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higher alcohols to the synthesis gas to obtain a synthesis gas mixture. (d) converting the synthesis gas mixture from step (¢) In
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carbonyl compounds prior or after the addition methanol and/or higher alcohols to the synthesis gas and optionally (1) cooling the
withdrawn product in step (e); and (g) contacting the cooled product with a hydrogenation catalyst.
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Title: Process for the preparation of ethanol and higher

alcohols

The present invention relates to the production of ethanol
5 or higher alcohols. In particular the invention 1s a

process for the preparation of these alcohols by conversion
of carbon monoxide and hydrogen containing synthesilis gas
admixed with ethanol in presence of a catalyst containing
oxlides of copper, zinc and aluminium.

10
It is known that higher alcohols and other oxygenates are
formed as by-product in the catalytic methanol synthesis

from synthesis gas.

15 It is also known that higher alcohol products can be

produced directly from synthesls gas.

US patent application no. 2009/0018371 discloses a method
for the producing alcohols from synthesis gas. The

20 synthesis gas is in a first step partially converted to
methanol in presence of a first catalyst and in a second
step methanol is converted with a second amount of
synthesis gas to a product comprising C2-C4 alcohols 1in
presence of a second catalyst. The second amount ot

25 synthesis gas can include unreacted synthesis gas from the

first step.

The alcohol synthesis requires a high concentration of

carbon monoxide 1n the synthesis gas. A useful synthesis
30 gas has a CO/H2 ratio of at least 0.5. The synthesis gas

for the higher alcohol synthesis 1s prepared by the well

known steam reforming of liquid or gaseous hydrocarbons or

CONFIRMATION copy
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by means of gasification carbonaceous material, like coal,

heavy 01l or bio mass.

When using an oxidic alcohol formation catalyst together
5 with a synthesis gas having a high content of carbon

monoxide, the catalyst has a relatively short operation

time. The catalyst bed will after a time on stream be

clogged with waxy material and has to be removed.

10 We have found that this problem arises during preparation
of the synthesis gas under conditions to provide a
relatively high content of carbon monoxide. Carbon monoxide
reacts with the steel equipment used in the synthesis gas
preparation and forms inter alia iron carbonyl compounds.

15 When transferred to the alcohol synthesis catalyst, these
compounds catalyse the Fischer-Tropsch reaction and the

waxy material is formed on the catalyst.

By removing the carbonyl compounds from the synthesis gas
20 upstream of the alcohol synthesis, the operation time of

the catalyst can be much 1lmproved.

It has further been found that addition of methanol and in

particular alcohols higher than methanol to the synthesis
25 gas results in a drastic increase in the yield of higher

alcohols when compared to the known methanol synthesis gas

mixture.

Pursuant to the above findings, this invention 1s a process
30 for the preparation of ethanol and/or higher alcohols

comprising the steps of:
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(a) providlng an alcohol synthesis gas comprising carbon
monoxide and hydrogen i1n a molar ratio of higher than 0.5;
(b) adding an amount of methanol and/or higher alcohols to
the synthesis gas

(c) converting the synthesis gas mixture from step (b) in
presence of one or more catalysts catalysing the conversion
of the synthesis gas mixture into a ethanol and/or higher
alcohols containing product; and

(d) withdrawing the product from step (c), wherein the
synthesis gas 1s purified by removing metal carbonyl
compounds prior or after the addition methanol and/or

higher alcohols to the synthesis gas.

In one aspect, there 1s provided a process for the
preparation of one or more of ethanol and higher alcohols
comprising the steps of: (a) providing an alcohol synthesis
gas comprlising carbon monoxilide and hydrogen in a molar
ratio of higher than 0.5; (b) adding an amount of one or
more of methanol and higher alcohols to the synthesis gas
to obtain a synthesls gas mixture; (c)converting the
synthesis gas mixture from step (b) 1n presence of one or
more catalysts catalysing the conversion of the synthesis
gas mixture into an ethanol and/or higher alcohols
containing product; and (d) withdrawing the product from
step (c¢), wherein the synthesis gas 1s purified by removing
metal carbonyl compounds prior or after the addition of one
or more of methanol and higher alcohols to the synthesis
gas, wherein the metal carbonyl compounds are removed
from the synthesis gas by contacting the gas with a sorbent
comprlising copper aluminium splnel being modified by

reduction 1n a reducing atmosphere at a temperature of
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3a

between 250°C and 500°C prior to being contacted with the

synthesis gas.

As used hereinbefore and 1n the following description and
the claims, the term “higher alcohols” refers to ethanol

and alcohols having more than 2 carbon atoms.

