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Table 4. Blank Reactor Tests with Methanol/Ethanol Feed

— —

Blank Reactor Quartz/a-Al, 0, Glass Beads
Loading
Run Number 207 206
Conditions 350°C, 30 psig,
2 hr'' MeOH WHSV,
10/1/2 MeOH/EtOH/N, (molar)
Conversion (%)
MeOH 7.9 2.1
EtOH 12.1 2.5
Selectivities (mole %)
nC,OH 0.0 0.0
nC,OH 0.0 0.0
iC,OH 0.3 0.4
iC, Aldehyde 0.1 0.0
Me iButyrate 0.0 0.0
Other Oxygenates 0.5 3.8
Others (No ID) 1.0 0.8
C,-C, Oxygenates 93.8 76.9
C,-C, Hydrocarbons 3.6 13.3
Cco 0.0 0.0
CoO, 0.8 4.9
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Table 7. Evaluation of Methanol Synthesis Catalysts
Run 113 115 114
Hours on Stream 8-16 8-16 8-16
Catalyst Cu/Zn/Al Cu/Zn/Al Zn/Cr

Oxide Oxide Oxide
Commercial | Lab Prepared | Lab Prepared
Conditions
Temperature (C) 310 310 450
Pressure (psig) 1100 1100 1100
CO GHSV (hr') 2250 2250 2250
H,/CO (molar) 11 111 171
Conversions (%)
(0] 28.1 28.7 27 .1
H, 37.6 38.7 24.6
Selectivities (%)
C,OH 64.0 65.9 0.1
C,OH 2.7 3.0 0.1
C,OHs 1.1 1.4 0.1
n-C,OH 0.6 0.7 0.1
i-C,OH 1.0 1.3 0.1
C:.OH 1.2 1.8 0.1
DME 1.4 4.1 0.0
C, HCBN 1.4 1.7 26.7
C.., HCBNs 1.8 2.3 24.8
Others 12.2 4.1 6.5
CoO, 12.6 13.7 41.4
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Table 8. Cu/Zn/Al Oxide with Supported Potassium
Co-Catalysts
Run 141 139 140
Hours on Stream 8-16 8-16 8-16
Catalyst Cu/Zn/Al Cu/Zn/Al Cu/Zn/Al
Oxide Oxide Oxide
+ + +
Sio, K/AlLLO, K/SiO,
1:1 (wt.) 1:1 (wt.) 1:1 (wt.)
Conditions |
Temperature (C) 310
Pressure (psig) 1100
CO GHSV (hr'") 2250
H,/CO (molar) 1/1
Conversions (%) i
co 29.7 27.5 13.5
H, 40.2 39.5 15.4
Selectivities (%)
C,0OH 54.3 61.9 44.9
C.OH 2.4 1.4 0.6 |
C,OHs 0.9 0.6 0.3
n-C,OH 0.3 0.2 0.1
i-C,OH 0.9 0.7 0.2
C,,OH 0.3 0.6 1.1
DME 6.5 7.2
C, HCBN 1.3 1.5
C,., HCBNs 1.4 1.3
Others 3.4 2.5
Co, 27.9 22.1
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Table 10. Cu/Zn/Al Oxide with Mg/Al MOSS Co-Catalysts

co,

Run 145 144 146 143
Hours on Stream 8-16 8-16 8-16 8-16
Cu/Zn/Al |. Cu/Zn/Al Cu/Zn/Al Cu/Zn/Al
Catalyst Oxide Oxide Oxide Oxide
f + + + +
Sio, 0.2% Na 0.2% K/ 0.3% Cs/
Mg/Al Mg/Al Mg/Al
MOSS MOSS MOSS
1:1 (wt.) 1:1 (wt.) 1:1 (wt.) 1:1 (wt.)
Conditions
Temperature (C) 310
Pressure {psig) 1100
CO GHSV (hr'') 2250
H,/CO {molar) A
Conversions (%)
Co 31.2 30.2 29.4 32.2
H, 40.6 43.1 39.5 41.5
Selectivities (%)
C,0OH 46.0 41.8 40.5 41.1
C,OH 2.5 0.4 0.5 0.5
C,OHs 1.1 0.2 0.2 0.2
n-C,OH 0.5 0.0 0.1 0.1
i-C,OH 0.6 0.1 0.3 0.4
C.,0OH 0.9 0.5 0.6 0.8
DME 7.5 23.3 23.9 21.5
C, HCBN 1.1 0.6 0.7 0.8
C,. HCBNs 1.7 0.5 0.4 0.9
Others 7.7 2.1 2.4 3.1




Table 11.

