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BACKGROUND OF THE INVENTION
This invention relates to the packaging and/or
containerization of products, and, in particular, to
10 the conditioning of products which are in the form of
crystals prior to packaging thereof.

The invention has particular application to the
production of purified aromatic carboxylic acids of the
type which are typically produced by liquid phase

15 oxidation of a corresponding precursor resulting in a
crude aromatic carboxylic acid which is then subjected
to purification followed by crystallization from a
solvent. Typical examples of such aromatic carboxylic
acids and those to which this invention is most

20 applicable are terephthalic acid, isophthalic acid,
trimellitic acid, and 2, 6-naphthalene dicarboxylic
acid.

The purified product is recovered from a

solvent by crystallization and is in the form of a

25 filter cake. The filter cake is usually washed and
then subjected to drying by the application of heat
followed by storage of the recovered pure acid
crystals. The product is generally produced on a
continuous basis. A typical plant for commercial

30 production of terephthalic acid, by way of example,
can produce in the range of from 300,000 to 800,000
metric tons of product annually, and corresponding
storage facilities, e.g., silos, for such large
amounts of hot product are therefore needed in order

35 to hold the product pending transfer into packaging
bags, bulk shipping containers and the like. The

product leaving the dryer is usually at a temperature
well in excess of 100°C, e.g. 115°C up to -as high as
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trimellitic acid,, and 2, 6- napht hal ene boxyli¢c "acid. . . The
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to as hi gh @@ warehouse storage sooner rather than later,
shorter residence times in the silo, and
correspondingly shorter cooling times, can lead to
adhesion of the acid crystals to the interior
20 surfaces of packages/containers and raii cars, which
ordinarily are unlined, along with formation of lumps
in the bulk crystalline material with consequent
discharge and processing problems for downstream
users/consumefs of the product. An effect observed
25 when loading acid crystals at relatively high
temperatures into containers which are lined, e.g.,
as with a polyethylehe liner, is that an elevated
temperature may cause the liner to soften or even

fail, which leads to product contamination.
30 SUMMARY OF THE INVENTION

The present invention is an improved process for
producing an aromatic carboxylic acid, and particularly
a carboxylic acid selected from the group consisting of
terephthalic acid, isophthalic acid, trimellitic acid,
35 and 2,6-naphthalene dicarboxylic acid which comprises
(1) producing a crude aromatic carboxylic acid by
liquid phase oxidation of a precursor of the said

aromatic carboxylic acid in an aliphatic carboxylic
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present invention.is an inproved process for producing an aromatic
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Corer ™ o o onapheupmeaceur PGSR E S Soamisie b e g
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having a coolant circulating through the 1n? ron
whereby heat is conveyed from the dispersed purlfred
crystals to the coolant and removed from the cooling
20 =zone. The purified acid crystals are normally
dispersed in a fluidized state as they are being |
transferred pneumatically from the dryer to the silo.
Thus, cooling of the purified acid crystals can be
“achieved on a continuous pasis during the transfer
> procezirernatively, the hot purified acid crystals can
pe conveyed directly from the dryer into the storage
silo, and then cooling can be achieved accordrng to the
invention downstream of the silo as the purifled
30 crystals are being loaded batch-wise into conralners.
A predetermined weight, i.e.j batch, of relatlvely ?ot
material to be packaged is first fed from the silo into
a holding vessel. Cooling can be accompliehed solely
by fluidizing the material within the ho}dlng vessel
35 for a predetermined residence time, or with aselstance
from one or more heat exchangers deployed within rhe
holding vessel for contacting the fluidized material.

The cooled acid crystalline material is then discharged
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15 to the silo. According to one aspect of the invention,

the cross-sectional area of the tower increases along
its length from the inlet to the outlet to maintain the
upward gas velocity within the desired range for
transporting the fluidized mass of purified acid

20 crystals as the pressure of the gas declines and its
volume increases.

The outlet of the cooling zone is preferably
located above the inlet to the silo whereby the flow of
the purified crystals into the silo, typically as a

25 dried bulk material, is partially assisted by gravity.
In addition, by designing the vertically elongated
cooling zone with a large height to cross-sectional
area ratio, the volume of fluidizing gas required to
develop a fluidized bed of purified crystals can be

30 relatively small, and, therefore, more economical to
operate.

According to another aspect of the invention,
there is provided an apparatus for cooling purified
crystals of an aromatic carboxylic acid oxr other

35 similar crystalline material from an initial
temperature in the range of from 100°C to 180°C to a
final temperature in the range of from 50°C to 100°C

which comprises a generally elongated vessel having:
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transfer of the purified acid crystals from the dryer

20 to the storage silo, by pneumatically conveying the
bulk material through at least one cooling zone having
a coolant medium circulating therethrough. The coolant
medium, which can be process water or any other
suitable liquid medium, may be introduced into the

25 cooling zone by passing it through one or more heat
transfer tubes positioned in the cooling zone so that
the fluidized bulk material traverses the tubes as it
passes through the cooling zone. The now heated
coolant leaving the cooling zone can be used in another

30 part of the process, such as in the case of process
water, for example, for washing the purified acid
crystals following their recovery from solution
following the purification process. The transfer of
heat to the coolant medium makes possible the use of

35 that transferred heat in other parts of the process,
which, in turn, can be translated to a reduction in the
overall cost in operating the aromatic carboxylic acid

production process.
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f1ui di 28d RPBEREATET i30T $8s thRe 1nYBBE198 £P¥pR3EER-YHFBugh t he
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in another 30 part I_o.f th4e process su%h as li n g__he case of _process water,
for example, for wast ng thHe suiTIEEaci §-Erysetals V-6l 8wi A8 t hei r
recovery frappacituts ardaidiog g the povehtdani ehopnodeptoydfie transfer of
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heat in other parts of the pgrggi ' rn, can be translated to a
reducti'on in the overall cosﬁ@gﬁgﬁ%&%@r omatic carboxylic acid

producti on procedfe present invention according to one aspect is

an improved process for producing aromatic carboxylic
~acids, and particularly purified terephthalic acid.
Using purified terephthalic acid production to
20 illustrate the invention, in a typical commercial
process, p-xylene is oxidized under elevated
temperature and pressure conditions in a liquid phase
reaction using air or another source of oxygen, and
the oxidation is carried out in a reaction solvent
25 comprising a C2 - C6 aliphatic carboxylic aéid, but
~ usually in commercial operations acetic acid, in the
presence of a catalyst system comprising one or more
heavy metal compounds and one or more promoter
compounds, e.g. bromine or bromine containing
30 compound(s). Water is present in the reaction
solvent and is formed as a result of the oxidation
reaction. One published oxidation process suitable
for producing terephthalic acid on a commercial.scale
can be found in European Patent No. 502628, the
35 entire contents of which are incorporated herein by
reference. '
The oxidation process results in a crude

