PF 53716 1 Procedd&or the recovery of a Lewis acid The present invention
relates to a process for the recovery of a 5 Lewis acid froma reaction
m xture (1) which has been obtained in the hydrocyanati on of an
ol efinically unsaturated conpound to alnitrile which has a mscibility gap
wi th water under certain anount, pressure and tenperature conditions, in
t he presenc f l.ys m conptising a Lews acid and a conpl ex
conmpound 10%g§ﬁﬁg?sﬁ%%qg%b%Sgéﬁ%ﬁﬁéﬁggnégfﬁﬁ%ﬁ”ﬁtnpound which is suitable
as ligand and a central atomwhich is suitable for this conmpound, which
conpri ses 15hg) presevi rigiveheismi tklodesl eér &ompuawssd foontme xtecogefy)of & gi ve
a dm' Xtures (eWlis Bidddiong avetgstich Mixkture (1) Whabd R4 To'BQa!)iﬁé&O ei\"/r\}h -
under pres e Latu itel: QF iC
has a hi ghe?“?%oﬁiﬂﬁ?% F1Bh B, £ Wit EHE eladBh e B RSSO 813 )
whi ch has a™i*ghéf ‘&‘b‘rﬁ*’e\rﬁh‘aﬁsof‘ PHE DA EY nFRR ¢t WARSbf UREfTe S8R 1 Bbt ai ned,
wher e phase WL}, hRELSFULlR] ghdr teRRERIARNT &f CeltEl tdang  Léni theadir@sehad does
phase (1V), cabtatysaddygtgmacbngoishimj laueavig \cithiagd al¢omitlest rompdofdn an
azeot r ope grcopal g AN HhWaBARST PRI inPRE NMorBd8H GRILRI I RLGSEHIE as
condi tions i3 Ehghgﬁd U0 Ot 0 VALEE 51 16! BLEB AL agagbiope or
heteroazeotroﬁe W Th” wat'er ‘under —certal n pressureée condiﬁlons, P3 phase
(1), 35 d) subjecting the m xture of phase (I1I11) and liquid diluent (V)
to distill amhdphupchgrises pressure conditions nentioned in step cl) or
c2), giving a mxture (VI) which has a higher content of water than of
di l uent ( nd l r I, L | | ; Nt 0f, dik
(V) Than D Tlat S e e S B e o
Lewis acid thaﬁllﬁggen{%)me (V1), and 45 e) subjecting nmixture (VII1) to
hydr ocyanati on of an olefinically unsaturated conpound to give a nitrile
whi ch has ab)m 2ddbngi wateyaprowntihtwee eiIIunded pldiamign theolatterpresedr e and

pressure and temperature conditions such that a phase (III)

20 which has a higher content of water than of the said nitrile
and a phase (IV) which has a higher content of the said
nitrile than of water are obtained, where phase (III) has a

higher content of the said Lewis acid than does phase (IV),
25 c¢) adding a liquid diluent (V} which
cl) does not form an azeotrope with water and whose beiling

peint under certain pressure conditions is higher than
that of water or

30
c2) forms an azeotrope or heteroazeotrope with water under
certain pressure conditions,
to phase (III),
35

d} subjecting the mixture of phase (III) and liquid diluent (V)
to distillation under the pressure conditions menticoned in
step cl) or c2), giving a mixture (VI) which has a higher
content of water than of diluent (V) and a mixture (VII)

40 which has a higher content of diluent (V) than of water,
where mixture (VII) has a higher content of the said Lewis
acid than does mixture (VI),
and

45 ¢) subjecting mixture (VII} to hydrocyanation of an olefinically
unsaturated compound to give a nitrile which has a
miscibility gap with water under certain amount, pressure and



PF 5371b 2 PtFer?ﬁieer'abt ure conditions, in the presence of a catal yst system
conprising a Lewis acid and a conpl ex conpound conprising a
phosphor us- cont ai ni ng conpound which is suitable as ligand and a central
atom which is suitable for this conpourdl. 5 Processes are known for the
hydrocyanation eempbedtude dlonditiossf Uraked sArRHRISst 8 GLVA ANLLELER
whi ch has a mi SeLhiblilyng 4AR.oM £ YA S UDIEEnSEL! AlRoBIRNN driesalr e and
tenperature conditions,” in the presence of "a Ratal ysP,system cor,rpr95| ng a
10 Lewis acid aR OEPE%W@?“&SHB@%QCWPPSVW% 1spRYL Ao 2% dBarfi ng
conpound whi ch 28dsai ¢amtalagtpngeni-hai@ suiteme floratbrs whemgpung.sui t abl e
for this ®npound. Thus, US Patents 4,705,881, 6,127,567, 6,171,996 Bl and
O 200 aat  RoBletis diasgabiacess and sjatg hutipR Rt g batyy
p itri Ltri | presenc. yst .Sys
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cover
the filtrat&2PET2E Hefe™ éhﬁf%‘%%&?’ﬁeb%/{%y SeXCPBYYREt G on of the nickel

with the ammonia enployed. It is an object of the present invention to
provi de a prboessus witentendb? &S, a8l cetdVeigr off, the, 1BME aaddéf3dmd]
rL eaction 1_%8 B aiﬁéﬁag&f rﬁbgséwefdrn_taefﬁfaad&ya@aageaﬂbéfspern&eufﬁi@hIéﬂe;o
ew s aci : id:hy i.Qn, ¢l [ .

economn cal abgﬁ%r& alehl ?% 3 ttnhglg ?ﬁigI tt'Ele:igtgigf;‘%%lc |és:|\</)e g""?’gﬂe""
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orocess def LRENS AEid@nng GORRER CORRORPE GRS CRBR TR & SULALPRYAR | on
furt her nor ePhHasPEHee ldgpadt aneé nivkeli aseprmined pleMmeonpl ex conpound
conprising a phosphorus-containing conpound which is suitable as Iigand
and a 4?_2;@6@@ al,o@i,cmmw@bg}aﬂ%sswﬁea%?o&ﬁ clﬂ“t%iﬁﬁménh@&oinsae”m oyed
as constitu V.S i r

enabl es re- gg%‘;gimﬁ @%ﬂ&é ¢F cids %S’ﬁ% ?%bﬁ]e%g?g?égglé]@ga?soé&aeﬁpwnﬁ%ﬁé'aI SO

onpl ex cQ
enabl es theT g%¥°ﬁﬁ§id@é BEﬁeﬁ#H%?VPHtage that the Lewis acid can only be

liberated from the precipitate in a complex manner and in
addition the recovery of the catalyst system from the filtrate is

25 made more difficult by complex formation of the nickel with the
ammonia employed.

