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WD 2007/ 060412 PCT/ GB2006/ 001347 1 1 Inproved
Appar atus and Method for Tenperature Controlled 2
Processes 3 4 The present invention relates to an

WOIBY/%PIE and method 5 for controlling a prd&d&EB2006/004347

especially offering contralled 6 and consi stent
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
industries. 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.
However, the degree to which tenperature 23

ImpegvéedtApparats iand Matihod orcFeipagaburd cChninplleah
rbe Sgg!q\lFlRl\/ATION COPY WO 2007/ 060412 PCT/ GB2006/ 604347
Brgces&®htrolled in batch reactors is restricted - in

many 2 cases, coollng to a final deS|red tenperature
can take u to several days.. 4 5 As it can be

Thg; PFPESRE 1 SECACH Y (o Pof T REBAZStES ard method

for controlling a process, especlially offering controlled

and consistent temperature regulation.

Temperature contreol 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

processaes on a large commercial scale.

Traditicnally, 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

regulaticn, and in particular cooling or heating, can be

CONFIRMATION COPY
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6 tenperature of a batch reactor, cooling and heating
often 7 occur with inhonogeneity; that is, different
areas of the 8 reactor cool or heat at different

WPOWD6MiRe rate of 9 tenperature change (nmea®GlEEBINGH004347

degrees centigrade per 1®mnute (Cmn)) is
difficult to keep constant over the 11 whole vol une

controhbed atvk, batnch aarctdie Wiokesekithed12 in many
many of the 13

cool i ng/ heatin eriod. As a result,
cafP S irel St HE Sk, doaiand SHEDBFAt ARG ctan faks up
toupgests pbdeys 14 characteristics. For exanple,
di fferent heating or 15 cooling rates in a reactor
lead to different reaction 16 rates, which in turn

AsTresulbis pd f 10 17 _si pyoduct s
sthereby reéﬁgﬁﬁégﬁﬁgkééﬁé@%Fg?%§¥ é?é#gg%rthﬁS
tempevetsiorhfa daicrereactoesscobhiheasdseeHfidd often

S [ oduct.s, .a.tenperatyr radient wthin a
océ%yvégé}glﬂrﬁrladﬁoﬁ?% ulgc ’cfcﬁ&/‘gf:aﬁg'oalgif%%?*%n"l‘reas of the
reavtphotogl esr archt 2t diiffferent shees, |Thadgidd gy it
N is common for 22 crystallisation products to stick to
SRR TS R (ReesyrrdadPofl8ITRes (Feketgrade per

miglisadvantags ofi Dakie iaet 0bskbep 2pihials LAY dgnot
of fer a convenient, effective or %5 efficient way of
whk af et iRy o fifher dankyypad everr ke avhol@eof orheexanpl e
SENY | B 5 ; Sever al . SS i n f ood
COi ndus)try al%sgo%réé:cﬁ’?lr'e t eg ﬁgggggbrlg%réy a%%mgb%si st ent
Predmrplswithaahsedatior batBbr re830texanmd®: undesirable

i satjon m |k and the nuf acture of 31
ch cﬁo%:tg%%tszﬁrdégdui %fé’raeé‘%“??SH gﬁff%?%mefaa’?”i%(ﬂrease or
cogRindporazse iim at erperatruleadves @i seérdel iQhafidi me.
3 Howev the fine cg;trol of these conditions can

3 I, .
E2 S TS 20 0804 12 SBETP R OBB? OB 1 T more
sidy QYRR tharebgaret@st hyCEné Nee TALE: At YWNiLh 1$uGH
2 processes can be carried out. 3
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. 1In 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 contreol of these conditions can prove
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4 Therefore, it is an object of the present invention
to 5 overcone at |east sone of the drawbacks
associated wwth 6 the prior art. 7 8 A further

WORPTA0YE the invention is to provide a 9 vePEA{GH806/004347

apparatus readily adaptable to a nunber of 10
differing processes, and a nethod of use thereof for
problepwduct i rgdsueh pescessesthd Zratld fuithen aiues and
fgyee%t% of tEe inventéon wi Il beconme 14 apparent from
PIESEANG (RE PoI FBWhY dedeription. 15 16 According to
a first aspect of the present invention 17 there is
provi ded an apparatus for controlling a process, 18
ThesRsrrsing talvedBePPIfHDIN the muasans dndedtschatge
ovkcholiei @%, 1889t ha¥td %2 SR 165 o YL TEPRE! S 1h
each 20 defining a discrete process zone, arrange%
thgngraeropatati vel y connected in a flow systemto form
at least 22 one continuous fluid flow path having an

inlet and an 23 outlet, wherein mxing nmeans is
A fuothded owiehtnof hiehd liowerid (patils, tangrekenei 8 each

.has tenperature regulatin 25 means | uxt aposed
vetRaEACE PEPILRF ot Tonf f s g 26 S0 onPRBPSE HaF of n.
diZZe28nBr ekecabbys| hend eMmpesaidd & eQel ahiPgoREAYS

ri.ses | obal tenperature regul ating neans.

conp 29 g
coggusrdpgr SHFY PReCRIMA-ar nenber and the tenperature
32 regul ating neans are substantially co-axial. 33 WO
2007/ 060412 PCT/ GB2006/ 004347 4 1 Preferably the
Fugithpsl adBapardt e Eedeyuifatthey imvans ios aill 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

r

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
nmeans 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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2 shell that covers the tubular nenber. 3 4 The

internal surface of the shell may conprise at least 5

one fin. The fins can be fixed to the inside of the 6
WeR8VYo6pd2pr onot e t ur bul ence and enhance the @CTiIGH2006094347

of 7 cooling and/or heatimg. 8 9 The globa

tenperature regul ati ng neans can have a

PrEPURLST 5 CURL €T 011 GQnldihent e f {:8?4.1%{%‘(2 ep{r t:}{sla 12

Preferably the tenperature regulating ne

shé 3l conpt | sevelvcdie ttermpérat megbeegul ati ng neans. 14
15 The |l ocal tenperature regul ati ng neans can be
operatively 16 connected to the gl obal tenperature

The egmtatﬂmg seafsce afl thk? shallcaapr t@r@pﬂlﬁri@iéﬁst
nches_t hat, ext end fr%n1a 18 mani fol d. Furt her nore,

On?h 1% anbhest Pah $8 AfxEag6Sedot Bhe 1505 e (b
shBRIbEs SpEhiad t lafu Nt iR edianar 8BhRaREOCESS £ ZONGR-y The

temperature of each branch can be 21 |ndependently
CogbhRY R PMPL dpeatifigrher ef ore, the vessel can be set

such that the 24 tenperature of the contents is

different in different 25 process zones or flow paths.
Thghgsoah tﬁmmEW&tQM£uxam@hying6maadscomsiEdw&ﬂdy,

| he 27 i th
ol b B B AR o MO i oPE 6 e o vessel .

This is very useful in applications such as 29
stallisation and distillation where the accurate 30

(o
PrEEREThLY FOE oA hAEUHLaT §AT (TEaRE § HIEIT on ¢ he
coRpr £86s PI OERICt erdre AP 12@0 ££80941 2n FGRL 82006/ 004347 5

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
crystaliisation and distillation where the accéurate
control of temperature has a significant impact on the

end product.
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1 The preferred m xi ng neans conprises at | east one
baffle, 2 nore preferably a plurality thereof. 3 4
The, or each, baffle extends inwardly frominterior 5
WOUMTAeRH2 of t he tubul ar nmenbers. 6 7 Pref er ROMGB268®iI004347
tubul ar nenbers are cylindrical tubes, 8 and said
baffles are provided as plates extending 9 radially
' Iy h t i lidulid Gle bd@rle,
Thé‘t %&%E%§ftle%§qs%ﬁtg E‘ggglge%&nng{/lgbignﬁnt ed on rails
morat toaelfedaid vt lae pilimel ity 3tikewdaies of the tubul ar
menbers. The baffles are 14 preferably orifice
baffles. 15 16 Preferably the apparatus further
TheC O is2esh abafddet eabendd 7iswppdly ntcors to-esuppl y a
feed of at |eas ne flowable 18 nedia to the vessel.
SUPQ?CQEO°5bﬁ¢§h§@%§39ﬁemgﬁBgfitus further conprises at
| east one 21 process regul ating neans. The process
regul ati ng neans 22 can be operative|y connect %d to
Prafrraiipul aﬁalnéem%.arz@emlzar%%r%r%@e%%dlf IRG
pg?ﬂ ri ; t falt&td pted to
NGe eZ%?%%?ﬁgggﬁ%%gpg%g%?gﬁtzﬁgglggé%ateriaf?gﬁThe
raquraicles simvepd s ttiowg nesa s enagntoepe £ seho 7c ey e
¢ i ntroduci ng and extracting nedia. Such process 28
u?% ul ati ng neans may be provided in the plane of the
29 tubul ar assenbly or above or bel ow as necessary.

