1 Mxing apparatus and process Technical Field The present
invention relates to an inproved m xi ng apparatus and process for

mai ntai ning consistently mxed 5 materials. In particular, the
present invention relates to an inproved apparatus and nmethod for the
transportation of suspensions and di spersions incorporating solids,

i quids and/or gases with consistent m xing. 10 Background Am

Exi sting technol ogies for transporting and m xing materials include
tubul ar, | oop or pipe reactors (such as the BHR G oup Limted

Fl ex- Reactor). However, the use of 15 such reactors in the
transportation of consistently m xed materials has several
limtations and drawbacks. In particular, some formof disruption to
the flowis often used to ensure that effective mxing is naintai ned.
Di srupting the flow i ntroduces an extra el ement of 20 conplexity, and
i npedes the progress of the transportation of the mxture. 2 It is
known to use oscillatory baffled apparatus to carry out reactions,
whi | st sinmultaneously transporting the reaction m xture. For exanple,
Eur opean Pat ent

Mixing apparatus and process

Technical Field

The present invention relates to an improved mixing
apparatus and process for maintaining consistently mixed
5 materials. In particular, the present invention relates
to an improved apparatus and method for the
transportation of suspensions and dispersions
incorporating solids, liguids and/or gases with
consistent mixing.
10
Background Art

Existing technologies for transporting and mixing
materials include tubular, loop or pipe reactors (such as
the BHR Group Limited Flex-Reactor). However, the use of

15  such reactors in the transportation of consistently mixed
materials has several limitations and drawbacks. In
particular, some form of disruption to the flow is often
used to ensure that effective mixing 1s maintained.
Disrupting the flow introduces an extra element of

20 complexity, and impedes the progress of the

transportation of the mixture.



EP 1 076 597 discloses the use of an apparatus and nethod 5 for phase
separated synthesis in which aqueous nedia is continuously fed
through a reactor vessel, reacting with2an organic |liquid phase to
provi de for the phase separated synthesis of particulates in a
continuous manner, at anbient pressure and el evated tenperatures. 10
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be very effective in m xing. However, t use o atory

react ors byowmecessityoneguinesst heimnltedactiton ofaaspeansnforhe
produci ng oscillations. This often conplicates the 15 design of the

equi prent, andC T UF THES delsP gnSdFTBAY” pFAhtPFATMWARER the equi prent

is to be used.1lmpartycal aryotherenaresoeny techpheakcghakhengesnoq
that nmust be addressed around the oscillation and sealing

arr angefentfoRoher efereraiedi syanhobjecinofhihe present nadeéntion
to obviate OfMiLOaL e, al.depst SO, of Lhe dr gubacks assort ated !

the prior ar er” arns and jects o invention w

apparent framaseadhng 1heufol plonsagrdesesi ptibonor2bnbi sghesure of the
I nvention According to a first aspect of _the present invention,
there is prowdet & continudous, Osenitbonti atdasioraf edlbabeéRufi xi ng

appar at us fr, produci ngn@p@ln{r%flééwi:ggaﬁd391@9$§éét £n ﬁgrgﬁcéggg.

substance, the substance conprising at least a first phase an
secondlphasesciheaappariat Usl ednpeasings sB8cla ¢abuhas vessehjiratdieast
one supply}geangﬂgggraéively connected to the tubul ar vessel to

supply at I'east one"of ¢ He® 1Sy %ﬁ%eggﬁ%ﬁdlﬁhgééé?g’

However, the use of oscillatory baffled reactors by
necessity requires the introduction of a means for
producing oscillations. This often complicates the

15 design of the equipment, and in turn the design of any
plant in which the equipment is to be used. In
particular, there are many technical challenges that must
be addressed around the oscillation and sealing
arrangement.

20 Therefore, it is an object of the present invention to
obviate or mitigate at least some of the drawbacks
associated with the prior art.

Further aims and objects of the invention will become
apparent from reading the following description.

25

Disclosure of the Invention

According to a first aspect of the present invention,
there is provided a continuous, semi-continuous or fed-
batch mixing apparatus for producing and maintaining a

30 consistently mixed substance, the substance comprising at
least a first phase and a second phase, the apparatus

comprising:



5a plurality of annular baffles configured to initiate and nmaintain
uniform m xing and efficient dispersion of the substance in the

tubul ar vessel, the annul ar baffles bei g spaced apart in a
substantially equidi stant manner, and arranged l1lOsubstantially in
parallel, such that they extend radially inwards fromthe side of the

tubul ar vessel ;_ and flow gontrol means configured to inpart
R, ) g 1 < ; .
uni di recti onal Efl nealﬁE %t |€%)?1¥\%% t he substance in the 15t ubul ar

vessel ; wherei et heeddowconsnebl yeansns Soconfit gueed tonsustaibnta
fl ow of the substance at a sufficient flow rate such that uniform
mi xi ng and ef fi cient di sperét oit of tP et PPt 2 hnde38eofdSphasEessi s

produced and neintai nedy 20-Jhe sybstance can be a m xture of
m scible or immscible fluids; a reaction m xture of a chem cal

reactiof; a di spersionlisuspensionlaennsfbasorconitgoredutsi on; or
any ot her suitabrl11 né;attegria%{ W th at Ieas% sone. fluid ﬁéoggrties. 25
The phases may Be F1UIAs (T .87 70T bli Y 6P "§aesdy dr *iay “be ' §of i'ds i n
a fluid form eligppasidcubatesesughsasnspnonernbeadsul pri bkssel,
granul es, crystals, powders etc. The spacing of the baffles and the
control of the Flow30+at 35568 otive $Raproédueinl and2mai nt ai ni ng

uni form mi xi ng and- ef.£4.¢i ent disper si on, of 4 sybstance, {LowLng in the

vessel. As this mxing is achi eved w thout OSCi Ion, “nmuch of
t he compl exity dutvaolaredianl ¥ hien destghl ©f , t heclappasat useandxassaci at ed

rvent i on' T equi Ti5t T ehor T Te {HEr oQer | F86r: appar bds and
vessel; and
flow control means configured to impart
unidirectional linear motion to the substance in the

15 tubular vessel;
wherein the flow control means i1s configured to sustain a
flow of the substance at a sufficient flow rate such that
uniform mixing and efficient dispersion of the first and
second phases is produced and maintained.