Catalysts being active 1n the conversion of synthesis gas
to higher alcohols are per se known 1n the art. For use 1n
the present invention a preferred catalyst consists of
copper, zinc oxide and aluminlium oxlide and optionally

promoted with one or more metals selected from alkali

metals, basic oxides of earth alkall metals and lanthanides

being commercially available from Haldor Topswge A/S,

Denmark.

As already discussed above, an essential feature of this
invention 1s the removal of metal carbonyl compounds, 1n
particular iron and nickel carbonyl, from the synthesis gas
in order to prevent formation of waxy material on the

alcohol preparation catalyst due to the Fischer-Tropsch
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reaction catalysed by metal carbonyl compounds being

otherwise present in the synthesis gas.

A particular useful metal carbonyl sorbent for use 1in the
inventive process comprises copper aluminium spilinel being
modified by calcination at elevated temperature 1n an
oxidizing atmosphere followed by a reduction in a reducling
atmosphere, such as synthesis gas or synthesis gas diluted
with an inert gas, prior to being contacted with metal

carbonyl contamlinated synthesis gas.

Copper aluminum spinels are per se known compounds and the
preparation of copper aluminum spinel 1s described 1n the

art e.g. Z.Phys.Chem., 141 (1984),101-103.

Preferably, the particulate sorbent further comprises
copper oxide in excess to the amount being present in the

copper aluminum spinel prior to modification.

A typical preparation method comprises co-precipitation of
copper and aluminum salts and calcination 1n ailr at a
temperature of between 700°C and 900°C to form crystals

with the spilnel structure.

These sorbents remove carbonyl compounds from the synthesis

gas to the low ppb range, preferably below 1 ppb.

The sorbent may be arranged as an 1sothermal guard reactor
in front of the alcohol synthesis reactor or as top layer
on a fixed catalyst with the one or more catalysts

catalysing the conversion of the synthesis gas.
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The absorber is effective at inlet temperature of the
alcohol synthesis gas mixture of between 200 to 250°C.
Therefore it is preferred to place the absorbent directly
on top of the alcohol preparation catalyst bed instead of
having a separate absorber reactor, which would also imply
a cooling and/or heating step of the synthesis gas prior to

introduction i1nto the alcohol reactor.

A further essential feature of the 1nvention 1is the
addition of methanol and/or higher alcohols to the
synthesis gas upstream the alcohol reactor 1in order to
increase the production yield of desired higher alcohols.
Addition of only methanol, slightly improves the formation
of higher alcohols. The prime reason for adding methanol 1is

to control the temperature in the catalyst bed.

Methanol formation is an exothermic process and low
methanol content in the gas will give rise to a drastic
temperature increase at reactor inlet. Thus by adding
methanol in an amount, which adjusts the reaction mixture
to the thermodynamic equilibrium with respect to the
content of methanol in the synthesis reaction, no methanol

formation will take place at reactor 1inlet.

As synthesis gas is consumed 1n the reactor due to
formation of higher alcohols an amount of the methanol will
be decomposed. Methanol decomposition 1s an endothermic
reaction that provides an improved temperature control 1in
the catalyst bed. Alcohols like ethanol and propanol
participate in the synthesis of higher alcohol resulting in
a large increase of the rate of formation of higher

alcohols.
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It is therefore preferred to add a mixture of methanol and

higher alcohols to the synthesis gas.

5 The alcohols may be admixed in the liquid phase into the
synthesis gas upstream the alcohol reactor and evaporate

subsequently in the synthesls gas.

The synthesis of higher alcohols is preferably carried out
10 at a pressure of at least 2 MPa, typically between 2 and 15
MPa and a temperature above 250°C, preferably between 270

and 330°C.

The alcohol synthesis can be performed in an adiabatic
15 operated reactor with quench cooling or preferably 1n a

cooled boiling water reactor, producing high pressure

steam. In the boiling water reactor large diameter tubes

may be used due to the modest reaction rate.

20 In the synthesis of higher alcohols small amounts of
aldehydes and ketons together with other oxygenates are
formed as by-products. These by-products may form azetropilc
mixtures with the higher alcohols or have boiling points
close to the alcohols and leave the purification of the

25 product difficult.

In a specific embodiment of the invention, the alcohol
product being withdrawn from the alcohol synthesis step 1is
subjected to a hydrogenation step 1n presence of a

30 hydrogenation catalyst, wherein the oxygenate by-products
are hydrogenated to their corresponding alcohols. Thereby,

the final distillation of the product 1is much 1improved.
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For the purpose of the product hydrogenation, the alcohol
product being withdrawn from the alcohol synthesis is
cooled 1in a feed effluent heat exchanger to a temperature
between 20°C to 200°C, preferably from 100°C and 200°C, and
introduced 1nto a hydrogenation reactor contalning a bed of
hydrogenation catalyst. Useful hydrogenation catalysts are
catalysts containing noble metals including platinum and
palladium or a copper/zinc oxide/alumina catalyst being

also employed 1in the alcohol synthesis.

