iron catalysts. Table 7 compares the activity of several
precipitated and fused magnetite catalysts at or near 260°C.
Alkalized precipitated catalysts prepared by Mobil (Kuo, 1983,
1985) and PETC, the Pittsburgh Energy Technology Center
(Zarochak, McDonald, and Rao,l1987), seem to have the highest
activity. A United Catalysts C-73 fused magnetite ammonia
synthesis catalyst run in our reactor (Huff, 1982) and elsewhere
(Bukur and Brown, 1987) shows scmewhat lower activity than the
Ruhrchemie catalyst or the basis above. However, if the rate is
assumed to have a first-order dependence on hydregen pressure,
the C-73 catalyst is more active than the Ruhrchemie catalyst.
This comparisom is somewhat limited from a fundamental point of
view. The basis is total catalyst rather than iron loading and
ne information on surface area of the reduced catalysts is
available.

The relatively high potassium loading of the Ruhrchemie
catalyst (1.94 wt¥) may lower activity somewhat, as suggested by
data presented by Dry (1.981) for SASOL precipitated iron
catalysts. Dry shows that silica supported Fe,03 promoted by RK,0
decreases in activity with increased potassium loading,
simultaneously undergoing a shift to heavier products. Since
SASOL low temperature reactors are designed to produce hard wax
and diesel fuel, it may be that somewhat lower activity is
acceptable and may be compensated for by higher pressure

operation,
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2.3 Water-Gas Shift Activiéy

The Ruhrchemie catalyst does not appear to be very active
for the water-gas shift reaction. Table 7 also compares water-
gas shift activity, in the form of reaction quotients:

RQ = [CO2][H3]/[CO][H20] (6)
The reaction gquotients for water-gas shift on the Ruhrchemie
catalyst are very low relative to the Mobil and PETC catalysts;
however, there is an alternative measure of water-gas shift
activity which presents a more intuitively obvious sense of the
relative activity of these catalysts.

If we consider the extent of water-gas shift, we write the
reaction:

CO + Ha20 K== CoOp <+ Hj {7)
The equilibrium is far to the right at temperatures of interest
here so we may meaningfully use the concept of the extent of
reaction as represented by:

Xwes = Pco, / (Pco, + PHy0) (8)
This formulation excludes the effects of Hp and CO, which are
also consumed by the primary synthesis, For the Ruhrchemie
catalyst, the extent of the water-gas shift reaction as defined
by Eg. 8 at 263°C is about 35%, as compared to about $6% for the
United Catalysts C-73 catalyst (Huff, 1982).

2.4 Hydrogenation Kinetics and Activity

Section 1.2.1.3 on the dependence of l-alkene/n-alkane ratio
on hydrogen partial pressure summarizes the hydrogenation

kinetics and activity data obtained using this catalyst. The
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rate of n-butane production is shown to be first-order in both

hydrogen and l-butene.
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Table 1
Composition of Ruhrchemie Precipitated Iron Catalyst

Fe 47.30 wt%i

Cu 2.36
K l1.94
§i0s 12.69
al g.@2
Ca g.08
C g.16

H 1.69

O 34.36

Total 1P¢.08

All compositions determined by atomic absorption spectrospcopy by

Galbraith Laboratories, except oxygen by difference.
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Table 2

Summary of Selectivity Information

T *C Qo
232 0.555
232 0.587
23z 0.54¢8
232 0.538
248 0.534
248 0.363
248 0.361
248 0.882
248 0.536
248 0.562
248 0.559
232 0.5680
232 0.557
283 0.559
263 0:365
263 0.860
263 0.852
248 0.534
248 0.555
248 0.359
263 0.382
263 0.862
263 0.558
232 0.556
248 0.559
248 0.352
248 0.854
263 0.368
263 0.558
263 0.853
248 0.560
248 0.363
248 0.850
263 0.8680
263 0.560

Qo

X

Clos

C40P

Cl mol.

Oxy

Alpha 1,

Alpha 2

Slect. Alpha

X Cloa. C40P Cl1 mel.