20 The substance can be a mixture of miscible or immiscible
fluids; a reaction mixture of a chemical reaction; a
dispersion, suspension, emulsion or micro-emulsion; or
any other suitable material with at least some fluid
properties.

25 The phases may be fluids (i.e., liquids or gases) or may
be solids in a fluid form, e.g. particulates such as

monomer beads, prills, granules, crystals, powders etc.

The spacing of the baffles and the control of the flow
30 rate is effective in producing and maintaining uniform
mixing and efficient dispersion of a substance flowing in

the vessel. As this mixing is achieved without



5 obviates the considerable technical chall enges associated with
inparting oscillation to a sealed system The baffles also aid the
formation of turbulent flow at flow ratds | ower than those necessary
when using traditional |oop or pipe reactors. 10 The plurality of
annul ar baffles are joined together by rails in a substantially

equi di stant, fannef.; and Arianged.substaptially Lhvparal) ek, (guch that

they extend radially 1 nwar romthe de o e vessel.
Optional | y ddrel @ppar atlus fwd herusoapdi sesoaiseedndl 4bt supptymoeadns
to supply the first and second phases to the tubular

| east. one of C
vessel . Prg#éﬁ55?§l?%§aﬁis?%%c%p%%fﬁk%ﬁ ?ﬁet%ﬁnﬁfﬁ?eBEffPﬁinFéon
between |d ahg26:s Wher€r dod st & hengdi apet e11 9f cthe pybul ansvessgel . 20

The annul ar baffles may be substantially flat plates conprising an
apertur & | gdat etk apprloxi patel yeeent ¢ at ¢yhihcsai dhpl deegeThes apet ttipd

i s adapted i . sub jal . t_.o eadiness iLn flow on
t he substaﬁ%@#{ggﬂ%%%?%ﬁ I?ég?%%gihﬁﬂP§$ %e%%%?ééugyﬁg?aéo;%?ises
pressure alldaeratd on meansid orhehanghagi dheopressunechn thewt abukapy
vessel . Thegg%gssure alteration nmeans may alter the pressure between
vacuum and 300 barc¥es G’ onfdP ¥y BRCTeRsTY ofecackessdpbFedigional

provided forodhe, i ntroduction,of other phases or species into the
tubul ar vessel. Preferably the flow control nmeans conprises a punp 5

confi gdPed Tthe imparal uny db ¥ ectiobat hahehes not¢ onot ned heogablseéanice in
t he tubul ar vg§sel. The unidireq%'onal |linear motion is substanti al
alils 1n

non- osci | | atory. Preterably T he! fTOW Contror Heahs 1 s2Ldnf T hurea
to inmpart Iastfdrow ate which-gi ves, asiReynohgs nuabesxgeeat esdt hany

500 to the substance in the tubul ar vessel.
inwards from the side of the vessel.
Optionally the apparatus further comprises a second

15 supply means to supply at least one of the first and
second phases to the tubular vessel.

Preferably the distance between the annular baffles is
between Id and 2d, where d i1s the diameter of the tubular
vessel.

20 The annular baffles may be substantially flat plates
comprising an aperture located approximately centrally in
said plate.

The aperture is adapted to impart a substantial amount of
unsteadiness in flow on the substance.

25 Optionally the tubular vessel further comprises pressure
alteration means for changing the pressure in the tubular
vessel.

The pressure alteration means may alter the pressure

between vacuum and 300 bar.

30



The fl ow of the substance in the tubular vessel is |lamnar flow.
According to a second aspect of the present invention 15 there is
provi ded a continuous, sem -continuous ér fed- batch m xing process
for producing and mai ntaining a consistently m xed substance, the
substance conprising at least a first phase and a second phase, the

process compri £ing; 1he, st eps, fgmgoa@&é’ygd%ggtaiéugpg%li&éd%okeéﬁg
one of the first andysecond phases to a tubular vessel; Tnitirating
and mai nt ai i tgo dund f orm o xé Nige andh2§¢ & coenspdit sper shon ofiet hebular
substance in the tubul ar 25vessel, using a plurality of annul ar
baf fl es, the dnnul ar baffles being spaced apart in a substantially

equi di st antpefness 1 aneghar f phged,subst apt ikl yohprparal b ebyysuch that
they extend radially inwards fromthe side of the tubul ar 30vessel;

and 6 PnpartihiPumidi tectioral Wihéareabt ponlt blither substanceci hhehe
t ubul ar ve%ﬁ@ﬁég%ég){AQ%F%ogﬁg&ﬂa€9@g$%eyherein t he unidirectiona
i h

linear notion 1s inparte usi ng e ow control nmeans to sustain a
flow of the'he unidirectional linear motion is substantially non-

oscillatory.
Preferably the flow control means is configured to impart
10 a flow rate which gives a Reynolds number greater than
500 to the substance in the tubular vessel.
The flow of the substance in the tubular vessel is
laminar flow.
According to a second aspect of the present invention
15 there is provided a continuous, semi-continuous or fed-
batch mixing process for producing and maintaining a
consistently mixed substance, the substance comprising at
least a first phase and a second phase, the process

comprising the steps of:

20
providing a supply of at least one of the first and
second phases to a tubular vessel;
initiating and maintaining uniform mixing and
efficient dispersion of the substance in the tubular
25 vessel, using a plurality of annular baffles, the

annular baffles being spaced apart in a
substantially equidistant manner, and arranged
substantially in parallel, such that they extend
radially inwards from the side of the tubular

