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| mproved Apparatus and Method for Tenperature

Control |l ed Processes The present invention relates to
waroodppemat us and net hod for controlling a proPEFEB2006/004347

especially offering controjled and consi stent

tenperature regul ation. Tenperature control is

critical in many processes in various fields,

i ncluding fine and speciality chen cals,

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

i ndustries. In particular, many processes rely on the

mai nt enance of a constant tenperature, or a controlled

i ncrenental increase or decrease in tenperature. The

mai nt enance and control of tenperature becones

particularly inportant, and often problematic, when

carrying out reactions and processes on a |large

commercial scale. Traditionally, |arge scale chem ca

reactions are carried out in batch processes. Such

processes normally involve the use of a stirred tank

reactor, in which the reactants are m xed by neans of

one or nore inpellers in fixed positions. However, the

degree to which tenperature regulation, and in

particul ar coollng or heatlng, can becontrolled in

batch r,eact o
Im oro ed Apparatu I ]
prdkﬁgsedS it can be dlfflcult to accurately control t he

tenperature of a batch reactor, cooling and heating

often occur with inhonogeneity; that is, different

hé?_ﬁ%?s ae(?1fet E__;L &AL, ecl%oé el oh eat a@tp aq:'aftfugr anh RLE3a

for controlling a process, especially offering controlled

and consistent temperature regulation.

Temperature control is critical in many processes in
various fields, including fine and speciality chemicals,
pharmaceuticals, bulk chemicals and the food industries.
In particular, many processes rely on the maintenance of
a constant temperature, or a controlled 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 reactions are carried
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 cooling or heating, can be
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tenperature change (neasured in degrees centigrade per
mnute (Cmn)) is difficult to keep constant over the

wob@meeoset unme of the tank, and over the whol e PET/GB2006/004347
cool i ng/ heating period. A3 a result, many of the
products synthesised in batch reactors have

aamSﬂgcaqrﬁ b%!wmte%rat%fscsis E_%rst%?{%lde’— dif ferent

heating or cooling rates In a react ead 1o
casdis,f ercanitingedct izorf imatle sie silriech tiemptetnar ures Watns tarket he
f or nat.i-on of nore side products thereby reducing the

to S veecrtallwq)x ‘vield or conversion of a given process.

In the case of crystalline products, a tenperature
radient within a vessel may produce crystals of

Bs di't 1 @eht® MorpHelddi &9 SR diaftedie Ongitods thien
terddidd gy Jd 4 %mé&rorcrse%q'ﬂngsgk %e%ﬁq%c FtER

stick to the walls of batch 'reactor
OCCdJIS&dAﬁéhtJé@@H@fgdymm,r gdettoris,i sitfifatreniep réd@snotf the

fer onvenle i.ve or ffICI t way of
reascetﬁ)g:raolong “di fhfe SI5F e i Zt ?ng]e &%ﬁplo
ten@ﬁiﬁﬁtﬂlﬂl@ [changey e(rnaia s@fx@@e S$eSleigh efelée koed Jr3dies ey
require the accurate and consistent control of

mlntU&‘Fpe(r SYAAE) JFors Sldigicel thdst &eePs sonert 2ot mwekr ahe
whdiRe vRnAGtuRe Of GHoCal At & f8auhLe & Santiolhe

i ncrenental increase or decrease in terrperature over a
COOsleIngdéﬁa(tdn@f peimed. I—b\lee»var retshud tf, i mengonttr aheof t hese
and can restri.ct he

profSRSS SR A AP NGpTOBLareLic, andcan restricl i
chamefc%fr(irsQ,l dst. | Foan 3kingate, ofuitriFe rehes Rk tiipyenti on to
cooling rates in a reactor lead to different reaction
rates, which in turn results in the formation of more
side products thereby reducing the selectivity, yield or
conversion of a given process. In the case 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
efficient 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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overcone at | east sone of the drawbacks associ at ed
wWth the prior art. A further object of the invention

WO 0006@1DVi de a versatil e apparatus readily aPepGaRI0S/004347

to a nunber of differing pgocesses, and a nethod of
use thereof for conducting such processes. Further

pr@bﬂEméEQc?bhﬁ@t§a§fré§@rigyegﬁéopawélétbﬁﬁﬂﬂ§d?99?rent

fromreading the follow ng description. According to a
Preregeeaspant bof caheiefesent i nvention there is

provi ded an apparatus for controlling a process,

conprising a vessel adapted to receive and di scharge
Thékefdse, and havingoljser ies ©ie tpbabant MEmbets: ogach

defining a. discrete process zone, arranged and .
OVober At 8E| yEeOhnRER T n-le AV RISk e M TPt R tRGLwith
théegsioongreonti nuous fluid flow path having an inlet

and an outlet, wherein mxing nmeans is provided within

the flow path, and wherein each zone has tenperature

I ng- NScj posed thereto for effecting

A f%r%%%?%t ﬁ?%gggn‘ﬁ o’lT%% ﬁler}%elngc.l%} et erahI§FIhee @

vetsapilat apparagus atéandi NEans LI Ses 9l obdder of

d.%gagerature regul ati ng nmeans. Preferably the tubular
+ 19 Rt REE enpt @t e sl @ | WRF nideise @ efor

coRdbst ang i ahty sRs@xdals Preferably the gl obal
tenperature regulating nmeans is a shell that covers

t he tubul ar nenber. The internal surface of the shel

Fu By, ogpﬁgs at qg;; one fin.. The fins ¢ e fixed
. ?%e FI e a#&} es ofethe invention wfﬂh ecome
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 fluid flow path having an inlet and an
outlet, wherein mixing means is provided within the flow
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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shell to pronote turbul ence and enhance the efficiency
of cooling and/or heating. The gl obal tenperature
WO e@aloei4ing means can have a counter-current 0PCT/GB2006/004347
co-current flow arrangeneni. Preferably the
tenperature regul ati ng neans further conprises |oca
t ratune r | ati ans. The | ocal. tenperature
PG A g San Har B GRCPAL J6PY LEoARECTEd "to 1ong
shagllohalat erpernat wre: regullatdi rgmpeans, and can conpri se
a series of branches that extend froma nmanifold.
Furthernore, the branches can be juxtaposed to the

Thd UBH & B TRE S ddhar defd nechhendl S Clotls iRE0G@S S cast
zones. The tenperature of each branch can be

ong rdependdnt |finfornanledixphetef he, inisddeesfelthean be
shegli L neR g%otnlnaﬁcte dit1JT1fr13tu r%%‘l%reatalrllrde e atnlaee %%%t eel%f,tvsl Fc):lélLtseﬁlscy of

fer erent process zones or flIo
codlhirgy card fver doreetiacrcurately and consi stently, giving
greater control over the tenperature of the contents

of the tubular nenbers of the vessel. This is very
Thdl$fdBal i AR LaldONS HUGR 183 fle¥sisaldalns akien ;and
distillation where the "accurate control of tenperature
courdee rr GigrEh cantcdrpactendn filleer ewrd aprosdeett.-The
preferred m xing nmeans conprises at | east one baffle,
nore preferably a plurality thereof. The, or each,
pPré@ffdiel yexdtendsenpueartdine fregmliantien aeasww ffageneef the

tubul ar nmenmhers. Preferably, said tubular nenbers are
coqgﬁqqﬁﬁi%gﬂa%lﬁﬁgperature regulating means.

The local temperature regulating means can be operatively
connected to 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 vessel can be set such that the
temperature of the contents is 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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and said baffles are provided as pl ates extendi ng
radially inwards towards the centre of the cylindrica

wo awed604The baffl es may be nounted on rails atPeErBB006004347

the inner surfaces of thestubular nmenbers. The baffles
are preferably orifice baffles. Preferably the
appar.at us further i a u Yy
e R Ry P Eed To ALl SOLR T hRe T St S monr A et e
mor¥epgelferpliyonabllyrbhetappaeatus.further conprises at
| east one process regul ati ng neans. The process
regul ati ng nmeans can be operatively connected to the

Thetug§|@%cﬁ?”%%E?ieT%§tEhﬁge§ﬁwé@gmbaEk6@ FBaBs ioBy
Conprise at least one filter adapted to selectively
surfemreve ofr ébiepitidudd ImiEBPEEPs. The process regul ating

means nmay conprise neans for introducing and

extracting nmedia. Such process regul ati ng neans may be
praf¥eavinded isaitcheyhdre okrbke st alrel ay ldeseiisiay spPabeve

or bel ow as necessar The %%ogre s of the cess may

- r
anch A1Gc R 1S0n(T el VR GalH GIELPa §IanE B
racAUiliG,HAC ZANGY khealeheas! offe dciod inkiet ca
an r outlet neans for the addition or extraction of
tudd=ui ds . The nedia may be gases, vapours, liquids, or
particles of a size distribution enabling themto
behave as fluids, or be readily introduced and carried
Thd M Ahes fhalf dod Imumidchion tred tsulau tarcheshiyer $hef inher
Su:que?@ﬁeSSesl &grtegee rtal.lljleL%/l;rhemea ee}:rsa.t u%['l’}ceurgahte glecsorg)rré ses at

preferably orifice batfles.

