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di'scl osed for preparlng a catalyst for the af orenent i oned reactlons These
processes can be categorized essentially into four groups, which are
déscribed in the followi ng. Anchor catalysts: In WO-Al -96/01146, the
preparation of catalysts with anchor netals is described. A noble netal
such as gold, platinum palladium or gytheniumis bound as a so-called
anchor to an alkali-resistant carrier such as zirconi um di oxi de, 2
titani um di oxi de, or carbon. Metals other than noble netals, such as
copper, cobalt, nickel, or cadmum are deposited on the surface of the
anchor using a reduction

Description:

The invention relates to a new catalyst suitable for dehydrogenating amino alcohols
to aminocarboxylic acids or ethylene glycol (derivatives) to oxycarboxylic acids, said
catalyst containing zirconium, copper, and possibly an additional metal, whereby the
cited metals are precipitated as hydroxides, washed, dried, calcined, and reduced.

Moreover, the invention relates to a process for preparing a catalyst usable for
dehydrogenating amino alcohols to aminocarboxylic acids or ethylene glycol
(derivatives) to oxycarboxylic acids, said catalyst containing zirconium, copper and
possibly an additional metal, whereby the cited metals are precipitated as
hydroxides, washed, dried, calcined, and reduced.

A number of processes have been disclosed for preparing a catalyst for the
aforementioned reactions. These processes can be categorized essentially into four
groups, which are described in the following.

Anchor catalysts: In WO-A1-96/01146, the preparation of catalysts with anchor
metals is described. A noble metal such as gold, platinum, palladium, or ruthenium is
bound as a so-called anchor to an alkali-resistant carrier such as zirconium dioxide,



agent such as formal dehyde. Raney catal ysts: In DE-C2-3505208, Raney copper
.or Raney nickel is used as a catalyst. In EP-AlL -0513396, Raney copper is
"used as a catalyst with specified valuegp for BET area and for nickel
content. In EP-Al -0506973, Raney copper is used as a catal yst, whereby
al um num or an al um num conpound is added to the reaction m xture during
the catal yti c dehydrogenation. In WO Al -94/24091 and US 5367112, Raney
copper is used as a catalyst with 10 to 50000 ppm of one of the el enents
conpri si hidanibmadioxide, oF tabonnMetals lothen thaa mobleumetals, r suwhi ascoppenacobalt,
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preparation conprises inpregnating zirconiumoxide with an aqueous sol ution
of copper nitrate, drying, calcining in air for 6 hours at 500[err]C, and
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pentahydrate or tin nitrate, and the remaining process is as previously
descr i bednolybdenum, tungsten, cobalt, nickel, bismuth, tin, antimony, lead, germanium,

magnesium, and their mixtures.

Impregnated zirconium oxide: In JP-A1-61-93146 and GB-A1-2148287, a catalyst is
described whose preparation comprises impregnating zirconium oxide with an
aqueous solution of copper nitrate, drying, calcining in air for 6 hours at 500°C, and
reducing for 6 hours at 230°C in a hydrogen stream.

Simultaneous precipitation of zirconium, copper and possibly an additional metal. In
JP-A1-61-93146, DE-C2-3505208, EP-A1-0506973, EP-A1-0513396, and GB-A1-
2148287, a catalyst is described whose preparation comprises initially preparing an
aqueous solution containing zirconium oxychloride and copper nitrate. Aqueous
sodium hydroxide is added to this solution, whereby zirconium and copper are
simultaneously precipitated as hydroxides. The washed and dried precipitate is
calcined in air for 3 hours at 500°C and reduced for 6 hours at 230°C in a hydrogen
stream. In accordance with WO-A1-94/24091, an aqueous solution is prepared
containing zirconium oxychloride octahydrate, copper nitrate trihydrate, and bismuth
nitrate pentahydrate or tin nitrate, and the remaining process is as previously
described.



3 The anchor catal ysts require expensive noble netals, which constitute 1
.to 50 percent by. weight of these catalygts. Catal ysts made from Raney
"nickel are pyrogenic and therefore requPre increased safety expense during
handl i ng. The catal ysts made from i npregnated zirconi um oxide and from
si mul t aneously precipitated zirconiumand copper require |long reaction
tinmes for the catal ytic dehydrogenation of am no al cohols. For exanple, in
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using a base until a pHof 4 to 10 is attai ned. The aqueous sol ution of a

copper s&PMpaising-YaYitangously presipitaled ziregnium and copper requires € hours to
produce (EDTA)Na,from THEEDA in a yield of 85%.

Therefore, the object of the present invention is to provide a new catalyst for
dehydrogenating amino alcohols or ethylene glycol (derivatives) that at least -
reduces the described disadvantages of the prior art catalysts.

A further object of the present invention is to provide a process for preparing a
catalyst for dehydrogenating amino alcohols or ethylene glycol (derivatives) that at
least reduces the described disadvantages of the prior art catalyst preparation
processes.

The first object is fulfilled by the catalysts of Claims 1 to 10.

The further object is fulfilled by a process in which zirconium hydroxide is
precipitated from an aqueous zirconium salt solution using a base until a pH of 4 to
10 is attained. The aqueous solution of a copper salt and possibly an additional salt
is added to the zirconium hydroxide suspension, and, by adding further base, copper
hydroxide and possibly the hydroxide of the metal contained in the additional sait is
precipitated until a pH of 8 to 14 is attained. The suspension obtained is filtered, '



I s added, to the zirconi um hydroxi de suspension, and, by adding further
_base, copper hydroxi de and possibly the hydroxide of the netal contained in
"the additional salt is precipitated untif a pH of 8 to 14 is attained. The
suspensi on obtained is filtered, 4 washed, dried, calcined in air at 450
to 600[err]Cfor 2 to 4 hours, and finally reduced at 200 to 250[err]Cin a
hydr ogen streamfor 2 to 4 hours. A preferred process approach consists in
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additional salt by adding further base until a pHof 9 to 12 is attai ned.

