WO 2007/ 0732811PCT/ SE2006/ 001428 A heat exchanger m xi ng system
Present invention relates to a heat exchanger m xing system use of a
heat exchanger m xi ng system and a process for m xing fluids.

5Backgr oundWBRWIHGEAEi on M xers are oftenl used for di f fRGTEFR006/001428
applications wherein it is inportant that the contact between
reactants, fluids, etc. is as great as possible. The contact is

i nproved by turbul ence and turbulence is effectuated by the use of

different types of m xing el nts, e to the need of heat transfer
in many of these 10 operatioﬁ@ﬁ@&&ﬂ&&é&&&@e PRI 0 conbi ned with
heat exchangemssers igvetionTHBRE todf hé&@bﬁﬁﬁg&mﬁxiﬂ%%?é% SusBH et
exchangers are known fromliterature for exanple 97/ 21061

di scl oses a [PGRANGINMKINIRYSiFER.aNdwy Pessesfarireising{tidsconpri si ng a
central tube, provided with one or nore static 15 m xing el enents, an
annul ar sgace surroundi ng the tube and a shell tube. The annul ar
spaces foPm continues conpart mentBackaioua ofitmentien t r ansfer of heat to

and fromthe €SS, 1, Xl ; opening. of .a
neat exchangdl S a R ot Lsd forATRE) ARMIAE0R el i BRiEG PR it tre
processi ng flcontst ppteest reddtanty, fidids,retsi teas grddtrs poshilble. The contact is
reaction tine_ by the use.of a single hblock.or_a  set ,of several bl gcks
or subl ocks bmggoe"'(?lao%%ﬁ@%[en% %f}‘i‘g{%?‘ﬂsﬁm%ﬁ%eﬁ?@e?fﬁge‘ayﬁv %eﬁt@ﬁ?rent
application pydes shatxingdsmentebOueUs REOHLILOOKIS. trafsféNp Baph| Erthese
with the 80nb| ne .m>%er heat excharl ers of the prior art is the
lengt h of Ut r SREFBIANS o MRE Ak oM corhined Wilh PEBHEXRRBER. Thi s

results in inferior heat transfer, tenperature control, and spaci ous
equi pnents. Thus, one object of the present invention is to design
equi prent wi ¥hd@akpreber pheambiaatiens ofyaixarcand hert exsbangsrs g soewn srom

to design a MRSEHEORACExAHNEBS a n yst : :
D007, or3ne 12 PEFUESTRACAET VG788 ?oﬁgcﬁc%%r%iﬁgm’,ﬂ t?ﬁec%?':’eesr%trﬁ’%g

i nvention pr @skemblies eanhsompsizingea centrat tuben abd\dded with one or more static
16  mixing elements, an annular space surrounding the tube and a shell tube. The

annular spaces form continues compartments, which enables transfer of heat to
and from the process. A mixing element attached to an opening of a heat
exchanger is disclosed by WO 2002/46679.

20 A device for processing fluids by controlling the residence time and/or the
reaction time by the use of a single block or a set of several blocks or sublocks
placed one next to the other are disclosed by US patent application published
under number US 2004/0109798.

25 One problem with the combined mixer heat exchangers of the prior art is the
length of transportation between mixer and reaction chamber. This results in
inferior heat transfer, temperature control, and spacious equipments. Thus, one
object of the present invention is to design equipment with a more effective heat
balance, and another object is to design a more compact mixer heat exchange

30  system.



nore sufficient heat bal ance. Thus, the present invention relates to
a heat exchanger m xing system conprising at |east one heat exchanger
zone, at least 5 one connection plate having one or nore m

units, at |WQIPOHGEAIE| uid transfer cornerjs] per connect ik &T/s&z%{lg@oms
wherein each fluid transfer corner, herein after called corner or
corners, being either a blind passage corner, a through passage
corner, a single passage corner, or a double passage corner. The one
or nore mxing units are provided w >g | el enents. The blind
corner acts 10 as a stopper and no st through it. A through
passage (r:]or P;amccrgm«nglaﬁmd]bmbérﬁ itnhs:c’r?iugfpr@n@mamtr']ripmt ﬁj@ém WhichGiHables a
m xi ng the ui ds t t her or a thrqu assage corner
may be a passdg€ FH F;V\%r&‘eé]%rc}é#@@?qrﬁﬁ %H?emer SFRSEE | ’ggﬂer % fie a heat
plate. A singh@hafgerahixity ?s&&ﬁhbﬁﬁm@mb'a@%é& oﬁéWe‘é@ekéha@r@%r zone, at least
pre-desi gned angl e conpared to the inlet angle, and the corner be

used for P5 ANScANNgglian pladaaying poe @5 mase HIKINg e el |@ﬁ3tpf13la'tféllfé)il’aﬁﬁf?f
of a connectiQpn@saiet cHndEBYn %{técﬁméﬁéﬁq fehe fhfd ?ﬁép?@?ﬁzoﬁaé'roﬁgfe% a8y

plate. A double corner is transferring t ow 0
di fferent di readled opRINGr tAo@NATSKi hring reetham fitlings paseagsl eoverner throagh

Corners, ahi CR Rase SRTITA okt bersan® ebMfradoa OBU ETRRAGE offner, Thesgre

in US 20 43735790@1@110&?@ ABjtS BEP Brovided wﬁivanxlngrelemarptsi Fas Hing doyrper acts

sui t abl e ,gorners. [ rs cted to f

connect i ogj plnagst sté&% ?’5&‘8?’\9 "ﬁé %ggg "8?0*} @%EOHgng%éﬁ%ﬁaWr may
zone, or cor’rtpars;atﬂwmsthrbegleafconﬁbcﬁdﬂﬁpla&ywhﬁomtr ARG tHee LBy witheany other
corners into onnec | ate or out a c%nnectl on gl ate, or if the

corner is a db¥ glﬁgl{)paﬁggeﬁo&m@f@ﬁy Gt PEP e @ Gorgestipn plate

heat 25 eXCh&ftﬁ‘ﬁfthé bum@e bpthel plafeaACAndIB R rfdr 1§‘dﬁre@f'ng3aq%ﬂ§lcﬂdl@é‘m any
pl ate, but a douple corner may also transfer two process fluid

two m xi ng urfirgs esmeﬂmw%ﬁweare%%&e infef angis, ﬁ@aﬁh%ﬁ@m&hg@wb@dﬁ@ﬂfor
or conbi A&t i QfigchifgaRiw oFﬂ@idE‘%ﬁB aeécﬁ{ﬁéeg?%pga?é;%r o4 SPﬁ%ﬁg io gg[Qt%aBr

exchanger plates arranged on 30 one or b es o ea ohe
connecti on plrad¥, digact blbepfigwedo dut-pessn a wonoectiasr elatenrfecdduble plamnes is

