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CRYSTALMOA178%¢ OF DI CARBOXYLI C ACI DS FI ELD OF THE | NVENTI %NEE”S@@#
i nvention relates to a process for the crystallization of I'carbo iC

acids. More specifically, the present invention relates to a novel process
for the I1HTLEOFINVENTION of di carboxylic acids enploying the use of

addi tives ' I i ncrease the yield and purity of crystals. The object
of the in%h%ggsr'pQB GRYSTALLIGATION OF DICARBOXYLiICACIDSh purity and
greater yield of crystals. 15 The other object of the invention is to
achieve a crystallization process in which crystallization is at a faster

rate as CPIEI2DOF THE MVENTION | onal |y known processes. 20 Still another
object of the invention is'to achieve the desired results by consuni ng

| ess eénergy. The enbodi nent of the invention resides in the crystallization
of di -car.goxyl ic acids in a novel crystallizer conmprising a cylindrical

i mpel | er R PReR8Nteinvantion Telatest 4ot antprosess / for sthkt scrggtgmﬁggna f

g

addi ti vesq; tﬁﬁf; .t he desired increased size of crystals an

yi el d. A?%lkgf on !ﬁ\ég actants as additives for the crystallization of

di carboxylic acids 30 results in obtaining bigger crystals with high
purity, whereas addition of salts as additives for the crystallization of

di car box)Mbte spedificaliputhes presdriteingentibh’ relxte8! £ & nbVEFiRbdess for the
10 crystallization of dicarboxylic acids employing the use of additives which help
increase the yield and purity of crystals.

The object of the invention is to achieve the desired increased size, high
purity and greater yield of crystals.

15
The other object of the invention is to achieve a crystallization' process in
which crystallization is at a faster rate as compared to the conventionally
known processes.

20  Still another object of the invention is to achieve the desired results by

consuming less energy.

The embodiment of the invention resides in the crystaliization of di-carboxylic

acids in a novel crystallizer comprising a cylindrical impeller and impeller shaft
25

Surfactants and for salts are used as additives to achieve the desired

increased size of crystals and high yield,

Addition of surfactants as additives for the crystallization of dicarboxylic acids

30 results in obtaining bigger crystais with high purity, whereas addition of saits
as additives for the crystallization of dicarboxylic acids results in the greater
yield of crystals.



1 2 6 JAN 2004 WD 01/07389 PCT/1N99/ 00033 The addition of surfact nE hafbﬁlp
sal ts reswbtorjemssgbt ai ni ng high yield crystals of having bi gggtsRs mc,&ogi
size. 5 BACKGROUND OF THE | NVENTI ON The nodification of the crysta

nor phol ogy and structure is achieved by introduction of additives which
stick on one of the preselected,. crystal faces thereby inhibiting the
grom h of the crystal predictably perpendicular to the 10 surface on which
t hey adher §heTaddition ©f Surfdutantsyahd!salsrresutrie db‘-’zaiﬁirfgshigrﬁwe}ﬂ chAdtaRdoPY
carrying out crystallization in electrolyte solutions. U S’ Pat.” No.

5, 296, 639 BRWNGDHIAgEF 6B¥stal §ige. purification of adipic acid during
crystallization by nodifying crystal norphol ogy through the introduction of
15 additives which are anong.caproic acid and surfactants, thereby

decreasi ng ' ' sy on the crystal system U. S. Pat.
BA?ISE&?BN@@# THE ?ﬁvgﬁ’ﬂbﬂ

No. 5, 827,70 es a process of recovery and crystallization of <citric

acid frominpure process stream by introducing very strong salts. 20

Juetten, in his thesis entitled "The Enhanced Crystallization of

Di car boxyl The medificationEiof ctheoicyystabsnompholagy, andll strughure Ssatehidvedebyi t v,
alli.zati on. experinments op aqueous sol utions using

di cai bgiﬁiﬁﬁgﬁgpﬁéﬁ iy?sft AQHHUPS (HIGE; At A AP of the pieselepies custalfaces
i th e JTRrE MR Ol of heC BRI ARG pr BB RESHE T

preci piot atsurfacevbnclhickstheys adhetdeTihersidecof Hez erysbdl sthectarey/ & aldsticalyt he
subj ect invention to overcone this drawback, the selection of salts wWith

t he surf ac¥aliRtsby garmying, put grystallizatiery imglectiolyte solulions30 crystal size
along with better yield of crystals. 2

U.S. Pat. No. 5,296,639 claims a process for purification of adipic acid during
crystallization by modifying crystal morphology through the introduction of
15 additives which are among caproic acid and surfactants, thereby decreasing

the incorporation of impurity on the crystal system.

U.S. Pat. No. 5,827,700 teaches a process of recovery and crystallization of

citric acid from impure process stream by introducing very strong salts.

20
Juetten, in his thesis entitled "The Enhanced Crystallization of Dicarboxylic
Acids in Electrolyte Solutions”, Michigan State University, 1992, performed
crystallization experiments on aqueous solutions using dicarboxylic acids in
order to determine by trial-and-error which electrolytes caused "salting out".

25

One of the major drawbacks associated with the use of salts, either buffer
salts or acid salts is the instant precipitation, which results in the smaller size
of the crystals. In the subject invention to overcome this drawback, the
selection of salts with the surfactants has resulted in achieving the desired

30  crystal size along with better yield of crystals.



26JAN20L U. S. Patent # 5296639 teaches a process for purification qf 3&“9&@
acid during 5 crystallization, involving the nodification of crystaﬁ &
nor phol ogy, for .the purpose of reducing incorporation of inpurities, by
adding an additive to the crystallizing solution. the-additives are
caproic acid or surfactant. German ' Patent if DE 19705329 A (Rauls et
al.). teaches a process for 10 manufacture of dicarboxylic .acid crystals
froma solution containing it by addition of anionic polyelectrolytes
havi ng a nol ecul ar wei ght of at |east 2000 and crystallizing the

di carboxylic acid. Polyacrylic acid with a nol ecul ar weight of 2,°50,000 is
used as a polyelectrolyte. Its concentration in the crystallizing m xture
is preferably between 0.1 and 150 ppm The dicarboxylic acid crystals have
a purity of 99.5% 15 U. S. Patent # 3102908 A (Raynes Met al.) teaches' a

