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:The present invention relates to a process for purifying adipic acid
by crystallization or recrystallization fromat |east one carboxylic
‘aci d. { pic acid is one of the two bas d@?ﬁﬁ

for preparlng polyd’ -6. For the appl?catlons of ¥ pgi? e 6- 6
it is necessary@f;_wmg dEioey rprdd Weitn WaS 1P st

'h:he

exi st already af the stage = 1 e'pfecursors ”espe Ty “"

adipic acid stage. 10 The presen@%&ﬁ%ﬁtf&n@%éiﬁég Q&S ﬁbd&ééh adi pi c
acid I's prepared the inpurities it contains are obviously

di fferent. Theeqy gaenifwlms cEdipRn feidlp) et diarigition or acid
originating fromvarious processes of synthesis. In fact, one of the
nost troubl esorecmyetabineta e nfxxdim &5 leastoine cambostyliis acidor med by
the presence of traces of the catalyst enployed during the
preparati & of adifslipieiarid is one of the tynase natedials

descri ption which fol |l ows,
for preparing polyamide 6-6. For the applluatlons of

poelyamide 6-6 it is necessary to have a very high
purity, and this purity must exist already at the stage
of the precurscrs, especially at the adipic acid stage.
10 Depending on the process by which adipic acid
is prepared the impurities it contains are obvicusly
different. The present process can be applied to adipic
acid originating from various processes of synthesis.

In fact, one of the most troublesome and sometimes most

183

[

costly impurities is formed by the presence of traces
of the catalyst employed during the preparation of
adipié acid.

However, in the descripticn which follows,
the process will be applied more particularxly to adipic
20 acid obtained from the double hydroxycarbonylation of

butadiene or £rom the oxidatiocn of cyclohexane.

The first hydroxycarbonylation of butadiene
leads to a mixture of pentenoic acids, principally
3-pentenoic acid. The second hydroxycarbonylation |

25 affects the pentencic acids cobtained in the first
reaction and leads to adipic acid which also includes a
certain amount of 2-methvlglutaric acid,

2-ethylsuccinic acid and other compounds originating



‘the process will be applied nore particularly to adipic 20 acid obtained
-from the doubl e hydroxycarbonyl ati on of but adi ene or fromthe
oxi dation of cycl ohexane. The first hydroxycarbonyl ation of

‘but adi ene [0 a mxture of pegtenoic acids, |

3- pent enoi ¢ acm.éiﬁ%é@té@ond hydr oxycar bofiyl ati on 25 aféaeic/t}gdﬁ?edalpsesn% enoi ¢
aci ds obtainedeln. t fj ' . : i pl cid which
al so includesd'%#“&m éﬁéc%#?%?Hh%%%%%fa%b&%@%%%ﬁ$+%lu %%?%&%ti%§0ﬁ 4

2'ethy|SUCCi”iéaﬁ%é5%5&%&615@%0&@Ppﬁﬁﬂaﬁvé§éQﬁg?éﬁ£§hoic acids, and0
97/ 46510 2 PCT/ FRO7/ 00939 fromthe first

hydr oxycar bonyhetiheTbé €aedi®NacdChi@Salse indBidEs Viet£E64 a6E Ofige
unconverted pentenoic acids, and met hyl butenoic acid. It also

i ncl udes tracesaidlyde employed! i ke e@tay® chydribecarisomylation
hydr oxycar bonyl ati on 5 reaction, usually iridiumand/or rhodium
The direct5 oxixeddobonf wswdbhyximidionaahdi/er rhodiweid is generally .
carried out in the presence of
The direct oxidation of cyclohexane to adipic
acid is generally carried ocut in the presence of
cobalt, and in this process the adipic acid cbtained
containg traces of ccbalt catalyst.

10 | Since adipic acid is of low sclubility in
water when cold but is much more soluble when hot, this
solvent is generally employed for the crystallization
cf the said acid.

However, owing to the very high purities

15 which are increasingly required for adipic acid,
especially insofar as trace metals are concerned, one
or even a number of recrystallizatioms from water ocften
prove to be inadequate.

