Office de la Proprieté Canadian CA 2381940 C 2009/09/15

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 381 940
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2000/07/05 (51) Cl.Int./Int.Cl. B0O71J 23/96 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2001/03/01 (72) Inventeurs/Inventors:
- . RENNER, HERMANN, DE;
(45) Date de délivrance/lssue Date: 2009/09/15 HERZOG. HANS. DE
(85) Entree phase nationale/National Entry: 2002/02/13

(73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: EP 2000/006301 EVONIK DEGUSSA GMBH, DE

(87) N publication PCT/PCT Publication No.: 2001/014058 (74) Agent: MARKS & CLERK

(30) Priortes/Priorities: 1999/08/24 (DE199 40 127.6),;
1999/08/25 (DE199 40 459.3)

(54) Titre : PROCEDE DE REGENERATION DE CATALYSEURS EN SUSPENSION A BASE DE METAUX DE
GROUPES PLATINIQUES
54) Title: METHOD FOR REGENERATING PLATINUM GROUP METAL SUSPENSION CATALYSTS

(57) Abrégée/Abstract:

The regeneration of platinum group metal suspension catalysts involves a dissolution step using HCl and an oxidant, such as Cl, or
H,O,, and a precipitating step carried out In the presence of a reducing agent, especially an aldehyde, an HCOOH or a formiate.
According to the invention, the content of non-platinum metals which are dragged into the catalyst as a result of the method can be
reduced by carrying out the precipitation in the presence of a chelate complexing agent for one or more metals selected from the

series of metals of groups 2a, 3a, 4a of the periodic table and of the transition elements without elements of the platinum group.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02381940 2002-02-13

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges Eigentum
Internationales Biiro

(43) Internationales Veriffentlichungsdatum
1. Mirz 2001 (01.03.2001)

(51) Internationale Patentklassifikation’: B01J 23/96,

38/68, C22B 11/02

(21) Internationales Aktenzeichen: PCT/EP00/06301

(22) Internationales Anmeldedatum:
5. Juli 2000 (05.07.2000)

(25) Einreichungssprache: Deutsch

(26) Veroffentlichungssprache: Deutsch

(30) Angaben zur Prioritit:
199 40 127.6 24. August 1999 (24.08.1999)
199 40 459.3 25. August 1999 (25.08.1999)

DE
DE

(71) Anmelder (fiir alle Bestimmungsstaaten mit Ausnahme von

US): DEGUSSA-HULS AKTIENGESELLSCHAFT
[DE/DE]; D-60287 Frankfurt am Main (DE).

AW ) A A0 Y AN A

(10) Internationale Verdiffentlichungsnummer

WO 01/14058 Al

(72) Erfinder; und

(75) Erfinder/Anmelder (nur fiir US): RENNER, Hermann
[DE/DE}; Zozneggerstrasse S5, D-78333 Stockach (DE).
HERZOG, Hans [DE/DE]; Am Farnbuck 2, D-79410
Badenweiler-Lipburg (DE).

(81) Bestimmungsstaaten (national): BR, CA, CZ, ID, IL, IN,
JP, KR, NO, NZ, PL, SK, TR, US, ZA.

(84) Bestimmungsstaaten (regional): europiisches Patent (AT,
BE, DE, ES, FI, FR, IT, NL, PT, SE).

Veroffentlicht:
—  Mit internationalem Recherchenbericht.

Lur Lrkldrung der Zweibuchstaben-Codes, und der anderen
Abkiirzungen wird auf die Evkldrungen ("Guidance Notes on
Codes and Abbreviations") am Anfang jeder reguliren Ausgabe
der PCT-Gazette verwiesen.

(54) Title: METHOD FOR REGENERATING PLLATINUM GROUP METAL SUSPENSION CATALYSTS
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z (57) Abstract: The regeneration of platinum group metal suspension catalysts involves a dissolution step using HCI and an oxidant,

such as Cl, or H,0,, and a precipitating step carried out in the presence of a reducing agent, especially an aldehyde, an HCOOH or a
o0 formiate. According to the invention, the content of non-platinum metals which are dragged into the catalyst as a result of the method
If) can be reduced by carrying out the precipitation in the presence of a chelate complexing agent for one or more metals selected from
G the series of metals of groups 2a, 3a, 4a of the periodic table and of the transition elements without elements of the platinum group.

