«; uve3eJQIN4$6: T: BO PROCESS FOR THE MANUFACTURE OF ADI TPI C ACI D CRYSTALS AND
CRYSTALS THUS OBTAI NED The present invention relates to a process for the

~manufacture of adipic acid crystals and to the crystals obtained. It

“relates nore specifically to a process for the treatnment of the adipic acid
crystals obtained at the end of crystallization in order to obtain crystals
whi ch can be stored with mnimum possibility of caking. This process
consists of a maturing stage in order to partially renove the water present

in the said cr stq[s:. QEQSEHBEéﬁg&ﬁBhELSQﬁgIE

mMoeTr At o
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obtain crystals which ¢z B&©s ore _ m-ni-mum-possibil ity of caking. 10
Adipi ¢ aci d ks, a, fial QLnl,BheFEd! BkCadh Bipabkhaulal deBalhnkl @l cole pol yrers
and nore par |charIy of "pol'yam de and“in the synthesis of polyurethanes.
It is also uspd.in1RURBEQYSeQt her applications, for exanple as adjuvants in
detergent 15 conpositions. Adipic acid is generally synthesized by

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.
This process consists of a maturing stage in order to
partially remove the water present in the said

crystals.
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. oxidation by nitric acid of a cycl ohexanone/cycl ohexanol m xture in the
presence of oxidation catalysts, such as vanadi um and copper. 20 The adipic
acid is recovered and purified by successive crystallization operations.
- This crystallization is generally carried out in an agqueous medi um During
t hese operations, the adipic acid is 25 separated in particular fromthe
ot her dicarboxylic acids forned, such aslglutaric acid or succinic acid.
The adi pic acid crystals produced at the end 2 of crystallization are

generally oblong crystals which can _exhibit g bighl 'Br L2k, SU k%pe.

Aft er mashingEE§9§§£¥E95TIEEE§%HEEQEE¥Hiiﬂﬂ;lﬂﬁéﬁiﬁ&gLéiiﬁQgE¥ELEEQS, bags
or large size containers 5 and arenﬁgsssj g&éﬂwted to the site of
their use, for exanple plantsgﬁgﬁ PSR  ae e pol yam de or of
hexanet hyl enedi am ne adj pate salt. During. thi Lhly
transportation, caki ng,T}fEhéfrE?%erfto S %%i%%f%‘?é%ggosgg?g?ég%gst als to
one another, often takes place, This i L ghLyodanegi pgeas it
greatly reduce¥t efmao%%l%dﬁ/eo t%@@%‘?ﬁ%?gc#éy%%r%)ngat he feed’ieng of

the crystals in S xanpl e for the manufacture of polyam des. 15
Pat ent US i?EY%%%P%r%Rg%E% a specific process for the crystallization of

adipic acid with the usg ofetltdaspund. sJéei £1¥81 8 stobhappedeexshibirt a
better flowability and a reduced possibility of "caking" during storage and
transportati ofne 20, &% O St 0B hdlge ad&Hp DeeaciaderysvaFseobhaPaednat
Application 2 795 721, for a process for the treatnent of the crystals in
order to nodifyetdedsoffaegsoilliheat bdbheini ordedetot cbtadnceryssadbility to
cake. 25 These various processes require the use of treatnment stages which
i npose si gni firkach capibal scosed whthwhinhmeanppeadbidityl 8ds crkiadi-pi c
acid yield.

g 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 carfied 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



.3 One of the ains of the present invention is to provide a process which
makes possible the manufacture of adipic acid crystals exhibiting a m ni num
possibility of caking when they are stored, in 5 order to obtain good

- fl.owability during the charging or discharging of the containers or
receptacles in which they are present. T% this end, a first subject-matter
of the invention is adipic acid,crystals,” obtained by 10 crystallization or
treatment in an aqueous medi um which can be stored in containers or

receptacles which are |nperneable to externpal isture for variable periods
of time, wit hBEtCFY§EazBEEEQEFHB, a&&gﬂ&ﬁ@f‘&ﬁ&é{ngg’ﬂoé‘@hé?ﬁy&&a&fs i cg‘ryst al s.

