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ACI D CRYSTALS AND RESULTI NG CRYSTALS The present invent i SWWM%IMWI a
process for the nmanufacture of adipic acid crystals and to al s
"obtained. It relates nore specifically to a process for the t!'&¥hent of
the adipic acid crystals obtained at the end of crystallization in order to
obtai n cryst aW® RR/O@R4832 be stored with ki ni mum possi bPFTYFROR/03REAg. 10
Adipic acid is a ngjor internediate, in particular in the field of polyners
and nore particularly of polyam de and in the synthesis of polyurethanes.

It is also used in nunmerous othgr ]

detergent 15 COHEES .EERB.MAEFE. S| S Sra Sy e SErech ok

oxidation by nitric acid of a cycloheé ,gggééyclohexanol m xture in the
presence of oxidation catalysts, such=es ium and copper. 20 The adipic
acid is recovered and p"ﬁfefi %%Is%tsg%%%% ii‘é%[ g,re)i%ttaelsl itzoatai or;:oocpegsati ons.
This crystallization is gené?a "y carriéed out i nan aqueous medi um During

these operall ¢85 b AdBGRcl JiS o0 gitPA AL e LA NAN I Ao fdln the

ot her di carboxylic ac ormed, such as glutari or succl nic acid.
The adi pi ¢ sacicgyatwitalbyRieddced at the end

fal
A4

It relates more specifically to a process for
the treatment of the adipic acid crystals obtained at
the end of crystallization in order to obtain crystals
which can be stored with minimum possibility of caking.

10 Adipic acid is a major intermediate, in
particular in the field of polymers and more
particularly of polyamide and in the synthesis of
polyurethanes. It is also used in numerous other
applications, for example as adjuvants in detergent

15 compositions.

Adipic acid is generally synthesized by
oxidation by nitric acid of a
cyclohexanone/cyclohexanol mixture in the presence of
oxidation catalysts, such as vanadium and copper.

20 The adipic acid is recovered and purified by
successive crystallization operations. This
crystallization is generally carried out in an aqueous
medium.

During these operations, the adipic acid is

25 separated in particular from the other dicarboxylic
acids formed, such as glutaric acid or succinic acid.

The adipic acid crystals produced at the end
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2 of crystallization are generally oblong crystals which can exhibit a
highly irregular surface. After washing and drying, these crystals are

generally stored in kegs, bags or |large size containers 5 and are possibly

“transported to the site of their use, for exanple plants for the

manuf acture of pol yam de or of hexanet hyl enedi am ne adi pate salt. During
this storage and possibly transportation,2 caking, that is to say adhesion
of 10 several crystals to one another, often takes place. This phenonenon
is highly damaging as it greatly reduces the flowability of the adipic acid
during the feedi stals in plan r exanple fqr the

,
manuf act ure of pggygﬁﬁggg?g%ioﬁaﬁéﬁtge ?§ai;¥ Bgioﬁﬁoﬁ'ég§ Ss B ¢
process for tgchéxﬁ%gkkléa£%8§1§23?3%8?§8m;|g %nth t he use of ultrasound.

The crystals arned éexhr bi |F§eénd a reduced

possibility of "caking"AEgégngaghx%gggnangr%&§agggk%%%i%?ggggﬂ@wggéﬂon has

al so been nmade, in Frenc at ent lrcatio r a process for

the treatnent gghet-he16r g%?_ba K5} %@E,r, aodif ¥ sthe sunlkacenehithed atter

ba
in order to reduce the ability to cake. Zg These vari ous processes require

the use of strgamapk pbageplyhieAnkEBREedSikaNithieC @t eCF ttdleiG0%se ,and
which can lead to a loss in adipic acid yield. 3 One of the ains of the

present invenfbenekamblepplehde &opr ahesmaniifel timiees fpesIhiing dher

manuf acture of adipic acid crystals exhibiting a m nimum possibility of
caki ng when t héyhaxemstbyéednednahioededipatebsailt.good flowability during
the charging or discharging of the containers or receptacles in which they
are present. To this enBurangi tbissgbpregemantepost ibiy

transportation, caking, that is to say adhesion of

10 several crystals to one another, often takes place.
This phenomenon is highly damaging as it greatly
reduces the flowability of the adipic acid during the
feeding of the crystals in plants, for example for the
manufacture of polyamides.