Begsides the trouble which can be caused by

20 the preasence of trace metals to the variocus uses cf
adipic acid, the intrimsic value of certain catalysts,
such as iridium or rhedium, bearing in mind the very
large tonnages of adipic acid, means that it is
essential to recover them as thoroughly as pessible in

25 the conte#t of an eccrnemically viable industrial
procesé.

| The present invention consists in an improved

process for crystallizaticn or recrystallization of



‘cobalt, and in this process the adipic acid obtained contains traces
+of cobalt catalyst. 10 Since adipic acid is of low solubility
in wat er when cold but is rmuch nore sol uble when hot, this

‘solvent is geger %I,‘J/)é%yed for the crystallization EF.T{?%?E’@@@%% o

aci d. ver, owing to the very high pu

are increasi n%!@ipri%q'féicri%d fc@{axga(ghgﬁz%dﬁr dn that t%%%(rgid ly insofar as

trace netals areconcernédd, on even a nu

recrystallizatd % gfl\%%@cah‘%ﬁfo@{ A LR s§ag=mrizé.§idrp ke dahadeah®: in

Besi des the troubl can be caused by ( the presence of trace
netal s to theaanieRist GRS Rirboxylic@URIC MRty B ad ik Pdintalage of

certain catal ysts, such as iridiumor rhodium bearing in mnd the
very | anegsd eageveq. adi pic acid, neans that it is essenti al
to recover them as thoroughly as possible in 25 t he context of an
econom calsl y vi abl e i ndi&ter icalrboxylioreadess employed in the prEsenir esent
i nvention consists in an inproved process for crystallization or
recrystal | i zapzosesfs are, more particularly, aliphatic carboxylic
acids which are saturated ér which contain an ethylenic
unsaturation.
They are preferably linear or branched
16 monccarboxylic acids having 2 to 6 carbon atoms.
As nonlimitative examples of such
m@nccarboxylic acids mention may be made of acetic
acié, propicmnic acid, butancic acids, pentancic acids,
hexanoic acids and pentencic acids.
15 Acetic acid and pentencic acids are
preferred, acetic acid owing to its availability and to
its use in the synthesis of adipic acid from
cyclohexane, and pentenoic acids because they are an
intermediate in the preparation of adipic acid from
20 butadiene.
The purity of the adipic acid recrystallized
in this way may be improved further when
recrystallization is carried ocut in the presence of
carbon monocxide.
25 The carbon monoxide can make up at least part
of the atmosphere above the sclutiomn in the

crystallization or recrystallization reactor {(ox

reactor headspace) or can create within the said
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WD 97/ 46510 3 PCT/ FR97/ 00939 adi pi c acid,
- characterized in that the said crystallization or recrystallization is
carried out in at | east one carboxylic acid having a nelting point of
‘|l ess than ZO[Qbygg.%ssi@ The carboxylic acid§c§?Eh§¥?50§59the
pr esent procéss are, nore particularly, aliphatic cafboxylic

aci ds whi ch a%%a%:@a‘i‘r at ?ire%rsu‘i@ Q\Jﬂniﬁ:‘?ﬁi@ %l%%t%tzh)g}%gﬂ;(gﬂec ol unsat uration.

They are preferably linear or branched 1 nonocar ds having 2
to 6 carbon aLeWBapheric pressure. AS nonlimtative exanples of such

nmonocar boxylic acids nention may be nmade of acetic acid, propionic
acid, butanoic acids, pemi preictizel,dthe procedex#idiic tariréForrd Heent enoic
acids. 15 Acetic acid and pentenoic acids are preferred,
acetic acid ovpagated uhderaian bibdscdintengressure ofi tfxoms@® barxt he synthesi s
of adipic acid from cycl ohexane, and pentenoic acids because they are
an 5 {preferably at least 0.5 bar} to 50 bars of carbon .

monocxide, the upper limit not being critical in nature
but being representative of industrial apparatus which
is not excessively expensive. |

The crude adipic acid subjected to

10 recrystallization according to the present process is
usually an adipic acid which has already undergone one
or more purification treatments, im particular by
crystallization from water, by refiming or else by
distillation, to give it a minimum purity of

i5 approximately 95%.

Generally, the adipic acid recrystallized by
the process of the inventicn has a purity of from 95 to
99.95%.

The recrystallization consists in taking the

20 adipic acid to be purified and dissoclving it in the
minimum amount of hot aliphatic carboxylic acid, i.e.
usually at a temperature from 80 to 250°C, copticnally
under an at least partial pressure or atmosphere of
carbon monoxide, and in then inducing crystallization

25 of the disseclved adipic acid by cooling the.solution,
cptiocnally aﬁter‘having seeded the scluticn using
crystals of pure adipic acid.

