1 Process for producing adipic acid crystals. The present invention
relates to a process for producing adipic acid crystals. 5t relates,
nore particularly, to a process for recovering adipic acid in the
formof crystals having a | ow content of inpurities, which are
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inpurities" should be understood to nean the concentration of
inmpurities other than water. 10 Adipic acid is a major chem cal used
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additive foor nodifying the properties of certain products. Anong
t hese applications, the use of adipic acid as a nononer in the
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| east equivalent to the purity required for the active conpounds used

as nedi canents. Moreover, the 20 adipic acid crystals nmust have
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into the reactors or storage tanks and al so | ow aptitude for caking
during storage and transport. Furthernmore, the presence of crystals

of very small size,. generally kpnown as.  "fines", nust be mnimzed for .
Pygi oneA P RS U GG DC I T 37 A gr oot o Medroghep oL G gmes i the
I's, 1N Pak bhpbtka TRYNAAREE a8Rds BYe 874hE Atdi® hoRbmBXdbPaRRARPactdr® bf polyamides,
exanpl e of cycl ohexane, ‘either directly or in tw steps. The process$
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20  adipic acid crystals must have certain physical properties, especially size and shape properties, in
order to obtain good flowability during the feeding of adipic acid into the reactors or storage tanks
and also a low aptitude for caking during storage and transport. Furthermore, the presence of
crystals of very small size, generally known as “fines”, must be minimized for hygiene reasons
during the handling of adipic acid.
25
Adipic acid is, in particular, synthesized by oxidation of hydrocarbons, for example of
cyclohexane, either directly or in two steps.
The process that is most used industrially is the process of oxidation of cyclehexane in two steps,
comprising a first step of oxidation of cyclohexane with oxygen to a cyclohexanol/cyclohexanone
30 mixture, then oxidation of this mixture to adipic acid with nitric acid. The first oxidation of
cyclohexane to cyclohexanol/cyclohexanone may be carried out in a single step or in two phases by

producing, in a first stage, cyclohexyl hydroperoxide in the absence of catalyst, then, in a second



2 phase, the deconposition of the cycl ohexyl hydroperoxide to

cycl ohexanol / cycl ohexanone, in the presence of a catalyst. Adipic
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produci ng adipic acid crystals froma solution of adipic acid
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There is still a demand for a better performing adipic acid purification process that makes it
possible to obtain this compound with a high purity and crystals that have physical properties
compatible with their storage, transport and handling.

25
For this purpose, the invention proposes a process for producing adipic acid crystals by
crystallization that makes it possible to more easily and more economically obtain crystals of high

purity and/or that have physical properties compatible with their handling, transport and storage.

30  The invention proposes a process for producing adipic acid crystals from a solution of adipic acid
comprising at least one step of purification by crystallization and one step of separation and
recovery of the crystals.

According to the invention, this process for producing adipic acid crystals comprises a phase of

grinding the crystals before the step of separation and recovery of the crystals.



crystallization step and the separation and recovery step such as,
for exanple, filtrations, repul pings, washings. Wthin the neani ng of
the present invention, it will be understood that the 5 expression
"the step of purification by crystallization and of separation and
recovery of the adipic acid crystals" enconpasses both the phases of
crystallization and separation and recovery and also all of the
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suspending or dispersing the crystals in a liquid medium, for example a solution saturated with

adipic acid.



15 either directly to the wet crystals or to the crystals suspended

in aliquid such as water, advantageously saturated wth adipic acid.

The processes suitable for obtaining this grinding are any standard
processes for grinding solid products such as, for exanple,

agi tation, pounding, crushing. 20 Advantageously, the step (or phase)
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dryers. In the step of separation and recovery, the crystals are subjected to more or less effective

washing operations. The purpose of these washing operations is especially to remove the mother

25  liquors present at the surface of the crystals.
The process for producing adipic acid crystals may be carried out in batch mode or continuously.

According to one preferred embodiment of the invention, the solution of adipic acid is an aqueous

30  solution of adipic acid.

According to one embodiment, when a single step of purification by crystallization and of
separation and recovery of the adipic acid crystals is used, the grinding phase, before the phase of

separation and recovery of the crystals, is carried out on at least one of the following media:



on the wet crystals after the optional repul pi ng phase.

According to one preferred enbodi nent of5the invention, the process
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impurities.



