APPENDIX A

Coo Catalyst Formulations
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Nitros;

X  Incipieient Wetness Wet Impregnation
Ion Exxchange - Other

Dry catalyst precursor in an ooven at 115°C / § hrs, moderate stirring

Temperature 300°C Time 2 hrs

Remove 50g of driried catalyst (DO NOT CALCINE !!
Rescreen after caldcination to remove fines
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Co.047: 20 wt% Co
0.5 wt% Ru
0.3 wi% K
y-alnmina

Ru/K-promoted catalys:
Preparation Procsdure:

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 amn aqueous solution of Co mimrate [Co(NQ,),6H,0] an
R nitrosil nitrate and K ninmare using an appropriate quanmity to get incpient
wetmess (ca. 1.2 mi/g) with thae desired loading of Co, Ru, and XK.

Dry the catalyst precursor in 2an oven for 5 hrs ar 115°C with moderare strming.

The dried catalyst is then calcirined in air by raising irs temperarre at a heating rate
of ca. 1°C/min to 300°C and hholding for 2 hrs.

Reducdon Prgcedgé before RReaction:

Reduce the catalyst in a pure hhydrogen flow of 3000 cc/g/br by heating at 1°C/mm
to 350°C and holding for 10 hrirs. :
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Co.049: 20 wt% Co
0.5 wt% Ru
0.1 wt% K
y-alumina

Ru/K-promoted catalyst similar tao Co.028.

Preparation Procedure:

Calcine the y-alumina at 5600°C for 10 hrs. Use Vista B alumina. Presieve to >38
microns (400-0 mesh).

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

Dry the catalyst precursor i in an oven for 5 hrs at 115°C with moderate stirring.
The dried catalyst is then cxcalcined in air by raising its temperature at a heating rate
of ca. 1°C/min to 300°C annd holding for 2 hrs.

Reduction Procedure befonre Reaction:

Reduce the catalyst in a puure hydrogen flow of 3000 cc/g/hr by heating at 1°C/min
to 350°C and holding for 100 hrs.
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Grirade 92

Incipisient Wetness Wet Impregnation
Ion EXxchange Other
Imcipient wetness: aqueous sololution of Zr

Dry catalyst precursor in an ¢ oven 115°C / 5 hrs with stirring, calcine 300°C / 2 hrs
Incipient wetness: aqueous sololution of Co, Ru, K

Dry catalyst precursor in an ¢ oven 115°C / 5 hrs with stirring, calcine 300°C / 2 hrs

300°C Time 2 hrs

Remove 50g of driried catalyst (DO NOT CALCINE !!
Rescreen afier calalcination to remove fines
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Co.050;

20 wt% Co

0.5 wt% Rn
8.5 wt% Zr
0.1 wt% K

§i0,

Ru/K/Zr-promoted catalyst simildar to Co.043.

# denotes deviations from the patatent where indicated by or steps not stated in the patent
Bold type indicates steps listed inn the patent.

Preparation Procedure:
Calcine the SiO, at 500°C { for 10 hrs. Presieve to >38 microns (400-0 mesh).

Impregnate the support wittth an aqueous solution of Zr Oxonitrate [ZrO(NO,),} using
an appropriate quantity to » get incipient wetness with the desired loading of Zr.

Dry the Zr-loaded SiO, inn an oven for 5 hrs at 115°C with moderate stirring.
Calcine the dried support i in air by raising its temperature at a heating rate of ca.
1°C/min to 300°C and holdding for 2 hrs. [Note: the patent suggests calcination in
air at 500°C.]

Impregnate the Zr-loadeled silica wifh an aqueous Ssolution of Co nitrate
[Co(NO,),6H,0], Ru nitroosil nitrate (Ru(NO)(NO,)s), and K nitrate (KNO,) using

an appropriate quantity to g get incipient wetness with the desired loadings of Co, Ru,
and K.

Dry the catalyst precursor 1 in an oven for S hrs at 115°C with moderate stirring.