30 31 The pr i th locally .
ThE G T B TR b P PRLF B o2 BhE Byhr DY tihd B8

suZPiCe ¢ @ie | a5 MOM262+86041Re PEI £ €EB20 06104347

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 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 exﬁracting media. Such process
regulating means may be provided in the plane of the

tubular assembly or above cr 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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6 1 one fluid inlet and/or outlet neans for the
addition or 2 extraction of fluids. 3 4 The nedi a
may be gases, vapours, liquids, or particles of 5 a

We200/0§9d2ri buti on enabling themto behave as PCT((GB806/004347

or 6 be readily introduceg and carried into the fluid
flow 7 within the tubular nenbers of the vessel. 8 9

onBr efigtabl yidhe, appar alus Jutlther %8@%}126%8&5&8%5&
10 Ty ui

one port for venting a substantia

exsypstaneeot 1lyiduse of the aforesai d apparatus the
substance can be a 12 mxture of niscible or
imm scible fluids; a reaction 13 m xture of a chem ca

Theeaeﬁi@nmaﬁl?ésmayeﬁxnvapbuk%ﬁsQ&Q%E&EQDorﬁFa@ﬂyb§ééﬁﬁf
Qr, _m cro-enulsjon; or_any other suitabl e materia
2 8 2f St orE THa iR e dbatose Pehpue 38 fluids, or
bePkepal Ly etnt Adduddd ki ef-allivdt hatbubykag 1 DL o4, S
configured to follow a 19 succession of return paths

witRignkh| B kHe MaRPS ST inghe veeselbstantial |y
repeating S-pattern or serpentine flowpath. 21 22
Optionally the tubular nenber further conprises at

Predgsablp3timenpranid il faddpeed coopdivest at heedsovornd

e 4 t.he .t.ubyl ar..menber. al ong nore than
po%ﬁefggg‘t!v\%g%%g %6 s%tﬁ%et aﬁgéﬂ 5}‘1&@?{53?#% €tonpri se
Tnaupkuchl thy afokdint engenaeckednki shbsdehiai B8n oemDN
ele alternativel 28 different, possibly divergent,

LRFBRB AT haThyF R o TR SCIS ek ShBLaS, V2 copmektaRs. 30
midtufBeot UputraimiRbersa d@bnhe aaki gpedsi Anpagal lel in

one 32 plane, and connected by U connectors to forma
suﬁpﬁpg;Q@y an emulsion 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 ccnnected by U-connectors to form a plurality

of return paths close enough together to reduce the area
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33 of return paths close enough together to reduce the
area WD 2007/060412 PCT/ (82006/1104347 7 1 or
"footprint" required but spaced apart to forma grid
w9 7;9&?‘?"’&“13 assenbly. 3 4 The apparatus pref ePEBIGB2006/004347

conprises a plurality of flubular 5 nenbers
operatively connected and configured to followa 6

or Cofvsypitien "orrcg@ipent bne ppided a0t ime Adiem apgadat us
to 7 arelatively conpact volune (small footprint). 8

pPaLepe SRR -nenber s may be al ternatively positioned
and 10 assenbl ed using C connectors to provide a
substantially 11 S-shaped configuration wherein the

The \anpaira ishivae egab ly 1 2ompF &s edmpavkusa ddse@f] égbular

diyer gi 1 0 ' t than

mefit B U ok ety R Rt Y A AL Fo1 1030

co¢p unodd @, sBrpeaténecpesh- po ecendine ttharmpidagladus to
al] ows the contents of the tupular menber, to be 17

2 S STrer P SaTirsndehbrt FHamFaHE M ow pat h
This 18 is useful when it is desirable split the
contents of the 19 tubular nenber into nore than one

The ey utar MFTRSFS 8G¢nPeopltaatat Herly Rt etoret es
asS&b ey SUPIRFlctRrdicbh8k8Nto Blot¥desa ofudmniniylatiion.

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

S pl ek ecQf lavaetiione MNEAREY P et P31 kU IRIRE T SMaiTkst
moigec&h{'aec!tl:}?'aests)émﬁﬁg ?ea_SL%ggﬁQtéP 1{59&%&_}9 atr%g
opposSite enantioner. I n another ekxanpl €, ore of
cobhergietiashedrs theol edingl ati petyl il ckly to produce
26 small crystals, whilst the other noiety is cool ed
27 relatively slowy to produce |arger crystals. 28
Th@%a &t ef sl 4 e jappadiahysTHpiéber Cofgy+siasd loaw
control _ 30 neans operatively connected to the vessel.
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 contents 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 quickly to produce
small crystals, whilst the other moilety 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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31 32 Preferably the flow control nmeans effects
conti nuous, or 33 plug flow, of nedia through the
vessel . WD 2007/060412 PCT/ G82006/ 004347 8 1 2 The
W89/ %8R r ol means nmay be adapted to initiat @CRGEB20MB/004347
mai ntain uni formm xing agd efficient dispersion of at
4 |least one fluid in the vessel. 5 6 Preferably, the
fl ow control neans conprises an 7 oscill ator adapted
to inpart notion to the at least one 8 fluid. The
ThéImewxnnntﬂohﬂmaassnmyybbeadappEddttneﬁnﬂqiaie @naet
L@MIRE nol ds nunbe é 0 gn t he a% | east, one f|UId
MY rHE Tt o W&f/‘lB@ 8& FF&LGFG hottBrEESieD PF 2
ledoCofred NELUiel dnsedengeaspect of the present invention
13 there is provided a nethod for continuously
controlling a 14 process applied to an at | east

profdidigd )y talizd edbaclelaneahdi RenbLL fePrLdet erm ned
regi me, conprising formng a 16 continuous flow

OS%J;/JSJE@W Grdaptgidd tredinpatEonriipnutal thy atldegistt gbel ar
fl@fcﬂ'rber’lsné)pf:efo%t IC\é?ILtYCO ogggﬁge %gb?e%cﬁ%éatgcl lﬁ&gp%)%y a

conmmuni cat'i on theret roug
ne@rf&@mﬂR@yndm@san@mbeme?elpﬁooasSheome lgor=0victhend 1udd .

bul a d
Th? rﬁééﬁtﬁi? Fggﬁﬁgﬁ}ﬁagﬁ§¥n§ggigﬁzgfapg;géltgngach

tubular menber, introducing fluid 22 nedia to the flow
Sys en1and controlllng the tenperature ul ati ng

Ac o9 ﬁdéﬁ@ﬁ&énﬁﬁyee*énpﬁogg?her%%ferlat‘?{ﬁn%wm of

théte | ﬁ@%ﬁr&ﬂ@e@l‘ SChekB RN 86858 0ARNRuoRSLy 2Bnt1TRLROd
of the present invention is able to deliver 27 |inear

pProfemomppest toconspét éraser pAshiebhsi Shwld meglia
acl SFPH ALY & HHARARE AT ndd  YAGIHAD Olmbi & Ar3hAACE

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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29 30 The fluid nedia can be a mxture of m scible or

31 imm scible fluids; a dispersion, a suspension, an

32 emul sion or mcro-emulsion; or any other suitable
WOEWHSH1860412 PCT/ GB2006/ 004347 9 1 mat er i RCTEIB006/004347

m xture that has at |east sonme fluid 2 properties. 3

4 Preferably the tenperature is varied in C per netre

naberidl Gpefiiuwd enf nasORki 0paklysbhe PEH}gd
9

conprises the further step of 8 adjustin
PreRApetet ures of the discrete process zones 9 of the
conti nuous flow system such that the rate of 10
tenperature change of the fluid nmedia is consistent
Prafempli lthae snpnrdaduneedbersrid® id3°Al per nadinelor

octéﬁ&rﬁgﬁgggponprhses the further step of 14 adjusting
the tenperatures of the discrete process zones 15 of

the continuous flow system such that the rate of 16
e ture change of the fluid nmedia is inconsistent
Opﬁﬁonfgﬁ%g@@%% “t%?ﬂdarcoweﬁbé%. the funthopr i gien (9f t he
d ¥ Id r e t ' ' t he
ad f1es oty e?gfeo rah@rdr bhenst 805 Of o 20 r@ﬁéé{%&é %%ntege

t enper at ures the discrete process zo
of oMt | FRIBUL YT idpst smssashsedatthae Tie erafe 2

ter I dggyw t id.media is linear alon

the é%k%dghlar %gh%éﬁsgfaihuﬂgd%@t%ﬁrﬁﬁ?iﬁﬁ Nt,glon

thergt ol asommrbses .t he further step of 26 adjusting the
tenperatures of the discrete process zones 27 of the
conti nuous flow system such that the rate of

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.

