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WD 2007/ 060412 PCT/ GB2006/ 004347 1 1 | nproved
Appar atus and Method for Tenperature Controlled 2
Processes 3 4 The present invention relates to an

wappar@vas and nmethod 5 for controlling a prrREOaSE2006/004347

especially offering contrglled 6 and consistent
tenperature regulation. 7 8 Tenperature control is
critical in many processes in 9 various fields,
including fine and speciality chemcals, 10

phar maceuti cal s, bul k chem cals and the food

i ndustries. 11 In particular, many processes rely on
the mai ntenance of 12 a constant tenperature, or a
controlled increnental 13 increase or decrease in
tenperature. The maintenance and 14 control of

t enperature becones particularly inportant, 15 and
often problematic, when carrying out reactions and 16
processes on a |large comrercial scale. 17 18
Traditionally, |large scale chem cal reactions are
carried 19 out in batch processes. Such processes
normal ly involve 20 the use of a stirred tank
reactor, in which the reactants 21 are m xed by neans
of one or nore inpellers in fixed 22 positions.

t he degree to mhlch tenperat%re 23

k- = -!
.".7 L J P

prgaesggNFlRNATION CCPY WO 2007/060412 PCT/GBZOO6/OO4347
—2Z LI controlled in batch reactors is restricted - in
many 2 cases, cooling to a final desired tenperature

TheaBrbaks: Ubhvehthi@nSe¥ehalsda8YSan 4pparatus and method

for controlling a process, especially offering controlled

and consistent temperature regulation.

Temperature control i1s critical in many processes in

various fields, including fine and speciality chemicals,

pharmaceuticals, bulk chemicals and the food industriles.
In particular, many processes rely on the maintenance of
a constant temperature, or a contreclled incremental
increase or decrease in temperature. The maintenance and
control of temperature becomes particularly important,
and often problematic, when‘carrying out reactions and

processes on a large commercial scale.

Traditionally, large scale chemical reacticns are car:ied
out in batch processes. Such processes normally involve
the use of a stirred tank reactor, in which the reactants
are mixed by means of one or more impellers in fixed
positions. However, the degree to which temperature

regulation, and in particular cocling or heating, can be
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5 As it can be difficult to accurately control the 6
tenperature of a batch reactor, cooling and heating
often 7 occur with inhonogeneity; that is, different

way ®asos0d12t he 8 reactor cool or heat at di f frErmeEB2006/004347
rates. The rate of 9 tenperature change (neasured in
degrees centigrade per 10 mnute (Cmn)) is

coliiebil cHlit 1 4 okeap CQARSLAAL 1 OVEAEs gt hl WaQl f,1p! ume
of the tank, and over the whole of the 12

caggsl i AgPhend ity Peringd. dasired csanreratamy ohnt hekq 3ip

toPERYHELS gyyd hesised in batch reactors have
undesirable 14 characteristics. For exanple,
different heating or 15 cooling rates in a reactor

nsl @8dok o T4Of ORLIRCRG! LABy r Ao PlERy AT €T N LU
results in the formation o? nore 17 side products

tepperebyre edic Ay tiche reerberi vieoling eind beatiBg often

ocEARVEE Bk Ol Rl MR PEAGESEs |} AN1G 6858 0L 19 e
crystalline products; a tenperature gradi ént Wi Thin a
regagtoessedl may Ipreddatcedéfystans witedi.f f Fhentate of

L ogi d (fferent sizes. In.addi,tion, it
efBERIONAN RS (fpelri ISR e 0T8PSk 1o
minheewal ¢ sniof) batschiifZ3cneact orissepA doust-haE over the

di sadvant age. of batch reactors i 24 that _they do not
Wh8F eyogm¥%%v%%¥§hgén2ff%% i VDt W@Pﬁ?cPEth y of
cosepagshéagid fifearient. tgpes ofswrtystahy o26ther exanple

eﬁan iomc,\rs}.b 27 28 ngEraI rocesses in the food
PrPRAGST r3Y A1 ES PEGuitFe PERED HEHG dpgcaracedhsiient
chaoattet: ofi denpeat ukempFey S0rmxampl eapagteyri sation
mlk and the manufacture of 31 chocolate require a

o1 .,
COB&HP? of 3 &P e PePEACAPTI hed Rase i fegsngeeraate? n

ratespesatd e rdOMirnd rsehlPEr i ddriBrid3 Heweyed . the
fine control of these conditions can prove WO

S19907F YbUHI2 WPETrEB2606P00a347 e Felegtopl bimt Vs ldhmy
cofP8r§ £54 rd€ta tQehabecatsyhi oy s¥eNcase of

crystalline products, a temperature gradient within a
vessel may produce crystals of different morphologies and
different sizes., In addition, it is common for
crystallisation products to stick to the walls of batch
reactors. A further disadvantage of batch reactors is
that they do not offer a convenient, effective or
efficilent way of separating different types of crystal,

for example enantiomers.

several processes in the food industry also require the
accurate and consistent control of temperature. For
example, pasteurisation of milk and the manufacture of
chocolate require a controlled incremental increase or
decrease in temperature over a set period of time.

However, the fine control of these conditions can prove
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2 processes can be carried out. 3 4 Therefore, it is
an object of the present invention to 5 overcone at
| east some of the drawbacks associated with 6 the

W d00tesddik. 7 8 A further object of the i nvertiioszebeR04347
to provide a 9 versatile apparatus readily adaptabl e
to a nunber of 10 differing processes, and a nethod

padbLsRNereqh B9 rddk GORAURLI RA-aush HOGeSSER. 12
13 Further ains and o bjects of the invention w

PIEEOTRES Ferappafeitidd omtreadi ng the fol | ow ng
description. 15 16 According to a first aspect of the
present invention 17 there is provided an apparatus

Theyrelgiftr ditl LAgea Prirsdsof the pcﬁpemt,lngrealmwsw
oAdapted 4.0 [ Cc i ng
a seriestoﬁggggu?&mggg%%g%sggéggﬁ&gi i%#égiaéé& %M

thit Juiiestre agttecess zone, arranged and 21 operatlvely
connected in a flow systemto format |east 22 one
continuous fluid flow path having an inlet and an 23

A didteéer WhéﬁetnOfnbhau}mweamiohsisrbwip&nbﬂddIm n the

4 rein_ea one has t mper ture
A AP0 ALY ApBECabFRorer PR Phct ng
dn@mam@t @b:ecéﬁses)ntarrmi at herabt. of 2Us@ & Hymefogr gbky t he
tenper.at ure uIatln means conprises 29 gl obal
{%enpera uPgc Tati%g 'means. 30 31 Preferably the
t ubul ar nenber and the tenmperature 32 regul ating

neans are subgt nfially co-axial. 33
Fu er alms and objects of the invention will become

apparent from reading the following description.

According to a first aspect of the present invention
there is provided an apparatus for controlling a process,

comprising a vessel adapted to receive and discharge

‘fluids, and having a series of tubular members, each

defining a discrete process zone, arranged and
operatively connected in a flow system to form at least
one continuous fluld flow path having an inlet and an
outlet, wherein mixing means is provided within the Fflow
path, and wherein each zone has temperature regulating
means juxtaposed thereto for effecting temperature

control therein.

Preferably the temperature regulating means comprises

global temperature regulating means.

Preferably the tubular member and the temperature

regulating means are substantially co-axial.
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WO 2007/ 060412 PCT/ GB2006/ 004347 4 1 Preferably the
gl obal tenperature regulating neans is a 2 shell that
covers the tubular nmenber. 3 4 The internal surface

waf 200 soabel | may conprise at | east 5 one fiBrCT/GBre06/004347
fins can be fixed to the iynside of the 6 shell to
pronote turbul ence and enhance the efficiency of 7

Pr%@QL:.FBQY 8{1}% o&lrﬁ%ﬁt it%ﬁg\e/g’at e-{geecqgh%h@&gt RFOPEL LT e

regul atf ng nmeans can e a unter-current or
shedlcthpentote iy tdre angehentnerder.12 Preferably the

tenperature regul ating neans further 13 conprises

| ocal tenperature regulating neans. 14 15 The | oca
Theempeeatat esusipdacifingheaesmst tamypecoperiati gkl Yeasto

on%ogﬂﬁ‘?t eghd o {1e glohal -1 eoperatyre i%%%ﬁ%a{aﬁngné‘eans’
an 17 can conprise a Series of branches af “ext end
sheddnta g8omere fiolmdbulEore herdorrdartdee theant ksl eary lwef

| Uxt apos 9 the tubul ar nenbers that define the
CO%#%% egggg%%35¥%uf@'zones. The tenperature of each

branch can be 21 independently controlled. 22 23

Therefore, the vessel can be set such that the 24
TrEQ L EPRE o S S e SREBNT ST A o2t CPRE AR £ or ent
codbtprecesseONES @-chikevhpatis: adiahgeasnbe done

accurately 26 and consistently, giving greater
control over the 27 tenperature of the contents of the

prewbubBly B efdsinptiratthee 28qveasely mEhns kSrx¥gey useful
in applications such as 29 crystallisation and

CORPSEPEE at PO WHEIRE TERE T S cERF e 13 &6ATPol of
tenperature has a significant inmpact on the

The local temperature regulating means can be cperatively
connected tc the global temperature regulating means, and
can comprise a series of branches that extend from a
manifold. Furthermore, the branches can be juxtaposed to
the tubular members that define the discrete process
zones. The temperature of each branch can be

independently controlled.

Therefore, the wvessel can be set such that the
temperature of the contents 1s different in different
process zones or flow paths. This can be done accurately
and consistently, giving greater control over the
temperature of the contents of the tubular members of the
vessel. This is very useful in applications such as
crystallisation and distillation where the accurate
control of temperature has a significant impact on the

end product.
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31 end product. 32 WD 2007/060412 PCT/ GB2006/ 004347 5
1 The preferred m xi ng nmeans conpri ses at | east one
baffle, 2 nore preferably a plurality thereof. 3 4
whhmp7/ensieach, baffle extends inwardly from irtTREB006/005847
surfaces of the tubular ngnbers. 6 7 Preferably, said

t ubul ar rrerrbers are cyI i ndrical tubes, 8 and said

baff | d. 9 .
The re f8r P I lghe 23 éénﬁ.&fl%e%ﬂa%n%agt or'ieﬂddaaﬂ 1%,

centreof the cylindrical
motélhese feilabli? aTpdubal it esthredde nounted on rai I s
~attached to the inner 13 surfaces of the tubul ar
nmenbers. The baffles are 14 preferably orifice
Thbaf bt esach 1Hoa]fﬁllér eﬁéeadbds ylrtwddp/pérratﬂuenf»@ﬂ%r

ri se t upply nmeans to supply a
squﬁ tta]} eas one g? ﬁs 18 nmedia to the vessel.
19 20 opti onal ly the apparat us further conprises at
| east. one cess re g, Pf S
PrREGERRtY g HE dap?%ugf Fc e oper atlveq?ldre{gnnect eg 'to

athQawh@l&ﬂflé@rﬂl@ @ro%dea%érrrelqdr@cmemegu@ ating
neans np ast ane dto
c28RRLLY | PEFS TV rethp TR B 20 e At OPRE
rubkQcess regul ati ng means may conprise 27 neans for
i ntroduci ng and extracting nedia. Such process 28

regul ati ng neans nmay be provided in the plane of the
The baffles may be mounted on rails attached to the inner

surfaces of the tubular members. The baffles are

preferably orifice baffles.

preferably the apparatus further comprises at least one
supply means to supply a feed of at least one flowable

media to the wvessel.

