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Process for the production of 1,3-butadiene

g—

The 1nvention relates a process for the production of 1, 3-

gr—
p—

butadiene from a feed comprising ethanol 1n the presence of a

trimetallic catalyst. The catalyst comprises lanthanum, zirco-

nium and zinc on a silica support. Furthermore, the present

p—

invention relates to a method for preparation of a novel sup-

ported catalyst, and the supported catalyst. Finally, the 1n-

g—

vention relates to the use of lanthanum 1n a catalyst for the

gr—

production of 1, 3-butadiene from ethanol, to 1ncrease the se-

g—

lectivity of the catalytic reaction, the catalyst further com-

prising zlrconium and zilnc.

gr—

1, 3-Butadiene 1s a commodity chemical and 1s of considerable

g—

interest for the production of synthetic rubbers. It 1s pres-

ently mainly produced from non-sustalnable sources. The cata-

g—

lytic synthesis of 1,3-butadiene from a renewable source,

ethanol, has also previously been disclosed. Most recently,
M.D. Jones et al. (Catal. Sci. Technoli., 2011, 1, 267-272) de-

gr—

scribe a study of bimetallic and trimetallilic catalysts. Par-

ticularly promising results are reported for the system

y— y—
p—

Z2r0,/72n0. Salts of Zn and Zr were 1mpregnated onto a varilety of

support materials, and the resulting catalyst precursors were
calcined to generate the respective metal oxides. The trimet-

allic system Cu/Zr/Zn on a 150 A silica 1is reported to have

the highest selectivity to 1,3-butadiene, albeit with a lower

conversion than some of the Zr/Zn catalysts without Cu. With

this specific trimetallic catalyst, and unlike with other

gr—

catalysts, addition of acetaldehyde to the feed did not result

1n a significant enhancement of the selectivity to 1,3-

O

butadiene. The trimetallic catalyst on 60 A silica showed a

drop 1n selectivity to 1,3-butadiene with time.

WO 2012/015340 Al 1llustrates a one-step process for the pro-

duction of 1,3-butadiene from a feed comprising ethanol and

gr—

optionally acetaldehyde 1n the presence of a catalyst contain-
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1ng metals selected from the group silver, gold or copper, and

gr—

metal oxide selected from the group of magnesium, titanium,

zlrconium, and tantalum oxides, optionally modilified with al-

kali metals and/or cerium, tin or antimony oxides.

JP 2005/206472 A and JP 2006/218395 A relate to the prepara-

p—

tion of nitriles from organic compounds by ammoxidation.

A

There 1s a continulng need for processes for the production of

1,3-butadiene having increased selectivity and/or conversion.

gr—

Summary of the 1nvention

According to the present 1nvention, 1t was surprisingly found

that a catalyst comprising lanthanum, zirconium and zZinc as

catalytic metals on a support comprising silica gives favour-

able conversion and selectivity to 1, 3-butadiene.

Thus, 1n a first aspect, the present 1nvention relates to a

p—

process for the production of 1,3-butadiene, the process com-

prising 1) providing a supported catalyst comprising lantha-

num, zlrconium, and zinc, the support comprising silica; and

11) contacting a feed comprising ethanol with the supported

catalyst, to obtain a raw product comprising 1, 3-butadiene.

In a second aspect, the present 1nvention relates to a method

gr—

for preparation of a supported catalyst, the method comprising

g—

a) 1mpregnatling a support comprising silica with a salt of

gr—

lanthanum, b) dryving the 1mpregnated support of step a), and

g—

c) calcining the dried 1impregnated support of step Db). The

y—

supported catalyst of the 1invention 1n addition to lanthanum

further comprises zirconium and zinc.