15 Patent US 5 471 001 provides a specific
process for the crystallization of adipic acid with the
use of ultrasound. The crystals obtained exhibit a
better flowability and a reduced possibility of
“caking” during storage and transportation.

20 Provision has also been made, in French
Patent Application 2 795 721, for a process for the
treatment of the crystals in order to modify the
surface of the latter in order to reduce the ability to
cake.

25 These various processes require the use of
treatment stages which impose significant capital costs

and which can lead to a loss in adipic acid yield.



invention is adipic acid crystals, obtained by 10 crystallization or
treatnent in an aqueous nedi um which can be stored in containers or
receptacles which are inperneable to external noisture for variable periods
“of time, without risk of caking, aggloneration or adhesion of the crystals.
Wth the adipic acid 15 crystals of the invention, it is easy to enpty the
storage or transportation containers. The3 use of the adipic acid is, for
this reason, greatly facilitated. According to the invention, the adipic
acid crystals are characterized in that the content of 20 exchangeabl e
water in the crystals is le ppm. preferably |ess

s% tg%F qQr eg al .to 100

than 50 ppm The term "&RENQTGERS GG &5 t0F0 BEESEE UATREHER 4 neani ng
t he wat er pre%ent in.the crystals a?p ¥¢ic?$ﬁ1?gate to Epe surface of the
latter during 95PEPSi8ged PRECETTpiIe S T8RP PRSRAT 40 conpri se what
is known as i ter, I ori Qi f.ram i.nclusion of an
anount of crys %ﬁ%?%gpggncgb%%?%gﬁ acgdd%%§%§a9%% o?ﬁ%$$61 St treatment of
the crystals. [hiis Watessi$iNak RN ENHRMNIGRR] Grd MAlodey tQpay that
it does not, wthout external acCtion, mgrate to thé surface of the

granul e. 5sAngthrr hadthah dod &1 dWa®ianst dusiefy e idheaim) dis the
total concentration of water -in the granule, which nust be greater than
that of exchaamgeablegi@iceobyhat dogdstin2dsppn rcefmaatlles irhivhidid f er ence
i s between approxi mately 30 ppmand 10 2 000 ppm advantageously between 50
and 1 000 ppmthéle aaropriesehtexchangeabl e water by wei ght of crystals is
determ ned according to the foll owm ng nethod: An anmount of powder or
crystals to be 15 anal y§ed tdfi sagmdoxiandtielst 300 igexasttitemeifhtdte i s pl aced
in a hernetically closed container which is highly inperneable with respect
to the externanventiophdse adiipd oy Glovkfe Coty ttisd soorlfiaiared 500 m. A

nmoi st ur e-absorbi ng material conposed of silica gel .
10 crystallization or treatment in an agqueous medium,

which can be stored in containers or receptacles which
are impermeable to external moisture for variable
periods of time, without risk of caking, agglomeration
or adhesion of the crystals. With the adipic acid

15 crystals of the invention, it is easy to empty the
storage or transportation containers. The use of the
adipic acid is, for this reason, greatly facilitated.

According to the invention, the adipic acid
crystals are characterized in that the content of

20 exchangeable water in the crystals is less than or
equal to 100 ppm, preferably less than 50 ppm.

The term “exchangeable water” should be
understood as meaning the water present in the crystals
and which migrates to the surface of the latter during

25 storage. The adipic acid crystals can also comprise
what is known as included water, which originates from

the inclusion of an amount of crystallization solution



20 crystals (a weight of approximately 2 g weighed exactly) is also placed
above or on the mass of powder or crystals to be anal ysed. This absorbing
material is placed in a watch glass in order to avoid any contact between
"the various materials. The products to be 25 anal ysed and the absorbing
material are stored in the hernetically closed container for a period of
time of 24 hours under the anbi ent condit4 ons of tenperature 5 and
pressure, that is to say at atnospheric pressure and at a tenperature of
bet ween 5C and 25C approximately. After 24 hours, the absorbing material is
5 weighed. The difference in weight is corrected by the difference in
wei ght obt ai nE#rE8 18 LPFMEELEDn OF WEEETMFE b Qe r S &la s T De
anal ysed had been introduced intq_the contai ner, carried out in parallel
and under the%8&fE ¢En&°N §FLexe Ao rxe L& udes s fRfBh wei ght
that is to say.after correction, .is the sane _as the .exchangeahl e water
present in th hﬁ&vxd&r %&gscfvstt’al,wslt?lguﬁ:ee %aqrylfls?zd %4 eoﬁl’uém‘g{fatqhee Sbsor bi ng
mat eri al . It_Eﬁeeég&%éigpgfwq@@n§g%$kﬂ§spect to the mass of powder or