30.1 98.9 3.8  0.226
28,2 97.7 3.8 0.217
34.7  97.5 4.0
22.0 99.1 3.7 0.233
25.5 101.9 4.2
29.0 101.7 3.9 0.201
18.5 98.4 3.1 0.206
0.207
41.4 103.9 4.7  0.270
52,4 97.6 4.6 0.276
33.6 99.1 4.5 0.258
30.2  98.5 4.0 0.232
§7.5 100.0 4.4 0.240
38.6 96.4 4.3 0.209
0.242
26.7 95.9 3.2
37.6 95.9 4.0 0.243
28.2 97.8 3.8 0.217
§5.7 97.5 4.2 0.253
52.5 97.4 4.4 0.235
3.7 99.4 4.3 0.255
33.6 98.1 3.9 0.240
43.9 98.6 3.9 0.228
25.0 98.3 3.7 0.210
39.7 98.4 ¢.2
50.7 98.9 4,2 0.240

Flow rate, Nl/min

Percent conversion of CO + H

Oxy Alpha 1 Alpha 2 Slet.Alp.

8.7 0.66

1.6 0.67
5.6 0.80
0.64

9.0 0.80
7.4 D.64
4.8 0.70
7.6 0.64
9.3 0.62
7.8 Q.58
7.6 0.56
9.3

5.8 0.64

Oxygen balance clesure

l=-butene/n=butane
Mol % CH,

wt % oxygenates

Calculated by non-linear regressicn, ¢

Calculated by linear regression, C

2

0.92
6.s2

0.89

6.981
0.90
0.%0

D.89
0.91
0.90
0.91
0.92
0.89
0.91

0.50

0.705
0.714

0.756
0.685
0.703
0.738
0.761
0.733
0.658
0.658
0.684

0.894

0.666
0.719
0.5677

0.701
0.641
0.636
0.659
0.650
0.637

- 0.695

3

0.673
0.662

l-C

16



Component Chain Growth Probabi.ities

Component

l-alkene
n-alkane
oxygenates

Total

Table 3

MB 16
21 a2
g.67 @.78
.73 #g.93
.52 -
g.66 g.91

o)
B.63
g.71
p.52
g.64

23
@2
2.78
@.93

g.94@



Table 4

Catalyat Selectivity Compazison

Ruhrchenie

Wty Selectivity

c1

Cz2 - C4q
Cs ~ €12
cr2*

Conditions
Temp., °C
presa., MPa
Flaw, Nl/h/gcat
Xcos+H2

l. Zacochak, et.
2. Kuo ({l5uv3).
3. Kuo (1985).
4. MHuff (1982).

5.7
27.0
46.0

27.23

@.66
€.91

263
2.41
2.8
33.6

al. {(1987).

5. Caldawell (1980}

pETCL

5.1
28.9
42.5
31.1

268
1.3
2.4
72.2

Mobil2
low wax

3.9
22.7
9.7
29.6

¢.85
@.94

262
1.5
2.1

84.3

Mobild

high wax

2.6
9.2
14.2
8.5

#.79
§.97

24%
1.5
2.4

86.3

vc ¢-734  sasouS

fixed bed

11.6 5.4
3%.6 12.6
39.5 22.5

9.3 S56.9
g.63 8.54
§.9¢ g.93
263 220-2549
1.8 2.5
1.4
77.8

6. Unalkalized precipitated irocn catalyst prepared by PETC and tested

in our lab.

7. Same as (6), bBut after addition of potassium tn:t;bu:oxide as
promoter. Details on (§) and (7) are given inm & separate report.

perct
ne K

l8.2
32.4
3%9.8
17.6

@.64

e.88

6§
1.5
2.2
25.1

PETC
-1t K

5.3
23.1
34.1
37.5

8.68
e.93

260
1.5
2.2
14.9
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Table 5§

Kinetic Data for l-butene Hydrogenation

T [+
232 0.555%
232 *0.557
n 0.548
232 0.536
F11.} ¢.554
248 0.362
4 9.361
142 0.462
243 0.556
248 0.562
218 o.559
232 0.560
a2 8.557
262 0.559
Fix} 0.J65%
62 0-360
283 0.852
248 0.554
243 0.555
248 0.359
263 b.362
153 0.862
263 0.552
32 9.556
288 0.5%%

1 ) a.352.
248 ©.4%4
263 0.365
282 0.55%
863 a.853
42 2.560
K 9.363
248 g.a50
83 0.360
283 2.580