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

media to the vessel.

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 controlled in

each discrete zone by providing each zone with at least
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port for venting a substantially fluid substance. In

use of the aforesaid apparatus the substance can be a
worRooras@1nf m scible or inmmiscible fluids; a rPEGBRW6/004347

m xture of a chem cal reacgion; a dispersion, a

suspensi on, an enul sion or mcro-enul sion; or any

ther. sui tahl e erial,_or mxture that has at | east
ongoﬁgu?(?ulln eECr oaprré?}t? SVt SIS qorFeqiklfblﬁ i &
ext sacondn guf el diaif ol | ow a succession of return paths

in one plane thereby formng a substantially repeating
S-pattern or serpentine flowath. Optionally the

ThEURh AL dBphsr Jdudder,conprd ses af; J£asd, %éf%%ﬁ%éﬂefsmo%

adapted to divert the fl'ow of the cont’ents
a $ubel &Fs maidberi el emphoiny tihem de Hdhewpatds fTheids, or

oo R RRL Gt b RO g b Oon 12 A Cehaf Vel y

witdhid ertenttuiposst blamish vergenihe fMeaweat hs by use of,
for exanple, Y-connectors . The tubular nenbers may be
aligned in parallel in one plane, and connected by ‘

Prérepertiols Lo forma Alunal tabngirifseetéﬂa% paths ol Qse

enough together to reduce the areaor "footprint”
porleqiny eterbuine paceth Hparitiald vf drimial gnike tratdeer n

e V... The. appar.at us preferably conprises a
1 REETR o PR OB D s RO R pearc
mixiomfé guf e scd 1ol |cow sameioie 1w ed At sserpantddig gat h
,to confine the apparatus to a re|atively conpact
MYl Srdhemisstprisrgtiomphe isneds ivdroér s may be

sudbdENAL VBl RS dPned 8N o -emulsion; or any other

sultable 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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assenbl ed using C-connectors to provide a
substantially S-shaped configuration wherein the
W amaloers1renber s are nore conpactly assenbl ed, PCT/GB2006/004347
alternately diverging and7convergi ng rather than |ying
in parallel. The addition of a Y-junction, T-piece,

r G%g%ﬁ-@hﬁee 95qH§Pé&°EQtaé%Q@@dt§§a§9nE§nf§r@f atdheid
t ubul BF ‘menber ‘to be sel ec Ively diverted al ong nore
pattkan emeembdw.path. This is useful when it is

desirable split the contents of the tubular nenber
into nore than one separate noiety, such that these
TheS@pphakeuRDpetEesaban bsmﬁﬂbﬁégtatpldtéiﬁtﬁnbfty@@@laﬁ

mani pul ati on. For exanp one of the noietie
mem@@ééeﬂpﬁéaﬁFBEEEeCBHnéﬁéﬁﬁl6ﬁ@r?8%ﬁF9uﬁﬁ?etﬁoﬁﬁﬁﬁﬂﬁ a

condihb$kqt Be QEEBEnHQh@tﬁagﬁntgecéﬁﬁgﬁg tRePEpIHES L EHe o
opposite enantioner. |In another exanple, one of the

a redi¢tivedyi sovpekédveébaei venglyufekEpriot pr oduce smal
crystals, whilst the other noiety is cooled relatively
slowmy to produce larger crystals. Preferably the

Theaﬁ@@beMSmEMbéhermﬁgnbéiEQSeEhBM&OemyrpbsmﬁanSed and
operatively connected to the vessel Prefer ¥ Eiﬁ

asaam@ke@oﬁﬁﬂaa FrE&RENEFEEEs tRORFPRHEES 2 SPbE ff

S- s% gﬁpegg@;bnewn%§égh The Ehgﬁﬂﬁgnhéﬁbeﬂﬁaﬁ§e”ay
aapte oinitiate and maintain unif ormmX|ng and

moaﬁfaqmpantlﬁl@peegbdﬁdofaétereasﬁlanélﬁamgdngnaﬂﬁe
corF a0 FALGE " abibled LBTi MhaFCIRBLEBR To the At I east

one fluid. The flow control means may be adapted to
The adggéion of a Y-junction, T-piece, cross-piece or
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 moieties 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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net flow Reynol ds nunber > 100 on the at |east one
fluid. The notion may be oscillatory notion. According

wo 0od/06ennd aspect of the present invention tPET/€BR®6/004347

provi ded a nethod for contd nuously controlling a
process applied to an at least partially fluid nedia
according to a predeterm ned reginme, conprising
form ng a continuous flow systemfor fluid nedia from

Thed fAlod dlontyo0f mbubyl Ak ymBebauspeRer abi vakyiseangsted
to permt fluid communication therethrough, each

ma inggdinandgrper NprévgdrRg gidiisdeate dpEpeE§sCR0RAE, at

1ea%“c°\6!n%.' N9.if §3chhkubular menber m xing neans,
providing tenperature regul ati ng neans juxtaposed to
each tubul ar nenber, introducing fluid nedia to the

fl ow, syst a controlling the tenperature regulating
Prefetib iy (NBopeRbenEry e TGRS (FOTREaPatlr o of at
osdifast canedibsetete PhReess me@Nen the thet hedieksthene

present invention is able to deliver |inear or
flujsh- | iThearf:lovoron§irent MeRNBoMEYo RS sCeRt eflefipePRPUYe?d

netCHANILRAS A dkuRghben of fﬂo'o.m%rw.orth‘éLJ stanegsthenk! whd;q.
nmedi a ca e°a mxture of miscible or immscible

Thef nwitdsn anagi Hpersican,lad osys perisicon, an enul si on or
m cro-enul sion; or any other suitablemterial or
m xture that has at | east sonme fluid properties.

Acddrefierally ot Redoprpeakplhe dfs thay it siemtOCnpentiehr e

or OC per mnute. Optionally the nmethod conprises the
thefrigr tiifePstVdplegt 2adielOidhd rheénpercasdesost rehéing a
prégéggwgﬁ%ﬂy%%p%%sa%o%%sleast partially fluid media
according to a predetermined 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 or
immiscible fluids; a dispersion, a suspension, an

emulsion or micro-emulsion; or any other suitable
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of the continuous flow system such that the rate of

tenperature change of the fluid nedia is consistent
wa@bk@ngewshe tubul ar nenbers. Alternatively the PEr/G8a006/004347

conprises the further stepgof adjusting the

tenperatures of the discrete process zones of the

it | N f syst such.that the rate.of,

matféé'rrlpréelr gﬁqyu?%l}ic%neg)é&oafﬂ%g faltui §27edicg%s %ilﬁlc}(%si st ent

pragenig eshe tubul ar nmenbers. Optionally the nethod
conprises the further step of adjusting the
tenperatures of the discrete process zones of the

Pr&ftdiiuous d hawssisi @M Ueh vhhat gt he re %le_(ff metre or

tenperature change of the fluid nmedia is |inear along

“C taf Bt nenbers. Alternatively the nethod
conprises the further step of adjusting the
tenperatures of the discrete process zones of the

Optcignta INyoushef Inavi sk tcemeadck st hak tthe thate sekp of

e of the fluid nedia is non-Ilinear

t enper at.yre chan
24 Snid % ﬁglet FETRG aRetss ©F Hhe RRERSE tRapreseissnarnys

of GHBIdHR it THIAIRES Si@ROk S8t £hRG & st aLking s
tenperature at a first end of the continuous flow
temppstadmreadaads wifs tihey filavidemgtdre iat casedenénénd lohg

thé'ﬁ%ﬁ%ﬂ&%_ s fl ow system to predeterm ned constant
val ues. I's can ‘be used to selectively crystallise

crystals of a particular norphology. Optionally the

met hod c rises the further step of adjusting the
Alt;%@%gge ndiltS GRS NS iSRFPSdgesngher 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.