with the adipic_acid. 15 crysta of. the Lnventiqn, it is easy to enpty the
storage or trgﬁEpSFgé%?Bnac ﬁ?gﬁxeﬁg?e$ﬁ aﬁs§u5$aFﬁe adipic acid is, for

this reason, greatly fag%k%&a&ggp%ﬁgﬁgbgiagyﬁgﬁigﬁpgg%p%%ggggﬁky%u_dipic

acid crystals are characterize e’‘co angeabl e

water in the %Xé%ﬁi%ﬂ,éthﬁéa &Hg?zegrs,egaglsshguﬁgﬂ}ggpg%gg ;%{og{) e eSS

than 50 ppm e ter exchangeabl e wat er as neani ng

the water preggatai8 HBEsEHY$t 2kandpdreBhchRomigkalasd &t RSy fiaee of the
| atter during 25 storage. The adipic acid crystals can al so conpri se what

i's known as i pekudgdmpateplanhisChiolr itlenakes fhcetirehef pI1yaind@eoforan
anount of crystallization solution
of hexamethylenediamine adipate salt.
During this storage and possibly
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.



.4 during the formation or treatment of the crystals. This water is not

géneral ly exchangeable, that is to say that it does not, w thout external
action, mgrate to the surface of the granule. 5 Another characteristic of
the crystals of the invention is the total concentration of water in the
granul e, which nust be greater than that of exchangeable water by at | east
20 ppm Preferably, this difference is bét ween approxi mately 30 ppm and 10
2 000 ppm advantageously between 50 and 1 000 ppm The anmount of
exchangeabl e water by weight of crystals is determ ned according to the
foll owi ng nethod: An afmtoftipvaides f diistriresent binuenbhanysed of
approximately 300 g exactly weighed is placed in a hernetically closed
cont ai ner whith BESHihIY RERE TR att EhinakeeRretikEe t Hee ext er nal

at nosphere. The volume of the container is 500 m. A npisture-absorbing
material conPEERF At g i FPTY Gt ENE (3L et gMPBELBG R oxi matel y 2 g
wei ghed exactlx} is also placed above .or on.the ss of powder _or,crystals

to be anal ys&F TS BRR YrterFHi 1S P Th F St eh GfastRin or der
t id i . i T, ducts to be 25
a(rjla?;gled %é %%@%ooﬁlt\r%%&%q ‘éﬁ%ﬁ&g{ﬁ?&r}g@ %\ﬁ?%e&ﬁeerp%rlg #Icfaﬁ? ygEI gs ed

cont ai ner f org & ekl At Plod |1 Mo ALES HNdSICdfe, ANDL Dk G ti ons of

tenperature 5 and pressure, that is to say at atnospheric pressure and at
a tenperat ur ey hatawganan@nd 25C approxi mately. After 24 hours, the
absorbing material is5 weighed. The difference in weight is corrected by

the difference in wei ghto aiiad nadh f of @ A ANGE RSd & - rhdt &4 CHE neh@owder  or
crystals to be anal ysed had been introduced into the container, carried out

in parallel andramdemn tie shiw condid i @nssaslaboetaiwedhieyt rue di fference
in weight, that is to say after correction, is the sane as the exchangeabl e
wat er pr esentcrys ttailel ipmidiern orr cryestalentt olbeararsdyseds traé@iunp by t he
absorbing materjial. It is expressed in ppmw th respect to the mass of
powder or crygtighs cEn bR rfRiced Ihtentrinert fnherecameacbesl which
concentration of water in the crystals is determned according to the
fol | owi ng and@5A i‘dReNGHRIRIS SPHE R WIS HIEe koF i EFHP1¢n a Perkin20
El mer DSC7 cel |l ,Wiéh tthe ,foIIqu_g operatin _ ,
periods of time, withHout 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



