10

15

20

25

30

A Sectioned Fl ow Device The present invention rel ates
to a sectioned flow device such as a sectioned heat
weohangey plate, a sectioned plate reactor orP@I/SE2007/001111

sectioned flow nodule, and a nethod for regulating the
tenperature in a sectioned heat exchanger, sectioned

fl ow nodul e or sectioned plate reactor. The invention

In the use of continuous reactors, the results are
controlled inter alia by the tenperature, i.e. for

certain applications it is inportant to maintain the
tenperature at an aﬁﬁiﬁﬁﬂéﬂ%@ﬂ%r an appropri ate
L f. b1 e ' I OMLS, /i :
TGP TP, e 19,8 PR AOAOUS LS SHEN LB dcuone
hedtexehanger ety ensectionsd ipidte reaetoeor a sdictibeedfibow module, and

tegPer ature conditions and in a controll ed gaﬂneg. Fﬂr
a gngthod daiiregulafing f thew terpaaratere AR eAdeertionede hgahsxehanger,
' LW bl | soFegree of
S%@é)?légﬁllow@olbépéh%%ﬁbﬁgéﬁaé%ﬁgé&ﬁ Is therefore an
obj ect of the present invention to provide flexible

regul ation of the tenperature in a heat exchanger,
fl ow nodul e or plate remye her object of the
Ingir‘] Otﬁﬁé JFURhLBDs réatiBrs MRE' Fsuf YrBeddAtolIBAANter alia by the

ermic reactions in’a continuous heat exchanger,
temipratureadteor fayr cettein rapplications fiuris hémpotgricto i maintain the

el 3 PPt aceys Be A T aRAG PaIos SR, t B aiso
adrithgSBusMib e TBHISStO! Feditstel e tefnPlratiAdTih 6sudhola &vay that

plurality of reactions to take place continuously by
differénd séepeinca spgsenes nan talecploed imdifferpniieapargtuse conditions

i I he fl h . : _
ahd b BT dhanitie o Bk aasTata ook bl intendedyto be
USAb|E KA Bl FalRP lon) hgodslég, resmegRewidIdkilitg is highhyodésithble.

to prevent unwanted reactions and pronote desired
reactions. The reactions are therefore conducted in

It‘3§ gﬂéérgggr% fawggféfeﬁ%l é)r%ggﬁt iﬁQgﬁljiJ}gtoaB%vﬁbeéaﬂéﬂQleorfeghr%ﬁion of

the temperature in a heat exchanger, flow module or plate reactor.

Another object of the present invention is to control exothermic and
endothermic reactions in a continuous heat exchanger, plate reactor or flow

module.

A further object is to provide a heat exchanger, plate reactor or flow module

which is flexible.

The present invention proposes a solution which makes it possible, for
example, for a plurality of reactions to take place continuously by various
reactants being injected at a plurality of points along the flow channel.
Controlling the respective reactions and the formation of products and by-
products entails the temperature being controlled to prevent unwanted reactions

and promote desired reactions. The reactions are therefore conducted in a
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channel. In a flow nodul e or plate reactor which has

m xi ng zones, the flow channel may run in a serpentine
w@aiok/o7ésd ch nay be two-di nensi onal or PCT/SE2007/001111

t hr eedi nensi onal . Exanpl es »f two-di nensional flow

channel s are to be found in PCT/ SE2006/ 001 18 and

exanpl es of three-dinensional flow channels in WD

2004/ 045761 . The flow channel may for exanpl e be

cdnitialiedrmannémby (edet cobling ana idatingf dfoiespacess Tlber frl the flow
channel )é according to this enbodi rent have m xi ng
o)

chanegbntls 2 doy. medule; @r plate HeaetoE vEHeR h@ﬁ.r@mr&ﬁeﬂﬁﬁ,uthe flow

L A

ditdemsidnalv dbamisies dfamd gisnerayori fiovk ehannels eanaeidi btae‘ound in
éroducts rm be taken out and | ater retur

PRI Sa0e/ 05115 e oamaeatoh BrompBensional ThechaBRls in WO

el
2080080 T NG RISy gy ke e
foancbf\&?ﬂdﬂ@@bﬁdSTﬁe floveckarmied dnandcdordingdoliisssubodinent have
heat xc n er zones whic be section heat
T R S 0e SEHE MBI AR WEIRD (ST fite (BRing Zones, and
an°"etx%l 5pﬁ-‘éJI o?dslueﬁ eaﬂhohocﬁé?ﬁme'i ?saebeéntféoatneecquEfmdd/em 428 (SE
has surprisingly been found
05028%6 -6 the direction of flow on the heat exchanger

plate or the utility plate by 90 it is possible to
create a multiplicity of zones which in cross-flow

