PF 53715 PFPB@ddSs for the renoval of water froma mxture conprising water
and zinc chloride 5 The present invention relates to a process for the
renoval of water froma mxture conprising water and zinc chloride, which
gonprises adding to said mxture congrising water and zinc chloride an 10
aprotic, polar diluent whose boiling point in the case where an azeotrope
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or

20 which forms an azeotrope or hetercazeotrope with water under the
pressure and temperature conditions of the distillation mentioned
below,

and

25
distilling the mixture comprising water, zinc chloride and the
diluent with removal of water or said azeotrope or said
hetercazeotrope from this mixture, giving an anhydrous mixture
comprising zinc chloride and said diluent.

30
Anhydrous zinc chloride or anhydrous mixtures comprising a liquid
diluent and zinc chloride are industrially important starting
compounds which are used, inter alia, in electroplating
technolegy in the zinc-plating of metallic materials or, owing to

35 the Lewis acid properties of the zinc chloride, as catalyst or
catalyst congtituent.

After these uses, the known problem arises of recovering the zinc
chloride from the mixture obtained after the use in a form such

40 that it can be re-used industrially, usually in the form of
anhydrous zinc chloride or anhydrous mixtures comprising a liquid
diluent and zinc chloride.

This recovery usually gives mixtures which comprise water as well
45 as zinc chloride.



PF 53715 PF R3ddBticular difficulty consists in recovering anhydrous zinc
chloride or anhydrous m xtures conprising a liquid diluent and zinc
chloride fromm xtures of this type, as is known, for exanple, from Report
of Investigations No. 9347, "Method for 5 Recoverl ng Anhydrous ZnCl2 from
Aqueous Sal ‘gﬂga St at es Depart ment
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expl osi vezimytehleyridee di sadvantageously obtained, attributable to
deconposition of the anmonia. 40 It is an object of the present invention
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conp ghloride by spray-drying a zinc chloride solution at 100°C under
air does not give a powder, but instead a moist slurry.

The literature cited in RI 9347 on page 2 and RI 9347 itself

25 propose liberating zinc chloride from an aqueocus solution with
addition of ammonia or ammonium chloride, giving a zinc diamine
dichloride complex, from which zinc chloride is liberated.

As is evident from RI 9347, this process does not give a pure

30 zinc diamine dichloride complex, but instead a zinc diamine
dichloride complex which is contaminated with various oxy or
hydroxy compounds of zinc.

In addition, RI 9347 describes on page 8, right-hand column, that

3% the liberation of zinc chloride from the zinc diamine dichloride
complex does not take place to completion at temperatures up to
400°C; at temperatures above 400°C, explosive mixtures are
disadvantageously obtained, attributable to decomposition of the
ammonia.

40
It is an object of the present invention to provide a process
which enables the removal of water from a mixture comprising
water and zinc chloride in a technically simple and economical
manner.

45



vat er andprFi 8537al8l oride in a technically sinple and economi cal manner. 45
PF 53715 3 W have found that this object is achieved by the process
defined at the outset. In the process according to the invention, water is
removed from 5 a m xture conprising ter and zinc chloride. The m xing
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The anpbunt of acid can advant ageously be selected in such a way 40 that
the pH of at BeoBbX 18 cEOTRAL SEXHbAYREST bk HrNeneNLOEd P&idight of zinc
20 chloride and water, in the region of at most 60% by weight,
preferably at most 35% by weight, particularly preferably at most
30% by weight, has proven advantageous.

The starting mixture can consist of zinc chloride and water.
25
Besides zinc chloride and water, the starting mixture may
comprise further constituents, such as ionic or nonionic, organic
or inorganic compounds, in particular those which are
homogeneously miscible with the starting mixture to form a single
30 phase or are soluble in the starting mixture.

In a preferred embodiment, it is possible to add an inorganic or
organic acid. Preference is given to the use of acids which have
a boiling point under the distillation conditions in the process
35 according to the invention which is lower than the boiling point
of the aprotic, polar diluent. Particular preference is given to
hydrohalic acids, such as HF, HCl, HBr or HI, in particular HCI.

The amount of acid can advantageously be selected in such a way
40 that the pH of the mixture comprising water and zinc chloride is
less than 7.