process of continuousg ldjgzatd on of adi pic aci.d _enpl oyi ngt a vacuum
crystalliseg. T, -tog%sé{?{agezﬁ- %#2? ﬁ é ?ﬁ%ﬁ‘?ﬁq Biecess foppyitcation effadipiaiakcil dyrinf
adi pi ¢ aci d”cr yat ot S 0% ARvqlying aaePdifrationosf eristal umephotogy Yot el hgposeasyd
to. prevent fod h\;@ﬂg)g;cqrﬁ{éraaﬁlysqfalmpmm@,stqd atldiap & ,addfittve 29 the cr{st?jllifing
crystailiser. Soajmnethe afditives aré cagiolc 58d4r AufAsaki Chem Ind. Co. Ltd. -
t eaches prepfar'fat‘i on of high puri tg a_di pi crapi d by re-crystallizing and )
Lo, Sl A RS GO, 5 e
purification process, l‘dl‘og Ect?;i?}’é‘ﬁ[‘l_cﬁg’élocrﬁtﬁlsrf@%laysﬁi‘ﬁidlni comtdiningiit by\atlditionrof
al cohol . The %{2;%%%?‘?8 CETQLYier davipgiasmiokpsnlay ekigly cdddileust 2000/NA cAREIRSHS
salt, based on canhpxylisrasidvdodyecrylicoadid evithi Kinoledular W8 i1, S6lD00 RARLS oL S
re-crystal | i zed@ polalestrolye. Hat esticer 332400 Iy RANFRE i.per fg%gpﬁ%yregg)
an

: ¢ ] if%%e
teaches an 300ilnmdo\@dphi. AtRWcrbdxylR | ja? |
p[ ocess bst]_rseam (~c?pt aining citric %cﬁgf%rg&ﬂ;?fg%é %?H%é’?ﬁ ?ﬂ‘}g :hef
strea evapor a - Q- 0 e satyration point o
citri (r:n aciyd i n:& HgﬁgénﬁtEoI% gw&#&ﬁ? gt algy te S'a?cP@Cg% efatantinuowus
crystallize out”ihe C o1 aﬁ‘é’i'fq.amé,rwlayx@ggw.v@qw eryallisear The eprraveds ioom
t he not her ‘IZVCZI;T?D 1 tt: ElIlalr.ewsnt tge build-up of adipic acid crystals in the lines and walls of the
crystalliser and to.prevent foami ’ izing ion i
20 crystalliser. - e P ;f)armng_ of. the c_rystalhz.mg solutlén in. the

Japanese Patent # 54115314 A (Asahi Chem. Ind. C '
. . it 411531 . . Co. Ltd.) teaches
grepaxatloq of high purity adipic acid by re-crystallizing and separating adipic acid
Om a mixture containing adipic, glutaric’ and succinic acid edin
recovered adipic acid to the ) cids snd feeding the
25 punﬁc:?tic_)n 'bmf:ess. The solvent used in re-crystallization is Water or alcohol. The
separation Fffic:ency is improved by adding 5% w/w inorganic salt, based on the
muxture weight, to the mixture from which adipic-acid is re-crystallized,

. European Patent # 0633240A (Haarmann & Reimer Corporation) teacheé an
30 nznl?rove_d process for recovering citric acid from an impure process stream (containing
citric a.md) by first concentrating the streatn, By evaporation of water, to 0-10% of the
saturatmn_point of citric acid in solution, followed by addition of strong acid or salts
to crystallize out the citric acid. Crystals of citric acid are separated from the mother
!1guor. .(containing citric acid, colorants, carbohydrates, strong acid and other
35 1mpm111gs). The mother liquor is then pass'ed'throﬁgh.an- ion exclusion resin column
of th_e type strong acid cation exchange resin. Citric acid is obtained as the final eluate
anc! is con}bmed with the citric acid crystals obtained above, to increase yield, to give

a citric ?.Cld solution. Final recovery of citric acid is through crystallization ;r spra
granulation. Strong acid or salts added are chosen from among H2SOs, HCI Naz%Oy
40 and HNOs, preferably H2804 is used. ’ , 4

2A-



I'i quor (containing citric acid, colorants, carbohydrates, strong agiﬁd_]ﬁaln'mm
- other 35 inpurities). The nother liquor is then passed through. an, ion
exclusion resin colum of the type strong acid cation exchange resin.
Citric acid is obtained as the final eluate and is conbined with the
citric acid crystals obtained above, to .ncrease yield, to give a citric
acid solution. Final recovery of citric acid is through crystall.ization or
spray granulation. Strong acid or salts added are chosen from anong TSO04,
HCl, Na2SO4. 40 and HNG3, preferably H2S04 is used. -2A 2 6 ] AN 5 10 U S
Patent # 514986.7 (Chen C. T. et.al) teaches  a process for crystallization
and. Purification of a water-insoluble aromatic, dicarboxylic' acid -such
as 2, 6- Napthal ene di carboxylic acid (NDA). The process involves formng a
soluble di-salt of the crude NDA, by reacting with a base, followed by -
filtration. Partial acidification is carried out to |iberate about 90% of

"the NDA and U t  pi . : - is sl
for al gﬁgtﬁfg”ﬁﬁ“’fﬁﬁ@?g‘?‘f%ﬁgﬁf} Chioft ?%@‘12%5@{04?‘8% firdyortigadon " 1Y o
added 19 rqQeR iR 5 of ng PRSI Semghe  diskibRY IS dsid el By
convert norarbralpnedicay Pqugc P‘HHE (NBX)- b prggss inveivesformang asplnbls dinsalty. ot
al.) teac hé’g the grude DIIA{ oy resctemwithe baser followed bycfiigratidn.Rartislael difib stiors e

© as- a star ¥ pATiedout fodiberase abtg 3606 dfitiel ND Avdnddainyesiond Sall of SD Aliak 8fitro

pol yner i zakrystalsvi Hélding @iy slatry fbfRédgbf tiie [AHS 1 RIrHARD %?H%E thige
l. C S
AFERP

part i clI0 Sistefadafis'drd diddtohedhl e OB AUrhé. FfibiChciditiRhitois M gut d

be between .50, bsenc inpurities. -"ai ns
at produci r?g eﬁ@g{%%g%g&dﬁ% al s neeti ngpt hese specifications' . The
aqueous solution of crude tereptbalic. acid at. 260-3200 Cis purified and
terepthalic-acid is crystallized fromthi's solution in 20 a-multi-stage,.
crystalliser sel.8sPatent # 6567842 @apmisatvare. erdl.) peahssaqproarslifbl produsing
mai nt ai nedtereptbalahacid stiteble forsisel dsi azeitsing AMEHA of tRpradAciich §CpslyedQs
01/07338 by direct polymerization with a.glycol. Important for this polymerization is the
-+ particle size distribution of the terepthalic acid crystals, which should be between 50
and 150 um and the absence of impurities. This patent aims at producing terepthalic
acid crystals meeting these specifications. The aqueous solution of crude terepthalic
acid at 260-320° C is purified and terepthalic acid is crystallized from this solution in
20 a I{Julti-stage crystalliser series. Different temperature and pressure conditions are
maintained in each of the crystallizers, ranging from 260 to 80°C.
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26 JAN 2004 PCT/1N99/00033 The present invention relates to a prﬁcbe?EN 50‘3!