It is an object of the present invention to provide a process
which enables the recovery of the Lewis acid from a reaction

30 mixture of this type in a form which enables re-use of the Lewis
acid in the said hydrocyanation, in a technically simple and
economical manner.

We have found that this object is achieved by the process defined
35 at the outset.

The process according to the invention furthermore has the
advantage that it enables the complex compound comprising a
phosphorus-containing compeound which is suitable as ligand and a

40 central atom which is suitable for this compound that is employed
as constituent of the catalyst system to be removed in a form
which enables re-use of the complex compound in the said
hydrocyanation and alsc enables the target product obtained in
the hydrocyanation to be removed from the reaction mixture

45 obtained in the hydrocyanation in a technically simple and
economical manner.



4 he hydrocygﬁa?%ﬁsto be renoved fromthe reaction m xture 45 obtained in
the hydrocyanation in a technically sinple and econom cal nmanner. PF 53716
3 In step a) of the process according to the invention, use is made of a
veaction mxture (1) which has been ob@Bained in the hydrocyanation of an
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| i gand and witgeidter ahighomasvd olistsbslityaljap fothtydtercandenncertldinl n a
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vater undere Geliyln sQURUR! conftl:333HE S Al o GHPET AL RABILL ! O, da

adi ponitrile. ocesses ror e pr Far,a 1on of a |chn|_trP_e by’

hydr ocyanat FYIPT 1F3 18t 2 PDIRINATHFCEPP A UHSG: GPAPRPL SiRI6tingS SHktpbAe 2scis
pent eneni t r{igand andapscertnadnetpmr yhich dscisylpapheefoni this ecompound.
3-trans-pentenenitrile, 4-pentenenitrile, E-2-methyl-2- butenenitrile,

i he. pros e L e L e e B
conpl ex conlgg%ﬁléﬁé&% a?%?n‘ylithawﬁ*ﬁ%gplﬁ}f{n s_-cng%?%ﬁln Odm%dn‘sf)ﬁﬁﬂl%ia&% S

sui t abl e ast¥IRFFAGUresERMHCORS bR oEHROMEr Lh@ef erabl y multidentate, in
particul ar bidentate conmpound, which is coordinated to a central atomvia
a phosphoresocisers bt Ctharirebarbbidheff aaipohitr IROSPhhPEroRmmRResRNI t €,
phosphoni €, praPRAERRLDEL £l un@a b XS UL ORBEERE, AR s 9%‘{5@' at om

referably nickel, .cobalt or palladiu i.n_ .partjcular nic rticularl
brof or abl y FHXRETAEF hIBT STHERETELRNC I E ko o PERERBT L Pra US
4,705, 881, UgTErFopesgenenigrdley 4 g tBReaAdr U 6, B3¢0 Mephy B12- 30 Suitabl e
Lewi s aci dsbuterneniteilaeoriyrinetbyl el -gartienemetaile c @vmetihgd-3n which t he
cation is sgleeicedttilen dhex FiRYPre COHESIDE], NPn Ofhes GARBEHAE & tARMAT yst
VEEr um o P comBELSAe Bkt O e £E 3B 0 CARPEL: cOhfifund Mdibaifily! NUT
>Iéxarrpl es i n%lpﬁﬁ)gp%ﬁ%?forfrﬁl‘?}%nfflgo%ﬁg}icw Fulkgeye ﬁjﬁd%@%) 2,
COCl 2, Col Buclr@ppa merpdentpde) 2prefayaplyHmy bt idgnyjateTHEN 2pamigudarTi d 3,
A Ti (O - priopidntdteMbGhpurS CwB ichl 3 Foof@3hdTed\td 2, ceCBHFET)RAMCvia a
phosphorus atom, which may be in the form of a phosphine,
25 phosphite, phosphonite or phosphinite or a mixture thereof, and a
central atom, preferably nickel, cobalt or palladium, in
particular nickel, particularly preferably in the form of
nickel(0), are known, for example from US 4,705,881,
Us 6,127,567, US 6,171,996 Bl and US 6,380,421 Bl.
30
Suitable Lewis acids here are inorganic or organic metal
compounds in which the cation is selected from the group
consisting of scandium, titanium, vanadium, chromium, manganese,
iron, cobalt, copper, 2zing, boron, aluminum, yttrium, zirconium,
35 niobium, molybdenum, cadmium, rhenium and tin. Examples include
ZnBrp, 2nI,, ZInCl;, ZnS0O4, CuCl,, CuCl, Cu{0Q3SCF3},, CoCl,, Col,,
Fel,, FeCl;, FeCl,;, FeCl,{THF};, TiCl4(THF};, TiCls, TiCls,
C1lTi(O-i-propyl)s, MnCl,, ScCly, A1Cly, (CgH;7)A1Cl;, (CgHj7)2AlCl,
(1-C4Hg)2AlCl, (CgHs5)2AlCl, {Cg¢Hs)AlCl,, ReClg, ZrCl,, NWbCls, VCls,
40 CrCl,;, MoCls, ¥Cly, CdCl,, LaCly, Er(03SCF3)3, Yb(O>CCF3);3, SmClsy,
B(CgzHs5)3 and TacCls, as described, for example, in US 6,127,567,
US 6,171,996 and US 6,380,421. Also suitable are metal salts,
such as 2ZnCl;, CoI; and SnCl,;, and organcmetallic compounds, such
as RAlICl,, RSn0O3SCF3 and RiB, where R is an alkyl or aryl group,
45 as described, for example, in US 3,496,217, US 3,496,218 and US
4,774,353, It is also posgible to empleoy as promoter, in
accordance with US 3,773,808, a metal in cationic form selected



