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A particuler object of the present invention is to
provide a simple and effective solution for controlling
and optimizing chemical reactions by optimizing a reactor
of the open type, which solution does not present the
above-mentioned drawbacks of discontinuous reactors or
batch type reactors.

To this end, the invention provides a method of
optimizing a chemical reaction in a reactor, the method
being characterized in that it consists in:

- using an open reactor constituted by a stack of
plates defining between them at least one block having a
reaction chamber formed between two heat exchange side
chambers for circulating a heat exchange utility fluid,
mezans for feeding the reaction chamber with a continuous

flow of one or more reagents, and means for feeding the
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2 two side chanbers with a continuous flow of utility
fluid;, establishing a dynam c nodel of the reactor
for a given reaction on the basis of a nodel of the
reaction 5 chanber and of the heat exchanges between
said reaction chanber and the &ide chanbers for
circulating utility fluid, the dynam c node
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Using a continuous or open reactor comprising a
stack of plates defining at least one reaction chamber
between two utility fluid circulation chambers makes it

25 possible to solve the problems cof heat dissipation Lhat
are observed in discontinuous or closed reactors of the
batch type, by appropriately selecting the temperatures
and flow rates of the utility fluid(s) circulating on
either side of the reaction chamber, and also by

30 selecting Lhe flow directions of these [luids (co-
current, counter-current, or crossed-currents) relative
to the flow direction of the reaction fluid in the
reaction chamber.

This also makes it possible to optimize the

35 dimensions or the optimum configuration of the reactor
and to optimize the operation or the operzting conditions

of the reactor by providing control parameters for the



and to optim ze the operation or the operating
conditions of the reactor by providing contro
paranmeters for the 3 chem cal reaction, and by

descri bing accurately the tenperature distribution
within the reactor. Accurately determining the way in
whi ch tenperatures vary within the reactor, which
constitutes the essential 5 difference between the
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- applying the integration software tool to this new
dynamic model to solve the above eguations;

- optimizing again the said set of dimension and/or

25 operation parameters of the reactor; and

- modifying if necessary the said built reactor,
accordingly to the new optimized set of parameters.

The dynamic model of the reactor comprises mass and
energy balance equations and constraint eguations, which

30 are characteristics of the reactor and,of the chemical
reaction. ,

According to another characteristic of the
invention, the model of the reaction chamber includes
subdividing the chamber into a series of successive

35 individual cells, each containing a thoroughly stirred
fluid medium. The utility fluid circulation chambers are

likewise modeled by being subdivided into individual



35 individual cells, each containing a thoroughly
stirred fluid medium The utility fluid circulation
chanbers are |ikew se nodel ed by bei ng subdi vi ded

into individual 4 cells of nunber equal to the nunber

of individual cells in the reaction chanber. The
nodel i ng of heat exchanges al so takes account of the
flow direction of the fluid in each individual cell 5
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Advantageously, the dynamic model of the reactor
includes a model of the inlet and outlet zones of the
reactor, of the inlet and outlet zones of each reaction
chamber, and of transition zones between the various

30 blocks of the reactor.

The dynamic model also makes it possible to have a
feed point for each individual cell of the reaction
chamber.

The integration software tocl applied tc the system

35 of equations constituting the dynamic model of the
reactor serves Lo solve those equations and to simulate



The integration software tool applied to the system
:35 of equations constituting the dynam c nodel of the
reactor serves to solve those equations and to
simulate 5 the behavior of the reactor, known as the
"reactor state", for the chemfal reaction under
study. For given targets and constraints, the
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For a chemical reaction in a homogeneous medium, Lhe
25 dynamic model of the reactor comprises a dynamic model of
the reaction chamber made up ¢f egquations for mass
balance, energy balance, pressure balance, and volume
constraints. These eguations serve to define the state
of and the variations in the fluid medium in each
30 individual cell. o
7o do this, it is considered that in the individual
cells of the reaction chamber having thoroughly stirred
content, the characteristic magnitudes (temperature,
pressure, flow rate, composition, etc.), the pnysical
35 properties (density, viscosity, etc.), and the physico-
chemical phenomena (reaction, transfer of material,

etc.), are uniform within each cell, and that the



pressure, flow rate, conposition, etc.), the physica

35 properties (density, viscosity, etc.), and the

physi co- chem cal phenonena (reaction, transfer of
material, etc.), are uniformwthin each cell, and
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and the physical properties of the two phases are
determined by association relationships enabling the
25 physical properties of the medium to be associated with
the properties of each of the phases and also with their
proportions, the distribution of the phases being assumed
to be uniform in each individual cell.
It is also possible for two-phase equilibrium rules
30 to be applied to the phase mixture as a function of the
size of the droplets of the dispersed phase, of the
thermodynamic properties of the phases that are present,
and/ox of the flow conditions.
The Sauter diameter makes it possible to determine
35 the size of the droplets of the dispersed phase.

Variations in the size of thes droplets in the dispersed



and/or of the flow conditions. The Sauter dianeter

makes it possible to determne 35 the size of the

dropl ets of the dispersed phase. Variations in the

size of the droplets in the dispersed 7 phase can
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25 : - a model of reaction fluid pressure drops in the
reactor, based on experimental measurements.

The method may also include estimating the physical
properties of the components of the reactor and of the
reaction and utility £fluids.