The thus treated alcohol product 1s passed to a
distillation step, wherein water and a part of the higher
alcohols are separated from the remalining higher alcohols.
The separated amount of 1s admixed 1into the purified

synthesis gas as described hereinbefore.
EXAMPLES
Example 1

Alkalili modified (1 wt. % K) alcohol preparation catalyst
consisting of oxides of copper, zinc and aluminium
(commercially availlable from Haldor Topsoe A/S under the

trade name “MK-121") 1s activated at 1 bar, with a 4000

\O

Nl/h/kg.cat space velocity of 3 % H2, 0.2 % CO, 4.4 % CO2
in N2 gas mixture starting at 170°C and heating up to 225°C
with a 10°C/min ramp. It is kept at 225°C for two hours.

The thus activated catalyst consists of metallic copper,
zlnc oxide and aluminium oxilde, promoted with potassium

carbonate.
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The catalyst evaluation experiments were carried out in a
copper lined stainless steel plug-flow reactor (19 mm ID)
containing catalyst pellets (20-50 g, pellet diameter omm
and height 4mm) held i1n place by quartz wool.

The reactor effluent was analyzed by on-line gas
chromatograph. The liquid composition was identified with a

GC-MS.

The reaction temperature, gas composition, alcohol co-
feeding, space velocity and pressure effects were evaluated
and the results are shown in Tables 1-5 below. The
synthesis gas mixture contained HZ and CO (with the
specified ratios in the Tables), 2-5 vol.% CO2 and 3 vol.%

Ar.
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Table 1

Effect of temperature on the higher alcohols production:

H2/C0O=1.1, 80 bar, Sv=2000 Nl/kg.cat/h, 20 g catalyst.

Temperature (°C) 280 300 320

(inlet, g/h) 16.461 369 | 121 "|

Exit composition g/h/g cat)

MeQH

Methanol 0.8486 4681 0.2671
Ethanol 0.0194 0.0191 0120
"I—Propanol | |
0.0130 0.0206 0.0163
lz'PrOPanOl 0.0009 0.0022 0021
2-Methyl-1- -
1
PEoPan® 0.0004 |  0.0219 L0303
Other butanols 0.0047 0.0065 0050
= - R
entano.ls 0.0050 | 0.0111 0110
IHexanols and
 higher | 0.0024 0.0054 0.0061
Total (Ethanol
Lah
and higher) 0.0458 0.0867 | 0.0828
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Table 2

7
PCT/EP2011/002447

Effect of module on the higher alcohols production:

T= 320°C,

80 bar,

| MeOH (inlet,

' CO 3

 Module (H,/CO)

conversion

Methanol

_Ethanol

SV=2000 Nl/kg.c

g/h)

at/h, 20 g catalyst.

Exit coﬁbosition

0.0879

0.0038

_1—Propanol

0.0068

2—Propanol

—

Z—Qethyl—l-
propanol

Other butanols

_bentanols

Hexanols and
higher

0.0074

Total
and higher)

(Ethanol

Yg/h/g.cat)

0.2071

0.0120

0.0163

0.0021

0.0303

0.0550
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Effect of pressure on the higher alcohols production:

T= 320°C, H,/C0=0.5,

SV=2000 N1l/kg.cat/h, 20 g catalyst.

Pressure (bar) 30

MeOH (inlet, g/h
€OH (inlet, g/h) 3.2240 4.6070
CO % conversion 31 30
 Exit 5omposition (g/h/g.cat)
— _ B

Methano 0.0879

Ethanoil 0. 0038

1-Propanol 0.0068 0.0123
lZ'PrOPanOl 0.0021 0.0034
2-Methyl-1- |

 propano. 0.0233 0.0347
Other butanols 0 0028 0. 0041
Pentanols 0.0088 0.0122
Hexanols and -
nigher 0.0074 0.0077
Total (Ethanol
_i?d ﬁfghéfl__ - 0.0550 0.0815
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Table 4

Effect of space velocity on the higher alcohols production:

T= 320°C, H,/CO=1.1, 80 bar, 20 g catalyst.
SV 2000 | 5000 [ 10000 | 15000 |
(N1/h/kg.cat) .
' - . . 6820 25.4590 B
MeOH (inlet, 1910 12.68 7 G670
g/h)
%S conversion B
13 13 6 3