AloRlgatheffow @hbRfeMBhmpidd ﬁﬁaty' 98 t&Kerd, |||‘Pt‘é’rrﬁeuia‘t’@ pféducts may be
process flow into zones ch may be differentiated

takenpeutagod elateynestyurnedeto élae hprooass Hiow, nf@eu tempeyature may be

mog BRI RInE 8 SRl 20 FIbfit CBRhneS URNE o4 BerMified in
Pcmhzme/ewn@neeT/eEgodelobMQB oxnd IWCOr 2664/046%61 are cooled
counterflow or co-flowrelative to the flowin the

and hwatethhyisiectioned brat pxekangriezangst whighgnay [bgysectioned heat
oGRS SRl e ol B Biod U sl tie, o e
re26ETIERIS Groesiol piadss.t fehds @Npﬂbﬁh@l}ebeeﬁ fcdeMIbv altering
th%:)@lrelgqajlto% éfef?gvf/ %rn ’tlhret r?easiee:)gclhgpmaemllatg or th/e tl).ltllltlgl plate by 9% it is
possible to create a multiplicity of zones which in cross-flow relative to the main
direction of flow divide the process flow into zones which may be differentiated
temperature zones, i.e. each zone having its own temperature range. Having
the heat exchanger zones at 90° relative to the main direction of flow may
cause the heat exchanger fluids to flow in cross-flow, counterflow or co-flow
relative to the flow in the flow channel or flow space. The pattern of flow
depends partly on the size distribution of the zones relative to the flow channel
or flow space. These heat exchanger zones divide the flow channel, flow
module or plate reactor into sections which may be heated and cooled
independently of one another. The present invention therefore affords
advantages which can be achieved with the new sectioned heat exchanger
zones, which means that the temperature can be better regulated and

controlled and the process yield and product quality can thereby be improved.
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i ndependent|y of one another. The present invention

therefore affords advantages which can be achi eved
wowdaok/otdeed new secti oned heat exchanger zones, mMII/812007/001111

nmeans that the tenperature xan be better regul ated and

controlled and the process yield and product quality

can thereby be inproved. Wth the present invention,

the flexibility can be increased by the possibility of
Wathftherpgrasesteialestivh, ahe trkidiaptcagXisd angeasqd by ¢he fdoswibility of

nodul e or plate reactor being used with different heat

diigiemhrigstions Wfdbe heal axchangessplaia, dlaw megyiaQreplaie reactor

oéhig! BB fieh SRSERY HEgi SRR 0PI 1EAGR 1 ARUHE b icrease

S POSSI we e vario

theeskilaplededpresturs rar@. Bpincesasad flexibility inBabossible to recover
exchanger fluids_ may be recirculated in order,

f
heglaRpivieen dhe eariays 1estionedrioness TREApIY, exampl.i i heat
eﬁ%‘é‘i‘nggp’fluﬂfs Yriaﬁle b¥efe%ﬁculétéoaﬁr?%rrdé’1y Fot %%ﬁ]pﬁ@,”fbeté"éd\‘/%? heat

rang [ e to al y

makes pOSSi er reaction tines
fromg rfeasexhrmplec es scddliny wettion,t pr etice Vdrsaaf ok elaggat awmdilable
ot her objects are achieved according to.the.inventi.on

tepsratiragrange SrkesoleRossible i Aliengwachpa imes by increased
p,g,%ggg ﬂg\ﬁ,g,eﬁg@lyé{gdul e or sectioned plate reactor
ed in

escri he i ntroduction conprise one or nore
heat exchanger sections and one or nore regul ating

TRt G BB . L5588 o
hﬁin? ) s?@t?dne‘d’(ﬁé‘é’t%gﬁgg biate, YectiBnéd HolwthBHURNGF sectioned

outtTet of each heat ex nger section, each heat

plate haagtor desortpent ian thengintrodficon redrapiise enre aohwnare heat

efiizok SRathns: o 08 B [ AT, R P B RAF Valves
afe BHRSEREd ftb AWeiiRlct if barPCheNERtHANGer edtibi® oPrto the outlet of
relative to a main direction of a process flowin said

eaeft heahexchanges seetien or to the injet and msdieh eheael higah gsghanger

l.ate ma e stacked and conngcte {31 £ :

sEiie o BEal sReAFRed" Ban Ah A Atk 31 S ieditye, B’ a main

dieedtRm of floefdr avprobassiglow Theafkbektihest heat exchanger plate,
exchanger zones in the flow nodul e or plate reactor

retaliveatas 8 raaini diesation off 2wregrssnitew dn seefionedaiiew module or
rdl e 157 RS direction of a process flow in said sectioned plate reactor.