terephthalic acid having as primary contaminants 4-



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a schematic elevation
view of aweppés2agus, i.e., vessel, for cooling purified crpeTABB/8lan
aromatic carboxylic acid according to one 5 enbodi nment of the invention.
Fig. 2 is a schematic elevation view of an alternative enbodi nent of the
appar at us shesrboxyergzalldelde ahd yaxisciser®milios ®oedatsi.onIvi ew of an 10
appar at us accgdi t : venti f.ar. -wi.se_h ' d cooling of
purified aci %rccli:erlils alé{fztl% che rHlJI’—"?%’ a%.rldlb?oghél\gﬁerqut %@qge%\%g'%?on vi ew of
an appar at uspektyegdiprpdus i i hentdmidesiiowd depifdysy damsolvesdm of t he

storage sil ojn IpRETAILER dFOCER Rguddus so1lite dRr ¢88kh i1RVeRkiron according
to one aspect is an inproved process for produci ng aromati ¢ carboxylic

aci ds, ard p}é}’@?%?iﬂ‘%ﬁq"if{rﬁﬁief]ieev@tte@r SRSRITEC 3RS FETBETAT UG- fi ed

t erepht hal i cTRé | by @gredd ish tprcedd ldrmiatad lyheeidueest i on, in a typical
comer ci al progess.; b Xyl ane i xhdlasd nder (glievated omerat ur e and
pressure contiiZions 1 n a 11duid phase“reaction dsing air or another source
of oxygen, and pieatxiufat iaid anshiny eProwpriate ceaskiodn ofolthent 25

conprising a,£2ovefP Mt Rl | K QRMOXYIC BGinfbrdubyusual Iy in commerci al
operations acetic dacjd, In Lé\featﬁ’&esence of a CatalySt system conprising one
or nor e Yeav§r¥etat L t3pdth GRS SRS Aot P ofPo@fds, e. g.

brom ne or btontalee cadiaitrtiary G twdenpaigitkrs solWvhtidr tiys ofr esent in the
reaction solvent, and. is_forned a resylt qQf t xi dati.an reaction. One
publ i shed oxPﬁﬁ?’f%in]ulp? oa(l:%lsés’_ s%i}faisagokf 5ot ﬁre%&féll@r?\lgacitl& %f):ﬁt alic acid on a
cormmer ci al spapducancie Youreplat e o RatidriedNeci502628luathe 35 entire
contents of YAI gbcyErddCO PAHAt RA-IeidN M tedf QRRCErokh@ Hexi dati on

process Jesull Seols InStAde { BLERMNAN] G AT LYY £3 R, Ty Y contam nants

separation technique, dried, for example, in a rotary
tube dryer, and then conveyed to a silo for storage.
The drying stage is accomplished using heat, and the
temperature of the dried purified product exiting the

20 dryer is typically of the order of 125°C, although
the temperature can range as high as 180°C.
Ultimately the product is transferred from the silo
to suitable bulk containers for intermediate storage
or to tank cars ahd trucks for direct transport to

25 the end user. The shipping/storage container can
take various forms such as a tanker vehicle for
transport by road, an ISO container for shipment by
sea, usually after an intermediate storage period in
warehousing, a railcar or silo car, and large bags

30 which are stored in warehouses preliminary to being
transported to an end user/consumer. The ISO
container and bag forms of storage can be lined with
a protective polyethylene liner.

If the product is packaged after only a relatively

35 short-term silo storage period, which is the preferred
operating procedure consistent with maintaining a
reduced inventory of product in silo storage at the

plant site, the material is prone to adhere to the
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35

0.08 to 0.12 wt% moisture. Moisture content of the
"dry" acid crystals may also vary according to
environmental and processing factors, such as ambient
humidity in the processing areé, degree of ventilation
and the effects of bringing the material into contact
with conveying gas which may also contain some moisture
in normal operations. If moisture-containing product
while still relatively hot, e.g., having a temperature
of about 100°C or higher, is locaded into a contalner,
such as an ISO container, bulk transport or railcar
which, in turn, is in thermal equilibrium with its
surroundings, i.e. at or near ambient temperature, a
temperature gradient typically develops through the
bulk material, and this gradient results in evaporative
loss of water in the hotter regions and condensation in
the cooler regions of the bulk product mass. Thus,
some of the bulk material is very dry while some 1is
relatively wet which, in turn, can lead to lump
formation and to adhesion of relatively damp material
to the internal container surfaces due to the cohesive
properties of water. .

Although the foregoing investigations suggest that

the problems described above could be solved by



operating procedure consistent with maintaining a reduced inventory of
product imweps/es238 orage at the plant site, the material is PEOWEIFG1dhere
to the internal surface of any unlined bulk container. Bulk containers of
the type described herein for handling purified acid crystals are typically

made of 31696304k §£@éﬂéﬁséo§£ﬁ&d,oﬁétﬂﬂﬁhﬂﬂeﬁéléﬁﬁEmbﬂsﬁﬂﬁﬁﬂ 5 materia

whi ch resists corrosion, 304L r ef er uction
based on co§Pn5ﬁHtcb?rBg?oﬂr?%%?%téhﬁégn?i % Fﬁﬁﬁléfy%ﬂﬁ?ﬂﬂgﬁﬁgherence,
undesi r abl ewhithpcbotral i ovehaso beeunrebseyyesis | fremeotpreadustundesh creat es
handl i ng pr e heesp e ; t dried product
IS bellevedg?Li gg t%ggsgﬁr%§§0?£§ g%%ﬁefiﬁLéémﬁgﬁéiﬁgﬁé%?it?ﬁ% drying
process "oeyamdpusefbiBEPANG ﬁﬁ@s?%@éaﬁﬁe%%Fﬁa+¢ﬁ¥%e PR faePErY st al s.
Typical ly, B%rbE&?chﬁléﬁQtb@héﬁsactﬂecéa§ﬁaié aaﬁﬁtrﬁﬁhééonwthe 15 exit of
a commercial dr in eregélx contain aboqé 12 wt 96 noi sture.