Generally, the quantity of carboxylic acid
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internediate in the preparation of adipic acid from 20 but adi ene.
The purity of the adipic acid recrystallized in this way nmay be
i mproved further when recrystallization is carried out in the

g f : ide. 25 Th |
ﬁ%ﬁzeﬂgeaf Ied@? %i?%ggfonnng?ltﬁe atnnspﬁére above tﬁe%@ﬁ%ﬁ##ﬁ?@@%?ﬁecan
CrySta"'Zat'°§m§%9¥§§L%§;gﬁékzéhiEH i&é&éoéﬁ§8;gﬁﬁg%%téﬁaé&fﬁtQSﬁdSEaZe)

or can create W

PCTI FROT1 0093%asipic 46241 8E End’EASHES KEhEDrhPudefaby whbapst he

at nospheri c press practice, the process wll

therefore be indicopehaledrusget eReaBsPhivheed! 863UELoRl1ATOM O bar 5
(preferably at least 0.5 bar) to 50 bars of carbon nonoxi de, the

upper limt nog-pehb@néict a6fl tOnvaitsecapproxinatebei Bg%refradepiati ve of
I ndustrial apparatus which
5 acid by weight per weight.

The catalyst content of the adipic acid can
also be reduced when recrystallization is carried out
in the presence of a strong protic acid.

By strong protic acid is meant in the present

10 text an inorganic prctic acid having a pKa of less
than 1.

As nonlimitative examples of such strong
protic acids mention may be made of hydroiocdic acid,
hydrobremic acid, hydrochlorie acid, anitric acid énd

i5 sulphuric acid.

The guantity of stromg protic acid can vary
from 0 mel to 100 mol per mole of catalyst metal
present in the adipic acid. Ereferébly, the quantity of
protic acid varies from 0 mol (more preferably from

20 1 mol) to 50 mol per mole of catalyst metal.

The process cf the invéntion likewise
embraces the crystallizatiomn of adipic acid from
reaction mixtures in which it is present.

It is thus possible, for example, to

25 crystallize adipic acid from the mixture cbtained by
hydroxycarbonylation of pentenoic acid with water and
carbon monoxide. This reaction mixture cam be mixed

with the carboxylic acld in the presence or absence of =
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is not excessively expensive. The crude adipic acid
‘'subj ected to 10 recrystallization according to the present process is
usual |y an adi pi ¢ acid which has al ready undergone one nor e

or
‘purification tﬁ&aé@a%ggl@i n particul ar by6 crystal léﬁ?ﬂn@%/d ghater,

by refining or els y distillation, to give it a mnimum’purity of

15 appr oxi Y, 9 ; | the adipic acid
ggf&% carddn encxide emp]fo¥{dé NESAld e

recrystalliz € process o0 I nvention has a purity of from

95 to 9% APMbxycarbonylation rddti&t! Vaidl dne abndle GRNSEEES | N
taking the 20 adi'‘pic acid to be purlfled and dissolving it in the

M ni num anounteRl Botkapt Mtd Ceamidamite Beddl 86 .t 250°C daually at a
tenperature from80 to 250[err]C, optionally under an at | east
partial pressuredidatosdospines cfaf the receydiosl aabdaie, and in then

I nducing crystallization 25 of the dissolved adipic acid by cooling the
solution, 5 opt i onalCyysifaBritmhdon ceedebsae Hee sxnioh ot nin
crystal s of pure adipic acid. Generally, the quantity of
carboxyl i ¢ acitthe hydroxycarbonylation reactor by allowing the
reaction mixture tc cool, preferably under carbon
monoxide pressure. This variant can be employed in
particular when hydroxycarbonylation is conducted in a
10 carbexylic acid or when it is conducted in 3-pentenocic
acid with a degree of conversion of the latter which is
incomplete.
Since the hydroxycarbonylation reaction is
conducted in the presence of carbon monoxide, it is not
15 generally necessary tc add this compound for the
crystallization, although this possibility is not
excluded if appropriate.
Similarly, since the promoter used in the
hydroxycarbonylation reaction may be hydroiodic acid or
20 hydrobremic acid, it may not be mecessary to add the
streong protic acid. However, 1f desired, the quantity
of strong protic acid present in the reaction mixture
may be supplemented. As for the recrystallizaticn of
adipic acid, it is also possible to operate in the
25 absence of strong protic acid, althcugh this variant is
not preferred.

The recrystallization according to the

invention can be carried ocut a number of times in



WO 97/ 46510 5 PCT/ FR97/ 00939 enpl oyed is
that which leads to a saturated solution of adi pic acid at the chosen
tenperature. By way of indication, at 90[err]C the saturated sol ution

in 3- pent goisq sagisd gcont ai ns appr oxi mat el y 33% of a§§§?§397§@@999id by
wei ght per wei ght. The catal yst content of the adipic acid

can al sogheceadierd orehe' %@{igaikalddiaatim@;ﬁ@xc & redhiet ~in
the presence of a strong protic acid. By strong protic acid

s nmeant in theuptteenthel Gontiett! ofn datelgan aepadl.i gtadisdallad ng a pKa of
| ess t han 1. As nonlimtative exanples of such strong
protic acids nposisdiblenfchEciide af chydtelddizationdor hydr obr omi ¢
acid, hydrochloric acid, nitric acid and 15 sul phuric aci d.
The quantity ofrestystglii@aitdcaciagcondingr fo the invemtdompbwn ene0®mmol per
nol e of catal yst netal

5 more recrystallizatiocns from water.