crystallizati f dicarboxylic acids in a system which is unde
cont i nuou@%sﬁg’g?sgforce that is created in the annular spacdGEINPEOI0INe

i mpel ler and the crystallizer wall. The system consists of selection and
addi tion otrgadditiv S in a manner to avoid any effect 5 on the crystal

purity. To REnPEEREN jRvVepyQnR fe ¢ 3 Reacesscior wrystallization Fillflrdipﬂrlwxylicf

[ . Sp.: t i ti t. ' ti,
i 261 ds 1 68sh 2 SERT inichds Wil KRRl L ¥R BRes IS hredR ARG ur e
of sol vent gnn@lafdspakie bedwabh fHEime[Iél'thJB"t%%S %tﬁliféry%ﬂ.' | irsggg]ﬁ

crude diacids consists of one solute In mpjor a nt and 1 npurl

m nor anpuaossisithehselectiony snal hdditidn of tidelities] inct nNPREI6 VoRY afgeffedti ghl y
purified crystals of the diacids, as the anbunts of inpurities present, if
any, 15 aPB thecsystal Buk®el ved in the sol vent/sol ution. The sol vents used
In the present invention are selected preferably fromwater, any aliphatic
nonobasi ¢ acid having 2-4 carbons conprising prinmary and secondary

hydr ogen, \ i hay | : b | '
t her eof . P?gfaeﬁ%%,m? ?yés)&c} v(:"esntaiv’Jis&gedgslﬁilh gﬁé g&f@gﬁﬂ%ﬁgg@%ﬁ%@@ or
wat er wi t horystals, anﬁhatpreteﬂtm\ie‘hti@ﬁidYSM]inﬁbﬂ dffttfiagiatiie dafrrié@tclﬂft ihCa

e

acetic acid is nore than 1:1. Mre preferably, the solvent with | ess than

10% of aceRlutiongomsistingsefda spiwentosfamixiure afi goivents, neude diagid ared te
crudenlﬂi aciéi .1 S betwergé éO to 1 to 0.1to 1. Most preferred range of the
sol ve t P ‘HQ"EW BRI d is 5 to 0.2 The additives used in the

subj ect invention are selected fromsurfactants, and for buffer salts and
acid salts. 30 The addition of surfactants only results in obtaining bigger

crystal s \ilhé chidé dipeids toonsists ofuiohecsalntesinanjorea®euat ahdormmamicdH C
surfactants, anionic surfactants, cationic surfactants and zwitterionic
surf act antrggnqﬁrqmgpgtﬁ.Q{Vhpﬁere-crys{alilzed , the subject process provides a highly

purified crystals of the diacids, as the amounts of impurities present, if any,

15  are totally dissolved in the solvent/solution.

The solvents used in the present invention are selected preferably from water,
any aliphatic monobasic acid having 2-4 carbons comprising primary and
secondary hydrogen, any primary alcohol having 2-4 carbon or any
20  combination thereof. Preferably, the solvent used in the subject process is
water or water with smali amount of acetic acid, wherein the ratic of water to
acetic acid is more than 1:1. More preferably, the solvent with less than 10%
of acetic acid is used. The preferred range of the solvent to the crude diacid
is between 10 to 1 to 0.1 to 1. Most preferred fange of the solvent to the
25 crude diacid is 5 to 0.2

The additives used in the subject invention are selected from surfactants, and

lor buffer salts and acid salts.

30 The addition of surfactants only resuits in obtaining bigger crystals with high
purity. The surfactants are selected from non-ionic surfactants, anionic

surfactants, cationic surfactants and zwitterionic surfactants. Preferably, the



3 2 6 JAN 2004 WO 01/07389 PCT/ |1 N99/ 00033 anionic surfactants are ddetfN ¥t

preferred IO%H surfactants can be selected from Sodi umcl_q,@el?%d9 &Héa[:,’ate
(SDS), So m dodecyl benzene sulfonate (SDBS) and Sodi um bi's -gt

hexyl) sulfosucm nate (AOT). 5 The nonionic surfactant used in the present

i nvention Zgrﬁo,ﬁel gmaiﬂaﬁfﬂarehﬁé‘éa(yﬁbhy@?éﬁf@y 0l A Sirk %&%3@ ?/%?T'? E'E?b

(C12E6) and Tween 20. The cationic surfacCtants can be se

trimethyl aetestednirobr Godiam GodRcyhreliidte e(SDSHi Budivm JoTvyY benLeHEe
(DDAB). 10 The zwitterionic surfactants are sel ected from Phosphati dyl

chol i ne ( PEpifaRate (HHHBHhandSedivenbisdRathichend) sulfosucoinatet(A@Tsur f act ant s

that is reqU|red for achieving good crystal size and 15 shape is between
0. 005%to .0% of the weight .of the total solution. It has been observed

that the n o

concentratlon ?‘E@gﬁ'&% aeaglg S’tglégnﬁ.h efsg\ﬁtegh?%hﬁ%lésépfe égéaiﬁ?tgom
successf ul Inexolpethylemé gt |mortdaﬂ-dwa¢memer (09 ta?:mm&eﬂz bet ween
0.01 %to 1. O%M|D yﬂEbel gvﬁahe CMC. 20 To |ncr§a§eEE?he yield ochrystaI s the

buf fer acids and/or buffer salts are used as additives. The addition of
salts resu S|n ncrea te of cr al tion r lting i.n
greater Vi B?t"ﬁ?'(js?‘é §gta?ﬁ’é R\ PEr g?tﬁq %mbPPW'eﬁm%fﬁbe@mmomH@

h [ I,:b 7PN hid Fiest d th
change in pkhR | used in e
25 present proces arefsePectdégS’?rom ﬁhﬁ%"'@f&%ﬁé@ﬁ%nd K2HPO4.
Preferably these salts are selected from Na2HPO4 or K2HPO4 or a

conbi natii on thereof. The anobunt of buffer salts taken is between 0.0025%to

1. 0% of t héhgezvwjiterionicisirfaciaals ae seleeted BemrRbosphatidyl eholinee (PCh arek
present 1 N LRLEY B1RShSishiRe (BRJ" NaHSO and

The amount of surfactants that is required for achieving good crystal size and

15 shape is between 0.005% to 2.0% of the weight of the total solution. It has
been observed that the concentration of surfactant below the critical micellar
concentration (CMC) in the solution has achieved the desired results
successfully. Most preferably, the amount of surfactant used is between
0.01% to 1.0% i.e. below the CMC.