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 6f the discrete process 2ones
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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28 tenperature change of the fluid nmedia is non-linear
along 29 the tubular nenbers. 30 31 The net hod nay
optionally conprise the further step of 32 setting a

WQtzéiW‘fﬁH’gutenper ature at a first end of the 3PCT/GB2006/004347

conti nuous flow system arxha finishing tenperature at
a WD 2007/ 060412 PCT/ GB2006/ 004347 10 1 second end of

seiche:dcentd muouhel Lo SYSE QM £18, % JUgdet g/ ned
const ant, val ues. This can be used to '3 selectlvely
prefyeieamingd cepstans vt luepar tTcid aramd beoupbal ogy. 5
s «OPt 0 ris the fyrther step of
gﬁfgg??Lg¥¥ gg%?gégsgr%on c%ﬁs M EHGAGCi ng or
mogpé%ﬂpﬁwtlng medi a as necessary 9 10 Preferably the
met hod conprises the further step of 11 selectively
precipitating a solid. The precipitated 12 solid may
Opbeooayiyathanmetﬂad ddmgptdeanaliley rihe naet hed, coppri ses
agth urt r steE of 15 addi ng crystalllsatlo% Sseeds to
;L:S Shotd ?sPBP FESt Tt ias) PyTHAtsedusinmyopr oot e
exthecﬁiﬁgtﬂbhi&a&éoﬂbé€5é¥ﬂyM one 18 enantioner froma
racem c mxture. 19 20 Optionally the method
conprises the further step of 21 collecting the
Pr&t i_ng.at Iea one, 22 filter.
R e S ta £ PN 6 F GPeRer ek dpf of
5eé??%t%?lysPh@ClQitaﬂmhgxﬂIsedhung rhe pppespi€ated

s08PaNhL 9NEL - crystalline.

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 copposite 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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26 27 Optionally the crystallisation and collection

of the two 28 opposite enantioners is alternated

bet ween the two 29 opposite enantioners. 30 31
WR2EV&t12vel y, the crystallisation and col | e ®CTEIB20f6/004347

the 32 two opposite enantilners is sinultaneous. 33

WO 2007/ 060412 PCT/ GB2006/ 004347 11 1 The nethod may

TROWLhSE hhG EsmbheseStRP Afr SRl eGayeby s%lggﬁﬁ!véi*”g
at. least one liquid. The nethod allows for I qulf ds
dittidilfingr aht 1pasti age pbiaeidt o e diethicd| edlbws dor
Lf:fer ent sdi [» 6 The, net hqd. may
LR S IREPFEARPOSEERS s kg BREC TS Ao o)
differkhti disedeée apongeds sparet.e t ubul ar menbers 8 of
the continuous flow system by way of a manifold. 9 10
By using a manifold or simlar device, for exanple a

THé mikthpdneoay ocompr Ts@i ek€, £15080s @k pPBESHLGerting the
fenantfl g{_{erf can be 12 added sinultaneously to each
T%REpaPR FELHRAPEIER v 59 T sprae teutEPBAAB oURERS Y t h

oORPRS bt eRASEE OFEES SPBLdR thA Wahod¥Cedranifo14.
si mul t aneously. This cannot be acChieved In 1%

traditional devices. In addition, or alternatively,

B PR ind650faLh oxnpat hs, .cQOl relatively .
}guiéﬁ%yatoa17ﬁ%$%d%ge§gﬁ%ﬁﬁpégﬁgggrs%gﬁhg %%p¥ﬁe¥o¥her
Jurstdonl ed TSietat | vedys shOWppdsdtpr edaaeibaegercan be

I This ai 19 .,cannot be_ achieved,in
& Jreéié%? {ﬂ%%%?ne i S,J.QO Z%acﬁiﬂﬂ‘i'e pﬁ‘?‘&‘c EEEPSEELY 8L NS 0
tHdti puiraveotpomaerwitls sh 22« emparabieest 8aRehe
contralled g% selectgd process zones, 23 and

PISSECERaP Y LF A 18t tHe-Hre0ees be rrhiewedi My or

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 ke 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 pasteurisaticn,
or may involve an intervention £o 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 appropriaﬁe
conditions initially in one zone, and the intermediate

may be optionally removed from a subsequent zone or
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24 extracting nedia at selected process zones. 25 26
The process may be one requiring purely tenperature 27
control |l ed processing of fluids, such as

WE280748P413at i on, 28 or may invol ve an i nter v@ETI@RQH0347

add materials such as 291gzeed crystals in a regul ated
crystal growth process, or a 30 staged chem ca

Leaghi QF r e tq.far l.nt | at e
e Tt Tt ptor ey o Gty oy apg el BRAETLE LS
priepateak| ¢ovpsorean aeodunid asheaiynber apgdirapeiaB8. may be

optionally renoved froma subsequent zone or WO

2007/ 060412 PCT/ GB2006/ 004347 12 1 reacted with a

Theuptrheent ehgeatt kbn avislibsequéert dzeaeibaed Bypwepase a
downstream product as may he propriate. 3 4 The,

X EREL B DLy S Ho 5 10 T e LHBs CEPBORSRY LMy dBr" 510

inexaaphe only, with reference to the acconpanying

drawings 6 in which: 7 8 Figure 1 is a schematic
view of a serpentine flowath 9 oscillatory baffled

Fi3RRAr 3t ¥ SULLRRhS: { Or - LAF T R sQbhe LonberpanBLiL e
control l ed processes; 11 12 Figur B i's a schenatic
osgiidwasprinbastl ¢4 arrpardatafs |sed tab3eafpar abusying out

t%@ %E%EG%QQCQnEE%iigﬁLéyhcé%ge%able for carrying 14 out

nperature contr processes; 15 16 Figure 3 is a
graph that illustrates a |inear cooling 17 profile

F.achie ed with the $resent %ﬁparatus; gnd 18 19
EUGGr és1AaaftRABRFHT VST ERe CdFEfEREREY cPREERRD 20
apPirahakogbasa bl Bg Nedy Uit idinf, f eheRbbeR0kbRIcE B $Sng

out temperature controlled processes;

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 is shown a process
apparatus 101 comprising a jacketed vessel 102 encased by
a shell 103. The shell 103 contains fluid which acts as
gleobal 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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22 Referring now to Figure 1 there is shown a process
23 apparatus 101 conprising a jacketed vessel 102
encased by 24 a shell 103. The shell 103 contains

WQ 9PHSRKE2Zch acts as 25 gl obal tenperature r d§ITGRAGH04347

means. The shell 103 has 226 fins (not shown) attached
toits internal surface to 27 pronote | ocal turbul ence

meiaﬁlsok@eﬁitv@rﬁnﬂéﬂﬁﬁnﬁ% her %ﬂfd@'a@n%eoﬁsEPOHéggr 5.
heati ng. Thermal isolation 29 laggings (not shown) can

Thge aeFmSMSeéwsrP%e@h@Mtn@slct@l IeMpexkiiise thgulation
me2PQ 1RG0 tReat i ngoedf &L, éﬁ% %%é%% b%ag hesf&94

connected to a terrperature nranl of m
a h@@dﬁnﬁempehaaUL@grébmi@t|dﬁunéansi €ampeohtuaéves 109

| 2 a nts o ocal ragfure
reddadd ol RSEH b RS st e G0 B ga9aE 4G tank
llneamﬁ Bopdmpellsheatlng or cooling as the user

desires. 2 The arrows superposed on the | oca
- tenperature regulation 3 nmeans indicate the

Th‘éObHéts%relCll@QeH£sdér)]€Eﬁffﬂh@ d4 %bfs%ntlam 01?5?5‘11&1

heating fluid. The cal tenperature 5 regu I on
LuRNARS MSTBGEREpPRE IRPIDER teastRtihey Feati-hgndanko? 61r1164

se?pdn? 1REBathPon 7 ﬁi%%é’%%q]oﬁ%ntﬂ iné §%§£ 'tIYO f

substantially parall ers jO ne
whiicfeeler asyallgbdnts q€i7lsn ThelGusdepenti aeligashi on.

2 baf f | 1 whj ch
Yo SRR LRSS AR el RLERGRLS o
thmemeeslanozwbems taditint i fdde@ndAbtached4@ sk

1%he %gssel i t the react nt f eed end are a feed
afR® £4PYT3 i‘n% % eBé’c“WEeﬁ PhaNPuRDS 1135 3

10theheessek p&@lﬂ_ﬂ&ué&eﬁ eflc&a RRYdr 9R9daaqfbow ppter
117 and an input 16 control valve 118. At the product

CoRGIPdc VRdN et of Athd-he Prasisd] coddechbpe ¢rd of the
veQQQQGQdetﬁeESnlé'ééﬂﬁécﬁﬁpé{ﬁk%ErQEug;§ Qeﬁgééggflqg

t ank
a collectlng 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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20 The feed tank 112 and punp 113 act as a supply
means to 21 supply a feed. of at |east one flowable
media to the 22 vessel 102. 23 24 The baffles 108

WO Awar dly frominterior surfaces of 2BCTiGB2006/004347

tubul ar nenbers 106 whichidare provided as cylindrica
26 tubes. The baffles 108 are provided as orificed
ALRAIRI ved §, e&h@n%ggei Al Rl Med MR % ALWRT dS %Hgle
centre of “the 28 cylindrical tubes, and mounte
unifaj Ifor( weeTphews) copBi e etk 1us itdne fioned $or Baces
f 1 e 6, The vess can
de%ge%%g%#?%%@ééggggt éf(unlg}? ojtq} ki %rutcﬁcure §ufl§r rgnh%f
foﬁlﬁﬁfﬂx@@ab cehtinnonmeﬁlamiﬁathluﬂmmsbJathihendﬁ.tN!h
20Q7 0412 PCT/ G3B2006/ 004347 4 1 Alternativehg, t he
e EaP{eFS the FOF moriskratigice PUFBgRes; FBPWD

as %\Xaﬁ[ﬁic%séléﬁnbfndﬁﬂﬁl@i(téé@spn draREd A pdrdeskled
conflguratlon or any ot her structure suitable 4 for

ang grhioRg &1E8fRt FALBUESFIB . (U €3, Gubiensle) i Kot hi s

pre%e@?&a@pls%rbgﬁtYﬁésﬁbrxhs’11{ QFidyl ll:}éSturrﬁfe'r\é%oBﬂr PASESit
shown 6 as a succession of tubular cells, arrangeh
carpz’maquelanxr ahdernconec ke stiage.r o rre@ﬁ@szs( Bt or
t e er pent i Wi_| | be

corlp R S Thsa b REReRE "Bl E AN BRI e Sanvstecaee

suishdafie, ﬂam'theaapp$loétmﬂ1Gnnpamimmﬁenaqm@omﬁdddfﬁhﬁént

t he discrete s, of sane are itable for the
tenpRAuEAon GHE GAPRL BN G HApA S gazed Lo
folllI&Vp e ldicessidheot ubstwn RIS St dnbp1gaRfi gured to

13 foll ow a succession of return paths in one pl ane.