Accor di ng t 0 (apathen. 8lb ?lbﬂlaéf'ﬂYlﬁisq}?)ﬂJfF DERRL g%gglﬁﬂgﬁrm&%%%?wg flows.

space inside a connettion plat e an |n ern
2007/ 0732813@311%20@@1‘@0% used foordding flohe cbfe"hndsebocﬂmmgeﬂerrz an@amples

surround an nnected m,Xin on . t he at st Q
heat exchanggt?rf %f)ﬁ]eggwﬁ’w b?elﬁefjr@c ﬁ%g]edlgvé%t;orb@{%dgp 9Shd '%@S
| east onéOcorﬂﬁGﬁV@anulwwglﬂ’wzmﬂ'hbhmrenabh eoNfirisee aﬁ?Yyﬂé@;t@blé ®ARérs.

one heat exchanger zone be?iﬁ’ ?ﬁg a}s a conpi nati on of heat
exchanger pl at EsCHPPEGEICYHISSIRE 19rToh8¥aMBIE R £oBPestion Riets, é’d’s"’tx""tgnémt a

connection plraagonRendf a reat erNiaBELENSE, eSorRbMaRshd therdle FRIMS S be
or both of the a% Ieast one connection plate. According to one

al ternative HEPSIRIEd Phieccdneitdnte aennestionrlae af est deonwedion ateyor if
connect ed tOtﬁ@%rﬁém%r abEbYRE botir it nﬁé@@%smaﬁ SRESs sPAGKRIBH %at

heat exchanger plates, but as an alternative ot necessa
t hat t he2Reatexe émg@ld@ fomipstapse dntohers otieaf ae&@'l’rmgm petat bet a double

i nst ead may tcﬁgn yrﬁéy?@Ié@ﬁsngglafwoeéfb%gg'ﬂﬂﬂlszﬁ% I%MJbe[ml?g(ttg dbYstor

internally or
ZOones, to two heat exchanger zones, or combinations thereof.

The heat exchanger zone or zones may be heat exchanger plates arranged on
30 one or both sides of the at least one connection plate, or be placed between
two or more connection plates. According to another alternative may the heat
exchanger zone be a space inside a connection plate outside an internal mixing



15 The connection plate nmay have a shape, which nay be essentially
square or rectangul ar, but any shape is possible asdlong ?ﬁ t he 4
erformance of the heat exchanger m xing st em produces e aine
Pesults ThEO2BHHEEE! on pl ate nay have a §th|on whi ch REPERMEIYIH?S
m xing units, heat exchanger fluids, process quids or conbi nati ons
thereof. The at |east one connection plate may 20 have one or nore

m xing units connected externally, arranged internally or both of the

t | t I Inlets and outl ets of the conne

ol at oy be AL 3 BBl Srorloft Fof S Peing s SteriaB. L Ming

t hrough t he cmneerihuanpdhé hat Bhst eaethlme?maﬁg@t g@ﬁe_limair Qaemﬁa}aohaviﬂs@b
et for ui ds e

| e d
lmeilsﬁgoﬂﬁl {2 %@%Jg ; abﬂﬁg fih? 'e%f%& SRR anpesifon ﬁ@t%oﬁﬁfeewaﬁr alt%maﬂve

One process frhay thd@b/!ebgt bﬁ@nééﬁémdn?ér ﬁon@esé%déalés é%h%éneﬁ of heat
connection plate and anot her process %%%e transferred in an

external | y p|%aa"9ﬁr>alﬁt§8m{rqnge¢m ‘Pﬁ%(@ﬁb%thcﬁé of th atdeasfyorigeconnection
conbi ned and mété%dté?fgféd@%kchéhgé%oﬁé%%lﬁﬁée ﬁsmen%uwué o%btrﬂ&ﬂﬁéf_%& st

what type of reaction or physical step t ul ds are’'passin
connect i on plofecCaraechon plgihour one or nore mi xing uni ts | nternal ly,
one nmay be inside a tube or other type of closed channel and anot her
may be a m xing unit surrounding the tube

According to one alternative may two, three or more connection plates be

10 directly connected to each other between for instance two or more packages of
heat exchanger plates, but as an alternative may it be not necessary that the
heat exchange mixing system has heat exchanger plates, instead may the
system have heat exg:hanging zones either externally, internally or both.