Optionally the apparatus further comprises at least one
process regulating means. The process regulating means

can be operatively connected to the tubular members.

The process regulating means may comprise at least one
filter adapted to selectively remove precipitated
materials. The process regulating means may comprise
means for introducing and extracting media. Such process
regulating means may be provided in the plane of the

tubular assembly or above or below as necessary.

The progress of the process may be locally contreolled in

each discrete zone by providing each zone with at least
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29 tubul ar assenbly or above or bel ow as necessary.

30 31 The progress of the process nmay be locally

controlled in 32 each discrete zone by providing each
waperosdb at | east WO 2007/ 060412 PCT/ GB200&/c10Z34d6/006347

1 one fluid inlet and/or qutlet nmeans for the addition

or 2 extraction of fluids. 3 4 The nedia nay be

 aV S jquids,, or_partigcles.of 5.a.size
o SHBLE TR, it g Theh PEoterve HE ARG 6
ederactddnl yfifituiathuced and carried into the fluid flow
7 within the tubular nenbers of the vessel. 8 9
Preferably the apparatus further conprises at | east

Troenencdi@ poytbd afaswant ivagoarsubsiqntdal loy Pawitdcles of
substance. ., 11 In use._qf the aforesaid apparatus the

» % BNGE: i 1 £TRF) Lhi Pt T HRISeh R grulas, or

bd muasidilpl enftadutssd andeaat ik 08d 1618 *Xine Ql@fidanPﬁm cal
r.eaction; i spersion, a_14 suspension, an emul sion

v ﬁﬁﬁ% 5&8-Eﬁhﬁiﬁé;ﬂeqﬁeréanoF%%rve%ﬁ?¥3uitable mat eri al
or mxture that has at |east sone fluid 16

rope Eies. 17 18 Preferably the tubular nmenber is |
PJ%&%FP& ¥ eb't FHRAYEGWSa FuFEh et s icieSoR I éEaFR PRE hs

pdrt @8e PLafthd herestharah Doy ar1.2Q supstantial Iy
repeatlng S-pattern or serpentine flowath. 21 22
IrptsieoRral Fie i ransdicaprrerbers fiure Mebstanpei ses hbe a

ni: @38t o23none RNifolidradapted 0, vert (Lheyklow of
the contents 24 of the tubular nempber along nore than
BIGHETP| OhpatHeZpalogetrionbud ek srentsdos, may conpri se
suspRhYi8h! T¥h Ynulsion or micro-emulsion; or any other
suitable material or mixture that has at least some fluid

properties.

Preferably the tubular member is configured to follow a
succession of return paths in one plane thereby forming a

substantially repeating S-pattern or serpentine flowpath.

Optionally the tubular member further comprises at least
one manifold adapted to divert the flow of the contents

of the tubular member along more than one flowpath.

The tubular members may comprise a plurality of
interconnected limbs defining common or alternatively
different, possibly divergent, flowpaths by use of, for

example, Y-connectors.

The tubular members may be aligned in parallel in one
plane, and connected by U-connectors to form a plurality

of return paths close enough together to reduce the area
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27 interconnected |inbs defining common or

alternatively 28 different, possibly divergent,

fl owpat hs by use of, for 29 exanple, Y-connectors. 30
wiloThasodizbul ar nmenbers may be al i gned i n parrdTiG@s2006/004347

one 32 plane, and connected by U connectors to forma

plurality 33 of return paths close enough together to

or N eAUGS tibe ~at-egu 200 QeR4LE Ped 6820060434 ¢1d7 1
or "footprint” ‘required but spaced apart to forma
Pagien 2ZSeAPLErn assenbly. 3 4 The apparatus :

preferably conprises a plurality of tubular 5 nenbers
operatively connected and configured to follow a _6
The onwd Litte¢ Srederpohy i FRONFAGHSt 8 BORFRhENY IRF dppatatus

me@Q J Adehatibyel Yotospact el uBRe(§aakd foatqnint k. 8
She Tubul ar menbers may be alternatively positioned
coandlutly ayssrsPedtiss eptd donreefsns e HRRAGEVE to

Al Sophaped-£anT i-gytati pp) wherein the
& ?%g%{g‘{glﬁé#b&épgé%r eo 12 rr%re con‘pac?l y a)ssenbl ed,
alternately diverging and 13 convergi ng rather than

Th%y££%5.5} R %ES'maylééjéiggﬁia%qqgﬁyoﬁggitfb?eq.gnd
-Junction, T-precé; Cross-piece or mani f o
asabhiohsd tuse neoft-enhsectothaa govivadenenbepstantgal 1y7

sel ectively diverted alon re n h.
s-HhreSd A edfi PR BT G sbPRdaR cRe i PR
noeententsctofy taheambAet pbail arrmarrier dimengimy eartchan one

separate I et such , 20 that these separate noieties
coegﬁr%%n%dgﬁéﬁ%yFBaai¥¥%?%ﬁvlpffa?§SZs of mani pul ati on

For exanple, one of the noieties 22 can be seeded to

roduce, an enantioqnerically pure 23 conpound, whil st

ThERESRE R (i &ty ~HRCBEObe et S/ Crose picce OF
manifold allows the contents of the tubular member to be
selectively diverted along more than one flow path. This
is useful when it is desirable split the contegts of the
tubular member into more than one separate moiety, such
that these separate moleties can be subject to different
types of manipulation. For example, one of the moieties
can be seeded to produce an enantiomerically pure
compound, whilst the other moiety can be seeded to
produce the opposite enantiomer. In another example, one
of the moieties is cooled relatively guickly to produce
small crystals, whilst the other moiety is cooled

relatively slowly to produce larger crystals.

Preferably the apparatus further comprises flow control

means operatively connected to the vessel.

Preferably the flow control means effects continuous, or

plug flow, of media through the vessel.
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24 produce the opposite enantionmer. |In another
exanple, one 25 of the noieties is cooled relatively
qui ckly to produce 26 small crystals, whilst the
wai hetosomizety is cooled 27 relatively sl ow y HQr/qe0ek00347
| arger crystals. 28 29 Preferably the apparatus
further conprises flow control 30 neans operatively
connected to the vessel. 31 32 Preferably the flow
control neans effects continuous, or 33 plug flow, of
Theedl ew t dsoiigh thenvessel be WRAIZOH @604h2tiate and

PCT/ (B2006/ 004347, 8 1 2 e flaow gontrol neans may
e bEL AR P Par 8P o Ao REGRLPr T % g
1eabd ehdiglent ici sperskosenf at 4 least one fluid in

the vessel. 5 6 Preferably, the flow control neans

conprises an 7 oscillator adapted to inpart notion to

priherab: | cagie anew 8ohtubd. mddhes fddwrceakr &h neans may
be adapted to apply.a 9 net f|OMIRE%nO|dS nunber >

: pply, )
osgpdlaRCT ARt ast TBRRTE ITRTHON 1P FRE Abt 1 U1 M be
£10881 | | BLOT$1 APBRrollmedrs ARLPIKH NGabBed SECHLyY a
aspect of the present invention 13 there is provided a
nefrefhod RoynQlsist nHEBAEI Y £oht PBIthshgta leiat pprer el id.

ThePRbE 86h L Al skeash PRy thetidn fluid media 15
according to a predetermned regine, conprising

formng a 16 continuous flow systemfor fluid nedia
ackb2gL A pwraa'ge%ndlepgcﬁugglaae :E%JQ%%%% OpeLtiyel Y

connected to permt urd 8 cornmuni cation _
theher &s hpoengfideceacietbbdl feor nembernymuevivdcagt rablipng a
priLECLeLEPIOCESS 14008, 1 REOVI dL 0 1), Paq 1 bbb Al

nenber m Xi ng means, provi ding tenmperature
accegdingi by argamsletermined regime, comprising forming a
continuous flow system for fluid media from a plurality
of tubular members operatively connected to permit fluid
communication therethrough, each tubular member providing
a discrete process zone, providing in each tubular member
mixing means, providing temperature regulating means
juxtaposed to each tubular member, introducing fluid .
media to the flow system and controlling the temperature
regulating means to independently control the temperature

of at least one discrete process zone.

The method of the present invention is able to deliver
linear or non-linear; consistent or non-consistent

temperature changes as a function of time or distance

The fluid media can be a mixture of miscible cr
immiscible fluids; a dispersion, a suspension, an

emulsion or micro-emulsion; or any other suitable
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21 juxtaposed to each tubul ar nmenber, introducing
fluid 22 nedia to the flow system and controlling the
tenperature 23 regulating nmeans to i ndependently

waphbfeoabhe tenperature 24 of at | east one mi13CERbR004347
process zone. 25 26 The gethod of the present
invention is able to deliver 27 linear or non-linear;

Lstept_o - si.sten 8 t.enperature changes as

e R B e i bR 2k B 56 BTV i d i &
progerbéea. m xture of miscible or 31 inmm scible fluids;

a di spersion, a suspension, an 32 enulsion or

m cro-enul sion; or any other suitable W 2007/060412
PrieCELEB2Y 061 O 0d3wbk ra® utemit eva sl eddrinmi Xt wee hbote h@s at
«J east_so fluid 2 properties. 3 4 Preferably the

tgﬁﬁewé?ﬁf%'is varied in C per netre or 5 C per

mnute. 6 7 Optionally the method conprises the

furth step of .8 adjusting the tenperatures of the
Ori SRR LT H%&%@%#@@PIQS e TUgttieRuSLSPf Pow
adgysteny stied tdidie e reat 8f ofnd QitRMRREALYEBe §HaNGR Of

the fluid nedia js consistent alon 11 the tubul ar
Ofnéﬁﬁe?%r}tlfﬁm‘i% fAore PHEEER eFYCh ﬁéla%ettﬁ@dreéﬁp@ises t he

tehgethet-steife ot tad] ¥shidhddie tempenatutes: of14he
di screte process zones 15 of the continuous fl ow

they SPRA TIPSt he rate of 16 tenperature change of
the fluid nmedia is inconsistent 17 along the tubul ar

menbers. 18
Alternatively the method comprises the further step of

adjusting the temperatures of the discrete process zones
of the continuous flow system such that the rate of
temperature change of the fluid media is inconsistent

along the tubular members.

Optiocnally the method comprises the further step of
adjusting the temperatures of the discrete process zones
of the continucus flow system such that the rate of
temperature change of the fluid media is linear along the

tubular members.

Alternatively the method comprises the further step of
adjusting the temperatures of the discrete process zones
of the continuous flow system such that the rate of
temperature change of the fluid media is non-linear along

the tubular members.