14 15 At one end of the vessel 102 there is a piston
At Jeler e b kMRakbs98gi 1AL ard Ol QN diQtlhe 18@ntEnt s

of the vessel 17 102. However, other oscillation
imppdnescid latosybueothged. to the contents of the vessel

102. However, other oscillation means can also be used.

in

Control means (not shown) are provided to control both

the stroke length and the frequency of oscillation of the

piston. The control means is coperatively connected to
the vessel 102 and is adapted to effect continuous or
plug flow of media through the wvessel 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 appliy a net flow Reynolds number > 100 on at

least one fluig.

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. TIn additicn, the

ports provide means for sensing some property of the
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18 Control neans (not shown) are provided to contro

both 19 the stroke length and the frequency of

oscillation of the 20 piston. The control neans is
wopuatiNel y connected to 21 the vessel 102 amATiGHB2006/004347

adapted to effect continugys or 22 plug flow of nedia

t hrough the vessel 102. The flow 23 control neans can

e init an 4_majntain uniform
coflt 82 8% P0AM R bBEE  Rlofra T A lihd 0T
tufbidit y natdepessile Hd2tsandhorlbbepeanibe me&madapt ed

to_apply a net, fl ow Reynqol ds. nunber > 100 on at 27
nop B R Heh i S5 A HOhber LoF2 pot bt/ BRArbut | ot
spBett6sdddy e ) tdiatsﬁ(ﬂliélaQnQnsgguﬁlgﬁt{agfl&% %gﬁ% hée

w

vessel 102, the ports being designe (
tulpeet geemieds tordprother shaapt e sbzdeohduemt B2
in28PLQr reovat i oRd Recidbubat. erber ook N Addidd Qg
the 33 ports provide neans Tor Sensing Some property
as opr @GRS O XOLA 06 IR aRST/ CBR088L 0648 4Fon1dctled dnt ertes
r nber, such as tenperature, 2
t“?ﬁ%%?ﬁ?%§§%%%:b " The ports can al so provide neans for
3 nounting X-ray diffraction (XRD), ultrasonic/Raman 4
spectroscopy (USS) or. simlar instrunentation alon
Intﬁlalf’setﬁ%%‘ﬁﬁ%y%n%m%aﬁrlt% RBnftoF St ReC3hapR WRA Sty Eher
veSEYBLBYS t& ddlSdtlikellnechBlet aaBdooubhél PASH Sinkhle
can al so be used 7 as process regul ati ng neans,

thepepattlel 92 conffctednpe ey heheg theupaedweind 2 106. 9
re&@tl@ntféScf?@%&ﬂﬂﬂ%@d,aafbh%?icﬁ[a I L1 2L Sq L0 5,456
in the 11 vessel 102 to Selectively renove a
shappseantert romdritdd cdR bhesebsselvalR. réfmrvazkanpl e,
- r t r tion is . crystallised, a
ol LR ERLY B Ry 502 LOSR LR eB B N o
crystal can be selectively renoved 15 conti nuously

fromthe vessel .102 u ng the filters. ,
The apparztus 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

substantizlly fluid substance.

The temperature regulation along the vessel 102 consists
of a global cooling/heafing leoop 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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16 17 The apparatus can have other process regul ating
nmeans 18 conprising neans for introducing and
extracting nmedia, 19 such as fluid inlet and/or

WEMEs0H2dans for the addition 20 or extract iPER/GHF2006/004347

fluids or a port for ventiigg a 21 substantially fluid
substance. 22 23 The tenperature regul ation along the

Th\ée%%ﬁbew@uﬁmﬁéﬁf§0134h@,{3m}%'§0%\§ ¢egk B9/ DSMQQ

loop In the formof a's arranged
engbdat éhe cmmmaﬁml oh ¢ach draticbn tbobeZGOthOlled

: t { | at 27
1o38EAh AR PP o T | SORETA Bl Bt OBl 20,200
actoaszaocmﬁlm@mhﬁ&ammﬁmChﬁﬁﬂk&én@S&@ahatQddmhké t he

29 tubul ar *?é§ﬁ§-106'0f t he vessel 102.

toas2!
oPpRatiSELT apRetiad s VBi CReaRES| 85 cahett ed

telh@et-Beugb obadul Bdide e ad ur @oh%aelh@htw nMeRRS in
order to enhance local 32 control” of tenperature. 33

apperasyy/ abb tﬁm/@mtows of egpehitThelasnpeneure
tonﬁglaﬁthEQ&@@&ff f%?ﬂfve cgﬁﬁroﬁﬁgggbge the

tenperature of ea contro
i ndependent |y fron1the remai ni ng branches. The

r C o e rrature requl ati
Fogn%§§$§§%’oﬁ§r%f$%% § g%ﬁ%eg?génﬁopfﬁge ﬁeF?Cgm?E?PC
caacbs astgtob=at 1ﬁbﬁém§nﬂ&m3ywldwegukambagaﬂﬁﬂés and in

igmf %Hﬁ? this 7 aratus all ows the tenperature

a 8Pn e B TR Y RN PraBEEnABAL PS B8Rt to
anc@hkeehiNed VLl ¢ ot §1od + egbmfbrat®rEQr exanPkgrthdra

controlled cool.ing process each branch 11 can be set

altsraatiner chepitfInchonaian ehyeragtipebetrgern 12 a
1n%9@5§9h1;e9n&le@ééﬂ9a§£r9§ec%§n &aglipganch can be set to

3 an increnentally hig ertmmmaUMe In a further
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 cf cooling or heating. 'Thermal isolation
laggings (nct 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 regulétion
means to divert heating or cooling as the user desires.

The arrows superposed on the local temperature regulation
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14 alternative, the branches can alternate between 15

i ncreasi ng and decreasing tenperatures. 16 17 In the

illustrated apparatus for tenperature regulation, 18
wogheifiepdat fl ows can al so be used. 19 20 RefPETIGRIMG004347

now to Figure 2, there isi1g3hown a process 21 apparatus

201 conprising a jacketed vessel 202 encased by 22 a

meéngl lnapé’ateT%esfe%hilnt%%cag%ﬂtnal£getﬁoM§ B s

3 gl obal tenperature regul ation neans. The shell 203
a hca@lalzm ¥ feeatioy SAowd) affhachedal ot empefattwranal

d t
ST LRES LA ML gL 0eL LT VLRSS O ED W
21Ihandaé pend &li5on Ai?ohaggndgsf(nhb shose) 26 Hhere
. d t h 2 [ th [
15 PR SEPh 1 st tea Lo prEe 1AL oBY R AR s St O
cofPBRest 68 {1 ardseperatyre manifold 205 form 30 a

| ocal tenperature regulation neans. Control valves 209
31 are place at points on the |local tenperature

ThE€guLati 052 %s”%a'ﬁutr%lqltgeﬁk REBLE AL P41 ggnéft}ﬁ%%a

the user desires rrows superpose _
tubgtar mempriatifte Jodgedatiogeter2b9 7P 06e4d 207 in a

s<BCTLERR005 004347 14, 1, RS HbAdLeaLe: Lhec 1. 20g

current direction o a coolant™ or
whheht ang étranbedﬂnmlcmﬁﬂs temperahmbersofe@aﬂIﬁA on

ns is with a cooling/heating t 4 214
colRE02 mEnsees B bl 80 porta TGSk eas 28
thkSvaspestom Zh0 dre lmhnqseebaabaaya@ta Oﬂaé@ ddmx 6
contents of the vessel 202. 8 The vessel 202 has a

213I ard #t RUIBR st ARERIY tb‘ﬁr QPF“EI 213 aubuthe RSASEr s
20§0§hb9é ned togetingleddy Yi1ReNER 207218 gnd 18y Sﬁ[gﬂﬁ!‘t' ne

fashi on. The vessel 202 contains baffles 208,
cophreh @rbvarihged iwmnken of Inéeﬁuﬁnérov@)tl%mcsr,ts