The sectioned heat exchanger plate may be stacked and connected to a similar
flow plate or reactor plate to form various temperature zones of the flow
channel. The sectioned heat exchanger zones in the flow module or plate
reactor may also divide the flow channel or reactor channel into various
temperature zones by the use of heat exchanger plates to separate the plates
in the flow module or plate reactor so that whole plates where the flow channel
runs constitute one temperature zone and another whole plate constitutes
another temperature zone. To provide regulation of the flow in the heat
exchanger zones, either the inlet or the outlet of each heat exchanger zone is
connected to a valve which regulates the flow through each heat exchanger

zone, which means that each zone has its individual flow regulated with respect
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tenperature zones by the use of heat exchanger plates
to separate the plates in the flow nodule or plate

wo e@siho3so t hat whol e pl ates where the fl ow chemsEt007/001111
runs constitute one tenperature zone and anot her whol e
pl ate constitutes another tenperature zone. To provide
regul ation of the flow in the heat exchanger zones,
either the inlet or the outlet of each heat exchanger

tozihietdnipsraturecasdl the haay @ixeRangerciiuidegsdnirethd hesgdotive heat
through each heat exchanger zone, which neans that

ggbAeNtras its individual flow regulated with
respectto the tenperature and the heat exchanger fluid
used in the respective heat exchanger zone. To control

T lkenfrobtheoflolnarthezit exeharger fluids or dhe te@ptratper @t theezone, at
in the zone, at |east one control unit pmay bfé%
leéah%%tceatrt)burybﬁwrb@ﬁpﬂge@fedttﬁeﬁe\%ebuant%grt rgiocegples, e.g.

for eﬁé%F’dlﬁ%y@fL g‘iég gﬁﬁg)%fﬁ?g?é Y4 ?th'bn Eﬁ&%sgr A6KS Skl 9§4ve§nﬁway be

val ves ontrol unit or unit
covinecitedino tthe ceoritrad | urdtaoh urwtbvevhﬂﬂnmmteamntmimachof/alube The

SR S5, T oo B, o
sdifilBrsr & Uéﬁeth%apg?jlt?écﬁrg‘ﬁﬁh%rsé?% fé"ﬁ{a?; %vér%yteﬁtr%gat@?e value but

measur e recor y nmeans o rocess
oihen pahamebers noayt alse beamBasured: as ureedrdace byl meags iaf sensors.

THE test bandlnybd Bhiatedentinr Bttt dprdlind 3F hfpsured
valgas whiehaneseivb WS bathers c‘dh%“@?ﬂié%ﬁﬁ:e@é byeregRlting the

may be provi'ded at the inlet of each heat exchanger
optouimoeffest afitbe st excbangarcihuideatlhegethageecapies onsensors

or at the i t,,and outl et ch ,heat exc r
BT SOV AR BN AL Ao NS RGRRAI SR e outet o
e@érahéat sREKhriRF tderSn of | whamslet angroutiet df eaeh lr\@:@e‘éxchanger
pl ate reactor, or the thernocouples or sensors may

segtiamatie dnenot meoreufiows tchaindglsoin said flawwlate; ﬁgldléﬁqfé@‘ed flow

orrbl na s there r di [
B sAR beOTnedhBE re st o 8 herRfedtisies B Sekors may
bé %I’tﬁ@tfedl ¢h thieovitRe didd oftthe re @Ibﬂh? vbivieBeof tambislationsthereof.
in each plate or section. e information fromthe

t her nocoupl e or sensor then controls the flow val ve
According to an alternative embodiment of the invention, a thermocouple or a

sensor is provided at the outlet of the flow channel in each plate or section. The
information from the thermocouple or sensor then controls the flow valve
connected to the flow channel, which valve then regulates the flow. The heat
exchanger flow may also be regulated by individual regulating valves, e.g.
modulating valves, solenoid valves, diaphragm valves, direct-acting valves,
thermostatic valves or spherical sector rotary butterfly valves. Certain reactions
require rapid regulation of flows to prevent the reaction sequence being affected
by delayed cooling through the material, e.g. in an exothermic sequence, the
purpose being to prevent damage etc., where it may be advantageous to apply
regulation by magnet-controlled valves. In the case of endothermic reactions,

other valves may be advantageous where these reactions require heat.
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connected to the fl ow channel, which val ve then

regul ates the flow The heat exchanger flow may al so
wheoseywBat ed by individual regulating val ves, PET/gE2007/001111

nodul ati ng val ves, sol enoi & val ves, di aphragm val ves,

direct-acting valves, thernostatic val ves or spheri cal

sector rotary butterfly valves. Certain reactions

require rapid regulation of flows to prevent the

Th@&él&/é@ Riré e eIt b}fﬁtmﬂte@fﬁﬁ@@tmé nwagiebad e theimidtiorghe outlet,
t hrough the materi a in an exothern ¢ sequence,

befpee Fhﬁ y)@ly@ Beaftey the V@l\@/éhﬁt achitEplite pE Poinfh qn@"reag?n the

I
W STEMASITERE e RgER Yok AREALHE, By it i ghemica
mieeraoet Ioﬁrthe pideess.vaThesresalf dfethedvadsageaent ihaoeverted to a

t hese reactions require heat. The val ves are controll ed
mwsyq%nqrgwﬁw ure %aglgaggreﬁemthélgrm efan they, be recorded,

m%Phla?(%d QSF] 5!%& hec VRH & t@fécﬁﬁro'i hﬂ?me"@J)l’{r?ec%d Alalfes. The

pol nts, depending on type of reaction
madurcémeerlteaghabmayobdld:ommte\dhtocla fneqmenowstgml WhICh can be