Optionally 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 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



QO 3 o U W N =

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

extracting nmedia as necessary. Preferably the nethod
conprises the further step of selectively

w@e@ciopi4tat i ng a solid. The precipitated sol i dPOEEGBR@®6/004347

crystalline. Optionally thg nmethod conprises the
further step of adding crystallisation seeds to

se0QUPLECOYSEALI LEALL loaous LSgeds tay promote the

rystallisatiron o one f?%m a racemc

pradatarM1n€ntconathyttf@ﬂmﬁﬁquhmiﬁwﬁa§e§et&§é&LH&her
the crystallised enantioner using

tep, of _collecti
se RCTLUSTV oRBYF F 1 £ 5 THEY S8 ho P frey RORBHFSERT he
mofpid &gy step of crystallising and collecting the
opp05|te enantioner. Optionally the crystallisation
and collection of the two opposite enantioners IS

e t 0 Slt anti gners.
Op%%rg%fnf%l gké%) gdcér](sséégoﬁs‘gaq} on %lh ol T&dR i%h of
adjdnet:tm@ ’olp@olsrdbeessaaaftbmd)imrc&w.s D1 1Al aneousy e

nprise the further step of selectlvely
ex%ﬁ%ﬁ?%ngﬂﬁ %iaI%%s?e?ﬁE§q§¥nud The nethod al l ows for
liquids of different boiling points to be distilled in
di fferent discrete process zones. The nethod nay
Prefmme e the metheérceoump sxfs dlhﬁerﬂulrtgdetmestfdpowfof t he

f smMetum nmenber s t
Selc%#tldv oﬂﬁ%%%% 5y Sy b aIr}f?arﬁJ?eo‘TlleotWelﬁja ng
solldmm ¥ dbel @rystanilate devi ce, for exanpl e a Yjunction

or T-piece, seeds of opposite enantionmers can be

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.

Optionally 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.

Optionally the crystallisation and collection of the two
opposite enantiomers is alternated between the two

opposite enantiomers.

Alternatively, the crystallisation and collection of the

two opposite enantiomers is simultaneous.
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added sinmul taneously to each flow path respectively so

that pure conpounds with opposite enantioners can be
w@e@doerd2 si nul t aneously. This cannot be achi eR€dGBR006/004347

traditional devices. In adgjtion, or alternatively,

one of the flowaths can be cooled relatively quickly

o] t , ilst the other is cool.ed
TP R S g s L L E R R A T R ol S e
diagal hicannotldesacbhevedqiuhdt r athd imnehodleyvi tess Adhe
.progess_according to this invention permts the ,
11 BRiiferaf i o 10 D" ot # 51 P LAt S ol et i btbsad in
diZe8esnt itk @i ONatby¥e akSPoRLE Ust the process by
i ntroduci ng or extracting nmedia at sel ected process

zones. The process may be one requiring purely

ThECHDELS Y&, COLLL Led: RLOESSIN0 O f | 44 dps, SUER, S 1
pasteurisation, or nmay I nvolve an i itterVentT on 1o a
flmat ef i Ghs Sucid asedeedatoyst @l sparatee ragul d e dnetystal

owt h process, a staged chem cal reaction wherein
Of%gﬁt%?ﬁ lrf%oq%rﬁ%‘ﬁ PREEFHEW HE &t drtiyhtCtdyet her

under appropriate conditions initially in one zone,
and the internediate may be optionally renoved froma
Bysubsequearyofel dreeasivdlan tdealdan ther eoagelr atY-a

juEHPJ‘?&gu@PtT?ineecérﬁ Qégggrc?% ao;g@y\glltstter caln rfc%ﬁ"é:rt' A%ar e
e appropri te. € presen | entiron w now pe
added cs imelt drye weyl pf t @xasph ef Dak Yoa i the Sedef BASEY 4o

EhSC T | O e Ser aRET HE 1S H4ac ot y
prBahél@ds apparAtdisu st abte: § of cad WG Heved in
traditional devices. In addition, or alternatively, one
of the flowpaths can be cooled relatively quickly to
produce small crystals, whilst the other is cooled
relatively slowly to produce larger crystals. This again

cannot be achieved in traditional devices.

The process according to this invention permits the
temperature to be controlled at selected process zones,
and optionally also 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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tenperature controlled processes; Figure 2 is a
schematic view of an oscillatory baffl ed apparatus
w@omrasming a Y-junction, suitable for carryi nBCDGB2006/004347
tenperature controlled prqoesses; Figure 3 is a graph
that illustrates a |inear cooling profile achieved
wi.th, the present .apparatus; and _Figures 4a . and 4b
TRt ettkg 3 eur&iq%)lgrreerﬁge&@?ttala SRS le BBt diched
présa g 4 ddvei e 40 ddhdtates malyeiory Bipe Wt .Fi gure
1 there is shown a process apparatus 101 conprising a
j acketed vessel 102 encased by a shell 103. The shel
Lontai 4 i i 1ch I
T T et or hsatt e ShalT” Tostas s b ranan)
exanplbe el .0 Vit irgfareics id dée teegpnpastye.rigockdawings
int¢gk%gpnce in order to enhance the efficiency of
cod}lng or heating. Thernmal isolation |aggings (not
shown) can be applied to the shell 103 to maxi m se the
.cooling or heating effect. A series of branches 104
Figrhektet @ o @4 athfe Hard FSEITPSIFS orfmaraaddal

osd £IPEr S UNS £EQU atd on S|ans, ;Gopfrols Mal ves L0 g

pl aced dat points onthe local tenperature

temepa atd o mardans tledipmerdesreat;i ng or cooling as the
user desires. The arrows superposed on the |oca
tenperature regul ati on nmeans indicate the

FigotntBri€ W reffentvectviw off fArowdan 1awog arfred
heating fluid. The | ocal tenperature regul ati on neans

PRI FGUT PPl W% & o011 HTHSAY T i it oL 10 Tk i Y dvep
outdl Woemddie eSS ’lonk0% ey RIdUAldL,y of substantially

par all el

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 cooling rates.

Referring now to Figure 1 there i1s 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 manifold 105 form
a local temperature regulation means. Control valves 109

are placed at points on the local temperature regulation
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tubul ar nmenbers 106 joi ned together by U bends 107 in
a serpentine fashion. The vessel 102 contains baffles

wae@;y/oedizh are arranged in cells. The nunber PBET/GBRA0S/004347

tubul ar nenbers and -bends;is not limted. Attached
to the vessel 102 at the reactant feed end are a feed

12. : et-.ween t u 113, and t he
me M et SR I ok FEHE 4] SRl e o
The ot owonsues rived ek dHl 8:hAtl ddeel preogheata teald eelgudr tdm

t he vessel 102 there is connected a centrifugal

mei@%ﬁ%%?aizﬁ P ATV T Wit 8 roffd Fesd S £0F

a GO PPo A Ide RGN ASE 100 ISHPPIDh BN 1t & i) B eed of
at |l east one flowable nedia to the vessél 102. The

reqiaFdtean Bk tieh e IwRed yittom iancdring/ heartfiage & aafk

114 Jub ers 106 which are provided as
cy |ndriugc>:lgrf‘ptu es. The baffles 108 are provided as

orificed plates extending radially inwards towards the
centre of cligglricl.tube, nd nmounted on rai.l
ThG TS ShHOuHIZ A Chatt P rHe e H P Rods 13 Ao 11
tubwbit afereaberm el Ofb inkhe aasele ) hepmde feMin a
separate units, taking the form of individual cells
Se et @dt B I Gt Vil vagasen dd A qaavtrdinisy &iayf £ lisire 108,
wh:'ﬁ/ceﬁs;]!e anpra'{r?rj%% tir}?.JeQLr]Trg .Of eS|rﬂ9Ab ru%lft’ efl(irs,exarrpI e
a continuous extrusion formed in a desired
tulood 1 guesibé 0n,aral @beratshers stotudiiutie egli t abtedherd to
form ng. a ntinyous flow path. Also, whilst in this
ERQETBTEL t HEP velsadl® e Tt [15RS SR e Spidr FSeS Fan K
113hOWD a pump 113. Between the pump 113 and the vessel
102 there is positioned a flow meter 117 and an input
control wvalve 118. At the product collection 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 made from separate units, taking the

form of individual cells connected by individual U-bends.
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as a succession of tubular cells, arranged in parallel
and in one plane with return ends (U or C-bends) to

w@e@soei41n serpentine form it will be under st POUGBR@EE/004347

it can be of any other con ﬁoluted shape, for reasons
of conpact ness, provided that the discrete zones of

are_suitable for_the a icati and |ntena ce
Alt8F“8FFF8?¥nt%$8nﬁ8F§?ﬁr%%n gﬁ% ﬁ%ﬁ efs°ca il e
nlﬁonEbQUEQmeQef§|E@ﬂt@nﬁ@@@eéﬁt@@sﬂénrﬁbﬂhédpﬁﬁhé in
one plane. At one end of the vessel 102 there,is

despiredomonrfdousataphrt OB5senY| atey FBENEGRUES ?Hétable
forcggkﬁghgn afég%%ﬁﬁéﬁglfigé ﬁeveﬁlsgth§519§9'hﬁaﬁh9§