Calcine the dried catalyst i in air by raising its temperature at a heating rate of ca.
1°C/min to 300°C and holdding for 2 hrs.

Reduction Procedure befonre Reaction:

Reduce the catalyst in a puure hydrogen flow of 3000 cc/g/hr by heating at 1°C/min
to 250°C and holding for 110 hrs.




‘ Rum ltrosysy]nitrate

LriAsch:

Incipieient Wetness , Wet Impregnation
Ion Exxchange Other
Incipient wetness: aqueous sohlation of Co and Ru, 60% of desired loading
Dry catalyst precursor 115°C // 5 hrs, calcine 250°C / 3 hrs

Incipient wetness: aqueous sohlution of Co and Ru, remaining 40%

Dry catalyst precursor 115°C / / 5 hrs, calcine 250°C / 3 hrs

¢

Temperature 250°C Time 3 brs

A6




Co.051

0.5 wt% Ru
TiO, [Rutile}

Preparation Procedure:
Use Ti0,.

Wet TiO, to incipient wetnness, then dry in an oven at 60°C with moderate stirring.
Calcine the TiO, at 650°C fi for 16 hrs (this should result in a support having ca. 97%
rutile).

Presieve to >38 microns ({400-0 mesh).

Impregnate the support wivith an aqueous solution of Ru nitrosyl nitrate using an
appropriate quantity to get:t incipient wetness with the desired loading of Ru.

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

Calcine the dried catalyst i in air by raising its temperature at a heating rate of ca.
1°C/min to 250°C and holdding for 3 hrs.

Rescreen to remove fines. .

Reduction Procedure:
In the original pateent it was just stated that the catalyst should be reduced

at 250-450°C for 2-14 hourws.

However, to be conssistent with other catalysts, use the following procedure.
Reduce the catalyst usingg pure hydrogen at a flow rate of 720 cc/g/hr. The
impregnated catalyst is heatted to 100°C at the rate of 1°C/min and then maintained
for 1 hr. Next, the catalystst is heated to 200°C at the rate of 1°C/min and held for
2 hrs. The catalyst is theen heated at 10°C/min until a temperature of 360°C is
reached and is then held atat that temperature for 16 hrs.

If the catalyst will bere exposed to air, cool the catalyst below 200°C, purge with
nitrogen, and cool further. . Air is bled into the nitrogen stream at ca. 1 cc air in 30
cc nitrogen per min per 5 g g of catalyst for 16 hours.




X  Incipieent Wetness Wet Impregnation
Jon Exechange Other
Incipient wetness: aqueous soluution of Co and Ru, 60% of desired loading
Dry catalyst precursor 115°C / / 5 hrs, calcine 250°C / 3 hrs

Incipient wetness: aqueous sohdution of Co and Ru, remaining 40%

Dry catalyst precursor 115°C / / 5 hrs, calcine 250°C / 3 hrs

250°C Time 3 brs
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Co,052
0.5 wt% Ru

TiO, [Anatase]

Preparation Procedure:
Use TiO,.

Wet TiO, to incipient wetnness, then dry in an oven at 60°C with moderate stirring.
Calcine the TiO, at 350°C ® for 16 hrs (this should result in a support having ca. x%
anatase and y% rutile (x> > >y)).

Presieve to >38 microns ({400-0 mesh).

Impregnate the support wivith an aqueous solution of Ru nitrosyl nitrate using an
appropriate quantity to get:t incipient wetness with the desired loading of Ru.

Dry the catalyst precursor 1 in an oven for 5 hrs at 115°C with moderate stirring.

Calcine the dried catalyst i in air by raising its temperature at a heating rate of ca.
1°C/min to 250°C and holdding for 3 hrs.

Rescreen to remove fines. .

Reduction Procedure: _
In the original paternt it was just stated that the catalyst should be reduced

at 250-450°C for 2-14 houris.