ro the co

crystals 15 in uced into ntainer. The total concentration of water

in the crystals is detenfified 2ceaLHAR i ke Solddg analytd€alhe

procedure: The analyses are carried out in a Perkin 20 El ner DSC/ cell wth
the foll ow ng jeRRMRLICAT 1GORM ItR] JdoMRMIrtamReIA W dd S8 d mn

sanple carrier: crinped alum nium capsule test sanple: approximately 20 ng
wei ghed exact lgra2%ldf,akihiich mREem Yyredter 306n fraldtowsd by a rise to
exchangeable water by at least 20 ppm. Preferably, this
difference is between approximately 30 ppm and
10 2 000 ppm, advantageously between 50 and 1 000 ppm.

The amount of exchangeable water by weight of
crystals is determined according to the following
method:

An amount of powder or crystals to be

15 analysed of approximately 300 g exactly weighed is
placed in a hermetically closed container which is
highly impermeable with respect to the external
atmosphere. The volume of the container is 500 ml. A
moisture-absorbing material composed of silica gel

20 crystals (a weight of approximately 2 g weighed
exactly) is also placed above or on the mass of powder
or crystals to be analysed. This absorbing material is
placed in a watch glass in order to avoid any contact
between the various materials. The products to be

25 analysed and the absorbing material are stored in the

hermetically closed container for a period of time of

24 hours under the ambient conditions of temperature



" 25C. An endot her ni ¢ peak follow ng upon the rise 6 in tenperature appears
at approximately 0C, reproducing the solid/liquid transition of the water

present in the crystals. The enthalpy difference neasured translates into a

"total water content. The 5 total water concentration is expressed in ppm

with respect to the mass of crystals. Another subject-matter of the present
invention is a process for the manufactur® of adipic acid crystals

exhi biting the above characteristics. 10 This process consists in

subj ecting the adipic acid crystals obtained by crystallization to a
maturing. This maturing consists in keeping the crystals at a tenperature
of between 10@N$hPBECULE arffRthdsHier Sk RhiatinFRirass RLRTSWHR dity of

| ess 15 than 20 g/ SnB for a period of .tinme necessary_.to allow at | east the
maj ority of tﬁ@dgﬁ@n&meépwr& %éé%%ﬁfeqrh X1t acf{%/s%%ﬁ% to be renpved.

In other words, the .maturing tinme is determned in order to obtain a
concentrat i on &% le water in the crystals of 20 | ess than 100

ppm preferably of Iessé%aeq: %ﬁg&nrﬂsrsfa’grt__i ediacbaéoerq?%gé)érgas% Jfé)f d{gg to the

i nvention, the process oys eeping ute humdity of

t he at nosphere i. | C ; 18 agqgg f ss than
20 g per Sg g%é%él\sga f gﬂ%%éﬁfp%/e?%&aﬁrrs V'Eléhle a slg% ucfoe%ﬂéu&n?%§?o f V\E 11[‘?

advant ageous| yyie tepicati A Wil UpdH3fed ety 10 knpoE 8 of @i r. Such
nmeans are, for exanple, neans for absorbing noisture, such as

hygroscopi ¢ pradud sio wdamy esidida 98 e AndNeseBenad Bedy gas,
such as dry air, which is periodically or continually replaced. 5 Mention
may be nade, astwcaigderd ioftceniiodigmitiss rodr t hearrdpednent ath opard 11k

mat uring stage in accordance with the invention, of the storage of the
crystal s i n aathnbetemittte fdarshiagndift tdres emadlspaece of the chanber with a
streamof dry air or sending, 10 through the mass of the crystals, a stream
of dry airl0In the |attthertbow ififendnceristwdiohtan floatn bs statsamary
bed through which the streamof dry air passes or a fluidized bed, if the
speed of the a@ftey swrreakidn ciihtthe FMR ahdhe yrehangazrle ¥atarso
possible to carry out the stage of maturing the crystals %%lad ng themin
per neabl e packIFIRFE ihdihg LIV PHLRE T HGS Thike e FR5E8R the

noi sture present stals to evapor atftinto t he atggs her e

in the c¢r
surroundi ng t HP KA PP dratert 1S €xpress I ppm

with respect to the mass of powder or crystals
15 introduced into the container.