211 are situated along the length of the wvessel 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 séparate 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 208b 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 manifeld-type arrangements such as T-
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12 tubul ar nenbers and U-bends is not |imted.
Attached to 13 the vessel 202 at the reactant feed
end are a feed tank 14 212 and a punp 213. Between
WO RM7HeHp2 213 and the vessel 15 202 there i sPCT/GB2H6/004347
positioned a flow neter 2ig and an input 16 contro
val ve 218. A nunber of inlet and outlet ports 17 211
: Si g.t-h I t he
S A T I A R UG Ol e Ry
mapt ferds 1Gamade tised.t oFbe addwplandiiod twnohsed nfemimrtshe
vessel 202 Al Ql. ;N the v sel 02 there
col B3 ettt 9255 ChrcrRgAToay - Aefes e i e
flbheoﬂeﬁﬁelcdﬁﬁéniﬁlbﬁSthéBtubhmaSememEéﬁiéldndiﬁbre
menber s 06a %Qd 206b. The 24 contents of the two
menbers 206a and 25 206b are
separate and can be heat ed/ cool ed, added 26
to/subtracted from or otherw se adjusted probed or
The7appakt 6ds | H&lserddRery compeipesdacte sl adasireri®
reeglngaltlljilb&‘isa({h %&%lQQGaaﬁHdhggﬂ? a{)esé?&rgée%fed to
29 centrifugal separators 2l6a and ﬁi respectively.
tuB0la3t NMEbsts, reache deddnphg gi déactdiee vesswiss s, t
2 Y- n nect or will b
= I P g Par A Y R F PR £, i e
foamraﬂgEaEmtsm&ucbnainEOWE 2007606042 2path having an
CI/ GB 006/00 8 i eces, Cross-pjeces or
inkgFt Apfedy n?‘éft d/‘%‘nﬁr& | BE- X3 0FaRPRRP oS RFP btk ed.
wiEBLn€XBEDPE Bow e H, UBklAkeRBREr SacB SANCEHTIdEE s
| east one manifold adapted to divert the 4 flow of
tepRarabRtentIWRHRY feBmsal UrEABEpdl ’61?1%;‘—’5?’?%? &€ t han
efqeet&h@w@é&&mt@r@ E%%t%@_avc%%lﬁs descri bed
onprises a vessel adapted to 8 receive and discharge
f|UIdS, and having a series of 9 tubular nmenbers, each

Wigﬁfkgkggeﬁcgigégfﬁ(%op%ﬁﬁ%§% i?”%n 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 beoth 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 of
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10 arranged and operatively connected in a flow system
to 11 format |east one continuous fluid flow path
having an 12 inlet and an outlet, wherein m xing

WoRMi®6Ms2 provided 13 within the flow path, BOTGB2006/004347

wher ei n each process zongqghas 14 tenperature
regul ati ng neans juxtaposed thereto for 15 effecting

tenperature contr N, 7 Wih reference
theaﬁggﬁeﬁocEPg%FeEi$£$%P§&§dh ﬁb%ggécfédg §§?%IIisation
CenpiQeass, parsmupersal U aled aoldigreresatCeatiyBade viear

. tenperature, say 80 C fromthe tank 112 is ed,, 20

mingts d4nCYRLEY ; | REbS LFRMSS A 107 (iSTg 2t PaipI 198t et
degltk@Wo r2LofREen 135871 angl dher vHUtId=Al avial ¥BedkiSal

The cooling 22 nmedium (either water or coolant), at 5
properitd egumpedhevpgodeat s ghtaingdy fgton jtheo veRESShel |

103 fromthe 24 cooling/ heating tank 114 using a punp

115 and control 25 valves 109, counter-current to t he
Stiddl ukifer rfihgwto28igee The Tonlsaoigitigdl Wwaodleagesithe

vessel 102 fromth i 0 ef_ .a retyrn 0
£1{R0 SESTN 10dnod FRGPT A 4 By S5 CaRer oS ot
prddietglcahalc sfillawesahndf  ons i dpeddecti rBG:dlnitebnt aget her

with the local flow rates, fromsuhsequent 31 inlets,

f
it g£PFeSddreFicn st ERpefat (It HeFE e 310 ¢ 32

cerReli ARAN SRmakelt 110, rightshé aredies Rohirevedcandsa3
mai nt ai ned. "As such, the tenperature of the contents

is groni@ GG decxeRepeT] EBR0VR? OaE4Al eTperREUyesskhe
finfr?gp rt%%l ttwg'r %gmv PhbefgBe of £ degs BESy 2 (L Rhgkade per

egrees Centigrade per 3 minute
for Gl mholEhicE cduef erysteliheaiuber provgds.greater 4

cofhaly SO A L0 SIS aySeR and
coddiesteassalizeb and Shapk.referring to Figure 1, the
solution cools as it
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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8 flows fromleft to right along the vessel 102, and
the 9 product crystallises and i s suspended in

ion until 10 it cones |eaves the vessekg i _
‘Négbﬁé¥“ﬁ%to a 11 centrifugal separator 116. %Fﬁg%%m”1”
tenperature decrease 12 £@ controlled incrementally,
the initial tenperature, the 13 final tenperature and

condeanatetef oFoallitngear ainahst ant oldida frorl itrlee rwicoké 1o

the crystallisatign process. 15 Consequently, the
ove¥r 14 MidGeoRSEr-6duct is of 16 consistent size and

shape. 17 18 The apparatus in this exanple provides a
controlled and 19 consistent cooling of the solution

Thevappar staifadediild thites 220epBpd of T ASCRRdHOUSHY
coRk 9@%}&0 !fan tp%%e\é%s %glrpme abvay Sat 2dleddidefaritha 11y

con he apparatus operator. In 22 contrast,
£ lwhémed r coustrdisigcdol edpradatpanited eerdiore.  Z3€ he

ocess can t.ake ny.-hour r , .
me?éﬂ%e?%t T abetohgﬁ1 |c\))r6 &J%%t %gg 8?%%%??9 %farﬁral%gz f)gf t he
corbibahed feactrstesn ddredlvadi abita Fuet hergions 1 ittye
bul k 26 cooling gradient can be inconsistent,,and, .
of hBBRIHhTISTDS 25y BaTarrBaeFhSaont et Biidg
cofifin EXAFPE, t W AL HRFRIMENC @ akd ELBUI 8 Snerdthef &xdritains
shown a 30 graph that illustrates a-linear cooling

baffbes| evlakeh evdid aB MGG MrengppParat cdVoindhe idtesent

L O%eR] LoNyy Idk 4 X2l 8-8v39kyt 5o Sc&90l ed
R s L R R PaRua s e GB2006] 004347
pr26edscoomst antThataprdrat@sperl s hasebranobeaiwidhear

cool.in 2 over a 40 m i.Qd. At us
oo 2 PGBt i TG AERbECeatedle apraral
tuptoaesmedippt i edy dranraiudiegstlpddt natiy té fheiifdlow
syrsr?:glmaagg ngr%l:ggllt.j?ng t%eedt%tm%rerpa@%ger %gclgxqfétirrt]ge 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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7 method as described involves the steps of formng a

8 continuous flow systemfor fluid nedia froma

Sluralit 9 of tubular menbers operatively connected

WOR0F@FHIE fluid 10 communi cation ther.et hr ouBRT/GBAOR04347

tubul ar nmenber contains Ji baffles, which act as

m xi ng nmeans when conbined with 12 fluid fl ow or
pr&ﬁecgg | AR 1 A3 BRO%LAES | fsh $ Weligit T3ROS ZONe.

The apparatus al so has branches which 14 provide
extenpeirat meslice@gl aeCcRGSALYNS | uxt aposed to each 15

tubul ar nenber. By introducing fluid nedia to the flow

16 system and controlling the tenperature regul ating
InNEanNSsasel B erdystpdddishkbonhp ¢ciygepaddden |spldrds can be

| ectively con 8 tPgﬁte erature, af the

I I
Seﬁ%’s@"&l@( LR r?gﬁéis%’yw ¢ LY es of the

crfiSET Bl HIIRC e daaneshef cifier 201 inrtiio @S drllgWone

system can be adjusted such that the rate 22 of
engiphiarel e Rakge st Ct REXEVE? L it RORGRA s B8/t or

co2Be tGPN LY B8heRG .t henk UBYh&Y i BBl S i Afbr 28nThe

tenperatures of the discrete process zones of the 26
algonvé mueyss flllwesy sngincodhepeedd] e mirdta iliaatiha

,a 27 of temeratyre 0 - ' dig is
an i%fg%}re%trl c’non-%el ;tgqrgr °§P§%g§? h%n%%u{rg%%eﬁlerb% 29
al80rvairéd Use i itdat itors opans biee naden tticomdres netrthddhe

For 1 exanple, a fixed,starti nd finishin
CryShabY Atk I $PUECEP0: BE of Beiare? I Kdhst ant
en¥at UeBe r&NEHrOod he niD+20844860412 PCT/ GB2006/ 004347