The method may optionally comprise the further step of
setting a starting temperature at a first end of the

continuous flow system, and a finishing temperature at a
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19 Optionally the nethod conprises the further step of
20 adjusting the tenperatures of the discrete process
zones 21 of the continuous flow system such that the
wioadoe7/@b4122 t enperature change of the fluid reEdiGB2085/004347
l'i near along the 23 tubuhar nmenbers. 24 25
Al'ternatively the method conprises the further step of
s&%radiest b9 hhechammaralutes, oL, é@g diggrete process
zones 27 of the continuous flow systen such that the
Wﬁﬂﬁée@mlzsdtéﬁpét%@tn@?h@ﬁangeTbiSt¢mnfbauuﬁemedba is
sl I rs. .30 31 The
T gy bt OHaI Ty oA et o FOr T2t ep of
maggcilegya starting tenperature at a flrst end of the
33 continuous flow system and a finishing tenperature
at a WD 2007/060412 PCT/ GB2006/ 004347 10 1 second end
ORﬁiOmhélwonhEnMQUSOdIqmmpyﬁseenthecﬁﬁkmn&xﬂﬁb%@nbﬁed

t I .Jhis can.be used, to el ectively

=G 48 HESeeor it B BElt i rotiarheFogy. © 5
exir@ptnogambylah&srnﬂdumia&gnpr|ses the further step of

7 adjusting the process conditions by introducing or

8 extracting nmedia as necessary. 9 10 Preferably the
Pmlﬂaﬁlgoﬁpé i lﬁelshdche:cﬁdp&ﬁ_héé sheprfthell ssehbegki vely
G%yeg ﬁatln% a sol The gre0|p|tated 12 solid may

&°CrySedl Pr %ﬁpﬁﬁ?t¥ﬂﬁ epfPohdl | Yy ihesestikédatedpri ses
scliie hupt bercsyempmafinkhy adding crystallisation seeds to

pronote crystallisation.

32

Optionally the method comprises the further step of

adding crystallisation seeds to promote crystallisation.

The seeds may promote the crystallisation of only one

enantiomer from a racemic mixture.

Optionaliy the method comprises the further step of
collecting the crystallised enantiomer using at least one
filter.

The method may comprise the further step of crystallising

and collecting the opposite enantiomer,

Optionaliy- the crystallisation and collection of the two
opposite enantiomers is alternated between the two

oppesite enantiomers.

Alternatively, the crystallisation and collection of the

two opposite enantiomers is simultaneous.
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16 17 The seeds may pronote the crystallisation of

only one 18 enantioner froma racemc m xture. 19 20

Optionally the method conprises the further step of 21
waodobesbdidg the crystallised enantioner usi ng@EiGH20@34347

one 22 filter. 23 24 Thgqnmethod nmay conprise the

further step of crystallising 25 and collecting the

Tﬁ@n@ahba 85 néa,r%&e{ e%ﬁ %E:QH&&;’% yc%%eelféztivelg. e

crystal I|sa i on an ection o oppo
destdntliiogert lsast teraatienidet wEka mé&hddmalm@wwpﬁosite

1?@%‘ Q E%ffe§%§hﬁf%§”t%to&}{§£y the erystglly ggtion

coI tion o WO O 03| % enantloners i's
dsffadenandbasrei3s M QO /2068412 PCT/ GB2006/ 004347 11
1 The nmethod may conprise the further step of
selectively 2 distilling at |east one liquid. The
Tinee trieath odl hawscdmpriSe [Higuifdetbér dsfdereantd iveirtiing the

pai nt 0 distilled.n differe di.screte

B g REef Bl il oo fufbristS e Fdoers
of Ltrl'tdﬁe:bnsiﬁ@o@i ﬁld/verstysﬁ:@ﬂ be wdyfdOwW afarlilFe il ui d

nmedi a al ong di sparate tubul ar nmenbers 8 of the

conti nuous flow system by way of a manifold. 9 10 By

BySigiggaanaaniod i agr dimiilar devies, f Lxamleeaayy-
11 unctlon of T-piece, seeds of opposite enantioners

I EHTIG8 OTol RARRE 5 TRALRALOREPSS & GG HUBRTGaAn Do
ad®sPeehLVeiYe®O51y to each flow path respectively so

that pure compounds with opposite enanticmers can be
produced simultaneously. This cannot be achieved in
traditional devices. 1In addition, or alternatively, one
of the flowpaths can be cooled relatively quickly to
produce small crystals, whilst the other is cocled
relatively slowly to produce larger crystals. This again

cannot be achieved 1n traditicnal devices.

The process accerding to this invention permits the
temperature tc be controlled at selected process zones,
and optionally alsc adjust the process by introducing or

extracting media at selected process zones.

The process may be one requiring purely temperature
controlled processing of fluids, such as pasteurisation,
or may involve an intervention to add materials such as
seed crystals in a regulated crystal growth process, or a
staged chemical reaction wherein reactants to form an
intermediate are brought together under appropriate
conditions initially in one zone, and the intermediate

may be optionally removed from a subsequent zone or
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13 that pure conpounds with opposite enantioners can
be 14 produced sinultaneously. This cannot be achieved
in 15 traditional devices. In addition, or

wa Joeraedizvel y, one 16 of the flowpat hs can dzarckrobeadass7

relatively quickly to 17 psoduce small crystals,
whilst the other is cooled 18 relatively slowy to

e T et BTl 8 0o 3. cqunt e,

r
chieved ITntra I ona Vi

prapeakedengotosttdan igrwelntckoas pedyrilis dpeod2 iheaper at ure
to be controlled at sel ected process zones, 23 and
optionally al so adjust the process by introducing or

Thed pexteatt i mgenEidirg wall 1Sebechetgyacessi »gneay 3856 26
The .process be one requirjn urely tenperature 27
XML POP ol o BT SBECT Foi TR ARROHTRSYING Crawings

irpagiieuri sation, 28 or may involve an intervention to
add materials such as 29 seed crystals in a regul ated
crystal growh process, or a 30 staged chem ca

FilRaet NonsWaesEldindt8ackaBliSof 0a f i ¥pan 13k iflfﬂ.bﬁfaﬁ’@ﬁi.i ate
are _brought together under appropriate 32 conditions
O§GHiiREPFY PREDIRI Z0merasng ehECa e REdicarEYisg fay be

t eiranakbycsermyed J g&%as%@,sequent zone or WO
2007/ 060412 PCT/ GB2006/ 004347 12 1 reacted with a

further reagent at a subsequent zone to 2 prepare a

ridQUAsHI eam pLoduets 1as YRy, be &pwgﬁrﬂl%g%rﬁbaédg&
present invention will now be described by way of 5
aRPRARBMEe epRyaiminch a dfareatecn o st aidcofpanyrngying

od%f%@%gg§at§rérbaMHfHIleé §o§%§%§§1 1 is a schematic

Vi ew a serpentine fl owpat oscillatory baffled
apparatus suitable for carrying out

Figure 3 is a graph that illustrates a linear cooling

profile achieved with the present apparatus; and

Figures 4a and 4b Illustrate the different crystal

morphologies obtained using different cocling rates.

Referring now to Figure 1 there is shown a process
apparatus 101 comprising a jacketed vessel 102 encased by
a shell 103. The shell 103 contains fluid which acts as
global temperature regulation means. The shell 103 has
fins (not shown) attached to its internal surface to
promote local turbulence in order to enhance the
efficiency of cooling or heating. Thermal isolation
laggings (not shown) can be applied to the shell 103 to
maximise the cooling or heating effect. A series of
branches 104 connected to a temperature manifcld 105 form
a local temperature regulation means. Control valves 109

are placed at points on the local temperature regulation
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10 tenperature controlled processes; 11 12 Figure 2
is a schematic view of an oscillatory baffled 13
apparatus containing a Y-junction, suitable for

wWapdohyecopz 14 out tenperature controll ed progega@spociiodss7

16 Figure 3 is a graph thag illustrates a |inear
cooling 17 profile achieved mﬁth t he present

araf U Veggd?e’lﬁscir%o@ %%rﬁ g ShLl! ysteate the
feren crysta norpno i €5 obt ai ned usi ng
Thm fefreroanst sopetparpd atreshe 2¢cal E&mpanauwyenmaQUbatlon

Fi qur.e ere i s s [OCesS 10
m%§0nprlgﬁﬁaga gh kéie%efegggFeﬁgzg%ﬁ%gged %Eﬂw %Or

a.sheﬂbnioar Hb&tfﬂgﬂﬂlul@s CIhéalnsaIIuﬂmbewhtuheacts as
Iobal tenperat ur e reg Iagéon neg_ Ehe shel %a&QS
r%lsl 528" "Ra"{ not s%&\ﬂ?)e al't 5 N3 ¢ PRt &P Ha
liurehace pomg7liB.onote | ocal turbulence in order to
enhance the 28 efficiency of cooling or heating.

Thermal isolation 29 | aggi ngs (not shown) can be
THRPPldse@ 1t 002hgasheldluk@3 ity oB0smpeddnitseliepeesl 16

r heatln effec A series of 31 branches ,
Friviec I F’és 1?%&;&’&%%9%%?? }ﬂ’ﬁél Urs sy 3}1843? a
Sdl@@ﬂtl&l@nﬁﬁﬁﬂiéﬂ e reguhakksen MBaNsoniGAMsr Bkr¥akyesod 09
33 are placed at points on the | ocal tenperature

wHigduRAE 8RTIISDOT F604F2 PETE BV (343871513 1

tUlRARS: hRrdeYEl ind1 QAN SO0k sCASE | A% d NeA¥SBEhed to
desires. 2 The arrows superposed on the | ocal

theefisseailut82r dgUihe ited ctankeansedi i Gate ot feed tank

11%9%&5?% Hﬁﬁeﬂis(ﬂ'ﬁﬁﬂwe%% ehef bowy fors a$datﬁgob§§§e9r
heating tlurd. The |local tenperature 5 regulation

10Fedisries i6qoppbePic @ dlegolehgr helat iang! eanknpst 114
c&H%ldi R4AReliPs. At the product collecticn end of the
vessel 102 there is connected a centrifugal separator or

a collecting tank 116.

The feed tank 112 and pump 113 act as a supply means to
supply a feed of at least one flowable media to the
vessel 102.

The baffles 108 extend inwardly from interior surfaces of
the tubular members 106 which are provided as cyiindrical
tubes. The baffles 108 are provided as orificed plates
extending radially inwards towards the centre of the
cylindrical tubes, and mounted on rails (not shown)
attached to the inner surfaces of the tubular members
106.