However, to be conmsistent with other catalysts, use the following procedure.
Reduce the catalyst usingg pure hydrogen at a flow rate of 720 cc/g/hr. The
impregnated catalyst is heatited to 100°C at the rate of 1°C/mir and then maintained
for 1 hr. Next, the catalystst is heated to 200°C at the rate of 1°C/min and held for
2 hrs. The catalyst is theen heated at 10°C/min until a temperature of 360°C is
reached and is then held atat that temperature for 16 hrs.

If the catalyst will beie exposed to air, cool the catalyst below 200°C, purge with
nitrogen, and cool further. . Air is bled into the nitrogen stream at ca. 1 cc air in 50
¢c nitrogen per min per 5 g g of catalyst for 16 hours.

A9




397.50

300°C / 10 hrs

X  Inciyipient Wetness Wet Impregnation
Ton 1 Exchange Other

Incipient wetness: aqueous s solution - ca. 1.2 ml/g

Dry catalyst precursor in ann oven at 115°C / 5 hrs, moderate stirring

- Temperature 300°C Time 2 hrs

Remove 300g of f dried catalyst (DO NOT CALCINE
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Co.053:
20 wt% Co

0.5 wt% Ru
y-alumina

Ru-promoted catalyst similar ottherwise to Co.018.

Preparation Procedure:

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

Impregnate the support wwith an aqueous solution of Co nitrate [Co(NO,),6H,0] and
Ru nitrosil nitrate usingg an appropriate quantity to get incipient wetness (ca. 1.2
mi/g) with the desired looading of Co and Ru.

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

The dried catalyst is thenn calcined in air by raising its temperature at a heating rate
of ca. 1°C/min to 300°C  and holding for 2 hrs.

Reduction Procedure befrfore 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 forr 10 hrs.




Co.054 200.0

Incipibient Wetness _ Wet Impregnation
Ion EExchange Other
- Incipient wetness: aqueous soiolution of Zr
Dry catalyst precursor in an « oven 115°C / 5 hrs with stirring, calcige 300°C / 2 hrs
Incipient wetness: aqueous soiolution of Co, Ru, K .
Dry catalyst precuxsor in an ¢ oven 115°C / 5 hrs with stirring, calcine 300°C / 2 hrs

Temperatare . 300°C Time 2 las

Remove 50g of ddried catalyst (DO NOT CALCINE
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Co.054: 20 wt% Co
8.5 wt% Zr
0.3 wt% K
Sio,

K/Zr-promoted catalyst similar tao Co.043, but without Ru.
Preparation Procedure:
#  Calcine the SiO, at S00°C £ for 10 hrs. Presieve to >38 microns (400-0 mesh).

# Impregnate the support wittth an aqueous solution of Zr Oxonitrate [ZrO(NO,),] using
an appropriate quantity to > get incipient wetness with the desired loading of Zr.

# Dry the Zr-loaded SiO, inn an oven for 5 hrs at 115°C with moderate stirring.

# Calcine the dried support i in air by raising its temperature at a heating rate of ca.
1°C/min to 300°C and holdding for 2 hrs.

# Impregnate the Zr-loadeled silica with an aqueous solution of Co mnitrate
[Co(NO,);6H,0], and K . nitrate (KNO,) using an appropriate quantity to get
incipient wetness with the ¢ desired loadings of Co and K

# Dry the catalyst precursor 1 in an oven for 5 hrs at 115°C with moderate stirring.

# Calcine the dried catalyst 1 in air by raising its temperature at a heating rate of ca.
1°C/min to 300°C and holdding for 2 hrs.

Reduction Procedure befopre Reaction:

Reduce the catalyst in a puure hydrogen flow of 3000 éc/ g/hr by heating at 1°C/min
to 250°C and holding for 1110 hrs.
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CoW.01

Incipipient Wetness Wet Impregnation
Jon F Exchange Other
Incipient wetness: aqueous s solution Cu + Zn, ca. 1.2 ml/g

Dry catalyst precursor in ana oven 110°C / 16 hrs/Calcine 500 C 10 hrs.
Incipient wetness: aqueous s solution Co.

Dry catalyst precursor in ann oven 115°C / 5 hrs.