Mbi st ure cofFeR le‘t?hgou u'é‘ﬁ? r LY of V%E/a%?%oo’;/a‘??oré%%rdl ng to
environnentabhaedeﬁrbyessdnglﬁgcsbls ssorcdigascapdceny dndri dity in the
processing ar deagr. of I nd the effects of bringing the
mat eri al |nt8rESﬁPag?§§?tﬁa§§E%% ?%%gg%ﬁgmﬁ ch may al so contain sone

moi stur®%in nor mal opeﬁétﬁ@ﬁéneﬁfahﬁvgtu?bechﬁ%%?%?nﬁntﬁ%ﬁ&ﬁﬁ While stil
relatively hot in® rﬁvedh§¥b8€s§ E@ﬂpﬁf@auéﬁngfaﬁb@ﬁém&QQQ or higher, is

| oaded into a o Lner, 55 H aﬁaan | SO con# %$ bul transport or
railcar whi &{F ﬁy dFnacid iR ther haFmeghi PRHFHFERT wT¥STE5° sur roundi ngs,
i.e. at or meatiscdaedly aanpendtEebecaedeﬁpematheeggm@ple@msigplm@JIy

devel ops ! hiugh, g UL KCTBECE] ALaoftnlit s QEAd! CObigept el
evaporati ve 30 ter regions and condensation in the
cool er tegi @vsdef anHe 2hbaRaphbiatenandscarhosylionachdil, tWeeBeiR material is

very dry whit iﬁ@&owéméﬁhatbmgkysé@tcwbushg tnetpﬁﬁlfséa éﬁ?ﬁt&Ds'Uﬂp |
o the interna

f t dt t

Cont i ner Suft Ace ags 68 BRatEohbeFu b BPBPBF P Ba DI CHaBIC At haugh
the foregoi n@o°dyeshdgatébesasliggestow RA°Q hendogbitens widder plred above
coul d be sol e %rb¥ga%é%r%Eg%ﬁggﬁ?tgﬁrﬁﬁﬁégobr?¥€51éhfréﬁvfk of noisture

content in the prodict o ryet _coup| e control over
moi st ur 80§ nghes f Wheret hbe dadpdegcid crystals exit typically at

a temperature of from 100°C up to as high as 180°C, to

the storage silo. According to the invention, purified
carboxylic acid crystals cooled to at least 100°C or
below, either upon exiting the dryer or after

25 intermediate storage in the silo, can be packed out
from the storage silo sooner, meaning that the size of
the silo can be reduced with a corresponding savings in
initial capital investment.

According to one embodiment of the invention, the

30 improvement comprises dispersing the purified crystals
in a fluidized state within a cooling zone having a
coolant, such as water, circulating through the cooling
zone whereby heat is conveyed from the relatively hot
dispersed purified crystals to the coolant and removed

35 from the cooling zone. The purified acid crystals are
normally dispersed in a fluidized state as they are
being transferred pneumatically from the dryer to the

silo. Thus, cooling of the purified acid crystals can



and the use of low friction lining material for the 5 various shipping and
st orage cWf¥43i8s, such as PTFE or pol yethyl ene |liners, tireTasss/otier adopt
t hese expedi ents woul d outwei gh any advant ages of econony achieved by -
reducing silo storage capacity and corresponding capital investnment. 10As.

defined aboyg, zdhEePE@SENta | AN RILY D o @H&Q)&%dtﬂéoﬁﬁﬁﬁsEQE produci ng

an aromatic carboxyligc acid in ormof purified ystals, particularly
an aci d sel BEPeTSFr orﬁ*ﬁ?‘né“iﬁ%tﬁ)é (r,}tﬂ‘FS‘l stTYg SF'YtSéPéﬁhf"ﬁécheééFa

i sopht hal i ctheidiryérinelfitididdd ant dhn dmeér?, Gasaphtrbalmenandi ereboxylic

acid, where t i e rlfled crystals in a
fluidized s%ﬂfi&f (gprﬁ%g@g%;tnﬁr eé’%cﬁnoe%%accg%talggog} tB f§F5%¥9 bel ow
80C, priSor throwgh|a epckin@rzanarmieradaigd ba pasi WﬁafdtgrybEal s fromthe

20 dryer, whesgaddesdrd ed med gy dalihsRdiil byal %PEHﬁt@t ad tenperature of
from 100C ug to as hi gh as 180C, to the stqrage_si According to the

i nvention, PRPtIRFEPREATRNGS | ftiPEeFstEals SEB&FeécFBrQEmBeE@t 100C or
bel ow, eit heke u;awemxidmngméma dreyaef din &let erradBfedtrednedi ate storage in

the silo, c ora il o sgoner, rreanlngthat t he
gbofln% %e T &éﬁ”gé ater'org%t% 8 %

size of th duced W t correspondPng S&Vi ngg initial
capi t al*0i nvesd mmsed\owwh@rq ek Jéhtﬁém @é‘@@uétlphepirﬁveﬁﬁl ba, the 30

| Mprovenent 1 £98PEh&ESt 1k S&@é@'ﬂﬂ:&ﬂ?ed)lird fslﬁ@l&‘;r yak2kashiAgathbui di zed state
within a cooling %one ggw g . cool ant, such as water, CI rcul ating

t hrough t heSt8®IPhd%o REFAGHEER qls té’@n@é’?ééf fromthe relativel y hot
di spersed purifizbteryst absly o the l'ﬁﬂi)|ﬁiii’(1f&l&d wedavedysballsoanhhe cooling

zone. The pgélgégg addlclt %Lesflag &orr&l{}) §ge;:§lgdtghn a fluidized

state as they are ngtran rre pneumalcal y from ealgyer to the
silo. Tus, Sl—:b@l i #ed ofhehec PRIk 319 ezhradiad ashyisvalds agcgardhegathi ebed on a

continuous DRg:St fbm | Gk drerd 4mnsf theprélqeos%s the pResrobghot, "dry”
crystals which ex| ts the dryer e an _inert gas stream and the
f1uidized nBE%St3 %%%%%ﬁac%ﬁ %Wﬁ’t H’é%a%ns,tf’r EIRTBLPRFBugh a cool i ng
zone and cobl pdedetéermingy waighte, i.e., batch, of relatively hot
' material to be packaged is first fed from the silo into
20 a holding vessel. Cooling can be accomplished solely
by fluidizing the material within the holding vessel
for a predetermined residence time, or with assistance
from one or more heat exchangers deployed within the
holding vessel for contacting the fluidized material.
25 The cooled acid crystalline materiallis then discharged
into the awaiting container, and the process is
repeated.
According to another embodiment of the invention,
the cooling zone is positioned internally within a
30 generally elongated vessel, and the vessel is arranged
vertically. The purified crystals are introduced into
the vessel at a location below or into the lower
section of the cooling zone and fluidized by an inert
gas capable of moving the crystals continuously through
35 the cooling zone. The cross sectional area of the
vessel, i.e., the cooling zone(s), may increase from
the bottom to the top of the vessel such that the

upward velocity of the fluidizing gas stream is

10



storage silo. The cost to install and operate a cooling apparatus on a

conmmer ci avogs/as2d8 accordi ng to the invention, where heat carcbhestwensferred
to a cooling nmedium such as water or other process liquid, 10 and reused
sonmewhere else in the production process is less than the cost incurred in