nmeans ¢ e used. means (not shown) are
exappdei ded veseceit Lol borhiihessrabkeelEngphsaﬁd shewn

fre uenc ,of oscillation o the iston.,, Th
as ﬁe§ﬂ§cﬁ§ 88r8§'%8#9&88nﬁ8i}3d t r?ﬂ%egeégg ;iand
and $nadapt edahe efitBcte€aphi BHAYS (OF pkug- bbﬁmsoftnedla

t hrough the vessel 102. The rom1controI means. can
pregess @esaa@spéanﬁofpﬁmtuatewaha hai HREPRSEAPFOFRRT 1t

cannbélgg gﬁg %E%. gghvgyﬁggasbﬁgpgf abyl eagtopneckl uid

t he vessel or the can be adapted to apply
com@anehe%bowpﬁeyndbdsthanbEhe>dieOreheazOheastOﬁéme are

d 1 uid. n er nl.et and .outle rts 1
suigplig: &8 alt bRy “FRELPaRGPR. Brc HeifesBan-toat pRL saees
temPRirAg desl.gnetd auahhlaw spRBEES, cageds ebnd@iyuetheto

additive to be added and/or renoved fromthe tubul ar
folgembar SUckeaddioni 6/, TERBTPoPRENSr 61 @BCnB&AESE or

sensing sone property of thecontents of the tubul ar
menber, such as tenperature,
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 frequency 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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turbidity and pH . The ports can al so provi de neans
for nmounting X-ray diffraction (XRD) ,
waikdormsami c/ Raman spectroscopy (USS) or sim | aPCT/GB2006/004347
instrunentation along the,tubul ar nmenber to nonitor
the shape and size of crystals in-situ. The inlet and

out | et rts 11 an al so be used as process
okt e Tha Foane> Be PRy Stines G S byl ar
tuBiders d06.pH N tiis @medigentaiad idderi @ rddder®r
can be used in the vessel 102 to selectively renove a

Mo ATEEr §¥ ot § e Bl ahel XdY s e U LEGR S e/ e,
éﬂ@@f}ogafppf%@t o ﬁr{)iei%g I, d S stal o Sa%ncgfthe

sl‘Dpartlcu ar size distribution, shape or form of ysta
tulale bengebecttivelgnitermmvde cortdenwous|si A e tdystals

. _vessel 2 usi the,filters. The arat us .can have
et her pr eeslsnf%gﬁr}ﬂ i%&%ar??rgoﬁ'rgﬁlﬁsicr?d‘ PEaiTs Feomsed
as | it s OIS T gy Eingl Bxd maedri 919 oA aa 1 wsUGh @snirfddticd ivd ethe
and/ or outlet neans for the addition or extraction of
tuppid HIRPR Dok f or venting a substantially fluid
substance. The tenperature regul ation along the vesse

102 consists of a global cooling/heating loop in the
Inforns ofmizodinedt 103f Arreanged fiid teountem e restd in the

f ashi inhrelation to the solution input. The , .
vt ERheln ure ST A THI A0 o iSRS GHGE g inside
thé evdesat ur g manidol gk At hed Heo drivivdtdua a

branches 104 assocjated with the individual tubular
reqehbt sL05r vitdhel Sabsdl PRILICHE N ddde idiaridfden,
shd SYU ALE O BANS: S LOMECHRA 4 d N8 A18Palenoved

continuously from the vessel 102 using the filters.

The apparatus can have other process regulating means
comprising means for introducing and extracting media,
such as fluid inlet and/or outlet 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 of the vessel 102. The local
temperature regulation means is connected to the global
temperature regulation means in order to enhance local

control of temperature.
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tenperature regul ation neans in order to enhance | ocal
control of tenperature.The tenperature manifold,

whe@nobiras2 and control val ves enabl e the tenperBPCTIGB2@6/004347

each branch to be controlligd i ndependently fromthe
remai ning branches. The branches act as | ocal

rat re re ns .and ar rat.ivel
the ofREREAl i TR Al TRl B A PSR Fes
endieIPeriad Wang gl @itd NGF MBS . b CNSe UL Md Yoot &l 1ed
apparatus allows the tenperature of each tubul ar

indeppeien ol b 5 Hu dgeh dePrd YR gt dviansdiasirel oM yBIdhes.
ac«gogsem;@i el A CoRL robd @lda&%q éﬁgar%r QGRES: Kach

ranch can be set to an incre ower
Opeewpevglwr@nrsmtadl o clom rgid led wirela:th rege o aoe sl oledch

br anch to an_incr nt al i gher, .
terflpe?rf) %ﬁ%r eglifaetlrf%r?%ans al te?'rﬁr’aﬁqhﬁ%l,trﬁtﬁeetﬂ}%ches
apf@naghs ed Tedves bt sveedmp e ©asd ngE ankidecRas NGnember

tenperatures. In the il I ustrated apparatus for

0 { RAPERARANIGHG T of0 L kL ickiFe BhtCH gl kash al so be

used. Referring nowto Figure 2 , there is shown a
process apparatus 201 conprising a jacketed vessel 202
Forneasmplldy i shetdnt203l lahecahielng 20 o atarsh fdudndth

ol ef | 805 had T CHGTE Rhboro et OB T e e T

a toheronlesuidacend oo psosDs £ éa(lﬂﬁ%ﬂatﬂdlwcﬁi}caqé N dey
to enhance the efficiency of cooli n%d;)r heati ng.

an THRFRAMC R 5vHa i P g FERS{HOr Show) it &ppl i ed
alié??ﬁgl@lvc@elﬂhé"%é c}rl@%(' é@ﬁeafg@rm 'k%}:v%erheat I ng

ect. A series o
increasing and decreasing temperatures.

In the illustrated apparatus for temperature regulation,

co-current flows can also be used.

Referring now to Figure 2, there is shown a process
apparatus 201 comprising a jacketed vessel 202 encased by
a shell 203. The shell 203 contains fluid which acts as
global temperature regulation means. The shell 203 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 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 to divert heating or cooling as the user desires.

The arrows superposed on the local temperature regulation
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branches 204 connected to a tenperature manifold 205
forma local tenperature regulation neans. Contro

wQ 20000604209 are place at points on the |ocal PCT/GB2006/004347
tenperature regul ation neans to divert heating or
cooling as the user desires. The arrows superposed on

meggga4&5¥Ha&§QPSr%Eﬂ%%e&ggﬁéﬁéfmQﬁ%@%th%ﬁi%%t%g%aefor
counter-current direction o ow for a coolant or
a dwedtdmty dd iedht iTle fllodal. t ameerlatoarle tragelratiuvae neans

i s equi pped with a cooling/heating tank 214 and a, pu
regt R GireTind Sof ERERFES IR 26 KR e S B oA pG: SRUK.
212Hhd & gl 218SCi Hrabey Mt o the the seanbent shefre
~ the vessel 202. The vessel 202 has a plurality of
is quistshnn A0 Yoadapralt Odisillde baEivb &1°% 1206 Yoo théd
‘“”@%%@%?%%bQ%eU”%%ggﬁ 205 in a serpentine fashion. The

2 contains baffles 208, which are arranged in
cells. The nunber of cells, tubular nenbers and

U-bends is not limted. Attached to . the. sel 20
The FEes3actdit e d @ﬁalr&rleltaf @ﬁ&#ﬁ%%ﬁ 3?&%57&%5
tudlid r BRIRen e BWiR el 3 Anpd Hdie esselend? 2ovene ias

positioned a flow meter 217 and an input control valve
sezpgitinqissricsr | fiher vasPdutd®t qeevasingl pagifdes 208,
wnidid uated along 4 he, lenath ofnihe, yesael, 202, jthe ports

ei ng design 0 afioM/speC|es, seeds or any Ot her
tuladd t invemiier herad dedeantd drs rerovedhifrenin t e beedeel to

202. At_ a point in the vessel_ 202 there is ovj ded .a
e et b COGE Ather SR oV T OIS e s SE 02T
218PAd S iU SapAr at thid arm ey 21206 ANheRsel

The contents of the two separate tubul ar nenbers 206a
20A4nthere is positioned a flow meter 217 and an input

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 Y-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/cooled, 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 216a 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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206b are separate and can be heated/ cool ed, added
to/subtracted from or otherw se adjusted probed or

wo e@aned1t ndependent | y. The product col | ecti onP€naBG06/004347
t ubul ar nenbers 206a and 23@bb are connected to
centrifugal separators 216a and 216b respectively.