.conditions: rate of tenperature rise: 5Cmn sanple carrier: crinped

al'um ni um capsule test sanple: approximately 20 ng wei ghed exactly 25

fall in tenperature to -50C, followed by a rise to 25C. An endot herm c peak
fall ow ng upon the rise 6 in tenperature appears at approxi mately 0C,
reproducing the solid/liquid transition of the water present in the
crystals. The enthal py difference neasuréﬂ translates into a total water
content. The 5 total water concentration is expressed in ppmwth respect

to the mass of crystals._Another subject-patter of the present inyention is
a process ford¥ﬁ%n%35%?a%?ﬁ?@tanaanFEeﬁEWSnEr92t5%? Egﬁﬁgﬁﬁﬁngq%ﬁ§ above

characteristics. 10, This_process.consists in bje%k%@g.th% adipic acid
crystals obtaY%Eﬁrbﬁsc?QEt%?FFEE%EXneFS 3nﬁﬁ?§ﬁﬁng. hiésnathF&Q consi sts
i Kk i th t t t .10C i

st mospher e exEPR T ho aRC aBEbr uPE CHOR ATy C5f ot e e LBy 36 ) SR Tor a
period of tlnPth§§§§§£¥ %glghgog%ghuhgqst the mpjority of the exchangeabl e

wat er present 1n e crystals to“be renoved. In other words, the maturing

time is degermined in opdstnt? ehLahRrare@rgenbrakhan of spxahangealle water
in the crystals of 20 I ess than 100 ppm preferably of less than 50 ppm as

i ndi cat ed aboygyeA€cOhndiggthe thealnveAtkafrathenPodCeateamioyhareans for
keepi ng the absolute hum dity of the atnosphere in which the crystals are

placed at a V%&&ﬁuﬂé,OﬁhieESmhbanb%OggeaeérStﬁanft@as,oEor exanpl e of air.
The absolute humdity will advantageously be kept at a value of |ess than
10 g per SnB ekchange&té wears ayeat lehst evappine, Predes afidry abiddrshi ng
noi sture, such as hygroscopic products, for exanple silica gels, or the use
of a dry gas, dsGfarascdr ysabetwakinchppgopdmagdilyalllOy ppm @t i nual |y
replaced. 5 Mention nmay be nade, as exanples of enbodi nents of the

i npl ement 4fi oA 690t BEMpmEHVRAGASELYS 1YnPat¥sLeHaROe 2R # 4P BRFent i on, of

the storage of the crystals in a chanber wth flushing of the,h%ﬁgéépace of
the chamber with a stre&RPoR"@ptart &rChERgeREL e FaHitodth e of the

crystals, a SE;%SQL?L ggyd%k%rmined 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



In the latter enbodiment, the crystals can forma stationary bed through
which the streamof dry air passes or a fluidized bed, if the speed of the
air flowis sufficient to nove the crystals. 15 It is also possible to
carry out the stage of maturing the crystals by placing themin perneable
packagi ngs, that is to say packagi ngs which allow at | east the noisture
present in the crystals to evapqrate.inté t he at nosphere surroundi ng the
packagi ngs or nore 20 advantageously which allow only the evaporation of
noi sture towards the outside of the packagi ng and which do not allow

moi sture to pendtPBEEESRREo PRBCshFdtPaBR¥gPhgetTREPRSERSGPRESSEAR be
positioned either in a closed chanber exhibiting an aégg phere with a 25
control |l ed ab®Bfudk ﬂuﬁ?@???aﬁﬂfﬁh°§sb§EW?FEiénglﬁnpo t§ al | ow evaporati on

of the exchaggﬁable.matei present in the crystals or in an open chanber
with repl acenBRPTO*8"5F®tKe at nosphere in order for the latter to exhibit