16 The connection plate may have a shape, which may be essentially square or
rectangular, but any shape is possible as long as the performance of the heat
exchanger mixing system produces the aimed resulis. The connection plate
may have a section, which may harbour mixing units, heat exchanger fluids,
process fluids or combinations thereof. The at least one connection plate may

20 have one or more mixing units connected externally, arranged internally or both
of the at least one connection plate. Inlets and outlets of the connection plate
may be connected to heat exchanger fluids or process fluids through the
corners and the at least one connection plate may have at least one inlet and at
least one outlet for fluids. The one or more mixing units may be connected

25 externally of the connection plate. One process fluid may be transferred in a
mixing unit inside the connection plate and another process fluid may be
transferred in an externally placed mixing unit. The mixed process fluids may be
combined and mixed together in yet another mixing unit all depending what type
of reaction or physical step the fluids are passing. The connection plate may

30 harbour one or more mixing units internally, one may be inside a tube or other
type of closed channel and another may be a mixing unit surrounding the tube
or the other type of closed channel. Another alternative may the connection



or the other type of closed channel. Another alternative may the
connection WD 2007/ 0732814PCT/ SE2006/ 001428 pl ate har bour one or
nore mxing units arranged internally and at | east one inlet and at

| east one oWP12847/%7381 heat exchanger fluidst The connect i /28860048
be hernetically sealed. The corners nmay be integrated in the at | east
one of the connection plates. 5 The mxing units may be provided with
m xi ng el enents. The m xi ng el enents may have w ngs, fi ns or ot her

m Xi ng pronotj m xi . c e .nets
Teral i 6§ oart o RBBAHEES, Pord et Shie FardRhaltl Snbsulifutingdnet
fromthe gr Otmaobamlsaslt omgoofletsfbahest efckanger hedd. Ciile mmﬁcﬁon plite may be
combi nati on urned m x vortex m xers

dynani ¢ ni xi ﬂbe ﬁ%”’/t §e"ﬂ?dom®t%% CBFQ%%P“QVUP%lPtQQ’@?%d it fhenat et ang ighghe

inserts, netadnnecicrapltesiesh, etc. The mixing unit may be m xing
el ements such as flow controlling inserts disclosed by WO
2004/ 0457#1. The mi xi ng unit and the mxing el enents may be

manuf act ured pie Wn? Winlt@iph&y Bé'pf?bfwdé& Witﬁlrﬁﬁ gséléﬂentslﬁﬁ%sﬁhwgfg}nents

I nconel (r), flouropolymer, polyester, plastic
(PVO), nyl on,may d&yei wings, f'@ér A gfBer (Tp’on@/mf@wtmearrmeymrys ethe, mixing

pol year bonat &y poKeE A 8aeno@OLUTY Binle (MEL) A1 LA Sl iflens

et her ket one I nations ther edf at exc
syst em accor dhay tieosehetadnfrem tien gnewp kewsstage of diaty trixersehelical mixers,

alternatl | ection ports conn ected to for .
i nst ance \(?ﬁe W ?E@hz 85861[% ta}n[eﬁenye&e@lag?s,oﬁg F THEFE: Jynamio
conntectlton pltralxmg e}[lélmer;tm Wwdnoﬁﬁttmrhima‘ttohﬁ ﬂmct%dr?ﬂﬁ}i Firisbbt@s metallic
i do et c. ABHBRAIHEHN: S bnd T PLARGIITmiaky Po ST | aEerSre by e tiow
connect ed to gonbiling B8sSSARsASIRELY WO fzmwm%p@@safﬁé SRR Unitdand the
si ngl e passa or a doubl e passage corner. heat™ exchanger

e. corner
system may bg“mn&z%@mexﬁé? ey 9? BenHfackired of t%‘YOﬁiU'tqli’ée ey, esipimips baeel,
brazed, d h h a
frammr\ﬁ@ha\%ﬁi&ﬁ"m eg?téﬂtg{?;) g?\?:lbb% ﬁﬂggaboﬁfesfér r@%&g ?Fécghgmyl chioride
that the syst(BMQ)s chépped glrasaﬂbera,nevmramacsvm (polypropylene, polystyrene

2007/ 0732815RG SRS 35)01[@
heat exchang mcgm ng és st &ﬁylwﬁ c'ﬁél}i@%!%% EH&EA r@gtearpzj C%@g%\ﬁfﬁrlﬁoﬁe
system corrpr|(E’E£K()n@‘@mbtnamnsei$teremfchanger m xi ng systens and at
| east one reactor zone. The heat exchanger m xi ng reactor may
conprise up to 10 heat exchanger m xi ng systens.

20 The heat exchanger system according fo the invention may have according to

one alternative embodiment one or more injection ports connected to for
instance one or more corners or along the sides of one or more connection
plates. The injection ports may be used for additives, reactants, etc. or for test
sampling, monitoring of the flow of fluids etc. According to one alternative may

25  an injection port be connected to a blind passage corner, a through passage
corner, a single passage corner, or a double passage corner.

The heat exchanger system may be brazed, welded or both, or parts of the
system may be brazed, welded or both, and the system may be clamed in a

30 framework having at least two end plates, but it is not necessary that the
system is clamped in a framework.



5 The heat exchanger m xi ng system may be used for chem cal synthesis
or reactions, unit operations such as dilutions of acids etc., food
applications, agrochem cals, blochentcalsd$ The heat exchan

The

m xi ng systWi2MEP7HE used as a react or present iPWW?Og/HOIat %0

relates to a continuous process for mxing fluids, which conprises
transferring of at |east one first process fluid and at | east one
second process fluid. The fluids may be solvents, dilution fluids,

etc. or fl.ui havi.n d reactant.s
catal yots or 1o ERERLT Pyphtort 3sRlrelahdd 2 B PRAST,MPLE Rl gpicn
first cor nerlmatr cb?tudeﬁlast; aner?ctﬁrerwtabth ysysmmecmraﬁrime(ldmghurnr?wom(‘j heeat
connection plate of a heat exchan st em or the fl uids
be transf erre‘?i‘cﬁﬁ?%‘?fg'ﬂ’xéﬂg ?36% @%é’ gﬁ?@? ‘35%/ rﬁt"Bgﬂ%h?e"&é{ e¥anger
external |y conngriedcir xidykonprise dd 10 h&it SRHakd® reiRPENYsesess
fluids rra)étbe m xed together, heat may be transferred to or fromthe