Moreover, and 1n a third aspect, the invention relates to the

supported catalyst as produced, or producible, according to

p—

the method of the second aspect.
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use of lanthanum 1n

butadiene from a
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CA 02908655 2015-10-02

PCT/EP2014/059092

the 1nvention relates to the

a process for the production of 1,3-

feed comprising ethanol and optionally acet-

gr—

aldehyde, to 1ncrease the selectivity of the catalytic reac-

tion to 1,3-butadiene, the catalyst further comprising zlrco-

nium and zinc.

gr—

Detalled description of the invention

p—

1) Method for preparation of the supported catalyst

As set out above,

g—

ration of a supported catalyst comprising steps a) to c¢). In

the 1nvention relates to a method for prepa-

step a), a support comprising silica 1s 1mpregnated with a

g—

salt of lanthanum. 1In

a) 1s dried.

b) 1s calcined.

In one pre:

In step c),

g—
p—

step b), the 1mpregnated support of step

"erred embodiment, the method

prises additional steps, namely

gr—
p—

the dried 1mpregnated support of step

g—

of the 1nvention com-

d) 1mpregnating the calcined dried 1impregnated support

e) dryving the 1mpregnated support o

i1.e. thilis pre:

to the 1nvention,

gr—

p—

of step <C)

Z1NC

.
4

In an alternative pre

salt of lanthanum, a

p—

wlth a salt of zirconium and a salt of

"erred embodiment o:

gr—

salt of =zilrconium,

g—
h—

g—

step d); and

gr—

f) calcining the dried 1mpregnated support of step e,

"erred method 1s a two-step i1impregnation method.

gr—

- the method according

the support 1s 1mpregnated 1in step a) with a

gr—

and a salt of zinc,

i1.e. 1t 1s a one-step i1mpregnation method.

Suitable salts of lanthanum are e.g.

lanthanum,

tric acid and hydrochloric acid, and La(

g—

pre:

"erably

ferred 1norganic acids are selected

1norganic acid salts of

p—
p—

gr—

1norganic acilid salts of La( ). Pre-

from sulphuric acid, ni-

) nitrates are even
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more preferred. Most preferable, the lanthanum salt as used 1n

step (a) 1s La( ) nitrate hexahydrate, La (NO3)36H;0.

y—

With respect to the salt of zirconium used 1n the method for

g—

preparation of the supported catalyst, suilitable salts are e.g.

gr— gr—
p—

organic or 1norganic acid salts of zirconium, preferably of

72r (IV) . Preferred 1norganic acids are selected from sulphuric

acld, nitric acid and hydrochloric acid. Most preferred are

zlrconium sSalts such as Zr (0O,CCHz), and ZrO(NO3)», - x H»,O. The

gr—

use of the acetvylacetonate salt, Zr(C;H,0;)4, 1s also preferred.

gr—

With respect to the salt of zinc used 1in the method for prepa-

p—

ration of the supported catalyst, suitable salts are e.g. or-

gr—

ganlic and 1norganic acid salts of zinc. Most preferred salts
are ZD(NO3)2 ‘ 6H20 and ZD(OQCCH;g)g y 6H20.

Z2) Supported catalyst

gr—

The supported catalyst of the 1nvention comprises lanthanum,

zlrconium, and zinc. It 1s supported on a silica support, 1.e.

a support comprising silica.

gr—

With respect to the amount of lanthanum, a preferred range 1n

g—

all aspects of the 1invention 1s 0.1 to 20% by weight, calcu-

lated as La metal on support, preferably 0.5 to 10% by weight,
in particular 1 to 5% by weight, such as 2.0 to 3.0% by
welght.

gr— gr—
p—

Preferred amounts of zirconium accordiling to all aspects of the

invention are 0.1 to 5% by weilight, calculated as Zr metal on

support, preferably 0.5 to 3% by weight, 1n particular 1 to 2%
by weight, such as 1.5% by weight.

p— p—

Preferred amounts of zinc according to all aspects of the 1n-

vention are 0.05 to 3% by weight, calculated as 7Zn metal on

support, preferably 0.1 to 2% by weilight, 1n particular 0.3 to
1.0% by weight, such as 0.5% by weilght.
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gr— gr— gr—

The support of the supported catalyst of all aspects of the

invention comprises silica. In addition to silica, the support
may comprise of ceria, magnesia or alumina. It 1s most pre-
ferred that the support 1s (1.e. essentially consists of) si1l-

1ca. Suitable catalyst supports are e.g. S10, with BET surface

: - | — L
areas 1n a range of from 50 to 800 m"g . Preferred are silicas

O

having a pore diameter 1in a range of from 40 to 2000 A, pref-
erably 100 to 600 A, in particular 150 to 500 A.