30 The method of the present invention presents the
advantage of predicting the behavior of a plate reactor
for given operating condiltions, and it also makes it
possible to define the optimum configuration or
dimensioning and the optimum operating conditions or

35 operation of the reactor for a given reaction or set of
reactions. The method also makes it possible to describe

variations in said behavior over time, with it being
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pacti ont A0 ELOVCSa] 908 22 FLE MANRSUIMNG cre
2p| urmdint ystefos fiwed hgobrtdmbaat hen tesperdtafr éhgndnvgation;
yield of th€gures 6 and 7 are graphs showing the influences
of reagent concentration and flow rate, and of utility
fluid flow rate on the temperature and the yield of the
sodium thiosulfate oxidation reaction;

25 - Figures 8 to 10 are graphs showing the influences
of the number and the disposition of Lhe reagent feed
points on the temperature of the acetic anhydride
hydrolysis reaction; and

Figures 11 and 12 are graphs showing the

30 influences of the reagent feed rate at a plurality of
feed points on the temperature and the yield of the
reaction for producing necopentyl glycol.

Reference is made initially to Figure 1 which is a
diagram of an open or continuous reactor comprising a

35 stack of plates 20, 21, 22, 23 which define parallel

chambers between one another. The plates 21 and 22 are

referred to as "transition" plates and they define



reaction for produci ng neopentyl glycol. Reference is

made initially to Figure 1 which is a diagramof an

open or continuous reactor conprising a 35 stack of
plates 20, 21, 22, 23 which define parallel chanbers

bet ween one anot her. The plates321 and 22 are

referred to as "transition" plates and they define 9

bet ween them a reacti on chanber 24 having a reagent
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21, 22 faorns a’'reaction and e at es
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connget et 1t 88l EhakNeLCUkRgn TNeChAMENS 24 Al ethylene

and generally fitt deflnln
f1ui L YFOW passages inside said chanbers. For
1exanpl e, tie gwakl o@npthasber02421 ncadess ﬂdmertas reaction
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overal | hea }}rans ef éoe figi en ? % ate reactor
2Pmy ¥ieh inparke defingeg2660idati @,Wp@asm e neidsr Seed
Kel Véiard¥ e 2. Kok) ekand@e5008e W a2 #orl .chdiber 24 includes
tempgrature 4. Lhe Leagked SBAIPEL; 2y the reaction medium
to follow a zigzeg path inside the reaction chamber 29,
as shown in Figures 1 and 2.
25 The chambers 24, 27, and 28 are fed continuously by
suitable means (not shown).

Under optimum operating conditions, the overall heat
transfer coefficient of a plate reactor may lie in the
range 2000 watts per square metér per Kelvin (W.m2,K1!) to

30 5000 W.m2.K:, The temperature in the reaction chamber 24
ig controlled, for example, by suitably selecting the
temperature and/or the flow rate of the utility fluid(s)
circulating on either side of the reaction chamber 24,
and also by appropriately selecting the composition, the

35 .temperature, and/or the flow rate of the reaction medium
in the reaction chamber, and/or by appropriately
selecting the flow direction of the utility fluid in each



is controlled, for exanple, by suitably selecting the
tenperature and/or the flow rate of the utility

fluid(s) <circulating on either side of the reaction
chanber 24, and also by appropriately selecting the
conposition, the 35 tenperaturelCand/or the flow rate

of the reaction nmedium in the reaction chanber,

and/ or by appropriately selecting the flow direction
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chamber 24 to be characterized.

25 Experimental analysis of the resident time
distribution makes it possible to characterize it in
terms of mean resident time (Tt ) and of variance (a2). On
the basis of these characteristics, it is pqssible to
estimate the number of individual cells needed in order

30 to be representative of the degree of mixing and the
hydrodynamics of Lhe real reactor. By way of example,
this number is calculated using the following formula:

T2

d

N =
g

In practice, this number depends in particular on
35 the feed rate of the reaction chamber 24 and on the

viscosity of the reaction medium. The number of



30 to be representative of the degree of m xing and

the hydrodynam cs of the real reactor. By way of
exanple, this nunber is calculated using the

following formula: t° N = 1In practice, this nunber
depends in particular on 35 thel feed rate of the
reacti on chanber 24 and on the viscosity of the
reacti on nedi um The nunber of 11 individual cells
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fromihe fsea%p%%'eat b§5ehénassbé r&enJmeroe%tsIn% present in
medi um passes hori zopt al %g rom cel to cell 2 and
C

thenth?cf§ﬁ9q19§ SPAMPERy ell 3 and penetrates into
1gel | 4 2= tuwetled vellscabky benBaih ddws afd thiver cells
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into ce 'situated vertically
20 as seht Yra% giecdiicg Lt Bepes il Jat J.andidern Haﬁs&sder
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Qhef faed RQ NLS12230,59" 08 PL DT KU M1 7 situated
vertically peneath it, and then passes horizontally into
cells 8 and 9. Finally, the reaction medium leaves the

25 cell 9 and penetrates into cell 10 situated vertically
beneath it, and then passes horizontally into cells 11
and 12 in order to leave the reaction chamber 24 via Lhe
point 26. Other feed points 25b for one or more other
reagents can also be provided in the first cell or in

30 individual cells other than the first.

In a variant, the rezction medium can flow in the
reaction chamber 24 in parallel relative to the utility
fluid flowing in the side chambers 27 and 28.