The examples which follow illustrate the

invention.

EXBMPLE 1
A glass bulb is charged with 5.2 g cf adipic
19 acid, containing 31.2 ug of Co {(0.0006% by weight per
weight of adipic acid), and 7.5 ml of acetic acid. The
adipic acid has been prepared by direct oxidation of
cyclchexane in the presence of Co acetate and has been
purified by recrystallization from water. It dces not
15 contain any measurable quantities of organic
impurities.
The open bulb is placed in a 125 ml
autoclave, which is then closed.
The headspace is filled cold with nitrogen
20 {approximately 1 bar).
The temperature is raised to 185°C and is
maintained at this level for approximately 30 minutes.
After cocling the autoclave and purging it
with nitrogen, the adipic acid is filtered off and the
25 autoclave is rinsed with a few ml of acetic acid.
The adipic acid filtered off is washed with 2

times 5 ml of acetic acid and then 3 times 8 ml of



‘present in the adipic acid. Preferably, the quantity of protic acid
"varies fromO nol (nore preferably from 20 1 nol) to 50 nol per nole of
catal yst netal . The process of the invention |ikew se
renbraces the gy I i on of adeIC acid from res in
which it is presetr-i'te?h"sls-i%t ﬁ% t hus p055|bleé§?bh92£ggg 3 to
25 crystallize+3d R gaci d fronlthe nlxture obt ai ned by

hydr oxycar bonyl ation of pentenoic acid with water and car bon

monoxi de. This reacti on pHeX@ddi®itARAY TeX@Wied ovednlignithenCabewdn ¢ acid
in the presence or absence of WO 97/ 46510 6
PCT/ FRO7/ 0093960°¢C) . T eatalt prewente igphey&dnkir adipic acid is

hydr oxycar bonyl ati on reaction, and the whol e m xture can be kept at a
t enper at ur e f pesale@d @ﬁ&@{mﬂl@@y coupledhgilasmad iabooaimctilon '
recrystallization. 5 Crystallization can also be carried out
in She WiLEho mAsEr IsPeptaoret rive S0/ mapsdl.| Swilf§08ke of Co by

weight per weight is found.

EXAMPLE 2

Example 1 is repeated with the same charges
and under the same operating conditions but with the

10 addition to the reaction mixture employed of 10 molar

equivalents of HCl per molar equivalent of Co present
in the adipic acid employed.

The same treatment as for Example 1 gives a
dry final adipic acid containing 0.000009% of Co by

a5 weight per weight.

EXAMPLES 3 TC 8
Example 1 is repeated under the same
operating conditions but with the addition to the
reaction mixture employed of HI {with a wmolar ratioc of
20 HI to Ir as indicated in Table 1 belew}, with the use
of 3-pentenocic acid (P3) as the recrystallizaticn.
soclvent, and with the use of an adipic acid (AdOH)
containing iridium. The adipic acid was prepared by
hydroxycarbonylation of 3-pentenoic acid in the
25 presence of a catalyst based on Ir and was purified by

recrystallization from water. It contains no measurable



‘reaction mxture to cool, preferably under carbon nonoxi de pressure.
- This variant can be enployed in particul ar when hydroxycarbonyl ati on
is conducted ina 11 carboxylic acid or when it is conducted in

‘3-pentenoic  gn Qvﬂél‘ﬂth a degree of ggnver si on of t@@T‘/@h@‘??ﬂW@i&@h IS

i nconpl et e. Since the hydroxycarbonylation reaction is

conducted in @&%Eﬁriﬂ@g%@b@ AN IRRNitdes.it IS not 15 generally
necessary to add this conpound for theé crystallization, although this

possibility is not FoXWwidrfl rdcffitfaldiizitdon, the adipic acid
Simlarly, since the pronoter used in the hydr oxycar bonyl ati on
reacti on may Qe hetiteiddiitin@-bantendic dnidl datmnateatiwlth tadipioot be
necessary to add the strong protic acid. However, if desired, the
quantity addfd strdorhen odiith amtepEsdentatied midh eddpion adid.ure

may be supplenmented. As for the recrystallization of . adipic acid, it
is also pdssible to opeahdd i tiedow Bummgrsiaes: téfe sansis ions undax d,

al though this variant is not preferred, The

recrystal | i zatfgeladewr G¥AFRISH mere carpigd Quto TRy T FEPETAREYut a

nunber of tines jn . \ . e
ané the initial and final contents of Ir {(imitial Ir
and final Ir), expressed in micrograms per gram, of the