SR BB S Sl BREE RS Hleror
m-régg lﬁ?ggfs Bla%bﬁ rfﬂéy B@récfvaﬁféd&%ué Wr@‘iﬁermlc inertia occurs.

tro etc. 1n order to control the
Therenmay dt swdh/mrtlaTlthdmirewhang@l gmibbr n'ayhedaeat exchanger

t dt f h b
eGSR e0t PEHL ALY Traei e dnodifs ot Gtk Zeadr Aipgtency
ﬁoﬂﬁ%@@%ﬁ@#&\%ﬂﬁﬁ)rﬁhﬂaﬁés EpeRMbIeaB WBY vARes of an “on/off’ type
advant ageous Where thermc inertia occurs. There na

fomernedmjatlmmeegulatlmm iThe Valves mayhke (egulating Vaweérwhlﬁ% may be

%ﬁaﬁde Eg graup 8; g%?g%ls %ﬁ}lgﬁ rﬁgﬁ’u@)ﬁ'lﬁga W@q%@mﬁ]?aﬁll&g YSolenoid

valoasy!| ai.amagﬁke@ams PeREichheting V@leeyalthéﬁn@étaw valves and
"on/'of f* type for nodul ating regul ati on. The val ves

sphgriask seetlguretannutierfly ¥elvesi ch nmay be sel ected from
the group of val ves which conprises nodul ati ng val ves,
sol enoi d val ves, di aphragm val ves, direct-acting

TM@'pV§§enttn|‘i'\%rm®$1t§l§d) feldRisviosa m@ﬂh@fmrregaﬂatmgah@ ltemperature in
rotary butterfly valves. The present |nvent| on

ar 8wt @odule QT rRteteodeader, r'@gthéﬁh e tiow ?a%rpiﬁtﬁnreactm
cﬁrgbh?&é el g Hord! ceflrof'lsacﬁé)ét' ek@n%e?hz&n% fdridWthe method

e or plate reac
comprises recordlng of the temperature in the process flow by means of

thermocouples or sensors, e.g. chemical sensors, modulation of the recorded
signals from the sensors or thermocouples, and control of the valves connected
to the heat exchanger fluids. The method according to the invention may also
comprise input of reactants to the process flow at at least one inlet along the
flow channel, which process flow runs in cross-flow, counterflow or co-flow
relative to the heat exchanger fluids in the sectioned heat exchanger plates,
with recording of the temperature after the input of reactants. The method
according to the invention may also comprise the possibility of the heat
exchanger sections being at an angle of 90° relative to a main direction of flow
for a process flow in at least one flow plate or relative to a main direction of flow

for a process flow in said sectioned flow module or relative to a main direction
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conpri ses one or nore sectioned heat exchanger zones
and the nethod conprises recording of the tenperature

WO ooslogsopy ocess fl ow by neans of thernobcoupl esPOI/SE2007/001111
sensors, e.g. chem cal sensors, nodul ation of the
recorded signals fromthe sensors or thernocouples,
and control of the valves connected to the heat
exchanger fluids. The method according to the

of I fidriPProteYs AoRANCRAIP 5 bEtforidiplbteOfedctRC UFHY Metifod hry also
process flow at at |east one inlet along the flow

carppiigeereconding iof treotawaperafuiw afigh he inpeit 65 Eactauts.
counterflow or co-flow relative to the heat exchanger
fluids in the sectioned heat exchanger plates, with

Pregsesd enrbodimehes dfeRp efaddhtenadntioh dréeesoimdd bélow in more
reactants. The nethod according to the invention may

deipd witbdefrreaee ththepaitaghed sahgmasticidrawvingss Wakethderjet only the

' f . ative to a main
fe%ﬁfr:réééﬁ ?2%9%"’9? ?@SV\? cfég‘%f%ggk\ t@?é@‘%’f@v@'i n at | east one
flow plate or relative to a main direction of flow for

a process flow in said sectioned f| ow nodul e or
rel ative to a naiBiiefideseiptionef thediawilas, process fl ow

Fi"g[]res?i d S&%ﬁi&&”%dgs@gflbrﬁ%&e e?&étorexcﬁﬁﬁ%é?std?é’t% ko ri]rgggtto the
0]

onprise recordin enperature after t
f react ainventid, efseseendremiaidiveent s of the present
i nvention are described below jn nore detail with

Figefef encedRRiCtR: SetttoneRdipvy PEPERIFIGS aRreen from the
depi ct onkiyat; R '
the i nven%llug’nlheaéi ?Igéﬁ%g\z%rel pti gﬁéﬁ%éﬁé&gggéﬁﬁg% fiflon.
FigupiBe 1 degictst s pulse regulatiomexditthe tehwegaturglagrerding to the
according to the invention, as seen from above. Figure
2 depi ct sP’&SSBEME fl ow nodul e or plate reactor, as
F%%?é‘ﬂ romydf1€tsSA fRther RniSbdinkft Bﬂih'e\g/rﬁe%ﬁ’tQHVémen.
ccording to the i1nvention. Figure depi cts a pul sed. .
Figatgibat i odepittstatenpenpturettine digrandonthe embpdimerdsigpicted in
nmet hod. F'Eglure44 depicts a further enbodi nent of the
present i Rt fon. Fi gure 5 depicts a tenperature/tine
di agram for the enbodi nent depicted in