Similarly, the side chambers 27 and 28 are

35 subdivided into individual cells for utility fluid flow,
so that each individual reactor cell is situated between

two individual utility fluid flow cells.
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reagents can al so be provided in the first cell or in
30 individual cells other than the first. In a
variant, the reaction nediumcan flowin the reaction
chanmber 24 in parallel relative to the utility fluid

“flowing in the side chanbers 27l7and 28. Similarly, the

side chanbers 27 and 28 are 35 subdivided into
i ndividual cells for utility fluid flow, so that each
i ndi vi dudin regatrer 1cekthei teftt ard edidiet weale <hwabers 27 and
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are determned respectiyel the cells B.an

sithg} ;Er?é: § FoFSE® %néﬁ X?i%péc?‘?%eﬁ/telrﬁnﬁ%eéi iy ILhoyj’e of
the cell situated immediately ahead of it in the fluid

flow direction of the reaction medium, i.=. the cell 4.

o

25 Similarly, the thermal characteristics of the cells E and

E' are determined respectively by the cells B and H'
situated ahead of E and E' respectively in the utility
fluid flow direction.

The individual reaction cells are considered as

30 being continuously stirred reactors, thus making it

possible to generalize the equations for the
characteristics and balances of the reactor and of the
chemical reaction in the mathematical model using a
number of equations which is a function of the number of

35 individual reaction cells, where Lhis number is given by

the following expression:
n = [No. of cells] x (No. of ecquations per cell)
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fluid flow direction. The individual reaction cells

are considered as 30 being continuously stirred

reactors, thus making it possible to generalize the
equations for the characteristics and bal ances of the
reactor and of the chenmical rebdtion in the

mat hemati cal nodel using a nunber of equations which

is a function of the nunber of 35 individual reaction
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n: ouBEUBLHRKS X nbi nck in which nCOL8 is the nunber of
constltuentwomﬁgéﬂubusﬂmamaial reactlon nbl..k is the
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nCell/ bl ock is the nunber of |nd|V|duaI cells per
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cons

in which n.,, is the number of constituents of the
chemical reaction, ng .. is the number of reaction blocks,

n is the number of utility zones per reaction

zone/block

25 block, and nNg.;pieex LS the number of individual cells per
reaction block.

For a chemical reaction in a homogensous or single-
phase medium, the characteristic equations are as
follows, for example:

30 - for each individual cell of the reaction chamber:
an overall mass balance, component mass balances, an
energy balance, a pressure balance, a volume model, a
molar enthalpy model, a volume constraint, a molar volume
model, a heat balance for the thermal environment, heat

35 balances for the transition plates, heat balances for the



For a chem cal reaction in a honogeneous or ‘single-

phase nedium the characteristic equations are as

foll ows, for exanple: 30 for each individual cell of

the reaction chanber: an overall mass bal ance,

conmponent mass bal ances, an enetgy bal ance, a

pressure bal ance, a volune nodel, a nolar enthal py
nodel , a volunme constraint, a nolar volune nodel, a
heatutal isnc e Ifuddst, heetkhebabbneayi fonned adiekatlds plates,
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1§a|a@§§351¥ ﬂJHi b%@ﬁhb@UQH§ QHQS@oﬁ%ELJdHéth%sp and for the
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bal aftER SRR AP aF5ele FEMPERSRReM a%%rmlrﬂrgifs 2€and
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nmol ar V or the contl nuous ase and or
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utility fluld temperature constraints and a utility fluid
25 flow rate constraint.

The dynamic reactor model of the invention is drawn
up on the basis of a dynamic model of the reaction
chamber and a dynamic model for heat exchanges, each
dynamic model comprising equations relating to an

30 individual reaction cell 5 represented diagrammatically
in Figure 3 by a rectangle.

Arrows 32 and 33 represent respectively the {low
direction of the reaction medium in the individual cell 5
of the reaction chamber 21 and of the utility fluid in

35 the individual side cells E and E' of the side chambers
27 and 28, the utility fluid flow direction in the two
chambers 27 and 28 in this example being a co-current



chanber and a dynam c nodel for heat exchanges, each
dynam ¢ nodel conprising equations relating to an 30

i ndi vi dual reaction cell 5 represented

diagrammatically in Figure 3 by a rectangle. Arrows

32 and 33 represent respectivel¥5the -Flow direction

of the reaction nediumin the individual cell 5 of

the reaction chanmber 24 and of the utility fluid in 35

t he fhoi viedualivei de ¢cdlel $1Bwand theofeddiei i deedium in the
cha 7 he Ut ol £ | r h8hn

in ?ﬁe ?%&é% é?%%g§§§2%7 gﬁgk byyné%h$€]%£§ﬁ%%21%gﬁﬁg a L
co-ctA¥@erR 15 flow relative to the flow of the
reactuon'nmﬁluﬂﬁud@st@eanﬂeachrenus@anbegpéﬁt1uﬂmy:m@rgeflne

Eo that wh ? gkg“ﬁﬁ‘w il;o_tg §5 PefPlsents
ar & Uset respec |ve yto he reactldn
medi tne arelathe kam [mattg Pifuitde FPaskpeeseef sum tie Fpl ar

fl S\A&rﬁéiix%dlfalt f&eemle%w QR G&dbﬁglhnméiﬁeé nek i ghiddnacel |
and is give es, per second Tp

respé‘&? 9 tfre at"éin%erafﬁrjée%?ec‘t]hv yeaI} %ﬁmﬁgaiature of
and bmetimaanndntmﬁdﬂum @nidnotthéhe 1011 by vi buad igeltheir
@Xpr§§§f$hddhﬂ§céﬂ1§ %xbn%sggba“nemkh@hpﬁs Q%etﬂ%lar enthalpy
reaction nmedium in an individual  c gx%L: % g

j oul 85 Y% IRAEICR MsEdipn 19papsit év f zﬁ?presse in
i ndi youlled peactdlen (@hawiel) ,exfpr éssede i viotwhs cofretrer s