The total concentration of water in the
crystals is determined according to the following
analytical procedure:

The analyses are carried out in a Perkin-

20 Elmer DSC7 cell with the following operating
conditions:
e rate of temperature rise: 5°C/min
e sample carrier: crimped aluminium capsule
¢ test sample: approximately 20 mg weighed exactly
25 e fall in temperature to -50°C, followed by a rise to
25°C.

An endothermic peak following upon the rise



20 advant ageously which allow only the evaporation of noisture towards the
out si de of the packaging and which do not allow noisture to penetrate into
t he sai d packagi ng. The packagi ngs can be positioned either in a closed
" chanber exhibiting an atnosphere with a 25 controll ed absolute humdity
which is sufficiently low to allow evaporation of the exchangeabl e water
present in the crystals or in an open chatber with repl acenent 8 of the
at nrosphere in order for the latter to exhibit an absolute hum dity which is
sufficiently lowto allow the evaporation of the exchangeable water. O
course, it is possible to conbine these 5 various enbodi nrents w thout,
however, deparitli TEMMGRTHE SRRRBGT ath SRIRRHMELY P Hddi ti on, the

description of various enmbaqdi nents. aof, the i npl enentati f th turi
stage 1 veﬁ;@oﬁoaolgflﬁgﬁ G849 DT it TR (1 10°F 1R Ehg nat ur e.
The adi pic acid crystals treated by th f t i t]
gene(rjgl Fy obt é:irr?egcfxf)@ % f;l}ealcf]i%’zsatta?ﬁbsn' f O?rnoecetsl,g%lf)}) oucfgi?‘f;aé P%e%c%ginda;gl ution.
I ition. _ S ;

n addition mgasg{r%%%rga%gogtééﬁgf@e@a &t %o’?“t% mﬁé&%ﬁegenera”y

conprise a stag purification I pIc aci consists in

crystal liziqng ¢, acif 4 AB AR ra it 1 YShtdd 284 1 00 59R pecgarried out

in a single crystallization stage or several successive crystallization
stages. 20 Theadidi«€ @fithd epversd yydddtgation or centrifuging is in

the formof irregularly shaped and reasonably |large crystals. The

di stribution of the Another subject-matter of the present
invention is a process for the manufacture of adipic
acid crystals exhibiting the above characteristics.

10 This process consists in subjecting the‘
adipic acid crystals obtained by crystallization to a
maturing. This maturing consists in keeping the
crystals at a temperature of between 10°C and 80°C in
an atmosphere exhibiting an absolute humidity of less

15 than 20 g/Sm’ for a period of time necessary to allow at
least the majority of the exchangeable water present in
the crystals to be removed. In other words, the
maturing time is determined in order to obtain a
concentration of exchangeable water in the crystals of

20 less than 100 ppm, preferably of less than 50 ppm, as
indicated above.

According to the invention, the process
employs means for keeping the absolute humidity of the
atmosphere in which the crystals are placed at a value

25 of less than 20 g per Sm’ of gas, for example of air.
The absolute humidity will advantageously be kept at a

value of less than 10 g per sm® of air. Such means are,



crystal sizes can be very broad as well as narrow. The crystals can al so be
washed one or nore 25 tines with water. Finally, the crystals are dried and
then stored in receptacl es or packagi ngs for the purpose of transporting
"themto or feeding themon the 9 site of their use. According to the
process of the invention, the adipic acid crystals are subjected after
drying to the maturing stage described abéve. However, the dried 5 crystals
can be stored and subjected to the maturing stage before they are packaged
in the transportation containers. The maturing stage can al so be carried

out during the transportation of the said crystals by use of suitable
contai ners, fdPefARtS QFANE FaT #RAFRislg MQiffeirmpaiechias respect to

external noisture but which kes possible the evaporation of the

exchangeabl e ﬁﬁpﬁﬁogﬁﬁrﬂﬁéﬁ%ﬁﬁ?ﬂrféﬁ]%ﬁQWégﬁmﬁi}NﬁqP9%9§(w9¥ﬁﬁﬁﬁute

hum dity. Accordi to referred.enbodj ment, of the.invention, the stage

of maturing t%g’%l%crays(ﬁa}l)sgé}ss’ csélrclli & St sefor & lhcé'l pjﬁkagi ng of the