[

m Xi ng un The 20 m xed process fluid may be transferred out of the

m xing unit tiought atchRRet Mkhgs SFRH% Fh%g“l?é Jsef fBHrcﬁngﬁL a‘?ré%ﬁw%%té”'gr

in a heat exchanger zone Or in a react or zOne of anot her
exchange m xirggcipis; dinit aprrafers sush rasy diwiqnsi efeat:ldanetf:erfoprtgapphcatlons

i nt ernal heat i ds.: t k
ext er nal heat @@qggr% B|Oléb g@‘&aggr gﬁ%zr ® hé%i@cﬁ%ﬂﬁ%ﬁ%ﬁrﬁiéyet%m may be
transferring Lmdrast@remiorheat exchanger fI uids into the connection

pl ate thr@ugh at | east one first corner and transferring the internal
heat exchanger fluids out of the connection plate through at | east

one Sﬁcond cOTtre prdsent Invehtien dfimﬁtelabeshlan@idmgtmm ch;eﬁé tfer ﬁ'&)tlhg’elctiuds
may the process._conpri.s erri ext ernal. heat exchange ui ds
"o the' coniileh ST Es MEAMBIIY G & BASTO Bl PhiseSs SRREA dahleast Sne
transferring s@ohbereedserig. Theatuiex alanaesoildnts dsiddh f@rfdst Bes. or may be
connection plate through at, | east one second corner. According t

further alteraeingflygs of ﬁe'dﬁrt@agesaédﬁ%rqaeertw@éq%ﬂr |0ﬁéh%klf%r% fluids

heat exchanggfaf |l dsq i fkSuchl ot 988$t BRE Xt %ﬁ?ér frBORAT (it toneV\‘Plterna!Iy
2007/ 0732816PCT/ SE2006/ 001428 of the external mxing unit and

transferring qoneceiedanixig wnibef axenaegion plas ofs beaat echange seigingsiystem
external te r hte Rliad ?@trﬁﬁé@ r%@lthr%'uéh%@ éne kit Egﬁ{:erﬁ'lte &t @%{rﬁﬁe
SieEst T he e

enbodi nents o present i nven ion ar clains.
i nvention w Iextémaﬂmeonmm:tettmlxlngemlﬁ A hedirst ded #id sedond pecassl floids may

Figureslto [e for the r e il ustral
the. | nventi oAb o4eRor et Fodl "ok ifsrrfo B8 (R a8 dhe gnodi® 1AL T
dr awi ngs 2010 rhixgd rpeodeﬂ ﬂmd:teum} be dtdrisferheaivbnigofothe ralxtr@r 0@t threugix ai st
of a heat exchan 2‘%{1%% of the invention. ure 2is
showi ng a si fPlS ?%Qf‘ EW k Ltrgie;éggﬁes;mg)w 6‘fh%ac Bgplpgone or in a
reactor zone of another heat exchange mixing system. The process may
comprise transferring internal heat exchanger fluids through at least two corners
to external heat exchanger plates, or the process may comprise transferring
25 internal heat exchanger fluids into the connection plate through at least one first
corner and transferring the internal heat exchanger fluids out of the connection
plate through at least one second corner for further heat exchanging. Ancther
alternative may the process comprise fransferring external heat exchanger
fluids into the connection plate through at least one first corner and transferring
30 the external heat exchanger fluids out of the connection plate through at least
one second corner. According to a further alternative may the process comprise
transferring external heat exchanger fluids into at least one external temper unit



plate of the invention. Figure 3is show ng a connection plate having
four corners for process 15fluids, heat exchanger fluids etc. Figure
4is show ng a blind passage corner. Figure 5 s show ng a through
passage corWERWIETHSke 6is showing a singl® passage corrf’é?rT./SFiz?“g/@?’ézs
71 s showi ng a doubl e passage corner. 20 Figure 8i s show ng anot her
alternative exanple of a heat exchanger m xing system of the

I nvention arranged with corners. Figure 9is show ng anot her

ot tho 1 nvencd B ha IR yE SRR 8RSl ife sxtermel, hept oxaRirefiigs
i s schemati cabutyf ah@ashoneaexomat dmpsr pliadfehd @xiental shikighinttor ner s

25and t hrough passage corners. Figure 11 is schematically showi ng a
connection plate having an internal static mxing unit. Figure 12 is

schemati cal | Y@t d@grdativenaepbliprerns afehBaptesshtaRvemticy BAd deBRBEih NBe
device connected tqQ.a internal mxing unit. 30Figure 13 is

|
schemat | 0@l | yPIaSwi i WHeRiRTL ik TSt b, deRpibasll Rgrerfieisisebydne aid of
tenper devi cerigul 2RO1E. 63383186 W ERRP AR B pose of illustrating the invention

and not to limit its scope.

Brief description of the drawings

10 Figure 1 is schematically showing one alternative example of a heat
exchanger mixing system of the invention.
Figure 2  is showing a simplified schematic representation of a connection
plate of the invention.
Figure 3  is showing a connection plate having four corners for process
15 fluids, heat exchanger fluids etc.
Figure 4  is showing a blind passage corner.
Figure 5  is showing a through passage corner.
Figure 6 is showing a single passage corner.
Figure 7  is showing a double passage corner.
20 Figure 8  is showing another alternative example of a heat exchanger mixing
systern of the invention arranged with corners.
Figure 9 is showing another alternative example of a heat exchanger mixing
system of the invention having the connection plates spaced apart,
Figure 10 is schematically showing a connection plate having single corners
25 and through passage corners.
Figure 11 is schematically showing a connection plate having an internal
static mixing unit.
Figure 12 is schematically showing a connection plate having an internal
tempering device connected to a internal mixing unit.
30 Figure 13 is schematically showing an internal mixing unit having an external
temper device.