(18) 1ndify | Qud e SIS, %fha%g‘?sekﬁrég o8 CAE LML TRl W

in 15°Gn" TN molar fraction
of a(Mheadents ofha RYHRT 1feolEd) irnthR FRAFYIAUATCD UM 1N

16€l | ant hed 1 WUPRIIS GdINL, S altdl xgnds kehandialatd iy adiéon of a
number_of the Jindividuyal re I . R
gl 4 ISR 90 68 LydlyyARI2an, ne

reac anber
Fi gugere s @hicts) koTl el ZDlInétLFéFl@g Ehe nwerss dfalthe

Uti'iﬁ&l@idﬂéﬂfﬂéﬁﬁﬂﬂﬂd deAltdiltoand M tie Lémdatindne of a
left_and right 7 ng 2?.'n gigu &L Q d fine
1 RGP bl Publleep P ) o fene.
29eac%¢bﬁ®%hﬁﬁﬁé3324Whavéuéénpéﬁﬂlﬁhaflﬂédtﬁb@%uﬁﬁﬂy (A to L
25 sghdred,td en ddie tplkemetal ahgaeiont tiakeiSepd &E and 28 in
a hopngpgopﬁ si ngl e-phase liquid nmediumto which
If it is assumed that the individual cells of the
reaction chamber 241 have content that is thoroughly
25 stirred, then the chemical reacticon takes place in a
homogeneous single-phase liquid medium to which
Arrhenius® equation can be applied, and the dynamic model
of the reaction chamber comprises the following

equations, for example:

30 - the overall mass balance for the reaction medium
in an individual cell (in mol.s™1):

du* . 3
P pl* L R R AR x

dt 4 y4 £ P P

. J
with An, = ZAnP‘,., Za’,j . and R o
{



A.r_.r.henius' equation can be applied, and the
dynam ¢ nodel of the reaction chanber conprises the
foll owi ng equations, for exanple: 30 the overall nass
bal ance for the reaction nedium in an individual cell
(in mol.s-1): k dtlp = hP'x +FF®1l -Fp +Anp XYp dt
wth Arip = JAn,,.;, fin, ; =Ja;,,rl and rl1 =k exp(
"~ )fI(Cy;)p'" ;. RV to t he conponent mass bal ance
for the congite tasmonefit) mebst heleraetion vhediapmsitataants
individual ofd l-dddiioMhedPud) in &6 Uknddda1Peell (in
" F. f kxf 4+FAXkFkx~+Ank xVk d t P PA P pi P P-1 Pa 5 the
pres@%%esbélancerquatlon for the reaction mediumin
an indi vidual &@fkxj)n pascal s (P , = Pk-"_ .- n
nk P P L1 the vg Iurre“‘%g ﬂ ga{?ﬁ?%nﬁ'ﬁﬁr LT "V '
.reaction nmedi um |n an |nd|V|duaI cell (in nB) : 10
vk -nvk =0 NﬂéIPﬂdgﬂﬁrealeﬁﬁcereﬁuaﬁﬁéﬁFfd% Rh@h&eﬁ&kabn
ent hal (g% equation of. tﬁﬁ Leac on medi um g) .
i ndi UPUEAR HeIA™ ALY LRBAL 1 CY Was‘if‘]t% dme
constraint or nolar flow r&tc aquaﬁﬂon 15 for the
reaction nediumin an individual cell (in n3 or nol.
S-1) P. =0 the diglivmg mededt ageathomhieh Hiq rsfactien medium
i ndi v dal 5 k@astdi@n C@ehlqlgrﬁ3be|ng filled, and then:

pycpPrr 20 u~ - =0 %&: Vpa tOw:thth =uf x VI

the molar enthalpy eguation of the reaction medium

in an individual cell (in J.mol™"):

k ok oy .
Hp—m[[p—O ;
the volume constraint or molar flow ratc equation
15 for the reaction medium in an individual cell (in m3 or
mol.s 1) :
’:—
f; =0

during the stage in which all of the individual reaction
cells are being filled, and then:

cell

20 u.('________:O o= V;:Vcell

P v milk

once the cells have been filled;
in which Ff is the feed rate in mnl.s™!, An represents
production speed in moles per cubic meter per second

(mol.m¥,s7%), o is the stoichiometric coefficienl, r is

25 the reaction rate in mol.m-3.s71, k° is the pre-exponential

factoxr, E® is the activation energy in J.mol"}, R is the
ideal gas constant, € i1s the reagent concentration in
mol.m3, V is volume in m3, mV and mH respectively the

model of module and the model of enthalpy (m® and J.mol™ty,

30 vl is the molar volume in cubic meters per mole

(m*.mol-l), the superscript "cell" designates the physical
cell, the superscript  is the reaction crder, the
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PV,,i.k PP once the cells have been filled; in
which Vis the feed rate in nol.s-1, On represents
production speed in noles per cubic nmeter per second
(mol . m3.s-_), ais the stoichionetric coefficient, r
is 25 the reaction rate in nol _1Mm3. s-1, k is the
pre-exponential factor, Ea is the activation energy
inJ.nml-1, Ris the ideal. gas constant, Cis the
r eagewpscoirent ria itdre invmbemolbfntBe Yeast ot untdid suidcript
mv aﬁdLMrﬁ@Scﬂf‘rFéﬂlVﬁe\htt %ns%@%def t”PQUiﬁn@nlCh the T is
nodel of enthal py (J nmol - 1), i s, the nol ar
voluﬁ%mP?F§ﬁHﬁ§:%%ﬂ 'eﬁélﬁePrﬁﬁFEfe(n%“ﬂnﬁplbs Rifpsure drop
supefscpaptalselRd) desichpndtesethaephygi clad [aEldwirtde