adipic acid employed.
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-on the adipic acid in order to reduce further the content of catalyst
nmetal. It is also possible to follow a crystallization or
‘recrystallization according to the invention by one or 5 nor e
recrystadlizations fromwater. The exanpl es which foll ow
i1 lustrapfe the I nventi on. A glass bulb is charged
with 5. 29 of adipic 10 acid, containing 31.2 [err]g of Co (0.0006% by
wei ght 63r weight of adipic acid), and 7.5 nl of acetic acid. The
adi pi c d&i d has been pregared by Hiregt oxidat|i on jof cycl ohexane in
the pres®nce of &0 acetatie a has begn purijfied by recrystallization
fromwatsr. It {ddesHinot © contggn any qgasuratle guantities of organic
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" The-open bulb is placed in a 125 ni aut ocl ave, which is then cl osed.
- The headspace is filled cold with nitrogen 20 (approximately 1 bar).
The tenperature is raised to 185[err]C and is mai ntai ned at this

-l evel for ap X 30 m nut es. Aft
aut ocl ave an $g?%€é¥? W th n|tr%%en t he adlplcizﬁgy%}5h4$§ered
off and the ERAMEL) eshs rinsed with a fewnl of acetic acid.

The adi pic actad T7is washed with 2 times 5 mM of acetic

aci d and then 3 tinmes BEﬁémﬁies 3 to 8 are ﬁgbég%é@5%Qt using an 8
PCT/ FR97/ 00939 acetic acid. The adipic acid is dried

overni ght in aypyvenacid (AdOR] etodtdinihe F0b@idmpPresenidipiéhgeignal
adipic acid is assayed by inductively coupled plasma I n conjunction

5 wth nass w@echrep®ied by YarseycatbSMPl8ict &P bypentenoiei ght per
wei ght is found.

5 acid in the presence of a catalyst based on Rh and was

purified by recrystallizaticn from water. It contains
no measurable quantities of crgamic impurities.

| Following recxrystallization, the adipic acid
is washed with 3-pentencic acid saturated in adipic

10 acid and then with water saturated in adipic acid.
Table 2 below summarizes the comditions under

which the examples were carried out (Tp = temperature)
and the initial and final contents of Rh {initial Rh
and final Rh), expressed in micrograms per gram, of the

15 adipic acid employed.



Ekanple 1 is repeated with the sanme charges ~and under the sane
operating conditions but wwth the 10 addition to the reaction m xture

enpl oyed of 10 nol ar equi val ents of HCl per nolar equival ent of Co
. present in the adipic acid enpl oyed. The sane
treatnment as for Exanple 1 gives a dry final adipic acid containing
0. 0000090 of Co by 15 weight per weight. Exanple 3 TO 8
Exanple& is repeated under the sane operating conditions but with
t he addi§i ga—=te thu reaqttomnipxturie enpl oyed of H (with a nolar
ratio om~ 40 r ag ingicated|in ble 1 below), with the use
of 3- pem&eroﬁc %fld (P @s«thewrecryskalyization solvent, and with
t he use?ﬁf pi c acd d] (SAdod) o Containing iridium The adipic acid
was preﬁ?redhby ‘hydf oxygar bonyllat'i of 3-pentenoic acid in the 25
presencdwofy a catal yst based gn |Ir and purified by
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“recrystallization fromwater. It contains no neasurable WO 97/ 46510

9 PCT/ FRO7/ 00939 quantities of organic inpurities.

Fo!gomﬁng recrystallization, the adipic acid is washed with 3-pentenoic

- acid saturat ' ipic acid and thep,with water sajas ! di pic
aci d. %%i@%@iﬁ bel ow summar i zg'{%5 the conditi oﬁ%&ﬁﬁ?mﬁﬁﬁ tE\e
exanpl es “er%gquéﬂmd%§Ut (Tp = enperature)  and the initial and final

contents of IF=(Crnrtral Ir and final Ir), expressed in m crograns per

gram of the adipic acid gRRLRYEM13, théCrébrystallifation

described for Examples 3 toc 8 is repeated using the

recrystallized adipic acid cbtained in Example 7.

5 Table 3 below summarizes the conditions under
which the example was carried out and the initial and
final contents of Ir (initial Ir and fimal Ir),
expressed in micrograms per gram, of the adipic acid

employed.