T,

Qo
Press.
FT Press.
C4 Press.
c4 cle,
C 4 par
F-T mol
C1 rt
RC4p/PCdo
Rc4p/pE2

Presa I> Presa Ct Prama C4 ole C4 par T mal Cl ECep/PC4o
0.00R+00 a1y

©.0nE+00 mx

Q.00%«00 n

0.00E+00 ELR

2711 3.3 9.442-04 .43 0.583 2.343-04 €.42X%-0% 1,915-06
2 58.9 2.335-03 3.98 o.32 4.202-04 4.7TE-05 2.22%x-07
2720 9.2 1.882-03 3.18 0.79 2.89E-04 0.002+00 1.13g-48
2722 0.6 5. 50R-04 1.%0 n.51 3.260-04 7.60%-0% T.37R-086
3025 49.7 1.362-02 z.7% a.73 3.262-04 0.00E+00Q l.a5z-00
2137 15.1 7.44E-04 2.12 0.51 31.352-04 0.00K+Q0 1.28%-08
2122 50.9 1.472-03 2.83 Q.74 1,.80R-04 1.645~-05 1.93%-08
T2 20.3 2.13x=-04 1.0% 0.33 1.422-04 J3.052-08 2.323-06
2722 23.0 3,12E-04 1.35 0.4 1.67E-04 3.452-08 2.313-08
2721 92-1 §.31E-01 .85 1.47 5, 8TR-04 1.358n-04 1, 372-06
2722 i27.0 1.27E-02 $.99 2.18 4.79E=04 1.322~04 8.222-07
2722 70.7 3.542-03 $.81 1.11 7.662-04 138104 2,.40K-06
0.00R+00 Q,c0E+00 } - 13

0.00E«00 0.00F+00 RN
T3 53.3 2.08%-03 3.51 a.939 3.73e-D4 2.658-0% 1. T7E=06
a.208+00 0.00E+00 i %
FyF g 161.3 1.77E-02 10.9%5 .43 5.082-04 1.462-04 5.35E-07
1481 49.9 1.50%-03 3.00 8.70 9.352-04 1-08E-04 4.63x-08
za4s8 140.5 1.393-02 .89 1.15 7. 7TE=04 1.882-04 1.262-08
0.008+00 0.-0aE+00 e
a.D0E+00 D.00R+00 b~ 4 3
0.00E«00 0, 00%+00 =R
722 45.4 1-312-03 2.9%0 0.76 5.052=04 1.102-04 2.933-08
7.00E+00 0. 0Q0K+00 xR
71 132.4 2. 142-02 5.82 1.45 A.022-04 1.88E-04 1.37X-06
272 an.z 5.622-03 8.37 1.47 9.00K-4 2. 30K-04 Z.353~08
2722 £3.8 1.93E-03 1.5 D.93 3.812=-04 9.142-05 1.832-08
721 T8.4 4,392-03 5.80 1.42 3.)0e-04 T.572-05 1.072=-08
T2 43.1 1.13E=03 2.81 89.72 5.01lE-04 1.052-04 A.183-06
2722 84.1 4. 52803 5,37 1.27 8.38E-04 0.00E+00 2.43E=08
2723 115.1 8.955-03 T.78 1.a5 T.192-04 1. TAg=04 . l.492-06

°C

Flow rate, Nl/min
in kPa
HC + Oxygenates, kPa

For l-butene, kPa

Mol % in Fischer~Tropsch preducts
Rate, mols Fischer-Tropsch products per minute:
Rate of formation, mols/min

Rate of formation, n-butane in m. mol/min/g. cat
divided by pressure of l<butene, MPa

Same, divided by 32 pressure

aCAR/PHZ

3. 24B-04
5.082=0%
7.422+05
1.08E-03
1,3Tx-03
9.81R-04

) - 1 3

TRE
4. 11304

s i )
2.09E-03
T.4952-04
2.122-03

| -1 ]
0.002+00

IZR
4. 37204

R
2.142-03
1.8Y2-03
4.18X=04
5. 98x-04
3.962-04
1.37E-03
1.7e-03
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2232
232
232
32
242
248
242
243
248
L))
248
232
232
263
263
262
283
248
248
248
53
263
263

248
248

240

263
262
283
Fid-}
248
248

53

0.555
0.557
0.548
0.538
0.554
0.382
0.351
0.862
C.556
0.582
0.359
0.560
0.557
9.559
0. 365
0.4860
0.4852
0.554
B.555
0.353
0.362
0.862
0.558
0.558
c.559
0.352
0.3854
0.368
0.55%
0.553
0.560
0.353
9.850
a.as0
0.560

37.58)
35.23
42.52
21.46
37.38
M.
.72
24.7%
28.368
47.87
56.99
39.52

39.03

€1.08
45.91
54.7%

42.41
a5.23

&6.11
$5.97
.53
40.07
45.03
31.67
id.44
53.82

Table 6

Summary of Kinetic Information

pi=-]