21 1 process conditions can be adjusted by introducing

or 2 extracting nedia as necessary. 3 4 In the case

HaQingr ¥st @ di SatdihoCrftakhbNee@d sy £ AL P hd

sel ectively precipitated by, for exanple, adding
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 ceftain 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 cbtained 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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6 crystallisation seeds. The crystallisation of only

one 7 enantioner froma racem c m xture can be

Bronnted and 8 collected using a filter. The
PAYY4d2 enant i oner can 9 al so be crystal | i s@GT4R3006/004347

coll ected. The crystallisapion 10 and collection of

the two opposite enantioners can be 11 alternated

b h t
10 CEREEERT o A SRR TR RRARELOBRL s Rl Mhrdlihed | o
us Enanthenermicanshefsiting parceuns. miténﬂﬁort—laandwgp
curate co

ver the tenperatur
coRF S CTEET Pk He Lo PBE MIBERL AP osbREHEL R FRLE way
al6hystia | ¥esdd1on. Thelre®oaian! ax by edeef Uthar selecting
18 dlfferent controlled rates of cooling, different

apRR5REUBfOL 191% BFaSENt: ARVES LAPRCFRRt AR o] Fadditaton,

cr?gtggrﬁg hdrogdP selecting different starting
enperatures and different 21 finishing tenperatures,

crystals with dlfferent 22 nor phol ogi es can be

Thge:LSS iv€+ HMe TS FILLRES 236 s 2 oHr?'PchlJf dhle and

Ive rennve certain sizesS or shapes
vaetyslal f1ows | Sltncd]dda\mmgaptth@naémm neeo ﬁIoW)heanI ution

to, 25 progress thr ugh th v 26 27 For
copfind ef ST T rBmIED S0 HFGuE oS HETRRE T RS NS
ind8vilhast hodechad fdar et cﬁff}f%tr@htﬁﬁfrﬁhm &8 erfe Oirad ned
using 29 different cooling rates. Figure 4a
asy | ﬁagbra*%%%r 215D Gy ST é’tll\%@r &DSpPERdRRE LSiNY t he
co®PRaratusy0f the 31 present invention and a constant

cooling rate of 0.6C 32 per mnute applied fromthe
start of the vessel, for the 33 duration that a

i 838! LGP A, RIS sl s ESEbo M0l one

tefpguatudd of | st regses ] 3<c rays_Jtaa:Ikstedt et © ZdEeLs:icr@
ion_and a 3 cool

v pBBRG R Sind el T e A PO T forafrne
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 independéntly controlled.
In this manner, the temperature of discrete zones of the

vessel and its ccntents 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 wvessel 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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4 along the vessel. Therefore, it is clear that the 5
apparatus of the present invention can be used to
alter 6 crystal norphology. 7 8 The |oca
woeopas@tiure regul ation all ows control | abl e ardT/GB2006/004347
variable flows (including®gptionally zero flow) of 10
cooling or heating nediumso that the tenperature of
i.ndj yi I ches n, ' rent. from or
for g e o e R o ]
fingwlependeitdry heatihd ebbhects vehyidddchd SuiMillast in

t.his ex | e the ans for controlling the 16 ,
mer 0 (I JESERE volBef FELht| QekHte TARRITA: 168y ce
thel baf e dAdh BeobrlaaRddl esatoheaPperat Weld etHathan

means . 18 as described, it will be understood that

comt At QN G @rovigenPganst Ber cHPIt A iy tMmseeititfe

by CB8 dP%at%Q%TEBECéEMe§H§ho \V\%Aéez.he modul ar
in construction 2I which allows the nodul es to be

I ndependently controlled. 22 In this manner, the

e i_SCF. e vessel. d

U5 {OF GOt GRES AN E T, RadBERatnt Y ot for | et 10

with wfaddrerenatd vécephederehsationi of duslkt enperature
26 regul ators, not connected by a manifold, can be
attached 27 to the linbs of the tubul ar nenber. These

Pridei v dirad |t r2Bie@nbhob ft Rewt RIDE) at e en&ft e reldiis,
and can be set to 29 ang desired tenperature. Al so,
(e e R s T Rddul-afPifgB530Ct efpeaRed el thekshené
103 o5 Qur NRAT HRX GRARAET 1050r 3dmt i3d é%ﬁiiﬁﬁ#ﬁ%aﬁﬁﬂa be

subnerged in the heat exchanger, 32 thus m ni m sing
tamkellbssiafa digrsdy ad¢trnkndgl eaee 33t pratusl Gdbifegon

= Bt Gt o er 5, 3 FEPRRICHITRNE JEAR At
tanke iTid usforess cagudiéds 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 wvessel 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 biston 110.
In the above example, a constant temperature regulation
is reqguired. Should a variable temperature regulation be
needed, the local temperature regulation means can be

adjusted to provide this.
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2 fingers" and/or heating el enents inside the tubul ar
3 nenbers of the vessel. In a still further

alternative 4 the baffles can be attached to

WRAMHAEHIhg rods, and this 5 conbination canP@FEBHE004347

means for regulating tengéerature, 6 by cooling or
heating the contents of the vessel. 7 8 Use of the

UseaB?aEﬂEué ?Er§%§ﬁ”é¥:?ﬂ@dﬂe nowihe dechébeslscOinmdd h
erence to the pasteurisation of mlk. 10 11 Prior
witho refferenteotiaca i distofl isdwom PEOCERE -heat i ng medi um

12 (either water or oil), say 85 Cis punped into the
shell 13 103 surroundi ng the vessel 102 fromthe
Pri@&okbnghbeahtngdudzhdmuﬂntbhtha aeaskilr $02i af ez ,mand

.|l eav e s fr0n1 15.a.final. qQu mhereon
L1 g S S R0 PR L R g SRS 26 fanedbtdie
con¥z068%Y Gaffeesndnfidtilord loff enpaiabupeiils, a

nmeasur enent s alohf t he vessel 102 Shom’%”l'dgﬁé §
heaf&ﬁgeamdﬁglm RE&WHT | RF FFIGAR &k 2PPXCXaf218-¥ heh
cPlifH%%d ArdkOthbenyessfl ik viia a kRkebhebDepensli ng

20 the required pasteurisation time, the raw mlk
suﬁﬂcowsilrm télleoﬁgSﬁﬁb sl The haatdmd Erfivg P gRETBRY

intq A% RARhAUT3eds 2l ongs e Tk Paldh 1bgbakech exits

vessel via an out Into bottles, cans,
shedldr tm,frdm at fanspootigtiion meﬂrestorreé;mnagéOt BhRs.

25 26 Thr hout the process described, the contents
he%ﬁlQ%ggﬂgﬁqagSsel 102 are mixed by oscillation via the

pi ston 110. 28 In the above exanple a const ant

t t | at d. Sho
WA PP e HeRAPdr 451 SF AT ofP BehS A5 Raddad | haoal

cod PEA 1 £MMENAl 8yr e84kl A ntﬁ@atfbﬁngfématbﬁeSbfadj ust ed
to provide this. “32 WO 2007/ 060312 PCT/GBZOOG/OQ4347
diggrete zones of the tubular members 106, by say
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 apparatﬁs, downstream from the Y-bkranch
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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1 Use of the apparatus of Figure 1 will now be
described 2 with reference to a distillation process.
4 Prior to the introduction into the vessel 102 of

‘V%2WVQ“UF2 5 liquids with different boiling pBFHEB2006p04347

aliquid 6 containing difeérent fractions of boiling
points, a 7 heating nmediumof oil or steam at
ar QPP ¢t B 3t 2D QG i t a8 ePURR v At Qe ¥ AT INA Q%%ﬁb@g
tank 114 to the shell 103 9 surroundi ng the vessel
2lapandielfiating mediumis punped 10 into the shel
103 via a first inlet, and | eaves the 11 shell 103
froma final output, whereon it returns to the 12
Thh%awcngrét%m I@rrsimsel:e@:t ive whintstl gbbHbaty el igrpvitd:,

pp | c 15 cool.in
an%p%fl%ﬂgﬂ:%y reduc i"nNg gggﬁ%grg{lw%a%?m—l@ed%s&;&vgd
on zame Sc @fimd el 4 U mdadre ﬁBﬁh@piciDGbab@hSfehéﬁﬂis bt pee
.gredeternined length. In this way, an increnmental 18
¥%enperature reduction along the flowpath is achieved.
19 Condensers (not shown) are connected to strategic
ports 20 111 along the length of the vessel 102 to
Tt opttlecd 19 Bf ARAGERNy &patr Thraeppanatal aff fissent
V] g c l.
lnpﬁ%ﬁ%%ﬁﬁ%w%%uc%n? ?hgoﬁge d?%%(lé rq,lgtut?b od;%.l%\@ﬁ? 25
heRetwg r i g idwe tig ifkiigdr @ng, fthelvEsmp¢réﬁukésnﬂcad et he

Qe TP SHRRL, odikr 3 pleRREReTr & ot 1 Ehstan =t he
of tdbiffaren 28 imsrdbemd2 @2 fifeyeht omo aplosiodidd, f or ks 206a

and 206b. In 29 one use of the apparatus, downstream
fromthe Y-branch 30 220, the contents of the forks

As 206scaiise R 0y 1l " $eRdedyst311 vhé horedest als dehat
gﬁ%nnte t he crystalllsatlon of 32 opposite
SOEHAN G e RERChhEVsSsPre enanendnedrand Wnanspogged

al&hy stid |y s SepIatRgh Brkhechvenf or&s dR6aand206b,

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 oscillatioen.