30Advant ageously, the grinding of the adipic acid crystals is carried

out in the first step of purification byscrystallization and

separation and recovery of the crystals in order to obtain adipic

acid crystals of determ ned purity. However, it is possible to
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equi pnent . This nediumwas fed into a crystallizer. The
cr st allt iszddol ssibfe tagirgiide iy etystalsgrindirgy piede bya trealinieﬂ’gstép)oﬁihe crystals recovered
tenperature of around 25C. The crystallized solid was separated from

the crydeaiheirrtpigs andrentrisieal drytisr & Ws mbadugentothe crystals that have been repulped,

centrifugally dried once, and optionally washed are dispersed in a liquid saturated with adipic acid,
advantageously water saturated with adipic acid. The grinding of the crystals is carried out on this
dispersion. The adipic acid crystals thus ground are recovered in a final step of separation and
25  recovery by any known process, for example by filtration preferably with a washing of these
crystals. Thus, the crystal grinding phase is carried out on the crystals recovered after a first
repulping phase then a first phase of separation by filtration, said ground crystals then being

subjected to a new repulping phase before being recovered in the separation and recovery phase.

30  Advantageously, the grinding of the adipic acid crystals is carried out in the first step of
purification by crystallization and separation and recovery of the crystals in order to obtain adipic
acid crystals of determined purity. However, it is possible to provide a crystal grinding phase in the
other following crystallization steps, according to embodiments similar to those described above,

especially in the crystallization step that makes it possible to obtain a high-purity adipic acid.



The crystals thus recovered were suspended in water saturated with
adipic acid at a tenperature of 25C in a step known as "repul pi ng".
The crystals thus treated were fed into a filter. The crystals
recovered had an average size of 437 p.m 8 The crystals thus
filtered were washed thoroughly by supplying water saturated with
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results obtained were: _nitrate ions_: 723 ppm. . succinic acid : 1?

ppn]10 Itaoapduce adipc acid either with a very high purity or with a purity equivalent to that obtained
with the standard processes but with, in particular, a lower content of fines that makes it possible to

reduce the caking ability of the crystals.

In order to determine the concentration of impurities or the degree of purity of the adipic acid, the
15  concentrations of glutaric and succinic diacids are measured and also the concentration of nitrate

ions.

Other details and advantages of the invention will appear more clearly in light of the examples
given below solely by way of illustration and indication.

20
EXAMPLE 1: COMPARATIVE

A reaction medium originating from the process of nitric acid oxidation of a
cyclohexanol/cyclohexanone mixture contains around 24% by weight of adipic acid. This medium
25  comprises water, nitric acid, various compounds derived from the oxidation reaction, nitrate ions

and metal ions originating from the catalyst used and from the corrosion of the equipment.

This medium was fed into a crystallizer. The crystallization of adipic acid was obtained by cooling
to a temperature of around 25°C. The crystallized solid was separated from the crystallization

30  mother liquors by filtration.

The crystals thus recovered were suspended in water saturated with adipic acid at a temperature of
25°C in a step known as “repulping”. The crystals thus treated were fed into a filter. The crystals

recovered had an average size of 437 um.



202 ppm 20 EXAMPLE 2: | NVENTI ON Exanple 1 was repeated. The
crystals present in the repul ping step were subjected to a grinding
operation using an ULTRA- TURRAX devi ce placed in the repul ping
di spersion. 25The crystals recovered after filtration and washi ng
operations according to the process described in Exanple 1 had the

suce! i DIGURIeE s BiHP yetR WHREH S gty BY S o8 ks sefedRh adipic acid in
recover §dehadiRl BUPIANS HipRRSheWwdirs b¥Qr@MilizSion present around the crystals. This
washing method made it possible to eliminate any impurities not contained in the inclusions
5  present in the crystals.
The crystals recovered were analysed in order to determine the concentration of glutaric acid,
succinic acid and nifrate ions.
The contents of glutaric and succinic acid and also those of nitrate ions were obtained by liquid
phase chromatography after preparation of the sample by dilution in water and comparison with an
10 external standard under the same conditions. The equipment used comprised a column of
C18 ODS2 type, with conductometric detection or spectroscopic detection or UV detection in
particular for the nitrate ions. The eluting solution was a dilute aqueous solution of a mineral or

organic acid.

15  The results obtained were:

. nitrate ions : 723 ppm
. succinic acid : 159 ppm
. glutaric acid : 202 ppm

20 EXAMPLE 2: INVENTION

Example 1 was repeated. The crystals present in the repulping step were subjected to a grinding

operation using an ULTRA-TURRAX device placed in the repulping dispersion.