The vessel can be mede from separate units, taking the

form of individual cells connected by individual U-bends.
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7 8 The vessel 102 has a plurality of substantially
parallel 9 tubular nmenbers 106 joi ned together by
U-bends 107 in a 10 serpentine fashion. The vesse
wilidoomoiiai ns baffles 108, 11 which are arr angaeB005/004347
cells. The nunber of celkg, 12 tubular nenbers and
U-bends is not limted. Attached to 13 the vessel 102
at_the reactant feed end are d k 4 1 nd a
B R s oo Mol E e piin 113 55 ERatve b ed®ln,
uniher® 4 sxpopilei anedniaiflcow metensidd aodnedh imput 16

control valve 118. At _the product. cqllection of
defhierd FoRashErties: (tert B aingtr 88 S CentH R Sa
foB epafi@id Okont8nacesl fiect ipaght anklidp. wHBls20inTheis

feed tank 112 and pupp 113 ac¢t as_a supply means to
exanpls (1§ V8 5FEed ™ Bf gz?pr |1é§§isgc6ﬁ‘gl%’feowégﬁ€%¥%%'diSglotw%‘ t he
asf2£ OSSR s 12 o f E?bﬁﬂaﬂ'ft%]h&f,f besahg8dekh epatrd Iwdr dl y
rominterior syrfaces o 25 the tubuyl ar nemhers 106
angihi R (PR PYFGY ML BT isTdS dHr oZetThieRdS) TR
prosdit es 0§ aRrenpr o¥bALdi asyiani becadapkatesd 2t it
extending radially inwards towards the centre of the

capgeeyhF il CahetubeRYORHPholiPsd SATr BFPFEOTHA- shown)

coRgadiiashed diBe tRgeriirdiacescef zbhestebwaie are
menbers 30 106. 31 32 The vessel can be made from
susephtat onfihes arpakFAll YhenB G RRERCR naf Vi bk rent

t ected Bypl gl vidudl r JJhends. W0 20074 HERALZ

e@@#%%%g%%%/004347 141 Alteﬁhavaely,cthe %ggsel can

folake 2 heudamaaioh afsrapghen 2N L PHF é%aﬁﬁle a
conti nuous extrusion forned in a 3 desired

configuration, or any other structure suitable
At one end of the vessel 102 there is a piston 110 to

impart oscillatory motion to the contents of the vessel
102. However, other oscillation means can also be used.

Control means (not shown) are provided to control both

the stroke length and the freguency of oscillation of the

piston. The control means is operatively connected to
the vessel 102 and is adapted to effect continuous or
plug flow of media through the vessel 102. The flow
control means can also be adapted to initiate and
maintain uniform mixing and efficient dispersion of at
least one fluid in the vessel 102, and/pr the can be
adapted to apply a net flow Reynolds number > 100 on at

least one fluid.

A number of inlet and outlet ports 111 are situated along
the length of the vessel 102, the ports being designed to
allow species, seeds or any other additive to be added

and/or removed from the tubular member. In addition, the

ports provide means for sensing some property of the
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4 for formng a continuous flow path. Al so, whilst in
this 5 exanple the vessel is, for illustrative
pur poses, shown 6 as a succession of tubular cells,

waj foangesizi n parallel 7 and in one plane w t heamatrBOss/004347
ends (U or C-bends) to 8 gresent a serpentine form
it wll be understood tha% 9 can be of any other

ST B L SRR 0 TS,

tLﬁ:uﬂltdalnlyeaﬁerpm he mmplpo@abl o8n amtcsmmxﬁmmmeaﬁfs for
di fferent {ggperatur? The tubul ar, menbers can be

&HﬁﬁﬁﬁuFeHaYod FF1Logw &R B lic eSS HPTHE/FaFaPn pat hs
sp@tm@c@bgnwséﬂ orlsslﬁtl1aﬂe1@@ﬂr@ﬁertml\t@§a@bn§0€he

there is ﬁ E 110 t qgart OSCI||at0r¥ not i on
gt lege "EBRE n‘f% R %esalpap 2D EL 2%oRey EFYSbiher
irPsGithl. at iral 1BBES LGN caksetbgopsed 11 kB CaNEROLe NESES

(not shown) are provided to control both 19 the stroke

as é’rﬁ’ﬂ?sénéeg’lﬁ%a?%%&@ﬁ@ﬁfoPP%Jé%’H‘F%\]th giPreectre togthe

i SN nehB8r§0Nd & Ol Means i s operatively connected to
21 the vessel 102 and is adapted to effect continuous

or 22 plug flow of nmedia through the vessel 102. The
d 't‘?wzs SApEAThERE dTBANS <GBy ak SO s adapted ukeql Phtial €

4 maintain uniformmXxing and efficient
vefissdeddRohoofe bect DB e gsmovRea f vt ance iféomesgéide

/ t he 6 t et flow
ey ReRas SURbort S R0 ACh, FHEE! il G ARRY o8 8% 16
rqa;tAomunbeprm$t¢lﬂxﬂedand Qattecukﬂwts;z&lﬁlaKQLQUtugmed

f%%%p%r %QrRth f%yg%% ca hSevgéfE%tﬂééa 0985ts

t
ng dési gned om15 eci es, eds or “any
ccmﬂ:muoaddiyt fventﬁid)er%@@édlozzuandg otrher endvtedstrom t he
tubul ar nenber. In addition, the 33 ports provide
nmeans for sensing sone property of the WO 2007/ 060412
THRCHER20065004347avel ther process regulating means

comprising means for introducing and extracting media,
such as fiuid inlet and/or cutlet means for the addition
or extraction of £fluids or a port for venting a

substantially fluid substance.

The temperature regulation along the vessel 102 consists
of a global cooling/heafing loop in the form of a shell
103 arranged in counter-current fashion in relation to
the solution input. The temperature regulation also

consists of a local temperature manifold 105 attached to

‘individual branches 104 associated with the individual

tubular members 106 ¢f the vessel 102. The local
temperature regulaticn means is connected to the global
temperature regulation means in order to enhance local

contrcl of temperature.
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1 contents of the tubular nmenber, such as tenperature,
2 turbidity and pH The ports can al so provi de neans
for 3 mounting X-ray diffraction (XRD)

w dobAssonkc/ Ranman 4 spectroscopy (USS) or si mdTasB2006/004347
instrunentation along the; 5 tubular nenber to nonitor
the shape and si ze of crystals 6 in-situ. The inlet

outl e an_al sp be used _ .7 as ocess
T AL R S abr aur g R cia f vRAYES
eﬂaﬂmﬂ ahenEempﬁﬁaﬂuKh &F eh&hlhr&mnh;&aﬂhmﬁcmamtoalédlter

,or filte C used n the el 02 to
irlansneiERy TS SemplrdiS i) 42 pilprnes
aotessellot?2. tdmge macams e:egméemm@enqmmdmtd afrea 13
reaction is crystall. tlcular ize
oRpR Ry, S e i a s, BB it e Seagippa
té‘%ﬂ;&%ﬁ:h‘t@ yiqlermaﬂbf | Teaeent i Obllﬁ)ﬁ@tﬁlyerftﬂqm ttime,sves?] el
1 usi n e filters 17 The a S can have
T s, BLLOE (R SRR ERsoF Tt R AphaY
td e iiﬁhéFSH@éM)ﬁr& eaam@@t:m@lﬁe@&ra;roﬁ%dsuch as
fluid inlet and/or outlet neans for the addition 20

or extraction of fluids or a port for venting a 21

F&y%ﬁgﬁéal Ly 4 1ad 2085808681 ind P rotcbie eta%ﬁp%ﬂ:aﬁ@a{ e
ion along the vessel 102 consists 24 of

re
c ?&mseéoépl g/ Heatsnry tege B LAveh o FRanaom T SR 1n 25
a %t@o&@@&e}%éﬂrﬁ?@%ﬁes‘éw egnrt Hashiond nnbree|s@E' pg to

the solution input. The tenperature regulation also
amﬁm@egt@lw @qf&%lte@r@ﬁﬁétar@r e Y ffolrdhegs

alaéérﬁi%l%?LQeE O @8;3 J}Fdhvésd%% QF@Q%&%HS »ﬁe% oci at ed

t he |n 29 tubu of the
1nn¥§aﬁlnm02ndT@ﬁpﬁQﬁﬂﬂng3®emEﬁpet®I®¢e regul ati on neans
is connected to the global 31 tenperature regulation
nmeans in order to enhance | ocal 32 control of
Irt eripeddtflusbrated apparatus for temperature regulation,

co-current flows can also be used.

Referring now to Figure 2, there 1s shown a process
apparatus 201 comprising & jacketed vessel 202 encased by
a shell 203. The shell 203 contains fluid which acts as
glcbal temperature regulation means. The shell 203 has
fins {(not shown) attached teo its internzl surface to
promote local turbulence in order to enhance the
efficiency of cooling or heating. Thermal isolation
laggings {not shown} can be applied to the shell 103 to
maximise the cooling or heating effect. A series of
branches 204 connected to a temperature manifold 205 form
a local temperature regulation means. Control valves 209
are place at points on the local temperature regulation
means tc divert heating or cooling as the user desires.

The arrows superposed on the local temperature regulation
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33 WD 2007/ 060412 PCT/ GB2006/ 004347 16 1 The
tenperature mani fold, branches and control valves 2
enabl e the tenperature of each branch to be controlled

wb roogegpenadent |y from the renmai ni ng branches. pcineB2006/004347

branches 4 act as |ocal {enperature regulating nmeans
and are 5 operatively connected to the shell which

Ct S 1.%819%? }}eh% Lg%?réﬁk‘{cgnﬁ ec%[%leac&' {Eﬁeg%a?%ow for

nsequen apparatus allTows tenperature
a abocdach anmkamnmeﬁbend 8 The bkecdaldepepeenthyeor
col.l ctlvel caont r.ol |. 0
re@&ﬁt 8PPeﬁe%%ofﬁne ulggegswéggHfﬁ%gﬁéﬁggk%aggﬁgg%?%%t
21140 aan! anpummﬂtsal I Wl oner ehenpérmmr\eﬁssazﬂdwa there

i controlled t c r C set to
5138 & Stﬁcrene%i 1%?%%% ﬁgéi g%%er fﬁgégn 1 kaEurther
cod caltsepfathe egestsd Boanches can alternate between 15
i ncreasi ng and decreasing tenperatures. 16 17 In the
illustrated apparatus for tenperature regulation, 18

THeOvelseenk0f | 1oy ac@nualasmtpeoﬂsg@bsﬂa&tn&m&eperai:ngl

now to Fi ure t.here i hown ess, 2 aratus
O aComBFPS T U AR ehoTREaar b ariRs. 00y T

e&%@n'tlag3fa§_1|i\ﬁ3r8he'I‘heZQ%s@@mt 20Pscdd tdihswhibElilast som,s

| obal tenperature _regul ation nmeans._ The _shell 203

wmﬁl 228 PFRANYSGFHETSIGWAT - at TAEhRHRSF i1 SeALEr nal

tHNAC RehBe 20 MMOMRIRNGACAL hyt bulenca i naekdehedoto
enhance the 26 efficiency of coolin g or heating

thehgareeli 38R At dihe Zrackggtngecd nond sHewd) fe5A B@nk

zl’cho%lrfdeg 5Qmb hey phelds +11@3nt @he2§uxﬂﬁxzm s %%eceeés@g
or heating effect. A series of branches 204

2Qorrheceed st Bo Bl Hiamsst at éﬁ@wmﬁt%l DS gminput

control valve 218, A number of inlet and outlet ports
211 are situated along the length of the vessel 202, the
ports being designed to allow species, seeds or any other

additive to be added and/or removed from the vessel 202.

At a point in the vessel 202 there is provided a Y-
junction 220, After the ¥-junction the vessel 202 splits
into separate tubular members 206a and 206b. The
contents of the two separate tubular members 206a and
206b are separate and can be heated/cccled, added
to/subtracted from, or otherwise adjusted probed or
treated independently. The product collection end of
tubular members 206a and 206b are connected to

centrifugal separators 21l6a and 216b respectively.