In principle, the base used for hydroxi de precipitation can be any
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base used for hydroxide precipitation can in principle be any conventi onal
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preferred. In principle, the zitrcontumsalt can be an | ubl e salt

of zi r conpPesgibipthepydeoxide-ofthedvetal pontaingd iprthe@dditionad sall by adding further
zirconiu | at.e Y i NLtL; , zZirconium acetate, or zirconium
per chl org%’%.(ea"fﬁ@ %Bé qﬁ‘go% %ﬂ%@ﬁ%@ychl oride, zirconium acetate, or
zirconiumnitrate as the zirconiumsalt is preferred. In principle, the

copper salt can be any water-soluble organic or inorganic salt such
In principle, the base used for hydroxide precipitation can be any conventional

alkaline or alkaline-earth hydroxide such as sodium hydroxide, potassium hydroxide,
magnesium hydroxide, or calcium hydroxide. The use of aqueous sodium hydroxide
or calcium hydroxide is preferred. Moreover, the base used for hydroxide
precipitation can in principle be any conventional water-soluble amine such as
ammonia, methylamine, dimethylamine, or trimethylamine, whereby an aqueous
solution of ammonia or trimethylamine is preferred.

In principle, the zirconium salt can be any water-soluble salt of zirconium. Examples
are zirconium oxychloride, zirconium sulfate, zirconium oxalate, zirconium nitrate,
zirconium acetate, or zirconium perchlorate. The use of zirconium oxychloride,
zirconium acetate, or zirconium nitrate as the zirconium salt is preferred.

In principle, the copper sait can be any water-soluble organic or inorganic salt such
as copper nitrate, copper chloride, copper sulfate, or copper acetate. The use of
copper nitrate, copper chloride, or copper acetate as the copper salt is preferred.

The use of molybdenum pentachloride or the nitrate or chloride of calcium, iron,
aluminum, chromium, bismuth, barium, or magnesium as the additional salt is
preferred. The salts used in the invention can be anhydrous or contain water of

crystallization. Examples of salts with water of crystallization are zirconium



as copper nitrate, copper chloride, copper sulfate, or copper acetate. The
~use of copper nitrate, copper chloride, or copper acetate as the copper
"salt is preferred. The use of nol ybdenug pentachloride or the nitrate or
chloride of. calcium iron, alum num chrom um bisnuth, barium or
magnesi um as the additional salt is preferred. The salts used in the

I nvention can be anhydrous or contain water of crystallization. Exanples of
salts with water of crystallization are zirconium 5 oxychl ori de
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salt sol Héﬂl(ﬁ‘ﬁ'%rét%r preparing the catalyst is 0.5:1 to 10:1. A weight ratio
of zirconrum’o copper of 1:1 to 5:1 is preferred. The weight ratio of
copper to the possibly additional netal contained in the copper salt
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formreduced by hydrogen, stored until use in a hydrogen atnosphere or
reduced Prefarmeddr ogen stream at 200 to 250[err]C for 2 to 4 hours

i mmedi ately prior to use. The use of the catalyst of the invention for
dehydrogenating am no al cohols to am nocarboxylic acids or ethylene

gl ycol (dahewaightratiolsf copperidte/possitiy iadditional metalcontaifed SRGapperor an
extrudate or be carrier-bound, whereby in principle any al kali-resistant
mat eri al Saliseluliontisin genenak 250:0.1 & 250:10, preferably 250:1 to 250:7.

The catalyst of the invention is used in the form as reduced by hydrogen. That is, the
catalyst is used either directly after its preparation or, in the form reduced by
hydrogen, stored until use in a hydrogen atmosphere or reduced in a hydrogen
stream at 200 to 250°C for 2 to 4 hours immediately prior to use.

The use of the catalyst of the invention for dehydrogenating amino alcohols to
aminocarboxylic acids or ethylene glycol(derivatives) to oxycarboxylic acids can
occur as a suspension or an extrudate or be carrier-bound, whereby in principle any
alkali-resistant materials are suited as the carrier.

The catalyst of the invention is used for dehydrogenating amino alcohols with 1 to 50
C atoms to aminocarboxylic acids. Examples for the use of the catalyst are the
reactions of ethanolamine to glycine, N-methylethanolamine to sarcosine, THEEDA
to EDTA, diethanolamine to iminodiacetic acid, N,N-bis(2-hydroxyethyl)isopropyi-
amine to 2-hydroxypropylaminodiacetic acid, or tetrakis(hydroxyethyl)1,2-
propylenediamine.