latter for tr .l i i i carried out in inperneable
PN, 7 AR R

containers to avol nol st ure. I's r'eason, the adipic acid

crystals 2G obtai ned by Mg iRyPGR3S Y e %Vse@iﬁbleé@i@ét an excel | ent

flowability and a very | ow possibrlity of caking. le containers can thus
be enptied W th@daididddss Wit ohd agidlidmdd it itdie SOMHOImDfut gy feedidg of
the adipic acid crystals in the various plants in which 25 adipic acid is
used. It is tHer efcdcrdeess WieH atsd arraid d anspaiiie tdhaseqs asiictise f or
| engt hy periods of tine 10 and under uncontrolled conditions with respect
to the at nosphewetallse imventiambean Iwitie fietdteimg |dfusihatieshd nspadwee | | ght  of
t he exanpl es below, given solely by way: 5 Exanple 1

of the chamber with a stream of dry air or sending,

10 through the mass of the crystals, a stream of dry air.
In the latter embodiment, the crystals can form a
stationary bed through which the stream of dry air
passes or a fluidized bed, if the speed of the air flow
is sufficient to move the crystals.

15 It is also possible to carry out the stage of
maturing the crystals by placing them in permeable
packagings, that i1s to say packagings which allow at
least the moisture present in the crystals to evaporate
into the atmosphere surrounding the packagings or more

20 advantageously which allow only the evaporation of
moisture towards the outside of the packaging and which
do not allow moisture to penetrate into the said
packaging. The packagings can be positioned either in a
closed chamber exhibiting an atmosphere with a

25 controlled absolute humidity which is sufficiently low
to allow evaporation of the exchangeable water present

in the crystals or in an open chamber with replacement



4 kg of adipic acid in the formof crystals wwth a nmean size of 450 ~mw th
-a content of exchangeabl e water of 150 ppm determ ned according to 10 the
procedure descri bed above, are introduced into a 6 litre container. 5 g of
" dehydrating agent (silica gel) are placed in a watch glass above the bed.
The container is inpermeable. After maturing for 24 h at anbient
tenperature (20-25C), it is observed that8 the 15 various batches treated do
not cake, that is to say that, after storage in a closed container for
several weeks, no aggl onmeration of crystals with one another was observed.

The content of exchangeable water in _the treaged cr stals ﬁ@éﬁ%n]nEd by a
test describef8fabBfe? ?@SPEeFéséntﬁéﬂeEO Bpmtafd Qt §taltoc 6 faffon of
wat er of 900 i n_an _i.nper neabl e

t
cont ai ner on ggg%ﬁBtﬁdﬁb%&hingwgggbrFﬁeﬁug%g%ggﬁﬁﬁgﬁ&ﬁgétﬁoFl &
bj ected t f tal th
gﬁelgﬁOShero gﬁévgﬁggnﬁggﬁe c%%s?gge ggﬁfﬂggggqgggﬁggng?IyC&{fhngmnnfron1
the storage container. E¥appl,esgd, AQtaggugbs%EbQQ'Ebccéﬁhgn%ft%e%ekg in the

5 formof crystals with a nean size mw th a content of

exchangeabke yai¢pugl ehB8aBRBhtdeleERLAR %%%kngd@ga&mqn%r FeREur e
descri bed above, is introduced into a closed glass co iameter 75 mm

height 1 m. Ahkegcsber bigcher iavkawibaurs, the 10 crystals aggl oner at ed
and it is inmpossible to enpty the columm by natural flow of the crystals.
The product present in tTheaddhiddndni,stkeptesprtibeionl wifn viaerioapr oxi mat el y
15 hours and is then subjected to fluidization with dry air for a few 15
mnutes. Afteemkedpinegtshio theatieglaviedtinian Pipéheeabitaring sgage
container for several weeks, no aggloneration of crystals is observed. The
content of ex@ﬁagggabléoﬁﬁﬂyrbXCW@Ndpﬁglﬂéuﬁﬁéaﬁﬁ@@eéﬁﬁeh@@s@ﬂ bed above is
| ess than 10 ppmand a total concentration of 20 water of 920 ppm Exanple
4 500 kg éf agﬂﬁﬂélﬁélﬂaéPV§tals with a nmean size of 420 ~mand with a

content of exchangeabl e water_ 25 of eterm ne ording to the
above procedure, are badf§&deGaPif QcﬁgrﬁggﬁFé ﬁaﬁrfﬁﬁfgh%ﬁ' PSnd are |eft

under ambi ent ngggglg%s %L E% e%%%%% are generally obtained by

crystallization from an aqueous adipic acid solution.
In addition, the processes for the

15 manufacture of adipic acid generally comprise a stage
of purification of the adipic acid which consists in
crystallizing the acid from water. This crystallization
can be carried out in a single crystallization stage or
several successive crystallization stages.