30 vessel; and



substance at a sufficient flow rate such that uniform m xi ng and
efficient dispersion of the first anel second phases is produced and
mai nt ai ned. Optionally the process futher conprises the provision
of 10 a second supply nmeans to supply at |east one of the first and
second phases to the tubular vessel. Optionally the process further

conprises the al{eration, of, pressur e,im the,tubul ar; yessel .,
Optionally the §¥§£es§9?%rfﬁer conpr?ses tﬁ% a tera%?on %5 0
pressure betweerswathrmand: 300 barbu COpt | onatdy thenpr dtesscdutr ther
conprises the provision of further phases or species into the tubular

vessel through at°4'€4st one access port _ Preferably the

uni directi ofadrdimeaie M1 @St BoNON 20 OSEThbat OhY i BOLOArted
Preferably a flow rate which gives a Reynol ds nunber grea er than 500

to the Substdrite il theot ubulaFovesselsisoinparted bylthe pFowre
control meang, . -nce P{tef;?r&!?%%’j[é{‘& 'Pyvoﬁfréé‘%ogg??t@ﬁg@ br@i%{!?m

tubul ar 25 vessel 1s |am nar ow. According hird aspect of the
present i nwventiron drereef f scprovi despar cont | nfiotise senktcantli auousdor

fed- hatch 'xkggdproces for $r ducing and maintaining a 7
consistenﬂéﬁ?ﬁ Dot ysdecHaride M4t t? €2t he process conprising the

steps of: piRviding @ SUppbYoofs @ §@£¥@@£.@@@p@i§@§p£ﬂeoﬁrgvision of
pol ysaccharide to a tubular vessel; 5initiating and maintaining
uniforhpnixiﬁgﬂgﬁ@iSupply means to supply at least one of the first

and second phases to the tubular vessel.
Optionally the process further comprises the alteration
of pressure in the tubular vessel.
Optionally the process further comprises the alteration
15 of pressure between vacuum and 300 bar.
Optionally the process further comprises the provision of
further phases or species into the tubular vessel through
at least one access port.
Preferably the unidirectional linear motion is a non-
20 oscillatory motion.
Preferably a flow rate which gives a Reynolds number
greater than 500 to the substance in the tubular vessel
is imparted by the flow control means.
Preferably the flow of the substance in the tubular
25 vessel is laminar flow.
According to a third aspect of the present invention
there is provided a continuous, semi-continuous or fed-

batch mixing process for producing and maintaining a

30



efficient dispersion of the polysaccharide and solvent in the tubular
vessel, using a plurality of -annular baffles, the annular baffles

bei ng spaced apart in a substantially equidistant manner, and
10arranged substantially in parallel, such that they extend radially
inwards fromthe side of the tubular vessel; and i nparting
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t ubul ar ve ow contr nmeans; wherern the unidirectional
I i near noticmpsisipartied ssémg dhe fl ow control neans to sustain a
flow of the polysaccharide and solvent at a sufficient flowrate to

produce and mai At'di it & it of WL i Xed® atd 6FF | ci et 7 yS20P a7 sper sed

pol ysacchari de ity .e.ciBri gfe Desi on of,,1 Dr ayings ; The present
invention will now be described by way of illustrative exanple only,

with reberence tioithes taicco mpahyiag: drawing Wmni whithnthengiagie figure
shows a 25 sche j.c.sectional view of t ubul ar _vessel .in accordance
with the pr esenFeBT‘ltfnlvceln I|1gon.l”?\?f)edrezm()?n J??E/}f%gpogﬁa?%}éa)fh%%n%%n
Referring to Figwlerdst ain uthd arubafdt edevessel us sngenepahtyl depi sted
at 1 and conprises tubular nmenbers 2 30 connected by U bends 3. This
forms a conti nucts¥iow &3St £ or ¢ | i e i ea © Eke enfele Hieg r sl @b Py

| nuards from 8 de.side Ofs b yessel 1 {heses are &0 ePf angular
affles 4. The baffles are a type of orificed plate. The annul ar
baf fl e$04 are jcimethdofethestdycTails {matarallel, such that they
extend radially inwards from the side of the tubular
vessel; and
imparting unidirectional linear motion to the
polysaccharide and solvent in the tubular vessel
15 using flow control means;
wherein the unidirectional linear motion is imparted
using the flow control means to sustain a flow of the
polysaccharide and solvent at a sufficient flow rate to
produce and maintain a uniformly mixed and efficiently

20 dispersed polysaccharide mixture.

Brief Description of Drawings

The present invention will now be described by way of
illustrative example only, with reference to the
accompanying drawing in which the single figure shows a

25 schematic sectional view of a tubular vessel in
accordance with the present invention.

Modes for Carrying out the Invention

Referring to Figure 1, a tubular baffled vessel is
generally depicted at 1 and comprises tubular members 2
30 connected by U bends 3. This forms a continuous flow

system for fluid media. Extending radially inwards from



shown in Figure 1) in a substantially equidistant manner, 5 and are
arranged substantially in parallel. The annular baffles 4 are
provided within the flow path formed bysgthe tubul ar nenbers 2. To
inpart notion to the contents of the vessel 1, the vessel can receive
and di scharge fluids, and has inlets 5 10 and 6 and an outlet 7. The
appar at us al so. ¢co ises a fee nk 8 fluidly connected to the
vggsel 1 vﬁgufﬁbh egg%L%%%t%%sﬁ%?méﬁﬁr?h%r?e%dn¥gﬁﬁr80§n8n?ﬁgafnput 5
there i s a deed punp. Iriendoar coat rokeval vepdOcforrconteal biaget he
input of fluids to the vessel 1. Located 15 at a distance end of the
vessel there'§ st produettthak 4127¢| ipargdconneebed by thelgedser 1
by the out pil,/, {Therappatatys; ] al §19b§9£‘£§i£‘§12 é?&?&@g%&ni%amer
controlling and maintaining a consistent tenperature or a consi stent
20 gradbentarof denperastnged psabsteninathe vesseballasi ngha annular
chiller/heate not , shown in Figure 1) . The nnecting_bl ocks 13
along the t T° vessel H?%%hdgg ﬁ%%%l?th%dg??Woﬂ?tBr QtREYr BiobaF,
bl eedi ng, sampling, némmdtoOrs» ng, probing and any ot her process
control. 25 The tubul ar vessel can be pressurised using (for exanple)
nitrogen, ard the2 pr €88ure can Ve yceéromvacabnihe 806sbarl, prbeess
Exa”p'e l'vesé§f 5gnt{§%QY§ée§&8fd¥%9H£§ é %ﬂ%kdgomégg H§§95E989 5
with 30 reference to the transportation of “a starch suspensi on W th
consi stént ankignd %Bn outlet 7. The apparatus 1 also comprises a

feed tank 8 fluidly connected to the vessel 1 via
input 5. Located between the feed tank 8 and the input 5
there is a feed pump 9 and a control valve 10 for
controlling the input of fluids to the vessel 1. Located
15 at a distance end of the vessel there is a product
tank 11, fluidly connected to the vessel 1 by the
output 7.
The apparatus 1 also contains a sheath 12 for controlling
and maintaining a consistent temperature or a consistent
20 gradient of temperature profile in the vessel 1 using a
chiller/heater (not shown in Figure 1) . The connecting
blocks 13 along the tubular vessel 1 can be used for
addition, product removal, bleeding, sampling,
monitoring, probing and any other process control.
25 The tubular vessel can be pressurised using (for example)
nitrogen, and the pressure can vary from vacuum to 300
bar.