(57) Zusammenfassung: Die Regenerierung von Platingruppenmetallsuspensionskatalysatoren umfasst eine Losestufe mit HCl und
ein Oxidationsmittel, wie Cl, oder H,O,, und einen Fillungsschritt in Gegenwart eines Reduktionsmittels, insbesondere eines Al-
dehyds, HCOOH oder Formiats. ErfindungsgemiB lisst sich der Gehalt an verfahrensbedingt in den Katalysator eingeschleppten
O Nichtplatinmetallen reduzieren, indem die Féllung in Gegenwart eines Chelatkomplexbildners fiir ein oder mehrere Metalle aus der

Reihe der Metalle der Gruppen 2a, 3a, 4a des Periodensystems sowie der Ubergangselemente ohne Elemente der Platingruppe durch-
gefiihrt ward.

01/14




5

10

15

20

25

30

CA 02381940 2008-04-29

METHOD FOR REGENERATING PLATINUM GROUP METAL
SUSPENSION CATALYSTS

Description

The invention relates to a process for the regeneration of

platinum group metal catalysts, particularly’Pdnblacks, and

supported Pd catalysts. Regeneration comprises dissolution

. of the spent catalyst by oxidation and.precipitation'using

a reducing agent.

It is well known that suspension oatalystS‘with one oOr more
platinum group metals as the active catalyst component may
be deactivated by chemical, mechanical or thermal
influences and have to be regenerated in view of the cost
of noble metals. The term suspension catalysts is used

hereinafter to mean both supported and unsupported.

catalysts whose catalytlcally'actrve'maln component

comprises one or more platinum group metals. In addition,
however, the catalysts may contain one or more other
elements or element compounds for the purpose of modifying

the catalyst, for example, for influencing the selectivity

‘and/or activity. Known processes for regeneration can be

used for regenerating both unsupported noble metal blacks
and supported suspension catalysts. The main difference
lies in.the fact that the process for regenerating
supported catalysts neceSSarily'includes a filtration step
for separating the support.

industrially important hydrogenation reactions, for
example, the hydrogenation stage in the anthraguinone
process for the preparation of hydrogen peroxide, can be
carried out both with the use of unsupported, substantially
palladiumrcontaining catalysts, hereinafter known as |

palladium blacks, and with the use of supported catalysts
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containing substantially palladium as the active main

component .

If suspension catalysts containing noble metals are used, an
enrichment of various other metals or metal compounds readily
5 occurs during continuous operation. This foreign matter 1is

brought into the system with the raw materials in the form of
very slight contamination and/or stems from abrasion of the
material of the plant in which the reaction takes place. Such
an increase in non-noble metals in platinum groupmetal

10 suspension catalysts can be observed during the hydrogenation
stage of the so-called anthraquinone process for the
preparation of hydrogen peroxide: if a hydrogenation reactor
made of a conventional refined steel is used, the iron,
chromium and nickel content, for example, rises in the noble

15 metal-containing catalyst. In order to be able to maintain
constant operating conditions in the system it is therefore
desirable to keep the content of non-platinum metals in the
system as a whole constant, if possible. The object of the
present invention is, therefore, to show a process for

20 carrying out the regeneration of a platinum group metal
suspension catalyst in such a way that non-platinum group
metals entrained into the hydrogenation process are removed

at least partially from the catalyst.

In the prior art, the platinum group metal(s) is (are)

25 dissolved in hydrochloric acid in the presence of an
oxidising agent and converted to the corresponding
chloride(g) in order to regenerate a platinum group metal
suspension catalyst. Dissolution of the noble metal is

necessarily followed by a filtration stage in the case of
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supported catalysts, 1n order to separate the support - see
GB 1,090,294. In the case of unsupported catalysts,
filtration is required only if necessary. The noble metal
chloride solution obtained is then used to prepare the

5 catalyst, the noble metal being precipitated by means of a
reducing agent in the presence or absence of a support
material. The pH is usually shifted from the strongly acid to
the moderately basic range during precipitation. Known
reducing agents for precipitating the noble metal are

10 formaldehyde, formic acid and elemental hydrogen; By way of
example, reference is made to GB patent 922,021 wherein the
process outlined above is described, with the use of HC1l/Cl,
for dissolving palladium from a palladium-containing
supported catalyst and the use of formaldehyde as reducing

15 agent for precipitating palladium in the presence of a fresh
support material. Under the precipitation conditions, the
non-platinum group metals usually introduced with the
catalyst, such as iron, chromium and nickel, are co-

precipitated with the palladium in the form of a hydroxide

20 and/or carbonate.