20 The adipic acid recovered by filtration or
centrifuging is in the form of irregularly shaped and
reasonably large crystals. The distribution of the
crystal sizes can be very broad as well as narrow.

The crystals can also be washed one or more

25 times with water. Finally, the crystals are dried and
then stored in receptacles or packagings for the

purpose of transporting them to or feeding them on the



12 (12-25C) and of pressure (the external relative humdity varies
according to the tenperature from40 to 50~) [indicate the values in
absolute humdity]. Hum dity sensors placed in the product allow 5 the
“relative humidity in the atnosphere of the product to be nonitored. After
storage for a few hours, an equilibrium between the external absol ute
humidity and the absolute hunmidity insidethe bag is observed. Under these
storage conditions, no aggloneration of crystals 10 is observed. The
content of exchangeable water in these crystals is | ess than 20 ppmand a
total concentration _of water of 910 ppm In contrast, the storage in
i nper neabl e b&g&eufdeEld §5% conditions of tenperature and hunmidity 15

results in significant | oneration._, The _anal ysi f. the caont.ent of
exchangeabl e water in t g"é’rﬁffﬁ &% tglﬁao&rotc%ﬁét e%gloentlenrﬁe a5 Mot vari ed.
Example 5 20 rryifng.out f. ri iy oAl ﬁ:g&ﬂ eabl e
wat er (by flus Fhédﬁgﬁ% SF§Q§§%$%#?8%?§8%E?§hJggﬁggfplc 5%?%: t 6Ha‘ggmean

si ze of 320 Sftﬁewﬂia%l&f&gf%isgg?gr Wi%%%%w Houieianggabl & waf er

according to the proce inthis patent. 25 20 T of adipic acid

crystals wigt h 3., i®an Sicze ¥e 34Qrdd HE WY NG R U &N aid ik ¥y
exchangeabl e wafer of 120 ppm are bagged up in a shipping container 13

having a bag whis¢fe itefmete teley RedTRRIKad tiie U SindrespdY gasiasn (| ess
than 1 g/n2/d). The top of the shipping container (wwith a surface area of
20 n2) is flushedadindrsa dhe geturdty Stde daor & grerbedafrildd oways.
After halting this treatnent and cl osing the bag, the product does not cake
and t he shi ppiduy icenttdiendrragepdueaddsinl yofermitd exhi[d redwsssrlshdry orse hour)
after transportation for 2 nonths. The absolute humdity during the
transport at i ofinesiiltedsl e eantE) nEnB, fdie SFRMVIR ehtCYTtaddia e wat er
in the crystals on exiting fromthe shipping container was | ess than 10 ppm

and a tot dl0 cdrcemmermaPis Widier SRREHIF Dtternal @R Eire but

which makes possible the evaporation of the
exchangeable water or maintenance in an atmosphere with
a low absolute humidity. According to a preferred
embodiment of the invention, the stage of maturing the
15 crystals is carried out before the packaging of the
latter for transportation, this packaging being carried
out in impermeable containers to avoid uptake of
moisture.
For this reason, the adipic acid crystals
20 obtained by the process of the invention exhibit an
excellent flowability and a very low possibility of
caking. The containers can thus be emptied without
difficulty, facilitating the control of the feeding of
the adipic acid crystals in the various plants in which
25 adipic acid is used.
It is therefore possible to store and