upe (3 is the reaction order, the 17
gubs%§§%$fgnls t he nunber of th reactlon t he

subscript i is the constmﬂueﬁL_éohgwdered t is tinme
ins, Tis tenperature en K F’/,lsfzpressure and AP is
pressure drop n pascals (Pa) which |s defi-ned by

t he ¥oeroviiry %arwuwt iagnfrigtionppagtop £ ¥ gixethéare f =
the FaonsNoroL.5B28i gbkrop tashosrfrhnes Qéa\/:ﬁ.nd?ﬁ/mfedttum through

5. 0464 Re 532 or_a fl.aow he, reacl!. on. ned

Chr ot TRREV RGNy TS A Pl bn CRRET ¥ hhERI T e 1S
1pReynahider 1R 20 )Re ox 22608 18847 Re?:¥¥34%0r a

Re- . 4g3dé dbe a1 dulir e encepbhow (Re > 2200); L is the

| engf h, of th ath fall reagtion

¢ hr ohghe tHeE e%ﬁaahoﬁgc ﬁ%ﬁbgﬁ%ﬁfﬁlﬁw%r%y (e apattion

t he measut ytlofoudie theacteirot ipadcbambar k2 4 ogr amstpey 5, p
cubi g5 ngteradkg ) Do thel §§EE€1éﬁeﬁ9d9ﬁmtﬂ? EEALHI N per

nmedium | n neters per secon 1) Is the
laqui THPENt MR a‘uﬁ‘-’q @ rarﬁstlér tHe SRePAdPY] H]BJ%H reaction
r eacthéedhum ciel Imd e reetpelrs serpndl fimi s-lassapdaddg hiat tHee

pl at g LACE Mt Iy HARSLIL Hﬁgﬂetgg Q¥ an SUEEESsI N Heaction
conti nuous stirre react ors and
cell in meters

If it assumed that the plate reactor is constituted
20 by a succession of continuous stirred reactors and that
the physical properties of the utility fluid are constant
and homogeneous for a given temperature, the dynamic
model of the utility fluid comprises the following
equations, for example:
25 - the continuity equation for the utility fluid flow

(in cubic meters per second (m3.s.-1}):
m F ant

the continuity equation for the temperature of the

utility fluid {in kelvins (K)):
nc

Ti

u

30 TOU*: — i=ng-ner+l

u
ncr

where the superscripts "in” and "oul" designate
respecltively the inlet and the outlet of the utility
fluid flow chamber, “ncr” designates the number of cells
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t he physical properties of the utility fluid are
constant and honbgeneous for a given tenperature, the
dynam c nodel of the utility fluid conprises the
following equations, for exanple: 25 +the continuity
equation for the utility fluid ¥ow (in cubic neters
per second (nB.s.-1) FFn For® the continuity

equation for the tenperature of the wutility fluid (in
kel vibers 99 Jof mells Foi the ugdlirpu=luid dHew ghapbey (in

ncr ﬁ%fﬁerﬁﬁpﬁ%f%PhBQZr?LBhrﬁ€FE?Pu% d@&h?@?EfZ and
resp ive =3 nl € an e ou e 111
[ToPEhL) v e e siapdteas IRe vt S of iade gt iYicy
cel | 8184 ﬁ:imw vl re €lins Fiigut@el utid ithe fdrwmkbefrl @W, nc
ghanber: (Lo d igure t, Gt ghaeaugl oy 8o dghiees v,

ers desi gnat es
ceI |anq11 Jtrhetflﬁ iqherperf 2§i d PE| SRP EdRtet I |'n "lfi g}ufﬂéswnates
in the, chradrher- zzaesn@nstéescgmat es L, nc-1 designates
K, and n designates .J, C 8, .0C
desi gnat gl‘sheA.oe 9(11f. eoéjlelng es rlseg%m%de% for the
desﬂgﬁlaa‘elsocqf mr@m@mtdsmélél the sePmRiTicfeglgment 34

UDdeijE@L[ré halq H&{a@gézmorth@f rbageﬁ@aﬂ@m (ardd) & the feed
connecli o enen et
 ongE G e Lind «t BB BHe T HT TS D %8 [hg, reactor

and medieavimorthmdennfeert ithestemenor35 nedivwgan nheheutlet

connﬁ&ﬁ%eelﬁr&mce?ﬁ het %QHLEQ%Q&M efor F&:Jlrltec%fing the
fromecell 1.2 the neans for collecting the

prod@%?@?%ﬁstQﬂaﬁﬂgaEFFGﬁlBP 8T et PoiRR b 9 élefoty 2
135 cetll iim a second reaction chanber (mst =tuewn azad

Constiﬁg«%iﬂ&l%é%cggéoaﬁaegggplgk0& cx)l ! Isc Il@%%e@tant

to take account® of the connection e nents
whentO neddish g & fitc tREJEPTBECE Hen perlaﬂtr%eewte%ét‘lorand 35 when
Si nagaktireg a dynamic model of the plate reactor since the

total volume of these elements is not negligible compared

20 with the volume of the reaction chamber 24, and can have
an influence on the yield of the chemical reaction.
Furthermere, in such connection elements, heat exchanges
with the utility fluids are limited.