Process Example 1

Use of the system of Figure 1 will now be described with
30 reference to the transportation of a starch suspension

with consistent mixing.



The feed tank 8 is charged with a starch suspension. The feed tank is
then agitated using a set of noving baffles (not shown in Figure 1)
for a certain anount of tine and the valove 10 is opened to allow the
feed to be added to 5 the tubular vessel 1 to a predeterm ned |evel.
Thereafter, notion is inparted on the contents of the tubular vessel

using the PUD Secdhe.pUMp 1IPaLLsq OBt o0, of gbsrgﬁn%%%gﬁgaé Lol
non-oscill atory ?ashlon, Al'so, In thi's exanpl e, the pu I'S adap ed
to inpart afdddw A0k rat et i chg gi yesd auReynoh dsenuabenogt egt eeftthas

500 to the gonte ts of,thf,tubulﬁr ¥esse|, and the flow of the
contents or''Eubstande th The tubtl atvedsef FeiTatfnartf Powt T fReand

contents arend hes & anspostedendit hot he hRi ptenapce of censhstent,
m xi ng, along the length of the 15 tubul ar vessel. The m xture can be

drawn off atha Suitabl evouttetlporta Thedtubuharedembers.2 may be a
e oy RO A uhe, CRLL U A LoD 200 I D88 LERRBELYCLY che

positioned and asse usin nectors to provide

subst ant i aldyo 202 :S-shaped condd gurat penpwherenha phept ubpkatsneabens
are nore coqfactly assenbl ed, alternately divergi ng and convergi ng

rat her tharPtyilHy TP Paraitets The? protesscof Lt her predeht oRnveAEPon

mllrmwbegwm@wiﬂlé;%@Q'&lqw%;' i i odi.esel
productionﬂ’The455€%y-6$§duct gI%ce§ol, t%%g?%%1£§A?ﬁggggegcg%gwyst
and undSed Bxcess it haitots 4 sRsepar @t edufilpem ¢ heapai ntpaodbgd, to

bi odi esel, .iin the production. In order to purif | ycer for _hjgh
val ue nmarkets QQ%Q%éf%I tg§?r§¥?@9%ﬁsv?%g%é’r%ﬁ%v%%? gLBWtﬂg tgﬁess
net hanol be-30dlisd idt edipdihendaibuh arndaf fibedar eact 061 1; s ug8edato
remove the catalyst fromthe glycerol. The "waste" stream contai ning

gl ycerol , balse caifad yastnemiet ¢ el exeess tagnsported, with the

maintenance of consistent mixing, along the length of the
15 tubular vessel. The mixture can be drawn off at a
suitable outlet port.
The tubular members 2 may be a single straight tube
configuration; and may be alternatively positioned and
assembled using C-connectors to provide a substantially
20  S-shaped configuration wherein the tubular members are
more compactly assembled, alternately diverging and
converging rather than lying in parallel.
The process of the present invention will now be further
illustrated in connection with biodiesel production. The
25 Dby-product glycerol, together with base catalyst and
unused excess methanol, is separated from the main
product, biodiesel, in the production. In order to
purify glycerol for high value markets, the catalyst
firstly has to be removed, and the excess methanol be
30 distilled. The tubular baffled reactor 1 is used to
remove the catalyst from the glycerol. The "waste”

stream containing glycerol, base catalyst and the excess



met hanol is stored in the feed tank 8, and then punped into the

tubul ar baffled reactor 1 at the input 5 at a gdven flow rate that
ensures the net flow Reynolds nunber isi@reater than 500. Wile the
tubul ar baffled reactor 5 is heated up to a reaction tenperature, the
waste streamis re-circul ated vvithin the vessel. I g Once the reaction

t enper at ur in dyced in he v el 1
at the i npg%g%? Igcﬁgnlt%]e reac i on o {\%%1 YL&IE% %m %sldﬁ%%; ?1&%%%8:
Na2003 ( Solird)o +1H0 ot hen bakenedOrphacer al ong the tubutap baffl ed

reactor 1, After a full residence tine of a few m nutes, the product
and wat er &f'e’ Ui rlected '™ t He? or otiet © % ak® 11t wher® ?ﬁén%éﬁogumbef
solids are fd |%J?é§£jezput§harlx N5 A1 SRS 0L eSSe %@@uﬁge%@f?lé&%@é%?
together with the presence of the baffle plates 15 ensures snmall and
uni f or nbbubls e tzes uxexfc@ldtema@tsmrmmemtw gakeimeotehetrean
glycerol mxture, and full tion Process a le 2 VWile the
above Exanple T ifvo 1%/]i-:-é}st&?idl i aﬁ”dn gas® nxture, 23{3%%%‘% Ar2bat filed
vessel 1 isabsoausefalndoroaitrationef tol ugne,i whirghrddid@d into
liquid-liquid type reaction. In this operation, the mx of acids

(mai nl'y nitrhi% H3®and Sl phurierdei @) 339 prlemi &%@Cthomh@ff%lé@loﬁank
8 and punpe it bIrbajfe Vi &

9 25 and co(ﬁlttlréc’){%JL valm\-;‘eééljzou(aq;id a fl cl)dv?/ rgg e%ﬁic thjétH?tcﬂe neth%f'{}

Reynol d8 nuniyere exiceed st I5O0L ullihka m xedf bed dseareor et mﬂ%ﬁudzatedfmhll e
t he tubul ar bafo{led vessel |s heat ed u up to the re ctloné erature
of 130 oC. 'Gite THE tlerfberat Ut e HAS HEE Feadhed? T PO aend at "at §f ven
30 tenperatdue {eidherq ato r@%ﬂﬁ%@%@tw@k of1 prgnbeatedd ws,co,
introduced into the vessel 1 at the input point 6. The 11 sufficient
flow rate toyetdferang thitihrer e ecslethceheft}bﬂafff@l@owmesﬂéﬁs@d@@um@t

ef fective r f olu

dropl ets t?%ﬁﬁf%%%fg%éﬁé@ij@g aci &%?%%Jé% a?gng}q% h}gggléfs% ET.%S
The 15 ensures small and uniform bubble sizes, excellent

dispersion of CO; gas into the glycerol mixture, and full
reaction.