transport these products for lengthy periods of time




1. Adipic acid crystals, characterized in that the concentration of
exchangeabl e water is |ess than 100 ppm the said concentration being
determ ned from 300 g of adipic acid crystals placed in a hernetic chanber,
" purged beforehand with dry air, with 2 g of a noisture-absorbing material,
t he sai d chanber being kept at a tenperature of between 5C and 25C for 24
hours, the concentration of water being é§ual to the amount of water
absorbed by the absorbing material relative to 1 g of crystals, and in that
the total concentration of water is greater than that of exchangeabl e water
by at least 20 ppm 2. Cystals _according to Caim1l, characteri %ed in that
t he abovenent P8Re# EEHc SRCORGTET \M’(ﬁ-tilé’qse%ltt}héﬁ?%cﬁprﬁo F%rystal s
according to either. of Clains 1 and 2, characterized in that the difference
between the t8EAPSEGTEEntration of water and that of exchangeable water is
bet veen 30 ppm and 2000 wppm; 4o 1AGE35 110 d A JBAAGIH S Aleadipi ¢ aci d

crystals according to oné o he préceding clains, characterized 1h that it
consists in sypjeqifg e a3l %ﬁn@ﬁ'é& Hoithe! SRR RAGRY 15 ¥ad@l | zation
in an aqueous nediumor treated wth an aqueous solution to a maturing
stage consigsting in keeping the crystals at a tenperature of between 10C
and 80C for a period of 15 time necessary to obtain a concentration of
exchangeabl e wala@fp1@f 1l ess than 100 ppmin the presence of neans for

keepi ng the absolute humdity in the atnosphere around the crystals at a
val ue of less than 20 g/4&Sng JE ddigriesadcr dndivige tfor@ afincystwlact eri zed
inthat it consists in placing the crystals in a chanber with a neans for

| owering to owindi &t aiedmeizte afvalale pof widds a ramt2hty/@nB t he absol ute
hum dity of the atnosphere of the chanber for_ a period of tine sufficient
to obtain a cexsthamgesids wasdmwmdidiS0 ipPnhalekgumigiedsprmeedinmg ¥ ocess
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15 various batches treated do not cake, that is to say

that, after storage in a closed container for several

weeks, no agglomeration of crystals with one another

was observed. The content of exchangeable water in the

treated crystals, determined by a test described above,

20 is less than 10 ppm and a total concentration of water

of 900 ppm.

Comparative Example 2

A storage test in an impermeable container on
25 the adipic acid described above which has not been
subjected to any maturing shows numerous agglomerations

of crystals with one another, preventing the crystals
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hum dity positioned in the chanber. 11. Process according to C aim 10,

"characterized in that the absorption device conprises a npisture-absorbing

conpound. 12. Process according to one of Clainms 4 to 11, characterized in
that the neans for lowering or maintainidd the hunidity conprises a neans
for replacing the atnosphere and a noi sture-absorbing device. 13. Process
according to one of Clainms 4 to 12, characterized in that the chanber
conprising the crystals co |ses over| ernmeable fromthe |nside

out war ds andiqﬂﬁg %L 8549 ridie %EPIQQ%dggﬁéﬁﬁﬁﬁdlng to
one of Clainms 4 to 13, characterlzed |n that the maturing stage is carried
out before the packaging of the adipic acid crystals in shipping containers

whi ch are irrp%rrrea le . to the noi sture in the surrounding air for storage or
transportati on:
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1ol agglomeration of crystals is observed. The content of
exchangeable water according to the procedure described
above is less than 10 ppm and a total concentration of

20 water of 920 ppm.

Example 4
500 kg of adipic acid crystals with a mean
size of 420 um and with a content of exchangeable water
25 of 130 ppm, determined according to the above
procedure, are bagged up in a permeable bag (woven bag)

and are left under ambient conditions of temperature
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Humidity sensors placed in the product allow
5 the relative humidity in the atmosphere of the product
to be monitored. After storage for a few hours, an
equilibrium between the external absolute humidity and
the absolute humidity inside the bag is observed. Under
these storage conditions, no agglomeration of crystals
10 is observed. The content of exchangeable water in these
crystals is less than 20 ppm and a total concentration
of water of 910 ppm.
In contrast, the storage in impermeable bags
under the same conditions of temperature and humidity
15 results in significant agglomeration. The analysis of

the content of exchangeable water in these crystals

shows that the content has not wvaried.

Example 5

20 Carrying out the maturing of and the removal
of exchangeable water (by flushing with dry gas) from a
batch of adipic acid with a mean size of 320 um which
initially contains 120 ppm of exchangeable water
according to the procedure described in this patent.