Figure 14 is schematically showi ng an external m xing unit connected
to a connection plate and an internal tenpering device. Fi gure 15 is
schematically showi ng an external m xing it having extern

t enperi ng ci‘é{élz%’m&?&ﬁ ected to a connecti owqpl ate. 5 Det équéS(I]‘,ZOGG/GOI-tZS
description of the invention and alternative enbodinments. In Figure
1 the invention is schematically represented for the purpose of
defining and visualising the parts of the heat exchanger m xing

Is%\s/te ﬁ'[nr é(r)] acc@@&s ern(?sc %rlerg?,iﬂé{ei%ﬁ do\érg x@hanggﬁgﬁﬁ] Jﬁ%grtggﬁgﬁ &%ﬁﬁgéted to a

connection plates 2a, cbbnactd)naﬁate@:rrdrwcmtemalrtempenﬁ@desrceepr esenting
a connection Iate avi ng, f or nce an internal mxin

i nt ernal nﬂ:pglljrﬁg devt & h?\'@?t'%‘?ﬂ@ oW, B EXIE I%¥@925'95§§V'@Qt@&ﬁ%al
connect i ons 3 for flovempendslydévivesonicdest @Y sofidetion hRitean 15
ext er nal gtxr ng unit, for an external tenpering device, or for
addi ti onalF heat exchanger fluids for internal tenpering of for
instance a m xing unit. Connection plate 2c has corners 4 for
addi ti onal process_fl uids, react ants or for heat exchanger fI ur ds
Each connection plRgtailed des ndealicrmptive &

whi ch are conpe t 2
to a tenpering “"‘é@t’%fﬁ@é&ﬁaﬁé"a* %ﬁ%@%@ﬁéﬂ Rlessm ﬁ?ﬁ@%‘ﬁ*@%gngf
in Figure 2. 0ingi xandg vishatising ithtaypem hefr tiee maatoemaager imixegn alybtem

in conneghi 0 : . to the conne

pl ate, agtgor C%H{'@ gongh?i%[ %g?%%ﬁg&%ﬁg%%%%m?% EFYt il ihe@@tem

t he mi xing umotraarlsescbeateekcéﬂanget rpla&a$ er mab| gzoramd:trontmateel by ob 4k 2c.

o o Rl e S BRANT oGPrBRIEL FS B oo o

separate par tantt&zmabenlaﬂgamm m@rrﬁé‘r@amempwrngrdévrdér nEtHIRR ICUMNBEASEplate
n alternative connection plate 5 having four

Fi 3
i Prerent colhoRelSeddaal Conpations 4 Padhul F s rraepRatie. Hor an
Corner 916n FEixhal ikisg IMitd f&d hﬁ%x@érhﬂrefemryéﬂr@hd&ﬁae a&tfoﬁtsacftnﬁ&n%t)%%t

when connected to a connect| on p ate Cor ner In Fi gure
t hr ough pass&¥ehargeidiuidaier ijemahteneperpgrafopiasiange aotuxfﬁgrmm’s Cmmectrpn

corner my paisiel bYis LHHRIOM F0C20RBEAAIORRESEL Qiuids, reactants or for heat

exchanger fluids. Each connection plate 5 has at least four corners 6, see

Figure 2, which are connected to one or more mixing units 7 or are connected

20 to a tempering device having a flow of heat exchange fluids not seen in Figure
2. The mixing units 7 may either be incorporate internally in connection plate 5
or be externally connected to the connection plate, according to one alternative
embodiment of the invention may the mixing units be connected both externally
and internally on the same connection plate. The mixing units are constructed

25  with mixing elements 8, which either are part of the mixing unit or a separate
part to be added into the mixing unit or connection plate.

Figure 3 is showing an alternative connection plate 5 having four different
corners 9, 10, 11 and 12 arranged to connection plate 5. Corner @ in Figure 4 is
30 a blind corner, which may act as a stopper when connected to a connection
plate. Corner 10 in Figure 5 is a through passage corner having a hole 13 for
passage of fluids, which cormer may pass fiuids through a connection plate



WO 2007/ 0732818PCT/ SE2006/ 001428 wi t hout mi xing the fluids with any
fluids in the connection plate. Corner 10 nmay al so connect fluids
within a connection plate with any kind of external fluid device, or
may connectW8 2HM7E8ti on plate to an addi tfonal fluid t PPEEIWNEENTS
a mxing systemof the invention. Single corner 11 in Figure 6 is
directing one fluid 5 flow through hole 13 into tube 14 and out, or
is directing the fluids trough tube 14 and out of hole 13, that neans

e o8 AN PG AT B SHAHR R B 0,

si ngl e cor neralsmyoahse figidssgithih a adthddiivh dslaleowith BNy RGIASYS bR@mal fluid
according to the invention. Double corne i i i

12 in Figure 7. is having a
vall 15 10 siRiicg PhHAKEPTEG Aeomesioa alaie i alAddBBIH) Thic i ropdder o
di recting t wamiking sstdra s tié inkestionTSgMcoRer 1 RPPRUR: 6@ B@écﬁin%ogé%id

add mul ti-functions to a connection plate or a mxing system

flow of foui dov trengihhabub? inte dubeei4 mag avé ermis slirpcting &ia flads swughlitles
for the syst j 1 1 e i

exchanger pl o e G 00 oH BT, R B Bt PR P i o

pl ates 17 ar geighiwiuringipigtet inéo o stieaf aicohhectionaplatel 6t irdb for exuérof a mixing
corners are d i (. ds,.i out, af. .the connection

pl at es and tﬁ{}n@@%%ﬁ%gt%@rhgﬁhéﬂ %LS%CP%%S%g?Eq ﬁ?dnﬁ%fjﬁgc’sﬁsf‘tﬂm%fwiﬂﬁ@
i nvention. Thescaidiigndo siys timrandiernDbublBi guner 92 shdigure e bbiviag Phallets
5 20 spaced W thin frane 16. ILn this figure it .capn be seen
t hat forqlﬁnsta%ﬁééatgpn Oeﬂ@igl":'rf%% effhaPrﬂéersBc%BIen CEH '8fé]"i‘elcﬁ'ﬂ%§w?rf6’r'ﬁ
one side of doesnwithbuomixihgitheor Diedle eseRANGRr nRlad®R] Ful@Rthdlbes to a
adding fluid flows.fro%éhe outside of the connection plate or heat

exchanger pl &PENPHIAN PlRLe OF FBEINGLAYSHEM: dheflomegt Tiwds faroyeh dauslescorer