Process Example 2

While the above Example 1 involves a liguid-gas mixture,

20 the tubular baffled vessel 1 is also useful for nitration
of toluene, which is a liquid-liquid type reaction. In
this operation, the mix of acids (mainly nitric acid and
sulphuric acid) is premixed in the feed tank 8 and pumped
into the tubular baffled vessel 1 via the metering pump 9

25 and control valve 10 at a flow rate such that the net
flow Reynolds number exceeds 500. The mixed acids are
re-circulated while the tubular baffled vessel 1 is
heated up to the reaction temperature of 130 °C. Once the
temperature has been reached, toluene at a given

30 temperature (either at room temperature or pre-heated) is

introduced into the vessel 1 at the input point 6. The



5 nitration reaction takes place, and the product of nitrotoluene is
continuously generated and re-directed into the product tank 11.
Process Exanple 3 Use of the tubul ar baffl ed vessel suitable for
solid- 10 liquid processes will now be described with reference to a.
starch nodification process. A slurry of starch-water is punped into
t he vessel cont

val ve 10 afﬁgﬁgg%%%Hggigxgo}$%%P@§§?%ﬁ%%n?}ompg%gngfgzéﬂﬁﬁbgg ggkfle
great er than 8005 dnsmﬁmsJﬁbsﬁu&ffewﬁavéhelyﬁeseioﬂ (S heameﬂeup to a
given reactio te erature ing the jacket facility 12. We

reaction tém Rutpdvinit g RAL TR %ﬁwh¥?eet?sb%de%amae
the input poi rﬁh@m?ﬁﬂ?dté@l@@ﬁﬂé&ﬁ'ﬁbﬁﬁa@géo@eé%ﬁslpl ace al ong the
vessel . By controlling 20 the pH along the tubul ar baffled vessel 1
by addi i omigfrdjaise: atedd; i ehet Productaot, téh*edrfb]d@fpe@d@@‘ar@ﬁ is
conti nuousl y..col ed at t he product, tank 11 n t his cess

starch sollry paﬁ% 1%es wi'th '§0 1%P%%ﬁ# Ta n?o 5 5?%ted

uni formy suspended grodie: 254k qui d phase due to the uni f orm m xi ng
and near plug romLconstjons achi eved by conbining the flow rate and
the baffl e JHMFES MR- $n°t he absence of fluid oscillation unit.
Advant ages y30 Jihe pr esgnt 4 nventi any %P@é)é@f ST e 61 L] E&P”éoﬂé‘”sl@o”
of m Xed materials, avoiding the fornmation of precipitates and

bl ockages, hﬂﬂyld)nnndqﬂ3ﬂsankﬁ;n@ﬂfb@l@&ﬂcrﬂﬁbd|wpemsreﬁeaamCe to
enhanced mass .transfer tes.. The appar at is suita

transport at on of° I&?%é cao‘i‘l?reﬁjftg(%%s aﬁgl%fu]ﬁf%d%]gt%tag‘ﬁ]%p‘éﬁg?ﬁns
enul si ons and dirgper sions GPFd Sy 5akdElSi nhd @4l @Sy aNde 9aseSt e Fing
the 5 present process, using a starch solution, a solid is suspended
in a I|qU|dﬂﬁﬁaéeaﬂ@1QﬁﬁhQQQﬁﬁOanﬁ#V%nﬁbd¥ﬁe®t%liﬁnth@t©r®%eh$at

f.
enhanced chom Cal react | ons St Che Cal et i Ve Aryst 1T oAt forof

materiabs. same time, the vessel 1 is heated up to a given reaction

temperature using the jacket facility 12. When the
reaction temperature has been reached, acetic anhydride
is added at the input point 6, and the acetylation
reaction takes place along the vessel. By controlling

20 the pH along the tubular baffled vessel 1 by addition of
base at 13, the product of the modified starch is
continuously collected at the product tank 11. In this
process, the starch solid particles with solid
concentrations up to 55% are uniformly suspended in the

25 liquid phase due to the uniform mixing and near plug flow
conditions achieved by combining the flow rate and the
baffle plates, while in the absence of fluid oscillation
unit.
Advantages

30 The present invention enables more efficient transport of
mixed materials, avoiding the formation of precipitates

and blockages, due to uniform mixing, efficient



10 Variants in use and Alternative Fnbodi ments The apparat us
descri-bed can he used as a continuous, sem -continuous or fed-batch
m Xi ng apparatus for producing and maintai ning a consistently m xed
substance, the substance conprising at least a first phase and a 15
second phase. The apparatus has a tubular vessel and at |east one
supply ”Eaﬂ§i§¢§¥ éﬁegﬂdcgﬁﬁﬁﬁégg ﬁ£s§h€r%H?Pé§er§é§?'T£8 SUpPIy at
| east one of the first and second phases. The operative connection
can be a suppblyrafugass dugurldlorfeoltdamepertat sooroa mixtures of

thereof. 20 Attached to }he inside of the tubular vessel there is a
plurality of Hnrtt'ar Batftes” Contt gur ettt ¢1 at eBNGS e it aid

uni form m xdingane ef § i chgnt i g spessi ons of 1 L hes substangesin the the
tubul ar vessel. The annular baffles are spaced apart ih a

subst anPi al®5F LRjui dvsrENtS nehhiery andt25Clar sahgedosubstantial by in
parallel, s they extend,radially.inwards.fromthe side of the
t ubul ar ve§§%§¥5$%%jé%hu a?l %ﬁ?l%@a%%h %% %% S %%?ia?%§e¥lat pl at es
conpri si ng amaperdiure ¢ OcEted appsoxi Mmtehyicentral dyvinagaiidvpkate.
The aperture ngy be adapted to inpart a 30 substantial amunt of

unst eadi ness’§ 19 oW o't HeV Shibstabee Thothet 1 ubtil arhvessel chenscahe

appar atus has,a fd.0w pat mﬁ@r%@km&%?@@t%ypﬁ%f&n "By &%géévriéls.