sinply incrgashpgihde wideinfa dedheed ermeyatdy ey Jde adiure
Al ternatively,_ the hot %UI’I fied af_gl q'he;:](rﬁ/st al s can be conveyed directly from
the dryer i heblEnNS BRGNS thmFThePTRATSY IR achi eved

accor di ng tohtbeghnveatvessabownst reswenf e shmamfeddre ply isused crystals

bei | d t ch-w i | 1 ight, i.e.,
batch. of rSRaE, vhF, PRELE S8 LA BRI b BRI il the <l o
into 20 % hebdiiggveere| in Goliwifizad bt aterorpld giear ddielyombyff | ui di zi ng

the materialhui £hbDitbe ol diy Messeled WrpsddBdet Mg desifence tine,
or with assistance %r on}a(g&%nor nore heat excE%ngerj de%I oyed wthin the
hol di ng ves&El °F oP Tt BT g FViF& THoY dFeq t MEZEE 38TThe cool ed acid
crystal | i netpaheféesl toschdesi Ih scheHgeshiTdw 1dhervmitdbly Qudaider, and

the process_js. re te ccording to..anat.her .e di nent of_ t he
i nvention, ?hév%ogﬁ?nbg%%tnet? st}g%m °|I,6a d Th %r%haﬁHEb%q'hei é’“é(?fgener ally
el ongatldd vebsePurijfised heryesxsksd, | wyrireahge By ex tdiedd youlfhe purifi ed

crystals argatgiiQuucegkd m&tmd%%eé?ﬁ_i@lj}p%@ggghé}plw or into the

| ower section of the cooling zone an ui di zed by an 1 nerit. gas capabl e of
movi ng the SFF¥LEYs cOmtIFMLTIT 1Y IRFEIH AR ERD GG AN The cross

sectional aetangatédevesssk|whicle.conthei oo heGasine{s)zont@ywidicrzease from

the bottom§g,phenlonol -4 Ne-Jessel ol Naled Ne upnard velonl Ly of the

fluidizing gas’strea tained W n a defined range S tHe gas
pressurld f afluidhdingesdd| xemufed heo gdeve Iy eastiuidident) hdd afgh t he

vessel , or LAVWeE;iedherpstaNgesmitindve Stitdh thatoddle il iddpd g ystals are
transportedzgggoggg éeerelatively small and more economical to
operate than with an alternative design.
According to another aspect of the invention,

20 there is provided an apparatus for cooling purified
crystals of, for example, an aromatic carboxylic acid
from an initial temperature in the range of from 100°C
to 180°C to a final temperature in the range of from
50°C to 100°C which comprises a generally elongated

25 vessel arranged vertically having:

(i) at least one inlet for receiving said purified
crystals;

(ii) at least one outlet for discharging said
purified crystals;

30 (1ii) at least one cooling zone positioned within
said vessel between said inlet and said outlet; and

(iv) means for mdving a supply of inert gas
through said vessel at a velocity sufficient to
fluidize said purified crystals and move them through

35 said at least one cooling zone from said at least one
inlet to said at least one outlet whereby the velocity

of said gas stream is maintained within a desired range

11



5 cooling zone in a fluidized state, and near the top of the cooling zone-
the puri fWe&P8HE38t al s, now cooled to at or bel ow 100C, ovepCirwsssenuisn t he
outlet for transfer to the silo. The outlet is preferably |ocated above 'the
inlet to the storage silo whereby the flow of 10 the purified crystals, _
typical ly asfgecties Hof ktrmispdmling nhe tfheisiked saparbfal |y assi sted by

gravity. | n%@pgf%é@nacpal %}%%ligﬁg the vertically el ongated vessel which
I Nng zone

cont ai ns the coo , a large height to cross-sectional area
rati o, the mass OteASFING AWM rfP e Ceguines t Hidevel dp a fl ui di zed bed of

purified cryshéhst odde Tove idierildy @40Ant Bepaeakii8g zome, can be rel atively
smal | and nore ongnical to operate than vmttigan al ternative design.

n
Accor di Rg t 5270t het RsTRAt i R4td iifde fEY S 2180°EhB8Pe3FSMBESGi ded an
appar at us foarbooyl g gpeid facohcliyst alos oak, ebbdemanpl ef @Rear onati c

car boxylic ' inddial: t I e | . ran of from 100C to
180C ;(g 1’1 f?l(r;]% ‘%%‘?%?e‘?‘%"% L‘%‘*f%%’ﬁ?‘?’%ﬁ%@eg@f CPE%%E%O&%t gﬁﬁooc whi ch

conpri ses aP@ehtled | 3cH origatted 2 3eredyed reangbe devekcahby havi ng:

(i) at |easéhawe) | nlehe fiode rcRiyiNg 2ald BRel EbadeGbdStahs) ine (ii) at
| east qne outlet for discharging said _purified crystals; 30(111) at |east
one codl¥ ngt YoM PoETITBhett wi tiSFedaild FefdBeshat Geehisgi A°PRl et and sai d

out |l et; andhaving leat) emamsndomenns N@ dosuppbyiedf atn€trsgaanghr ough said
vessel al A yelog! 1dANLALT AP Jladkd! 29 aal dyBUpI Tl ed crystals and move
sald af I'Ng S

t hem t hr oug _ east one cooling™Zone fromsaid at |east one inlet
to said at PRedrtipr cutfltidirakes é purdfieyd stidardyghslstieami s

mai nt ai ned bEAbTH shélesdBdek g reklediisveibat ibhagspar tingyt he fluidi zed
mass of purified a]rgl d cr%stal S. Referring now to the dif aw ngs, Fig.