Exit composition (g/h/étzati
Methanol 0.2671 | 0.4991 | 1.0196 | 1.5475
Ethanol 0.0120 0.0190 | 0.0309 0.0369
1-Propanol 0.0163 0.0227 0.0314 0.0329
IZ—Propanol 0 0021 0. 0023 0.0029 0.0027
2-Methyl-1-
 propanol 0.0303 0.0349 0.0389 0.0345
Other butanols 0.0050 0. 0063 0.0089 0.0092
‘PentanOlS 0.0110 0.0138 0.0171 0.0159 |
| Hexanols and
nigher 0.0061 0.0066 0.0079 0.0072
Total (Ethanol
- .1056 0.1380 |
and hlgher)- 0 0828 0 - - 0.1393 |
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Table 5.

PCT/EP2011/002447

T= 320°C, H,/CO=1.1, 80 bar, SV=5000 N1/h/kg.cat, 20 g

catalyst.

MeOH (inlet, g/h) 12.6820 - 1

CO % ' - 25 |
cConversi10on 59

| ~ Exit composition (g/h/g.éat) N

Methanol 0.4991 0.3789

mthanol 0.0190 0.0139

| I -

1-Propanol 0.0227 0.0174

¢-Propanol 0.0023 0.00109

ré—Methyl—l—

propanol

L —

Other butanols

_bentanols

Hexanois and
higher

Total (Ethanol
and higher)
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Example 2

Co-feeding ethanol or l-propanol together with methanol and
synthesis gas mixture. 50 grams of 1% wt. K/MK-121 were

used as alcohol preparation catalyst.

Table 6
Effect of ethanol co-feeding with methanol and synthesis

gas on the higher alcohols production:

T= 320°C, H2/C0=0.5, 100 bar, Sv=2000 Nl/h/kg.cat, 50 g

catalyst.
EtOH (i1nlet, N B o
g/h) | 11.4210 | 57.7630 115. 9640
MeOH (inlet, l
g/h) 4.6070 | 11.9150 | 12.0500 12.1020 |
CO % conversion 59 31 36 27
_ E— Y
Exit composition (g/h/g.cat)

IMethanOl 0.1449 | 0.1756 | 0.1882 0.0859

d —e —_— l
Ethanodl 0.0071 | 0.0391 | 0.4776 1.3753
1-Propanol | 0.0123 | 0.0510 | 0.1533 0.1195
2-Propanol 0.0034 | 0.0068 | 0.0061 0.0077
| 2-Methyl-1- -
 propanol 0.0347 | 0.0718 | 0.0384 0.0163
Other butanols 0.0041 | 0.0135 | 0.0707 0.1427
Pentanols 00122 0.0621
Hexanols and -
nigher 0.0077 | 0. 0.0054

Total (excluding
methanol and
ethanol)

0.0815* | 0.1852 | 0.3228 | ~ 0.3536
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PCT/EP2011/002447

Effect of propanol co-feeding with methanol and synthesis

gas on the higher alcohols production:

Hexanols and
higher

Total (exéiuding
methanol and 1-
propanol)

| 0.0815*

T= 320°C, H2/C0=0.5, 100 bar, SV=2000 Nl/h/kg.cat, 50 g
- catalyst.
1-Propanol ) B N o
(inlet, g/h) 15.2951 | 75.4682 151.2269
r . . ., . - - | - " - -
MeOH (1inlet,
g/h)
4.6070 | 12.2289 | 12.0718 12.0851
. — — — —
‘CO % conversion 9 53 50 14
Exit composition (g/h/g.cat)
Methanol 0.1449 | 0.2065 | 0.1985 0.1967
rﬁthaDOI 0.0071 | 0.0097 | 0.0034 0.0000
1-Propanol 0.0123 | 0.1242 | 1.0580 2.6481
2-Propanol 0 0034
2-Methy;—f; |
propanol
Other butghois
Pentanols

* This value excludes only methanol.
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Example 3

Post hydrogenation of unsaturated intermediates (aldehydes
and ketones) to further alcohols: The plug flow reactor was
loaded with higher alcohols catalyst (20 g) at the top part
and a copper based hydrogenation catalyst (MK-121, 20 g) at
the bottom part. The catalysts were treated 1nitially same

as described above.
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Table 8
Effect of hydrogenation of the unsaturated intermediates on

the higher alcohols production:

T= 300°C, H2/C0=0.5, 80 bar, Sv=2000 Nl/h/kg.cat, 20 g
higher alcohols+20 g hydrogenation catalyst.