In the most preferred embodiment, the supported catalyst 1is

produced or producible according to the method of the first

p—

aspect of the i1nvention.

3) Process for the production of 1,3-butadiene

y— gr—

The process for the production of 1,3-butadiene of the 1nven-

tion comprises the following steps

1) providing a supported catalyst comprising lanthanum, zir-

conium, and zinc, the support comprising silica; and

11) contacting a feed comprising ethanol with the supported

catalyst, to obtain a product comprising 1, 3-butadiene.

Preferably, the contacting 11) takes place at a temperature 1in
a range of from 200 to 600°C, preferably 300 to 425°C. Also,

1t 1s preferred that contacting 11) takes place at a weight

gr—

hourly space velocity of 0.2 to 7 h™.

gr—

The gaseous feed can contain 85 to 98% by volume of ethanol,

preferably 90 to 95% by volume, such as about 92% by volume

gr—

(with the rest of this raw ethanol beiling water). The process

according to the 1nvention 1s, however, preferably character-

1zed 1n that the gaseous feed 1n addition to ethanol comprises
acetaldehyde. As shown 1n the examples, and unlike with the

trimetallic Cu/Zr/Zn silica catalyst reported 1in Catal. Sci.
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gr—

Technol., 2011, 1, 267-272, the presence of moderate amounts

gr— gr—

of acetaldehyde 1n the feed 1ncreases the selectivity of the

reaction to 1,3-butadiene.

Thus, the feed preferably comprises up to 40% by volume, more

preferred up to 30% by volume, 1n particular up to 20% by vol-

p—

ume of acetaldehvyde.

The process according to the invention preferably further com-

Prises

111) separating the raw product i1nto a first portion com-

prising 1, 3-butadiene and a second portion comprising

acetaldehvde.

It 1s most preferred i1n the process accordling to the 1nvention

g—

that at least part of the second portion as obtained 1n step

gr—

111) 1s added to the feed, 1.e. that at least part of the ac-

etaldehyde produced 1s recycled into the feed.

g—

The following examples show the advantages of the present 1in-

vention. Unless noted otherwilse, all percentages are given by

welght.

Examples

1. Preparation of supported catalysts

gr—

The preparation of the supported catalysts for Examples 1 to 4

and 5 to 10, respectively, was conducted as follows:

la) Examples 1 to 4, and 11

Examples 1 and 11 constitute the control catalyst described 1in

Jones et al. (Catal. Sci. Technol., 2011). In Examples 2-4,

gr—

lanthanum (using the nitrate of lanthanum as a salt) was added

g—

together with appropriate amounts of Zr (IV) and Zn(II) 1n one

y—

step of 1mpregnation. After 1mpregnation, the i1mpregnated sup-
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p—

port was dried and calcined with a heating ramp of 5°C/min un-

t1l at 500°C, and was held at this temperature for 5 hours.

1b) Examples 5 to 10 and 12 to 28

g—

Preparation of the supported catalyst was carried out by two

gr—

separate steps of 1mpregnation: First, silica was 1mpregnated

g— g—
h—

with appropriate amounts of lanthanum using the nitrate of

lanthanum as a salt. After 1mpregnation, the 1Impregnated sup-

p—

port was dried and calcined with a heating ramp of 5°C/min un-

ti1l at 500°C, and was held at this temperature for 5 hours.

The next step was the 1mpregnation with salts of Zr(IV) and

gr—

/n(II), drying and calcilination with a heating ramp of 5°C/min

until at 500°C. The supported catalyst was held at this tem-

perature for 5 hours.