fl ow control nmeans, such as a punp that supplies a |1 quid,

confi glPed ¥@rial istiod use janpdral tewnk toee | Briaddineebs notion to the
substance in the 5 tubular vessel The}gqu i$ configured to sustain
a flow of the sUBEtance at” & sUfTd T ent F1owTate Such™thALCWAI f or m
m xi ng and effi-cientidisperst one@fpbdhen fif stnangd.seeonds phases is
produced and mai ntai ned. The unjdirectional |inear notion inparted
may be non@?ﬁﬂ%ﬁ&ﬁq|%ﬂQ"Wﬁ#ﬁﬁq%ﬁﬂng a consistently mixed substance,

the substance comprising at least a first phase and a

15 second phase. The apparatus has a tubular vessel and at
least one supply means operatively connected to the
tubular vessel to supply at least one of the first and
second phases. The operative connection can be a supply
of gas, liquid or solid materials or a mixture thereof.

20 Attached to the inside of the tubular vessel there is a
plurality of annular baffles configured to initiate and
maintain uniform mixing and efficient dispersion of the
substance in the tubular vessel. The annular baffles are
spaced apart in a substantially equidistant manner, and

25 arranged substantially in parallel, such that they extend

radially inwards from the side of the tubular vessel.
The annular baffles can be substantially flat plates
comprising an aperture located approximately centrally in
sald plate. The aperture may be adapted to impart a

30 substantial amount of unsteadiness in flow on the

substance in the tubular vessel.



The flow path may be fornmed by a single straight tube configuration;
or in alternative enbodinents, it nmay be fornmed at least in part by
curved tubul ar conponents to accommodat®e3a flow path in a conpact

vol une. Thus, in 15 one form the flow path may conprise an assenbly
of baffled tubes using direction-changi ng connectors, e U connectors

to accommmdat e %ﬁéj‘:’é@hétﬂagfapf‘i%l th%ﬁéﬁﬁ%iﬁ%ﬂ?ﬁsthgsubstance

C-connectors to provide a substantrally confi guration
wherein thendy ol @0. pat hlvs oconerconpastty focneds suphmphahathe

lurality of tupes formliphs configured in an alternately diverging
3 and co%veﬁ%ﬁ%ﬁ%%?a?rg% 1= nt?STﬁ%gg%%%Egg 345 deseriBedtean™Bertised

as a conti nuous: rSem -conti nuoys Qk+fed-bat ehe Mixi B9 RrOCEsSfQr
produci ng 25 and mai ntaining a consistently m xed substance, the

subst anée conpiiat ngeatel eabbe apfip sis phaséianded secondtphase. fThe
rocess involv, p i, di a_suppl f at least one_of th jrst and
p 5% ?ﬁ%;ﬁ%@%ﬁ%gg% aé g s¥f91c1e?%affow ragenﬁpﬁ$a£h?§g

second phases ar vessel “and ini ihg an

uni f orm mi ximgf @nd B0x efd i ehent £ di spersi Onspeérthensubstanceiiptt hed
tubul ar vessel, using a plurality of annular baffles as descri bed
above. 14 JHH deEsEe Al 5o PRYGEVRS #hparting2 tned: r 8€i onal | i near

motion to i SUStaNce i nLhe.t ubul Aty vessel sl pg. f Law,ggot rol

means such as a punp. The unidirectional [1near on is Inparted
usi ng tHe puaplltoatsust aimteofl ow of 5 the substance at a sufficient
flowrate sych that S on mxipg.and sfriclent, dispersign ofpthe
configuration; or in alternative embodiments, it may be
formed at least in part by curved tubular components to
accommodate a flow path in a compact volume. Thus, in
15 one form, the flow path may comprise an assembly of
baffled tubes using direction-changing connectors, e.g.
U-connectors to accommodate a plurality of parallel
juxtaposed tubes, or C-connectors to provide a
substantially S-shaped configuration wherein the flow
20  path is more compactly formed, such that the plurality of
tubes form limbs configured in an alternately diverging V
and converging A arrangement.
The process as described can be used as a continuous,
semi-continuous or fed-batch mixing process for producing
25 and maintaining a consistently mixed substance, the
substance comprising at least a first phase and a second
phase. The process involves providing a supply of at
least one of the first and second phases to a tubular
vessel and initiating and maintaining uniform mixing and
30 efficient dispersion of the substance in the tubular
vessel, using a plurality of annular baffles as described

above.



phases is produced and mai ntai ned. The unidirectional |inear notion
is non-oscillatory nmotion. The processes described invol ve applying a
flowrate 10 which gives a Reynol ds nunber greater than 500 to the
substance in the tubul ar vessel, and the flow of the substance in the
tubul ar vessel is lamnar flow The processes described herein can be

used to Proﬁ'}%’&%&&&%@‘ﬁ%t D{v{;'iégg ?8' yspegharidg mxtyre n a, 13
cont |1 nuous, sem -conti nuous or ed-ba C% rranngr. uc a process woulrd
i nvol ve pravidicg aosuppl yuoftsotyent and ausuppkyvekspol ysasghanbde

to a tubular vessel, and initiating and maintaining uniformmxing
and ef fici €nt i Shersidn oF fnes pol YsdecharPderafdrseFvent i nitRar20

tubul ar vesgel; o usi 8gia-pHUER! LEynof capNYLAr Paftlesa;The priogess
woul d al so involve inparting unidirectional |inear notion to the
pol ysacéharlifte amdssohventtia theéftabahar fvessektasknghatpanppnoform

ot her flomgggntrol neans.. Lo sgstain a fIOM/gf %he Eol sacgharidedand
sol vent at ‘& 25 SufFicient “tTow FatB®t 3 p¥ odbcE and hai nfAFnS5="

