APPENDIX A

Co CATALYST FORMULATIONS
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159.00 g
500°C / 10 hrs

Incipient Wetness Wet Impregnation
Ion Exchange Other

Incipient wetness: aqueous solution of Co, Fe, Ru

Dry catalyst precursor in an oven 115°C / 5 hrs with stirring

Temperature 300°C Time 10 hrs

After drying, 60 g of catalyst are NOT to be calcined!!




Co.066:
15 wt% Co
5.0 wt% Fe
0.5 wt% Ru
y-alumina

Preparation Procedure:

Calcine the y-alumina at 500°C for 10 hrs. Use Vista B alumina. Presieve to >38
microns (400-0 mesh).

Impregnate the support with an aqueous solution of Co nitrate [Co(NO,),6H,0], Fe
(IIT) nitrate and Ru nitrosil nitrate using an appropriate quantity to get incipient
wetness (ca. 1.2 ml/g) with the desired loading of Co, Fe and Ru.

Dry the catalyst precursor in an oven for 5 hrs at 115°C with moderate stirring.

The dried catalyst is then calcined in air by raising its temperature at a heating rate
of ca. 1°C/min to 300°C and holding for 10 hrs.

Reduction Procedure_before Reaction:

Reduce the catalyst in a pure hydrogen flow of 3000 cc/g/hr by heating at 1°C/min
to 350°C and holding for 10 hrs.




Co.0067 May-15-95

200.0 ¢

'156. 00

500° C /10 hrs

Incipient Wetness Wet Impregnation
Ton Exchange Other

JIncipient wetness: aqueous solution of Co, Pd

Dry catalyst precursor in an oven 115°C / 5 hrs with stirring

Temperature 300°C Time 10 hrs

After drying, 60 g of catalyst are NOT to be calcined!!




0.0
20 wt% Co
20 wt% Pd
y-alumina

Preparation Procedure:

Calcine the y-alumina at 500°C for 10 hrs. Use Vista B alumina. Presieve to >38
microns (400-0 mesh).

Impregnate the support with an aqueous solution of Co nitrate [Co(NO,),6H,0] and
Pd (II) nitrate using an appropriate quantity to get incipient wetniess {ca. 1.2 ml/g)
with the desired loading of Co and Pd.

Dry the catalyst precursor in an oven for 5 hrs at 115°C with moderate stirring.
The dried catalyst is then calcined in air by raising its temperature at a heating rate
of ca. 1°C/min to 300°C and holding for 10 hrs.

Reduction Procedure before Reaction:

Reduce the catalyst in a pure hydrogen flow of 3000 cc/g/hr by heating at 1°C/min
to 350°C and holding for 10 hrs,




158.00 g

300°C / 10 hxs
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Incipient Wetness Wet Impregnation
Ion Exchange Other

- Incipient wetness: aqueous solution of Co, Pd

Dry catalyst precursor in an oven 115°C / 5 brs with stirring

Temperature 300°C Time 10 hrs

After drying, 60 g of catalyst are NOT to be calcined!!




Co.068

[

20 wt% Co
1.0 wt% Pd
y-alumina

T ion e:

Calcine the y-alumina at 500°C for 10 hrs. Use Vista B alumina. Presieve to >38
microns (400-0 mesh). ' '

Impregnate the support with an aqueous solution of Co nitrate [Co(NO,),6H,0] and
Pd (II) nitrate using an appropriate quantity to get incipient wetmess (ca. 1.2 ml/ 2)
with the desired loading of Co and Pd. i

Dry the catalyst precursor in an oven for § hrs at 115°C with moderate stirring.

The dried catalyst is then calcined in air by raising its temperature at a heating rate
of ca. 1°C/min to 300°C and holding for 10 hrs.

Reduction Procedure before Reaction:

Reduce the catalyst in a pure hydrogen flow of 3000 cc/g/hr by heating at 1°C/min
to 350°C and holding for 10 hrs.
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Incipient Wetness Wet Impregnation
Ion Exchange Other

Incipient wetness: aqueous solution of Co, Fe, Ru

Dry catalyst precursor in an oven 115°C / 5 hrs with stirring

Temperature 300°C Time 10 hrs

After drying, 60 g of catalyst are NOT to be calcined!!




Co.069:
20 wt% Co

2.0 wt% Ru
y-alomina

Preparation Procedure:

Calcine the y-alumina at S00°C for 10 hrs. Use Vista B alumina. Presieve to >38
microns (400-0 mesh).

Impregnate the support with an aqueous solution of Co nitrate [Co(NQ,),6H,0] and
Ru nitrosil nitrate using an appropriate quantity to get incipient wetness (ca. 1.2
ml/g) with the desired loading of Co and Ru.