20
To increase the yield of crystals the buffer acids and/or buffer salts are used
as additives. The addition of salts resuits in increased rate of crystallization
thus resulting in greater yield of crystals. The buffer salts exhibit resistance to
the change in pH and acid salis increases the pH. The buffer salts used in the

25 present process are selected from Na,HPO,, NaH,PO,, KH,POQ, and
KzHPO4. Preferably these salts are selected from N'aZHF'C}4 or K;HPO, or a
combination thereof. The amount of buffer salts taken is between 0.0025% to
1.0% of the weight of the total solution.

30 The acid salts used in the present invention are selected from NaHSO, and
KHSO,, more preferably KHSO,. The amount of acid salts taken is between
0.0025% to 1.0% of the weight of the total solution.



KHSO4, nore preferably KHSO4. The anobunt of acid salts taken is betzym

0. 00%&)&_@ %30% of the weight of the total solution. 4 WO 01/07389 Jm
2004 739/ 00033 Hence, in the subject crystallizatiBnl/BVeER3 hoth
the acid and buffer salts along with the surfactants are used to achieve
the desired average crystal size as surfactants nmakes the crystal grow and
the salts precipitate out of the 5 di-carboxylic acid. The presence of

sur f ackigfce, P e (subiet derpuizalion iaks, bol BiEeid G bl sl al ni ng

, 0

crystals of higher purity. Salts present e systemresults Tn'the

I ncr easletgywihdhie. surfadiantseaghused tohactieyet the degireddavérages enjdian the
weight io of crystals fornmed in a conventional process. The sanme is shown
i n t heSiZ@ AfpSiriactiants makes thesnaalgrawanddhersalisl precipitate out of the

tiqnal gu rfactantonl y(0.5 onl y(0.5%salts%w of w

of ?50. 1‘%@@% %g'ﬂ) solution)5%w of solution) Yield

(99 60. 9562. 7576. 6781. 23 Purity(% 99.810099.9299.8 Tine for crystallization
(hrs)1.001. 001.001.00 Crystal size (mcrons)65518141041310 TABLE-1 .is The
amountTivé presérce aftsurfasthritsrésultoin geowtis of icpystalsbethereby he@dfi%oiho 4.0 %
of the weight of the total solution. As can be clearly seen fromthe

Tabl e-obtainirg srestalscef Bighel uity ahakls msepent in the system results in the

increased yield i.e. the weight of the crystals formed is more than the weight
10 of crystals formed in a conventional process. The same is shown in the

comparative table -

Conven | with with with salts
- tional | surfactant | surfactant | only(0.5
only(0.5% | +salts % wt of
wt of { (0.25+0.2 | solution)
solution) | 5% wt of

solution)
Yield (%) 60.95 62.75 76.67 81.23
Purity(%) 99.8 100 99.92 99.8
Time for crystallization (hrs) 1.00 1.00 1.00 1.00
Crystal size (microns) 655 1814 1041 310

TABLE-1

15 The amount of surfactants‘and buffer or acid salts is between 0.005% to 4.0

% of the weight of the total solution.

As can be clearly seen from the Tabie-1, the presence of surfactants helps
only in the growth of the crystals and the size of the crystal is increased by
20 three times approximately. Increased size results in increasing the purity of

crystals. Here, the yield increases but the increase is not considerable.



only in the growth of the crystals and the size of the crystal is 4 ﬁ@ﬁd
by 20 thr@e gig¥8g approxi mately. Increased. size results in i gﬁﬂ{ﬁf
purity of crystals. Here, the yield increases but the |ncrease ' §7 o
considerable. 5 WD 01/07389 2 6 JAN 2004 PCTIIN99/00033 In case of the use
of salts o ¥ did v h WA f kh al o sgs, but. the
yield mcreaseagnge %\A}avéer&% naft E%Eéprég ngg %PBE?&E% tﬁs g% t ?ﬁ'& tai

sur f act ant decitea®es, bat the iglddncreasast he yield, purity and size Of t he
crystals. In accordance with the present invention the diacid is

crystallized in nmedium consisti ng of a suitable solvent, which is nore

preferably a m xtuye,of water cetic acid in dlfferent proportions and
addi ti ves b!ﬁW@Neéf 0 e Bﬁsgﬁlcﬁr%ﬂ?mg 'z\m@& andsuriagtants, theredsdnergaseaci d

salts ih & eller with inpeller shaft. In

t he prc?cess '?@:’-3 @L%hﬁ é]?ﬁﬂ%g%&s&é ngfgar boxylic acid, the crude diacid
at an acid vaI ue of 15-35, is put in the annul ar space, betvveen t he

inpel ler and 15 crystallizer wall. The crude diacid is dissolved in solvent

at a suitabpl accqrdapeeauitin éhatpraseruﬁnubation dbe diaeidi i§ drystdilized mesiediurhhe

sol vent toforma J%ﬂ esalvghsolutlonls evaporated till a final
aci d val uEBISISNG L %5“‘3 EeRRlvenk Whichip dnare) peeferabiy taaintuge -of swater The

resul t ant [ofo]0) 25- 35

Cand cry < HeEHE dcid i Rresbhe BiBbriioh A FERUEE: e 3r5 S81sel Srorhne
-acig t GufHantyt beifert BAItS WEA® aciwhéSis ah a | R rgé n%?%%

f| ltration/centri fugatl on. SUMMARY 25 Accordingly, the J ect invention

rel ates tdmpeieowdtisinmpellertshafl ystal lization of di- carboxylic acids

conprising : dissolving the crude dicarboxylic acid at a tenperature

between 30 C to

In the process for the crystallization of di-carboxylic acid, the crude diacid at