Cs Addition to Cu/Zn/Al Oxide
Run 145 147 1562
Hours on Stream 8-16 8-16 8-16
Cu/Zn/Al 1.3% Cs on
Catalyst Oxide Cu/Zn/Al Oxide
+ +
SiO, Si0,
1:1 (wt.)
7:1 (wt.)
Conditions
Temperature (C) 310
Pressure (psig) 1100
CO GHSV (hr") 2250
H,/CO (molar) 1/1
Conversions (%)
co 31.2 23.8 23.1
H, 40.6 37.3 35.4
Selectivities (%)
C,0OH 46.0 63.2 62.9
C,OH 2.5 2.1 2.2
C,OHs 1.1 0.8 0.9
n-C,OH 0.5 0.3 0.3
i-C,OH 0.6 0.6 0.9
C;.OH 0.9 0.4 0.5
DME 7.5 6.7 7.7
C, HCBN 1.1 1.0 1.2
C,, HCBNs 1.7 1.3 1.0
Others 7.7 3.7 1.5
CoO, _30.4 20.2 20.9
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Table 13. Catalyst Screening for Methano! Condensation |

Plant 700 Runs 154-167
Conditions: 250 °C, 1100 psig, 2 hr' MeOH WHSYV,
1/2 MeOH/N, or H, (molar)

CATALYST N, Co-Feed H, Co-Feed
MeOH DME MeOH DME
Conv. Select. Conv. Select.
(%) (mole%) (%) {mole%)
Blank 3.2 87 )
Cu/Zn/Al 8.3 45.4 2.1 83.4
(30/45/25)
Cu/Zn/Al 1.9 92.2
{(30/25/45)
+1.3% Cs
Zr/Zn 1.3 97.4 1.4 97.0
(50/50)
Zr/Zn/Mn 1.4 89.3
{33/33/33)
Cs/Zn/Mn 1.2 100.0
(33/33/33)
- ——
Mg/Al MOSS 2.5 99.3
Mg/Al MOSS 1.6 90.4 1.6 93.7
+0.5% Cu
Mg/Al MOSS 1.9 89.3
j ' +5.0% Cu
Mg/Al MOSS 1.5 98.5
+0.5% Co
Mg/Al MOSS 1.7 96.4
+0.5% Ag
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Table 14. Evaluation of Mg/Al MOSS Catalyst for
Methanol/Ethanol Condensation

Plant 700
Catalyst: Commercial Mg/Al MOSS (20-40 mesh)

Run 168 169 170 172 173

Conditions

°C 250 250 350 350 350

psig 1100 100 100 30 30

hr! (MeOH) 2 2 2 2 0.4

EtOH/MeOH 0.1 0.1 0.1 0.1 0.1

Dil/MeOH 2H, 2H, 2N, . 2N, 2N,

Conversions

(%)

MeOH -1.3 -0.1 7.9 6.5 21.6

EtOH 20.1 7.5 31.6 31.5 44.7

Selectivity

(mole%,

CO,-free)

C,OH 0.0 7.6 7.2 10.1 4.8

n-C,OH 4.1 1.4 0.2 0.8 0.6

i-C,OHs 0.0 5.7 4.0 5.9 3.3

Ce.OHs 0.0 0.6 0.7 1.2 0.5

DME 86.9 58.7 60.0 55.9 75.2

C.,.; ALD 0.0 11.3 9.3 9.6 0.8

C, HCBN 4.3 1.6 1.6 1.9 1.2

C.. HCBN 4.7 3.8 1.4 1.3 8.6
“ Others 0.0 | 9.3 15.7 13.3 4.0




Table 15. Effect of Temperature on Performance of Cu/Zn/Al
Oxide for Methanol/Ethanol Condensation
Plant 700
Catalyst: Cu/Zn/Al Oxide {(30/45/25) 20-40 mesh
Conditions: 30 psig, 2 hr'' MeOH WHSV,
1/0.1/2 MeOH/EtOH/N, (molar)
Run 176 177 178
Temperature (°C) 350 300 250
m
Conversion
%
C,.0H 92.3 50.7 17.0
C,OH 96.9 89.5 11.4
Selectivity
mole%
nC,0H 0.4 0.8 7.4
nC,OH 0.1 0.1 0.3
iC,OH 4.5 13.4 8.7
tC,OH 0.2 0.0 0.0
Me,O 8.3 7.0 5.4
Et,0 0.9 0.7 0.6
MeOiC, 0.7 0.1 3.2
C,. ALD 1.1 1.3 13.0
iC, ALD 6.6 6.9 2.2
ESTERS 3.3 10.5 12.5
C,.; HCBN 3.2 2.5 1.3
CO 33.4 20.5 2.5
co, 32.4 25.1 7.4
Others 4.9 11.1 35.5
Productivity
g/kg cat/hr
iC,OH 26 56 21
C,. Oxygenates 76 121 43
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