Dry the catalyst precursor in an oven for 5 hrs at 115°C with moderate stirring.

The dried catalyst is then calcined in air by raising its temperature at a heating rate
of ca. 1°C/min to 300°C and holding for 10 hrs.

Reduction Procedure before Reaction:

Reduce the catalyst in a pure hydrogen flow of 3000 cc/g/hr by heating at 1°C/min
to 350°C and holding for 10 hrs.




Incipient Wetness Wet Impregnation
Ion Exchange Other

Incipient wetness: aqueous solution of Co, 60% of loading in st step

Dry catalyst precursor in an oven 115°C / 12 hrs with stirring

Incipient wetness: aqueous solution of Co, 40% of loading in 2nd step

[Dry catatyst precursor in an oven 115°C / 12 hrs with stirring

Temperature 300°C Time 2 hrs

After drying, 60 g of catalyst are NOT to be calcined!!




13 wt% Co
y-alumina

Non-promoted catalyst similar to Co.00S, with 13% Co.

Preparation Procedure:

. Calcine the y-alumina at S00°C for 10 hrs. Use Vista B alumina. Presieve to >38

microns (400-0 mesh).

Impregnate the support in 2 steps with an aqueous solution of Co nitrate
[Co(NO,),6H,0], using an appropriate quantity to get incipiemt wetness (ca. 1.2
ml/g) with 60% of the desired loading of Co in the first step.

Dry in air at 115°C for 12 hours and calcine.in air at 300°C for 2 hours (hearing rate
of ca. 1°C/min 1o 300°C).

In the second step, impregnate the remaining 40% of the Co. Repeat the drying and
calcination procedures.

Reduction Procedure before Reacrion:

Reduce the catalyst in a pure hydrogen flow of 3000 cc/g/hr by heating at 1°C/min
to 350°C and holding for 10 hrs.
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X Incipient Wefnms Wet Impregnation

Ton Exchange Other

Incipient wetness: aqueous solution of Co, Fe, Ru
Dry catalyst precursor in an oven 115°C / 5 hrs with stirring

. Temperature 300°C Time 10 hrs

After drying, 60 g of catalyst are NOT to be calcined!!




oW.13 10 wi% Fe
10 wt% Co
0.5 wt% Ru
y-alomina

Ru promoted cobalt/iron impregnated on calcined y-alumina similar to CoW.10 (2nd
batch).

Pre ion Pr

Calcine y-alumina at 500°C for 10 hrs. Use Vista B alumina. Presieve to >38
microns (400-0 mesh).

Impregnate the support with an aqueous solution of Fe nitrate [Fe(NO,),.9H,0], Co
nitrate  {Co(NO,;);6H,0] and Ru nitrosylnitrate [Ru(NO)NQ,),2H,0] using
appropriate quantities to get incipient wetness (ca. 1.2 ml/g) with the desired loading
of Fe, Co, and Ru.

Dry the catalyst precursor in an oven for § hrs at 115°C with mo«erate stirring.

Calcine the dried catalyst in air by raising its temperature at a heating rate of ca.
1°C/min to 300°C and holding for 10 hrs.

Reduction Procedure before Reaction:

Reduce the catalyst in pure hydrogen flow of 3000cc/g/hr by heating at 1°C/min to
350°C and holding for 10 hrs.




Incipient Wetness

Ion Exchange

Incipient wetness: aqueous solution of Fe + Cu
Dry catalyst precursor in an oven 110°C / 16 hrs

Wet Impregnation
Other




Fe.}1 30 wt% Fe
1.5 wt% Cu
Silica

Preparation Procedure of Fe-Cu/Silica

Calcine silica at 500°C for 10 hrs. Use Davisson Grade 952 silica. Presieve to > 38 microns
(400-0 mesh). _
30,0

Impregnate the support with an aqueous solution of Fe(NO,);.9H,0 and Cu{NOQ,),4H,0
using appropriate quantities to yield 30 wt% Fe and 1.5% Cu by weight and to get incipient
wetness (ca. 1.2 ml/g).

Dry the catalyst precursor in an oven for 16 hours at 110°C.

The dried catalyst is then calcined in air by raising its temperature at a heating rate of ca.
1°C/min to 500°C and holding for 24 hours,

Reguction Pr re befor. ction:
A mixture of H,O and H, is nsed for reduction to Fe,O,. Raise the temperature of the bed

10C/min to 400°C with the feed being H,O/H, > 0.09 and maintain these conditions for
48 hrs
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