A plurality of plate reactor elements contribute to

25 heat exchanges, such as the transition plates, 21, 22,
the utility fluid flow chambers 27, 28, the adiabatic
plates 20, 23, and the thermal environment of the
reaction medium ({(presence of inserts in the reaction
chamber 24}). |

30 The heat exchange model of the reactor medium in the
individual reaction cells comprises characteristic
equations applied to an individual reaction cell 5
represented diagrammatically in Figure 4 by a rectangle
which is defined by the two plates 21 and 22, and two

35 utility fluid flow side cells E, E' defined respectively

by the plates 20, 21 and 22, 23 in Figure 1. The arrows
32 and 33 represent respectively the flow direcltion of



total volune of these elenents is not negligible
conpared 20 with the volune of the reaction chanber

24, and can have an influence on the yield of the
chem cal reaction. Furthernore, in such connection

el ements, heat exchanges w thlthe utility fluids are
limted. A plurality of plate reactor elenents
contribute to 25 heat exchanges, such as the

t r artdiet ireacpliiahemedRdm 22 the Henditiilduey £eUldSfoébHwrhe
chargrs : 24, cggmbEPeZ@dér?cpaéﬂ Ghe \umnlleyeglas?d 23, crRdd

t he t her mal enV|ronnent of the reaction ned

(pr édRFddypl |ﬁ§€?t§e]r}1st§1e]?rea?d€( B s&ﬂﬁnﬁ%i"m}?ﬁﬁs L 28,

The theatf 1exchapgel bodedbf afhd heindast dludedinntha tie

‘!ndlcYnlag't%%lrsr%é}Ct BIEELS S GRIRIIS8%,CHALACEEILBILE co che
equations a glfe toan’in ual reaction ce

r epeseneéd tieagrashihen degdipn Arritdher seacpyon chamber 24,
reth@ﬁ@'r@ryV\’@bCthﬁ mefctmeds bs»hdmﬁ itweighates. 21 and

d S utiljt id L]
et i ned TEeRERTPRERY Yyt 1Rl ed B0 1T ah 95, 23
i n Ringive dbalThédar coWs déﬁ?nﬁﬁjQ@Btm@ptegﬁﬁtature of the

deS@ﬁ%*cke\ﬁ%»g Ehslfzi@ﬂ\éﬁléﬁi-‘é Ic@nofml%et Reohe@cti®Pion of
mediumin ?lvldual cel | reaction

cha §rU§4 éﬁ@ 5futde %ﬁqIQ%%PquMH?e Hr?ﬁﬁnc?nﬂfv?ﬁt%ﬁty
si deonels| SnELhE' redcthen ldekchamieris 2Rus2Bossilbke to

fl Ovznlggrteggwgl@f o Nenditddd toys of lctan%gﬂrgh@owocéncelvable

cha belng a co-current fl'ow relative to
t he £oF] SReolarhvs ehERY oh FREHLARS ﬁ’ft NEitdh¥t Fbpids
1xhamkent24e t6obhéaryadtoidrhatedshirch is shown in Figure

1. The t e : t he it I [ )
|nd|V|dugFBS%§LEE§ §%%é%en§§ gﬁ %ﬂ%l#%%%éghggféogfte &S
10 pirééddvnglirhds vieRRECiHeldn the dRET Fhamber 27 and in

di r etiel @dgat thempéi |24y #itH dheardhalksey@bol 8ehaving the

pre% %%emgfang;;L %X d&90ESd ) aE ‘%‘7 reaction block. It
us 0SSi IW%fgresent ‘of the thermnal

(%onflguréﬁléﬁsléoﬁ%%W Iﬁﬁa?(ﬁ“qIﬂ@Y@éFPéUEIPP%EFies of the
di r eganensioeh dhdl ddyaddulidpibrdselagtd v€ tRetBeility (luid

(o2 LODIEBLHD, 0, SHORREL An . ca0d UE erspuagd [0
chafeepezatand, | and that the temperature cf cach plate is
calculated in the middle of the wall, the model for
25 reaction medium heat exchanges comprises the following
egquations, for example:
the energy balance equation for the reaction
medium in an individual reaction cell (in joules per
second (J.s571)):
d(ui x]?ﬁ)

k=l g g k=1 ~krrk k k k k k _ gk
30 ————dt -]*p Hp —FpHP+Aq”xV +hp”A (T -T )+hp” A* (Tuz lp)
k
with A* = - ! Bt = 1 Af = gl 2
puy k Vo Tpay T k g P 7 ce
l epfll ] 1 epuk 1
(;_ X —hT) (, r Tae T Bt )
Loy ur I4 L Pug n

and Ag, =Y (AHr; xr)
7



the right chanmber 28, with the other synbols having
the sanme neani ngs as descri bed above. 20 If it is
assunmed that the physical properties of the

transition and adi abatic plates and of the utility
fluid are constant for an indid@dual cell at a given
tenperature, and that the tenperature of each plate is
calculated in the mddle of the wall, the nodel for 25
reacti on redilurhhisedieaéxbhdnges eanptisest ahaheolitdwing

equati oN$. i AheL xR ec11t Be eRer gy balans equatiiang s-1,
for the reaction nediumin an individual reactlon

cel I"¥th §RsuI8Ep&auasdenleing 1Ssed 1997 (SRR g aeHreef L 10
30 nci ntikht HehPerAG8) x|l 1" +hp,,,,AP(TF

