates and ammonia solution at FIA 97 3

303 K and pH= 9.2, followed by drying F1B 96 301

at 393 K and calcining at 773 K. The o o A
prom oter ions were added by im pregnat- FIE 96 3 1
ing the calcined K-Fe/Mn oxide precur- FIF 96. 9 3 0.1

sor, followed by drying at 393 K and :*Bs:e/dno“;lo'“;:‘a‘ fons

calcining at 773 K in Ar once more. The v

com position of the catalysts was determ ined by AAS and XPS, and the two
methods gave the same value.
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The reactions were carried out in a fixed bed tubular m icroreactor at T= 543
K, p=1.1 MPa and GHSV= 215 h ' for 48 h. The gaseous products were ana-
lyzed on-line by a Carle AGC 111 gas chromatograph with 4 columns. The liquid
effluent was sam pled in 2 condensers, one at 373 K and the other cooled by wa-
ter. After the reaction, the oil phase and water phase were separated and ana-
lyzed in a capillary gas chromatograph. The data for evaluating the catalysts
were collected at steady state, i.e. at constant CO conversion.

2 Results and Discussion

2.1 Reactions The activity of K-containing catalysts was relatively low at the
beginning of the reaction, went through a maximum and then decreased slow ly to
a lower level (Fig 1). The overall results are listed in Table 2.

Table 2 Product distribution over the catalysts w ith prom oters

Conversion Selectivity (%)

Promoter

(%) Ci~ Cy Oxo’ Cs~ Cn CH3e CO»

F1A (3% K) 36. 21 17.39 0.30 17.75 24. 54 40. 02
FIB (3% K-1% Cu) 40. 59 17. 01 1.94 28.02 13.90 39.13
F1C (3% K-1% Co) 51. 47 19.57 1.59 26. 06 12.98 39. 80
F1D (3% K-1% Pd) 28.10 15.85 0.18 22.07 16.90 45. 00
F1E (3% K-1% Rh) 31.14 20. 73 0.54 21.23 17.17 40. 33
F1F (3% K-0.1% Co) 29.70 15.75 0. 47 23. 64 24.93 35.21

* Alcoholic compounds, ** Described as carbon deposits

The addition of Cu, Co, Pd and Rh
could prolong the duration time of high-
er activity. The loading of 1% Cu and
1% Co played a positive role m CO hy-
drogenation to hydrocarbons, while the
function of 1%Pd and 1%Rh was
strongly depressed by the addition of K
in such a system. So a general decrease 0 10 20 30 40
in CO conversion was observed over o/
these catalysts. The product distribu-

Fig 1 Conversion vs tine on stream
tion was also changed. A similar selec- (1) F1A, (2) FIB, (3) FIC,
tivity for olefins was found for all cata- (4) FID, (5) FIE, (6) FIF

lysts, which may be attributed to the
effect of the K (Fig 2). The O/P ratio of C2~ Cson multimetal catalysts is high-
er than that on K-free sam ples. The larger the am ount of K, the higher was the
O/P ratio, which was 4.0 over 1%K and 4.5 over 3% K (Fig 3). Comparing
w ith our earlier work!®!, it can be concluded that the K acts as a main prom oter
in the multirmetal systems. In these series, there was no large difference in the
product distribution. If without K, a very clear distinction could be found.

The selectivity for alcoholic com pounds seemed not to be affected by the pro-
m oters over the catalysts (below 2% ). FIB and F1C have the same selectivity as
the unm odified Fe/MnO, i.e. 1.9% and 1.6% respectively. The others re-
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Fig 2 The C; ~ Ci selectivity of the catalysts Fig 3 The O/P ratio on the catalysts

mained below 0.6% . M odification w ith Cu has slightly im proved the production
of Oz-containing com pounds, but not over 2% .

2.2 XPS analysis In the case of Co-
containing catalyst, the XPS analysis
was com plicated by the fact that the Co Catalyst’
lines overlapped w ith the Auger peaks.