an acid value of 15-35, is put in the annular space, between the impeller and
15 crystallizer wall. The crude diacid is dissolved in solvent at a suitable
temperature at which the crude diacid is dissolved in the solvent to form a
solution. The said solution is evaporated till a final acid value of 18-64 is
achieved at a temperature of between 60-75° C. The reéultant solution is then
treated with additives and is cooled to 25- 35 ° C and crystallized for one
20 hour, which resuits in the crystals of the di-acid to purge out of the solution

which are later recovered by filtration/centrifugation.
SUMMARY

25  Accordingly, the subject invention relates to a process for the crystallization of
di- carboxyllc acids comprising :-
dissolving the crude dicarboxylic acid at a temperature between 30° C to
75°C to dissolve the crude diacid in the solvent in an evaporator whereby
portion of the said solvent evaporates increasing the concentration of the
30 dicarboxylic acid in the said solution, transferring the said solution from the
evaporator to a crystallizer, adding the additives selected from surfactant,

buffer salts or/and acid salts or mixture thereof in the said evaporated solution



75C to dissolve the crude diacid in the solvent in an evaporator wpdr hy2004
portion oWwddieo7s8d d sol vent evaporates increasing the concenpegiinogroghs t he
30 dicarboxylic acid in the said solution, transferring the said solution

fromthe evaporator to a crystallizer, adding the additives selected from

sur f act antin theuséiercrystallizes, /cablin@thd sl traixtiremrésultifg iReheForinatibRSfsal d
evaporated solution 6 2 6 JAN 2004 WD 01/07389 PCT/JI\E)Q/ 001133 in the said

cryst al | i zefystals | disgrboxylic acsyiwhenedn tbe daid rgystaliizhtiohotakesi placefin
crystal s of dicarboxylic, acids, wherein the said crystallization takes

pl ace in '}'ﬁea'&"r‘h’\’ﬁr ﬁga%gﬁé"%?é} thscirre ’iﬁﬂf@ﬁ]eegy&tﬂihifeﬂé”é“?éﬂQl‘W%@r val |
at 10-800 C. 5 The crystal fornms are needl e shaped, nonoclinic crystals.
The additives nodifies the shape of crystal by increasing the | eniency and

decr easi ngriidecryatsl f RAPSABRA ndAdiS HREpaD Aloridtiink %%Jﬁis(;athexxhaﬁivgs' din
a solvent and the addition of 0 additives in the salid solvent can be
carri ed i rmadifigsathet shapepbcaystal by inciedsing tiee tenidncy idadecrrasingsfhé&r
DESCRIPTICNrFF THE ACCOVPANYI NG DRAW NGS 15 Figure 1 depicts the diagram
of the nov¥MaSK_EA-| j zer DETAI LED DESCRI PTI ON OF THE | NVENTI ON The novel
crystallizer used in the subject invention has a cylinder coaxial 20

i mpeller (1) or series of inpellers having different dianeters separated

f rom each misEelutioRDat 1he 8iudd fdieaditixyfieasdd W tahsbRent R 1S addis be'
having the dianeter between 5 cmto 3 nmeters, noving at highest speed

pr ef ertabl yaddlitiveshin thet saidfsolviers caRPhe aatrieti dn cusepanate cvaperator du\side t he
di anet er (i»f bet ween gzcmto 10 neters, noving at | owest speed preferably
at the ratBeSRIBEYBIAIZGON rotated by a conmmon shaft (3) which is attached
to the notor. For these corresponding dianeters of the innernost and the
outernost inpellers the correspondi ng annul ar space (2) between the two
cylindri cBRIERPEOESCRIPFION OF THE ACCOMPANYING DRAWINGS

15  Figure 1 depicts the diagram of the novel crystallizer
DETAILED DESCRIPTION OF THE INVENTION

The novel crystaltizer used in the subject invention has a cylinder coaxial
20 impeller (1) or series of impellers having different diameters separated from
each other, moving at different speeds with the innermost impeller having the
diameter between 5 cm to 3 meters, moving at highest speed preferably at
the rate of 10-50 RPM and the outermost impeller having the diameter of
between 5 cm to 10 meters, moving at lowest speed preferably at the rate of
25  1-10 RPM, rotated by a common shaft (3) which is attached to the motor. For
these corresponding diameters of the innermost and the outermost impellers
the corresponding annular space (2) between the two cylindrical impellers is

between 1 mm to 50 cms

30 The process of crystallization of dicarboxylic acid takes place in the annular
space between the walls of cylindrical impellers. Since, the flow is

unidirectional in the subject crystallizer, crystals are aligned in one direction.



between 1 mmto 50 cns 30 The process of crystallization of di car?gx_MNimm
aci d take&@lzuggsgi n the annul ar space between the walls of cgl i ndrical

i mpel | ers. " the flowis wunidirectional in the subj ectF T9§?9é?‘\0?3zer,
crystals are aligned in one direction. 7 WD 01/07389 2 6 JAN 2004

PCT/ 1 N99/ 0Q033 The ,surfactant nol ecul e resent, in the said solution cones
bver the orfes swesctalhnitie s reSERt FribBs2if Rgiutine caraes ovet e ehptala o
The cryst al,g,;Lhu ] o] (=W The
toe or mownith (Bl HincrsBtirct tHEiE 4R the ol ThE SL@ietile tosthel!
convent i ongktile duwnldud & the/fdreelofzgavifies found to give better yield, high
purity, increased crystal size and reduced tine used for crystallization,

as shown in the conparative Table 2. CONVENTI ONALNOVEL CRYSTALLI ZER OF THE
SUBJECT | NXENTI ON VI Erl&g)yé? 60 61. 45 PURI TY(9%).99. 899.8 TI ME FOR6040
CRYSTALL | ZAREONSE \PTm yRtahzgr of the subissy ioventioRors sompaeeEte thege

new y desi & ' | yent Lo i i vely
or wasi ng CPfigeh @ty avREle cystdfizBf RaEBuldiEdleoBetiel i, ighpiihy.
convent i ongicrélséd Xeystal sizet and redaess ligfe udde f6r vS/stalzatice, 24 ehb@hRd i n

the top part of the
the comparative Table 2.