-T~)+ho rRAY(Z,P. 4#p ) dt Vk wth h" =1 hk =1
se = Ace" x gf Vi }u;fr :pf)fL ol p“II(Tf'T i 3+1% PUAR(TY -aﬁbl)
Aq, (AHh x ti') 204t Wth'the héat Bal ance equatlon

for the ut|I|t qu n the side ce of th
chamber 27 %awmﬂeheﬂﬁétg%é%au% Sihasg ag
useddi$po$4dEEEUMBemebh undlvhéualgh@a@hanbeKHZSﬁnd the side
U, 17k % Ko dlife kB IRlmplk 33 @lll‘r k J‘k eh&r $dme ]éauan_lon
~’PHL diL = ~rl PI' % +rrL P Av (
Reing %§ﬁ9lﬁﬁﬁ:t@&l&ﬂéépeéaa?Fﬁﬁo?%ﬂ He¥mafe 21
1d|spﬁm&ihiﬁnamuﬂeamtlbndbé&muahdrenet$1mecnﬂul arfd thee right
side_; gall ég the left chanber 27 (in J.s-1, the sane
equaflon '%elng used for the plate 22 di sposed between

an 10 i ndi udyalé;ed@%mon,cethézndYnh§+§kdeAae¢kl pf
X

the ri ght C‘ha‘l"r’b .2 pu P d~B'r l"l K m)
JIK(TK -Tk )+ Kk Ace"(Tk Tk" rL
w1thhw,p=——7*L——“ and h;N,=”“z 1
(e”” + l) (e”” +—lﬂ
2k ;"’ hf, - 2}\'2"1_ h:l.

in which F, and F, represent respectively the molar flow

i5 rate of Lhe reaction medium in mol.s-! and the volume flow
rate of the utility fluid in m3®.s™?, e is the thickness of
the plates 21, 22 deiining the reaction chamber 24 in m,
A is the thermal conductivity in joules per second per
meter per Kelvin (J.s"t.m*.K!), h is the heat transfer

20 coefficient in joules per second per square meier per
Kelvin (J.s*.m2.K"1), T is the temperature in K, Cp is
the specific heat of the medium in joules per kilogram
per kelvin (J.kg"%.K1l), p is the density of the medium in
kg.m 3, Aq is the heal generated by the reactions ian J.m’

25 . 57!, AHr is the molar heat of reaction in J.mol"i, A is
the area of heat exchange in m?, and the subscripts pu,
and pu, designate respectively the plate 21 between the
reaction chamber 24 and the lefl chamber 27 and the plate
22 between the reaction chamber 24 and the right chamber

30 28.



Prrl. Prrl. Prr/ dt PrrCGP P APII. PU. Jr, rrL |
wth hpr,L P=k. 1 and r1P,r,,rr, ( k1 1 eprrr. _~
) ( LPrrr +1) kk1kk2~1Pill. {IP2~1 PrrL
hr*. in which FP and Fu represent respectively the
molar flow 15 rate of the reactlon mediumin nol.s-1
and the volune flow rate of the utility fluid in
n8.s-1, e is the thickness of the plates 21, 22

def i ni ng Thee ateaet-idescchbrbeno@dl i fomhedt dxchamge is

t her opl o cONAYCS It Yiden ch@ULRS ST SEEANth RE HEEp8ELe
per Kelvin (J._ s- s the heat trans grﬁ

I.ml. K1) , hi
20 cBBAFe entthon thegmad ﬁé?rgéﬁdﬁﬁd%rs%‘{ﬁaﬁ' & et
per at@witn f Lhe Structulke- aid)thd 2cdmpessitieon of the
senpel Al i€ d %m@nt@%‘f?*th@eoﬂ?&'{éﬁc heat Gt R mp1e, it
mediumin joul'es per kilogram per kelvin (J. kg-' .
K- 1) comprises Hdcddwdileying eaBarbensim Yhickgikigr Agom the
i s theedb@pingenpiaaliensby nt Bgat ea8EY ONSkd Nrckbdind. 273the
S-1, ﬁHr IS the nolar he%t f reaction_,'n.(#s_rml-l, A
s PRI THR RAE G hahls TRETRYS antt 19
subscri pts fhe eneayy paRadesi gunuteliorspertihelgpvipenment of
18! at en2 L DEIVREN feh un @ACLhOMNGhaUBes 1 2de ANd drheehef tin
chamber .27 and the plate 22 between the reaction
chanbef 24 ?{‘}g tHEde) ri ght chamber 30 28. 21 The
above- descr f¥ed “mbdel: far, Jeat exgh kS eX edt 0
i ncl ude the thernal ﬁ‘i rge"r 18 }2'1‘* ?hg”gﬁ(g’?g”gf’@é&"’?w. ¢ he
t her mal inertj,a45Bel?, petyasr} erhake account of Lhe
structure and the conposition of the 5 various
el ement s ofthehénegitabe lreget eguatben ekanpties yiility fluid
conpLhsLsoddigitf Al @Weng ieguati onss Mhd che £hi fdigindedr 0B (in
the _preceding equalions in that they take acco%t o_fd 11
lthe Jther n&ltlonvis oI BR RS PEAPHUESFHUTUE: th§ rde cell
ener gy b ancihteglaimber £680 :t he environnent of 10 the
reacti on nmediuminggn individual reaction cell (in J.
S-1) . d(z,p, k0P, =Fekipk, p, Ep, (TH~T; F pHk+ g~
XYr' +lt~ n~2A v(T "% T, ) +llk.p | A*(T,,,. )
“TP)-1lrk.tc, AK(L -t )+Bo A" (T, ~To)+h , AT, ~T.)