Whilst in the example given the vessel is split using a
Y-junction or Y-connector, it will be appreciated that

many different manifold-type arrangements such as T-
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30 a local tenperature regul ation neans. Control

val ves 209 31 are place at points on the |oca
tenperature regulation 32 nmeans to divert heating or
wapmbi/eeg4ias t he user desires. 33 The arrows EUPEBOORE®EH7
on the | ocal tenperature fggul ation WO 2007/ 060412

PCT/ GB2006/ 004347 17 1 neans indicate the

pGUY €T EUELENL - ro%%n‘u% gﬁefb‘?ﬂ\é{ Und /:2 oEQ%@m or

heati'ng fluid. The I ocal nperature 3 regul ation
mareigiest dss Cét}ub@p@iﬁ% t Wog eaemphg/ heee m@utlamkmembem

¢ %5 eé%tt e ¢ad; ek h§dé’ L ;202 Lher he
|ston |

IS a art oscill at notion to the
fantceﬁwtt@eot:onh@mﬁesvsfeIthfeo.ZubuIaS ﬂm@e\xeeéehgzmgrhas a

bstantially parallel 9 tubular nenbers
lg%gcﬁ%%%é Poé@ther by U bends 207 in a 10 serpentine

fashi on. The vessel 202 contai ns baffles 208
ar n ceIIs

T%%Pa para gerQ%a &1@e€eﬁ rngS esse ag%?%aghgé

P3r *Enber s an Fs°%ot® 1w ted
rd@eivEs danke dveslsatge? 2 vdtist, hendehze:str:arrg #f eediesdofire a

d tank, 14 212 th 213
S ThacyRetsl 44" 207 RGP, & BGLT 11 EnBBCATT P
af\&tr@recfzh‘r’ldaaplemﬂmqﬁ cbbhneanbaoln vl flew2 3§ stAmnyaber

and outl et por 1 re sit ated al ong
£ AenGEROPT 1oL 22680 fneH 4 Havamng:

irclesd ghed ahooat]l Oy SPRGIES, mSREHS Bard )i sObhekidd§
additive to be added and/or renoved fromthe vessel

whigpin 3§ $40%iPalyoidic MRerRényBISR I PERPESEhEPBS BaS
+ M A8G e r ¥ g Pat URL iR s230x t Abb S&a thR rétbureti on the

vessel 202 splits 23 into separate tubular nenbers

e B idwd teoBBratithe sANEERLeif8r8i Nt he two separate
tubul ar nenbers 206a and 25 206b are separate and can
be heat ed/ cool ed, added 26 to/subtracted from or
Wigtthersfierengdj %2 Yy dBeyrer 1, in a controlled

crystallisation process, & supersaturated solution at a
given temperature, say 80 °C from the tank 112 is pumped,
via an inlet, into the vessel 102 using a pump 113, flow
meter 117 and the input control wvalve 118. The ccoling
medium (either water or cooclant), at 5 °C, is pumped, via
a first inlet, into the shell 103 from the
cooling/heating tank 114 using a pump 115 and control

valves 109, counter-current to the solution flow.

The cooling medium leaves the vessel 102 from the final
outlet and returns to the cooling/heating tank 114, By
controlling both the global flow rate from the first
inlet together with the local flow rates from subsequent
inlets, a predetermined temperature decreases, say 10 °C
per meter from left to right, can be achieved and

maintained. As such, the temperature of the contents cf
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27 treated i ndependently. The product collection end
of 28 tubular nmenbers 206a and 206b are connected to
29 centrifugal separators 216a and 216b respectively.
waodtosWib| st in the exanpl e given the vesselpgrampleionazs7
using a 32 Y-junction orgY-connector, it wll be
appreciated that 33 many different manifol d-type
arrangenent s such s il' 2007/ 0604§2d es
thp My 0 FE0EE3FT B ny‘glé‘c §TEr 85sSpPeTES or
Cetd i€ gl letand/ be/mut |t d2oreaif obdsigeaisheensed.
_For exanpl e, the tubul ar nmenber 3 can conpri se %t
mipgit | d-{?é“lﬁdni f OPdS ad¥PtFF (€ diFePEetnd ™HF 1GWA6F
dedhee contenftsaf abheit vbster vRRReksabtangam®rendmithan
one flowpath. 6 7 The acggtar,at us .as dggcri bed
PreRPbi i s (s BEPUaEHt et 1ig e frelefi8 WP Hischar ge
fluids, and having a series of 9 tubular nenbers, each
defining a discrete process zone, 10 arranged ,and
StopbregfsmIAnE dnddesaci b &89 AR-NLCBNFPE S 175 fdrm at -

flbﬁ?sfr&ﬁ]e.l.é:ﬂ“ﬂdq%‘iﬁﬁtfé%ﬁg flrwRakk 1havh pga@n thk2
Infet and an outlef, wherein m xing neans is provided
pro@uel t b ye taid seswapat hS BRPSHECeilh 8¢RE PR 1z0ne

ith éme%ﬁéﬁ%egﬁte%%sésﬂ%ﬁéim JIBARS jiuxbaposed
thereto tor 15 effecting tenperature control therein.

cefBriFudiit leerefrertencelagai ks teFitgperaturp gecrease

, _controlled i sat. N1QGESS + ofh N . th

*Sshpe E%Jtﬁer%t]lgné%eé%h?%%%?htﬂg& %‘C% ven t gﬁ%%r%rteur e ©

fisay Semg:fatomd kexdt &hk 24Peicf mapdddg 220 oPmstENt

inlet, intot vessel . USi J 113, flow 21
Tofetiy ‘ﬂ#eanooﬁfthhee iC% SF&%%%‘;?%:[%V%@%%%& The cool i ng
CoRBegedntiny ( eitdherrywateld isat tool@mmtductatisbol, is

gur,rged, Vi a 23dafirst inlet, into the shell 103 from
coppggsStent size an shape.

The apparatus in this example provides a controlled and
consistent cooling of the solution over a manageable time
period. As such, the products in the vessel are always
under the control of the apparatus operator. 1In
contrast, when a product is cooled in a batch reactor,
the process can take many hours or days, and the
temperature of the product at different parts of the
batch reactor is often variable. Furthermore, the bulk
cooling gradient can be inconsistent and, importantly,

cannot be directly controlled.

For example, with reference tc Figure 3, there is shown a
graph that illustrates a linear cocling profile achieved
with the apparatus of the present invention. In this

example a solution is cooled from %0°C to 10°C at a
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24 cooling/ heating tank 114 using a punp 115 and
control 25 valves 109, counter-current to the
solution flow. 26 27 The cooling nedium| eaves the

wienepéeodi2 fromthe final 28 outl et and r etrROTINSBRGH04347

the cooling/heating tank 4d4. By 29 controlling both
the global flowrate fromthe first 30 inlet together

coickgh 1P 258 Jo QR ahERuLE O A elbead lobBl Sl

era uré decreases, Ssa
oveer amet enidutomdeefitodt.o ri ght, can be achleved and 33
“mai ntai ned. As such, the tenperature of the contents
of WD 2007/ 060412 PCT/ GB2006/ 004347 19 1 the vesse
ﬂ?ﬁaﬁprrﬁﬁﬂﬁrﬁddnﬂiﬂate&eenmeohodegmeexxﬁmﬁmnub@yade per

metr c or degree gr ade.
@¥%%ﬁﬁﬁ§?g¥%u%F%%ﬁ?e ﬁ&cﬁhé u%%raa nuch rea%glly4
£1dQ0Gr @ecoh é}@ﬂifd)llrigabjd Iatpreuetetditﬁ‘lq:mwgdmle anthe

cheni cal Eiggertle %B odugﬁf btalned from
w885 HPSCRLEA STTAL TPt ERFi BEEKD F4 JORBIES Ehe
cdriWhbap €08k Ss@scdnt £o& Ehawa rﬁé@:’[ﬁ | fdim taOpnughn.layong

the vessel 102, and the 9 product %% stalllsgs ?nd i's

of fpuhaEdTERP YT AR WURENY CABNFEE DS RegHy

cdﬁ%ﬁﬁ%ba%h@na@hé%gﬂﬁﬂoddﬂ‘3 8add ceniTdd ugalbesepanahois
As the tenperature decrease 12 is controlled

bﬁﬁﬁﬂﬁéneﬁbéPFyaC¥rﬂﬁ|Wﬁ%%ﬂ§lm?éﬁﬁe?%ﬁQNQPmQHﬂ? Y8R nal
#ﬁfﬁ)%@h%@ 384 1he 13t e ek ?9@{71@@8 & Qi::.%?:l}%‘tént 14

he whol e of the crystallisation process,
pmﬂmq@entﬂl Y, Th%eazeﬁa}/@tauﬂ B3P bRS prottrdtes §fh6f3h 16

cﬁﬂse ﬁ%F?é%ﬁ%é”%%ﬁﬂﬁﬁ%inglﬁeaﬁ§ Fhe: ARPAIALYS ehBh

exanpl e provides a controlled and 19 consi stent
tignolamgeobethe Byl intmiveies dlwbddpedin £a ithe 207

sfegcrémo%ndA%oﬁyfgll;{ﬂf tﬁ{eo%lé‘fn&:@régmrrg é’cﬁ?&eéln%r %eéh@@ys

it is possible to independently or collectively control

the temperature of the discrete process zones.

The temperatures of the discrete process zones of the
continuous flow system can be adjusted such that the rate
of temperature change of the fluid media is consistent or

inconsistent along the tubular members,

The temperatures of the discrete process zones of the
continuous flow system can be adjusted such that the rate
of temperature change of the fluid media is linear ox

non-linear along the tubular members.

Various modifications can be made to the method. For
example, a fixed starting and finishing temperature can

be set to predetermined constant values, and/or the
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21 under the control of the apparatus operator. In 22
contrast, when a product is cooled in a batch reactor,
23 the process can take many hours or days, and the 24

wempsisaidr e of the product at different partecTodsiobeosszs7
25 batch reactor is often,yvariable. Furthernore, the
bulk 26 cooling gradient can be inconsistent and,

ortant can e directl d 28 29
o RSB ML Q0 o ore: Bnces 1t g are g o kS cor
exglrawnifng ﬁﬁhxﬁzﬂﬁWnbh@Bsakyustrates a |linear coollng

profile achieved 31 with the apparatus of the present
invention. In this 32 exanple a solution is cool ed
Iﬂzmﬂﬁ19@£étdf]éxyaﬂahil%ﬁkﬂ@ﬂ?/&ﬁybchlEﬁ$/@BZ&GS/@@AB&J
stant rate of m _nut %gtaln i near

59 S%Fﬁﬁ Y RIS 246G HUtg 5é??ﬂ§’e tHe appar at us

cﬁy@%bhﬂ.i@éi@_ﬁ?rﬂ sra@dmd frae iéﬁﬁétﬂll(im&!t)ilolﬁ eﬁnb?lmylbmg a
process plied to an at, 6l east partia ui d

R e R L PRA e L Sy S KR

cdkheddass descd i te ciéznvoirugsogspktﬁal&teema@h&a@m Bgna 8
cont i nuous ow systemfor fluid nedia f

algoypg| PFS}St@Uo‘fS@t Bcaco e fBEF S oE&eaFlr\Yélt?lééﬁﬁE%?réd

a0 cBef gkt bh W +HkOD t%”'@}s!?b&%é Qhdrtebalsorgh. n&Each
t ubul ar nmenber contains 1 baffles, which act as

alfiexnagefrelarisy sfte i heofyon eEC9F 1 1P BreptdogerPoncsr the
@&@ 'ﬂ@gaeﬂon% HAvides R dF SHLtS o L3RLaeess zone.

he apparatus al so has branches which 14 provide
entzarrperar ar eak degil g aeans. j uxt aposed to each 15
tubul ar nenber. By introducing fluid nedia to the flow
16 system and controlling the tenperature regul ating
Hamags pcclZate dontposisidyes thei trigparadamns plothe

pﬁfduc%CtIXGLMec&gggéi fa%%l&gsté§qgﬁ.%kﬂ%% of the

et € process
crystallisation. For example, by carefully selecting

different controlled rates of cooling, different sizes of
crystal can be precipitated. 1In addition, by carefully
selecting different starting temperatures and different
finishing temperatures, crystals with different
morphologies can be selectively grown. The filters are
used to selectively remove cerfain sizes or shapes of
crystal, whilst allowing the remainder of the solution to

progress through the vessel.