an absolute humdity mhhg;ekszguﬁghg%§nEL¥ ngEng?gl@gﬁgggagv%@oration of

t he exchangeabl e wat er. course, it'is possi ine these 5

vari ous enod; gpglsqWi QUL rROYEXEE, 1CRR1bHA01L! BB LRR 3A0RY Phel Mo

i nvention. Irtron, the description of Various enbodi nentS of the

i npl enent ati 0g; et et-BEBBL Y [1BYgREABBtEEnEEYEBrSal B ¥nRkY tway ,ofini | | ustration
and has no 10 imting nature. The adipic acid crystals treated by the

process of thgnhibMeAbi pBwake Benergkkylabtai bedabyl¢tyst Akl baknon from an
aqueous adipic acid solution. In addition, the processes for the 15
manuf act ure ofingadbplicedcidtgenaeakbytadnpri seazridgeudf ipupafrieddtilon of
the adi pic acid which consists in crystallizing the acid fromwater. This
crystal lizati andcandbe ther sedeogbndntaosisngiseaboyst.al | izati on stage or
several successive crystallization stages. 20 The adi pic acid recovered by
filtrati ohOor The true difference in weight, that is to say
after correction, is the same as the exchangeable water
present in the powder or crystals to be analysed taken
up by the absorbing material. It is expressed in 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
e 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



. centrifuging is in the formof irregularly shaped and reasonably |arge
crystals. The distribution of the crystal sizes can be very broad as well
as narrow. The crystals can al so be washed one or nore 25 tinmes with water.
Finally, the crystals are dried and then stored in receptacles or

packagi ngs for the purpose of transporting themto or feeding themon the
9 site of their use. According to the pr%cess of the invention, the adipic
acid crystals are subjected after drying to the maturing stage descri bed
above. However, the dried 5 crystals can be stor eef‘jj]ﬁ;amdo ubj ected to the
maturing st ag® GEMBCE AP FPFSFEEK fJe FBRY PHEEY spcbr(f'ati on cont ai ners.

The maturing sta can al.so be.c i.ed ,out_during the transportation of the
sai d crystal $€By 19 & &5 %E/(}ﬁtqéﬁ rtsﬁari‘%lrncq'e%r%‘% e CHRYGE ner whi ch
10 is inperneabl e wth respect to.external isture,but which makes

possi bl e thePE\ﬁﬁS’ltaﬁnor?%@P THE *&a d%eabefrérﬂwgtpe}f dolrf%ﬁﬁ% “Ts kept in an

ot mospher e L Lo alsolul e SRl LY. Asgorliin |0, R B! ohrgC

embodi ment of "“ERE v entT 6n, uring t crystals is

carried oyt hefone e Packaaigafi dihe d ableredla LAnsARN Ak O, Lhi s

packagi ng being carri out 1 n I nperneable contalners to avoid uptake of

noi st ure. Fo&ets@ie%tre:%s({me headdiG A £rystal s 20 obtained by the
process of the invention exhibit an excellent flowability and a very | ow

possibility of caking. AHwe HantAibieic -Gt tdrisober lespbtedent t hout
difficulty, facilitating the control of the feeding of the adipic acid
crystals in tigemriicnus plaamrodasaiicah 2 atdmpifactice i of usdtpitt is
therefore possible to store and transport these products for |engthy
peri ods of ‘tiamdd ciyssred suredrihinciorny ridid edbeondihdorcteridtrespect to the
at nosphere. The invention will be better illustrated in the light of the
exanpl es el ow, gi ven Bl incagsy Bsikihaln 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,