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 B80°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



o W o Ny e W N

W w W W RN NN NN NN R R R R R P R e
W N O W @~ oy W NP D W @ ;U s W N

WO 2007/ 060412 PCT/ GB2006/ 004347 25 1 are then
coll ected sinultaneously via centrifugal devices 2
‘w§16a and 216b. 3 4 This accurate and sel ective

SRUM8Y41df crystal growth, 5 and si nul t aneoBSTIGBaNGAN4347

separation, cannot be achf@ved 6 on any conmercia
scale in typical batch reactors or the 7 like. 8 9
shéll vidd flowo ab&iappabenput hahhéheorpparadius f Hr epgnt
10. i nventign can be used such that the rate of cooling
heafring £apkdildg, and the initial and final
tenperatures, can be 12 deliberately deviated to
pronote the growh of crystals 13 of different sizes
Theyrieptdidd erddswsmdpphbhegseseciiive 181 i Uesicrdarbed at
[ ] o a cr al.Lin is.of a 16 lid
LR o e R e e
fle ony a He wies sekliazabihogghi $hersoat e sl of Mdideressel
18 ret.ain at J.east sone fluid character,_ The uniform
the i neﬁf@ué’ﬁﬁaﬁ?&é’g RYSERE, BY ' d4areT cl @iy £1 ow
characteristics 20 achieved in this type of
Omggparatus, can give rise to 21 effective solid

TGS ShAG et FebBpTReGontRGBh deefinp B ifgicys are
apSUSRENS @bl abhgehabilbedosubul ar samhars, with e 23

W thout oscillation. 24 25 Referring once nore
diffengne remperattireelorseaseatdon adbiamd be achi eved

; ' f_Liqui 1th 27, different _boiling
SRS Ry Ealred s Pl e e R TRt tof
of divfd elidifterkeoit! vagoposnt sSuch tdepfesskd atdnndk? bes 29

nped through the vessel 202, while the heating
ca negg)cﬁr?wutSb‘S& goszng?nif'%Ié RPBHEHS punped from t he
heating tank 31 214 into the shell 203 surroundi ng

t vess%] 202. The
In a 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.



32 heating nediumis added via a first inlet and
| eaves the WD 2007/ 060412 PCT/ GB2006/ 004347 26 1
shell 203 froma final output, whereon it returns to
WORM709MARat i ng tank 214. 3 4 The nethod al | B&E/GE3P06/004347
the selective distillatidi?7of at 5 | east one |iquid,
and can afford the diversion of the 6 flow of a fluid
1 ImgRAichedlt@ngndi SO Al €a t Ubwé afia i ereo@bordttleherein
continuous flow system by way of a manifold. 8 9 Once
2  withoptesdyletane FEORcHepedcoPdH HantinygréfirBets are
10 applied to tubul ar nenbers 106a and 106b such that
two 11 different tenperature increases are achieved 12
simul taneously thereby affording the sel ective
collection 13 of two different vapours. Such a
process cannot be 14 carried out using conventiona
apparatus. 15 16 In all of the above cases, the
apparatus used provides .17 for effective and
accurate tenperature regulation in 18 conbination
wth efficient mxing and di spersion of the 19 vessel
contents, to provide and control the type, shape, 20
si ze and honogeneity of the process being carried out,
21 and of the products that are nade. The tenperature
22 reqgqul ation can be linear, non-linear, or a
conbi nation of 23 linear and non-linear. 24 25 A
process apparatus with nore efficient, uniform m xi ng,
26 plug flow characteristics and nuch better heat
transfer 27 rates avoids the need for scale up and
allow 28 crystallisers to be nmuch.smaller (by factor
of 30-40 29 fold). This reduces capital costs, space
and other 30 overhead requirenents and the smaller
pl ant has | ower



31 operating costs. Additionally, the plant is
ski d-nounted 32 and portable. 33 WO 2007/ 060412
PCT/ GB2000/ 004347 27 1 Inprovenents and nodi fications

WORNTIBEH hcorporated herein 2 without devi at PAYGBEGAP04347

the scope of the inventi o8 WO 2007/060412
PCT/ GB2006/ 004347 28 1 CLAIMS 2 3 1. An apparatus

crLAIMs controlling a process, conprising a 4 vessel
aaapted to receive and discharge fluids, and 5 having

1.

-substantlally co- axi al

a series of tubular nmenbers, each deflnlng a b6
dlSzaﬁ{eatp%,aqra%%8§oéoesnt%ifm&d o\{nglrx ng a

connectéd in a flow systemto form at éaé%
coNﬁSﬁ@du@dﬁpﬁﬁé tbomﬁpaihehawdr@psuhan@aﬂfh&ﬂdsanaﬁd

ouq%ﬁh: e%%&ﬂe ZENG ORA0S | S é8¥'d%§gﬁbrﬁégl%i a

er éi N eac ocess

tempexakﬂmepmegebatzngeneaﬁSam@miaﬁﬁseﬁmkﬁQ&Qbefor
12 effectlgg ﬁéature control therein. 13 14 2. An
ap AT © l&l 2i freQ"i AYRFER A THE &th lsRst ope

t ereTtalitca st €gubat EDgw "BaRS KOMHd S8S ighekaknglén
tenperature regul ating means. 17 18 3. An apparatus

as Migted “hRTELRI B 2inm SRS the Drwidedl i thenbehe
andjthe pglt@lbalanaenp@r:@wfgaéﬁ%s%@éé&'y 2% Bans are

appar at us as
cl derEeratugearaguRabing mherei huttepos23l ghekako for

teggﬁyq&h gulat | ns. | shel | that 24
covers e tu% P 95%@%%2$3n§r0f thettin.
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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25 26 5. An apparatus as clained in claim4 wherein
the 27 internal surface of the shell conprises at
| east one 28 fin. 29 30 6. An apparatus as cl ai ned

WORQ04M412 2 to 5 wherein the 31 global tenp@FEEGRR6A04347

~regul ating neans has a cgygnter- 32 current flow
arrangenent relative to a substance 33 flowing in the
vessel . WD 2007/060412 PCT/ GB2006/ 004347 29 1 2 7.
An apparatus as clainmed in clains 2 to 5 wherein the

7. 3 @hobpbat&rperal Wie inegulial iclgimeanstbas whepeurtieat

4 flow arrangenent relative to a substance flow n |
5 ghebeéskempemturey rean lqiiadal§engs"ef af ne FHE 57y

preggdi Qgr%g?én@rgc whergiind he terpesakHre reawlayi ng

means furt 9 conprises |ocal tenperature
regbkaveageheans. 10 11 9. An apparatus as clained in
claim8 wherein the local 12 tenperature regulating
means i s operatively 13 connected to the gl oba

8. t empeagbHretuegas adlagned 4inmeans prefedigglolanm
apparatys as clained . in clai or_ 9 rej 17
R e LR VBT ST 11 DL DA o b S
seldaprabebr apehest dhigdr exdendfgulmtd ngamebakd. 19 20
11. An apparatus as clainmed in claim210 wherein the 21
branches are juxtaposed to the tubul ar nenbers, that

9. 22 ldefing dt 86T 8L € PLORESSi ¥ WRSim 8 wherein the local
temperature regulating means is operatively
connected to the global temperature regulating

means.

10. An apparatus as claimed in claims 8 or ¢ wherein the
local temperature regulating means cemprises a

series of branches that eXtend from a manifold.

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

define discrete process zones.

12. An apparatus as claimed in claims 10 or 11 wherein
the temperature of each branch 1s independently

controlled.

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

baffles.



0 @ -1 & U W N

W W W NN NN NN NN O R R B |
N = O W ®m d oy R WN R O W @~ W N R oo

wQ 2y

14

15

i6.

17.

18.

19,

20.

23 24 12. An apparatus as clainmed in clains 10 or 11
wherein 25 the tenperature of each branch is
indeFendentIy 26 controlled. 27 28 13. An apparatus

m xXi ng neans conprises a $Burality of 30 baffles. 31
WO 2007/ 060412 PCT/ GB2006/ 004347 30 1 14. An

appara ' i,n claim113 wherein the 2 baffles
SR HEREPHRS 4 kA el 8y CLaiFabaerBEL o (e

t ubbd &F L eendetrend 4 mbarily ARcRAPRALALYUST asustAtdE G d N
cla%n114 mhfrein the 6 tubular nenbers are

cyl FRgr FERF gk KSy said 7 baffles are provided as
orificed plates extending 8 radially inwards towards
the centre of the 9 cylindrical tubes. 10 11 16. An
appat atRR2EAT Y ded ailmed ahnelasdmt b4 18hevhekreitthe 12
th e - b a ched to the 13
R B e e L p LT C
apped Bf les adreiriawdeidnaanyrpftcedi phatédiartefiing

fur [.Si.n t |l.east one supply ns to 17
sup%?@l%ff)gg#%fmgst %Ioé"3§ SoﬁgefF%ﬂgg? eo'ﬁg % to the
18 aebbmeirid®l t2{bek8. An apparatus as clained in any

preceding claim?21 further conprising at |east one
process regulating 22 neans.