25 20 T of adipic acid crystals with a mean size
of 320 um exhibiting a concentration of exchangeable

water of 120 ppm are bagged up in a shipping container
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I & ()_ZB"/;Ogggggh%%sﬁ%n.%%%e (with a surface area of 20 m?) is
flushed with a dry gas (400 Sm®*/h) for a period of 10
5 days. After halting this treatment and closing the bag,
the product does not cake and the shipping container
can be easily emptied (in less than one hour) after
transportation for 2 months. The absolute humidity
during the transportation was less than 10 g/m’, the
10 content of exchangeable water in the crystals on
exiting from the shipping container was less than

10 ppm and a total concentration of water was 890 ppm.



10 10 10! 8T109%& ()-YL-M 109%& ()-Z &+ 10%& ()-!, FI M 10%& () -
.00@BlL1x11a?aS4s! ;3 109& () -

L109& ()-L3-109& ()-Ss109& ()-!L10%& ()-L109%& ()-1233?24U44z[ <aS49410%& ()- 3

* 1098 ()-!6Y% 10%&' ()-Z ! YO 10%&' ()-Z 3 10%&' ()- !;3 10%M&' ()-

4' 5(5) 5*5-5e5055uV7", 10%&' ()-  109& ()-s1@%& ()- 10%&' ()- 10 10 10
l@6:110% & ()-5667788zX9uVv7" 1,10%& ()-!'6F%!109%& ()-SF 109& ()-s!6F
10%' ()-s!1F@! 109%&' ()-!#gF@! 10%&' () - 8999999W : r SAL109& ()-L

10%& ()-109% ()- 10 10 CLAIMS

1. Adipic acid crystals, characterized in
that the concentration of exchangeable water is less
than 100 ppm, the said concentration being determined
from 300 g of adipic acid crystals placed in a hermetic
chamber, purged beforehand with dry air, with 2 g of a
moisture-absorbing material, the said chamber being
kept at a temperature of between 5°C and 25°C for
24 hours, the concentration of water being equal to the
amount of water absorbed by the absorbing material
relative to 1 g of crystals, and in that the total
concentration of water is greater than that of
exchangeable water by at least 20 ppm.

2. Crystals according to Claim 1,
characterized in that the abovementioned concentration
of water is less than 50 ppm.

3. Crystals according to either of Claims 1
and 2, characterized in that the difference between the
total concentration of water and that of exchangeable
water is between 30 ppm and 2000 ppm.

4. Process for the maﬁufacture of adipic
acid crystals according to one of the preceding claims,
characterized in that it consists in subjecting the
adipic acid crystals obtained by crystallization in an
agueous medium or treated with an aqueous solution to a
maturing stage consisting in keeping the crystals at a

temperature of between 10°C and 80°C for a period of
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of means for keeping the absolute humidity in the

atmosphere around the crystals at a
20 g/sm’.

5. Process according to

value of less than

Claim 4,

characterized in that it consists in placing the

crystals in a chamber with a means for lowering to or

maintaining at a value of less than

absolute humidity of the atmosphere

20 g/sSm’® the

of the chamber for

a period of time sufficient to obtain a constant

absolute humidity in the said atmosphere.

6. Process according to

Claim 5,

characterized in that the means for maintaining or

lowering the absolute humidity of the atmosphere is a

means for continually or periodically replacing the

atmosphere surrounding the crystals with an atmosphere

with an absolute humidity of less than 20 g/Sm’.

7. Process according to

Claim 6,

characterized in that this replacement is obtained by

flushing with a stream of gas with an absolute humidity

of less than 20 g/Sm’.

8. Process according to
characterized in that the stream of
the mass of crystals.

9. Process according to

8, characterized in that the gas is

Claim 6 or 7,

gas is fed through

one of Claims 6 to

dry air.
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lowering the absolute humidity of the atmosphere
comprises a device for absorbing the said humidity
positioned in the chamber.
11. Process according to Claim 10,
characterized in that the absorption device comprises a
moisture-absorbing compound.
12. Process according to one of Claims 4 to
11, characterized in that the means for lowering or
maintaining the humidity comprises a means for
replacing the atmosphere and a moisture-absorbing
device.
13. Process according to one of Claims 4 to
12, characterized in that the chamber comprising the
crystals comprises a covering permeable from the inside
outwards and impermeable from the outside inwards.
14. Process according to one of Claims 4 to
13, characterized in that the maturing stage is carried
out before the packaging of the adipic acid crystals in
shipping containers which are impermeable to the

moisture in the surrounding air for storage or

transportation.