.Exanmple 1 4 kg of adipic acid in the formof crystals with a nean size of
450 ~-mwith a content of 10 exchangeabl e water of 150 ppm determ ned
according to the procedure described above, are introduced into a 6 litre
~container. 5 g of dehydrating agent (silica gel) are placed in a watch

gl ass above the bed. The container is inperneable. After maturing for 24 h
at 15 anbient tenperature (20-25C), it id observed that the various batches
treated do not cake, that is to say that, after storage in a closed

contai ner for_several weeks, no aggloneration of crystals with one anot her
was observed. f9heetIMR LRt BPaBRchahgeaBPEPWAT ePOL ALHKE  26UFPedfed crystal s,
determ ned by, the test, descri bed abg%e, is less than 10 Rgnland bhe t ot al
concentrat i o BIrARTRLF sPHOBUGPFT EBFPEFaATPVE EXAnfPreds155 R¥sthfage test
in an inperneable fontginer on the adipic acid de crébed above whi ch has

not been subjéRTed tD AhY %ﬁ?Ur?HﬁFsﬁﬁmgrﬁuﬁ%F0u¥ agdl offerations 11 of
crystals MAtg%gfﬁggf?ATf ’oPr8¥§E§hﬂgl££:ﬁ%§%§§3§S frombeing easily

wi t hdrawn fr st orage confarner. "An anpount of adipic acid

of 1.4 kg in the forn1gﬁeﬁg%g%gﬁéymbghmgdgeagssgﬁggpie§3gf~n1mﬁth a content

of exchangeabl e wat er deferm néd accordrng to the procedure

described aboygnohméft §odeced iﬂﬁﬁlém&ﬁﬁé@goﬂ|8§StQQ|HHEuQ§h§”%E§§e75 mm
10 height 1 m. After storing ?or a few hours, the crystals aggl onerated

and it is inmpossibterdoneaphythheneolsnbyonat eaknkl gwoebgkherciyst al s.
The product present in the colum is kept in the colum for approximately

15 hours and tsy&tehs 1bn sabirahpdrt @ithufJuzaihgnow thedhygadi sphee a few

m nutes. After keeping this treated acid in an inperneabl e storage
cont ai ner forofevize athawleds, whthaggkbneaat obndoy enysbal sendiogserved. The
content of exchangeabl e water according to the procedure described 20 above
is | ess than torppshakidethaseophl thencevistal Bonaostwassr oifs dg0agpam
Exanpl e 4 500 kg of adipic acid crystals with a mean 25 size of 420 ~m and
wi th a conteninofhextabthgeaphecdarert of thgocppAtadet 6RR AedMadcording to

t he above procedure, are bagged up in er neabl e ba woven ha 12
P stationary bedgghrough whgcﬁ the streamgo% dry a?rg)

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 is 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



.and are left under ambient conditions of tenperature (12-25C) and of
pressure (the external relative humdity varies according to the
tenperature from40 to 50% [indicate the values in absolute humdity]. 5
- Hum dity sensors placed in the product allow the relative humdity in the
at nosphere of the product to be nonitored. After storage for a few hours,
an equilibrium between the external abso?ute hum dity and the absol ute
hum dity inside the bag is observed. Under 10 these storage conditions, no
aggl oneration of crystals is observed. The content of exchangeable water in
t hese cryst al&f e enasphie® Jﬁprﬁlé@%lrtﬂért@ﬂ%tl1%’6‘?\%én§@aﬁ(ghbéfv RQBter is
910 ppm In caontrast, the storage, in jnperneabl e bags. 15 under_t he sane
condi ti ons cﬁahﬁﬁﬁﬁﬁ%inHW§@&ﬁyrﬁkﬁ?ﬁt§Sr%%%f%%l¢%t%Yg%?ViEan?llow

t
aggl oneration.. The anal ysis of_the content of. exchangeable water in these
crystal s shoﬂ%hqrﬁﬁaR?ﬁggiﬁﬂeﬁﬁ gﬁ% ORI T A 262 BRAnpl e 5 Carrying out

the maturing of and thgﬁgennva o‘.fﬁﬁg%ﬁgggggfem@éeégégxngl§§ang wth dry
a ~m

f
gas) froma batch of adipitc HST Y wir an sTze of rch initially

cont ai ns 0 ; eﬁﬁﬂﬁﬂ%ﬁ 5 ing r ure
described¥%n {Elég%%tent. éﬁg%fwéﬁﬁ%ﬁ%'a%?@gggiét%%ga&ﬁgﬂaaggggn si ze of
320 ~m exhi bi¢y NG G GOt At 0Re0f s §xChangeabl e 13 water of 120 ppmare
bagged up in a shipping container having a bag which is not very perneable

to the noisture in gases (A@$scihan tlhgldrgé@:}il?ifb@nt@p QhrtiBasshi ppi ng
container (Wwth a surface area of 20 nz) is 5 flushed with a dry gas (400