For example, with reference to Figures 4a and 4b there is
illustrated different crystal morphologies obtained using
different cooling rates. Figure 4a illustrates a-
crystals that were obtained using the apparatus of the
present invention and a constant cooling rate of 0.6°C
per minute applied from the start of the vessel, for the

duration that a reaction mixture is present in a vessel.
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19 20 The tenperatures of the discrete process zones
of the 21 continuous flow system can be adjusted such
that the rate 22 of tenperature change of the fluid

weeniadsizconsi stent or 23 inconsi stent al oL TdE2006/004347

tubul ar nmenbers. 24 25 5? tenperatures of the
di screte process zones of “The 26 continuous fl ow

syst adj hat the ra of
T RS ranhr o SR At RECrrhra R S phbafhes 26
ugionr- kheeappakong tdfﬁ‘thlebbph:aéeﬂﬁnﬂﬁf@tloagaﬁa Yari ous
mpdi fi cations can made to the nethod. For

copinsl Eats o b SeE Mintla 5 AR CenBeRalhr ey

alealy +32 bessel. t orHyredeter nipeds consd-anhavatHes,
and/ or the WD 2007/ 060412 PCT/ GB2006/ 004347 21

APRPGEESS Egnﬁ??|Qﬁﬁ§QP§n18§e88fﬁ%t%ﬁPkﬁﬁ|uﬁ€90880?%566r
crd @5l astbRgLs@di a as necessary. 3 4 In the case of
crystallisation, crystalline solids can be 5
selectively precipitated by, for exanple, adding 6

THeS MSah! Lsabé PNt SRS guTRR16RY ST Bbd TeR19EL 08! ¥nene
7 enantionmer froma racem c mxture can be pronoted,

vagigblg EdpvectErrlsiing artippetly BRroddewit ef
cd % Bgeﬁesé‘{h Qs B8 crystabdisedand cal Lecigd.

rystallisation 10 and collection of the two
n@i@p’@@uﬁé ehamthivmeas bgndpéferdnial fxamatcadtbet aeed t he

asg\r']%a%ﬁ)lp Ehif a?ﬁl?}[htétnh%%r Son@hol N8y eﬂxﬁe re\ﬁ%'éﬁtch sgLion

col I'ection o e two opposit enantlo rs can
cdid egitdwkelmneous. 14 15 FBV|ng accurate control over
the tenperature of the 16 products in the vesse
facilitates selective
Whilst in this example the means for controlling the

temperature of the vessel is a jacketed tubular device
with both glcbal and local temperature regulation means
as described, it will be understood that other suitable
means for controlling temperature could be used.
Typically such means will be modular in construction
which allows the modules to be independently controlled.
In this manner, the temperature of discrete zones of the

vessel and 1ts contents can be independently controllied.

In an alternative embodiment, individual temperature
regulators, not connected by a manifold, can be attached
to the limbs of the tubular member. These individually
control the temperature of the limbs, and can be set to

any desired temperature. Also, the means for regulating

© temperature can take the form of a heat exchanger, so

that the vessel can be submerged in the heat exchanger,
thus minimising the loss of energy and making the

apparatus more efficient. A further alternative means
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17 crystallisation. For exanple, by carefully
selecting 18 different controlled rates of cooling,
different sizes of 19 crystal can be precipitated. In
wadghiesonz by carefully 20 selecting differamtr/GB2006/004347
starting tenperatures andyglifferent 21 finishing
tenperatures, crystals with different 22 norphol ogi es
£oganchen sel etivelo groun, . The, T hers 8 g 23, yged to
ectively’ renove cer aln Sizes or sha es o
flogyssalandeﬂsneaﬂlMQMﬁmgmemmﬁrxnamd&d@heotubhéasolution
meh%er%SOPr evsessst I'ir ough ths? Vﬁsteurt er agz nagive
exanpl €7 W Sterence To I'gures FETaRdtab ?%ere i's
th2Bbilffluss$ r@aredaedlafcftebeetl to y@ctraiedmm;@hmrlodgl, esnobti@imed
29 d fferent, cool |ng rates
coliBilidE 47 Stk 5 e ParaT Uhe e B e PSR R e
byappaﬂathoIﬁhédﬁing3ihpreSﬁménthﬁm&ﬂmﬂv@Bdea const ant
cooling rate of 0.6C 32 per mnute applied fromthe
start of the vessel, for the 33 duration that a
Uskeatt the fppdiidis SLpFegend 1 nvidlvessebe Wlscribed
,2207/ 60412 PCT/ (3B2006/ 004347 22 1 In_contrast,
WiENGGPECATTY | st gt BESEFRF YA (Mt F*déd 2 using the
apparatus of the present invention and a 3 cooling
rate of 1.3C per mnute as applied from hal f

Prapgngot Hee vidds@ducthapeporeav iilig dilhé’alhef"ﬁé\flg?lﬁ%j@m

(c3RRAE a8 Ofcrd RA 1D, egspt 85 n“‘/@rhtd @z QﬁtHS@Het%ell
alter 6 crystal phol o T e |l oca

108eApEFAEIRENT dd\dl é’telséﬁlalE%V\%r%rﬁﬂeolcloéléllwéhﬁat@g

ta¥@r habl ;4 10w ddinghydi Ngaopti OnaAld y:héersﬂeﬁhox@a ofrolrp
cooling or heating medi Um so that the tengerature of

a fheal 1auipie vivdexleobr ARchebuxrsh Yse tdief tepdhnof romyingy
tahR€ Sage Ezfceas% %%‘i t&‘Srur‘?ﬁfh GAn e papLrglled
y or ve

I ndependent | ecti
measurements along the vessel i02 show an identical

reading. Raw milk from tank 112, at 15 °C, is then
pumped into the vessel 102 via an inlet. Depending on
the required pasteurisation time, the raw milk flows
along the vessel 102 from left to right and is
pasteurised along the flow path, before it exits the
vessel 102, via an outlet, into bottles, cans, cartons,

transportation vehicles or storage tanks.

Throughout the process described, the contents of the
vessel 102 are mixed by oscillation via the piston 110,
In the above example, a constant temperature regulation
is required. Should a variable temperature regulation be
needed, the local temperature regulation means can be

adjusted to provide this.
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14 15 Whilst in this exanple the nmeans for controlling
the 16 tenperature of the vessel is a jacketed
tubul ar device 17 with both gl obal and | oca

wicenpsdsaiar e regul ati on nmeans 18 as descri basg;T/GB200d/d0k347
be understood that other ,guitable, 19 neans for
controlling tenperature coul d be used. 20 Typically

ans_wi ?q%g' SLEMCELL Qi 21 1¥isch
US%J?% rﬁ?ﬂ%ﬁauF é%% ggggeﬁ%#yg%ontroﬁ1ed 22

with iéﬁéxeﬁ&mneb,at@ﬁsﬁfﬂﬁﬁﬁummupaooésakscrete zones of

the 23 vessel and its contents can be independently

controlled. 24 25 In an alternative enbodi nent,
Pricslﬂiﬁ/da ditad itnenpenat lsre 6o egel akess] hd: chrnedtediby

ni f ol .can be tached 27 to f the
ll%ﬁb df“ﬂ%ﬁﬂ%%er%ﬂgg% UPSEPy 28 coﬂ$?o t he
coh€APe B W i€ fefrehbeftasdison=and a:aa:ﬂlhnagspmmbs 29 any
desired tenperature. Al so, the neans.fo
S R i e AN L Ly L LR el et
puPedli ARt s idre theseeht Lan mksunmen:gedhe Nstidiel et

exchanger, 32 thus mnimsin oss .of ener and
SRERPABE RN S VABERL at U MO SRPPEnTS R (g

infbt enbalhye MRANG; Y0, 260741060412 , PETLGBO064 004347 23
1 for regulating tenperature is t he i ncl usi on of "col d

shellj h@RrEromfd/ianaheat iRyt e "EIRRCE thsFEEN TR tUddi®r

gbggﬁkcgbghe vessel . In a still further
aFte native 4 the baffles can be attached to

connecting rods, and this 5 conbination can provide

Whggggsﬁig%?gfﬁﬂgﬁﬂhhngs %ﬁ%ﬁgéﬁlﬂﬁathe vQEsEQOiG@Q ™cal

e contents o he vessel. 7 Use of the
coappagalasamﬁlﬂédgbwergdmmi¢grﬁn@kﬁ?mm@§éﬁpﬁéd°f9 with

aikeference Lo 1heRAgLEY L Sald Ak A 1W6, KpylQay 30°C
per predetermined length. 1In this way, an incremental
temperature reduction along the flowpath is achieved.
Condensers (not shown) are connected to strategic ports
111 along the length of the vessel 102 to collect
different vapour fractions at different points whilst
maintaining a continuous flow, thereby achieving

continuous distillaticn.