Surprisingly, it has been discovered that using the catalyst of the invention, whose
reduction in a hydrogen stream requires only half the time required for the catalyst
described in JP-A1-61-93146, the dehydrogenation of amino alcohols to



The .catal yst of the invention is used for dehydrogenating am no al cohol s
wWith 1 to 50 C atons to am nocarboxylic_acids. Exanples for the use of the
"catal yst are the reactions of et hanol anPne to gl yci ne, N-rmet hyl et hanol am ne
to sarcosine, THEEDA to EDTA, diethanol am ne to im nodi acetic acid,

N, N- bi s( 2- hydr oxyet hyl )i sopropyl - am ne to 2-hydroxypropyl am nodi acetic
acid, or tetrakis(hydroxyethyl)l 2- propyl enedi am ne. Surprisingly, it has
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the catal yst of the invention, containing zirconium copper, and cal cium

| eads to a 1.5%
As well in the dehydrogenation of other amino alcohols to aminocarboxylic acids, the

catalyst of the invention exhibits similar advantageous properties. For example, the
dehydrogenation of THEEDA to the tetrasodium salt of EDTA ((EDTA)Na,) using the
catalyst of the invention, containing zirconium, copper, and caicium, leads to a 1.5%
higher (EDTA)Na, yield at 1.33 times the reaction rate and to significantly lower
byproduct generation than with a catalyst that differs from the catalyst of the
invention only in the simultaneous precipitation of zirconium hydroxide, copper
hydroxide, and calcium hydroxide.

It has also been observed that in the dehydrogenation of amino alcohols containing
primary and secondary hydroxyl groups, the catalyst of the invention leads to
dehydrogenation only on the primary hydroxyl group. For example, in the
dehydrogenation of 2~hydroxypropanoldiethanolamine, only the hydroxyl groups
bound to the ethanol residues are oxidized to carboxylic acids, while the hydroxyl
group on the propanol residue remains unchanged.

The catalyst of the invention is also used for dehydrogenation of ethylene glycol
(derivatives). This includes oligo or polymer ethylene glycols such as triethylene
glycol, which is converted to the disodium salt of 3.5.dioxahexanedicarboxylic acid.



hi gher (EDTA)Na4 yield at 1.33 tines the reaction rate and to significantly
J ower byproduct generation than with a $atalyst that differs fromthe
“catalyst of the invention only in the si‘nultaneous precipitation of

zi rconi um hydr oxi de, copper hydroxide, and cal ci um hydroxide. It has al so
been observed that in the dehydrogenation of am no al cohols containing
primary and secondary hydroxyl groups, the catalyst of the invention | eads
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the Na s@Nf OMRAAHYGXRMPIES- aci d. Preparation of the catal yst of the

invention and its application in dehydrogenation reactions wll be
described in nore detail with reference to the foll ow ng exanpl es and
conparati ve exanples. Exanple 1. Catal yst preparation: Zirconium hydroxide

IS preci %@%@%2 yoma solution of 116.65 g zirconi um oxychl ori de
oct ahydr 'mol) in 1.8 liters water by addi ng 25% aqueous caustic
soda solution until a pHof 7 is attained. A solution of 18.84 ¢

Catalyst preparation: Zirconium hydroxide is precipitated from a solution of 116.65 g
zirconium oxychloride octahydrate (362 mmol) in 1.8 liters water by adding 25%
aqueous caustic soda solution until a pH of 7 is attained. A solution of 18.84 g
copper nitrate trihydrate (78 mmol) in 400 mi water is added to the zirconium
hydroxide suspension and copper hydroxide is subsequently precipitated by adding
further 25% aqueous caustic soda until a pH of 10.5 is attained. The suspension is
filtered, washed chloride-free with water, and dried. The solid is calcined for 3 hours
at 490°C, reduced in a hydrogen stream for 3 hours at 230°C, and stored in a
hydrogen atmosphere.

Catalyst application: In an autoclave containing a hydrogen atmosphere, 32 g of the
catalyst prepared as described in Example 1 is placed with a solution of 90 g
methylethanolamine (1.2 mol) and 56 g sodium hydroxide in 135 g water. The
autoclave is sealed, filled with hydrogen to a pressure of 5 bar, and subsequently
brought to the reaction temperature of 170°C. The reaction is conducted while
stirring. As much of the hydrogen formed during the reaction is continuously
released from the autoclave as is necessary to maintain the pressure in the
autoclave at 12 bar. The hydrogen released from the reactor during the reaction
contains the byproduct methylamine, which is determined by titration with
hydrochloric acid in a washer. The end of the hydrogen formation indicates the end
of the reaction. When the reaction ceases, the reaction solution is removed from the



copper nitrate trihydrate (78 mmol) in 400 Ml water is added to the

.zi rconi um hydr oxi de suspensi on and copper hydroxide is subsequently
"precipitated by adding further 25% aquegus caustic soda until a pH of 10.5
is attained. The suspension is filtered, washed chloride-free with water,
and dried. The solid is calcined for 3 hours at 490[err]C, reduced in a
hydr ogen stream for 3 hours at 230[err]C, and stored in a hydrogen

at nosphere. Catalyst application: In an autoclave contai ning a hydrogen
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Comparative exanple 1: Catalyst preparation: 274.2 g zirconi um oxychl oride
oct ahydr #hehydmxidessf)zirgagium and copper are simultaneously precipitated by adding

25% caustic soda solution until a pH of 10.5 is attained. Subsequently as in
Example 1 the product is filtered, washed, dried, calcined, and reduced.

Catalyst application: The catalyst prepared in Comparative example 1 is employed
under the conditions of Example 1 for dehydrogenating N-methylethanclamine to
sarcosine. After 6 hours reaction time, sarcosine is produced with a yield of 94%, .
whereby 54 mmol methylamine is generated.