SnB/ h) for a gbddiheitdbiayise Afpbemdatithontbf stheenbtapingndtabesi ng

t he bag, the product does not cake and the shipping container can be easily
enptied (in |essygitan sslehpury wbyeof tihhspordaioonahdr h@8smoat hs. The
absolute humdity 10 during the transportation was | ess than 10 g/ n8, the
cont ent oF0 exktimriyeub|atwetter in the crystals on exiting fromthe shipping
contai ner was |ess than 10 ppm and the total concentration of water was 890
ppm 14 CLAIMS 1. AdiPie adirieryatdl arveratacteenrted PH £het the

concentration of exchangeable water is | ess than 100 m, the said
concentrat i orPERFGRS deh 6Tt MV SR 3+ 369 %e%?r%ﬁ}ﬁieggéFBearygtals pl aced

in a hernetic_ch ,_Rpurged_beforehand with dry.air, . with, 2 f a
i St Ur ¢ abs TBT R MR A TREn o e anenber 2berhg Rebt B BcBeRherature
of between 5C and 25CIffH 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



24 hours, the concentration of water being equal to the 10 anount 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, 15 characterized in

t hat the abovenenti oned concentration of water is |ess than 50 ppm 3.
Crystals according to either of. Cains 1°and 2, characterized in that the
di fference between the total concentration of water and that of
exchangeabl e 20 water is between 30 ppmand 2 000 ppm 4. Process for the
manuf act ure @ﬂt&dpﬁléh&éﬁdu@ﬁystals according to one of the preceding.
clains, characterized iin that it consists in subj ectlng t he adHPIC aci d

crystals obt ai ned by cAFSCHAING %k %1R£?Q?§%a treat ed
wi th an aquequs sal.ut,i on t a_mat uri ng _stage .consi st kee t he
crystal s at 3 eﬁ%épétcurag cﬁéﬁ%@&? %6@ f?ﬁﬁ’ §0% qs) a%"e rg‘? b 15 tine

necessary to _obtain a.caoncentratyon qf chan e _wat.er I han 100
ppmin the prtg1 nggugflnrge ecagfeor S@éﬁbﬁ? V%Dsg'i e Hu t(cj}“? yC%?lne
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the stage before they are packaged in the transportation

containers. The maturing stage can also be carried out
during the transportation of the said crystals by use
of suitable containers, for example a container which
10 is impermeable with respect to external moisture but
which makes possible the evaporation of the
exchangeable water or which is kept 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



. crystals in a chanber with a neans for lowering to or nmaintaining at a
val ue of less than 20 g/ SnB8 the 10 absolute humdity of the atnobsphere of
the chanber for a period of tine sufficient to obtain a constant absolute
- humdity in the said atnosphere. 6. Process according to O aimb5,
characterized in that the neans for maintaining or 15 |owering the absolute
hum dity of the atnosphere is a neans f &P continually or periodically
replaci ng the atnosphere surrounding the crystals with an at nosphere with
an absolute humidity of less than 20 g/ Sn8. 7. Process according to Caim
6, 20 charac?E@iE@éanuPﬁQPtFﬁﬂge@eﬁpéééﬁéﬁPSi¥¥5 FHSFRE By 49 ng with a
stream of gas _w th_an absolute humdity of |ess than 20 g/ SnB. 8. Process
accor di ng t o2EMQFRPEYSr 7, characterized in that the streamof gas is fed
through 25 the mass of .4LyStalsy ;3y Fr99°8% 30l N9 40.ane of Haim 6 to
gas'1s dry alr. 1