CONVENTIONAL [NOVEL CRYSTALLIZER OF
THE SUBJECT INVENTION
YIELD (%) 60.95 6145
PURITY (%) 99.8 99.8
TIME FOR | 60 40
CRYSTALLIZATION
IN MINUTES
CRYSTAL SIZE IN|655 710
MICRONS
10
TABLE-2

The newly designed impelier used in the present invention helped in relatively
increasing the rate of crystailization and growth of crystals over conventional
15  crystallization processes. The crystals that are formed in the top part of the
crystallizer fall down rapidly due to the force of gravity. Crystals are
continuously removed from time to time if the process is continuous and are
allowed to stay at the bottom of the crystallizer if the process is in batch
mode. |
20
To achieve the faster crystallization rate the specially designed impeller is
used. The criticality of the inventive part of the crystallizer resides in the gap

i.e. annular space between the impeller and the wall of the crystallizer. The



crystallizer fall down rapidly due to the force of gravity. Oystgssmﬁr 4

continuougjas/ r ggg}/ed fromtime to time if the process is continuols and are
al | oned t ?]éf;' the bottom of the crystallizer if the proBEEANIR0GOR3

batch node. 20 To achieve the faster crystallization rate the specially
desi gned i er is sed. The criticality of the inventive part of the

el
crystal | i ZBINYI@E; SRACE patweepathe jagitaternand sthes parstalizenviss maintainegebeer
dth | . The 2 6 JAN 2004 WO 01/ 07389
ans e ol 26 Vosgblir. The .

PCT/ 1 N99/ annul ar sp en the agitator and the crystallizer

mai nt ai ned be between 2 cns to 100 cns. The subject invention can be best
Il1lustrated by way of follow ng exanples. 5 EXAMPLES 1- 5 Exanple |

Cryst al | i ZEhé subjsict invetrdicucan lbiecbemiilws'tmtétﬁb?iv%/ offollbWirf eRariplay. space
1o between the inpeller and crystallizer wall. 10 gns of crude succinic
acid (5around 98% pure) is initially taken with an acid value of 18.37. The

solvent is water. The additiv | QLT ced. The anount of surfactant,
sodiumlaurl sulfate is 0.5% géx‘ﬁhipicégég%m d wei ght. The percentage of
acid salts is 0.5% of the crude acid weight. The salts taken is KHSO4. The
solution is 1s evaporated till a final acid value of 20.132 is reached. The

t enper at urExashpledaporation is 65C. The systemis then cooled to around 32C

and cryst IIL_éed jn the novel crystallizer for 1 hr. The solution is then
filtered stajlizatipn Rf; erude \susFiniGfacid in1canied AUt tn yapuarnwac Space aci d

I's obt,gin | L gy I t han /100 ppm The, aver age
L5250 o8, upReIGT TP SR S5 o R P DS e
yi el d of 3Farcifitd 98% parsris imtiaily Yake'®ith 4o 268 valde oP 1819 THe SbiBk#t I”
conventional process was 514
water. The additives are introduced. The amount of surfactant, sodium lauri
sulfate is 0.5% of the crude acid weight. The percentage of acid salts is 0.5%
of the crude acid weight. The salts taken is KHSO, The solution is
15 evaporated till a final acid value of 20.132 is reached. The temperature of
evaporation is 65°C. The system is then cooled to around 32°C and
crystallized in the novel crystallizer for 1 hr. The solution is then filtered and
dried. A total yield of 72.014% of highly pure succinic acid is obtained. The
amount of impurities are less than 100 ppm The average size of the crystals
20 is 996 microns. The conventional process gave a vield of 52.36% of lesser
purity. The average size of the crystals in conventional process was 514

microns.

Example 2

25 Crystallization of crude succinic acid is carried out in an annular space
between the impeller and crysfallizer wall. 10 gms of crude succinic acid
(around 98% pure) is initially taken with an acid value of 20. The solvent is
water. The additives are introduced. The amount of surfactant, sodium laurl
sulfate is 1.0% of the total diacid weight. The percentage of acid salts is 1.0%

30 of the total diacid weight. The salts taken is KHSO, The solution is
evaporated till a final acid value of 30 is reached. The temperature of

evaporation is 65°C. The system is then cooled to around 28°C and



mcrons. Exanple 2 25 Crystallization of crude succinic acid is ca%éi ﬁ@zwt
I n an annul ar space between the inpeller and crystallizer wall. Z d
crude succinic acid (around 98% pure) is initially taken with an acid

val ue of 20. The solvent is water. The additives are introduced. -The
amount of surfactant, sodiumlaurl sulfate is 1.0%of the total diacid

wei ght. The percentage of acid salts is 1.0% 30 of the total diacid weight.

The salts t ' S i [ evaporated till final acid

val e of 30 Ll the A8 OVMARE By TECREAE sohuien i B M pocem

i's then cooldrigd. 0A 4bRHNHeRBEF 8BEEY200 hi TGhR hhged Lpbbe, nqyel

. crystallizer for 1 hr. rs"Eli'he sol ufbl' o/r%j ?Ehmmfgtg%ﬁﬁgné&adﬁ 8@!3"}\9@03&?

yi el d. of 8&neodatodf immimitiesparee|csdcitianl $50¢) iﬁé)gyé}égéf- hgs 1+RI'R

of .inpurities are less than "150 ppm The'a?grﬁglge sl ze ?ﬁ-eg gfrtyst a'ILysgtt%lsi S

1151 ni ¢t on§ H&1cwirrensiTdwatopventtsml grroeess \yaiedaofiefB oB &% 36% 66 kiser

purity( 99. 120/%’. 9'81@ eﬁ.gge size. of the crystals in conventional process

was 506 niEFY sg : %pl ?Vf@ag?mpft%smﬁaisﬂn@qmrenmaal praueisd was

carried outshg rﬁi’&ré’ﬁ&@m ar space between the inpeller and crystallizer

wal I . 10-gms of crude oxalic acid (around 98% pure) is initially taken

with an acid value of 30.04; in a mxture of water (90% by volune) and

acetic-acid_(10% by vol une). Sodium |l aurl sulfate in an anmount of 1.0% of

the total dJeXampde3weight is added Wong with acid salts in _ 15 an anount
ht of the solution. The salts taken are a mxture

f 1.0%o0f &} tal W
gf KHS Oan%&%%ﬁ%ff!%ﬂtg@tﬁ%ww POIddy fabried Qutin [an annulaaispacedetwaiene of
52.62 i : f t] ' 65C. Th /St '

Phen-cool eq e AT pelER b ERAAGNALE wBl TUDBRIS R Buds sheic 308, G pvod oR%r 1

hr. The solpuréepis initiallyltekeh ivitteancicid ¢atlid 8630%04,9h3 Ml oPlvals &5,

by volume) and acetic acid (10% by volume).Sodium laurt sulfate in an

~ amount of 1.b% of the total solution weight is added along with acid salts in

15 an amount of 1.0% of the total weight of the solution. The saits taken are a |
mixture of KHSO,, and K,HPO,. The solution is evaporated till a final acid
value of 52.62 is reached. The ter'riparamre of evaporation is 65°C. The
system is then-cooled to around 30°C-and crystallized in the hovel crystallizer
for 1 hr. The solution is then filtered and dried. A total yiela-of 78.86% of

20 highly pure oxalic acid is obtained. The amount of impuritiés are less than 50 |

ppm and the a'verage'crys_tal size obtained is 998 microns.