10 COMPARATIVE TEST 21
An adipic acid cbtained by
hydroxycarbonylation of 3-pentencic acid in the
presence of iridium and HI is recrystallized from
water. This adipic acid has already undergone one
15 crystallization and still contains 0.00022% of iridium.
The recrystallization is carried ocut
conventionally by dissclving adipic acid in the minimum
amount of water at approximately 95°C and then by
gradual cooling of the resulting solution, followed by
20 filtration and, finally, by washing of the adipic acid
filtered off with 2 times 5 ml of water and with 3
times 8 ml of water.
The adipic acid is dried cvernight in an oven
(60°C) . The iridium present in the final adipic acid is
25 assayed. 0.00022% of Ir by weight per weight is found).
Therefore, the iridium content of the adipic acid has

not been successfully reduced.
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Exanples 3 to 8 are repeated but using an adi pic acid (AdOH)
cont ai ni ng rhodium The adipic acid was prepared by
- hydroxycar bonyl ati on of 3-pentenoic 5 acid in the presence of a
cat al yst based on Rh and was purified by recrystallization from
water. I contains no neasurable quantities of organic inpurities.
Fol lowi r@g recrystallization, the adipic acid is washed with
3-pentemmi c_acid saturated in adipic 10 acid and then with water
saturated i adi pi c agid. Tabl e 2 bel ow summari zes the
condi ti di§s purder whi ¢h the exanples were carried out (Tp = .
t enper at#are) s ® and|tBelinitial and final contents of Rh (initial Rh
and finﬁ FhE expressed iln micrograns per gram of the 15 adipic acid
enpl oye
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In Exanple 13, the recrystallization ~described for Exanples 3 to 8 is
repeat ed using the recrystallized adipic acid obtained in Exanple 7.

- 5 T | ow summari zes t condi ti ons | ch the
exanpl e was @?ra%n}eéé%f@eand the initial ]%ﬁd fi na;ﬁ&%?r?lgégr?t/swdéfgﬁ r

(initial Ir |nal. lr), expressed in mcrograns per gram of the

adipic acid %ﬁgﬁ%@ﬂﬁ ‘4yed. 10 COMPARATI VE TEST 1

The hydroxycarbonylation of 3-pentencic acid

is carried cut with the following charges:

77.7 g of 3-pentencic acid
5 - 88.1 mg of [IrCl(COD}],
- 169.6 mg of a 57% by ﬁeighﬁ aquecus solution
of HI |
- 5.7 g of water, injected continucusly.
The carbon monoxide pressure at the reaction
10 temperature (185°C) is maintained at 22 bars and the
reaction is stopped after a period of 1 h 5 minutes.

After gradual cooling under the carbon
monoxide pressure of 22 bars, the crystallized adipic
acid is drawn off and filtered. Assay by gas

15 chromatography and by high-performance ligquid
chromatography of the compounds of the filtrate is then
used to determine a degree of conversion of the
3-pentencic acid of 56.6%.

The adipic acid crystallized in this way

20 contains 0.000122% of iridium.

This adipic acid is recrystallized f£rom
3-pentencic acid under a carbon monoxide atmosphere
{(circulaticn bubble by bubble)} .

After recrystallization, the adipic acid is

25 washed with 3-pentencic acid saturated with adipic acid
and then with water saturated with adipic acid.

The recrystallized and dried adipic acid has

an iridium content of 0.00002% by weight per weight.



I hydr oxycar bonyl ati on of 3-pentenoic acid
‘iridiumand H is recrystalllzed from

water. Thi's adeIC aci d has al ready under gone one crystalllzatlon and

still contains 0 0022@6of i ridium zation
is carried of® 97/4653nyentional ly by Itﬁ ssol vi ng adi &Ecﬁ acl | n t é
m ni mum anount of water at apprgxi-aetiely 95[err] C and then by

gradual cooling of the resulting sol utFomn
and, finally,

Tollowed by 20 filtration
by washi ng of the adipic acid filtered off with 2

times 5 nl of water and with 3 times 8 mM of water.
The adipic acid is drleg oveppbEbhs | FoRNcPySPallizing(&Blerr]C). The

i ridiumpresent in the

inal adipic acid i's 25 assayed. 0.00022% of Ir

by wei ght perré&ﬁﬁgéalﬁléﬂﬂgdédlplu acidheckripsecerheedridi thatobkent of
t he adipic acid not been successfully reduced.

20

25

sald crystalllzatlon or recrystallization is carried
out in at least one carboxylic acid having a melting
point of less than 205C and in that the adipic acid
which is subjected to the recrystallization has a
minimum purity of 95%.

2. Process according te claim 1,
characterized in that the carboxylic acid employed is
selected from aliphatic carboxylic acids which are
saturated or which contain an ethylemic unsaturation
and, preferably, from linear or branched monocarboxylic
acide having 2 to 6 carbon atoma.

3. Process according to either of claims 1
and 2, characterized in that the carboxylic acid
emplecyed is selected from acetic acid, propionic acid,
butanoic acids, pentanoic acids, hexanoic acids and
pentenocic acids.