44.2 g copper nitrate trihydrate are dissolved in 2.5 liters water. From
this solution, the hydroxides of zirconium and copper are sinultaneously
"precipitated by addi ng 25% causti c soda solution until a pHof 10.5 is
attai ned. Subsequently as in Exanple 1 he product is filtered, washed,
dried, calcined, and reduced. Catalyst application: The catal yst prepared

I n Conparative exanple 1 is enployed under the conditions of Exanple 1 for
dehydr ogenati ng N-net hyl et hanol am ne to sarcosine. After 6 hours reaction
tinme, sa%% s%gg | s produced with a yield of 94% . whereby 54 mmol

met hyl am m d%nerated. 9 Exanple 2: Catal yst preparation: Zirconium
hydroxide is precipitated froma solution of 116.65 g zirconium oxychl ori de
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and filtered, washed chloride-free with water, and dried. The solid is calcined for 3 hours

at 450°C, reduced in a hydrogen stream for 3 hours at 230°C, and stored in a

hydrogen atmosphere.

Catalyst application. 32 g of the catalyst prepared as described in Example 2 is
placed with a solution of 71 g tetrahydroxyethyl-ethylenediamine (THEEDA) of
95.5% purity (287 mmol pure THEEDA), 50.8 g sodium hydroxide (1.27 mmol) and
135 g water in an autoclave containing a hydrogen atmosphere. The autoclave is
sealed, filled with hydrogen to a pressure of 1 bar and subsequently brought to the
reaction temperature of 195 to 200°C. The reaction is conducted while stirring. As
much of the hydrogen formed during the reaction is continuously released from the
autoclave as is necessary to maintain the pressure in the autoclave at 15 bar. The
end of the hydrogen formation indicates the end of the reaction. When the reaction
ceases, the reaction solution is removed from the reactor via a filter cartridge and
analyzed chromatographically (HPLC). After 2.25 hours reaction time, the
tetrasodium salt of ethylenediaminetetraacetic acid ((EDTA)Na,) is formed with a
yield of 94.5%, with respect to the initial quantity of THEEDA.



135 g wat'er in an autoclave containing a hydrogen atnosphere. The autocl ave
i-s sealed, filled with hydrogen to a pressure of 1 bar and subsequently
brought to the reaction tenperature of 1?@ to 200[err]C. The reaction is
caonducted while stirring. As nmuch of the hydrogen forned during the
reaction is continuously released fromthe autoclave as is necessary to

mai ntain the pressure in the autoclave at 15 bar. The end of the hydrogen
formation indicates the end of the reaction. Wen the reaction ceases, the

reacti on gehiyarativée d fromthe reactor via a filter cartridge and
anal yzed chr mfﬂg‘érggﬁﬁ@tf‘% (HPLC). After 2.25 hours reaction tine, the
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10" Compar GelRUE erzhaiAlion 115,65 Bophin sk Gike Seeyarae ﬁ%@%mm 2
hi AR
ol ), arel g Boopeet Ftfato Ryt e??ﬁg@é?‘gﬁ?fﬁb%f’ﬁ@%‘? ehgHas "
2.2 liter&4 vare@l?am digsolved is @ 2 titens watere Frgr thisiséstiont, the hmmxldas ofopper

d I ted b dd 25% c st | oda
col ut 1 on TR oD pbhsy 858 §3|clrR a7 s Rutl gy sl TR toted b addaI 5% <
filtered esustie sodarsdlgtioh un@sheH ode'@Fé at@hé‘d %seﬁﬁ@n{!ﬁ%é?@suip@ al yst
appl i cat |fo The cat al yst prepared Conpar ati ve exanple i s enpl oyed

under t hefltesadasiip Fxapiple-2a washed, drdﬁd selgjard andreduge®DTA to ( EDTA) Nad.
After 3 hours reaction tinme, (EDTA)Na4 is produced with a yield of 93%
Exanpl e 3: Zirconium hydroxide is precipitated froma solution of 116.65 g

Zr OCI [ er r Catalystiapplidation: The catalyst prepared in Comparative example 2 is employed
under the conditions of Example 2 for dehydrogenating EDTA to (EDTA)Na,. After 3
hours reaction time, (EDTA)Na; is produced with a yield of 93%.

Example 3:

Zirconium hydroxide is precipitated from a solution of 116.65 g ZrOCl, - 8H,0

(362 mmol) in 1.8 liters water by adding 25% aqueous NaOH until a pH of 7 is
attained. A solution of 62.75 g Cu(NOs), - 3H,0 (260 mmol) and 0.39 g Ca(NOs), -
4H,0 (1.7 mmol) in 400 m! water is added to the zirconium hydroxide suspension,
and copper hydroxide and calcium hydroxide are subsequently precipitated by
adding further 25% NaOH until a pH of 10.5 is attained. The suspension is filtered,
washed chloride-free with water, and dried. The solid is calcined for 3 hours at
490°C. Immediately before the catalyst applications described in the subsequent
examples, the solid is reduced in a hydrogen stream for 3 hours at 230°C.

Example 4:

32 g of the catalyst prepared as described in Example 3 is placed with 71 g THEEDA
of 95.5% purity (287 mmol pure THEEDA), 122 g water, and 50.8 g NaOH



(362 nmmol) in 1.8 liters water by addi ng 25% aqueous NaOH until a pH of 7
is attained. A solution of 62.75 g Cu(NJ err])[err] 3Herr]O (260 mvol) and
'0.39 g Ca(N err])[err] 4Herr]O (1.7 rmpll) in 400 M water is added to the
zi rconi um hydr oxi de suspensi on, and copper hydroxi de and cal ci um hydr oxi de
are subsequently precipitated by adding further 25% NaOH until a pH of 10.5
Is attained. The suspension is filtered, washed chloride-free with water,
and dried. The solid is calcined for 3 hours at 490[err]C |Inmediately
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solid is rogen strea hours a er Exanpl e 4:
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tenperature of 195 to 200[err]C. The reaction is conducted while stirring.
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quant i t y.repraseBbing anyield of 9:9% with eespact to thesinitiah THEEDA qoRNtityr The EBDAG

Exanpl e S ity determined by titration with ZnCl, is 99%.