1 is alScheMedit B VAT Vi Idrr¥antagfsr afud;: i 24T, ©F an inert

gas such as nitrogen, through a gas inlet nozzle 16.
Heat exchange means 18, which can be a tube-type or
plate type heat exchénger having water or other
suitable liquid circulating therethrough as a cooling
20 medium, are positioned so as to be immersed within the
fluidized bed of moving acid crystals whereby heat is
extracted from the moving mass of acid crystals as they
progress upwardly through vessel. In this manner, the
moving fluidized mass of purified acid crystals, as a
25 bulk product, is cooled to a temperature on the order
of from 50°C to about 100°C, and preferably about 65°C.
In the embodiment shown in Fig. 1, fluidizing gas is
exhausted through line 24. Cooled acid crystals exit
the cooling zone and the region of fluidization through
30 line 25 in route to storage in the silo (not shown).
Coarse crystalline material and lumps can be discharged
through line 25A for separate handling. Fluidizing gas
exhausted via line 24 may be used for effecting
pneumatic conveyance of the cooled acid crystals
35 exiting from vessel 12 to the silo. Because the
purified acid crystalline product is cooled before
being moved/conveyed to the silo for storage, the
product subsequently packaged from the silo into

12



5 vessel, for cooling purified crystals of an aromatic carboxylic acid
accordinqybg&ggﬁsenbodinent of the invention for effectingpgpsisseizcool i ng
of the purified aci-d crystals received fromthe dryer (not shown). The hot
dried crystals are conveyed via line 10 10 into vessel 12. Vessel 12

defines a coollng, Zon& AL Nedle R0 hange JRAIRS RAdclieaed at first

and second TOtations w t inVvessel 12 as shown. In operation, a fluidized
bed of puriwith melsters St tionsimiihesRarkadfre perforated di stribution

grid 14 by 15 negrs fpparat s bderdimyy «f t9as ifre@itiodi lca® ban inert gas
such as nitrogen, through a gas inl et nozzlte 16.. Heg’ht’.l xchange neans 18,
whi ch can b%%ﬁﬁ‘b‘é%@ AP TR AR H RSB JEF Fad™ g water or ot her

sui tabl & | i gurdceurallataocep ks Aolighash aviddolnaty 2@seedi um are
posi tioned sg 2P0k NUET Sed ﬁ!‘%ff{ﬂe& 'kﬁrcﬁci&&:d,i z£q, bed nving acid
r

crystals-v\h%‘rxég%m%ea IS extracte om the noving mass of acid crystals as

t hey progr e§scnpeRraPsienr oudrrikes . s1eekhi SURthMS 34h@¥ovi%g f1 ui di zed

mass of purifhediaskdseeyss al sna agl @ndbuk Wdn MoOdigdd s cooled to a
tenperature on the order of from50C to about 100C, and preferably about

{
65C. I n thefe@Rbo8RIEAE  shown in Fig. 1, fluidizing gas is exhausted through
| i ne 24,0 Cool ed Refdrriygtade exiFighe2 contcondimmecarfhitshe regi on of
fluidization 3 i ' oMg €; L o ges | ' ot
shown) . Coa?rgiégé?yg{qgl ?Jr)l%ilﬁ%tz‘zt?légiaﬁ% Jf%rr%;fs&ggan Ee ég}{:c e;cr%géeg:ﬁr ough
| i ne 25A fofozxmpakatethdndl i hhe Feiglv zphgvibeh saraatrands £9 ithe 24 may be

used for ef feebhR0oBNgUERLECWROBNEYAITEr8teiVe cowlat maddhdd Viad s 35
exiting fromvessel 12 tgbt@hﬁ sjlo. Because.the D ed acid crystalline
[

urifj
product is EB8l EQ¥BEF or e §2HBYRdFHRT 3P ‘-i'%eoéiefcooqod?y A6t age, the
pr oductisubgaguebtl| yppaakaged f Inonpraeticép amtappaxatisiamrerdirg bags i s

free from prLoblems;assnet aheduit L) DOESEUise oERLh O dfbdila. Aackage.
The apparatus accofrding to the invention can _be constructed from any
sui t abl e mafecidisywhpyhngra@ SaBRELEYUFAl PHOReeRprEdHRd atfP w4 Ch wi il not

cause cont ageRalicORoat bieppiEfibadchibdugliceagid SHgdr#ss fgem corrosion.
St ai nl ess st eel s, Sli(ih as .31? ang1 304 sBai.n ess steels ando?'#ﬁﬁ num can be
g 89T R s

used in fabPPCH 16KBFH-&F 3 BolprERT 20 L G e 12 t

enbodi nent  ertleirsy wesdeme4®ri seakonpeat édlendofakedsSthetéosmaf a tower,
t he hei ght (u&gta“@lt%t} ﬁﬁé&f,ﬁﬂgﬂ@gﬁf)o}hgigghgp e0fnd, sbfoyWgch will receive

cool ed prod rom ower . s feature Takes advantage of econony and

15 ease of OW&EeFS 0Rnd @ Beatt tEansifrappiPaPusPacesPlRY TP i nvention
sui tabl e forayése Wiatohin?. @ peatsicséDactedi tdt yndrvaMing aupaiacidfy to produce

around 100, 000, 1°LL hansell AU LELE] SREhgAYLLoCapLghrdp el s per annum

25 producing and maintaining a gas velocity of around 0.25 -
m/sec with a corresponding gas flow rate of 1800 kg/hr.
Pressure drop for a tower meeting these specification
has been measure to be about 0.0786 bar/meter (78
kPa/meter) of fluidized powder, which equates to 1.75

30 bar (175 kPa) over the tower as a whole. Height and
diameter will, of course, depend on desired plant
throughput. '

Hot particulate pﬁrified acid crystals emerging

from the dryer (not shown) are conveyed pneumatically

35 by a moving stream of gas (e.g., air, nitrogen or other
gas which is non-reactive with the purified acid
crystals) into tower 40 through inlet 42 near the tower
base. By virtue of the fluidizing effect of the

13



20 nmeters, a dianeter near the inlet of 0.75 neters, a dianeter near the
top,’ or disfphasge end, of 1.18 neters, and a heat transferpcwdsbg,&lgpe

cool ing zone of about 340 n2. Means selected for novi ng a supply of inert
gas through the t ower shoul d be capable of 25 producing and naintaining a

gas vel 00|t re Suggg% I? né;;&ﬂg Ne &£ QY T8 SEEB{E“{‘BJ S, dd Qg ate of

1800 kg/hr a tower neeting these I cat1 on has been
measur e tOWbéhaboGPwerO‘? 6 ’b%?/m%rum ke fRstergt d%hefl ui di zed powder,

whi ch equaff@ﬁlaezéd@eéob@aﬁg(&J&w@a W%eﬂél%ﬁéé/\m4 as ms Whal e. Hei ght
and dianeter wll, o

epend. on des | ant thro hput . Hot
parti cul at BXRAPFE Earﬁﬁﬁﬂdgi?‘ﬁﬁ wardler gﬁqﬁgo ﬁbrﬁ?%&%%r UO?n%‘t shown) are
conveyesl predretrseal hys8biby af rrmhglgtseemmmfs ge6s d=.ghowmai r, nitrogen or

ot her gas \/\lﬁuf‘3 ggsnggr&gacgyt]%%\%gsge ]!Jdt?d Qactd gr ,__fs%fal s) into tower