uni formy mxedands effbeheat| yndi spensednpal ysaecharbdecctional
precipitates, The apparatus and process of the present invention
denonst r at el TREY- divahtages Bverothel prioryaretiFsr 30 exanpl e, by

achi evi ng L cl 1L X1 N i i sG] L 1.Qn p Ss is
S Pl 1 11 d and ruch of T he L5 compl o £y i utl sl i B {ha”dsar gn of
t he a. ppar atlusclangi assoei &t edo pliantumiser eppweder| nhpar tD6utar ththe

apparatus of the present _jnvention requires fewer parts than
oggiIIagoryS%RﬁEﬁéﬁ?ml%nﬁé%ggggﬁg rtﬁgsﬁ%ﬁsiﬁggaBFg 5 P@cﬁ?iEQF

chal | enges associatedi i the i PPantingvessil! ati opntAaa geal,ed system

The processes described herein can be used to produce a
consistently mixed polysaccharide mixture in a

15 continuous, semi-continuous or fed-batch manner. Such a
process would involve providing a supply of solvent and a
supply of polysaccharide to a tubular vessel, and
initiating and maintaining uniform mixing and efficient
dispersion of the polysaccharide and solvent in the

20  tubular vessel, using a plurality of annular baffles.
The process would also involve imparting unidirectiocnal
linear motion to the polysaccharide and solvent in the
tubular vessel using a pump, or other flow control means,
to sustain a flow of the polysaccharide and solvent at a

25 sufficient flow rate to produce and maintain a uniformly
mixed and efficiently dispersed polysaccharide
precipitates.
The apparatus and process of the present invention
demonstrate many advantages over the prior art. For

30 example, by achieving efficient mixing without using

oscillation, the process is simplified and much of the



QO her prior art devices include tubular, |oop or pipe reactors
incorporating static m xer inserts. However the baffles of the
present invention aid the production of1340 turbulent flow, and thus
m xing, at a reduced flow rate conpared to these prior art apparatus.
Inportantly, the tubul ar baffled systemof the present invention is
excel | ent se [ o), in.c r t he r|or
art devices ﬁ?fggf t|§V§$§%$ ?%2%?% &égig?ngﬁs E%a?gépp F%%bl ity
The apparaiamseumbtmdmp$an@f1$hﬁemme@@ntIhnﬁ@ﬂti@@l@fpduﬁes good
solid suspension, consistent and effective dispersion of |iquids
within |iquids? e the eFt e%ft%%n%ra%%%ﬁmafraqa%%%ré%wegaaarts
i ncl udi ng effactdye; MBsSy f dpansiers R9d-particle.suspgn i@@rhﬁle
denonstrated by the consistent size distribution of particles that
are nea§unﬁﬁ@hﬂl%@Lmmﬁkﬁe@giﬁcm%@@61@h@@cwnsbst@parandgeffect|ve
di spersion of liquids in ui |s |I ustrated by the consistency of
dropl et si 78, lo%r%%§%g? f? S%? % EC|es such as this has not
previ ousl y deesn- achi @vedrwi ddoute s henvsedof t@sei b at osyp meti pnpen the
constituents. |nprovenents and nodifications nmay be incorporated
herei n IS ¢ Hott Hé@ﬁ’la‘f?%tﬁ#%nﬂ%@%c%b%e%fl@ﬁ%ﬁﬁveﬁﬁ%@ﬁeastée
defined by ythe: clainp. 16, %nvéaﬁ?aﬁ'anlJéheSﬁ%a&Q@MUE;Es or
f ed-batch m xi ng apparatus for produci ng and mai ntaining a
consi stént Iyumiwleth s ubstance,d ttheu Ssubstamceaconprésingd af Lbeastta
first phasecoarr?pgarae econtqqgsheaspflor art apparatus. Importantly, the

tubular baffled system of the present invention is

excellent with processes containing solids, in contrast

to the prior art devices using static mixer inserts.

15 Industrial Applicability

The apparatus and process of the present invention
produces good solid suspension, consistent and effective
dispersion of liquids within liquids, and the effective
transport of a dispersed gas, including effective mass

20 transfer. Good particle suspension is demonstrated by
the consistent size distribution of particles that are
measured at the end of a process, and consistent and
effective dispersion of liquids in liquids is illustrated
by the consistency of droplet size.

25 The transportation of species such as this has not
previously been achieved without the use of oscillatory
motion on the constituents.

Improvements and modifications may be incorporated herein
without deviating from the scope of the invention as

30 defined by the claims.



t he apparatus conprising: a tubular vessel having a flow path;

at | east one supply nmeans operatively connected to the tubul ar vessel
to supply at least one of the first and second 10Ophases; a plurality
of annul ar baffles in the formof substaggtially flat plates
conprising an aperture |ocated approxinmately centrally in said plates
and configured to m x the substance in the tubular vessel, the

annul ar baffl es being spaced apart 15in a substantially equidistant
manner, and r d substantially in parallel, such that they extend
radially i nwg—ldgﬂgom the side of the tubular vessel, the distance
bet ween the annul ar baffles being between 1d and 2d, where d is the
di aneter of the tubular vessel; and 20fl ow control neans configured
to inpart unildi re(A contudusneamiicontiomusoot fed-satbis nariog eipparémts for

t ubul ar vessel; éﬁl n the flow control nmeans is .confi gure

inpart a flow rat e° HIRY gNldBaltaiBing:3 5anReFhEY G8XadsH FtaQF%a S
than 50 to the sufpkadifee dd?nélhﬁné b dAL a\fﬁ‘§t3&{ase3émj %%Eéh@ phB8e,

aperture in the 25substantially fTat plates I's adapted to inpart a
subst anti al armountthe@pgasteadgonesising fl ow on the substance. 2. An
apparatus as clainmed in mlv\/n rei.n t a ratus further

conpri ses a second suppe] @'bm n$SeH %‘ﬁ'ﬂﬁ’?r}g{w Bg st one of the first

30and second phases t o dthgadthel sppherfRins opkfatively connected to the
tubular vessel to supply at least one of the first and second
10 phases;
a plurality of annular baffles in the form of substantially flat
plates comprising an aperture located approximately
centrally in said plates and configured to mix the substance
in the tubular vessel, the annular baffles being spaced apart
15 in a substantially equidistant manner, and arranged
substantially in parallel, such that they extend radially
inwards from the side of the tubular vessel, the distance
between the annular baffles being between 1d and 2d,
where d is the diameter of the tubular vessel; and
20 flow control means configured to impart unidirectional linear
motion to the substance in the tubular vessel,
wherein the flow control means is configured to impart a flow rate
which gives a net flow Reynolds number greater than 500 to the
substance in the tubular vessel, and wherein the aperture in the
25 substantially flat plates is adapted to impart a substantial amount of

unsteadiness in flow on the substance.