Referring now to Figure 2, the vessel 202 forks in the
shape of a Y (via a Y-branch 220) in the direction of
flow, such that the material flowing through the tubular
member 202 may flow along both forks 206a and 206b. 1In
one use of the apparatus, downstream from the Y-branch
220, the contents of the forks 206a and 206b are “seeded”
with materials that promote the crystallisation of
opposite enantiomers. The opposite enantiomers, which

crystallise separately in the two forks 206a and 206b,
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11 Prior to the introduction of raw m |k, the heating
medium 12 (either water or oil), say 85 Cis punped
into the shell 13 103 surroundi ng the vessel 102 from
widmogwodizng/ heating 14 tank 114 via a firstedmbengs/o04347
and | eaves the shell 103 fgom 15 a final output,
whereon it returns to the cooling/heating 16 tank.
h 0 [ ' ll.1e taure .l -
s SelhoeeTTecad S HRbbe1 P A SR fr e
21¥& reddihfb.Raw m Ik fromtank 112, at 15 C, is then
19 punped into the vessel 102 via an inlet. Dependi ng
on 20 the required pasteurisation tinme, the raw m |k
THilsowscuZdtal ang sdleeatessekbotO20f roindmfttatlogrbght, and

IS 22 steurised alaong the_ flow path, .before it exits
e g o BRERENL SG0u Al Bekatate i P ies Bt praetvEine)
crcamtyonsmme 2414 Y ansplor tiat tenivehisdiesh areasttoragert vimks.
11 5 26 Throughout the process described, the contents

'the 27 vessel 102 are mxed by oscillation via the
pi ston 110. 28 In the above exanple, a constant

te rature requlation. 29 is required. Should a
Tty AT AbRESP OB BRI Y SUAEat Ron BeA F0i5 SedBIS St Re
inveedh cheAparBé Uie=d egidnthan PRaNsa A Hec3liad ust ed
to provide this, .32 WO 2007/060412 PCT/ GB2006/ 004347

heptingysargf thpetfpdlathd 611&! g erativiesnofABede

dedaserhbedy dew ited efLnRBRELL O Re A Sl AlF @R yBEQLESS.
3 4 Prior to the introduction into the vesser 102 of

ofy dfiffespnt 5sizefi e Wit egrrt oreRhMR94e9%y points, or
aliquid 6 containing different fractions of boiling
points, a 7 heating mediumof oil or steam at

A ggeexinatetyr DDOC e grggrpodinntrddusih tthecheat i ng

S&Ti@kf$1ﬁ,tﬂe59§ égﬁﬂés %9% suspended and transported
along the wvessel, although the contents of the vessel

retain at least some fluid character. The unifeorm and

"enhanced mixing, in particular, pliug flow characteristics

achieved in this type of apparatus, can give rise to
effective solid suspensions and effective conveyance of
sald suspension in the baffled tubular members, with or

without oscillation.

Referring conce more to Figure 2, selective distillation
can be achleved as follows. A mix of liguids with
different beiling peints or 2 liquid containing fractions
with different bolling points in the feed tank 212 is
pumped through the vessel 202, while the heating medium
of o0il or steam, at 80°C is pumped from the heating tank
214 into the shell 203 surrounding the vessel 202. The

heating medium is added via a first inlet and leaves the
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9 surrounding the vessel 102. The heating nmediumis
punped 10 into the shell 103 via a first inlet, and

| eaves the 11 shell 103 froma final output, whereon
Wd20Bes0412S to the 12 heating tank 114. 13 Fcir/d¥ob&to4347
gl obal heating is applieddgo the vessel 102, local 15
cooling is applied by reducing the tenperature of 16

hsc e s «af _th I ﬁe&r%xer- Y, C
Sh%‘ﬁpg?g p%écggfaer%nﬁédgllﬁégg?h%q nt |slscmé:%,§u5§¥ E8Yend
heiahénegnemtlal2141.8 t enperature reduction al ong the

flowpath is achieved. 19 Condensers (not shown) are

connected to strategic ports 20 111 along the length
Thef meheod esklelwsl 21t Gheoktbett e dlifdtarldntivapolirat

fractions, at, differ | I iLptai ning a
reggft Phtousttid Eherenb AT s Trs Saet Rhone®
fladwsbEl daflid me2i a2 B1Ref ed i $pegratow HtubbuliagumenBers hef
thvessejh. 202 fofr ks in tche 26 shacgf of a. \C/ii aa

9- BPARERYS50)- K9 EHE AT BEtTDh Of 2PHYER such t hat

the material flow ng through the tubular 28 nenber

202 f | both f ks. 20 d .206b. | 29
Ongpaa ey o el e o Aot BrEe s Ao

app018d0io th@ it erk® et 1h6a faiks b6 uand tBa6brws e
"seeded" 31 with materials that pronote the
diffgEenl | FEMmRS e 3DCERRRLT tTF etk s. The

sifRReshésuenanty aftBt&hg IhLrasitaaltivee csepacatal v
in the two forks 206a and 206b, WO 2007/ 060412
oEpETP CBLHDBI VB4 IAPOUES - 1 AFED theF e Pegot be

cadhAHkt @ReoUS NG WA veaRt bhiugatpfdemizes 2 216a and
216b. 3 4 Thi's accurate and ‘sel ective control of

crystal growth, 5 and sinultaneous crystal

Insgﬁﬁréiifﬁb éﬁ%@%pEaggs?cgﬁgvfﬁkaratus used provides
for effective and accurate temperature regulation in
combination with efficient mixing and dispersion of the
vessel contents, to provide and control the type, shape,
size and homogeneity of the process being carried out,
and of the products that are made. The temperature
regulation can be linear, noen-linear, or a combination of

linear and non-linear.

A process apparatus with more efficient, uniform mixing,
plug flow characteristics and much better heat transfer
rates avoids the need for scale up and allow
crystallisers to be much smaller {by factor of 30~40
fold). This reduces capital costs, space and other
overhead requirements and the smaller plant has lower
operating costs. Additionally, the plant is skid-mounted
and portable.



6 on any commercial scale in typical batch reactors or
the 7 like. 8 9 It will also be apparent that the
apparatus of present 10 invention can be used such
widbrddofzr ate of cooling or 11 heating, andedi€s2006/004347
initial and final tenperatures, can be 12
deliberately devi ated to pronote the growt h of
stal s [ n -
1 g et et SRS o S8 Sl A peretn
2 withyst aﬂévmlpgoﬂucm ilse ddcape BE sbki tnfamimorhence
solids are suspended and transported 17 along the
vessel, although the contents of the vessel 18 retain
at least sone fluid character. The uniformand 19
enhanced m xing, in particular, plug flow
characteristics 20 achieved in this type of
apparatus, can give rise to 21 effective solid
suspensi ons and effective conveyance of 22 said
suspension in the baffled tubular nenbers, with or 23
W thout oscillation. 24 25 Referring once nore to
Figure 2, selective distillation 26 can be achi eved
as follows. A mx of liquids with 27 different boiling
points or a liquid containing fractions 28 with
different boiling points in the feed tank 212 is 29
punped t hrough the vessel 202, while the heating
medium 30 of oil or steam at 80C is punped fromthe
heating tank 31 214 into the shell 203 surroundi ng
the vessel 202. The 32 heating nediumis added via a
first inlet and | eaves the WO 2007/ 060412
PCT/ GB2006/ 004347 26 1 shell 203 froma final output,
whereon it returns to the 2 heating tank 214. 3
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4 The nethod allows for the selective distillation of
at 5 least one liquid, and can afford the diversion
of the 6 flow of a fluid nedia al ong disparate tubul ar
menbers of 7 the continuous flow system by way of a
manifold. 8 9 Once a steady-state is reached, |oca
heating effects are 10 apMééxito t ubul ar nenbers
106a and 106b such that two 11 different tenperature
i ncreases are achi eved 12 sinmultaneously thereby
affording the selective collection 13 of two

di fferent vapours. Such a process cannot be 14 carried
ouELhEMBg conventional apparatus. 15 16 In all of the
above cases, the apparatus used provides .17 for
effective and accurate tenperature regulation in 18
coirbi naki crrwdtatvesf fliogi eantrPkl Heg ehdyissgéddrahion
the 19 C t i r 3
type,  SPESEE GUElEIng' § REBULE R OREFORY Brckite
bei ng candi@sadirge Zlvadd, ohavhes prodisctis lekar are
made. The tenperature regul.aty be |4

non- | i n%%?:’,:a% Vealy& Oi r?&nﬁ%‘é%tt iegnglcj)f Eﬁ%g]v E%:sl"jy';}laelar%lné\in g‘ Bbted to
non- | i ng@par 24mo2oprA tar atedsaappanat ilsrid te rodgiate

efficient, unjform mxin 26.plu | ow. .

charact@?@s??%ﬁ?%ﬂﬂjWﬂﬁgﬁ%@epfg%gﬁe%?ét?%§ﬁ5 &P 27

rates awokgsrtiwn needdodr, aedl ravpnand sddiew 28

crystallisers to be nuch snagl r éb. factar_of .3040

29 f ol dFYL1TRTEL G0 feREScaFRLA 8@5 Iﬁir,’g s%adglé;’cgﬁ&eot her

30 overBegdes & GbieMiHs candnthecamatbisss pledmiy has

| ower 1 operating costs. Additional%%6¥§he IantaitlslS

ski d- moGAREHILESA Ay {RIrCbPe SUSSEIDY 6&5421‘15? p

PCT/G829966QQ4§ﬂgheZth being arranged and operatively
connected in a flow system to form at least one
continuous fluid flow path having an inlet and an
outlet, wherein a plurality of orificed plates
that extend radially inwards towards the centre of
the cylindrical tubes is provided within the flow
path, and wherein each process zone has
temperature regulating means juxtaposed thereto

for effecting independent temperature control

therein.

2. An apparatus as claimed in claim 1 wherein the
temperature regulating means comprises global

temperature regulating means.

3. An apparatus as claimed in claim 2 wherein the
cylindrical tubes and the global temperature

regulating means are substantially co-axial.
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1 Inprovenents and nodifications nay be incorporated
herein 2 without deviating fromthe scope of the
invention. 28 CLAIMS 1. An apparatus for controlling
a crystallisation process, conprising a vesse
adapted to receive 5 and discharge fluids, having an
oscill ator operatively conne£§ed to the vessel and
adapted to inpart notion to"at least one fluid to
initiate and maintain uniformmxing and efficient

di spersion thereof, and having a series of 10
cylindrical tubes, each defining a discrete process
zode, the @ypan@lws:aas tilpdgedeingcledons | gured twiherein
foll ow g,8uceesst OPergJeJa% reahﬁgtlag R ANG 2l
bei ng arranged and oper at &l connec In aflow
systen1thatocnversI@asundn@deCQQntuhaaus fluid fl ow
path having an inlet and an outlet, wherein a
plurality of orificed plates that extend radially

i nsar ds ahowppdsatie aendlredrefd inhheleyhi ddwherdin uihes
is provided within the fl and wherei n each
processl?BﬁgnﬁL S%ﬁ%%%%ﬁ%f&?ﬁfékF%éuFS?PﬁbF%%éﬁéqeaSt
j uxt aposge Ehgreto for effecting i ndependent
tenperature control therein. 2. An apparatus as
clainmed in claiml1l wherein the 25 tenperature

regyl at ixpg 2pBaRscCo s | SRS rdohal clhemper atelr® wherein
regul ati ng neans. 3. An apparatus_as clainmed in clalm

2 whereﬁﬁetHéObé§IF?ﬁﬁ??ﬁﬂuqqnﬁﬁﬁuéﬁHlPﬁemﬁ??ﬁnﬁas

t enper atcla,ﬁ%téocﬁ@g@ﬂa@tﬂrtgu BaRhoRkensUBS aptvaldy a
co-axi al . 4. An apparatus as clainmed in clainms 2
or 3 Wh@p@ﬁﬁance flowing in the vessel.

7. An apparatus as claimed in claims 2 to 5 wherein
the global temperature regulating means has a co-
current flow arrangement relative to a substance

flowing in the vessel.

8. An apparatus as claimed in any preceding claim
wherein the temperature regulating means further

comprises local temperature regulating means.

9. An apparatus as claimed in claim 8 wherein the
local temperature regulating means is operatively
connected to the global temperature regulating

means.