(i -caro) 2A1 BF, 5385y 2a1 0, (CBHB)AI 2, Red 5, Zrd 4, NbQ5, VCI3, 40
CrCl2, Mod5, YA 3, Cdd 2, Lad 3, Er(O3SCF3)3, Yb(MRCCF3)3, SnCl 3, B(C6H5)3
and Tad 5, as described, for exanple, in US 6,127,567, US 6,171,996 and US
6, 380, 421. Also suitable are netal saltds, such as ZnCl2, Col2 and Snd 2,
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t he purpospg%lﬁéﬂﬁ XEljrC)Ea}ls%;IEi(#nv Cogggg%%ggo%tf &dﬁﬁ %e@i nﬂszé ggﬁedrgg *t he
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4,874, 884, theeratip %rweenwcsnorm 90g rawdceQSls B@@ferzaply in the range
from about 1:16 to about 50:1.

25
For the purposes of the present invention, the term Lewis acid
also covers the promoters mentioned in US 3,496,217,
Us 3,496,218, US 4,774,353, US 4,874,884, US 6,127,567,
-US 6,171,996 and US 6,380,421,
30
0f the Lewis acids mentioned, particular preference is given, in
particular, to metal salts, particularly preferably metal
halides, such as fluorides, chlorides, bromides and iodides, in
particular chlorides, of which zinc chloride, iron(II) chloride
35 and iron(III) chloride are particularly preferred.

The preparation of reaction mixtures (I) is known per se, for
example from US 3,496,217, US 3,496,218, USs 4,774,353,
Us 4,874,884, US 6,127,567, US 6,171,996 and US 6,380,421.

40
In step a) of the process according to the invention, the said
complex compound is separated off from mixture (I) to give a
mixture {(II).

45
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30 O the Lewis acids nmentioned, particular preference is given, in

particular, to netal salts, particularly preferably netal halides, such as
fluorides, chlorides, brom des and iodides, in particular chlorides, of
which zinc chloride, iron(ll) chloride®5 and iron(ll1) chloride are

parti cul ?rl;mpeeé@gsammﬁhea@rwafa&tmga Sht 1 9AG! maﬂn@}mdﬂ‘&; (et.-é%%s bgown
per se, or
efémkfy P EEEade 436, 217 0ol éagsggit Sopatak, [ €4

4,874, 884, g g }§¥ US 6,171,996 and ‘I'n"step a) of
t he process or to the invention, the said conplex conmpound is

separated off frommxture (lI) to give a mxture (Il). 45 5 This
separ ati o Santbeleaxtredtents iaren prafiaeabknalkapes Se,cydloafiRaadsy by
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a boiling pshatragge thireny ahget f3lbrhoabbatt IBH°6 - aboitaHl3SCycSaatdries are

cycl oal kaweadaset dgeakugntageapeainaney CtoPRiticiane , Cypt paae &€&l ohept ane
and al kyl - %Wh?ilédﬁﬁqtﬁi‘.ﬁﬁo é(m9§an@£‘d arq&ﬁru&%ﬁréw&qf of, i nParticular

t hose having_a b0| RaLN out .135C,

such as nmet aftlc exane ﬁ%flﬂ%é g%q(ﬁ?ﬁgﬁnlﬁdEQﬁuﬁﬂﬂ§8ugF9mb%??ﬁ%‘r|ed
out at a teﬁée?%t |ﬁ5t%e‘¥5ﬁ@é5fm%ﬁﬁ%%@@@obe¥%ﬂ%bout 100C.  The
extraction can be carried out batchw se or continuously, the continuous

count er cWsr gRé PEOERAUOA Ba i 4t atAyeu STy Mt 2@eeusd Ak HreaVVRbEhd r 4talre0
bet ween t he; Hh?ﬁ§hﬂﬁﬁé ?EHHO&&H“?%P%gﬁgq‘?%d@obeand and the nitrile to be

extracted should be 1™ e range to 90: 100. The weight ratio
bet ween the extractant, and the phosphorus conmpound which is suitable as

| i gand shoulfBe 28X HRFAACAgEBRISPS TRt PRE DATGEVEFO R CONLANTOVS Y, THhe
extracti on cantbmimsr coedtentunneder pacbednte paessyrprarenuadeantageous.
super at ne®pheric pressure in order to avoi d evaporation of the extractant.

30 The weight ratio between the phosphorus compound employed as

ligand and the nitrile to be extracted should be in the range

from 1:1000 to 90:100. The weight ratio between the extractant

and the phosphorus compound which is suitable as ligand should
25 advantageously be in the range from 2:1 to 100:1.

The extraction can be carried out under ambient pressure or under
superatmospheric pressure in order to avoid evaporation of the
extractant.

30
The complex compound can be isclated from the extract by removal
of the extractant, for example by evaporation of the extractant,
and, 1f desired, fed back into the hydrocyanation, as described
in US 3,773,809.

35
The mixture (II)} obtained in step a) comprises the nitrile which
has been obtained by hydrocyanation of an olefinically
unsaturated compound and which has a miscibility gap with water
under certain amount, pressure and temperature conditions, the

40 Lewis acid used as constituent of the catalyst system employed
for the hydrocyanation, and any by-products formed in the
hydrocyanation, which may be dissclved in mixture (II) or are
undissolved; the content of the complex compound comprising a
phosphorus-containing compound which is suitable as ligand and a

45 central atom which is suitable for this compound that is used as
constituent of the catalyst system employed for the
hydrocyanation is preferably from 0 to 60% by weight, in