4. Process according to ome of claims 1 to
3, characterized in that the crystallization or
recrystallization is carried out in the presence of
carbon wmonoxide. -

5.  Process according to claim 4,
characterized in that the carbon monoxide makes up at
least part of the atmosphere above the sclution in the

crystallization or recrystallization reactor or creates

[T

Thi
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The hydr oxEsEQENGE 3- pentenoi c acid Is carried out with the
fol |l ow ng char%e§= - 77.7 g of 3-pentenoic acid 5 -

88.1 f | - 69.
aqueOtrJ]r!sJ gol LH rg%méj’[oe”] of H 27 109-6 1m0 O%ca’a/%é’é%?)bo\égggwater

i njected con S| Kasure at the
reaction tﬂlr%t cei'#ii)eﬁr'ha u'aeld( ﬁﬁﬁc s msu nt al nregt?‘[]ci‘ig % ars and the
reaction |s éé¥ H%? 40 fg 5 m nutes. After
gradual cooling u%%%r t O%? on %) sshrd.

Process according to either of claims 4
and 5, chavacterized in that it is carried cut under an
5 absolute pressure of from ¢.5 bar to 50 bars cf carbon
monoxide.
7.  Process according tc one of claims 1 to
6, characterized im that the crude adipic acid
subjected to recrystallization has a purity of £rom 35

10 to 99.95%.

8. Process according to cne of claime 1 to
7, characterized in that recrystallization is carried
cut in the presence of a strong protic acid.

9. Process according to claim 8,

15 characterized in that the strong protic acid is
selected from hydroiodic acid, hydrcbromic acid,
hydrochloric acid, nitric acid and sulphuric acid.

10. Process according to one of claims 1 to
9, characterized in that the quantity of strong protic

20 acid varies from © tec 100 mocl per mole of catalyst

metal present in the adipic acid and, preferably,

varies from € toc 50 mel per mcle of catalyst metal.

This Sheet Has Been Riilmd

ML G

THIS SHEET HAS BEEN
REPLACED




monoxi de pressure of 22 bars, the crystallized adipic acid is drawn

soff and fil ”*dgmutmuﬂ - chiromatography and by hi gh- per f or mance
liquid SERRT it putan of the conmpounds of the filtrate is then
used to detern1ﬁe a degr’ee”of conversiongof the 3-pentenoi c acid of
56. 6% The adipic acid crystallized in this way 20
contains 0.000122% of iridium CLAIMS This adipic acid is
recrystallized from 3-pentenoi ¢ acid under a.carbon nonoxi de
at nosphere (circul ation bubble by bubble). After
recrystallization, the adipic acidis 25 washed with 3-pentenoic acid
saturated with adipic dcid ProcesmdEmharrvatialdaing s urated with adipic
aci d. The re%¥¥stalllzed and dried adi pic acid has an

i ri di um cont @fcBtRIGdoTNg BRARG Y Rcidk whiglymakes it possible to

16 CLAI M5
reduce the content of trace metals, characterized in

5 that the said crystallization or recrystallization is
carried out in at least one carboxylic acid having a
melting point of less than 20°C and in that the adipic
acid which is subjected to the recrystallization has a
minimum purity of 95%.

10 2. Process aécdrding to claim 1,
characterized in that the carboxylic acid employed is
selected from aliphatic carboxylic acids which are
saturated or which contain an ethylenic unsaturation
and, preferably, from linear or branched monocarboxylic

15 acids having 2 to € carbon atoms.

3. Process according to either of claims 1
and 2, characterized in that the carboxylic acid
employed is selected from acetic acid, propiénic acild,
butancic acidas, pentanocic acids, hexanoic acids and

20 pentenoic acids.

4. .Process according to one of claims 1 to
3, characterized in that the crystallizatiomn or
recrystallization is carried cut in the presence of
carpon monoxide.

25 5. Process accerding te claim 4,

characterized in that the carbon monoxide makes up at
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1. Process ) ZdablQ OF recrystallizing adipic acid which
“makes it po%ﬁﬂﬁ!ﬂ@lﬂlﬁl‘mmgﬂduce the content of trace netals, characterized

in 5 that’ s |1ization or recrystallization is carried
out in at least one carboxylic acid havifrg a mel ting point of |ess
than 20[err]C and in that the adipic acid which is subjected to the

recrystal | i zajog8t p8x8 of thél atHvspheret ¥bebe 90he sdlution in the?l.
Process according to claim1, characterized in that the carboxylic
dcid enpl oyedetrgstallizat bohedrfreorpstabiizat ton bbdyttor ask desrahte are
saturated or which contain an ethylenic unsaturation and, preferably,
fromlinear owithimched sehdcuedokyriz ptéssaredehbaki hg grestércarbon