8, characterized in that the Irocess according to

one of Clainggésgﬁggg %Ea&%%t%&Eﬁﬁgﬁgng%ﬁg&bhgﬁgﬂﬁp%&ﬂkﬁ&Jﬂ?rﬁé§ning or

| owering the humdity o e
5 [lacunal:
Example 1

4 kg of adipic acid in the form of crystals
with a mean size of 450 um with a conteﬁt of
10 exchangeable water of 150 ppm, detetrmined according to
the procedure described 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 impermeable. After maturing for 24 h at
15 ambient temperature (20-25°C), it is observed that the
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
20 treated crystals, determined by the test described
above, is less than 10 ppm and the total concentration

of water is 900 ppm.

Comparative Example 2

25 A storage test in an impermeable container on
the adipic acid described above which has not been

subjected to any maturing shows numerous agglomerations



conprises a device for absorbing the said humdity 5 positioned in the
chanber. 11. Process according to Claim 10, characterized in that the
absorption device conprises a noisture-absorbing conpound. 12. Process
according to one of Clainms 4 to 10 11, characterized in that the means for
| owering or maintaining the humdity coqgrises a neans for replacing the

at nosphere and a noi sture-absorbing deviCe. 13. Process according to one of
Claims 4 to 15 12, characterized in that the chanber conprising the
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whi ch are inperneable to the noisture in the surrounding air for storage or
transportation. .AF. A2 A
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G 9p$V| wr mhc ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]calca U c"a
U c”a] ca] gTa] c: a] ca] calgalerder e midicd add s 1.4 kg in the
form of crystals with a mean size of 330 um with a
content of exchangeable water of 150 ppm, determined
according to the procedure described above, is
introduced into a closed glass column (diameter 75 mm,
10 height 1 m). After storing for a few hours, the
crystals agglomerated and it is impossible to empty the
column by natural flow of the crystals.
The product present in the column is kept in
the column for approximately 15 hours and is then
15 subjected to fluidization with dry air for a few
minutes. After keeping this treated acid in an
impermeable storage container for several weeks, no
agglomeration of crystals is observed. The content of
exchangeable water according to the procedure described

20 above is less than 10 ppm and the total concentration

of water is 920 ppm.

Example 4

500 kg of adipic acid crystals with a mean
25 size of 420 um and with a content of exchangeable water
of 130 ppm, determined according to the above

procedure, are bagged up in a permeable bag (woven bag)
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15 under the same conditions of temperature and humidity

results in significant agglomeration. The analysis of

the content of exchangeable water in these crystals

shows that the content has not wvaried.

20 Example 5

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
25 according to the procedure described in this patent.
20 T of adipic acid crystals with a mean size

of 320 um exhibiting a concentration of exchangeable
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5 flushed with a dry gas (400 Sm’/h) for a period of 10
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
10 during the transportation was less than 10 g/m’, the
content of exchangeable water in the crystals on

exiting from the shipping container was less than

10 ppm and the total concentration of water was 890

ppm.
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10%T&f()'10A%%59 100 ppm, the said concentration being determined
5 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
10 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,

15 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

20 water is between 30 ppm and 2 000 ppm.

4. Process for the manufacture of adipic
acid crystals according to one of the preceding claims,
characterized in that it coﬁsists in subjecting the
adipic acid crystals obtained by crystallization in an

25 aqueous 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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& () - characterized in that it comnsists in placing the

crystals in a chamber with a means for lowering to or
maintaining at a value of less than 20 g/sm’ the

10 absolute humidity of the atmosphere 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

15 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/SmB.

7. Process according to Claim 6,

20 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 Claim 6 or 7,
characterized in that the stream of gas is fed through

25 the mass of crystals.

9. Process according to one of Claims 6 to

8, characterized in that the gas is dry air.
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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
10 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
15 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
20 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.