:The conpl ex chor?pjgulnbd can be isolated fromthe extract by renoval of the
extractant, for exanple by evaporation of the extractant, and, if desired,
fed back into the hydrocyanation, as described in US 3,773,809. 35 The
mxture (I1) obtained in step a) conpri®es the nitrile which has been

obt ai ned by gaydiecyanaiidin 00koaso®Iwi Walight | Ybaddas 3hUt Bé eeh1GATRRYHH: asd
which has apfS$ekRi [ty gap with water under certain anpunt, presSsure and

tenperature conditions, the 40 Lewis acid used as constituent of the

catal yst system enpl oyed for the hydrocyanati on, and any by-products
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to 60% by weityRPELPH J%?TBaﬁat’pr? 528uPar 3R OtE BYHBIRNARS KRPYD based
on the totalPewesght fonf examplarky (f)ltretinpxenrsedimenptebignd ses undi ssol ved
constituerds, sone or 5 preferably all of these undi ssolved constituents

can advant ageRUShYiken AParatutE#Mdl FruEessé | ddndi@ti WREN: S %O%eg_)argeﬁo b) or

bet ween step .and c) of the.prqcess. accord to_the _i1nvention;. this
separati on i ‘hicar cdvobreblY Het ABsETRRm Hobebd ot of Eanressy
filtration GFedBLRARTY £XPSHINEBEThe opti num apparat uses and process
conditions for a separation of this type can easily be determ ned by neans
of a few s mpl accprédndd RdrY exPeirnvettison, latldr decasdedcs: Wikiuk8e(11)

bl aced under peiebioBiana the BYUE iel blactd el Bl po s e aee (1)

p u ;46 ' S p

whi ch has atheﬁggggy&leeo?#g‘r?t&ggg%%ué%_t% ﬁ‘%‘g %fpﬂsaasled (EIE? r‘i’?%caharlﬁ?saapﬁé%éer( V)
which has &°Hi SﬁErogcﬂﬂt@ﬁt thfn Qe S2AGPAEEF S @nhanPhRs St MEightRAted,
20 where phasdigher)cdnteng hifghee ssddlt oatrbie tthansaif dwaesw sisacbtlainédn does
phase (|1\90 whegecappasd (IAU)Ohat aaigjhelrOcthddnt @f( khe s$Sidalewdcustdd per
se. W th inghgaghty gialde0 (8¢yLewis acid to be recovered in mxture 25 (11)
to water, the viscosity of phase (II1l) increases

The amount ratio of water to mixture (II) is not crucial per se.
with increasing ratio of Lewis acid to be recovered in mixture

25 (II) to water, the viscosity of phase (III) increases
significantly, with the consequence that handling of the system
comprising phase (IV) and phase (III) becomes increasingly
difficult.

30 An amount of water such that a proportion of the Lewis acid in
the region of at least 0.01% by weight, preferably at least 0.1%
by weight, particularly preferably at least 0.25% by weight,
especially preferably at least 0.5% by weight, based on the total
weight of phase (III), becomes established has proven

35 advantageous.

An amount of water such that a proportion of the Lewis acid in
the region of at most 60% by weight, preferably at most 35% by
weight, particularly preferably at most 30% by weight, based on

40 the total weight of phase (III), becomes established has proven
advantageous.

Should the amount of water which is used for the extraction of
the Lewis acid from the mixture (II) be such that the mixture
45 (III) has a concentration of Lewis acid which is less than that
of the fresh starting solution, the concentration of the Lewis
acid may be increased by concentrating in a manner known per se,
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significantly, wth the consequence that handling of the system conprising
phase (I1V) and phase (I11) becones increasingly difficult. 30 An anpunt of
wat er such that a proportion of the Lewis acid in the region of at |east
0.01% by weight, preferably at least 0.1% by weight, particularly
preferably aucheastby @a¥vhporet (P witksperdalll prpaehessdrioat okeasd 0. 5%
by weight, Rased fod hexkakal (1¥8) Ihkre@b PHASE Ithh)c DEGRTRS 1651 gp! | shed
has proven 33 ilgvggt?a]gc%% sbxf@tan})ury%o rv\%ger Ss\%é t a,;t. a proportion of
the Lewis actd Tn the regron ot At West 8o%hy Swi §Rt ikt erably at nost
35% by wei GRVANHAIFIUAHYaRLyPF et by vatIhtos Predes Bl netgmestbaskdon 40
t he total Swiedghhtofmqteageeferadly Becowes 23t alyl wehght hassgecdaeny
advant ageoupreBbosb Iy tdte magRURs Oy Wat ght Wik al1SoUseeafigeldn@1gxa¢ act i on

of the Lew i g f ; m ) h t i xt 45 (111)
has a concer%téraggi% %?mfa&nﬁg'ag%e\%ha%gk ageliezés%gt tlégﬁé’lf%i'?ﬁ%gmgf’ tdhgefresh
starting solpﬁfa?g’ﬁ, n}’heatcgﬁégﬁt éd%[ i}"gn‘f’Sf'gf_PT'ne BasHds 1P a82P RAPehani BT eased by
concentrati #§tRh ¥eXHeE kevim d5dd d8 mixtw37(GI7) - such as by
preevaporl®ion with renoval of a proportion of the water fromm xture

(1), prefenabl yater the eenempidydld @R 9fep bW S acid that exists in the
freshly used solution, advantageously at nost 60% by wei ght, preferably at

nost 35% by _5 wei ght, re preferably at nost 32% by wei ght, especially
brof er abl y b froBie SSAetly CRBPGHIEN i Gha| €0 kPN, SOUBTES, Lt PBast 194 by
wei ght, prefFepabliucnts.eg3ch1884innigepPyhiONIANIS, predrialsry iaprgembs 25% by
wei ght, b&sedmpoumdsh icaperoiciler thotal whieilghireohoheyecacilg nbseribteur e

(111). 10 PysenWai€dr G0 rhemeamd 0MAe bRast &y Rire HBsSoTV&S §hr fde&pbodi ment,
the water may conprise further constituents, such as ionic or nonionic,

organic or i_norganic 15 c ounds, in partjcular those which are
ho?mgeneousl?f} %ggﬁtbﬁcéﬁaﬁi?gphp eetrrefjoeﬁa?é'ﬂlrr%‘?”ﬁ'nﬁbﬁ %ﬁ%’%o&r °ir@&ndij ssol ved
in water. |ANATHARIG QF SEPNPT WG 48 PaBDHfenPrefaeenailiisi ghven tm the
i nor gani Qlonser ghracidcwtiics gossitblfermPirefateencopeswiilvenates hhe ROreuze of
aci ds whi chpde1 9§ JOmP andaz ealid A8t i Wi bnaidibdy e stBpi §) NGk RGfent
under the .dg%b éétac%fa@&g'{é% 'iﬁvgha?fo&’)wh%ht DE 1RIQCEIZnAERYL AN tO
the inventi “JU Jl.Ch'clSd'llo r than that o0
gui iluent (V) or which form an azeotrope or
heteroazeotrope with water under the distillation conditions in
25 step d) of the process according to the invention.