Example 5:

Under the conditions of Example 4, except that the NaOH quantity is increased to
55.6 g (1.39 mmol), EDTA in a yield of 97.5% and a purity of 99% is produced after a
reaction time of 2 hours.

Example 6:

Example 6 was performed under the conditions of Example 4, except that the
THEEDA is not part of the initial preparation but rather added over 15 minutes at
190°C. After a reaction time of 2 hours, (EDTA)Na, is obtained in a yield of 97.6%
with respect to the THEEDA added, as determined by HPLC.



Under the conditions of Exanple 4, except that the NaCH quantity is
increased to 55.6 g (1.39 mmol ), EDTA in a yield of 97.5% and a purity of
99% is produced after a reaction time ofl22 hours. Exanple 6: Exanple 6 was
performed under the conditions of Exanple 4, except that the THEEDA i s not
part of the initial preparation but rather added over 15 m nutes at
190[err] C. After a reaction time of 2 hours, (EDTA)Na4 is obtained in a
yield of _97.6% w th respect to the THEEDA added as determ ned by HPLC.

12 ExanpFXampleds g di et hanol amine (0.95 nol), 89.6 g NaOH (2.24 nol) in
184 g water, and 32 g of the catal yst prepared as in Exanple 3, but reduced
in the hydrogen streamfor only 2 hours at 230[err]C, are placed in an

aut ocl av400 Hdiethanotamine (0s95 rwil)e 89.60g NaDi (2 Q4em¢p|r) @rs $84 @ watet, drwd 32rg,d

b t t t f 160 e Th t
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mai ntai n the pressure in 't he aut ocl ave at en the reaction
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added, anmdadtioh iscontinaously releabed frofh thie autdtlade :e'is Pedesddry td nmainRimtie 10
reaction cycles are conducted whereby the individual cycles require the

fol | owi nPressreiinihe aytosiaveatdd bar. Mmatfp reggtipl has ferminated, the reaction
4.5, 6, 7, §olutdnli€ removed from the reactor in a hydrogen atmosphere by decanting and

filtration. To the solid catalyst remaining in the reactor, 100 g diethanolamine, 89.6 g
NaOH, and 184 g water are again added, and the reaction is initiated as just
described. In this manner, 10 reaction cycles are conducted, whereby the individual
cycles require the following reaction times listed in Table 1:

Cycle| 1 2 3 456,78 9,10
t(min) | 75 80 90 |each 115 | each 120

Table 1: Reaction time as a function of cycle number

After each cycle, the disodium salt of iminodiacetic acid is produced in a yield of
> 98% and a purity of > 98% (analysis with '>*C-NMR and HPLC).

Example 8:

90 g N-methylethanolamine (1.2 mol), 56 g NaOH (1.4 mol), 135 g water, and 32 g of
the catalyst prepared in Example 7 are placed in an autoclave. The autoclave is
sealed, brought to a pressure of 5 bar, and then to the reaction temperature of
170°C. The reaction is conducted while stirring. As much of the hydrogen formed
during the reaction is continuously released from the autoclave as is necessary to



t(mn) 75 80 90 each 115 each 120 Table 1: Reaction tinme as a
function of cycle nunber After each cycle, the disodiumsalt of

‘i minodiacetic acid is produced in a yiell@ of > 98% and a purity of > 98%
(analysis with [err] GNWVR and HPLC). Exanple 8: 90 g N-nethyl et hanol ani ne
(2.2 mol), 56 g NaOH (1.4 nol), 135 g water, and 32 g of the catal yst
prepared in Exanple 7 are placed in an autoclave. The autoclave is seal ed,
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Cycl e lhefcﬂlowmgﬁeiﬁct"bn&nﬁeéﬂsteanmﬂ‘hbHZS each 105 each 110 Table 2:
Reaction tine as a function of cycle nunber After each cycle, the sodium
salt of sarcosine is produced in a yield of > 98%

Cycle 1 23456,78| 910
t(min) | 125 each 105 |each 110

Table 2: Reaction time as a function of cycle number

After each cycle, the sodium salt of sarcosine is produced in a yield of > 98%

(analysis by HPLC). Per cycle, 12 mmol of methylamine was identified in the exhaust
vapor.

Example 9:

49 g N,N-bis(2-hydroxyethyl)isopropylamine (0.3 mol), 25.2 g NaOH (0.6 mol), 135 g
water, and 32 g of the catalyst prepared in Example 7 are placed in an autoclave.
The autoclave is sealed, brought to a pressure of 5 bar, and then to the reaction
temperature of 175°C. The reaction is conducted while stirring. As much of the
hydrogen formed during the reaction is continuously released from the autoclave as
is necessary to maintain the pressure in the autoclave at 12 bar. After 90 minutes,
hydrogen is no longer produced. After filtration and freeze drying, 2-
hydroxypropylaminodiacetic acid is produced in a yield of 99% and a purity of

> 99%, as analyzed by >C-NMR.