- \Whil st _j I .e§%pgge jven the wessel js split, using
pl%@é\(lfj u%%:(??%&?loer - cornrﬁrg‘{cltéolrgl | tl%% néi/gjﬁp%él&laetl{ed
mathéd 1 danyadi bd ersd. meErdd adshripipe arieangemanirs mentle ras

Tpi eces, cr oss];)egsik eces or nmultiple jnlet and/or out It%te

CARERPTOT H3° cin B& st B |3 STt

£1ORNHEr sh& Ao SUNYd 5 alhd easiuone nEMdold Rdpad to
divert the flow of the contents of the tubul ar menber

than opige nbk@"Rddh one fl owpath. The apparatus as
descri bed conprises a vessel adapted to receive and
di scharge fluids, and having a series of tubular
Theeapes sateacds dfdaqninged cigoriedes pr oceselzagpted to
arranged and eratively connected in a fl owers%stemto

reERtHF af 1 ed53C Tttt i fiw pat Sfaiing an

tubtl 8t A8EbaRs oWd et ,dé/ﬂq{i%ﬁ AN od - dRARS-dce S QA fled
within the flow path, and erein each process zone

arfiaid e@nped atRA R el atdap et jrua dposed usHarette
fo£r9ra§fi§§§% c%é e%H%ﬁ{:ia&dH&s Cﬁﬁf&'ff&?&%fﬁ h aftil?qg an
o Fi n trolle

n
reference again gure 1 ;7inaco
inteystalll asabudetpr odesssia miets atanrad €d $odaitiided at

, iven t eratyre, say 80 OC fromthe tank 112 is
Wl%&ﬁ%eﬁ?evﬂg‘&rﬁ)ﬁ et?NG P L VS EIPIRPE ST iaR S Hitip

terk rafhlﬁéﬁv ey @l il anshide; bLnpio LNt we118.
e coollin
effecting teé@erature control therein.

With reference again to Figure 1, in a controlled
crystallisation process, a 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 valve 118. The cooling
medium (either water or coolant), 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 subseguent
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 of
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medi um (ei ther water or coolant) , at 5 0C, is
punped, via a first inlet, into the shell 103 fromthe

waeoaioegiheat i ng tank 114 using a punp 115 andPCDGBR@I6/004347

val ves 109, counter-currep§ to the solution flow The
cool ing medium | eaves the vessel 102 fromthe fina

outlet _and returns to coo /he ti,ng tank 114. B
the-YREFG! FAG GtHOPﬁéoéﬁsgaan 5 Fa?g j gﬁ1?£e first d

c:enltfﬂt;%dteogétrh%t%th °tha)| oeal gEhewekatestigoatie per
subsequent inlets, a predetern1ned tenperature
mingser daSéBinday TOLGCCPBECHE BP FRENIF&Ft 2t BUFR gBFS2teh

deggg ?%Q'%%%QrQQQa tﬁ&?'@@gr éﬁeSBEQSLEQQ Eﬁap§ﬁ§ﬁ9£§l

contents o e"vessel can controlled in
propets eaf ofedgheeprOentitgr abtapeednétrre tGenyeseel.
degrees Centigrade per mnute (Cmn). This confers to
the user a nuch greater degree of controllability over

stitihe rpivsiGaly ard rFahRerecal, phepebtiuesoaf chbespasduct s
obtai ned fromthe vessel. Still referrin% to Figure 1
fLowst fe ogoletlitors C 6198 tad LPRIf LHfs VEESML P2/t 8DF| Gt

pro%h%@gd&h%g%gﬁigeslg%d.Q@dshg?eaﬁgguﬁh %%M%%@bh'ﬁﬁ%l@nd

susp n solution unt it cones | eaves the
it vesmel lw=yean tht Ivetssient oia eenvuitflegalingeparator 116.

th II d
e AT ARG e oo Gger SLEFRS g FPREPaSS

is (PYALWE i3d-dnlte tall§, Ok heOahiifg adr & cg@eshantef Othe
t he whol e of the crystalllsatlon process.

fln@dn§QQU%Wna§PrqlﬁPQHHhﬁzﬁaWﬁsﬁﬁi@Woéﬂ@@U@Fe|§08ﬁtant
rort§3% %}h%rit UZEANENANG 5 The PN this

rOV|des a contro
Consequently, the crystallisation product is of

consistent size and 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. In
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 to Figure 3, there is shown a
graph that illustrates a linear cooling profile achieved
with the apparatus of the present invention. In this

example a solution is cooled from 90°C to 10°C at a
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consi stent cooling of the solution over a manageabl e

time period. As such, the products in the vessel are
wa@bkwagpeosunder the control of the apparatus opePEL/GB2006/004347

contrast, when a product bg cooled in a batch reactor,

the process can take many hours or days, and the

te ratyre to roduct .at .different .part ft
COTHTN REH 6 1S Cofin WA Bbite CParnermOFes Che Hafk
ov&O A 14710 niirAdice e rGaJd Jbe i nconsi stent and, inportantly,

cannot be directly controlled. For exanple, wth
reference to Figure 3 , there is shown a graph that

Thd 'Ap;g%faa&ﬁé £ dilneart £0ol i PTHre Achiievedswiyt h the
apparatus of the present invention. In this exanple a

corst?tl‘Qﬂt]iiOm iss powslestd famum ig0T oo arOafC lewn sdc rgtdat Lyvat e
of . 20C, per_ m nut.e tq obtain |inear. _copli ver 40
fl?ﬁ%d‘_ﬂeedlﬁeralc&d?r&ﬁhn appat ruesCJ t%cr?rhnteéf erjse%g‘m%ét hngl % or
me GO | 2WIQsd o i rioltd Rg: <A tifocaspsapd ifedrtingam at

| east partially fluid nedia accordin

cos DS et Ve R £othe Htth i e desEt et et Ves
of%%xﬁfaﬁ%}éﬁbéﬂ Mg 2 GRNtJ NUae JdQw &y feamiftore1uid

_ a froma plurality of tubular nenbers
coroper atd viehry tWonredteshiglo. pdianht fulyile oremisc sidngmins

ret hroough._ Each tubul ar nmenber .cqnt ai ns. fl.
ba%\iﬁf h attt 5 Hi'xi Hy Teans’ 6N C owrpoel%n ech{v%\ﬁ Jtrﬁeqi I"Jul ?ng
f161 OW 0w as€idd @tl 0o i @nd I DV Eesi die dizs etiefergire0cess
zone. The apparatus al so has branches which provide
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tubular member. By introducing fluid media to the flow
system and controlling the temperature regulating means,
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 or

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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system and controlling the tenperature regul ating
nmeans, it is possible to independently or collectively

w@onrnal41t he tenperature of the discrete proceBCT/GBA@S/004347

The tenperatures of the dpscrete process zones of the
conti nuous flow system can be adjusted such that the
rate of tenperature change of the fluid di.a is
PTR SOANE TGP ITnEaNs 25t G VST g ¥ he F ABUF S e Rber s.
extihedienpaiativ es efeddiadiyscrete process zones of the
conti nuous flow system can be adjusted such that the
rate of tenperature change of the fluid nedia is

In e _%rﬂg)srt%quiasa%%nt,h%r ubyh ak nEeRBENSs can be
arious nodifications can be made to the met hod. For
selmcnpledy @rdcied tsttard iy diod Eikainphieng adeiipar at ur e
can -be sect. toﬁpreseter 1 ned aniéﬁma al ue and/ or
¥ SEds Lot i%ns Cn B 588G 6y it ngycioﬁﬁ
endft draGticng aredicendisc ME&ESS2r Yan! bet be cf@asedyf and

crystallisation, crystalline solids can be selectively
cobkeigsl tuetiew 5y, L deexarfpite CPRAGERE EFPSTHAMSLat530N

21 S8858 o e LSt 1d38tdan R ean! ¥ 78Be eRAMA1NES, thiam
a racemc mxture can be pronoted, and collected using
an@ dallesrticthe jivsitve apavtsideseneat iaisg shean be

crystallised and .collected. The crystal.lisation an
2L EHARA G O Phe g Gb SR e (EnEhEr oS E Scn o Lo
crg it Lrnial£0 petaveened e diroRIFoShke teidaRidoEts  or
the crystallisation and collection of the two opposite
enFNEANDHerE e A el aAe¥éous. Havi ng accurate
control over the tenperature of the

Having accurate control over the temperature of the
products in the vessel facilitates selective
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 o-
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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products in the vessel facilitates selective
crystallisation. For exanple, by carefully selecting

waledo7esamt controlled rates of cooling, differkl/GB2@esH04347

of crystal can be precipi bat ed. In addition, by
carefully selecting differént starting tenperatures
and different finishing tenperatures, crystals with