Table 3 Surface analysis for K-containing system

Com position (% (n/n))

Fe Mn K “Promoter”

. N i FIA (1) 28.7 68.2 3.1
The surface composition is listed in (2) 124 369 30.7
Table 3. After reaction, the Fe and M n (3) 11.6 583 30.1
am ounts at the surface decreased to a (4 120 61.0 27.0
great extent. In contrast, the K had en- FIB (1) 25.6 68.4 2.8 3.3
riched greatly. Referring to the earlier (4 10.0 610 180 1.0
work with 1%K-Fe/MnO, the K-con- FIC () 256 67.4 63 0-4
) . (4 100 60.0 30.0
tent after reaction was only 2 times of FID (1) 233 70.6 3.0 -
the original content. W ith such a high (4 11,0 69.0 19.0 10
content of K, it is easy to deduce that FIE (1) 21.4 69.6 4.6 4.4
the surface structure of the Fe/MnO (9 90 680 230
FIF (1) 241 71.1 4.8

was altered by the promotion of K
. 4 8.0 58.0 34.0
strongly. From the coke deposit mea- -
. Excitation: AIK& 1 486.6 ¢V; Vacuum: 1 mPa
surement, 1t was COHCluded that K haS a * Pretreatment condition: (1) Calcination,

very strong influence on the C'deOSi‘ (2) Reduction/passivation, (3) in-situ
reduction, (4) A fter reaction

tion. The surface C-content of all K-

containing cata]ysts varied from 66% to Table 4 C-content after the reaction

70% , while only about 20% ~ 25% was Catalyst (S;rf;’ice/c)) (Eu(lkf--))
. . (] n/n o(m/m
obtgmed for other catalysts.. Th.ls de- —_— s a7
posited C could cover the active sites of FIB 677 12 58
the Fe/MnO. This is why the K-con- FIC 60. 8 10. 83
taining catalysts had lower activity for FID 65.7 10. 69
CO hydrogenation. FIE 59.5 9. 86
FIF 70. 4 13.95

The bulk C-concentration was de-
. . * Based on all metal ions, oxygen and carbon
term ined by measurmg the C02 am ount ** Atom ic percent could not be obtained w ithout
from C-burning. The K-containing cata- making further catalyst analysis.
lysts contained coke deposit of 10% ~

25% , much higher than the K-free catalysts (lower than 4% ).
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2. 3 Optimization of reaction
conditions Fig 4 has shown that the
tem perature had a great influence on the
product selectivity, and the total am ount
of Ci ~ C4 gaseous products grew w ith
the increase of temperature. But high
tem perature favored only the production
of Ci~ C2, especially CHa4. Fig 5 and 6
dem onstrate the effects of tem perature
on the selectivity for C2 ~ C3 and the O/
P ratio for FIC as a function of GHSV
( described as CO conversion). It has
been shown that the influence of GHSV
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Fig 4 Selectivity vs the temperature

on F1C catalyst

(1) CH,, () Cy, (3 C7, (»Cr,

(5> C3, (8) C, (1) CS

4)

on the selectivity for olefins or the O/P 30
ratio was very limited. An increase in 95k . w
tem perature from 543 to 603 K caused a = @) 2
. > 200 o—o—0° D |
grow th of the selectivity, but the O/P ! g
. . I o——-—'y
ratio decreased slow ly w ith elevated con- = 15, -0 o
version. Additionally, the am ount of al- 10 ! ) A ! i
coholic products increased at lower 20 4; /% 60 80
co 0

GHSV (Fig 7). The optimal conditions
for FIC should be 573 K and GHSV of
800 h™ .

Fig 5 C; ~C7 selectivity vs CO conversion

on F1C catalyst

(1) 543 K, (2) 573 K, (3) 603 K, (4) 633 K
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Fig 6 O/P ratio vs CO conversion on F1C catalyst
(1) 543 K, (2) 603 K
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