10. An apparatus as claimed in claimg 8 or 9 wherein
the local temperature regulating means comprises a

series of branches that extend from a manifold.
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the gl obal tenperature regulating neans is a shel

that covers the cylindrical tubes. 5 5. An apparatus
as claimed in claim4 wherein the internal surface of
the shell conprises at least one fin. 6. An apparatus
as claimed in clains 2 to 5 wherein 10 the gl oba
tenperature regul ati ng neangupas a counter-current

fl ow arrangenent relative to a substance flowing in
the vessel. 7. An apparatus as clained in clains 2 to
5 wherein 15 the global tenperature regul ati ng nmeans
has a co- current flow arrangenent relative to a

subst antie agRagityg s cheinedsit . clgimd Capparatnsths

cl ai medy i) A0 %]rr%C%EJE%gSLS‘&"%o MEHAAANG ) fupes,

tenperature regulating ans further “conprises [oca

t enper athate dsjulcatiisgreeansro@esAreammsar at us as
claimed in claim8 wherein the |ocal tenperature

regul ating neans is operatively 25 connected to the

gl bhal Aemerataine wegoelatined imesalsinsl00 Ax appahatssn

as clained in clains 8 ar 9 er ei the loca

Foner AT o PERHAE Ry e SRER B TR &S Sn9355B8RPELY of
br anchesodthadleyd.end froma manifold. 30 11. An
apparatus as clainmed in claim210 wherein the branches
are juxtaposed to the cylindrical tubes, that define

di s3I et &n REAST1E0RRS c18iddd AN APPH AR iag ehained
inclains 10 or 11 wherein the tenperature of each

br anch YRei$idefdva oty ceeont #68F Fe MPUnkedapparat b

aS.C!aiﬂ%%h&Hbdﬂﬁb Rhecedhag §&§&é&eéibﬁMEﬁ@ekﬂbhE§r
orlflcedrﬁgates are nounted on rails
me: ers.

1l4. An apparatus as claimed in any preceding claim
further comprising at least one supply means to
supply a feed of at least one flowable media to

the vessel.

15. An apparatus as claimed in any preceding claim
further comprising at least one process regulating

means.

16. &an apparatus as claimed in claim 15 wherein the at
least one process regulating means is operatively

connected to the cylindrical tubes.

17. An apparatus as claimed in claims 15 or 16 wherein
the process regulating means comprises at least
one filter adapted to selectively remove

precipitated materials.
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attached to the inner surfaces of the tubul ar

menbers. 14. An apparatus as clained in any precedi ng
claim 15 further conprising at |east one supply neans
to supply a feed of at |east one flowable nedia to
the vessel. 15. An apparatus as clainmed in any
precedi ng claim 20 further cgnprising at |east one
process regul ating neans. . An apparatus as cl ai ned
in claim15 wherein the at |east one process

regul ating neans is operatively 25 connected to the
cylindrical tubes. 17. An apparatus as clained in

cl aBps 4D appdthtwsere tlathed prmceeksin dduloat ilAgwhreaasn

conprisgs_at, l.east one filter d to _sel ectively
Femove 57 Hedatactd Raperral SRR R L e s
as cl ai cetbtisad adaankSb for iftnbédueing tdel atxtlreastngne
process regul ati ng means conprises neans for
introdu%?ﬁ and extracting nedia. 5 19. An apparat us
as clainmed in claim18 wherein the neans for

i ntroduci ng and extracti_ng dia conprises at | east
onedf | iR TRRRSEIRIFG CORTER LReGHAit dr® PRETEIT Ehen

or extragih®nE®F ifd Hddhicing0ar@. eAr APPIAHAMERIAS
clainmed in any precedlng claim wherein the apparatus
f urt her Cemppis e Ltatl 986dseneoht o rit ey apsrngustet

subst anpbahd yed) Wil -3dR$EBACEr dRtraction of fluids.

20. An apparatus as claimed in any preceding claim
wherein the apparatus further comprises at least
one port for venting a substantially fluid

substance,

21. An apparatus as claimed in any preceding claim
wherein the cylindrical tubes further comprise at
least one manifold adapted to divert the flow of
the contents of the cylindrical tubes along more

than one flowpath.

22. An apparatus as claimed in any preceding claim
wherein the oscillator is adapted to apply a net
flow Reynolds number > 100 on the at least one
fluid.

23. A continuously controlled crystallisation process
applied to an at least partially fluid media
according to a predetermined regime, comprising
forming a continuocus flow system for fluid media

from a plurality of c¢ylindrical tubes operatively
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21. An apparatus as clainmed in any preceding claim
wherein the cylindrical tubes further conprise at

| east one manifold adapted to divert the flow of the
contents of the cylindrical tubes along nore 20 than
one flowpath. 22. An apparatus as clained in any
precedi ng claim wherein th% oscillator is adapted to
apply a net flow Reynol ds \fmber > 100 on the at

| east one 25 fluid. 23. A continuously controlled
crystallisation process applied to an at | east
partially fluid nedia according to a predeterm ned
regi me, cewmprisd iy Perioenifhyid comumigalrsioll ow system

for fluj i ro p| : . . L Ubes
oper at i %/ﬁeJI W“@%ﬁne@@?&cg%ﬂéﬁ%#% f%gdg%lvqgmg g
conmuni ¢addmerte thheressr aogh, epachiding ndr iseah t ube

providing, a . discrete process_zone, braviding i ach
Oyl ndr et e GHO8 &1 PEUS B of (91 o PIar el B Fhat
extend tidt adtnerdwaridsllowandsrddecoentde tdfe cehere of
cylindrical tubes,, proyiding tenperature requlating
roans | 58 ORI S Aa HOE S| REPT R rpweratute

intr Ffiugé@lglatﬂiuigd rERehisa gh&;:lb.besdécﬁoﬁé\b sysdtegyl indpackilng
oscillatory nption tq t uid ppdia tQ 10 initiate
and mai HtRFn %ﬂﬁ?Qﬂqﬂlﬁﬁx%ﬁﬁlan@e%¥?i?ﬁ & Lo XSGR
t her eof ; maseh GRPtIRIiN1BG okPemot oM Al fegud akling to

means to 1 ndependently control the tenperature of at
| east ohelEided ANl MsHHEELE YBRECTR M SR AN Sy icient

preci pi 8L 8k forl & rfiedleal hhRecs@bish1ady vheprocess as
claimed in claim23 wherein the tenperature is varied
in C pekemperatyie coglating means to independently

control the temperature of at least one discrete
process zone, and selectively precipitating a

crystalline solid.

24. A process as claimed in claim 23 wherein the
temperature is varied in °C per metre or °C per

minute.

25. A process as claimed in claims 23 or 24 comprising
the further step of adjusting the temperatures of
the discrete process zones of the continuous flow
system such that the rate of temperature change of
the fluid media is consistent along the

cylindrical tubes.

26. A process as claimed in claims 23 to 24 comprising
the further step of adjusting the temperatures of
the discrete process zones of the continuocus flow

system such that the rate of temperature change of
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m nute. 20 25. A process as clainmed in clainms 23 or 24
conprising the further step of adjusting the
tenperatures of the discrete process zones of the
conti nuous flow system such that the rate of
tenperature change of 25 the fluid nedia is

consi stent along the cylindrjcal tubes. 26. A process
as clainmed in clains 23 to conprising the further
step of adjusting the tenperatures of 30 the discrete
process zones of the continuous flow system such that
the rate of tenperature change of 33 the fluid nedia
i s i nconsésflntd alaglig tilse incphhetértalaaedhe7, A
process aflgé én¥jtub laims 23 or 24 conprising 5

the furthet™s ep of usting the tenperatures of the
dlscrete process zones of the continuous f|OM/ system
sug that the rate of eratug e.ch 4 %ne flg&

a is PTaee® aarsor?glallﬁ‘g cyfli ndPital t%%e Tee28> AT
processtps chathmed dtepclodi ﬁajﬂsti@gZéh@ommwpenamyreehef
further ste of ad usting the te ures of th
di scret BRBr A Stﬁ@”@ﬁngfn ?ﬁ??ﬁ%ﬁﬁuogfsféﬁv

such th@pst&ﬁ s@die fat emperatur of changer urel Thishge of
fluid nedia is non-linear _along the cyl.indrical, tubes.

29. A pkEbBeefkuid nedigrdd LADERAI AL0RS i S SECe ng

the furthgegstep of setting a starting tenperature 20
at a first end of the continuous flow system and a
finishing tenperature at a second end of the

28. A process as claimed in claims 23 to 24 comprising
the further step of adjusting the temperatures of
the discrete process zones of the continuous flow
system such that the rate of temperature change of
the fluid media is non-linear along the

cylindrical tubes.

29, A process as claimed in claims 23 to 28 comprising
the further step of setting a starting temperature
at a first end of the continuous flow system, and
a finishing temperature at a second end of the
continuous flow system, to predetermined constant

values.

30. A process as claimed in claims 23 to 29 comprising
the further step of adjusting the process
conditions by introducing or extracting media as

necessary.
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conti nuous flow system to predeterm ned constant

val ues.

25 30. A process as clained in clains 23 to 29

conprising the further step of adjusting the process
conditions by introducing or extracting nedia as
necessary. 34 31. A process as clained in claim 30
conprising the further step { addi ng crystallisation
seeds to pronmote crystallisation. 5 32. A process as
claimed in claim31 wherein the crystallisation seeds
promote the crystallisation of only one enantioner
froma racemc mxture. 33. A process as clainmed in

cl 8ilm 32 poapessiary irenef) ihycilhén 30 epompr isuine ditieng

the cry
filter.

%ggkh%ﬁe&eﬁ@fﬂa{&ﬁﬁr H%gggaﬂ é?cr'?‘n:? Yeas to

rocess as cl in c

conpri spmgmbhe crxﬁuakﬁlsaUapnof crystallising and
collecting the 15 opposite enantiomer. 35. A process
as claimed in claim34 wherein the crystallisation
angdz2col kepkboaswfad heldiwedopposilém &ham]néamfm Shes

al ternated be en the t opposi te 0 enant

36, Ch pForeLs LS TE A AT SRS AR B g Sation
cryst al bifsahl @nowd dere0l diesddrofrofn hheatwoi oppiosivre .
enantioners is sinmultaneous. 25 37. A process as
claimed in clains 23 to 36 conprising the further

st ep .of Adbygrbi0ad hel dilmae afh thainf BRi domeeli it ang

dlsparate cylindrical tubes of the continuous fl|ow
systen1 yrﬁé§r ofteP mhidvilgctingg the crystallised

34.

35.

36.

37.

enantiomer using at least one filter.

A process as claimed in claim 33 comprising the
further step of crystallising and collecting the

opposite enantiomer.

A process as claimed in claim 34 wherein the
crystallisation and collection of the two opposite
enantiomers is alternated between the two opposite

enantiomers.

A process as claimed in claim 34 wherein the
crystallisation and collection of the two opposite

enantiomers is simultaneous.

A process as claimed in claims 23 to 36 comprising
the further step of diverting the flow of the
fluid media along disparate cylindrical tubes of

the continuous flow system by way of a manifold.