25  The crystals recovered after filtration and washing operations according to the process described in

Example 1 had the following concentrations of impurities:

. nitrate ions : 283 ppm
. succinic acid : 70 ppm
. glutaric acid : 82 ppm

30

The crystals recovered had an average dimension of 120 pm.



Clainms 1. Process for producing adipic acid crystals froma sol ution

of adipic acid, conprising at |east one $tep of purification by
crystallization and one step of separation and recovery of the adipic
5acid crystals, characterized in that the adipic acid crystals are

subj ected, before the separation and a9asy step. to a grinding

phase. 2. Process according to Claim1I, characterized in that the

step of purification by crystallization and of separation and

recovery, @hodebefRdirBdiciRE hdlpler 38d 8hyStalOfBinl £ 8Sutidifof Qtlllkf?:v\idﬂﬂ hfPRing at least
10- a crystallization phase in a crystallizer optionally conpr|3|n?
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a phase ofechegitlsfeb/g aldtmdiigypshal s in a i qU| d msdl um saturated with

adi pic acid; a phase of separation and recovery of the crystals,
optionally with washing of the crystals; 15and in that when a single
step of, py dJe scéacuér(ziﬂ'lg?t}{) @15 tlaéﬂ Feh%&pmqgeg él?J ?tﬁ?&;?'ﬁ ﬁ&%ﬂoff‘ﬂﬁ crsystalhzatlon and
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bef ore thef sﬂpaﬂaﬁoﬂfanﬁ eqﬁcawa'g/lotf Ifheaa‘diblb acid\ceysyalotorihréses thESﬁ)Hb\?mgl sseps:
carried out on at | east one of the follomﬁng medi a:, on the
Y

susifensi om of crystglization phase i mewysiaHiZeneptiangly apppEEps ahax@maéeimlatw@ loop of
in the 200!0%9&%Jstah&‘aﬁor?%ﬁeafuﬁ?'bgrcgafrlllgfarfdw ohb&ﬁ{atp%ta@o&ﬁsx%k% glc%

t hi s suspension-contal nin crystals into e crysta

on the crysta@tionsloni phasedf sepatdtion e thelory9ils tdreedpt | onal repul pi ng
phase; on the wet crystals after the optlonal repu

phase; when @tiopghsa phagg of mp@h%a the caxstaisingf lighid repivem sas\arawgl wﬂi adipic acid;
crystalllzatl tlon an 25 1. gov f acid
crystals ard @ ePEBRoR B EiPTedBhmeut s WEpl vt RgRfg o Epd iass
separ at i opndmdhatecovery of the crystals, is carried out, at at | east

any one of the steps preceding the |ast step of purlflcatlonmag

crystal | i zatwhsn %ﬁdg]@fSt%?ﬂ‘éleﬂ cgHoRBY qrﬁéaih@at@n@mdtqféemﬁtwlt regovery of the

cryetal e, a5 LAB.ATS P LIRS sBUELISR PR s o o
crystal s, onfdie dreasl, i® I@@rr@ﬁ ouhen ftakAsDvhdgf the ddlbwing media:
o on the suspension of crystals contained in the crystallizer and circulating in the
20 optional loop external to the crystallizer with recycling of this suspension
containing the ground crystals into the crystallizer;
o on the crystals contained in the medium of the optional repulping phase;
o on the wet crystals after the optional repulping phase;
— when at least two successive steps of purification by crystallization and of separation and
25 recovery of the adipic acid crystals are carried out, the grinding phase, before the phase of
separation and recovery of the crystals, is carried out, at at least any one of the steps
preceding the last step of purification by crystallization and of separation and recovery of
the adipic acid crystals and/or during the last step of purification by crystallization and of
separation and recovery of the adipic acid crystals, on at least one of the following media:
30 o on the suspension of crystals contained in the crystallizer and circulating in the
optional loop external to the crystallizer with recycling of this suspension
containing the ground crystals into the crystallizer;

o on the crystals contained in the medium of the optional repulping phase;



300 on the suspension of crystals contained in the crystallizer and
circulating in the optional |oop externah to the crystallizer with
recycling of this suspension containing the ground crystals into the
crystallizer; on the crystals contained in the nmedium of the
optional repul pi ng phasewet &Pstals aftert the opidnat repaiphspledse.er t he
optional repul ping phase. 3. Process according to daim1l or 2,
characterized in that the solution of adipic acid is an agueous

sol uti o el RN REGr@fk C{ﬂ Clafhn 1P608 S 8RrAGE6RSeH! ROMLP 1fd %(%}mic?h of adi icI: étcid is an

characterized in that "the adipic acid 1s synthesized nitric ac

oxi dat i onagfeoas sylotighekalpk Acidcl ohexanone mi xture or of cycl ohexanol .