Particular preference is given to hydrohalic acids, such as HF,
HC1l, HBr and HI, in particular HC1.

30 The amount of acid can advantageously be selected in such a way
that the pH of the water employed in step b) is lower than 7.

The amount of acid can advantageously be selected in such a way
that the pH of the water employed in step b) is greater than or
35 equal to 0, preferably greater than or equal to 1.

Temperatures of at least 0°C, preferably at least 5°C, in
particular at least 30°C, have proven advantageous for the
reaction in step b).

40
Temperatures of at most 200°C, preferably at most 100°C, in
particular at most 50°C, have proven advantageous for the reaction
in step b).

45
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the liquid d'luent (V) or which forman azeotrope or heteroazeotrope wth

wat er under the distillation conditions in 25 step d) of the process
according to the invention. Particular preference is given to hydrohalic
acids, such as HF, HO, HBr and HI, imMparticular HJ. 30 The anount of

acid can admnt;agmlmd&et&ebﬁséﬁctésn isUeRe aré/i@é febat 14-Becghy @fuddle wat er
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greater tha équal to O, preferably greater than ox equal to 1.
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preferably frERF1Be2 %0 1 MPa, in particul ar from 5%10-2 to 5*10-1 MPa. 5
The opti nmum anmount, pressure and tenperature conditions for separation of
t he systel i'IThEOpBa@éﬂasﬁJa@laltllbnacfhh depbaseidd \Yutcdn aecdsiner haodat pergwed by
means of a fl%Waﬁpngétﬁ]sQfsehbng%é’d f%&pgﬁemxsposég The &*b%ﬁ%sé@paf?f' on can

be carried ':iéméf?a :{W'Ulﬁina Hpg\q:':rpclyclopedtﬂ Ioafor}an‘dus ses SCr.i g such

pur poses, mann. s ncycl opear
Pndustrial  Sendth BAD o %%ﬂ%{%eeaﬁlscwrv@fellaa%a@seh 3§eh3f‘995 6-14
Wi nhei m 19886- ﬁ)éges 6-14 to 6-22. 15 The reaction in step b) can be
carried dig batchwi se or preferably continuously, with a continuous

count er cur Ir ek rOAQCRMINIS, skBp Sy tda%ub/arcaﬁﬁzmw ss@&ﬁu%ﬁat bgction col i
or a sin m e er a S avin roven
9 % §E§9§bﬂ[ (ﬁjt&m’ﬁ&@%ﬁd w?i%h § é rhtlnu%Bg c[: r%!t rcuﬁréen?t PI | e

advant ageou
obtained i® Pﬁ‘é ﬁﬁf‘?‘%‘hlarc%‘ éd\‘)‘%"i’af&é(?&sfeiitb%c@é’rﬂ CPOEMR etovRery of

this nitril éingle- stage or multistage mixer/settler apparatus, having proven
20 advantageous.

Phase (IV), which comprises the majority of the nitrile obtained
in the hydrocyanation, can advantageously be sent for recovery of
this nitrile.

25
In accordance with the invention, a liquid diluent (V) which

cl) does not form an azeotrope with water and whose boiling point

under certain pressure conditions is higher than that of water or
30

c?2) forms an azeotrope or heteroazeotrope with water under

certain pressure conditions,

is added to phase (III) in step <).

35
Diluents (V) should advantageously be selected in such a way that
the said Lewis acid has a solubility of at least 0.1% by weight,
based on the diluent {(V), in the diluent (V) under the
distillation conditions in step d).

40
Suitable diluents (V) are, for example, amides, in particular
dialkylamides, such as dimethylformamide, dimethylacetamide,
N,N-dimethylethyleneurea (DMEU), N,N-dimethylpropyleneurea
(DMPU), hexamethylenephosphoramide (HMPT), ketones, sulfur-

45 oxygen compounds, such as dimethyl sulfoxide, tetrahydrothiophene
1,1-dioxide, nitroaromatic compounds, such as nitrobenzene,
nitroalkanes, such as nitromethane and nitroethane, ethers, such



25 In accorc?ancsé”vﬁﬁt h the invention, a liquid. diluent (V) which cl) does

not forman azeotrope with water and whose boiling point under certain
pressure conditions is higher than that of water or 30 c2) forns an
-azeot rope or heteroazeotrope with water?under certain pressure conditions,
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conpri se fumekBylcyilahexage, ppeimipdirgsateradie conpounds, such as benzene,
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cycl oal i phatrinCaCRPRRIIER oBEAimNtSY 45ENEXRANR HadeNBE hyd Rl QN ¥ ANGh 1 QF
m Xt“r95 th E?Hfan]é%édlr%ggrgieﬂéﬁgio ggggf%ggﬂﬁitH$§%€é¥]l%%e”%ﬂguﬁi é¥| uent s
(V) which doim an a‘;eotr ge or qcteroazeo roch)e Wi T h, iat er. Ie ahpunt  of
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the azeotropes in step d), so that excess diluent (V) remains as

bottom product.

If a diluent (V) which does not form an azeotrope with water is

25 employed, the amount of diluent relative to the amount of water
in phase (III) is not crucial per se. In the case of a diluent
(V) of this type, the diluent should preferably have a boiling
point under the pressure and temperature conditions of the
distillation in step d) of at least 5°C, in particular at least

30 20°C and preferably at most 200°C, in particular at most 100°C,
above that of water under these distillation conditions.