An apparatus as claimed in claims 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

vessgel.

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

Ineans.

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 requlating means comprises at least one
filter adapted to selectively remove precipitated

materials.

O8ded in any preceding claim 29 wherei RCTB2006/004347
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21

22

23,

24.

25.

26.

27.

28.

23 24 19. An apparatus as clained in claim 18 wherein
the at 25 | east one process regulating neans is
operatively 26 connected to the tubular nenbers. 27

wherein 29 the process rggul ating means conprises at
| east one 30 filter adapted to selectively renove

BCHPCBFOE RO TaAT CH HE3 110 A ipbahtls (ds "EPEPRRA i n

cl aihm b8 Akat® wher proces thaynilad @RS mcARE PHAELSSes
regul ating nmeans conprises. 3 neans for introducing

andeeLSy £0¢i ngtRedraina and xRt tinsamedka - as cl ai med
in claim?2l wherein the 6 nmeans for introducing and
extracting nmedia conprises 7 at least one fluid inlet

-andfo2PparREus@anslebred nen Slalddidl oeseiaxthact i on

of .fl.ui_d 9, - [ai,aed_ in_an
oy dicetlalFor) intlodic A SRR A WR TR phllp Pl¥es
comlr ilsestatneedinidnenld? puoitod @ubtdent megna for the

suhstant.ially fluid substance. .1 14 24. An apparatus
2o Al o SR BrELeni R0 st 15 wher e n Che
tubul ar nenbers are configured to follow 16 a

successi on of returg Eaths,in one plane. 17 18 25. An
ap%‘élr GRS TASUS| APnERTACANYR FHet fRSTEdingl maiy
Wh@h@r%ihh%hhuE?FQEaHEQb@ﬁﬁkﬁéﬁFdﬁﬂbfﬁ%@%rb%elégsgoone

| east one mani fol d adapted to divert the flow of the
21 PG E9s VeNntine fubwhskamekildy flevg sobetehas. one

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 is 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



22 flowpath. 23 24 26. An apparatus as clainmed in any
preceding claim 25 further conprising flow contro
nmeans operatively 26 connected to the vessel. 27 28
WazZ007ms4eppar atus as clained in claim26 wher BCTVGBR@6/104347
flow 29 control neans i§¥%dapted to effect continuous
or 30 plug flow of nedia rough the vessel. 31 32
28. An apparatuys as c¢lainmed in clains 26 or 27 wherein
33 TR PRGBS ACFEI TERHE 1 REFHUER LRPETA 67aRd
V02002060442 PCTL 8620064 00A34%1 32 1 mai ntain
uni form m xi ng and efficient dispersion of 2 at |east
one fluid in the vessel. 3 4 29. An apparatus as
cl aj [ i g2 int f r
29 o e A S AP PA g i i 2 (sl TheTRE0S
t hectt dodagkaonechbhpk tses 7a8 G ilAm tappadatdsdaso
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30

o Ly sl

o 29 wherein éithf flow contro

ptéed ?gggﬁp?E ARk °Tfy Reynol ds

nunber > 100 on the at least one 11 fluid. 12 13 31.
A nethod for contin ous%% pontrqlligﬂha process 14

appl} EFPREAH2afS| B3 LM

ri% 4349 Yedida viwrein

acGHIMGwt @oatPHEIREER & NE LI AH ¥R £ £ YPY1SaNYe 16
form ng a continuous flow systemfor fluid nmedia 17
fr drhoy Revngldeynepbegbhl He0 mshiidrs adpdegstveing 18

co

egted to permt fluid communication ~ 19

t heret hrough, each tubul ar menber providing a

31.

32.

33.

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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20 di screte process zone, providing in each tubul ar
21 nmenber m xi ng neans, providing tenperature 22

‘Négggh@ﬁ%ng means j uxtaposed to each tubul ar

nmenber
Bucing fluid nedia to the flow syst eRCEKB2E004347

controlling the tenperatus® regul ating neans to 25

i ndependently control the tenperature of at |least 26
one:l SGIRLR R §E88Es2088neL ot 28,32 ot TRIIQY 45,
claimed in claim31l wherein the 29 tenperature is
var§¥sd-ai sgcpethabt fheoratzpef tSawalutre Bkngd2o033.

A i: i | 1 or. 32.conprising 33
the Furohar Soatof Sadrhaft R F Y uhpdrar s st vio
200080412 PCT/ GB2006/ 00. 1347 33 1 the discrete

process zones of the continuous flow 2 system such
that the rate of tenperature change of 3 the fluid

34 medi adthoeoasi slathed 9Agc1NEns UbLl &8 3b MBABSHSIngD 6

35

36.

37.

34. A nethod as clained in clains 31 to 32 conpri Sing

7 tHe fahEr Step of adjusting the temmauaduuessosf 8
t he: i SGrRire i ?Q%%%séoﬁgﬁegfof hﬁq&%ﬁﬂ%{@sf lf‘i\g]w 9

system such that the rate of tenperature change o 10
t heS¥It§d Syesi &hes Cheonststehttemmapitihe talbuigar of11

me L :35. A clai med . in clai 31
or r%ger c%olrrurjilr%l g%) ﬁé% H £ Egéggg?ﬁer}t s?aleopngofthaedﬁfgﬁqﬁé t he
t empencatng.es of 15 the discrete process zones of the
continuous flow 16 system such that the rate of
tenperature change of 17 the fluid nmedia is |linear

al ongreithed ubulasimedbensclaims 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 continuocus 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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18 19 36. A nethod as clainmed in clains 31 to 32
conprising 20 the further step of adjusting the
tenperatures of 21 the discrete process zones ofthe
woatimwoepes fl ow 22 system such that the rat @COIGB2006/004347

tenperature change of 23,fhe fluid nediais
non-1inear along the tubu? r 24 nmenbers. 25 26 37. A
met hod as clainmed in clainms 31 to 36 conprising 27

38 ¢ e mpkhRsk ast epadredetni AGRENS LA tihgP t sRBITASirg 28
at [ d t af i :
20 P R gt SapBr f Ur ST ar o Eenond et Sohe )RR
colty rudurediicdngds 9t ert reot bredeediar aredamsszayt. 31
val ues. 32 WD 2007/060412 PCT/ GB2006/ 0114347 34 1 38.
A nmethod as clainmed in clainms 31 to 37 conprising 2

391 he? fmerithver ast epadheddjustciapns hEl pro s svheonrdin itbrs

3 by .i.ntroducing or extractj nedi a as necessary. 4
S FetRd EEheE CorEraaS HRY) T N SIS
t heor& iithed nbuet Beniaonpri ses the step of

selectively 7 precipitating a solid. 8 9 40. A
nmet hod as clainmed in claim39 wherein the 10

40 PregipiddedsSehbimbd ¢hysighhi 86 yHdreil? 4 A method
as clainmed in claim40 conprising the 13 further step

of RERIING tebpst gblidatsoargebddline. 14 pronote
crystallisation. 15 16 42. A nethod as clained in
claim4l wherein the

41. A method as claimed in claim 40 comprising the

further step of adding crystallisation seeds to

promecte crystallisation.

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

only one enantiomer from a racemic mixture.

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

enantiomer using at least one filter.

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

opposite enantiomer.

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

enantiomers.
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17 crystallisation seeds pronote the crystallisation
of 18 only one enantioner froma racemc m xture. 19
20 43. A nmethod as clained in claim42 conprisi

ng the
WO Ber step of collecting the crystalli S%IT’GE%""‘W“””

46

47

48

enanti oner using at |eastspne filter. 23 24 44. A
met hod as clainmed in claim43 conprising the 25

fu Fh%%h%heroéla?{&{é&g%i gisé‘%%azﬂﬂ Wil lqgl kg the 26

opposite enanti oner. A nethod as clainmed in
cl airpsdd liisa el on t fied 280 Ll ysit Bdd icfattinen tand cppbkéeti on
of the.two opposite 0_enantioners is alternated '
befW@@ﬁlPﬁgrgmbsoﬁb%g t31®39S enant i oners. 32 WO

2007/ 060412 PCT/ GB2006/ 004347 35 1 46. A nethod as
clainmed in claima44 wherein the 2 crystallisation and

-colft BELPEH B8F Thainsd dhpekiies I &fakd seEpgipdng

Si Myt 3eeUSy 4t 4F &1 8BE DOth ASyiainBd 4 RrChakas
31 to 46 conprising 6 the further step of Selectively

di stiel Ritayidt least 7 one liquid. 8 9 48. A nethod

as.clainmed in clains 31 to 47 conprising 10 the
further step of diverting the flow of the fluid 11

redi aeghongadi spataté ifunbolatmsedibercs 40f comprizing

Coq:tl'xlen %%%h];.lrogvtgfésggmdap\\;e%yngofthae rﬁrg\«; %lfd'the fluid
media along disparate tubular members of the

continuous flow system by way of a manifold.