Fi gures 10 tondypb@irfar) Hirsstpn@litabRIbythRI§eRRA}.at i ons of different
possibilities of mxing internally or externally of the m xi ng system

according to the invention. The connection plate in Figure 10 is

equi pped 1% t b RO ; ct 1 g, filud i de
our oo, Bt chy So T Hiaang, & b SRR Hodl GRohGhd sy’ g
addi tional flcgngection plaies Savidina frame $6.hBaw esxicplateset 7 rireistapilisiied dm

O one e o8 FRSSRARE ) B St A BBk oL or o
corners 10, of teneorufectiantplate¥\@na GOUY SFBRBLE PAITIHIHZARG/ SFAAL ABxing system
of the invention. The mixing system seen in Figure 9 shows connection plates 5
20  spaced apart within a frame 18. In this figure it can be seen that for instance
single corners 11 are stopping flows of fluids from one side of a connection
plate or heat exchanger plate 1, and are adding fluid flows from the outside of
the connection plate or heat exchanger plate into the connection plate or heat
exchanger plate.
25
Figures 10 to 15 are all schematically presentations of different possibilities of
mixing internally or externally of the mixing system according to the invention.
The connection plate in Figure 10 is equipped with single corners 11 for
connecting fluids to an outside source, which could be an external mixing unit or
30 could be additional fluids to be treated within a heat exchanger mixing system
of the invention. The connection plate is also equipped with two corners, which
could be either blind corners 9 or through passage corners 10, or one of each.



The connection plate in Figure 11 is equipped with an internal m xing
elenment 8. Figure 12 is showing a connection plate in which one row
of fluids 18 is directed into a mxing unit or an open space

anot her f1 oWP3P7f4#Pls 19 is directed i nt the connecti r?Tﬁlanoélmflézsan
internal tenper device to internally 5 tenper flow 18, w thout m xing
flow 18 with flow 19. An external flow of tenpering fluids is |led

t hrough connections 20, see Figure 13, which connections 20 may be

t hr ough pass t eri f.1 ui

ed i nto an | dEceehdn bie TG ff Blaperd aln hETRESH Brd R

si ngl e cor nerf§gime 2 darghdv@ngta doenpatioat platd i dehichn driee flowxoh@uidsi 18 is
or the 10 op ce, which m tbe used as reaction ac vm'tgout .
m xi ng. An exc{lrgﬁ R & TR Uit B 3NSoResh RRAGS (?”fjoa%lc’tg ﬁ%‘@tqf higsy 49 ds
in Figure 14 cﬂn&dteldmriﬁb qtléecd@ebﬁoriﬂpklt@got’éh ﬁnt@ﬁnaﬂ?qam@ﬁ‘iiemcbhtoamtemaﬂy
ext er nal e er dev éz C@yt injectjon ports 2

connect ed®t o GWerrf r1 it Smgqngt ow5 1 néithy Tlayp 8. gi\raje@d@mahﬂow of
connection pliginBerihd fhidyr & ]Jédaﬂﬁodg% addhnbBlicHEl 1) BELt F@%r&of@e%l’ﬁ&
to a corner. Figure 13 shows several injection ports 23 connectéd

al ong one si d@NBECtiPNELARBEYobE Shigugh FPa’i?jséﬁ¢|Q§?ﬁn®f§rﬂ@ Zﬁen@gtemi flow of
connect ed totémF@ﬁﬁ@Flu%'[ﬂchiﬁfb Qr‘?m?@rﬁﬁl fohh e'rQB(lﬁé vﬁt | h%rc nnecﬂiﬂ-hgfa

Clainms 1, A heat exchanger m xing systemc A
exchanger zon@vingtsinglagioraeis iodrigetlidoto tﬂmp@'ateaﬂwmg mnﬂe miximpueit or the

m Xi ng unit s, r A r e e, . wherein
each cor ﬁgr g?hg&pglﬁ?h\g lrp%@ %};S%gg rggxgﬂcﬂ} gﬁ% Wﬁ%@&r{“i&%@sﬁ& external
corner, a Si mgklegpams%(gts conneeied tora aomtmetibe pis daFiyweorideind hFgeaels
or nore mX|n rovi ded., wi t h m xi el enents, and wherein

t he nixi ng elsg iagﬁiﬁ @%Rﬁ“ﬁ ith e F?eﬁ}aé?%@ﬁ’%"c MESF£%m t he group
consisting of static m xers hel i cal m xers, conbination of right-

and left-turned m xer (g VOr.t ex rrbxers dynam ¢ m xi ng el enents,

netal lic foant € AgERe *WFE? RBAOME,Z3HEAY BE CAIBGGIRM £3/9RR AT HIED FAINRES @100
clai m 1, fgherpiioransreQidaBbea b@m@ébhb.@aiawlﬁ Fihrs 19UHePs 8 Mécf?&'?pé?&
nore corners, along one or nore sides of one or nmore connect

plates, or c@sioRAEFiSAdoEHReBEE Fignreddshews savierel instotion postp 23erpnnected
conprising a i?ﬁﬁ ﬂﬁﬂg

pl at e havi ngtacl)d re ﬁgggﬁ %a%(qnﬁéeum tgtre a mn?ort;sﬁ%g ?’ %ecﬁbglﬂg&% t8ﬁ
connecti on pICQf@FW@T@ﬁmbeaehn@a)ﬂgereSbﬁlm ®ither blind passage
corner, a through-passage corner, a single passage corner, or a
doubl e passage corner, wherein the at | east one connection pl at e has
one or nmore mxing units connected externally, arranged internally or
both of the at | east one connection plate, the one or nore m xing
units are provided with m xing elenents, and one or nore injection
ports are connected to one or nore corners, along one or nore sides
of one or nore connection plates, or conbinations thereof. The heat
exchanger m xi ng system according to claim3, wherein the m xing

el enents of the mxing units are selected fromthe group consisting
of static mxers, helical mxers, conbination of right- and

| eft-turned m xer bl ades, vortex m xers, dynam c m xi ng el enents,
flow controlling inserts, netallic foans, nmesh The heat exchanger