The amount of acid can advantagecusly be selected in such a way
that the pH of the mixture comprising water and zinc chloride is

45 greater than or equal to 0, preferably greater than or equal to
1.



less thanpf s5Bhrasanount of acid can advantageously be selected in such a
way that the pH of the m xture conprising water and zinc chloride is 45
greater than or equal to 0, preferably greater than or equal to 1. PF 53715
4 Starting mxtures of this type can advant ageously be obtai ned by
extraction with a water-containing exXtractant, in particular with water,
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20 form of two phases.

If water is employed as extractant, temperatures of at least 0°C,
preferably at least 5°C, in particular at least 30°C, have proven
advantageous.

25
If water is employed as extractant, temperatures of at most 200°C,
preferably at most 100°C, in particular at most 50°C, have proven
advantageous.

30 This gives rise to pressures in the range from 10-® to 10 MPa,
preferably from 1072 to 1 MPa, in particular from 5*10-2 to
5*10-1MPa,

The phase separation can be carried out in a manner known per se

35 in apparatuses described for such purposes, as are known, for
example, from: Ullmann'’s Encyclopedia of Industrial Chemistry,
Vol. B3, 5th Edn., VCH Verlagsgesellschaft, Weinheim, 1988, pages
6-14 to 6-22.

40 The optimum apparatuses and process conditions for phase
separation can easily be determined here through some simple
preliminary experiments.

In accordance with the invention, an aprotic, polar diluent whose
45 boiling point under the pressure conditions of the distillation

mentioned below is higher than the boiling point of water and

which is in liquid form at this boiling point of water is added



Vol . B3, BFh5B8dA5 VCH Verl agsgesellschaft, \Winheim 1988, pages 6-14 to
6-22. 40 The opti mum appar at uses and process conditions for phase
separation can easily be determ ned here through sone sinple prelimnary
experinments. In accordance with the ishwvention, an aprotic, polar diluent
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type, where, in the case of a mixture of this type, said physical
properties according to the invention relate to this mixture.

Furthermore, the aprotic, polar diluent has, in accordance with

25 the invention, a boiling point under these pressure and
temperature conditions which, in the case where an azeotrope is
not formed between the diluent and water, is higher than that of
water, preferably by at least 5°C, in particular at least 20°C and
preferably at most 200°C, in particular at most 100°C.

30
Aprotic, polar organic and inorganic diluents are known per se,
for example from: Jerry March, Advanced Organic Chemistry, 2nd
Edn., McGraw-Hill, International Student Edition, Hamburg, 8th
reprint {(1984), 1977, pp. 331-336; Organikum, 2nd reprint of the

35 15th Edition, VEB Deutscher Verlag der Wissenschaften, Berlin,
1981, pp. 226-227; Streitwieser/Heathcock, Organische Chemie,
Verlag Chemie, Weinheim, 1980, p. 172,

Suitable are, for example, amides, in particular dialkylamides,
40 such as dimethylformamide, dimethylacetamide,
N,N-dimethylethyleneurea (DMEU), N,N-dimethylpropyleneurea
(DMPU), hexamethylenephosphoric triamide (HMPT), ketones,
sulfur-oxygen compounds, such as dimethyl sulfoxide,
tetrahydrothiophene 1,1-dioxide, nitro aromatic compounds, such
45 as nitrobenzene, nitroalkanes, such as nitromethane and
nitroethane, ethers, such as diethers of diethylene glycol, for
example diethylene glycol dimethyl ether, alkylene carbonates,



Edn., MGPEWSBITRB, International Student Edition, Hanburg, 8th reprint
(1984), 1977, pp. 331-336; Organikum 2nd reprint of the 35 15th Edition,
VEB Deut scher Verlag der Wssenschaften, Berlin, 1981, pp. 226-227,
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met hyl cychetiexdays lobexmiet wremikherenftherebfi.a preferred enbodiment, it is
possible to enploy diluents which forman azeotrope or heteroazeotrope
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product.

If use is made of a diluent which does not form an azeotrope with
water, the amount of diluent compared with the amount of water in
25 the mixture is not crucial per se.

Organic diluents are advantageously suitable, preferably those
having at least one nitrile group, in particular one nitrile
group.
30
In a preferred embodiment, the nitrile employed can be a
saturated aliphatic nitrile or an olefinically unsaturated
aliphatic nitrile. Particularly suitable are nitriles having 3,
4, 5, 6, 7, 8, 9 or 10, in particular 4, carbon atoms, calculated
35 without the nitrile groups, preferably the nitrile group.