(anal ysis by HPLC). Per cycle, 12 mol of nethylam ne was identified in the
exhaust vapor. Exanple 9: 49 g N, N-bi s(2-hydroxyethyl)i sopropylamne (0.3
'nDI) 25.2 g NaCH (0.6 nmol), 135 g mateq and 32 g of the catal yst prepared
in Exanple 7 are placed in an autocl ave. 4The aut ocl ave i s seal ed, brought
to a pressure of 5 bar, and then to the reaction tenperature of 175[err]C
The reaction is conducted while stirring. As nmuch of the hydrogen forned
during the reaction is continuously released fromthe autoclave as is
necessary to nmaintain the pressure in the autoclave at 12 bar. After 90

m nutes, hydrogen is no |onger produced. After filtration and freeze

dryi ng, Examypledd®:propyl am nodi acetic acid is produced in a yield of 99%
and a purity of > 99% as analyzed by [err] CGNWVR 14 Exanple 10: 116.9 g
N- phenyl et hanol am ne (0.95 nol), 41.7 g NaOH (1.04 nol) in 270 g water, and

32 g of #he, @gwguéﬁylamera?ﬁmer(o@ml e4$7 @Nfaowdves%én .rﬁzmgrw&s:q

stream for on hours at 230 err C, are g aced i n an au ocl av
aut ocl av @nids'i?.sg@f the catalyshprepased inp Example-3drutgeduced imnal hydrogencstream

reaction 95 C cted whi
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powder in a ylre
pressure in the autoclave at 14 bar. After 135 minutes, the theoretical quantity of

hydrogen has been formed, and the reaction ceases. After freeze and spray drying,
the Na salt of phenylglycine is obtained as a white powder in a yield of > 97% and a
purity of > 96%, as analyzed by *C-NMR.

Example 11:

37.5 g tetrakis(hydroxyethyl)1,2-propylenediamine (0.15 mol), 25.6 g NaOH

(0.64 mol), 122 g water, and 32 g of the catalyst prepared in Example 7 are placed in
an autoclave. The autoclave is sealed, brought to a pressure of 5 bar, and then to
the reaction temperature of 199°C. The reaction is conducted while stirring. As much
of the hydrogen formed during the reaction is continuously released from the
autoclave as is necessary to maintain the pressure in the autoclave at 15 bar. After a
reactions time of 1.5 hours and freeze drying, the Na salt of the 1,2-propylene-
diaminetetraacetic acid is obtained as a white powder in a yield of > 36% and a
purity of > 95%, as analyzed by *C-NMR. By acidification with concentrated
hydrochloric acid, 1,2-propylenediaminetetraacetic acid is obtained as a white
powder in a yield of 91%.



purity of > 96% as analyzed by [err] C-NVR Exanple 11: 37.5 ¢

tetraki s(hydroxyethyl)1, 2-propyl enedi am ne (0.15 nol), 25.6 g NaCH (0. 64
“mol), 122 g water, and 32 g of the cataHgst prepared in Exanple 7 are

pl aced in an autoclave. The autoclave is seal ed, brought to a pressure of 5
bar, and then to the reaction tenperature of 199[err]C. The reaction is
conducted while stirring. As nuch of the hydrogen fornmed during the
reaction is continuously released fromthe autoclave as is necessary to
naintainEkgﬁEﬁ?qg§ure in the autoclave at 15 bar. After a reactions time of
1.5 hours an reeze drying, the Na salt of the 1, 2-propyl ene-
di am netetraacetic acid is obtained as a white powder in a yield of > 96%
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connect i enoling capacity is such that there is no appreciable loss of the alcohol in connection

with the release of hydrogen. After a reaction time of 130 minutes and freeze drying,

the Na salt of the methoxyacetic acid is obtained as a white solid in a yield of > 99%

and a purity of > 98%, as analyzed by >C-NMR.

Example 13:

90.1 g triethylene glycol (0.6 mol), 46 g NaOH (1.2 mol) in 184 g water, and 32 g of
the catalyst prepared as in Example 3, but reduced for only 2 hours at 230°C in a
hydrogen stream, are placed in an autoclave. The autoclave is sealed, brought to a
pressure of 5 bar and then to the reaction temperature of 180°C. The reaction is
conducted while stirring. As much of the hydrogen formed during the reaction is
continuously released from the autoclave as is necessary to maintain the pressure in
the autoclave at 10 bar. After a reaction time of 210 minutes and freeze drying, the
Na salt of the 3.5.dioxahexanedicarboxylic acid is produced as a white solid in a
yield of > 99% and a purity of > 98%, as analyzed by *C-NMR.



with the rel ease of hydrogen. After a reaction tine of 130 m nutes and
freeze drying, the Na salt of the nethoxyacetic acid is obtained as a white
"solid in ayield of > 99% and a purity q > 98% as anal yzed by [err] G NWVR
Exanpl e 13:- 90.1 g triethylene glycol (0.6 nol), 46 g NaOH (1.2 nol) in 184
g water, and 32 g of the catalyst prepared as in Exanple 3, but reduced for
only 2 hours at 230[err]C in a hydrogen stream are placed in an autocl ave.
The autoclave is sealed, brought to a pressure of 5 bar and then to the
reacti onExampte ddtire of 180[err]C. The reaction is conducted while
stirring. As nmuch of the hydrogen fornmed during the reaction is
continuously released fromthe autoclave as is necessary to maintain the
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anal yzed g%gk rrl G NVR 16 Exanpl e 14: Catal yst preparation: The
catalyste 'g? ared as in Exanple 3, except that in the precipitation of
zi rconi um hydroxi de by addition of NaOH a pH of 5 rather than 7 was
established. Catal yst application: The catalyst was used as in Exanple 4,

except t katalystapplioation:dfheeatalystiwas used asnioriomsmple o exegptdhaithesamaunt
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Example 15:

Preparation and application of the catalyst were as in Example 14, except that in the
precipitation of zirconium hydroxide a pH of S rather than 5 was established. After a
reaction time of 120 minutes, the tetrasodium salt of EDTA was produced in a yield
of 93.8%, as determined by HPLC.



precipitation of zirconiumhydroxide a pH of 9 rather than 5 was
-established. After a reaction tine of 120 mnutes, the tetrasodiumsalt of
" EDTA was produced in a yield of 93.8% ﬁz determ ned by HPLC 17

Catal yst for dehydrogenating am no al cohdls to am nocarboxyli¢-aci-ds-or-

et hyl ene glycol (derivatives) to oxycarboxyllc acids, proce

SS
preparation and application thereof Cains: 1. Cat ahﬂm“ m“” uu lzlll
dehydr ogenating am no al cohols to am nocar boxyl i c aci col
(derivatives) to oxycarboxylic acids, said catalyst cont ai i ng zirconi um

copper and possibly an additi onal netal, whereby the cited netals are
preci pitated as hydroxi des, washed, dried, calcined, and reduced,

pr epar abl e om.an eous
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ag gegus soLutemyIMg gmr?bwdensames)rto oxycarboxylic aandsagxdtoces?am ﬁal t bl S
added to the zirconium hy ing further base,
copper hydroxi de and possﬁ)ﬁeh%'&h‘aﬁ gb;i,ﬁ i?’“dﬁﬁ'epér(r%‘?al contained in the
addi ti onal —satt—Ts preciprtateduntT——=a pHof—8—to s attarnmed—tte
suspensi on obtained is filtered, washed, dried, calcined in air at 450 to
600[err]C for 2 to 4 hours and finally reduced at 200 to 250[err]Cin a
hydrogen streamfor 2 to 4 hours. 2. Catal yst in accordance with Caim1l,

characterized in that zirconiumhydroxide is precipitated froman aqueous
zirconiumsalt solution using a base upiil a pHof 5to 9 is attained.

Claims:

1. Catalyst for dehydrogenating amino alcohols to aminocarboxylic acids or
ethylene glycol (derivatives) to oxycarboxylic acids, said catalyst containing
zirconium, copper and possibly an additional metal, whereby the cited metals
are precipitated as hydroxides, washed, dried, calcined, and reduced,
preparable in that zirconium hydroxide is precipitated from an aqueous
zirconium salt solution using a base until a pH of 4 to 10 is attained, the
aqueous solution of a copper salt and possibly of an additional salt is added
to the zirconium hydroxide suspension, and, by adding further base, copper
hydroxide and possibly the hydroxide of the metal contained in the additional
salt is precipitated until a pH of 8 to 14 is attained, the suspension obtained is
fitered, washed, dried, calcined in air at 450 to 600°C for 2 to 4 hours and
finally reduced at 200 to 250°C in a hydrogen stream for 2 to 4 hours.

2. Catalyst in accordance with Claim 1, characterized in that zirconium hydroxide
is precipitated from an aqueous zirconium salt solution using a base until a pH
of 5 to 9 is attained.



- 18 3. .Catal yst in accordance with Claim1l or 2, 'pr"é‘par abl e~ T that- by

.addi ng further base copper hydroxi de and possibly t
"metal contained in the additional salt 18 precipit ﬂmnmmngauﬁ"j 9 to
12 is attained. 4. Cat al yst in accordance wi th one*orc nerexo I ms

3, preparable in that the base is an aqueous solution of an al kaline or

al kal i ne-earth hydrOX| de or of an am ne . Cat al yst I n accordance with
Claim4,,prep I |ntht the drOX|d ydr t he
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5, preparable in that the zirconi umsalt is “zirconi umoxychloride,

zi r coni um sul thetadditional salt isrpegcipitated Uﬂt“r%@hi o to 12 ig 2ltaipedconi um acet at e,
or zirconium perchlorate, the copper salt is copper nitrate, copper
chloride, copper sulfate, or copper acetate, and the additional salt is
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accordance W g pamiqg. nore of Caims 1 to 6, preparable in that the weight

ratio of zirconifumto copper is 0.5:1 to 10:1. 8. Catal yst in accordance
W th Cla|m7 preparable in that the weight ratio of zirconiumto copper is
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preparab?e I n
is sodium hydroxide, the alkaline-earth hydroxide is calcium hydroxide, and

the amine is ammonia or trimethylamine.

6. Catalyst in accordance with one or more of Claims 1 to 5, preparable in that
the zirconium salt is zirconium oxychloride, zirconium suifate, zirconium
oxalate, zirconium nitrate, zirconium acetate, or zirconium perchlorate, the
copper salt is copper nitrate, copper chloride, copper sulfate, or copper
acetate, and the additional salt is molybdenum pentachloride or the nitrate or
chioride of calcium, iron, aluminum, chromium, bismuth, barium, or
magnesium, whereby the salts contain water of crystallization or are
anhydrous.

7. Catalyst in accordance with one or more of Claims 1 to 6, preparable in that
the weight ratio of zirconium to copper is 0.5:1 to 10:1.

8.  Catalyst in accordance with Claim 7, preparable in that the weight ratio of
zirconium to copper is 1:1 to 5:1.

9. Catalyst in accordance with one or more of Claims 1 to 8, preparable in that
the weight ratio of copper to the additional metal is 250:0.1 to 250:10.