m xi ng system any one of the preceding clains, wherein the at | east
one heat exchanger zone is heat exchanger pl ates arranged on one or
both sides of the at | east one connection plate. 6. The heat
exchanger m xi ng system any one of the preceding clains, wherein the
at | east one heat exchanger zone pl aced inside, outside, or



both of, the at | east one connection plate. 7. The heat exchanger

m xi ng syster any one of the preceding clainms, 5wherein the at | east
one heat exchanger zone is placed as a conbination of heat exchanger
pl ates arranged on one or both sides of the at | east one connection
‘pl ate and of heat exchanger zones pl aced inside, outside, or both of
the at |east one connection plate. 8. The heat exchanger m xing
system any one of the preceding cl ai m0 10wherein the at |east one
connection plate has a shape, which is essentially square or
rectangular. 9. The heat exchanger m xi ng system according to any one
of the preceding clainms, wherein the at |east one connection plate
has one .or nore mxing units connecCéadnexternal |y, arranged

internally or both of the at | east one 15connect.i I , he
heat exchahgerA heatiaxghanaar éﬁ?“éé@M?"S%ﬁ’“ﬂ%’sgﬁf?g%aé?(%?gth%éte%‘rcég%%e?ng

ol ai ms, wherei gl hg Bhol GAStoRRRISPPRRCHINTY pleabentuas nting sady Bne
inlet and at |east one outlet for f

M xi ng syst emieast frudioegars Déﬁfv‘o'@ﬂ?éﬁ%? blg%éwé%@gg%ﬁ?ﬁbg&%e'e%@ B
5 blind passage corner, a through-passage comer, a single passage comer,
or a double passage corner, ihe one or more mixing units are provided
with mixing elements, and wherein the mixing elernents of the mixing units
afe selected from the group consisting of static mixers, helical mixers,
combination of right- and left-turned mixer blades, vortex mixers, dynamic
10 mixing elements, metallic foams, mesh.

9 The heat exchanger mixing system according 1o claim 1, wherein one or
more injection ports are connected to one or more corners, along one or
more sides of one or mere connection plates, or combinations thereof.

3. A heat exchanger mixing system comprising at least one heat exchanger

15 zone, at least one gonnection plate having one or more mixing units, at
least four corners per connection plate, wherein each cormer being either
blind passage corner, a through-passage corner, & single passageA cormner,
or a double passage corner, wherein the at least one conneaction plate has
one or more mixing units connected axternally, arranged internally or both

20 . of the at least one connection plate, the one or more mixing un.its are

provided with mixing elements, and one or more injection ports are
connected to one or more corners, along one or more sides of one or
more connection plates, or combinations thereof.

The heat exchanger mixing system according o claim 3, wherein the
g units are selected from the group consisting

N

25 mixing elements of the mixin .
of static mixers, helical mixers, combination of right- and left-turned mixer

blades, vortex mixers, dynamic mixing elements, flow controlling inserts,
metallic foams, mesh |
5 The heat exchanger mixing system any onhe of the preceding claims,
30 wherein the at least one heat exchanger zone is heat exchanger plates

arranged on one or both sides of the at least one connection plate.



-20cl aims, wherein the at |east one connection plate has one or nore

m xi ng units tonnected externally. 12. The heat exchanger m xing
system according to any one of the preceding clains, wherein the at

| east one connection plate has one or nmore mxing units arranged
internally. 2513. The heat exchanger m xing system according to claim
12, wherein the at |east one connectlon pl ate has one or nore m xing
units arranged internally and at | east lione inlet and at |east one
outl et for heat exchanger fluids. 14. The heat exchanger m Xxing
system according to claim12 or 13, wherein 30the at |east one
connection plate is hernetically sealed. 15. The heat exchanger

M Xi Ng SySteem fGE =t r&(cﬁé]-)gﬁﬂfm‘kh? fsReednporel o the, Pmedleg relaime,
corners are |nte r at ed e at ast. one Connﬁctl(gﬁ SPO atﬁf‘SIdelgl’

The heat exchawb@ﬁel“rﬁh@i ﬁfg]eé’i*fsqr@n?%?é@&‘l?ﬁ“ﬁ@r FPeplgeHhasP: p

precedi ng cl ai gEp, MY Sl Bksk BRe BhaticRGorlbte. and the ni xi ng el errents are

manuf actured of any suitable alloy, stainless stfe {jﬁ@o
I nconel (r) 7. f | g dioat yelhangspInyesd eivstept F8Y ¢, © ﬁ'\eyereﬁ ' or Pde

(PVQO), gy' on, g ﬁlfﬂthJt%as?%ﬁ@ﬁbgtsexaﬁ eymswwmdamowsmmnem

pol ycar bonat e, et hyl ene, t]ooly (meth
late

of hea¥exchanger plafes arranged on ne or both sides of the af least one

connection plate and of heat exchanger zones placed inside, outside, or
both of the at least one connection plate.

8. The heat exchanger mixing system any one of the preceding claims,

10 wherein the at least one connection plate has a shape, which is essentially
square or rectangular.

9. The heat exchanger mixing system according fo any one of the preceding
claims, wherein the at least one connection plate has one or more mixing
units connected externally, arranged infernally or both of the at least one

18 connection plate.

10. The heat exchanger mixing system according to any one of the preceding
claims, wherein the at least one connection plate has at least one inlet and
at least one outlet for fluids.

11. The heat exchanger mixing system according to any one of the preceding

20 claims, wherein the a’f least one conhection plate has one or more mixing
units connected externally.

12. The heat exchanger rhixing system according to any one of the preceding
claims, wherein the at least one connection plate has one or more mixing
units arranged internally.

95 13. The heat exchanger mixing system according to claim 12, wherein the at
least one connection plate has ones or more mixing units arranged
internally and at least one inlet and at least one outlet for heat exchanger
fluids.

14. The heat exchanger mixing system according to claim 12 or 13, wherein

30 the at least one connection plate is hermetically sealed.

15. The heat exchanger mixing system according any of the preceding claims,

wherein the corners are integrated in the at leasi one connection plaie.