Example 4 ‘ _
Crysta!liz__atioﬁ of crude Adibic acid is'car.rie(.:! out in an' annular épace between
25 . the impeller and .crystalliéé'r wall. 6.034 gms of crude 'Adipic acid is initially
taken with an acid value of 30.04 and the purity of 66.7% in water. Sodium
laur! sulfate in an amount of 1.0% of the total solution weight is added along
with acid salts in an amount of 1.0% of the total weight of the solution. The
salt taken is Na,HPO, . The solution is evaporatéd till a final acid valﬁe of
30 60.62 is reached. The témperature of evaporation is 73°C. The system is thén
cooled to around 30°C and 'crystall_ized.in the novel crystallizer for -1 hr. The

solution is then filtered and dried. A total yield of 89.22%-of-highly pure adipic

10



20 highly pure oxalic acid is obtained. The anount of inpurities 76 SAN oRF
than 50 ppmand the average crystal size obtained 'is 998 m crons. Exanple
4 Crystallization of crude Adipic acid-is carried cut in an annul ar 'space .-
between 25 ' the inpeller and crystallizer wall. 6.034 gns of crude Adipic
acid is initially taken with an acid value of 30.04 and the purity of

66. 7% in water. Sodium laurl sulfate in an ambunt of 1.0% of the total
solution weight is added along with acid salts in an anmount of 1.0% of the
total weight of the solution. The salt taken is Na2HPO4 . The solution is-
evaporated till a final acid value of 30 60.62 is reached. The tenperature
of evapor at iagly i medh A i 6 |l edt r : .
crystallized in stsﬁg%ﬁl}(\ﬁse[l' Wg?y@gpﬁ %@n%s %}%r].%gﬁht@aﬁs%qjgﬁpﬁgﬁﬂg%gﬁge
filtered andrystéleaize Abtainet iy B8Ddnigto®$. 22% of - hi ghly pure adipic-10 2 6
JAN 2004 acid is obtained., The amount inpurities are [ ess than 50 ppm The
average 5 crystal size obtained is 880-mcrons. Exanple 5 Crystallization

of crude sugg% . §ci dis carried out in an annul'ar space between the
.ipel l er and” B@Fa, lizer wall. 5.006 gnms of crude succinic acid 1lo.. .

d 98% Rt Slizhfion Nbf IcAldY AkENe Whds L val 1 The, '
gglr \%Et i's %@ET e‘f‘ ;kl():l]t:l:ctﬁi"{]/%s ar gﬂ?';\%élgdﬁége@'%q\éggﬁgﬂg%n' %‘Fé@% fgﬁ?%%t,
sodi um dodestpleesuttfenimpielieDah@omystalizet walk 5WUE Bhis of i sabinid RRid

wei ght  percent aqg(e of salts is 0.5%of the crude succi.nic acid weight. The
salts t'8kerfareundP8em purekisdaitiglly tekanswithagrn esiduakiel of 16588 Tiie sciventid ue

of 20 is-r d~15 .t emperat ure of .ev ration is 65C. The systemis
t hen cool eg %o_!?'ar-r n(?y?g% sar"f‘_(ﬁ.e '@ﬁ?gyﬁﬁpi zgﬁﬁ?namﬂé’rﬁo@ _IS_UEfF‘ﬁ‘"FHi Iﬁqgkm“f or
1 hr. The siddéckprsuttaté RN 0.64 toer gk atdgdr 's%cirﬁtt%ia! uhél@tq_?ﬁe 7%e?§1%’ of
hi ghly pure succinic acid is obtained. The anmount of inpurities are Yess
than 100 ppRraertagecrfapitsisz® 586 of tre cruyds suecinic deRBweightolibe Badts taken
ti S . ield of , .
conventi ongl \IOBESTHe L Gich 1o Evaporated till a final acid value of 20 is reached.
.15 The temperature of evaporation is 65°C. The system is then cooled to around
28°C and. crystallized in the novel crystallizer for 1 hr. The solution is tﬁen
~ filtered and dried. A totai yield of 72.78% of higth pure succinic acid is
obtained. The amount of impurities are less than 100 ppm The average size
of the cristals is 1008 microns.The c-{:anvéntional -proces's‘*‘ g;ve a yield of
20 52.36% of lesser purity. The average size of the brystals in conventional .

process was 514 microns.

The subject process is a mere statement of invention and shouid not in any

- way construed to restrict the scope of the invention.

1



20 52.36% of | esser purity. The average size of the crystals in

conventional process was 514 mcrons. . . . The subject process if gtunelh@
statement ‘of invention and should not in any way -construed to rest ﬁ 't
scope of the invention. al 2 6 JAN 2004 s 1. A process for the

crystal lization of dicarboxylic acids conprising the steps of:
recrystallization a solution of crude dicarboxylic acid in a crystallizer
in the presence of at |east one additive selected fromthe group

consisting of surfactants, buffer salts, acid. salts or a mxture thereof,
wherein the 1o crystallizer conpri sesQLﬁiMi’ndri cal inpeller, a
crystallizer wall and a rotatable inpeller shaft; and cooling the m xture
to formcrystals of dicarboxylic acids between the cylindrical inpeller

and thescryist al | Azsrioceed lfoRthéhoyiatR&tibh &baﬁhr%liclﬁgﬁgewmhngwm%l te {;,

and the crystallizer wall creates a space whicC et wee
about 100 &RPLOfA process as claimed in claim1, wherein the said

crystallizer conprises a C%Iﬁ_i nder coaxial inpeller or series of such
i npel | ers FeSYRERERtEN 2 epalviioniofnsrude disprranyid daidrin eactystallizer in the