Organic diluents are advantageously suitable, preferably those
having at least one nitrile group, in particular one nitrile
35 group.

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,

40 4, 5, 6, 7, B, 9 or 10, in particular 4, carbon atoms, calculated
without the nitrile groups, preferably the nitrile group.

In a particularly preferred embodiment, a suitable diluent (V) is
one which partly or completely comprises, in particular consists
45 of, the compound to be hydrocyanatsd in step &),
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product. If a diluent (V) which does not forman azeotrope with water is

25 enpl oyed, the anount of diluent relative to the anount of water in phase
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4-pentenenitrile, 10 _E-2- 2-butenenitrile,
Z- 2- et hyl - B2btt SHaTiler Ppgant%ler?é‘lsh PTR_ 3t SH&HPERS If 48 fRktures t her eof

are known amentemenifaidesaviviah PP bee stekiskpenheprti tyd legud ht Bansyy
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processes deSCI’I %GOUS g afe m€<t res of

the said pén‘f‘%ﬂé‘fﬁﬁ”bluégnm’r%%?oﬁﬁr‘i“%’é ures EheERPendt MEFFBEIeS-Q 520
pent eneni t r t¥YRe ora medugitéent Hertdef cangertigtipn3ofj 3=cis- pentenenitrile,
25 2-trans-pentenenitrile, E-2-methyl-2-butenenitrile, Z-2-methyl-2-

butenenitrile, 2-methyl-3-butenenitrile or mixtures therecf takes
place during the subsequent distillation in step d)} of the
process according to the invention since these form azeotropes
. with water which have a lower boiling point than the azeotropes

30 of 3-cis-pentenenitrile, 3-trans-pentenenitrile, 4-pentenenitrile
or mixtures thereof with water. In this embodiment, a mixture
comprising 3-cis-pentenenitrile, 3-trans-pentenenitrile,
4-pentenenitrile or mixtures thereof and essentially anhydrous
Lewis acid is obtained after the distillation as product (VII) of

35 the process according to the invention.

This product can advantageously be employed for further
hydrocyanation in the presence of a catalyst to give
adiponitrile. A reduction in the concentration of 2-¢is-

40 pentenenitrile, 2-trans-pentenenitrile, E-2-methyl-2-
butenenitrile, Z-2-methyl-2-butenenitrile or 2-methyl-3-
butenenitrile is advantageous in as much as these two compounds
undergo the said hydrocyanation to a considerably lesser extent
than 3-cis-pentenenitrile, 3-trans-pentenenitrile,

45 4-pentenenitrile or mixtures thereof.
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product (VI1) of 35 the process according to the invention. This product
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The pressure conditions for the distillation are not crucial per
se. Pressures of at least 10-¢ MPa, preferably at least 10-3 MPa,
30 in particular at least 5*10-3 MPa, have proven advantageous.

Pressures of at most 1 MPa, preferably at most 5*10-! MPa, in
particular at most 1.5*%*10-! MPa, have proven advantageous.

35 Depending on the pressure conditions and the composition of the
mixture to be distilled, the distillation temperature then
becomes established.

In the case of pentenenitrile as diluent, the distillation can
40 advantageously be carried out at a pressure of at most 200 kPa,
preferably at most 100 kPa, in particular at most 50 kPa.

In the case of pentenenitrile as diluent, the distillation can
advantageously be carried out at a pressure of at least 1 kPa,
45 preferably at least 5 kPa, particularly preferably at 10 kPa.
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Hi gher content of water than of diluenttZV) and a mixture (VII) which has
a hi gher comtrenidietitllAtient day) atihiame fect@l §F be VHHaTE oM 5wr@</&'é-¢s\./bb) has
a hi gher condyailoratibhe ﬁaaférlasmsbe%z%ctt@eﬂaﬂ%fsumléft?ﬂsﬁ {ldne ngessures

pressure co ions_ for the distillation.are not_cruclal per se.

of at |east 10-4 %Bgf’ |£osre &FaBr y AT T A OR03BPARATUSeS0 i n particul ar at
| east 5*10-3 MPa, have proven advantageous. Pressures of at nost 1 MPa,
pref er abl y5 d&thenddstbilgtonvRan be cyparieidcobar imtappashtiisés MhikhVRae have
proven advaricigeatson3b fapendsngubsbdd)e apr @6sel ibe@ynetbt | @kempard tihe

conposi tion ofril Benmdk XtaH& 1 BpBE: &l 5 idnlfeﬁ%ai hfécq{n%tlbgiéatip&_#dqueggt ure
th b bl.i shed. “in th t t 'as diluént, th
i St 118t 1 o o 20 a8 SeK dh CSBEOUNTY BE*eat?] bt MHEaP A B bo By BF at most

200 kPa, profdeabFyy afo s 10ebRRrthay satenisd Fackedn@iume kPR1uURRSs t he
case of pkhtwerdnistdel vales-ofifl vendjividimgdivall |l ¢@hiros.can advant ageously be
carried out at a pressure of at least 1 kPa, 45 preferably at |east 5 kPa,

part| cul ar! Yoy QieE 2Pidk fn Ldnkbe o4z ;237 40¢ gae il st! 11 at1on can

advant ageously be carrie by one-step evaporation, preferably by
fractional distillation in one or nore, such as 2 or 3, distillation
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conventiobal for this purpose, as described, for exanple, in Kirk-Qhner,
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20

If mixture (VI) is in the form of two phases, full or partial
25 recycling of the phase having the higher water content by weight
is advantageously possible.

Mixture (VII) is usually obtained as the bottom product in the
distillation in step b). Mixture (VII) comprises the recovered

30 fraction of the said Lewis acid and diluent (V); the water
content of mixture (VII) should preferably be in the range from 0
to 0.5% by weight, in particular in the range from 0 to 50 ppm by
weight, based on the total weight of mixture (VII).