at ons. 3. Process according to either of clains 1 and
2, charact er i tean i phe hatnesphenigoryesaure;: d enpl oyed is selected from
acetic acid, propionic acid, but anoi ¢, aci ds, pentanoic acids, hexanoic
acids and® 20 pentenoi®- aci Bsccess according tq eifher QS5 3:3bPAi4g to one

of claine 1 to 3, characteriized inh that the crystallizatign or
and 5, characterizeé fn tﬂat gt is caxr fe&'ou under an

absolute pressure of from 0.5 bar to 50 bars of carbon
monoxide.
7.  Process according to one of claims 1 to
10 6, characterized in that the crude adipic acid >
subjected to recrystallization has a purity of from S5
to 99.95%.
8. Process according to one of claims 1 to

7, characterized in that recrystallization is carried

-2
[$71

out in the presence of a strong protic acid.

S. Process according to claim 8,
characterized in that the strong protic acid is
selected from hydroiodic acid, hydrobromic acid,
hydrochloric acid, nitric acid and sulphuric acid.

20 1. Process according to one @f.claims 1 to
9, characterized in that the quantity of strong protic
acid varies £rom 0 tec 100 mol per mole of catalvyst
metal present in the adipic acid and, preferably,

varies from 0 to 50 mol per mole of catalyst metal.
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recrystallization is carried out in the presence of car bon nonoxi de.
25 5. Process accordi-ng to claim4, characterized in that
t he carbon nonoxi de makes up at 17 | east part of the
at nosphere above the solfT i ¥RLDIORGAXIBABION FOR INTELLECTUAL PRUPEREY al | i zati on or

. . . Jpternationat DFFi ; ; i
recrystal | i zat i QpSaehOlm otk AATTEED LR T PATENT cosirkTidsrmishepsi d reactor a

pressure which i's greater — t han the atmpspheric pressure _
> (51} Int -mtﬁ@m?'gat&ﬁrc? 85 Rt Or di NPt 0 jeirhyRterREionl RibTBatfin mumber: W) SHEE0
5,1characterized rn that 1t is carfyi#djout unde absol ut e

, [ al : ,
gr pssur @M/ B0, 5 bar to 50 barp of c‘ﬁ?’b%?i“’mamna?pummmi%%@a@dm? (11.12.973
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{54) Title: METHOD FOR PURIFYING ADIPIC ACID BY CRYSTALLIZATION
(34) Thire: PROCEDE DE PURIFICATION DE L'ACIDE ADIPIQUE PAR CRISTALLISATION
{57} Abstract

The invention discloses a method for purifying adipic acid by crystallization or recrystaliization in at least one casbolyxic acid. More
precisely, it disclosss an improvement in adipic acid crystallization or recrystaliization, chavacterised in that the suid crystllization or
vecrystaliization is effected in at least one carboxylic acid with 2 melting point below 20 °C. The presence of carbon monoxide during
crystallization or yecrystallization can have & favourable effect on the adipic acid purity, in partienler by reducing the content of messl
catalyst traces of the adipic scid. The adipic acid purity can also be improved when the erystaliization or vecrystaliizstion is effected in
presense of a strong preion acid.

(57) Abrégé

La présente invention concerne un procédé de puvification de I'acide adipique par cristallisation ou recristallisation dens s moins
un acide carboxylique. Plus précisément elle concerne un perfectionnement A la eristallisstion ou  la vecristallisation de 'acide sdipique,
caracterisé en ce que ladite cristallisation ou recristallisetion est effectue dans au moins un acide carboxylique ayaat un point de fusion
inférieur 2 20 °C. La présence de monoryde de carbone pendant la cristallisetion ou la recristallisation peut avoir un effet avantagoux sur la
pureté de I'scide adipique, en particulier pour réduire Ia teneur de I'acide adipique en traces de catalyseur métalligue. La pureté de I'scide
adipique peut aussi ftve améliosée Jorsque Ia cristaiiisation ou la recristallisation est effectuse en présence d’un acide protonique fort. -




"7, characterized in that recrystallization is carried 15 out in

sthe presence of a strong protic acid. 9. Process
according to claim 8, characterized in that the strong protic
facid is sel ected from hydroi odi ¢ acid, hydrobrom c acid,
hydrochloric acid, nitric acid and sul phuric acid. 20
10. Process according to one of clains 1 to 9, characterized in
that the quantity of strong protic acid varies fromO to 100
nol per nole of catalyst nmetal present in the adipic acid and,
preferably, varies fromO to 50 nol per nole of catalyst netal.
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