40 through'i'n near Haf/ virtue of th ui di zi ng effect
of the coh\he‘?ilgg hast enehargst ke cﬁ??n &% ng A% Wrhp zfeTtFGbed wi t hin

tower 40, tsh%faegeomﬁé suifacee@fpddes | unsié zesbhed hehiigdepiect ed by
reference 44. t he g gguct stream fl ows éi*% th%@(zu%h the tower 40, it
5 traver se§13(s§érlﬁe§" FELBEI 1RE° st | T W6 s Howh 3% &% or ned by

passageo of dieehamtje €érgm, that toyet huodeph duesatitexchafmeh taibgds or pl ates. At

the free syi(gge gf,the hhundl2ed bed 44 .4 hesopol el dprsi ayl ate crystals

overflow i nt0 one” or dISC rgefromthetovver
under gr avﬁ&?raE&cﬁléecﬁOoEbF‘ét tlh%z%@ﬂ@ WWWC@W%Q h a

respective.,ghar @Q%cﬁbk@eSQntBa{;hé hee 90 k@ Ch T £ Yishdér Ry0ekeiaty Wi | |

di scharge into th ? ective sil]os ur&geéj[r?rav;]%g A key ]‘eature of the
enbodi nent shomﬁ* 8at§rFs St%’?s PEHTERE Heig WhitHP ald o for the
cool edh pr oduet rteaaln&vél hehghgedhunhiealgmmu forithe codpbedntrsdwrtage sil o(s)
of compar allee aelgltnalguR" uAfle Ry 06; Of sLephed; dhame! siofdpm a sml | er

cross-sectional area near an. [n noz %%e cross-sectional 20
area near &ileds) P%@?E‘Pé&h%u\%ﬁ%h‘ét V'E4>‘6%¥t‘§/° dgray hee m¥i ng f1 ui di zi ng

gas str eamét%p@ldnaalam@deat f@oﬁeét &h@lﬂéfﬂ By aseleriondheasd f erent
regi ons of the tower é% é ncreases due to the reduction of

pressure upife af‘odvé‘ Tﬁ825 ?llég%v?ﬂ%s’%a%e%%l RFeam wil |
decr eaze graaduaalnleyaraa@opdtﬂngtt ooazgeaéw esich that velocity of the

moving fluidizing gas stream is maintained at a certain
minimum value in the different regions of the tower as
the gas volume increases due to the reduction of
pressure up the tower. The pressure of the moving gas

25 stream will decrease gradually according to a gradient
in the vertically upwards direction. The gradient
depends on factors such as vessel diameter, number of
cooling zones, vessel height, product volume, etc., and
can be calculated dccording to methods known in the

30 art. A declining gradient accounts for a reduction of
gas pressure near the top of tower 40 where the volume
of gas is larger with a corresponding to a larger
cross-sectional area. A reduced gas Qelocity and
pressure in the appropriate region near the top of

35 tower 40, referring to the volume 44A above the free
surface of the fluidized bed indicated as 44,
effectively controls or avoids loss of fines which tend

to become entrained in the gas stream being exhausted

14



in the vertically upwards direction. The gradient depends on f ors such

as vessel 9d/i argeter, nunber of cooling zones, vessel hei gﬁ?TmB?szoc%ct vol une,
etc., WMQ%4HBe cal cul ated according to nethods known in the 30 art. A

flecl [ nill(r)lgwglradi eRt ac?:ounts for a reduction of gas pressure near the top of

ower ere the vol une of S I; g eWistihga towerediemdit®d to a | ar

cross-secﬁiana&?a@%&le%\ I?%ﬁjlcegg"’sog'a.s é\)ﬁlloqireySIng ressuLe I n fge e

Zgg\r/gp{ L}g‘tﬂﬁ:ﬁegé%?eeaﬁ !;Mopllfof;%ﬁ?ct 343,0 F%ﬁerr}g;%ﬂtpo Ltgtpe vol ume 44A
ee syrface_o : i i e bgreidnim diadatee o i

control s &Rua¢drasd) 888 %‘fa'i?&éy% oy Ched o the o

_ _ ‘ I nes ich t \ CHEL et rai ned in the gas
stream belt@g,ee?(hausrheéh Pﬁ?%@ﬁglgﬂr V@%BC;%S%S via; s %Jt]_Let nozzlg .
?rgl n?g$|r]n?tlrk)%%§dﬁgmtto%@ qblagn_tebfvm':hh fuidhized Rgbwn, %iau}f% ef)ossi ble to

_ : I"di*zi'ng gas vel.ocit - OPh 1 Dym vat uet tal bogholeT t ower 40
whi ch i s sdvaaags oty &?‘d?zgf’%g%ﬁl?gt 5 throughoutwéhfdhei ght of the
fllui di zed Q%r&g‘pﬂdﬁgfgl@d\lae)lmarggaﬁj EhorhFEEEohPFGuY AT onis that it

\ or a correspon Y- Jower gagitbawnatset AfinPRBERETotRer wi se be

required f%h%@%%ﬁo% of product to be conveyed. 10The height of a
tower 40 ipe nesmedysd det erm ned by the hei ght of _st

\ ( _ rage silas, while the

;/ﬁleume of rgt éo;\?\g%?eigrl@tesflragnumm)kot h@l @@é’F“Pllr&Ys%F?gEg‘lgFe&abXeeded for
_ O ~or hot crystalll zeg er ne vikdrueeedf Bo achi

requi red cobeihgightyoissyPrads %jlolr%dvgk?&gtgarre i nt er.nal ol umsI te\(;e :

accormodat g_t,be E8quLT edtéenined gty ¢ iRP RS T E Gener ;

tower of unrform di angefer no- i : LT a genera J"%/i# cylindrical
bot t om of Pﬁédﬁg} ?ﬁ er asfg%‘g gat%%ﬁ%@]tcmﬂ Heanad (U5 Y%r ger at the
' ' pared wih & whosendglianef er i ncreases
with 20 heicghbe Aahdigdr dTaneERIe%E ?h’ée%%%%im of the tower
15 (i.e., to have the same internal volume to accommodate
the required length of cooling tubes), a generally
cylindrical tower of uniform diameter alopg its height
would have to be larger at the bottom of the cylinder
as compared with a tower whose diameter increases with
20 height. A larger diameter at the bottom of the tower,
in turn, would necessarily require a higher gas flow
rate to achieve the needed fluidization velocity at the
bottom of the vessel.
In the embodiments shown in Figs. 1 and 2, the
25 purified acid crystals are force cooled upstream of the
storage silo. However, forced cooling according to the
invention may also be effected downstream of the
storage silo as shown in Fig. 3. 1In this embodimeet,
hot purified acid crystals for transport or packaging .
30 can be transferred patch-wise from the storage silo
through inlet nozzle 60 into vessel 62 which is
equipped with a heat exchanger 64 of suitable
size/surface area. Vessel 62 is mounted on a load cell
weighing system 66 so that predetermined weights of
35 material can be conveyed into and through vessel 62 for
packaging or loading into vehicles, as the case may be.
Iin operation, hot purified acid crystals are discharged