In GI¥eratt: norPHs dd s e &Se | P @h%pdidy Sy PEMA 1 PRk

usfiid tAS At s (o selegda@ln HERVYR iG8r Laln aSi Zes
or” shapes ‘of crystal, whilst allow ng the renai nder of
coghingataitd arf tlo Prlogress suitthirtrugts tame hiessdlromForlf way
exanpl e, with refere o Fi,gures -4a _and _4b ereis
21919 s efa‘feesdsegil ffer eerﬁ%%gc}li/es’t ajltgnlosr p%lﬁaggitggtog ai ned
appstatgusli d f errentp reeelnthg madrasi orFicgil ecdasield st rat-es
a- crystals that were obtained using the apparatus of
Cryed hredetoidfenti on and a constant cooling rate of
0.6 OC per mnute applied fromthe start of the
vessel, for the duration that a reaction mxture is
Therkesent jempenadsss Havwonteastal Ikivgurcently ollllalster atnals
b-crystal s obt.ai ned..usi ng .t.he parat us qf the present
variln‘—’\lclké]yn?i ono%sndgla{mcouoqllnrgg a leorbaqu’. 37_3@0% ggrowr)d r?d‘cltoe as
codPPhd esk friem e fmangyural angHate ties saimpehenefors, dHe
is clear that the apparatus of the present invention

inanl Hea PR ST 16" @S FH LSHFPhdI gy, Cthd heocame

as ! &OPSL At & ragul ald o aldovs, cond roldaRiRiaRd v or
vari able flows (including optionally zero flow) of

cobettiinely. heati ng nmedium so that the tenperature of
t he i ndi vidual branches can be different from or the
same

Whilst in this example the means for controlling the
temperature of the vessel is a jacketed tubular device
with both global 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 its contents can be independently controlled.

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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as, each other and can be controlled independently or
collectively. Wiilst in this exanple the neans for

w@oew6l4iz ng the tenperature of the vessel i s BCT/GB2006/004347

j acketed tubul ar device wpgh both gl obal and | oca
tenperature regulation nmeans as described, it will be

t t sui,t a ans _f.or c nrolllng
fo#%ﬁaﬁ}%@t &qp% be ud:eeés $yp| cac:if/lsslﬁmh O(r%neans Wi | |
fld@fﬂﬁﬂhﬁﬁﬂ/dﬂ1MEmEmﬁp@ﬂEﬁ@nWhldhsaHbOW&ethabmﬂd@|eS to

ILn this manner,

e i nde endentl ontrol | ed.
mem?&fpﬁe edor etl® Forsdlat PRE Nrdegalt e&ﬁl&t.ltvé

theccygﬁrme% G % izrdeperdent Loeerlqhledods) aRd this
alternative enbodi nent, individual tenperature

conpsiga teitasy §afh@tr00fdrﬂ$e@te@@smfosr wegiflaitd noc Asnperature,
by’?% |V|gﬂlatjfhterg‘e%lIlrlI §} corlEridb el g %J hese

y control “heé tenperature of %L nbs, and
can be set to any desired tenperature. Also t he neans
tenperat.ure can take the form of a heat

f I
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witheate @XGHRRIRI ttﬁw%a@t@uml%lar&qohh%ﬂ @ss of energy and
maki ng the apparatus nore efficient. A further

alternative neansfor regulating tenperature is the
Si f I . heati l.e .
P e B S ers 50 THe voohel T S drr v
(eifirdiheratald ermatiile tdag Baf f°|cesiscmmlp@daum©he;dlet @hell

connecting rod and this conbination can prOV|d
103@1@%&% %;9 Senpdratdrd, thy Soolitrg/drating
tareating,the %rl'ts@:mlshl%ft “&%dV@_%%Q]Ies s sthetlrle103 from

apparatus of Figure 1 wi'l " now be descri bed
a final output, whereon it returns to the cooling/heating
tank. The process carries on until all temperature
measurements along the vessel 102 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, wvia 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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with reference to the pasteurisation of mlk. Prior to
the introduction of raw mlk, the heating medi um
W@ eiwloersivat er or oil) , say 85 Cis punped i nPGI/GB006/004347
shell 103 surrounding the,yessel 102 fromthe
fooling{reiggng tank 114 via a first inlet, and | eaves
e rom I nal oyt pu reon, i ns
UsetS%t ﬁg c@BPFﬁ@%ﬁ%a??n {ahk. iJ'IJ'Eeil|orl)c{)\$:]‘gs}§ c%ér%?%%écj)c?}
witHNkkkeakhcbeapes adus el Measuseepdsead ong the vessel
102 show an identical reading. Raw m Ik fromtank 112,
at 15 0C, is then punped into the vessel 102 via an

Pri%%l eb. tR@p?Eg%BQuQE‘l&r@elﬁ@&Utl'iédv@§§é§ui@§3<t>f Of rhifEof
e raw m ows along the vessel 102 fromleft to

liqoiiglst wand dsf@aseeurbseblagomglﬂhé,f@émﬁph}%ul%efore

It .exits ves 0 V|a b tl
conggﬁglngapggﬁgrepf kg %g%a 7 on ve #Sé %&Dﬁ Pg%e =
hea&@&@sneﬁhhﬁughoulltbe @t@@ﬁsstdaﬁpfobeﬂatehg zobtents

of the vessel 102 are mxed b illatjon via,t
pumpiest R tP1Erom thRehgpbliRIeka Igiga Eoﬁé?aﬁP £t 6

sur %@%@ %ﬁuk%er%gggéﬁ'QGZ's ﬁﬁguhéggln§hﬁéhguﬂ yarbanped

nperature regul ati on be needed, thé |ocal
1ntbenpewamMﬂé.ﬂ@guwaalanfneahSlOéﬁtbeaadJé@ﬁé@stéhe

sheﬁr Vlg F{hlSax%%ﬁaﬁeggggngargggg 8f E'?gESrﬁsm%BltHQW

atron process
hea@@ﬂﬁ'ﬂdhulya4lntroductlon into the vessel 102 of a mx
of ltquids with different boiling points, or a liquid

containing different fractions of boiling points, a

wh 13 IPGYIATHU 0Okt ppiheam:al tARPhayseRt eby, 208-0C
cooling is applied by reducing the temperature of
discrete zones of the tubular members 106, by say 30°C
per predetermined length. In 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 distillation.

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. In
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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punped into fromthe heating tank 114 to the shell 103
surroundi ng the vessel 102. The heating nmediumis

w@eoped4int o t he shell 103 via a first inlet, BOTGB2006/004347

| eaves the shell 103 fromgg final output, whereon it
returns to the heating tank 114. Wil st gl obal heating
i s_.appli to the vessel 102.. local coqli. IS, appl.i ed
ary et ret Tl Gt & S Lo o RS
21éauada@r2 newbers 106, by say 30C per predeternined
length. In this way, an increnmental tenperature
reduction along the flowpath is achieved. Condensers
ThiHofcShowy e sonnected 4o Stdnatagi o pardss Gkbkal,ong
the length of the vessel 102 to collect different
ang apoutl fareeudnsr vdtafi fferamt iyl nteanint dte achieved
mai nt ai ni n ont 1 huo flow _-there achi.evin
©f cor ic%nc%es %Il%’é |$‘1£'%1{]élj olt}g t@(é?lecrarji nri)gatncg%//v ];(eoacﬁogrusr gDIZ t,he
likde vessel 202 forks in the shape of a Y (via a
Y-branch 220) in the direction of flow, such that the
material flow ng through the tubul ar nenber 202 nmay
1t fh o al png hotdudordks: 20ba ank 2060, - i, ONe yse Lyt he
~ apparatus, downstreamfromthe Y-branch 220, "t he
incomtiemm scaf kheuded ksuQoedhaind 06 ta eof seadddly witt h
mat erial st onpte th rystallisati,on of opposite
he“’lejrhlan ﬁoarr%crl SJF érh@%%%ﬁi %C? ejf}lansli ?)tr?en}pse,ravﬁwul S B Pe
deriystatdl pedseparad ety promdee time fqrdea 26 anttals -
206b, are then col |l ected simul taneously via centrifugal

of & ket 6l 2wl PG T e dirEhe i el ect i ve

control of crystal growh,

As described earlier, the crystalline product is of a
solid form, hence solids are suspended and transported
along the vessel, although the contents of the vessel

retain at least some fluid character. The uniform and

"enhanced mixing, in particular, plug flow characteristics

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

without oscillation.