conf orm ng t crystallizer, and each of these inpellers
novi ng at 8?%%#%&)'? g?)géégésﬂvﬁﬁﬁ ?%%fﬁv?nﬁ%‘feﬁ(%j( Eﬁ%e S&ATRYRI RENSISHPA NG er
bet ween abeutfabtdhisn thufflp0dhits MacidrOys a t 10
to about 50 RPM and the outer nDsatC'dT?ér!r%lﬁlgﬁ iﬂamgﬁ% g}%ﬁéﬁe&"ﬁ%ﬁ;\ﬂﬁg{ﬁ%bout
0. 05m b apbristallizengomprisey aatylindpital wmpellespacchytizdizdrhoall amer a iroRghber at

a rate of about 1 to about 10 RPM the inpeller or series of inpeller
bei ng rot a'tr'%‘aelﬁﬁf%a&oﬁl%’n gear shaft driven by a notor. 30 3. A process as

clai ned i negbiid" Re WRRIEEN 1ot - t . -npnernost | | er
and the outer rm‘(g]t i rr-peﬁ er. fgs_ %@P\A@gﬁqggo%? %T%W'& acigs betweerrT-Petke
cylindrical impeller and the crystallizer wall at about 10°C to about 80°C,

' wherein the impeller and the crystallizer wall creates a space which is
15 between about 2 to about 100 cm. .

2. A process as claimed in claim 1, wherein the said crystallizer
comprises a cylinder' coaxial impeller ‘or series of such irh[;ellers having

20 different diameters separated from each other conforming to the shape of the
crystallizer, and each of these impellers moving at differerit speeds with the
innermost impeller having a diameter between about 0.05m to about 3m,
moving at a speed at a rate of about 10 to about 50 RPM and the outermost
impeller having a diameter between-ébodt 0.05m to about 1bm, moving at a

25 lower speed then the inner impeller at a rate of about 1 to about 10 RPM,
the impeller or series of impeller being rotated by a common geér shaft driven
by a 'motor. ' '

30 3. A process as claimed in claim 2, wherein the - space between the
innermost impeller and the outermost impeller is between about 0.01cm to

about 50cm.

12



about 50cm 12 26JAN2004 5 4. A process as clained in claim1, wherein the
di carboxylic acid solution conprises said dicarboxylic acid dissg%ggqumua
sol vent, wherein the solvent is selectied fromthe group conpri si

wat er, any aliphatic nonobasic acid having 2-4 carbons, wherein the
nmonobasi ¢ acid has a primary or secondary hydrogen such as acetic acid,
any primary al cohol having 2-4 carbons or any 10 conbination thereof. 5 A
process as clainmed in claim4, wherein the solvent is a mxture of water
and acetic acid in the ratio greater than 1:1. 15 6. A process as clained in
claim4, wherein, the solvent conprises |less than 10% acetic acid. 20 7. A
. process as clainmed in claiml, wherein the surfactants are selected froma
group conprising anionic surfactants, non-ionic surfactants, cationic

surf actsant4. and Azpiddessian¢iainsed frmelzint $, wiesdinheldeaploxyhdiaei Solution
surfactants in the ratio of 0.005%to 2.0% of the weight of the solution.

25 8. A preuBpsisas saicidieesboxylic|agiddissalied in a soiveninivbereinshefsaiventtis ar e

sel ected frgm sodium dodecyl sulfate (SOS),,sodium dodecyl benzene .

sul fonat e %eg%%%"dﬁf-?&" g’&%i%ﬁ%i“é’%@-‘%’f‘éﬂq LS )aemaf%agaeérﬁaﬂeg?ﬂ@md 30.13
2 6 JAN 2 : r a ' I [ . i, i oni

surfact an?gé]v éﬁg@-ge%ggtag%- W ré%n@%o';@ ne%F %}%f?e%%dmbﬁglp?@o%&ﬂ?%%co%wet her
(C12E6)  artiydrpgenssudbeseacetic acid, any primary alcohol having 2-4 carbons or any

10 combination thereof.

5. A process as claimed in claim 4, wherein the solvent is a mixture of
water and acetic acid in the ratio greater than 1:1.

15

6. A process as claimed in claim 4, wherein, the scivent comprises less

than 10% acetic acid.

20
7. A process as claimed in claim 1, wherein the surfactants are selected
from a group comprising anionic surfactgnts, non-ionic surfactants, cationic
s'urfactants and zwitterionic surfactants, most preferably anionic surfactants in
the ratio of 0.005% to 2.0% of the weight of the solution.

25

8. A process as ciaimed in claim 7, wherein the anionic surfactants are
selected from sodium dodecyl suifate (SDS), sodium dodecyl benzene
sulfonate (SDBS) and sodium bis (2-ethyl hexyl) sulfosuccinate (AOT).

30 S

13



10. A process as clained in claim7, wherein, the cationic surfactants- are
10 sel ected fromcetyl trinethyl amonium brom de (CTAB) and dode@y JAN 2004
di met hyl anmmoni um brom de. (DDAB). 11.- A process as clained.in claim?7,
wherein' the zwitterionic surfactants are sel ected-from phosphati dyl
choline (PC) and phosphatidyl ethanolamine 15 (PE). 12. A 'process as
clained in claim1, wherein the solution after evaporation is cooled to a
tenperature of between about 28C to about 32C. 20 ' 13. A process as
claimed in claim1, wherein the solution of crude diacid is evaporated to
have a final acid value of about 18 to about 64 at a tenperature between
about 60 C to about 75C. 25 so 14 : ’

5 8 A process as claimed in claim 7, wherein the- nonionic surfactants are
selected from hexoxy ethylene glycol mono-n-dodecyl ether (Cy;Eg) and

polysorbates.

10. A process as claimed in claim 7, wherein, the cationic surfactants are
10 selected from cetyl trimethyl ammonium bromide (CTAB) and dodecyl

dimethy!l ammonium bromide {DDAB).

11. A process as claimed in claim 7, wherein ' the zwitterionic surfactants
are selected. from phosphatidyl choline (PC) and phosphatidyl ethanolamine

15 (PE).

12. A ‘process as cléimed in claim 1, wherein the soiution after

evaporation is cooled to a temperature of between about'28°C to about 32°C.

20~ 13. A process as claimed in claim 1, wherein the solution of crude diacid is

A

evaporatéd to have a final acid value of about 18 to about 64 at a

temperature between about 80° C to about 75°C.
25 - :
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