Detailed description of the drawings

Figure 1 depicts a sectioned heat exchanger plate according to an embodiment
according to the present invention. The diagram depicts the heat exchanger
plate as seen from above, which is divided into a plurality of parallel sections.
The flow in the heat exchanger plate according to this embodiment is at an
angle of 90° relative to the main flow of the process, here represented by a
large grey arrow. In each section the heat exchanger fluids may flow in cross-
flow, co-flow or counterflow relative to the flow in the flow channel, which is on
flow plate or the reactor plate, but the total flow or the main flow of the process
flows in cross-flow. Heat exchanger fluids are put into each section 1 via the
respective inlets 2. The heat exchanger fluids have according to this
embodiment the same inlet temperature. For differentiation of the inlet
temperature in the various sections, it is necessary that the fluids be taken from

different sources at different temperatures, which is not illustrated in Figure 1,
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Figure 4 . Detailed description of the drawi ngs Figure
1 depicts a sectioned heat exchanger plate according

wo eooan7@abodi nent according to the present i nvROIL/BE2007/001111
The di agram depi cts the heat exchanger plate as seen
from above, which is divided into a plurality of
paral l el sections. The flow in the heat exchanger
pl ate according to this enbodiment is at an angl e of

b&Qf R 8dMBMEdOn®S EainBtchlopricedsy HesEsaratd fiéts 2 and the
represented by a Iar%e rey arrow. In each section the
lateaare separiely qanmed diffesenti megiao 88 diftarenicsoyncgs, of heat

oA HGRANHEA S Yol ehyhdgblatesl s Ao pine ne
teperbfige tozinabe forovided lidtweani thef differerit sdutions dnethe sectioned
flows in cross-flow Heat exchanger fluids are put

heatt exchanges edateonAnothes way of cdifietantialing fhettemperatypg in the

J RANI v, . ' : ' .
ol FAEARSET LA B! RoRCTEUL U8, Lo, which may be
effedtée anirezins cof vdlvédh® sitlated tedtnee haforeethieninidte 2 or after the
o%’t&&i Qus sections, it is necessary th

' Valve Tha'aifiets 3. Fn2%utiets 3
&9 @ EigWer’k g}eeyﬁlyg%gf%égu%ttedoqf;qr g Ie.s ). The outlets
mfa?nlt?ﬁr&;dhre%ﬁed éﬁ‘!&%éﬁwt? b ASER ‘%@d?éél gk%;ﬁrtf’gnei’ﬂlﬂ&s are

e conbi ned inlet s instead replace
broegat tagether, dius itds prubstbie tb dtavertharautietpdrletditp some inlet for

connected to different ia or different sources of .
funtbsr %SQE RXFRANGS €9 d8 rfigat axcég@g%rréqﬂe, where remaining

hé@c’?ﬁﬁ?%@ﬁt%ed? differentiation of the inlet
tenperature can be provi ded between the different

sections in the sectioned heat exchanger plate.

F@Q% 23@e@@%tqor{)ﬂlgér{néﬁ{1% r(]atfriétg%dir%gg{ gﬁ grﬁﬁ&i}?ﬁﬁr ;?rﬁiggntt itﬁgention,
sHAKingUS 12aetdroas flowhhddudy Pee fooﬁﬁ% Qﬁe biyedteaxshapiger plates

u
valves 5 situated either before the inlets 2 or after
ac¢rrdingt foethis empiodinmenjuseatian BagleadiRe elative toutecain flow of

ft th tlets 3).,Th tl 3 d
R P Dortm haecoprese e DY wRbSmBL DK RERYS, (P AT G®pg each
sideobdtHe hi@RIOF reBttor.i tThis dag&in?depicts Raviewt fdule or plate
outlets 3 lead to sone inlet for further heat

regeioranish bag between feachHiow titate @ecaAGEr Pfalged QRigepe more
hégf@*ﬁﬁ%ep%ﬂtew \A}ﬁFchuHaly' 5& gectioned or non-sectioned. The flow

module or plate reactor is seen from the side. According to this embodiment,
two heat exchanger plates 1 are separated by an insulating plate 9. Figure 2
also shows how the valves 5 may be situated either on the inlet side or on the
outlet side of the heat exchanger plates. According to the embodiment in
Figure 2, the heat exchanger plates are sectioned by at least one valve 5 being
connected to each plate to regulate the heat exchanger medium.
Thermocouples 10 may be connected either after the valves 5 after the outlet
for the heat exchanger medium or before the outlet in the heat exchanger, or
thermocouples 10 may be provided both at the outlet of the heat exchanger and
on the outlet side of the valve (only the provision of thermocouples 10 on the
outlet side of the valves is depicted in Figure 2). The temperature recorded by

the thermocouples then controls the valves which regulate the flow through the
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Figure 2 depicts an alternative enbodi nent accordi ng

to the present invention, showing a reactor or flow
woreaslozo3dThe flow in the heat exchanger pl at esPCT/SE2007/001111

according to this enbodiners is at an angle of 90

relative to the main flow of the process, here

represented by two small black arrows (in and out) on

each side of the nodule or reactor. This diagram

re@@@b@es Hedt! @%H&@ér@ BierBbRt MakRRL O poskibid thaprovide pulse
bet ween each flow plate 8 or reactor plate 8 one or

regsifadionewhicky B1sngersyshathed the \iampleratyye tyariss (withiRedl rapge or