In a particularly preferred embodiment, the diluent employed can
be an olefinically unsaturated aliphatic mononitrile selected
from the group consisting of 2-cis-pentenenitrile, 2-trans-

40 pentenenitrile, 3-cis-pentenenitrile, 3«trans-pentenenitrile,
4-pentenenitrile, E-2-methyl-2-butenenitrile, Z-2-methyl-2-
butenenitrile, 2-methyl-3-butenenitrile or a mixture thereof.

2-cis-Pentenenitrile, 2-trans-pentenenitrile, 3-cis-

45 pentenenitrile, J-trans-pentenenitrile, d=pentenenitrile,
E=J=methyl-2Z-butenenitrile, Z-2-methyl-Z-butensnitrile,
2-methyl-3-butenenitrile and mixtures thereof are known and can



Or gani ¢ diPFu@3d5ar e advant ageously suitable, preferably those having at
| east one nitrile group, in particular one nitrile group. 30 In a
preferred enbodi nent, the nitrile enployed can be a saturated aliphatic
mitrile or an olefinically unsaturated aliphatic nitrile. Particularly
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anhydrous zinc chloride is obtained after the distillation as
product of the process according to the invention.

25 This product can advantageocusly be employed for further
hydrocyanation in the presence of a catalyst to give
adiponitrile. A reduction in the concentration of 2-cis-
pentenenitrile, 2-trans-pentenenitrile, E-2-methyl-2-
butenenitrile, Z-2-methyl-2-butenenitrile or 2-methyl-3-

30 butenenitrile is advantageous in as much as these two compounds
undergo said hydrocyanation to a considerably lesser extent than
3-cis-pentenenitrile, 3-trans-pentenenitrile, 4-pentenenitrile or
mixtures thereof,

35 If the diluent employed ise 2Z-cis-pentenenitrile, 2-trans-
pentenenitrile, 3-cis-pentenenitrile, 3-trans-pentenenitrile,
4-pentenenitrile, E-2-methyl-2-butenenitrile, Z-Z-methyl-2-
butenenitrile, 2-methyl-3-butenenitrile or mixtures thereof,
mixing ratios of pentenenitrile to the zinc chloride of at least

40 0.5 mol/mol, preferably at least 5 mol/mol, particularly
preferably at least 15 mol/mol, have proven advantageous.

If the diluent employed is 2-cis-pentenenitrile, 2-trans-
pentenenitrile, 3-cis-pentenenitrile, 3-trans-pentenenitrile,
4% 4-pentencnitrile, E-2-methyl-2-butenenitrile, Z-2-methyl-2-
butenenitrile, 2-methyl=3=butenenitrile or mixtures thereof,
mixing ratios of pentenenitrile t¢ the zinc chloride of at most



pent eneni ®F 178718 pentenenitrile or mxtures thereof with water. 20 In this
enbodi ment, a m xture conprising 3-cis-pentenenitrile,

3-trans-pentenenitrile, 4-pentenenitrile or mxtures thereof and anhydrous
zinc chloride is obtained after the @gstillation as product of the process
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2-trans- pentenenitrile, 3-cis-pentenenitrile, 3-trans-pentenenitrile, 45
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nmol / mol , have proven advant ag eous In accordance with the invention, the
m xture coRBre g [kt ep, can aﬂ"ﬁetéﬁ?@%ﬁ]de bgngarpediiqubeRy PBeits® | | ed
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conpr i gongoré ncsucthlaer 2 der a3d diskd1vat ik tapphRathsesase of pentenenitrile
as diluent, the distillation can 10 advantageously be carried out at a

pressure t r a t .nost_10 kPa art i cul ar at
nost 50 kgﬁeaéll{igﬁlagggnk&aﬂr Ib% %fag e%;lb o l eRe* Wi’ oh‘ar
conventlona purpose, as descrlbed for example, in

Kirk=-Othmer, Encyclopedia of Chemical Technology, 3rd Ed., Vol.

25 7, John Wiley & Sons, New York, 1979, pages 870-881, such as
sieve-tray columns, bubble-tray columns, packed columns, columns
with side take-off or dividing-wall columns.

The distillation can be carried out batchwise.
30
The distillation can be carried out continuously.

For the purposes of the present invention, the term anhydrous
zinc chloride is taken to mean zinc chloride having a water

35 content, based on the total weight of zinc chloride and water, of
less than 500 ppm by weight, preferably less than 50 ppm by
weight and at least equal to 0 ppm by weight.

Examples

40
The % by weight or ppm by weight data given in the examples are
based, unless stated otherwise, on the total weight of the
respective mixture.