35 In step e), mixture (VII) is fed to hydrocyanation of an
olefinically unsaturated compound to give a nitrile which has a
miscibility gap with water under certain amount, pressure and
temperature conditions, in the presence of a catalyst system
comprising a Lewis acid and a complex compound comprising a

40 phosphorus-containing compound which is suitable as ligand and a
central atom which is suitable for this compound.

The complex compound employed here can advantageously be the
complex compound separated off in step a).

45
The olefinically unsaturated compound to be hydrocyanated is
preferably diluent (V).



Jf mxture (P\y)b"“ls a single phase, all or sone of mxture (VI) can be fed
back. If mxture (M) is in the formof tw phases, full or partial 25
recycling of the phase having the higher water content by weight is
advant ageously possible. Mxture (VII) 13s usually obtained as the bottom
product in td@mpdestillation in step b). Mxture (VII) conprises the
recovered 30 fraction of the said Lewis acid and diluent (V); the water
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respective %t BFé°"TWa 5F‘r |1'F1’L5°d"r?lroF‘FH}é° 'ontent was determ ned by

atom c em ssion spectronetry. 10 The chlorine content was determ ned by
t he Schoerf8 gaamp®éhbd. The water concentration was determ ned
potentionmetrically by titration by the Karl-Fischer nethod. 15 Exanpl el

| t t |
pgczl ﬁg”('tgg%u%( o%@ﬁ@u@%"ﬁ?é’f’#éﬂ %ta LLS‘ égé]cﬁci %%Bv‘éégﬂ{ﬁehﬁtﬂ ﬂgﬁ 130
cm) with a t§EA- P??]ﬁ‘r’éﬁ/a‘ﬁgﬁ’ﬁt b¥ - a%”lﬁ‘(?ﬁt ?’Bt%gbhdﬁ?j@m%]c qlr?é‘e('fﬁlrunn bot t om
a condenser %9persét an, ahe g 430 eme wiph anghanphible eyaparateoms dess|

cool ed t ®WExichahyer ref Itiwe, coPdifh Pdttoh, aa sodndenserobp8f@oday aveght «of zi nc
chloride inthe top and a phase separation vessel cooled to 0°C in the reflux,
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
were metered into the distillation column above the mesh packing.
25 At a pressure of p = 10 kPa (absolute)}, a two-phase mixture was
obtained as condenser distillate at 344 K. The upper phase,
essentially consisting of trans-3-pentenenitrile, was fed back
continuously to the top of the column. The lower phase
essentially consisted of water and was continucusly pumped out of
30 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
of 17 hours and to 50 ppm by weight after 41 hours.
35
Example 2

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

4 kg of the bottom product obtained in Example 1. The homogeneous
40 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
comprised 350 ppm by weight of water, 16.9% by weight of

45 chlorine, calculated as Cl, and 15.5% by weight of 2n, in each
case based on the total weight of the solution; an experimentally
found Cl:Zn ratio of 2.01 can be derived therefrom.



-trans- 3- pentPgngr'?i?thi | e having a water content of 0.4% by weight were
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det ect abl e §uamt}tparegenipneiappnd RPERETOIF Fidguehlentenoic acid. 5

Anal ysi s Ifsor pol yneri ¢ degradati on products by gel perneation

chromat ogr apRMmsiwved no detectable quantities of polymeric product. 10
The zinc chloride solution in 3-pentenenitrile obtained in this way can be

enpl oyed in_the hydrocyanation of 3-pentenenitri I N r n f
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col um 20% by weight of trans-3-pentenenitrile and the remainder of
adiponitrile were metered into the lower part of the extraction
column. 170 g/h of water were metered into the upper part. After
continuous operation for more than 3 hours, the extracted organic
25 phase with less than 10 ppm by weight of Zn was obtained at the
upper end of the extraction column. The agueous phase with 0.30%
by weight of ZnCl, was obtained at the lower end of the extraction
column.

30 Example 4

In a continuously operated mixer/settler apparatus consisting of
a tank with a capacity of 2 1 which was operated at room
temperature and was fitted with an inclined-blade stirrer

35 operated at 700 rpm and a hydrostatic overflow intoc a downstream
phase separator with a capacity of 0.5 1, 320 g/h of a solution
of 0.52% by weight of zZnCl; in a mixture of 20% by weight of
trans-3-pentenenitrile and the remainder of adiponitrile as well
as 100 g/h of water were metered in. After operation for 7 hours,

40 the organic phase with 30 ppm of Zn was obtained via the phase
separator, and the separated-off aqueous phase comprised 0.75% by
weight of Zn. An accumulation of solid which accumulated at the
phase interface was observed in the phase separator after a short
operating time. According to analysis by X-ray diffraction, the

45 solid consisted of ZInCl; Zn(OH},-2H;0.
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time. Accor Phb@d’ﬁﬁ%‘ﬁ'}& s by X—ray diffraction, the 45 solid consisted of
ZnC 2. Zn( OH) 22H20. PF 53716 15 Exanple 5 A m xture of 500 g of an aqueous
zi nc chl asi 8eampleitd on obt ai ned by extraction as described in Exanple 3
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ZnCl 2
in a g&é %he éhase separator, and the separated-off aqueous phase

comprised 1.88% by weight of Zn. In contrast to Example 4, no
25 solid was observed in the phase separator.

Example 7

A mixture of 190 g of an agueous zinc chloride solution obtained
30 by extraction as described in Example 3, 370 g of an agqueous zinc
chloride solution obtained as described in Example 4, and 430 g

of an aqueous zing chloride soluticon which was obtained as
described in Example 4 and which comprised 0.72% by weight of Zn
and had a pH of 1 was metered at a metering rate of 80 g/h into
35 the distillation column operated as described in Example 1.
320 g/h of trans-3-pentenenitrile were metered into the
distillation column by means of a second pump. After continuous
distillation for 9.5 hours, 210 ppm by weight of water and 0.18%
by weight of Zn were found in the bottom product. The agqueous
40 phase which was obtained at the phase separator at the top of the
column had a pH of 1.