300°C Time 10 hrs
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20 wt% Co
5 wt% Cu

10 wt% Zn
y-alumina

Cobalt impregnation on caicirined Cu-Cr/y-alumina
Preparati rocedure:

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

Impregnate the supponrt with an aqueous solution of Cu(NO5),xH,0, and Zn(NO5),
using appropriate quanmntity to get incipient wetness (ca. 1.2 mi/g) with the desired
loading of Co.

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

The dried catalyst is thhen calcined in air by raising its temperature at a heating rate
of ca. 1°C/min to 500%°C and holding for 10 hours.

Impregnate the Cu-i-ZnO/AlL,O; with an aqueous solution of Co nitrate
[Co(NO,), 6H,0] usinng an appropriate quantity to get incipient wetness with the
desired loading of Co.

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

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

Reduction Procedure re R ion:

Heat the catalyst in irinert gas to 120°C at a rate of 1°C/min then start adding
hydrogen to give a conncentration of 0.5% at the bed inlet. Raise the catalyst bed
temperature to 165°C aat a rate of ca. 30°C/hr. When the temperature of the bed has
reached 160°C increasse the hydrogen concentration in the carrier gas to 1.0%. As
the reduction proceedds and the temperature rise begins to diminish, the inlet
temperature may be ramised to 200°C. The inlet hydrogen concentration can then be
increased to about 3-5%%, provided that the maximum temperature limit of 230°C is
not exceeded. When t the reduction appears to be compiete the inlet temperature
! should be raised to 2360°C and the inlet hydrogen concentration raised to ca. 20%.




142.00 g

500°C / 10 hrs

Incipipient Wetness - Wet Impregnation
Ion 1 Exchange Other
Incipient wetness: aqueous s solution Cu + Zn, ca. 1.2 ml/g
Dry catalyst precursor in ann oven 110°C / 16 hrs/Calcine 500 C 24 hrs.
Incipient wetness: aqueous s solution Co.
Dry catalyst precursor in ann oven 115°C /5 hrs.

Temperature 300°C Time 10 hrs

Remove 50 g of  dried catalyst (DO NOT CALCINE)




20 wt% Co
5 wt% Cn
4 wt% Cr
y-alumina

Cobalt impregnation on calcineed Cu-~-Cr/y-alumina

Preparation Procedure

Calcine y-alumina at 5000°C for 10 hrs. Use Vista B alumina. Presieve to > 38
microns (400-0 mesh).

Impregnate the supponrt with an aqueous solution of Cu(NO;),xH,0O, and
Cr(NO,),.9H,0 using apppropriate quantity to get incipient wetness (ca. 1.2 ml/g) with
the desired loading of CCu and Cr.

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

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

Impregnate the Cu-C{r/ALO, with an aqueous solution of Co nitrate
[{Co(NO,),6H,0] using ¢ an appropriate quantity to get incipient wetness with the
desired loading of Co.

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

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

Reduction Procedure befzfore Reaction:

Heat the catalyst in ineert gas to 120°C at a rate of 1°C/min then start adding
hydrogen to give a conceentration of 0.5% at the bed inlet. Raise the catalyst bed
temperature to 165°C at a a rate of ca. 30°C/hr. When the temperature of the bed has
reached 160°C increase t the hydrogen concentration in the carrier gas to 1.0%. As
the reduction proceeds : and the temperature rise begins to diminish, the inlet
temperature may be raissed to 200°C. The inlet hydrogen concentration can then be
increased to about 3-5%,5, provided that the maximum temperature limit of 230°C is
not exceeded. When thee reduction appears to be complete the inlet temperature
should be raised to 230°CC and the intet hydrogen concentration raised to ca. 20%.




CoWw.03 May-13-94

Incipivient Wetness Wet Impregnation
Ion EExchange Other
Incipient wetness: aqueous sGolution Cu + Cr, ca. 1.2 ml/g
Dry catalyst precursor in an ¢ oven 110°C / 16 hrs/Calcine 500 C 24 hrs.
Incipient wetness: aqueous scolution Co.
Dry catalyst precursor in an ¢ oven 115°C / 5 hrs.