45 The Zn or zinc chloride content wags determined by atomic emissien
spectrometry.



In the ca®f 8B87dantenenitrile as diluent, the distillation can 15

advant ageously be carried out at a pressure of at least 1 kPa, preferably
at least 5 kPa, particularly preferably at 10 kPa. The distillation can
advant ageously be carried out by one-gstep evaporation, preferably by
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essentially consisting of trans-3-pentenenitrile, was fed back
continuously to the top of the column. The lower phase

20 essentially consisted of water and was continuously pumped out of
the phase separation vessel. A homogeneous solution of ZnCl; in
trans-3-pentenenitrile was separated off at 348 K at the bottom
of the column. The water content in the bottom product had
dropped to 76 ppm by weight of H;0 after a distillation run time

25 of 17 hours and to 50 ppm by weight after 41 hours.

Example 2

1 kg of trans-3-pentenenitrile and 500 g of water were added to

30 4 kg of the bottom product obtained in Example 1. The homogeneous
mixture was metered into the distillation column operated as in
Example 1 at a metering rate of 206 g/h.

After continuous operation for 24 hours, the bottom product

35 comprised 350 ppm by weight of water, 16.9% by weight of
chlorine, calculated as €1, and 15.5% by weight of 2n, in each
case based on the total weight of the solution; an experimentally
found €Cl:2n ratio of 2.01 can be derived therefrom.

40 Gas-chromatographic analysis by derivatization with MSTFA
(2,2,2-trifluoro-N-methyl-N=-(trimethylsilyl)acetamide) showed no
detectable quantities of the saponification product 3-pentenoic
acid.

45



lhe top apg s3plhgse separation vessel cooled to OCin the ref lux, 240 g/h
of a solution of 30% by weight of zinc chloride in trans-3-pentenenitrile
having a water content of 0.4% by weight 15 were nmetered into the
distillation colum above the nmesh king. At a pressure of p = 10 kPa
(absolute), a two-phase m xture was bt ai ned as condenser distillate at
344 K. Théngppeis pﬁ%&sé?lﬂ&@énfiﬁaw}a%%i%pﬂﬂat%fbxt 198AsPEIPRARIReni tri l e,
was fed babkomxgriaphygushgwead nohdeteptaifle lqeanpbiuirs oFhpolpwericgphase 20
essenti al pyo@@isi sted of water and was continuously punped out of the
phase separation vessel. A honbgeneous solution of ZnCl2 in

trans-3-pentenenitrile.was separated off at 348 K at the,bottom qf the
col um. STABE Ba s SPORELNG TTLAAE DO ST GARELE AT APORABRT L F85Fpm by
wei ght of YRR &t ther eBP§PEed |inathenhydfrayanation of r-pemsanreniiiileo 180 ppm
by wei ght thé t@resEhceouf snidkednPl) epRodplkid eOtata bpst S-gmeinkshoesinidg i | e and 500
g ofT hwaL ei B ferR@ded hotivddyA cklpefed hﬁt?lotat Qaltpiﬂﬂi’cf}re?mf' ;%lbdr@dExarml e
: e ho : .t he iJ | ation col'um
operat?g gggﬁ2?%%§§%%?éﬂ%ﬁggpénﬁgFgéfﬁqu}agéhgfcéﬂé?%ﬁﬁﬁ. After continuous
operatiron for 24 hours, the bottom product 35 conprised 350 ppm by wei ght
of water, 16.9% by wei ght of chlorine, calculated as O, and 15.5% by
wei ght of Zn, in each case based on the total weight of the solution; an
experinentally found C:Zn ratio of 2.01 can be derived therefrom 40
Gas- chromat ogr aphi ¢ anal ysis by derivatization with MSTFA
(2,2,2-trifluoro-N-nethyl-N-(trinmethylsilyl)acetam de) showed no
det ect 3Bl e guantities of the saponification product 3-pentenoic acid. 45
PF 53715 10 Analysis for polymeric degradation products by gel perneation
chr omat ogr aphy showed no detectable quantities of polyneric product. 5 The
zinc chloride solution in 3-pentenenitrile obtained in this way can be
enpl oyed in the hydrocyanation of 3-pentenenitrile in the presence of
nickel9 ) phosphite catal ysts and shows no difference in activity conpared
with a®Solution freshly prepared