(met)acryl ate, poly ether etherketone (PEEK), or conbinations

t hereof. 17. The heat exchanger m xi ng system according to any one of
the preceding clains, wherein one o'r nbre injection ports are
connected to one or nore corners, along one or nore sides
of one or nore connection plates, or 10conbi nations thereof. 18. The
heat exchanger m xi ng system according to any one of the preceding

cl aims, wherein two or nore connectionlplates are directly connected
to each other. 19. A heat exchanger m xing reactor conprising one or
nore heat exchanger 15ni xing system according to any one of the
preceding clains, conprising at |east one reactor zone. %

exchanger ni&i igerhsat B¥eheaseONKNSEYSETLAEPIINDIC YRS of | %grarqggpg
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systenms. 20 21 heat ext er mxing system.a COI‘dI}I’LhC_‘
any of clainms bfeoy seitatfeslanhstainess dselt haislov®y INcaRe® SAYOPHTEr

oper ations SUC @,égt%% rﬁléétﬁgsp%ﬁﬁbﬁﬁnfé VC)f ﬁﬂ%gﬁlﬁééﬁ@@w esmimics,

agrochem cal s, | oc heat " exchanger N}Zl_lnn& |
r eact or 5accor dipolyptapytenai m@f&@lf@me 200lygaspongkre npelyeth WH? h&otysmgiyl)

reactions. 252 JePERC 'd?&oﬁnlbma%né:mawow ng
steps of trans er&l‘n lggéf BPQ one ?e??s%q rozess flu and at |.east

one second 1t odes ekt @rcdtaogefaﬂmll“@@yﬁfem@@@mt&rﬁnytorﬁ‘fetﬁfé’?\e Riecpdad
one first cor n%falrbgt%e?‘%!n O?%%T &L ik i Qct,tﬁﬁ N3k YrL eoHIReteddo Bh¥ o ghouai t

of a connection eat exch m xi ng system @CCO{Egl n% to
any one of cl ar:cmeﬂs tadorpepn® or W%(ﬁﬂ@srqfr@eaqr lggrq EYUECHHE PRI s £F

process flui d ﬁrgbﬁta ibkagtcepe second process flui d or at |east one
react ant0 t hr oug east one first corner into at

external |y 160nﬁéeheat PHORERGRrUNING SYPiRMAFCPINEIAP E\“é!aoél? 035‘.%9 PFGFECE'“Q

process fluid jlg anghdbs @b érerﬂﬁFe B 8RA PSP RES aBsctlyl dindected ihe at
| east one reac?ant transferring heat to or fromthe mxing unit,

transferring t hechnbtked process fluid out of the m xing unit through

at |east ong SRGRE CHMGEr f¥dind Wl toRpRHRSSHagr indreahdmacargranger
zone or a reactor zone of another heat 5e changgmg Cf(alm[]lg SOX’}%H'IS% at

accordilfg to amighayssm ELaerAEgfo ARy gae of the prec
least one reactor zone.

20. The heat exchanger mixing reacior according to claim 189, wherein the
heat exchanger mixing reactor comprises up ta 10 heat exchanger mixing
sysiems.

20 21. Use of a heat exchanger mixing system according to any of claims 1 to 18,
for chemical synthesis or reactions, unit operations such as dilutions of
acids etc., food applications, agrochemicals, biochemicals.

22 Use of a heat exchanger mixing reactor according fo claims 19 or 20, for
chemical synthesis or reactions.

25 23. A continuous process for mixing fluids comprising steps of transferring at
least one first process fluid and at least one second process fluid or at
least one reactant through at least one first corner into at least one
internally connected mixing unit of a connection piate of a heat exchange
mixing system according to any one of claims 1 to 18, or {ransferring at

30 least one first process fluid and at least one second process fluid or at
least one reactant through at least one first corner into at least one

externaily connected mixing unit, mixing the at least one first process fluid



24. The process according to claim 23, wherein the process conprises
transferring internal heat exchanger fluids through at |east two
corners to external heat exchanger plates. 25. The process according
to claim 23, wherein the process conprises '10 transferring internal
heat exchanger fluids into the connection plate through at |east one
first corner and transferring the integnal heat exchanger flui-ds out
of the connection plate through at | east one second corner for
further heat exchanging. 26. The process according to claim 23,
wherein the process conprises 15 transferring external heat exchanger
fluids into the connection plate through at |east one first corner
and transferrimgdtthe aixeastre $esand oxeleandoid o1 Gp & IBRY BF EREANT

connection plate throu : Ny SQESBRG tHe/mixdO @rdyeesess
according to C}ffgpﬁd%_” %\ﬂi&or"léi n t'ﬁﬁe)é]%}o eSS’ conpr | ses 20 transferri ng

external heat @xidhaigsnhd hiiints unibtioough afdasat opRECERIEFNBET CEMPEET uni t
of the external m xi.ng .uni | LB8oeXd R bodndueatheat
exchanger fl ui BEOCBﬁ?mgleragt ﬁ?ag%ggﬁ%@reéﬁfé%éewglr te?rp_er unit of the

ext er nals ni Xi ngxehainge mixing system according to any one of claims 1 to 18.

24. The process according to claim 23, wherein the p'roces‘s comprises
transferring internal heat exchanger fluids through_ at least two corners to
external heat exchanger plates.

25. The process according fo claim 23, wherein the process comprises

10 transferring internat heat exchanger fluids into the' connection plate
through at least one first corner and transferring the internal heat
exchanger fluids out of the connection plate through at least one second
corner for further heat exchanging.

26. The process according io claim 23, wherein the process comprises

15 transferring external heat exchanger fluids into the connection plate
through at least one first corner and iransferring the external heat
exchanger fluids out of the connection plate through at least one second
corner. i .

27. The process according to claim.23, wherein the process comprises

20 transferring external heat exchanger fluids into at least one external
temnper unit of the external mixing unit and transferring the external heat
exchanger fluids out of at least one external femper unit of the external

mixing unit.