Temperature - 300°C Time 10 brs

Remove 50 g of ddried catalyst (DO NOT CALCINE)




10 wt% Co

5 wt% Cu - .
4 wt% Cr

y-alumina

Cobalt impregnation on calcined ( Cu-Cr/y-alumina similar to CoW.02, but with 10% Co

Preparation Procedure

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

Impregnate the support - with an aqueous solution of Cu(NO,),xH,O, and
Cr(NO,),.9H,0 using approppriate quantity to get incipient wetness (ca. 1.2 ml/g) with
the desired loading of Cu aand Cr.

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

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

Impregnate the Cu-Cr//AL,0; with an agueous solution of Co nitrate
[Co(NO,),6H,0] using an 1 appropriate quantity to get incipient wetness with the
desired loading of Co.

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

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

R ion Pr re befonre Reaction;

Heat the catalyst in imert t gas to 120°C at a rate of 1°C/min then start adding
hydrogen to give a concentitration of 0.5% at the bed inlet. Raise the catalyst bed
temperature to 165°C at a rirate of ca. 30°C/hr. When the temperature of the bed has
reached 160°C increase thee hydrogen concentration in the carrier gas to 1.0%. As
the reduction proceeds annd the temperature rise begins to diminish, the inlet
temperature may be raised i to 200°C. The inlet hydrogen concentration can then be
increased to about 3-5%, porovided that the maximum temperature limit of 230°C is
not exceeded. When the rreduction appears to be complete the inlet temperature
should be raised to 230°C ¢ and the inlet hydrogen concentration raised to ca. 20%.




May-13-94 2000 g

Incipisient Wetness Wet Impregnation
Ion EiXxchange Other
Incipient wetness: agueous ssolution Cun + Cr, ca. 1.2 ml/g

Dry catalyst precursor in an ¢ overn 110°C / 16 hrs/Calcine 500 C 24 hrs.
Incipient wetness: aqueous sgolution Co.

Dry catalyst precorsor in an ¢ oven 115°C / 5 hrs.

Temperature . 300°C Time 10 hrs

Remove 50 g of ddried catalyst (DO NOT CALCINE)
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CoW.04
16 wt% Co
10 wt% Cu
8 wt% Cr
y-alumina

Cobalt mpregnatmn on calcined CCu-Cr/y-alumina similar to CoW.03, but with 10% Cu and
8% Cr.

Preparation Procedure

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

Impregnate the support with an aqueous solution of Cu(NO;),xH,O, and
Cr{NOQ,);.9H,0 using approopriate quantity to get incipient wetness (ca. 1.2 mi/g) with
the desired loading of Cu aand Cr.

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

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

Impregnate the Cu-Cr/#/AlL,O; with an aqueous solution of Co nitrate
[Co(NO,),6H,0] using an 1 appropriate quantity to get incipient wetness with the
desired loading of Co.

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

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

Reduction Procedure befonre Reamgnz

Heat the catalyst in inertt gas to 120°C at a rate of 1°C/min then start adding
hydrogen to give a concentitration of 0.5% at the bed inlet. Raise the catalyst bed
temperature to 165°C at a rirate of ca. 30°C/hr. When the temperature of the bed has
reached 160°C increase theie hydrogen concentration in the carrier gas to 1.0%. As
the reduction proceeds annd the temperature rise begins to diminish, the inlet
temperature may be raised d to 200°C. The inlet hydrogen concentration can then be
increased to about 3-5%, pprovided that the maximum temperature limit of 230°C is
not exceeded. When the rreduction appears to be complete the inlet temperature
should be raised to 230°C ¢ and the inlet hydrogen concentration raised to ca. 20%.
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CoW.05

X Incipipient Wetness Wet Impregnation
Ton EExchange Other
Incipient wetmness: aqueous sisolution Cu + Cr, ca. 1.2 mi/g
Dry catalyst precursor in an « oven 110°C / 16 hrs/Calcine 750 °C 24 hrs.
Incipient wetness: aquegus ssolution Co.
Dry catalyst precursor in an « oven 115°C / 5 hrs.