5. Process according to Claim3, characterized in that the adipic

acid is synt hesi zed by oxidation 10of cycl ohexane with nol ecul ar

oxygen. 4 6 prdde@CRES @GR dialfl 31 ChRRferPled il ehal HIRCAKIIB Ucial idk{fithesized by nitric acid
characterized in that it conprises at |east two successive steps of

puri fi cat puidatign efyetcithiekantlicyelobixanpre mikitwie or at¢xtlolesamolPr ocess

according to Claim6, characterized in that the first step of

purification by crystallization conprises: a phase of

crystald.i paddefadcBrdingtoySlagth Bl diedraddyriAaah ithg tliwﬁtli?il’c N eRhithasizabbRoxidation
solution of adipic acid; _a phase of separation of the crystals

forifed, 20f ayohgsancovith eelgoplangxpgent he crystals in a liquid nedium
saturated with adipic acid; a phase of separation and recovery of

the crystals, with optional washing of the crystals; and the

grindi g phess deesndthgctarone @d tieuirecudingeaiaisy cliaddcseriyet i ehat heopipiises dfleast two
separation and recovery of the crystals. 258. Process according to
Claim7, St&rsbiestsrs odrrnlication byaysiplizsdionst isdiiercilhe crystals is
carried

15 7. Process according to Claim 6, characterized in that the first step of purification by

crystallization comprises:

a phase of crystallization in a crystallizer by cooling and/or concentrating a solution of
adipic acid;
¢ aphase of separation of the crystals formed;
20 e aphase of repulping of the crystals in a liquid medium saturated with adipic acid;
» aphase of separation and recovery of the crystals, with optional washing of the crystals; and
» the grinding phase being carried out on the crystals before the phase of separation and

recovery of the crystals.

25 8. Process according to Claim 7, characterized in that the grinding phase of the crystals is carried

out on the crystals contained in the repulping medium.

9. Process according to Claim 7, characterized in that the grinding phase of the crystals is carried
out on the wet crystals before or after the repulping phase.
30
10. Process according to Claim 7, characterized in that the grinding of the adipic acid crystals is

carried out on the suspension of crystals contained in the crystallizer and circulating in a loop

10



out on the crystals contained in the repul ping nedium 9. Process
according to Caim?7, characterized in tihat the grinding phase of the
crystals is carried out on the wet crystals before or after the

repul pi ng phase. 30 10. Process according to Claim?7, characterized

i n that tkstegral tdthegrypstallitee vath pryclagiod tieis gedpehson somainimgale gruiundrrystals into
t he suspensi on ? crystals contained in the crystallizer and

circul ati ?Wﬁ“éngbp 11 external to the crystallizer with recycling

of this suspension containing the ground crystals into the

crystallizer. 11. Process according to Claim7, characterized in

t hat t hil. §raaes angopimes o Glhim Heclaraaitrided in that ghre gradlingsplmge ob thetdrpstals is carried

crystals recovered after a first repul ping.phase then first phase .

of Separ aPHOR B o Relderdyred Sl P R §E P BREA ot fise BE ihration by
subj ect ed filteatRnN eI " BBBAP LRGtaRNASE Héﬁffomj&@ém) b &RV &pahind) phi® before being
separation and recovery phase. 1 Process according to one of

the precedtcayered i e sepsiaticicindrpeoyani phashat t he separation and
10recovery of the crystals is carried out by filtration or
centrifugal drying. 13. Process according to one of the preceding

cl ai ms, 1 ITRb @St Qbtcttlgi o drvast theeprecdidigtRinsgrahaiartedized én il the tsephration and
one or nore washing operations. 1514. Process according to one of the

pr éfedi ng TEfa¥eRsOf B sryatalsds cargigd ppt by Elratine o penyatugal dyinghe crystal s
is carried out by nechanical agitation, pounding and crushi ng.

13. Process according to one of the preceding claims, characterized in that the separated crystals

are subjected to one or more washing operations.

15 14. Process according to one of the preceding claims, characterized in that the grinding of the

crystals is carried out by mechanical agitation, pounding and crushing.

11