25
30
35
40

45



from 3-peRFeh@dilbril e and anhydrous zinc chloride. 10 15 20 25 30 35 40 as
PF 53715 11 W claim 1. A process for the renoval of water froma m xture
“conprising 5 water and zinc chloride, which conprises adding to said
mxture conprising water and zinc chioride an aprotic, polar diluent 10
whose boiling point in the case where an azeotrope is not formed between
said diluent and water under the pressure conditions of the distillation
ment i onedWBetbAMis hi gher than the boiling point of water and which is in
liquid format this boiling point of water 15 or which fornms an azeotrope

or heterogzeohr é/yst ffo!‘ya%ﬁé LRI bhewﬂéssf%ﬁ. angli $QIMRE Bk ffs:m%
condi tigns of the 1E9tE9ﬂn: K&ngqqgglgg and distilTing the
e

m xture conpr|5|n zinc ch drl g%and di luent with renoval of
water or said azeotrope or said het eroazeotrope fromthis mxture, giving
an anhydrous Aafiging ¢ccoapdi Bixigrod somphisingieraded snd dziid wbdbride an
process as cl apneeid,n pollarndidluardiere the diluent is an 30 organic diluent.
3. A process as clainmed in clain12 mhere t he organic diluent has at | east
one ni r|Ie al, cess where the organlc
i uent® empi soke Biaing PBLEERS (3 o8 Tt BedRiapd Thonif|
ol efinically E%E@ﬁq”qgﬁg&eﬁlg?+¢(gl luent and water under the pressure

conditions of the distillation mentioned below is higher than

the boiling point of water and which is in liquid form at
this boiling point of water

15
or
which forms an azeotrope or heteroazeotrope with water under
the pressure and temperature conditions of the distillation
20 mentioned below,

and

distilling the mixture comprising water, zinc chloride and

25 the diluent with removal of water or said azeotrope or said
hetercazeotrope from this mixture, giving an anhydrous
mixture comprising zinc chloride and said diluent.

2. A process as claimed in claim 1, where the diluent is an
30 organic diluent.

3. A process as claimed in claim 2, where the organic diluent
has at least one nitrile group.

35 4. A process as claimed in claim 3, where the organic diluent
employed is an aliphatic, saturated nitrile or an aliphatic,
clefinically unsaturated nitrile.

5. A procegs as claimed in any one of claims 1 to 4, where the
40 diluent is able to form an azeotrope or heteroazeotrope with
water under the distillation conditions.

313/2002 Ci/an 07.10.2002
45



5. A procBEs5331Blained in any one of clains 1 to 4, where the 40 diluent
Is able to forman azeotrope or heteroazeotrope with water under the
“distillation conditions. 313/2002 C/an 07.10.2002 45 PF 53715 12 6. A
process as clainmed in claim5, where4he organic diluent enployed is an
aliphatic, olgfinically unsaturated nitrile .selected from.:t rQup
consi sti nf of Ko E AT hLMTH 18, C15i r_angbggﬁt%%erﬂrtgﬁ‘ﬁ%,3%81@?“%
3-ci s- pent encfTR¥FYeE 18- pR MEIENASARY PG INICRA 1Y NARERERAL R RELe

E- 2- net hyl - 2- betertsd tfrohethe Zraupetbys isk-imgt efied+¢ isdpentenenitrile,

2- et hyl - ? brt?ﬂﬁﬂdlﬂeheeﬁénﬂ:rime);t BreigliRimtehenitrid)r acesands clainmed in
any onegof ¢ .Q .6; T ] tyre_GOMMFI-Si_ g, zi nc
chl ori dg has %?ﬁ;@?&ﬁ%égéiwéﬁ?wsg?%?% %5 % clla?n%giff\ﬁ&g{nﬁlﬂoq%é of
claims 1 to 70~ AHSTYIRZ PR ARMETdShpr i e VAP P SEIP R LE 1514 de has a
pH in the 15m%kyee ftheseefto less than 7. 9. A process as clained in any
one of clains 1 to 8 where an acid is added to the m xture conpri sing
water and7zi ng pfédedd de. cPPim 3@ 35£4&1e1Q>f AlRiMREEBXAS,ClhRéF@HeN cl ai m

9, mhe&g the ﬁfkfhfﬂn@o%¥§gsiﬁb di@%r § d zinc chloride has a pH of less

than 7.

8. A process as claimed in any one of claims 1 to 7, where the
mixture comprising water and zinc chloride has a pH in the
15 range from 0 to less than 7.

9. A process as claimed in any one of claims 1 to 8, where an
acid is added to the mixture comprising water and zinc

chloride.

20

10. A process as claimed in claim 9, where the acid employed is

HC1.
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