2. An apparatus as claimed in claim 1 wherein the apparatus further
comprises a second supply means to supply at least one of the first

30 and second phases to the tubular vessel.



3. An apparatus as clainmed in any preceding clai mwherein, the tubular
vessel further conprises pressure alteration neans for changing the
pressure in the tubular vessel. 54. An apparatus as clained in claim3
wherein, the pressure alteration neans nmgy alter the pressure between
vacuum and 300 bar. 5. An apparatus as clainmed in any preceding
claimwherein at | east one access port is provided for the

i ntroduction of other phases or 10species into the tubul ar vessel. 6.
An apparatus as clainmed in any preceding claimwherein the flow
control means’-congti 3BRARBRAD C&Vﬁ?fjgﬂl@@&l precedipactaimivieessthenal

[inear mti on ot KYSLENYG A Ao AL NESSRrardS earflor

apparatus as clainmed 1'n any prece erein

uni di rectional |i retangimyf fherpressaennthefdidldatemsel.notion. 8. A
conti nuous, sem -continuous or fed-batch m xing process for

20pr oduci ng and mai ntai ning a consi stently m xed substance, the

substanog compri SigWaghatf@Shs didimeatin Eﬁﬁﬁx% Wﬂ@rép Sﬂ%%}gts%m‘%sﬁteré%

process conprising the steps of: providing a supply of east one
of the first and geeaminplyasts the peessube batweas satulmandBe0 baow pat h
m xi ng the 25substance in the tubular vessel, using a plurality of
annul ar

5. An apparatus as claimed in any preceding claim wherein at least
one access port is provided for the introduction of other phases or

10 species into the tubular vessel.

6. An apparatus as claimed in any preceding claim wherein the flow
control means comprises a pump configured to impart unidirectional
linear motion to the substance in the tubular vessel.

15
7. An apparatus as claimed in any preceding claim wherein the

unidirectional linear motion is a non-oscillatory motion.

8. A continuous, semi-continuous or fed-batch mixing process for
20 producing and maintaining a consistently mixed substance, the
substance comprising at least a first phase and a second phase,
the process comprising the steps of:
providing a supply of at least one of the first and second
phases to a tubular vessel having a flow path mixing the
25 substance in the tubular vessel, using a plurality of annular
baffles in the form of substantially flat plates comprising an
aperture located approximately centrally in said plates, the
annular baffles being spaced apart in a substantially
equidistant manner, and arranged substantially in parallel,

30 such that they extend radially inwards from the side of the



baffles in the formof substantially flat plates conprising an
aperture |l ocated approximately centrally in said plates, the annul ar
baf fl es bei ng spaced apart in a substantially equidistant nmanner, and
arranged substantially in parallel, 30sugh that they extend radially
inwards fromthe side of the 18 tubular vessel, the distance between
t he annul ar baffl es being between Id and 2d, where d is the dianeter
of the tubul ar vessel; and i nparting
unidirectional linear notion to the substance in the 5tubul ar vessel
usi ng flow control near§bulghepesel Berdisiancatietwpee heypoeglaabatiest | ow

Reynol ds nunber great er%%ngﬁgﬁpgeﬁ qLhg f&%&@;@gis&ﬁgﬁdﬁﬂé@ﬁ%%e

vessel is inparted by t w control nedns, a . e annul ar
aperture in the substanubalaryeéielf apdiates is adapted to inpart a
substanti al anobunt of 210unsteadiness.in flow on the substance.

, 9. A
process as clained in JdMRdAting uaidirgclipnal dgsar gofigato apprbipAge ihihe
provision of a second stugmayvgggémsf@rﬁéw%mfrggTlggfi‘ t one of the

first and second phases to the tubu vesse A process as
clainmed in clai ms Bhareirna floai ditepnedsgives at etflosoRpynaelda guniiesr greater

alteration of pressure .i.n the tubul ar.vessel. 11. A process

claimed in claim itaan ggpgoga%égﬁgtapa?mﬁ}e E{pﬁﬁrivgs%ﬂs mparted by the
flow control means, and wherein the annular aperture in the
substantially flat plates is adapted to impart a substantial amount of

10 unsteadiness in flow on the substance.

9. A process as claimed in claim 8, said process further comprising
the provision of a second supply means to supply at least one of
the first and second phases to the tubular vessel.

15
10. A process as claimed in claims 8 or 9, said process further

comprising the alteration of pressure in the tubular vessel.

11. A process as claimed in claim 10, said process further comprising

20 the alteration of pressure between vacuum and 300 bar.

12. A process as claimed in claims 8 to 11, said process further
comprising the provision of further phases or species into the
tubular vessel through at least one access port.

25
13. A process as claimed in claims 8 to 12, wherein the unidirectional

linear motion is non-oscillatory motion.

14. A process as claimed in claims 8 to 13, wherein the flow of the

30 substance in the tubular vessel is laminar flow.



20t he alteration of pressure between vacuum and 300 bar. 12. A
process as clainmed in clainms 8 to 11, said process further conprising
the provision of further phases or species into the tubul ar vessel
through at |east one access port; 25 13.1¢A process as clained in
clainms 8 to 12, wherein the unidirectional linear notion is
non-oscillatory notion. 14. A process as clainmed in clains 8 to 13;
wherein the flow of the 30substance in the tubul ar vessel is |am nar
flow. 19 15.A process as clained in clains 8 to 14, wherein the
process conprixes A REGassPEF e indFlaNasdapgl whereipdhe paeeassr i de

and a solvent to the, LW e MES$broviding a supply of polysaccharide and a

solvent to the tubular vessel.