In order to separate the non-platinum group metals from the
aqueous solution containing platinum group metal chloride,
the platinum group metal was precipitated hitherto by adding
a more electropositive metal than the platinum group metal to
25 be precipitated, such as, in particular, iron or zinc. The
platinum group metal precipitated in this way is separated
from the solution. As the catalytic activity of the noble
metal thus obtained is insufficient, this first precipitation
step (cementation) must be followed by another dissolution of

30 the platinum group metal and precipitation under conditions
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that allow a very fine-particle and hence active catalyst to
be obtained. The fact of having to dissolve and precipitate

the platinum group metal twice is technically complicated, so

experts are interested in a simpler process.

A process was found for the regeneration of a supported or

unsupported suspension catalyst based on at least one

platinum group metal, comprising dissolution of the platinum

group metals present in agqueous HCl, using an oxidising agent

for platinum group metals, filtration of insoluble
constituents and precipitation of the platinum group metals
by means of a redﬁéing agent at a pH in the range from 2 to
10, which is characterised in that precipitation is.carried
out in the presence of an at least stoichiometric amount of a
chelating agent for one or more metals of the series of
metals of groups 2a, 3a, 4a of the periodic system, and
transition elements without elements of the platinum group,
and non-platinum group metals capable of forming complexes

are kept wholly or partially in solution.

The process according to the invention is directed preferably
at suspension catalysts which contain, as the active '
components, at least 50 wt.% of palladium, less than 50 wt.%
of one or more other platinum group metals and 0.01 to 10
wt.% of non-platinum group metals which may also be present
in the form of compounds. The invention is directed
particularly preferably at the regeneration of platinum group
metal blacks, particularly palladium black, this term always
also including the presence of other platinum group metals

and, to a minor extent, other modifying metals.
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Due to the presence of a chelating agent during the
precipitation of the one or more platinum group metals, non-
platinum group metals capable of forming complexes are kept
wholly or partially in solution so that the content of these
metals in the precipitated platinum group metal suspension
catalyst is reduced. The chelating agent is used 1in an
effective amount in this case, particularly in an at least
stoichiometric amount and preferably in a more than

stoichiometric amount, based on the metals to be separated.

In theory, any chelating agents which are sufficiently stable

and effective under the reaction conditions of precipitation

 may be used. The chelating agents are preferably compounds

15

from the series comprising aminopolycarboxylic acids,
polyvhydroxycarboxylic acids and aminopolyphosphonic acids and
water-soluble salts thereof. Particularly effective chelating

agents are compounds from the series comprising iminodiacetic

acid, nitrilotriacetic acid, ethylenediamine tetraacetic acid,

diethylenetriamine
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pentaacetic acid, amino-tri (methylenephosphonic acid),
ethylenediamine tetra(methylenephosphonic acid),
diethylenetriamine penta (methylenephosphonic acid),
hydroxymethane diphosphonic acid, tartaric acid, citric
acid, polyoxycarboxylic acids (POC), polyacrylic acids and
water-soluble salts of the acids mentioned.

Apart from chlorine mentioned in GB 922,021, bromine and
particularly hydrogen peroxide are also suitable for
dissolving platinum group metals (see EP-B 0 611 126) .

Reducing agents from the series comprising aldehydes,
particularly formaldehyde, and formic acid or a formate are
used to precipitate platinum group metals in the presence
or absence of a support material in a catalytically'highly
active form. Active catalysts can also be obtained using a

hydride or complex hydride, such as sodium boranate, and
with elemental hydrogen.

The precipitation of the platinum group metal carried out
in the presence of a chelating agent according to the

at a pH in the range from 2 to 3, and the pH is raised
continuously or in stages during the addition of further

reducing agent, particularly to a final pH in the range
from 8 to 9. '

It was ascertained that catalysts with greater activity are
obtained by precipitation of the platinum group metal 1in

the presence of a chelating agent than by precipitation in
the absence of a chelating agent.

As may be derived from the tests below on the basis of the
regeneration of spent palladium black from two production
plants for the preparation of hydrogen peroxide by the
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anthraquinone process, elements such as aluminium, iron,
chromium and nickel can be complexed successfully under the
precipitation conditions. Using the chelating agents
according to the examples, copper and mercury can be

complexed and kept in solution only very incompletely,
however.