2. Catalytic tests

The catalytic tests were carried out under a gas phase at 325

to 375 °C, under atmospheric pressure with weight hourly space

gr—

velocities (WHSV) in a range of 0.3 to 5 h™'. The feedstock was

— O —

elther 96% by volume of ethanol and 4 % by volume of water

g—

(Examples 1 to 12), 92% by volume of ethanol and 6% by volume

gr— gr— gr—
p—

of water (Examples 13 and 17), or a mixture of this purity of

g— g—
p—

ethanol (92% by volume of ethanol and 8% by volume of water)

gr—

with acetaldehyde, 1n a volume ratio of raw ethanol to acetal-
dehyde of 9 to 1 (Examples 14, 16, 19 to 23), 8 to 2 (Examples
15 and 24 to 27), and 7 to 3 (Example 28), as 1ndicated 1n the

table. The carrier gas used was argon. The reaction was car-

ried out over 3-4 hours, and the results obtained after this

period are 1ndicated in the table below.
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ET = ethanol
AA = acetaldehyde
1,3BTD = 1, 3-butadiene

Comp. = composition
Conv. = conversion
Sel. = selectivity

1) 1.5 wt% Zr and 0.5 wt% Zn on S10,. The percentages 1ndicated

are the amount of La [wt%]. The numbers are weight% of metal
on support. It 1s believed that the metals are actually pre-

sent 1n the active catalyst 1n their oxide forms 7Zn0O, Z7Zr0,, and
La203 .

2) Welght hourly space velocity.

3) The acetaldehyde/ethanol ratio indicated 1s the volume ra-

tio0.

gr— gr—
p—

4)y 92 % means 92 % by volume of ethanol and 8 % by volume of

\O

g—

H,-O. The 2 : 8 wvolume ratio then means 20 volume % of acetalde-

\O

hyde, 73.6 volume % of ethanol, and 6.4 volume % of H,O etc.

5) Conversion and selectivity were calculated 1n accordance

with the method given by Jones et al. (Catal. Sci. Technol.,

2011, 1, 267-272). In all cases, the carbon balance was found

to be satisfactory.

Comparing Examples 1 to Examples 2Z2-10 shows that the addition

gr—

of lanthanum to the silica-supported Zr/Zn catalyst 1ncreases

the selectivity to 1,3-butadiene. The same can be observed

comparing Example 11 to Examples 12-28. Without wishing to be

bound to any particular theory, 1t 1s believed that the addi-

gr— gr—

tion of lanthanum reduces the acidity of the support and thus

g—

disfavours the dehydration of ethanol to ethylene and conse-

quently 1ncreases the selectivity to 1,3-butadiene. Further-
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more, 1t 1s believed that lanthanum promotes the aldol conden-

gr—

sation reaction between two molecules of acetaldehyde. In cer-

p—

tain examples (15, 16 vs. 17), the addition of acetaldehvyde to

y—

the feed has advantageous results 1n terms of selectivity to-

wards 1, 3-butadiene, Thus, not only can the by-product be re-

cycled, this recycling also i1ncreases selectivity towards 1, 3-

butadiene. Increasing the temperature (see Examples 20 vs. 22;

21 wvs. 23; 24 vs. 26; 25 wvs. 27) 1ncreases the conversion

pr— —

whilst having minimal effect of the selectivity to 1,3-

butadiene + acetaldehvde.

A

The following paragraphs relate to preferred embodiments of

the 1nvention.

1. A process for the production of 1,3-butadiene, the process
comprilsing
1) providing a supported catalyst comprising lanthanum,

zlrconium, and zinc, the support comprising silica;

and

11) contacting a feed comprising ethanol with the sup-

ported catalyst,

to obtain a raw product comprising 1, 3-butadiene.

2. The process according to para. 1, characterized 1n that

y—

contacting 11) takes place at a temperature 1n a range of
300 to 425°C.

3. The process according to para. 1 or para. 2, characterized

1n that contacting 11) takes place at a weight hourly space

velocity of 0.2-7 h™.

g—

4., The process according to any one of the preceding claims,

characterized 1n that the feed additionally comprises acet-

aldehvyde.