. from the storage silo into vessel 62 through inlet

15



in turn, would necessarily require a higher gas flow rate to achi eve the
needed f| wodisast3son vel ocity at the bottom of the vessel. PATS88/07181

enbodi ments shown in Figs. 1 and 2, the 25 purified acid crystals are force
cool ed upstream of the storage silo. However, forced cooling according to.

the inventiQuyBy & Shdaald et idownstineameotiekhgeat orage silo as shown
in Fig. 3. In this enbodi nent,. hot puri}“\'}hig,eiilf acid cggstal S foi %ransport or
packagi ng- 3ECEREFF HHEG aris Fr e d St &F- W&t FaRet F8SsPBFag8°LfRo t hr ough

i nl et nozzl erpérahtmradsselibZalwased shegugbpedtiethnazbhéat 6exchanger 64
of suitable, s X L 62 t cell wei ghing
system 66 S(S‘%]i’ﬁg‘é %ﬁ}g?gefﬁﬁgf\éevéﬁgh}}g gkit’;g;g'&ngtggr??g? %gg‘ggé conveyed

i nto and t hreughhaMits intB? ForaWrddkag $§osRIL0&ONRG1INAEe vERECl es, as the

case may becopntdnPesfivéibe NY2 MY e E12Gi0d ze1y dhzk gabarehscharged . from
the storage silo into vessel, 62 t rogﬁgh |r1Ieet .nozzl e .60 and held therein

until the dBSFIEEPTNpEISHFEY s at 3 O PHFECBRB ASw cool ed
crystal prothetflsiditieaserhd hrealigim.outlinetrtnddxnlidiG8ngwhashisay be provi ded

with a suitabl e, cont V. ). Nt l.t.iL.0g~storage
cont ai ner. %%%@e%k?%o%f}l v%‘!sss;n% .?rjg%%gee fﬁ%?‘&?gseg\a%%fe% "Bat ch

resi derice tdefined s thr wduns evitdiin Ghenviesggdn besteReanHuidi zi ng gas
medi um |ne%&rf&f‘é@éé'M&aﬁodtsj.o?ﬂ&ﬁ'ai_t%d_Mhrt%%g%a&hli&he'ﬁ:hﬁozz| e 70 into
chanber 72 10 d$f| ned as the vol une thin thet;{l%ssel bott om and a
perforated 8F8tP1PIRT FRDIHRE W%@H%e@h e @G 8zi ng gas enters

and fl ui di zesystelhiiss mdteriest ald ithe wetsarelal iDhet f@uwidizehg §he
fluidizing gas.gxifs Lhe.PRrl, 02 WA A3, aphargs 0078 e 4 The 15
ui di zing gas may efrect coolin the crystal [i'ne mass to suppl enent the
cool i ngt%f f gétli@iz'ilh@ FRAMBK ®pligng wfughet kEYStaildipeng gas may be
the primar }’mQEsS@&esgﬁ@iérﬁ@uLSOdHé?Q:dqugfg TR GORE thengeakn the enbodi nent
shown in FlgkcgénggL éf? gf%s%ﬂgh the fluidizing gas may be the
primary or sole cooling source under some conditions.
In the embodiment shown in Fig. 3, holding vessel
20 62 is sized to suit the largest container unit to be
filled (i.e., ISO container, road tanker, etc.) A
corresponding weight of material to be packaged and
shipped would then be fed into vessel 62 from the silo
through inlet nozzle 60. It would be held momentarily
25 as it is cooled via fluidization by the moving stream
of gas, and then discharged directly into the awaiting
container or tanker for dispatch.
Mounting vessel 62 on load cells 66 for batch
weighing is optional, although preferable over any
30 other type of weighing system for accurate control of
material being packed out.
Fig. 4 illustrates a variation of the embodiment
shown in Fig. 3 where cooling vessel 80 is mounted
directly to the discharge outlet of a storage silo 82.
35 Coolant is circulated through heat exchanger coil 84.
Fluidizing gas may be provided to assist discharge of
the cooled acid crystals through outlet 86. In this

embodiment, cooling vessel 80 is filled as an integral
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20 62 is sized to suit the |largest container unit to be filled (i.e., 1SO
cont'ai ner WQ 88#F28&%nker, etc.) A correspondi ng wei ght of natRFT/HS80G18de
packaged and shi pped woul d then be fed into vessel 62 fromthe silo through
inlet nozzle 60. It would be held nmonentarily 25 as it is cooled via
fluidizatiopa¥y Lifesiroragg sﬁneanpfa@asco@nﬁzghﬁydmm@ﬁ@l gerectly into

the awai ting _cont ner Kk for, Mounti ng vessel 62 on
| oad cells F&r%batchg%e%gﬂlgém?s b tlohaTg é??h ﬁg%opreferable over any

30 ot her tygdeschangiighi fijespurehiedraatducayetzbat into ofompatnens . bei ng

packed out. InFle@chdolel LUSt § 81 65 Aa V@l | bSO Rint Hecgubodi ment shown in
Fig. 3 where coollng vessel 80 is nounted directly to the discharge outl et

of a sto?ag&qgI%§t82el§§e€oBP5ﬁtOfSPE??%%$aY%Ge¥hr%®ghe%%ate%&changer coi
84. Fluidi ziirg sgdsaidy Ferprevidtingofassiss ﬂm5§h@ég@tﬁértﬁﬁr@O@fed acid

crystals thr ugh I 6 hi od ment .. cool i sel 80 is filled
as an |ntegr§1 %%C%§O§ F88825|?8r8 a%ﬂo%%%}?n aﬁgﬁxfiﬁ?efore be
carried ogta@udanylmlﬁée cﬁsneeﬂeurO@ucDmgtpunlénh&rgen@phthaxnmified aci d
crystals '”%h 1Q10“tf%'r”%5c§mph@ eaghe gl LH61 AL USE ML E eNPOdi ik t;&%fet he 5

cool ant, either pure o rocess water, solvent, etc,, S sul for
recycl i hf f GreYSEetn TO3mISEt ABr WRSRENGf LR eCHY ekt 1 994 RERFSGE f or t he
aromatic Caratf@éyd irecavied. firomt Beysestl dtapioguconoupediined terephthalic

acid, for e A f the .cool ant t_can be 10 recycled for use
in mashlng fﬁgp Ve 28 g?5888#33¥a%ra?§%d@@&°¥r % crystallization, or
used in dlssnhmﬁnga¢n@@e t 8ogphthathesacvateri vecyclpualtfexmat dves Bot h of