"t he .wei ght ratio of copper to the additional netal is 250:0.1to 250: 10.

.10. Catalyst in accordance with Caim9, preparablnm I ght
‘ratio of copper to the additional netal 19s 250: 1 ﬂmum"’ﬂimwjljﬂﬁgcess for
preparing a catal yst for dehydrogenati ng am no al coholtss 10 & boxylic
acids or ethylene glycol (derivatives) to oxycarboxylic acids, said

catal yst containing zirconium copper and possibly an additional netal,
whereby the cited netals are precipitated as hydroxi des, washed, dried,

cal ci ned10andCatalystéd acctraiance avitrz@lhim®, pheparableciarthainthieywieight katiol of
precipitated fromgn,aquegus zjrconium.salt ytion using a base until a
pH of 4 to 10“?%0%{'3?56?1@3,8' 'PH@I Qﬁg%d%gkéglt&f@nﬂof a copper salt and
possi bly of an additional salt is added to the zirconium hydroxide

suspensi on, and, by adding further base, copper hydroxi de and possibly the
hydr oxi dd1of Precessifar preparingreceatalyst far deliydraganating amine algaheds {81 t at ed

until a pH of _8. L. S: . al . on. | ' ks d,
washed: ari eamigeatfolylicHidds 6 gnyls QYRR RGN HINaR] @ S6featgonli sEId
finally reducedidadatagst contaiicezir¢dhium, coppelrarghpossitsipam dduitichal enetahour s.
12. Process in accordance with char g'cterl zed in that .zirconi um
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hydroxi de i s Mhereky mwdrmstﬁ'%ﬁfeaaw&tm@f% g Sydraxdes, washed: dried.usi ng a
base until a ' t Al ; : ' ce with
a1 o §3chad a8 Sdibed'dardatrieddin il SRETRunhRGREGRICO 1
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additional salt is added to the zirconium hydroxide suspension, and, by
adding further base, copper hydroxide and possibly the hydroxide of the metal
contained in the additional salt is precipitated until a pH of 8 to 14 is attained,
the suspension obtained is filtered, washed, dried, calcined in air at 450 to
600°C for 2 to 4 hours and finally reduced at 200 to 250°C in a hydrogen
stream for 2 to 4 hours.

12. Process in accordance with Claim 11, characterized in that zirconium
hydroxide is precipitated from an agueous zirconium salt solution using a
base until a pH of 5 to 9 is attained.

13.  Process in accordance with Claim 11 or 12, characterized in that by adding
further base copper hydroxide and possibly the hydroxide of the metal
contained in the additional sait is precipitated until a pH of 9 to 12 is attained.

14.  Process in accordance with one or more of Claims 11 to 13, characterized in

that the base is an aqueous solution of an alkaline or alkaline-earth hydroxide
or of an amine. |



"that, the base is an aqueous solution of an al kaline .ar _alkaline-earth
.hydr oxi de or of an anine. 20 15. Process in accordance wth T ai'm 14,

“characterized in that the alkaline hydreg de is sgqmﬂ”mw
al kal i ne-earth hydroxide is cal ci um hydroxi de, m, ?H,‘,?TOI’II a or
trinethylamne. 16. Process in accordance with one or mbre*ofsClsalns 11 to

15, characterized in that the zirconiumsalt is zirconium oxychl ori de,
zirconiumsul fate, zirconiumoxalate, zirconiumnitrate, zirconium acet ate,

or Zi rconsum PR6CE¥sOh dcBorddiReARPEaiMmA 4, charddiensdd M thafiR alkamker
chl ori de, Eer sul fate, or copper acet ate, and the additional salt is

nol ybdenum peRydiexider lﬁ@@dmmmarqwde.ahe alfsalipgrearthiaydroxiss) is icalgiumr on,
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of “copper 't o ERBPRGHA ¥ deheer Mt corntl Biiriie, E8Pnbl slitl, Grionlier 00 (7'
the catal yst piceraseshd theagdditionalaltis infolphderim pehtachioridecomtbie nitrate or
chloride of calcium, iron, aluminum, chromium, bismuth, barium, or
magnesium, whereby the salts either contain water of crystallization or do not
contain water of crystallization.

17.  Process in accordance with one or more of Claims 11 to 16, characterized in
that the weight ratio of zirconium to copper is 0.5:1 to 10:1.

18.  Process in accordance with Claim 17, characterized in that the weight ratio-of
zirconium to copper is 1:1 to 5:1.

19. Process in accordance with one or more of Claims 11 to 18, characterized in
that the weight ratio of copper to the additional metal is 250:0.1 to 250:10.

20. Process in accordance with Claim 19, characterized in that the weight ratio of
copper to the additional metal is 250:1 to 250:7.

21.  Application of the catalyst prepared in accordance with one or more of Claims
11 to 20 in the form reduced by hydrogen for dehydrogenating amino alcohols
to aminocarboxylic acids.



"11 to 20 in the formreduced by hydrogen for dehydrogenati ng-ami-no-alcohol s

.to am nocarboxylic acids. 21 22. Application o epar ed
“in accordance with one or nmore of Claind!11l to 20 ,!.l &]!m ﬁk{f@ged by
hydrogen for dehydrogenating ethyl ene glycol (deriv rboxylic

aci ds.

22. Application of the catalyst prepared in accordance with one or more of Claims
11 to 20 in the form reduced by hydrogen for dehydrogenating ethylene glycol
(derivatives) to oxycarboxylic acids.