R R e e T

heat exchanger plates 1 are separated by an |nsul atl ng
plate 9. Figure 2 also shows how t he val ves
Figufeiad edenictshar tigie/temperaiuse diegearsr fasnat m,etam 6t Which the
t XC CeOh 0; .t
te?ﬁngé?aﬁrre |tt§ reﬁ%@tgﬁr e?@é'grngB ﬁ te'@c gér'glgu altsegﬁserd on a

meastiepnest dignaltpro@aing mfmnmbneab'i»ubWhegwecraheae@rhpdrattore at the
each plate to regul ate the heat exchanger nediu

MERSHHRE AAMtelas oSaRyorHalles frnse the REPeRErMiTeckerppgrature, and
th\éaér\b%ésén@féfeéuéhh? heﬁ%équ @so to tahﬁ ghﬁggteﬁéxéﬁg%rthe regulating

i um or “bef ore out nger
valkerorocaivgs ee that they flow isregutited thyt thealattehdemyg bpened for a

th t d h tl f th
1398 e\?r%eﬁrﬁ?rnﬁgéﬁggﬁ Shaldraip Sic8 6T ealeagions do not
tﬁ'eg;gaeé utnlﬂfSrrM Yr‘?éﬂ SERLA éx‘&hgh %e%)a wTh?ary according

eraturer orde by the t erm)co hen
tac dime moéasuremends wesiclviareh cortuicaisty mmie‘ I|m\mdhlr toggchieve as

t.h t heat th
ARUSLAOPE B TG U EISE SPayeit B LRTERHE B such
that the tenperature varies within a range or such

that a continuously uniformtenperature i s nmaintained.
Arcayding 3o dibpi embagimente/n drigercathira rega@tlam ¢entren (RC in the

AP be6h By St T aliey ear BermopalEHe fated B at the inlet

ofBageYt GBI BR@hnd) 0P dadhRectioh I 182, 8B ah@lsm ¢ b ee inlet
the tenperature at the measuring poi nt has risen or

andloudat of keattaxshpneertwdsifont eaehpeetianir Ehe girgrameshows only

t%ﬁ%r%?%re?ﬁg@% e%éﬁ gtyﬁﬂéhﬂgaguplgsa?f it thePaidhHY. PALMeording in

the regulating centre may also be based on values from sensors which directly
or indirectly measure the process resdults, i.e. portions of the reaction or side-
reactions which are used for controlling the process. Regulation according to
the embodiment depicted in Figure 4 may also be used both to start and stop
reactions in different sections and to control the reactions. Being able to mix
warm and cold heat exchanger fluids (VV and KV respectively in the diagram)
makes it possible to achieve flexibility in both regulating function and plant
design. This flexibility makes it possible to adapt the heat exchange to different

processes, but also to the heat exchanger, flow module or reactor used.

Figure 5 depicts a temperature/time diagram for a method according to the

embodiment depicted in Figure 4, in which a plurality of temperatures are both



val ve or valves so that the flowis regulated by the
| atter being opened for a larger flow or constricted
wo ecoosaz@aml | er flow. Since chem cal reactions BOI/AE2007/001111
take place uniformly, the f4 ow of the heat exchanger
media w il vary according to the neasurenments which
are continuously made in order to achieve as
advant ageous a tenperature effect as possible on the
measGiedoand Ireyulafst o Mhenthea@utdte tefipediturestmap e g énlet and
4, a regulating centre (RCin the diagram uses
oyl demegrattraseel theoprocass mrdivipl feamneuar Bwre septiars and, for

LN : f . 1 £aG
oleifiploiisirfe @edind or e et e Rge figs S Temperptyres of
inodmirepandxahgoiag rhddt Wxdhahgonflgids langleptocess niddia may also be
di agr am shows onuy t enper at ures neasured bg .
regHte%%ctmpﬂoagr(aa Bty tHectiAnggrag) . toTREeYaitoPailing PR ke heat