CA 02908655 2015-10-02

WO 2014/180778 PCT/EP2014/059092
- 11 -

gr—
p—

5. The process according to any one of the precediling paras.,

characterized 1n that 1t further comprises

111) separating the raw product 1into a first portion com-

prising 1, 3—-butadiene and a second portion comprising

acetaldehvyde.

6. The process according to para. 5, characterized 1n that at

y—

least part of the second portion 1s recycled into the feed.

gr—

7. The process according to any one of the preceding paras.,

characterized 1n that contacting 11) takes place 1n the

y—

presence of the supported catalyst according to para. 12.

y—

3. A method for preparation of a supported catalyst, the

method comprising:

a) 1lmpregnating a support comprising silica with a

gr—

salt of lanthanum;

g—

b) dryving the impregnated support of step a); and

gr—

c) calcining the dried impregnated support of step b);

wherein the supported catalyst 1in addition to lanthanum

comprises zlrconium and zinc.

9. The method according to para. 8, characterized 1n that the

method further comprises

d) 1mpregnating the calcined dried 1mpregnated support

g— g— g—
p— h—

of step c¢) with a salt of zirconium and a salt of

Z1NC;

g—

e) drying the i1mpregnated support of step d); and

gr—

f) calcining the dried 1mpregnated support of step e).
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10.

11.

12.

13.

_12_

The method according to para. 8, characterized 1n that the

gr—

support 1s 1mpregnated 1n step a) with a salt of lanthanum,

g— g—

a salt of zirconium, and a salt of zinc.

g—

Method according any one of paras. 8 to 10, characterized

1n that the support 1s silica.

Supported catalyst produced or producible according to the

g— g—

method of any one of para. 8 to 11.

g— gr—

Use of lanthanum 1n a catalyst for the production of 1, 3-

butadiene from a feed comprising ethanol and optionally ac-

g—

etaldehyde, to 1ncrease the selectivity of the catalytic

reaction to 1, 3-butadiene.



CA 02908655 2016-02-22

PPH
~13-

The embodiments of the present invention for which an exclusive property

or privilege is claimed are defined as follows:
1. A process for the production of 1,3-butadiene, the process comprising

1) providing a  supported catalyst comprising lanthanum,
zlrconium, and zinc, the support comprising silica; and
11) contacting a feed comprising ethancol with the supported

catalyst,
to obtain a raw product comprising 1, 3-butadiene.

2. The process according to claim 1, characterized in that contacting i1)

takes place at a temperature in a range of 300 to 425°C.

3. The process according to claim 1 or 2, characterized in that contacting

ii) takes place at a weight hourly space velocity of 0.2-7 h™t.

4. The process according to any one of claims 1 to 3, characterized in

that the feed additionally comprises acetaldehyde.

5. The process according to any one of claims 1 to 4, characterized in

that the raw product further comprises acetaldehyde, and the process

further comprises

111) separating the raw product into a first portion comprising

1, 3-butadiene and a second portion comprising acetaldehyde.

6. The process according to claim 5, characterized in that at least part

cf the second portion 1s recycled into the feed.
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7. The process according to any one of claims 1 to 6, characterized 1in
that contacting ii1i) takes place in the presence of the supported

catalyst produced according to a method comprising:

a) lmpregnating the support comprising silica with a salt of
lanthanum;
b) drying the impregnated support of step a); and

c) calcining the dried impregnated support of step b};

wherein the supported catalyst in addition to lanthanum comprises

zirconium and zinc.

8. The process according to claim 7, characterized 1n that the method

further comprises

d) impregnating the calcined dried impregnated support of

step c¢) with a salt of zirconium and a salt of zinc;

e) drying the impregnated support of step d); and

f} calcining the dried 1mpregnated support of step e).

9. The process according to claim 7, characterized 1n that, 1n said

method, the support is impregnated i1n step a) with a salt of lanthanum,

a salt of zirconium, and a salt of zinc.

10.Use of lanthanum in a catalyst for the production of 1,3-butadiene
from a feed comprising ethanol and optionally acetaldehyde, to increase

the selectivity of the catalytic reaction to 1,3-butadiene, the

catalyst further comprising zirconium and zinc.
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