24.70
23.28
29.21
17.20
24.9%
18.7a
21.64
13.85
21.97
36.42
48.92
29.23

23.50

.64
2.93
49.09

34.26
21.23

£5.40
$0.07
35.00
29.08
40.28
20.48
38.3¢
4a.53%

Tagkt

0.515410
0.514650
0.505382
0.536882
0.514813
a.381%00
0.556047
0.555733
0.611010
0.479117
0. 449230
0.336408

0.5375%2

0.438991
0.493906
0.438605

0.484243
0.51a850

0.414382
0.4389485
0.4465002
0.491248
0.460184
0.513801
C.481077
0.4386THY

0. 200
¢.000
0.000
0.000
Q.71
Q.371
G.a42
0.933
a.000
0.000
0.8623
0.984
0.960
0.792
Q.755
o.a58
C.000
0.000
0.88¢8
0.000
2.718
0.515%
0.832
0.000
9.838
0,000
0.871
9.000
0.T4
0.803
8.840
DTS
0.836
0.315
0.T44

e
0.000
9.000
a.000
0.000
1.438
1.47€
1.418
1.48)
0.008
0.000
1.453
1.512
1.521
1.267
1.180
1.376
e.000
0,000
1.463
C.000
1.087
1.454
1.287
0.000
1.382
0.000
1.478
0.000
1.172
l1.3%32
1.420
i.293
1.4%0
1.2
lax

Rz
&.q00
9.000
0.000
9.890
g.177
0.237
g.158
G.140
R.000
9.00Q
0.158
9.210
0.106
0.234
0.137
2.11%
0.000
¢.000
0.133
¢. 000
0.184
0.1%58
0.233
2.000
0.178
g.000
0.137
a.000
0.161
8.151
D.159
D.184
D.18%
D.141
0.183

0.000
q.000
0.000
0,000
g.138
0.1a2
g.188
0.075
0.152
Q.088
D.135%
a.048
0.051
0.281
0.464
0.188
1.000
a.000
0.15¢
0.000
0.558
0.284
0.471
0.000
0.221
o.000
0.132
8.000
0.472
0.283
d.1%0
9.328
G.118
9.22%
0.45%

Rate
0.00g9
0.000
8.0c0
0.000
9.2598
0.3183
0.224
0.33%
R.800
D.215§
0.283
0,188
2.000

0.)42
9.515%
L.000
a.080a8
0.29%
9.400
0.372
o.504
0.000
0.285
0.375
0.000
0.430
0.432
0.520
0.405
0.338
9.285
0.37%
0.&10
0.507



Table 7

Catalyst Activity Comparison

Ruhzchemie pETC1 Hobill Mobil3 uc c-734  pErCS pETCE
low wax high wax nc K -1% K
Activity
mmol /min/gcat 8.49 1.3 1.3 1.5 8.37 - -
mmol/min 8.05 .15 - -
gcat/atnHy
_{Egz H21 l.0 20.0 39.@ 49.0 - -
CO)Y (H20]
Conditions
Temp., °C 263 26¢ 262 249 263 260 260
Press., MPa 2.41 1.3 1.5 1.5 1.e 1.5 1.5
Flow, Nl/h/gcat 2.9 2.4 2.1 2.4 l.a 2.2 2.2
XooeH2 33.6 T2.2 84.3 86.3 77.9 25.1 14.9
1. Zarochak, et. al. (1987).

2.
3.
1.

5.
in

Kuo {1983).
Kuo (1985).
Hoi € (1982).

Uoalkalized precipitated iron catalyst prepared by PETC and tested
aor lab. -

6. Same as {5), but after additiom of potassiom tert-butoxide as
promoter. Details on (5} and (6] are given in a separate report.
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Figure 1
Schulz-Flory Diagram for MB 16
(263°C, 0.034 Nl/min/gcat, 2.4 MpPa)
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Figure 2
Comparative Schulz-Flory Diagram for
Material Balances at 263°C, 0.022 Nl/min/gcat
Pressure = 2.7 to 3.0 MPa
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Schulz-Flory Diagram for Slurry Wax
After 130 Hours-cn-Stream
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Figure 4
Temperature Dependence of a1 2nd oz
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Figure 7
Temperature Dependence of l-butene/n~butane
Space Velocity 0.022 Nl/min/geat
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1-butene/n-butane
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