[ centre may al so be based on val ues from
eégﬁ@ggﬁg@%rch directly or indirectly neasure the
process results, i.e. portions of the reaction or
si dereacti ons which are used for controlling the
process. Regul ation according to the enbodi nent
depicted in Figure 4 may al so be used both to start
and stop reactions in different sections and to
control the reactions. Being able to m x warm and cold
heat exchanger fluids (Wand KV respectively in the
di agram) makes it possible to achieve flexibility in
both regul ating function and plant design. This
flexibility makes it possible to adapt the heat
exchange to different processes, but also to the heat
exchanger, flow nodule or reactor used. Figure 5
depicts a tenperature/tinme diagramfor a nethod
according to the enbodi nent depicted in Figure 4 , in
which a plurality of tenperatures are bothneasured and
regul ated. The neasured tenperatures nmay be the inlet
and outlet tenperatures of the process nedi umfrom one
or nore sections and, for exanple, the inlet
tenperature of the heat exchanger fluids. Tenperatures
of incom ng and outgoi ng heat exchanger fluids and
process nedia may al so be regulated to cover safety
functions, e.g. to prevent boiling on the heat
exchanger side.d ai ns
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1. A sectioned heat exchanger plate, conprising inlets
and outlets for one or nore heat exchanger fl uids,
wo egeloadoBng val ves, thernocoupl es and/ or sensoPGT/SEADTON1111
heat exchanger plate is diuwbded into heat exchanger
sections, each heat exchanger section having a
regul ati ng val ve connected to its outlet for
regul ati on of the heat exchanger fluids, and having a
t her nocoupl e and/ or a sensgrimgnnected to its inlet or
outlet or in the process fTow, which thernocouple or
1.snsettienasibeat grehanognintatec eampopinghialate andagytiajs for one or

2 gl Ay oy SV G540, 5 sonor.

whishrmhetitrexehangeroplatd @ndiviledantyy heatséxdHapiger Beations, each heat
serpentine flow channel, which flow channel is on/in a
exghaARger asection baving @ rregulegingpralve. conneglededq j iEherptiet for

RSB AR Rt SR T ST S B A oA ancror
seraoresonhécthd c epits Simdetmarubatiéngrvah vilee srotesi flow, which

val ves, di aphragm val ves, direct-acti rfg val vlﬁs )
therBPRBYRIGLQr SaNSPT 8NGH &G WNICA CUREQ he reg ?§9n9 valve at the

t eclti-an :
ol 51k KalTige sodhob bR Geal i o ot an
aeglerzfr@frtosz otainmiiestisn of iffouafced proessHovhena serpentine flow

exchanger fluids flowin cross-flow, co:-flow qr

AT SPRBIow CRaist femisha o RIFBLSr STl SRS Bipte
counterflow, depending on the size of the heat

exchanger sections, with respect to a process flowin

2a derseetionek Hdabvexdhamger ,plafiei abcéiding dbaciaih 1,sirorwhigh the

a flow plate or on/i eactor plate.. 4 . A sectioned .
el Safiese fres ameied 5o 1 ollhyobnahss FREH Wffbrises
nicIURARIGNJalvkd] BBleniol WaINGS, I @aphRighi /ahalsy egiratt&icting valves,

connecfed to one or nore inlets on the sectioned heat
thexeiestajiervaiiestand sphexicabsectonefanchutierily Nalvger pl at e

according to any one of the foregoing clains, in which
t he heat exchanger sections have the sane heat

3exk Rapisied hehtderdhdnder prRé RE6RANG S ciAel 1 @nIdiAVE, in which
di fferent heat exchanger fluids.6 . A sectioned heat

eask lhgatexchanges section is ag itvatad, thatdheheahexelrnassifivids flow
in cross-flow, co-flow or counterflow or combinations of cross-flow, co-flow or
counterflow, depending on the size of the heat exchanger sections, with respect
to a process flow in a serpentine flow channel, which flow channel is on/in a

flow plate or on/in a reactor plate.

4. A sectioned heat exchanger plate according to any one of the foregoing
claims, in which regulating valves are connected to one or more inlets on the

sectioned heat exchanger plate.

5. A sectioned heat exchanger plate according to any one of the foregoing
claims, in which the heat exchanger sections have the same heat exchanger

fluid or the heat exchanger sections have different heat exchanger fluids.



10

15

20

25

30

clainms, in which the sectioned heat exchanger plate
fornms part of a flow nodule or a plate reactor, and
wo b@sorasy nodul e or plate reactor al so conpri SBCT/BE®W/001111
pl ates and/ or reactor platas. 7. A sectioned flow
nodul e or sectioned plate reactor conprising at |east
one sectioned heat exchanger plate according to any
one of clains 1 to 5 and at |least one flow plate