Referring once more to Figure 2, selective distillation
can be achieved as follows. A mix of liquids with
different boiling points or a liquid containing fractions
with different boiling points in the feed tank 212 is
pumped through the vessel 202, while the heating medium
of oil 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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and sinmul taneous crystal separation, cannot be
achi eved on any commercial scale in typical batch

wo e@chens2 or the like. It will al so be appar eneCT/GB2006/004347

the apparatus of present pgvention can be used such
that the rate of cooling or heating, and the initia

d.f Stenper re n dellberatel deV|at
Sh'%g gpgnoteniﬁe roaxh %(ysgafs of &lFFe¥ent S|z§ge
heaanchditfaigr ent . nDrphoIogles A s described earlier, the

crystalline product is of a solid form hence solids

are suspended and transported al ong the vesse

ThéﬂdéEN&HW 178 wGOHLNES Ofst BE+Y €8S 81 sh8halaR 1@t |%3§E
sonme fluid character. The uni form and enhanced m xi ng,

leasﬁ waret ildwuadd, pindg cRinowtdkadather ddtviegs igehiodv édiei n
e1dlick LYRS 0 ARRALALUS, 080 gLye i se lg of fachioy

I'd 'suspénsi ons “an yance 0
theswﬂmisima I liche shaftfdmet vt wayl arf semierisolw.t h or
wi t hout oscillation. Referring once nore to Figure 2 ,
selective distillation can be achieved as follows. A

OndE’é‘giééd¥ﬂ§$éﬂ@ tihy Q%%c%%%ntl%%|h'%%aQQM@t%fQ%c%s are
liquid containing fractions with different” boiling

aprpoiant £4d rFuihvg sfregeriogrie 20220 enguAPéd tscbudihatthgwo

ssel. 202, while the heating _nedi_um.of oil or steam
T O C PR MHIES T SheeRE At Ry Tatic 214 nto the

s ingtie)dn 203 1surheuraiyn @ fifve i egs ehe2@2 1 e Bid vkealdlngction
nmediumis added via a first inlet and | eaves theshel
of Fy® ﬁldﬁﬁeéfeﬂtngap&&’trﬁn SHEEr BoRTOCSSE FERsato Pene

caedld Rt K ¥ldonventional apparatus.

In all of the above cases, the apparatus 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, non-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.



The nmethod allows for the selective distillation of at
| east one liquid, and can afford the diversion of the
wo b@woafs1ma fl uid nmedia al ong di sparate tubul arPOEGB60S/004347

of the continuous flow system by way of a manifol d.
Once a steady-state is reached, |ocal heating effects

1 Imp ovegtggll I egné 55’95&8%1:%@%13 1Qe§ai§8cgrégjﬁ§té&dlbe£g%

&r én enpera uré’rncreases are

2  witsiontt Hareatshy themebheaktopdi of the Sevectiwe.
collection of two different vapours. Such a process
cannot be carried out using conventional apparatus. In
all of the above cases, the apparatus used provides
for effective and accurate tenperature regulation in
conbination with efficient m xing and di spersion of
the vessel contents, to provide and control the type,
shape, size and honogeneity of the process being
carried out, and of the products that are nade. The
tenperature regul ation can be |inear, non-linear, or a
conbi nation of linear and non-linear. A process
apparatus with nore efficient, uniform m xing, plug
flow characteristics and nmuch better heat transfer
rates avoi ds the need for scale up and all ow
crystallisers to be nmuch smaller (by factor of 30-40
fold) . This reduces capital costs, space and ot her
over head requirenents and the smaller plant has | ower
operating costs. Additionally, the plant is
ski d- nounted and portabl e. | nprovenents and
nodi fications may be incorporated herein
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wi t hout deviating fromthe scope of the invention
.CLAIM5S 1 . An apparatus for controlling a process,

w@ommpisEing a vessel adapted to receive and di BChaBg®6/004347
fluids, and having a serieg of tubular nmenbers, each
defining a discrete process zone, arranged and

crLzofgy atively connected in a flow systemto form at

— teast one continuous fluid flow path having an inl et
and an outlet, wherein mxing neans is provided within
the flow path, and wherein each process zone has

L. te?%%raé% %—‘trdesg%%ft 595 tReAnS U8t HFOSES SrhEPEPS ipdng a
ef feedd1g dRIMIBLY & LMD ladefi@ldharde AUids, and
apparatus as clainmed in claim1l wherein'the
t efFerdiUrde SeegRsattiing Wedies aempeirses eglcdbalefining a
te egilati me .. An _apparat us as
A R e Al b arsl SRBrBEr T8nd t he
gl clvainammrerat wr & loegulyattieng trednsmake Sebstashieal |y
co-axi.al . 4 . .apparatus as clainmed in clains 2 or 3
\Ahecroéﬁ%rt%élsgﬁﬁnb’&% &3r?ﬁ’e|p§ttu £7dg6 & AGlREanadi ana
shelur gt wervers hﬁ&iﬁq@bweé&asm%b%&ovéded%i%@%f @Bgs
as claimed in claim4 wherein the internal surface o
t he 1tk |92 tdonpemids @h eate Lne goicho e ofcies s BoneAhaappar at us

' ' : .ein_the gl I
ot r S Peat b sa Heanatiod S abiRed StPrare Frow
ar edigerEmy tehpeireé ure aosithstianterein.
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An apparatus as claimed in claim 1 wherein the
temperature regulating means comprises global

temperature regulating means.

An apparatus as claimed in claim 2 wherein the
tubular member and the global temperature regulating

means are substantially co-axial.

An apparatus as claimed in claims 2 or 3 wherein the
global temperature regulating means is a shell that

covers the tubular member.

An apparatus as claimed in claim 4 wherein the
internal surface of the shell comprises at least one

fin.

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

flowing in the vessel.
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flowng in the vessel.7 . An apparatus as clained in
clains 2 to 5 wherein the gl obal tenperature

WO e@aloei4ing means has a co-current flow arr ange@EGB2006/004347

10.

11.

12.

13.

relative to a substance flowing in the vessel. 8 . An
apparatus as clained in gr?y precedi ng cl ai mwherein
the tenperature regqul ati ng neans further conprises
| ocal tenperature regulating neans. 9 . An apparatus

as, ¢l gigggaﬂ& olaimg whersl nfhe.d ocalo teRpRIALW & he
r egul At ng means i s operatively connected to the

gl @babal ermpereataine o etrgwla ningreessns @S An pparaiant
as claimed in clains 8 or 9 wherein th ocal . ‘
t ehpeY a2 ir & greébqﬂqéﬁ S edhst oa}rpsrl‘llrbssetsa%aé S gfra% 5ot !

bragpehessidmt extend froma manifold. 11. An apparatus
as clainmed in claim 10 wherein the branches are
j uxt aposed to the tubular nmenbers, that define

di scr ZONeS e d2in A FPPAE A dUSh P xd ah med i n
clélgrr%{)%)“p%&%iassv\her el ne(t}h%anten%er ature of each branch
i swhadependeattemmperd Tt ¢ edegdBat Ang apprat s idser

claimed,in ecedi ng_cl ai m wh ' ] Xi
meSAEPEHRP? ?ﬁ%%g ‘b?fﬂﬁ%? ?W%fr%%ﬁ?e%%?ﬁ%%g : 1
apparatus as clainmed in claim13 wherein the baffles,

extend inwardly frominterior surfaces of the tubiJI ar.
meAbepsPaIStuAP apphr Hred 48 elaifed YREEPHRntla Loce
Mh%égbgrgpgre regulating means is operatively

connected to the global temperature regulating

means.

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

series of branches that extend from a manifold.

An apparatus as claimed in claim 10 wherein the
branches are juxtaposed to the tubular members, that

define discrete process zones.

An apparatus as claimed in claims 10 or 11 wherein
the temperature of each branch is independently

controlled.

An apparatus as claimed in any preceding claim
wherein the mixing means comprises a plurality of

baffles.
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14

15

16

17.

18.

19.

20.

tubul ar nmenbers are cylindrical tubes, and said
baffles are provided as orificed plates extending

tubes. 16. An apparatus as clainmed in clains 13 to 15
wherein the baffles are @nted onrails attached to
the i nner surfaces of the tubul ar nenmbers. 17. An

appat at R B3t ¢F a7 Frel 3 ineshyi rpradesidl NG otk ma Hfrurtthiser

conprisi g &+ s¢ ‘P‘%I% eans tq su a feed
of at | east onéer?(?I owa elSS}JrnE\g‘:ngO}afl[1 {Tllo%attehrelovresssugqoé.aycfﬁ O%
apparat uscabaxc|regmezks.n any preceding claimfurther

conprising at | east one process regul ati ng neans. 19.
An apparatus as clainmed in claim 18 wherein the at

| et opiea PIOCESSs rEGUmRid NG, Mans, i1 epeyAaLiyehe
connected to the tubular nenbers. 20. An apparatus as

cl dieidah RIBRNES P Orevig netvdicsin e Spr eeek said
requl Bt idg JRANS: SO SE5 AL dieast e dd IRl adapt ed

to selectively renove precipita erial’s
appaadt aksl nsiotaided dwarcdsaithnel &eort v oghemei n t he at

| east, on rocess reqgul ating neans conpri ses nmeans for
i nt'r lurécl?%gcaglngt@%ﬁsr'acti ng nedia. 22. An apparatus as
claimed in claim21 wherein the neans for introducing

and extracting nedia conprises at |east one fluid
i nlfdt WRAG Butd etcldaesl fior ollsdms 13 to 15 wherein

the baffles are mounted on rails attached to the

inner surfaces of the tubular members.