R s E N E

lHydragenation yes No
' MeOH (inlet, 8.8090 - o
g/h) 4.016

' CO & conversion 35 31 o .

Exit composition (g/h/g.cat)

Methanol [0.3231 0.3196

Ethanol 10.0093 1 0.0151

'1-Propanol 0.0138 0.0202 - ]
| 2-Propanol 0.0034 1 0.0037 o ]
2-Methyl-1- l -

propanol 0.0265 0.0281

| . S R . . -
iOther butanols 0.0042 0.00064

Pentanols 0.0100 0.0116 -

Hexanols and - ]
higher 0.00860 0.0066

Total (Ethanol

i and higher) |0.0758 0.0918
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Table 9
(SV)

the higher alcohols production:

T= 300°C, H2/C0=0.5,

100 bar,

hydrogenation catalyst.

PCT/EP2011/002447

with post hydrogenation on

20 g higher alcohols+20 g

SV | 5000 10000 15000 20000
(N1/h/kg.cat)
| MeOH (inlet, ]
g/h) 11.6220 | 22.8490 | 34.0940 | 45.7280
' CO ¢ o
conversion 27 24 17 1 15 12
I B b _
Exit composition (g/h/g.cat)
|
Methanol 0.3231 [ 0.8962 |1.7466 |2.1461 |2.6456
'Ethanol 1 0.0093 [0.0227 |0.0454 |0.0801 [0.0976
I_:L-i?ropanol 0.0138 |0.0248 [0.0364 |0.0539 |0.0595
| 2-Propanol 0.0056 [0.0058 |[0.0095 | 0.0090
b
2-Methyl-1- _ﬁ
propanol 0.0003 |0.0005 |0.0012 |0.0014
Other butanols | 0.0042 |0.0087 |0.0136 | 0.0240 0."0273-1
Pentanols 0.0100 |0.0157 |0.0214 |0.0298 | 0.0516
'Hexanols and B o
higher 0.0086 |0.0150 |0.0166 |0.0283 |[0.0143
Total (Ethanol I
and higher) 0.0758 |0.0928 [0.1395 |0.2267 |0.2608
. —
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CLAIMS:

1.

| -

Process for the preparation of one or more of ethanol and

higher alcohols comprising the steps of:

2.
(C)

(a) providing an alcohol synthesils gas comprising carbon
monoxide and hydrogen in a molar ratio of higher than 0.5;
(b) adding an amount of one or more of methanol and higher
alcohols to the synthesis gas to obtaln a synthesis gas

mixture;

(C) converting the synthesis gas mixture from step (b) 1n

LR

presence of one or more catalysts catalysing the conversion of
the synthesis gas mixture i1nto an ethanol and/or higher
alcohols containing product; and

(d) withdrawing the product from step (c), wherein the
synthesis gas 1s purified by removing metal carbonyl compounds
prior or after the addition of one or more of methanol and
higher alcohols to the synthesis gas, wherein the metal
carbonyl compounds are removed from the synthesis gas by

contacting the gas with a sorbent comprising copper aluminium

spinel being modified by reduction i1n a reducling atmosphere at
a temperature of between 250°C and 500°C prior to being

contacted with the synthesis gas.

Process of claim 1, wherein the one or more catalysts 1n step

comprise copper, zinc oxide and aluminium oxide and are

optionally promoted with one or more metals selected from alkali

metals, basic oxides of earth alkali metals and lanthanides.

3.

Process of claim 1 or 2, wherein the sorbent comprises copper

in excess to the amount of copper contained in the copper aluminum

spinel.
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4 . Process of any one of claims 1 to 3, wherein the sorbent 1s

arranged on top of a fixed bed of the one or more catalysts

catalysing the conversion of the synthesis gas mixture.

5. Process of any one of claim 1 to 4, wherein the reducing

atmosphere is synthesis gas diluted with an i1nert gas.

6. Process of any one of claims 1 to 5, wherein the conversion of

the synthesis gas mixture is performed at a pressure of between 2

and 15 MPa and a temperature of between 270°C and 330°C.

7. Process of any one of claims 1 to 6, comprising the further
steps of:
(e) cooling the withdrawn product in step (d); and
(f) contacting the cooled product with a hydrogenation
catalyst.
8. Process of claim 7, wherein the product in step (e) 1s cooled

P

to a temperature of between 20°C and 200°C.

9. Process of claims 7 or 8, wherein the hydrogenation catalyst

comprises copper, zinc oxide and aluminium oxide.

10. Process of claims 7 or 8, wherein the hydrogenation catalyst

comprises one or more of platinum and palladium.
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