Examples

The process according to the invention was examined using
palladium black discharged from the hydrogenation stage of

two plants for the preparation of hydrogen peroxide by the

anthragquinone process.
Regeneration took place as follows:

The Pd black discharged was dissolved with hydrochlorlc .
acid (4-8 ml of HCl (32 wt.$%) per g of Pd) and H;0, (1-3 ml
of H,0; (40 wt.%) per g of Pd) and the palladium chloride
solution obtained was filtered to remove solids. The
palladium chloride solution containing hydrochloric acid
with a Pd content from 5 to 20 g/l was heated under a
nitrogen atmosphere to 70°C to 802C and ethylenediamine

- tetraacetic acid (0.5 g per g of Pd) was added as chelating

agent. A pH of about 3 was obtained by adding sodium
hydroxide solution and a partial amount of formic acid(0.1
- 0.2 ml of HCOOH per g of Pd) was then added. The pH was
then adjusted with sodium hydrox:Lde solution to about 9 and
more formic acid (0.3 to 0.6 ml of HCOOH per g of Pd) was
added for the quantitative precipitation of Pd. The
precipitated palladium was washed with'water to remove the
chloride and filtered by suction.

The samples of the spent and regenerated Pd blacks were'
washed with acetone to remove adhering solvent and water
residues, and dried. The impurity elements were determined
by ICP spectroscopy. The results (details in wt.%, based on
Pd) can be derived from the table.
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1.1. Example 1 1.2. Example 2

Element

regenerated spent Pd

Pd black black
\\r 1” \\g 1”

EETEER D
SR
= =~ 3

QO

QO N

A D

ﬂ

{)

Q,

— —r — e e =

Ce (%) | <0.005 | —<0.005 | <0005 | <o0.005 _

It follows from the table that Hg and Cu are contained in
the catalyst before and after regeneration, that is, they
are complexed only to a minor extent.

The Al, Cr, Fe and Ni content in the spent samples "g 1~
and “g 2" is markedly above the values exhibited by the

- regenerated Pd blacks “r 1” and “r 2”. The elements

mentioned remain in the solution during the precipitation
of Pd and are thus separated.from.the catalyst. Fe, Cr and
Ni originate-from.the refined steel of apparatus with which
the working solution comes into contact in the course of
the H;0; process. Al originates from Al,0,, which is used in
the regeneration of the working solution.
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The embodiments of the invention in which an exclusive

property or privilege 1s claimed are defined as follows:

1. A process for the regeneration of a supported or
unsupported suspension catalyst based on one or more
platinum group metals, comprising dissolution of the
platinum group metals present 1in aqueous HCl, using an
oxidising agent for platinum group metals, filtration of
insoluble constituents and precipitation of the platinum
group metals by means of a reducing agent at a pH iﬁ the
range frbm 2 to 10, wherein precipitation is carried out in
the presencé of at least a stoichiometric amdunt of a
chelating agent for a metal of group Z2a, 3a or 4a of the
periodic system or any combination thereof and transition
elements without elements of the platinum group, and non-

platinum group metals capable of forming complexes are kept

wholly or partially 1n solution.

2. A process according'to claim 1, wherein an unsupported
catalyst based on at least 50 wt.% of palladium, 0 to less
than 50 wt.% of one or more other platinum group metals and
0.001 % to 10 wt.% of a metal of group 2a, 3a or 4a of the
periodic system or any combination thereof capable of
forming a complex and transition elements without elements
of the platinum group is regenerated by carrying out
precipitation in the presence of a more than stoichiometric

amount of the chelating agent.

3. A proéess according to claim 1 or 2, wherein the
oxidising agent is chlorine or hydrogen peroxide and the
reducing agent is an aldehyde, a formate, formic acid, a

hydride or elemental hydrogen.
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4 . A process according to claim 3, wherein the reducing
agent 1is formaldehyde.
. A process according to one of claims 1 to 4, whereiln

the chelating is an aminopolycarboxylic acid, an
polyhydroxycarboxylic, an aminopolyphosphonic acid or a

water—-soluble salt thereof.

0. A process according to claim 5, wherein the chelating
~agent is iminodiacetic acid, nitrilotriacetic acid,
ethylenediamine.tetraacetic acid, diethylenetriamine
pentaacetic acid, amino-tri (methylenephosphonic acid),
ethylenediamine tetra (methylenephosphonic acid),
diethlyenetriamine penta (methylenephosphonic acid),
hydroxymethane diphosphonic acid, tartaric acid, citric
acid, polyoxycarboxylic acid (POC) or a water-soluble salt

thereof.

7. A process according to one of claims 1 to 6, wherein
addition of the reducing agent is commenced at a pH in the
range from 2 to 3 and the pH is raised continuously or 1in
stages during the addition of the reducing agent to a final

pH in the range from 8 to 9.
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