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.

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

means.

An apparatus as claimed in claim 18 wherein the at
least one process regulating means is operatively

connected to the tubular members.

An apparatus as claimed in claims 18 or 19 wherein
the process regulating means comprises at least one
filter adapted to selectively remove precipitated

materials.
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addition or extraction of fluids. 23. An apparatus as
clainmed in any precedi ng clai mwherein the apparatus

wo ewovies1zonpri ses at | east one port for ventiPQI/&B2006/004347
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22

23

24.

25.

26.

27.

28.

substantially fluid substg&ce. 24. An apparatus as
claimed in any preceding ai m wherein the tubul ar
nmenbers are configured to follow a successi on of

-1 ety FRPARS U Sn €1 gHaRE. 1p5cladmapBaeat 48 HWheeranned

| naRy B aeediing ¢ %&%b@@%r%éﬁuﬁﬁﬁ'BBbMEgBS"E§R§£§ses
further conprise at | east one mani ford a apte 0
di weenst e rf liowrolduchagcentepksretttiithg madukar nenber
al ong nore than one flowpath. 26. An apparatus as

claimed in any preceding claimfurther conprising flow

.conir elpparans soper allaveky cangestfd2towvhBecvaSsRh. 27.

An apparatus ,as clained in claim 26 wherein the flow

coffEPOIS @dnd itE oalaprddapd erfeertipat MrdeasCerrplags
flaw afcamedicad hffl%liglh ih*ﬂ%thﬁa%r g?ﬁééﬁ QQQﬁ‘anf‘l Bfe

claimed in clainms 26 or 27 wherein ow contro
meadsliitg cad apt ek trecitpieni afefanddai.ntai n uni f orm
m xing and efficient dispersion of at |east one fluid

in the vessel. 29. An apparatus as clainmed in claim 28

.whaneiapphe thisowsc enkh ek dmeansngoppeLsasngnc0seh! | at or

adagﬁed,to impart notion to the at |east one fluid.
30VNER CAPp &gt GPPRS 2k FBthRTCFaMRE 1265t Bt 20 ARkl @@

the of oW GoRhel nieans ubs+adapLedyt @18PR! ¥uBsPshce.

An apparatus as claimed in any preceding claim
wherein the tubular members are configured to follow

a succession of return paths in one plane.

An apparatus as claimed in any preceding claim
wherein the tubular members further comprise at
least one manifold adapted to divert the flow of the
contents of the tubular member along more than one

flowpath.

An apparatus as claimed in any preceding claim
further comprising flow control means operatively

connected to the vessel.

An apparatus as claimed in claim 26 wherein the flow
control means 1is adapted to effect continuous or

plug flow of media through the vessel.

An apparatus as claimed in claims 26 or 27 wherein

the flow control means is adapted to initiate and



o J o o0 W N R

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

fl ow Reynol ds nunber > 100 on the at |east one fluid.
31. A nethod for continuously controlling a process
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30

31.

32.

33.

to a predeterm ned regine 2conprising formng a

conti nuous rom13ysten1fo? fluid nedia froma
plurality of tubular menbers operatively connected to
pefMFP AL YredrrinfedinenanleréERFoGER, déaprredbal af
menhen RIQViding1a;di Serehe pLagess zone, providing in
each tubul ar nenber m xi ng neans, providing
tenperature regul ati ng neans j uxtaposed to each

I , duci fluid [ .h I
S RBIReE, L Eade [ Ly o 2y ok e ot

meakstreli heependenblry seenthobsthelbesperakbptedotoat

| east one discrete process_zone. 32. A nethod as

cl dfwed i MOSLaPMES1 tikePEi ASRRE PBRpELHEGre is varied
in OC per nmetre or OC per mnute. 33. A nethod as
claimed in clainms 31 or 32 conprising the further step

.of Aadjppseimguishe st edpematiuiescohthe dibstrefd® phecess

zones qf the continuous flow syste uch that the . rate
o P CrETeRATe RF Ree R RraonEt: APPa JeBnatbt ont
al angut ke yhebdlsahurerhkerss 1084onAchet Bed1assel aheed in
clains 31 to 32 conprising the further step of
adFG§ﬂﬁng t he tenperatures of

A method for continuously controlling a process
applied to an at least partially fluid media
according to a predetermined 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.

A method as claimed in claim 31 wherein the
temperature is varied in °C per metre or °C per

minute.

A method as claimed in claims 31 or 32 comprising

the further step of adjusting the temperatures of
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34 .

35.

36.

37.

the discrete process zones of the continuous flow
system such that the rate of tenperature change of the

35. A nethod as clained i 3claims 31 or 32 conprising
the further step of adjusiing the tenperatures of the
di screte process zones of the continuous flow system

subh®t R&tCERE Sr RESCEF St ERPEPaPEr ENBhaAGELBROYRILPI d

me ks ki;pgaknhakongeat upul

e hod ns Ser e e el afte 3] PerB aause: Santenet
f urthire £ laidpmetliadigstciongishent eapengt bhestobul he
di%%hgﬁg process zones of the continuous flow system
suc at the rate of tenperature change of the fluid
media is non-linear along the tubular nenbers. 37. A

met hod as clained,in clainms 31 to_ 36 conprising the
uﬁtW@FgggeﬁSoggéépﬁﬁndnacéﬁéWFiﬁé tenpér aPUPELAENG

first endr@brt RecpOBE BHOUStEhQW RYSEE e?ﬁguﬁes of
finishing tenperature at a second end of the

coftfhiendegsrEtewrsypsesm zpoepr efetbenicnatiivonstaflow

val 8. A d Laimed in_clai 31 to 37
corsEEstngPhotratt hBR pB5"ET Lopfelrihrinehipdlest
condit ifans dbyeiditr adudinagnet sexht agllbAg BB auBSlar
necessary. 39. A nethod as clained in clains 31 to 38
wh&EBPRShe net hod further conprises the step of
selectively precipitating a solid.

A method as claimed in claims 31 or 32 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 linear along the tubular members.

A method as claimed in claims 31 to 32 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 tubular

members.

A method as claimed in claims 31 to 36 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.
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39.

40

41.

42.

43.

44 .

45.

40. A nethod as clainmed in claim39 wherein the
precipitated solid is crystalline. 41. A nethod as

addi ng crystallisation s fﬁs to pronote
crystallisation. 42. A nethod as clainmed in claim4l
wherein the crystallisation seeds pronote the

-cr §sfakhpdads ofl aEme@l ynoRtaenandi oher 37 r epNRAL ke ¢

n‘%k%f%uréﬁ?ﬁésgﬁé?ﬁg 235 8&@&?820$€ ék@&géézcondltlons

conpri sing er step o ting the
crpstahtksédCEHgn©roa&trastmggameﬁéasasonecéskaey 44.
A nethod as claimed in claim43 conprising the further
step of crystallising and collecting the opposite
enanike@ABH. a45c1Aineihefd asathai PEdtbn3gl @h8rddn the
wherein the crystallisation and collection of the two
oppEshee EnBREFBNBPEPTSSaFt ERfafbaPrbef weeheEhevE s

op o] Amet hod as clained i n claim
4B%%E?§%EQ? ébc$§§§% |sat|on and coIIectlon of t he
two opposite enantloners | s simul taneous .

rising the

U e nER g e e el i bt aains%?wﬁﬁaeéﬁogﬁsst one

| guedipd8at&dnebhod as. celataediha.clainms 31 to 47
conprising the further step of diverting the flow of

the fluid nedia al ong di sparate tubul ar nmenbers of the
A method as claimed in claim 40 comprising the

further step of adding crystallisation seeds to

promote crystallisation.

A method as claimed in claim 41 wherein the
crystallisation seeds promote the crystallisation of

only one enantiomer from a racemic mixture.

A method as claimed in claim 42 comprising the
further step of collecting the crystallised

enantiomer using at least one filter.

A method as claimed in claim 43 comprising the
further step of crystallising and collecting the

opposite enantiomer.

A method as claimed in claim 44 wherein the
crystallisation and collection of the two opposite
enantiomers i1s alternated between the two opposite

enantiomers.
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46.

47.

48.

A method as
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claimed in claim 44 wherein the

crystallisation and collection of the two opposite

enantiomers

A method as
the further

one liquid.

A method as
the further

media along

is simultaneous.

claimed in claims 31 to 46 comprising

step of selectively distilling at least

.claimed in claims 31 to 47 comprising

step of diverting the flow of the fluid

disparate tubular members of the

continuous flow system by way of a manifold.