The solution of 2nCl, in trans-3-pentenenitrile obtained at the
bottom of the column can be hydrocyanated to adiponitrile in the
45 presence of Ni(0) phosphite catalysts.
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aqueous phagg ¢QMpsised 1.88%by weight of Zn. In contrast to Exanple 4,
no 25 solid was observed in the phase separator. Exanple 7 A nmixture of 190
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catal ysts. PF 5371b 16 W claim 1. A process for the recovery of a Lew s
acid fromsa reaali orehoming whe Ehidwumdlexasohpamd firannadxturd L) to
hydrocyanation of @Ryl gfhligakl yrepsaturated conpound to a nitrile which
has a niscibility gap with water under certain ampunt, pressure and
tenperature conditions, in the presence of _a catal yst system conprising a
Lewi s acid and &)coRFALRI CHRSSURE BHRPISI(AG) 22RD BIRGEBH0F DS - taiteEi HPAgT
conpound whi ch is spreaghee &nd tguperatung gooshticls sush thitha iphaseai t abl e
for this agonpound, wirIth woigh haesa 1bidgher ephveny diheratar dtkom fexheonpound
frommxture (1) togaghVei@riMeXtHiea (dldse REvpdeh Nh WAkER EPZHBB(tdéthﬁU )

and pl aci ng the' | at (3 HDdE]; 4 RLEFDUL SR oroUBELALADLE cEROThIA ST seh € Dt

a phase
phase (III) has a higher content of the said Lewis acid
than does phase (IV),

25
¢) adding a liquid diluent (V) which
cl) does not form an azeotrope with water and whose
- boiling point under certain pressure conditions is

30 higher than that of water or

c2) forms an azeotrope or heteroazeotrope with water

under certain pressure conditions,

35 to phase (III),

d) subjecting the mixture of phase (III) and liquid diluent
(V) to distillation under the pressure conditions
mentioned in step ¢l) or ¢2), giving a mixture (VI) which
40 has a higher content of water than of diluent (V) and a
mixture {VII) which has a higher content of diluent (V)
than of water, where mixture (VII) has a higher content
of the said Lewis acid than does mixture (VI),
and
45



20 (111) V\:hi!(":% ?félsl% hi gher content of water than of the said nitrile and
_a phase (1V) which has a higher content of the said nitrile than of water
are obtained, where phase (I1l) has a higher content of the said Lew s
-acid than does phase (1V), 25 c¢) addi &g a liquid diluent (V) which 30 cl)
does not form ae)azeabjepeing mixwater (vid WaoRgdr&idratgdopobhtaunder
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conmpound to give a nitrile which has a mscibility gap with water under
certai n dfodnt, A pressss esacdaimepeimtcirémcbnditarensixture hevIgnesence of a

5 catal yst syst gatepn@dntntyod Le Sha@l 0. 8902 WeQFhk e Xba SRV xture
conprising a ph(?%%ahus-cont ai ni ng conpound which is suitable as |igand

and a central atomwhich is suitable for this conpound. 10 2. A process as
clained in claiml, where mxture (VII) has a water content of |ess than
0.5% by wei ght, MpRE@EETH 4% Liaieed (W oLaig 1 PpZoc@88Tast ke HHWEILALEIXE m 1
or 2, whdiSe thetbel sbidilewisf acld irhelidardtlLew uinderdthe dlidwiddatid® under

the distillatiogos@neididns EBept@p id) aitS1akst aAals Byldebynyeinahta Hased on
di luent (V). 4. gApeReess as clained in any one of claims 1 to 3, where
step

4. B process as claimed in any one of claims 1 to 3, where step
20 b} is carried out in countercurrent in a multistage
extraction column.

5. A process as claimed in any one of claims 1 to 4, where all
or some of mixture (VI) is fed back into step b).
25
6. A process as claimed in any one of claims 1 to 5, where the
water employed in step b) has a pH of less than 7.

7. A process as claimed in any one of claims 1 to 5, where the
30 water employed in step b) has a pH in the range from 0 to
less than 7.

8. A process as claimed in any one of claims 1 to 7, where an
acid is added to the water employed in step b).
35
9. A process as claimed in claim 8, where HCl is added to the
water.

10. A process as claimed in any one of claims 1 to 9, where the
40 diluent (V) contains all or some of the compound to be
hydrocyanated in step e).

11. A process as claimed in any one of claims 1 to 10, where the
diluent (V) employed is a nitrile selected from the group
45 consisting of 2-cis-pentenenitrile, 2-trans-pentenenitrile,
3-cis-pentenenitrile, 3-trans-pentenenitrile,



20 b) | PF 83716 . . . .

. ) is carried out in countercurrent in a nultistage extraction colum.
LS. A process as clained in any one of clains 1 to 4, where all or sone of
‘mxture (M) is fed back into step b). 25 6. A process as clainmed in any
one of clains 1 to 5, where the water 18mployed in step b) has a pH of |ess
than 7. 7|- A 8rcm-@ﬁ_ sitafesl @t iR ED2anytI0NE 20buehkRémE ki 1160 5r2¥§ﬁl@€rﬁzﬂ-h$ go
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to the water. enployed in step b). 35 9. A process as clained in claim8,
where HO i stZaddedre6eEfeds \liddmed1bn Mmposeest ekaidisailntg ih, aereneldf
clainms 1 t® 9, wiresemehef @@ dindientl¢ad comstatuesntd larer separatdd tdie
conpound to be i agxeRod e T)NbeteFer)stebl: af MPWSSrapethdddBdebd BRY
one of claims 1t 19, where the diluent (V) enployed is a nitrile
selected fromthe group 45 consisting of 2-cis-pentenenitrile,
2-trans-pentenenitrile, 3-cis-pentenenitrile, 3-trans-pentenenitrile, PF
5371b 18 4-pentenenitrile, E-2-nethyl-2-butenenitrile, Z-2-nethyl-2-

but enenitxdl e, 2-nmethyl-3-butenenitrile or a mxture thereof. 12. A process
as claimed in any one of clainms 1 to 11, where all 5 or sone of the

undi ssol ved constituents are separated off frommxture (11) between steps
a) and b) or between steps b) and c). 10 15 20 25 30 3S 40 45
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