6.anAl/ctished erRSt RRAahGSCHRIte RIcabRIiMGit6 harlys bAé eofsthactorsyoing
bet ween secti oned heat exchanger plates or between

claiges. iin méchthe segtionad dwat prehangeimiaterforns ipareef snbBew module

o AR BB, 1 Ao BGRHIETEF s 8RR 9150 Yomaisge flow
plathanyger radlcedrasiateBi ch have inlets and outlets for
heat exchanger fluids and which further conprise

regul ati ng val ves, thernocoupl es and/or sensors, in

7.2%: %g%ﬁ&%ohﬁ'&k.ﬁé&ﬂ@@%cﬁbﬁ%@?l&%%ﬁ&oﬁ:ﬁ g‘ngnat least one
ger secti ons, “eac ea Xchanger sectl on “havi ng

sectiopgd| leddt rexchahyger pritdecteding to tahyoortd ef claims 1 to 5 and at
ulating the heat exchanger fluids and ha

le[aggronsc%w! Rlaly andinableasipng reactep Rizig WHIGRY isjare stacked
bWt ééfctigﬂe&h%eaf g&gﬁfacr{gegw gérﬁ’gFC{bﬁt iBet URL&idHed heat

sensor sends Signa 0 e regulating

exctlangeapldtbée and tunstctidneidnee dteaxichangérapighss. sect i on,
each heat exchanger section being at an angle of 90
relative to a main direction of flow for a process

8f 1 0%eéfbridd ﬂl&ﬁ?ﬁ?cﬁp? éfvrv's%\g‘ti&g@d ?la@@%&étlor ebpki¥mgt & pfurality of

main direction o r prfocess flow in at 7l east _
heateexarenger pidtas avhicinihakie fihlets phdtadlets fordagatexcghbages fluids

oy G T Hgiiseu SEUBRAS ey <on ttibepbplag g s, in

WRIEPRBARIat RhxBh&n GBS brise A8 hedl BxShartdetisEBtidnd, Cedeh heat
i n which thernbcoupl es and/or sensors record the

exehangent sectiont Haying exclegulptingf valves connesledi o eits oputlet for
S, e hESL RO RIS R4V 88 4 tyd el e 875 Sensor
cg@gédtneggggg{tsg@worssmr@n inM{heCPrateas icweRhichi theahscouple or
sensor sends signals which control the regulating valve at the outlet of the heat
exchanger section, each heat exchanger section being at an angle of 90°
relative to a main direction of flow for a process flow in at least one flow plate
and/or relative to a main direction of flow for a process flow in at least one
reactor plate, which flow plates or reactor plates have a serpentine flow channel

for fluids.

9. A method for regulating the temperature in a sectioned heat exchanger plate
according to any one of claims 1 to 6, in which thermocouples and/or sensors
record the temperature of heat exchanger fluids at the inlet or outlet of the heat
exchanger section or in the process flow, and measurement signals are sent
from the thermocouples or sensors, which measurement signals are modulated
and then control the flow through the regulating valves at the outlets of the heat

exchanger sections.
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and then control the flow through the regul ating
valves at the outlets of the heat exchanger

waeasioons? 10. A nmethod for regul ating the tenpepecBBE2007/001111
in a sectioned flow nodul e1or sectioned plate reactor
according to claim7 or claim8, in which
t her nocoupl es and/ or sensors record the tenperature of
heat exchanger fluids at the inlet or outlet of the
heat exchanger section or in the process flow and

measurenent signals are sent fromthe thernocouples or
1@ dprethoghfos Heglading dhenteraeyatire inra sestiened digwampdule or
f - t loatd Not:
SHIBRGATAE AP LTI 76 LB B2 RylPhoBburles

amafbhsdnsorsaedorny tHenterhpemaitdrecsf ledati ench@ngenfluddiscat the inlet or
i nput. of reactants to the process fl ow tﬂkes pl.ace at
!

ouliet|i4he hané exphargel wRFGIoNHY N ik RIRERRROWyRNdmeasurement
si%?&eﬁﬁe féq%w ﬁ&ﬂsttﬁoéqttﬁéﬁﬁéégdp%& d?oé'é‘ﬁs%r%,l. ik meﬁ(saurement

low relative e heat "exchanger tluids int
signalsi are edoddate deruchtiregecontich ties flowithtougbdbe degylating valyes at

temperatyre after the input of reactants. 12. A nethod
thsQU B4 Oh e BERHFCHABORT SSTRNds O 10 or 11, in’ whi ch

t he heat exchanger fluids are recirculated to anot her

heat exchanger section for recovery of heat froma

1t.od\ iMmeghee @ccording to etzimed yor aflaiooN @, inr which warirohgeactants to
section.

13. nmet hod according to a on f clains .
trg sS85 10w takes Blara,t CeprOnR sk At it Aonbs ey which
pRRBYETARH rLfs anf £ERIEIRGY &beHIaHIoW iof Ned-RoWDIAtRIce b ttRe heat

provi de frequency-nodul ated pul se regul ati on of the

exchpnger ifluigsvial thessentionadtheat mxchangergpiateswvath feagirdigg of the

te'rr‘?’pecrraFuell'te%‘?fer the input of reactants.

12. A method according to any one of claims 9, 10 or 11, in which the heat
exchanger fluids are recirculated to another heat exchanger section for
recovery of heat from a cooling section or recovery of cold from a warming

section.

13. A method according to any one of claims 9, 10, 11 or 12, in which the
measurement signals are converted to a frequency signal which is modulated to
provide frequency-modulated pulse regulation of the regulating valves so that a

pulsating flow of fluids is created.