 Temperature 300°C Time 10 hrs

Remove 30 g of ddried catalyst (DO NOT CALCINE)
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20 wt% Co
5 wt% Cu
4 wi% Cr
y-alumina

Cobalt impregnation on calcined ( Co-Cr/y-alumina. Similar to CoW.02, but Cu-Cr/ALO,
calcined at 750°C.

reparation Procedure

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

Impregnate the support with an aqueous solution of Cu(NO,),xH,O, and
Cr(NO,),.9H,0 using approjopriate quantity to get incipient wetness (ca. 1.2 ml/g) with
the desired loading of Cu aand Cr.

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

The dried catalyst is then czalcined in air by raising its temperature at a heating rate
of ca. 1°C/min to 750°C annd holding for 24 hours.

Impregnate the Cu-Cr//AlL,O, with an aqueous solution of Co mitrate
[Co(NO,),6H,0] using an 1 appropriate quantity to get incipient wetness with the
desired loading of Co.

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

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

Reduction Procedure befonre R i

Heat the catalyst in inertt gas to 120°C at a rate of 1°C/min then start adding
hydrogen to give a concenntration of 0.5% at the bed inlet. Raise the catalyst bed
temperature to 165°C at a rirate of ca. 30°C/hr. When the temperature of the bed has
reached 160°C increase theie hydrogen concentration in the carrier gas to 1.0%. As -
the reduction proceeds annd the temperature rise begins to dimimish, the inlet
temperature may be raised 1 to 200°C. The inlet hydrogen concentration can then be
increased to about 3-5%, pprovided that the maximum temperature limit of 230°C is
\ not exceeded. When the rreduction appears 10 be complete the iniet temperature
should be raised to 230°C : and the inlet hydrogen concentration raised to ca. 20%.




Incipieient Wetness Wet Impregnation
Ion Exxchange Other
Incipient wetness: aqueous seolution Cu + Cr

Dry catalyst precursor in an ooven 110°C / 16 hrs/Calcine 500 °C 24 hrs,
Incipient wetness: aqueous soolution Co.

Dry catalyst precursor in an ooven 115°C / 5 hrs,

- Temperature 300°C Time 10 hrs

Remove 30 g of ddried catalyst (DO NOT CALCINE)
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20 wt% Co
Swt% Cu
4 wt% Cr
Silica

Cobalt impregnation on calcined ( Cu-Cr/Silica
reparation Pr ur

Calcine silica at 500°C for 110 hrs. Use Davisson Grade 952 silica. Presieve to > 38
microns (400-0 mesh).

Impregnate the support with an aqueous solution of Cu(NO,),xH,0, and
Cr(NO,);.9H,0 using appraopriate quantity to get incipient wetness (ca. 1.2 mi/g) with
the desired loading of Cu ¢ and Cr.

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

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

Impregnate the Cu-Cr/Si0O,), with an aqueous solution of Co nitrate {Co(NO;), 6H,0}
using an appropriate quantitity to get incipient wetness with the desired loading of Co.

Dry the catalyst precursor 7 in an oven for 5 hrs at 115°C with moderate stirring.

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

Reduction Procedure befopre Reaction:

Heat the catalyst in inertt gas to 120°C at a rate of 1°C/min then start adding
hydrogen to give a concentitration of 0.5% at the bed inlet. Raise the catalyst bed
temperature to 165°C at a r rate of ca. 30°C/hr. When the temperature of the bed has
reached 160°C increase thee hydrogen concentration in the carrier gas to 1.0%. As
the reduction proceeds annd the temperature rise begins to diminish, the inlet
temperature may be raised d to 200°C. The inlet hydrogen concentration can then be
increased to about 3-5%, pprovided that the maximum temperature limit of 230°C is
not exceeded. When the 1 reduction appears to be complete the inlet temperature
should be raised to 230°C ¢ and the inlet hydrogen concentration raised to ca. 20%.