these vater geyclde @l %@amegesrg@!s@eyé& Biohnebedlgregovered from
cooling the 15 purified terep hthali¢ _acid cr sté?s accordlng to the

i nventibn. PHAAT1PS EEAFREDRRSIC acld crystals|apFevetngriresef or
produci ng a ipivenfdiesh.ar omati ¢ carboxylic acid which conprises:
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5(i) producing a crude aromatic carboxylic acid by |iquid phase oxidation
of d prewo®os23f the said aromatic carboxylic acid in anP&riysheniisl

carboxylic acid solvent; (ii) recovering the crude aronatic
carboxylic acid 10 oxidation product, and dissol ving said oxidation product
in water; (iii1) purifying the dissolved oxidation product, and

recovering & grEihgﬁE redyct fromthe aqueous solution in the form of
crystal s;- ¥§£rv§—dryrﬂg—§he*ﬁurified crystals at an elevated tenperature in
the range of from.108€ dpptovdé80roassis for prdddcimaresfpermiifiigd he dri ed
crystals t Ll L.of age j o) npri sing cooling the 20
purified a%fgmékégt%?éb?n9a Iﬁ?%§§%%f£$d¥e _osgg%énpepature bel ow 100C
prior tD, while di)aPreAuciBAsRefFIAg JIEPTRPLE i F3RPEIYIS AX G SYsai d sil o.

2. The inproygRBNbhaceObsthiAgtEon Gbal i drédumbbE ot hthedwdifd ed acid crystals
are cool ed by di spersi

25 .said, purified crystals in.a fluidized state
within a c8gPrPAg: oﬁ@rH§§VﬁécaaEbgléﬂta%i?iiééﬁq%ﬁ)ﬁ?ﬁQﬂﬁﬁ}lfhe cool i ng zone
wher eby heaicids sedreayed fromthe purified crystals to the cool ant and

removed fromtheg.gqoll e _siaul u : i Jqls id crystals
are 30 cool ed. Y Eeggvéggﬁ?n%ggy%ﬁ€§€'%%%%??l%é?%%?g_gﬁﬁﬁj |ﬁpmhich the
cool i ny0 zowxidetdpangaredcandaair dhgeel verg | eadd yoxidat ke purified
crystal s agddueehangedckirom the dryer and dispersed into a fluidized state
by a nmoving stream,35 of .i_nert s and tge éluiq%zed cr SH%%? are noved
cont i nuously t hr'ddd PHEIEX&PEng ZofieSFPohT AN T H %ﬁl?Q)é%? St and
di schar ged ainidt erefcoresiiing. th&é8purified groductpfoomt tise fasquesnsd i ng purifi ed
crystals of r i ar, yhieC L oman initial tenperature in the
soei[&t%%miilogg%u 5%?@ %5 08@?%@31 np

range of fromabove : C inal _tenperature in the range of
from5b0% to 100¢iwni €xying the purified crystals at an elevated

temperature in the range of from 100°C up to 180°C;

and

(v) transferring the dried crystals to a silo for
storage, the improvement comprising cooling the

20 purified acid crystals in a fluidized state to a
temperature below 100°C prior to, while or after
transferring said purified crystals to said silo.

2. The improvement accdrding to Claim 1 in which
the purified acid crystals are cooled by dispersing

25 said purified crystals in a fluidized state within a
cooling zone having a coolant circulating through the
cooling zone'whereby heat is conveyed from the purified
crystals to the coolant and removed from the cooling
zone simultaneously as the purified acid crystals are

30 cooled.

3. The improvement according to Claim 2 in which
the cooling zone is elongated and arranged vertically,
and the purified crystals are discharged from the dryer
and dispersed into a fluidized state by a moving stream

35 of inert gas and the fluidized crystals are moved
continuously through the cooling zone from an inlet to

an outlet and discharged into the silo.
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5 conprises (a) a generally elongated vessel arranged vertically having:
(i) "at | eamo9®m23gnl et for receiving said purified crystal sSpPCT/US98/07181
(ii) at least one outlet for discharging said 10 purified crystals;
(iii) at |east one cooling zone between said inlet and said outlet; and

(iv) means for noyingya a¥uaf roReebodas tBﬁQHQEe&%Qy‘é%éi%' ogt a
vel ocity sufficient to 15 fluidi.ze sai d}fgurlfled CH% E and nove them
a

t hrough™ sai RRRTWRG L RATOSFAG 2608 £r8M 87 dna EMBREAFHFEL to said
at | east oneimuthetrdmge difsdramgebbrenisafd westsel18&C 'ﬁme aamaaradi us of

Caim4 in o“?m&lt%‘g’}g 0SS t%% $eq Eogq_&l fi‘EﬁaS?f’ct@& eases al ong

its length fr st value in The region o thelfet toa I nal val ue
in the ré&gi cFPEBrisRsS o)l & generally. efpagappdr ¥easedf ackarges i n which the
el ongated vegsglidsl B ddviR@der and the cross sectional 25 area of the

cylinder i ncrease aI on%(ﬁl ts I ength accord| ng tQ a predeterm ned nunber of
increments from a } ralht i@asteBe iRliehe TPEGF ﬁebf’lPHeSFFrFiePuFé tiefli nal
di aneter in ¢hgst#lgon of the outlet. 7. The inproved process according to

Claim3 in 30 whi h th l%%rtt a3 o%tﬁ%l e%%gddg gglag EE% %nd al. r, and

the coolant is se ecte fTom so vent,
8. The apparmmn-‘sfie&@cﬁ@fﬁﬁgﬂ{sd Claim 5 or CI al m 6 furt her corrprl sing at

| east one silo hayifg) aft iRl 3neCepBInhgabbRg Wethedal da9ut Ilﬁtleef sai d
vessel and arranged_for receiving said cooled purified crystals. 19
and said outlet; and
(iv) means for moving a supply of inert gas
through said vessel at a velocity sufficient to
15 fluidize said purified crystals and move them through
said at least one cooling zone from said at least one
inlet to said at least one outlet for discharge from
said vessel.
5. The apparatus of Claim 4 in which the cross
20 sectional area of the vessel increases along its length
from a first value in the region of the inlet to a
final value in the region of the outlet.
6. The apparatus of Claim 5 in which the
elongated vessel is a cylinder and the cross sectional
25 area of the cylinder increases along its length
according to a predetermined number of increments from
a first diameter in the region of the inlet to a final
diameter in the region of the outlet.
7. The improved process according to Claim 3 in
30 which the inert gas is selected from nitrogen and air,
and the coolant is selected from solvent, process water
or pure water.
8. The apparatus according to Claim 5 or Claim 6
further comprising at least one silo having an inlet
35 communicating with said outlet of said vessel and

arranged for receiving said cooled purified crystals.
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