- the heat balance eqguation for the environment of
the reaction medium in the individual reaction cell (in
20 J.s 1} :

k 3 k (fzfl k koronk i
pre, Vm‘= Cpm’ T=hl:_w’ Ap (7;1 _1,",_)

- the heat balance eguation for the environment of
the adiabatic plate 20 of the left chamber 27 (in J.s71,
the same equation being used for the adiabatic plate 23

25 ¢of the rignt chamber 28):
) dTE ,
P, Yok, G, = M, 4T =T

e,

in which the heat transfer coefficients are expressed as

follows (in J.s~!.m=2,Ki):



t he heat bal ance equation for the utility fluid

environnment in the side cell of the |left chanmber 27

(in 15 J.s-1, with the sanme equation being used for

the side cell in the right chanber 28) dT  PkLVi CP;,

dt° F PKLCPKL(T~Ti) +hk Ann(T, 22" )+l xk Ace/1(zk -Tk
Prrt-rr/. P, U _rr,.rt"L re rrr. the heat bal ance

equation for the environnent of the reactlon medi um

in the ndi vidual peactidn cel ]. (in_ 120 Jang-B, 4T L
k A vk’Cn 1., foey Ir"R L B (7K L0k, eRprr rrr TRerd | G

di /rllr krrlﬁme heat 2pakance equa&;oﬁmﬁpr t he by e,

envi ronment of the adiabatic plate 20 of the |eft

ghanbﬁrwﬁgcmLth éhﬁbcribh@ sanEafmu?ilaasE@nageUﬁégbectlvely
or e ia e at | ght _ chanper

28) : Eg cherggl %fqﬁ%e%% tg %ESCE é% Qé1dH) qq of the

trt. uéltlty mﬁdxwm4 angl wﬁusﬁ t%% mmkﬁrtanﬁm§ﬂ@w of the feed

goef ki sl epiSe & ﬁwleSSed as follows (in J. s-1. m2

g éhg.rzﬁﬂfaF eﬁé&aqﬂes oftgeﬁn tpgkrﬁaeﬁigq_mqgaih; ‘ the

hp 2dtitith, fluikls are xgkenn1mhpchcthensL¢Emanneiﬁeﬁmr each

and EFHnQ?éi&{‘aéJ%HeeszﬁeCtz'zVﬁhyorBQE £Qe{r[f@illiqde the lthtermal

envi ronnent of reacti on medi um and

nedi tRTT B ¢¥e|§9IHﬂ?sﬁDPéPtSﬁtﬁﬁlﬁy %?d?rﬂ;fﬁﬁﬁ}nk?ss

10l owsteé®) i in Jriwlayhankleaimoelkehanges bet ween t he

reaction i i.Li f d t
accoulnt S'g%glr at e?nb%f ah]l%e g%bg{t?éﬂsi‘%tg%oﬁhgr%‘; e}%}?ﬂnéég: %f the
in or@le@twlumﬁclm %ﬂwehﬁhéf‘ﬁ‘ﬁl"ld}lﬁérw@c‘éﬂ@ ta5 klheg@ich

pl at @spéedg. onragde Afenplealatli@8Sof the thermal environment of

15

20

25

30

35

the reaction medium, makes it possible to take account of
the thermal inertia due to the structure of the reaction

. chamber 24 and to the inserts (e.g. made of polyether-

etherketone) present in said chamber. For a given
individual c¢ell, the heat transfer area and the mass of
sald thermal envircnment are calculated on the basis of
the geometrical characteristics of the insert and on the
basis of the structure of the reaction chamber 24.

The heat balance equations for the environment of
the utility fluids in the individual cells of the left
and right side chambers 27 and 28, which depend on the
temperature of the thermal environment of the utility
fluids, enable account to be taken of the Lhermal inertia
due to the adiabatic plates 20 and 23 (e.g. of stainless
steel) in the dynamic model. The characteristics of the
thermal environment {heat transfer area, mass) are
calculated from the geometrical characteristics of these
adiabatic plates.

For a chemical reaction performed in a two-phase
medium, the dynamic model of the reactor comprises all of
the above-specified characteristic equations and balance

equations (energy, heat, mass, etc.), established for



10 steel) in the dynam c nodel. The heat bal ance
equation for the environnent of the reaction nedium

in the individual reaction cell, which depends on the
tenperature of the thermal environnment of the

reacti on nedi um mnekes it possibbe to take account of

15 the thermal inertia due to the structure of the
reaction chanber 24 and to the inserts (e.g. nmade of
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- estimated density of the two-phase medium:

nﬂl
23 —“_22 m

P.

- estimated specific heat of the two-phase medium:

1
Cp=— M.Cp,
p m an i i

- estimated thermal conductivity of the two-phase

medium:

1
30 A“;ZH:M."L

- estimated viscosity of the two-phase medium:

173 I 1/3
T=- ) Mo
U mZ M g,



of the plate type for a reaction in a given two-phase
medium To do this, the tenperatures and the pressures
in O each of the phases are considered as being
identical, and 15 the reaction nediumis assuned to
be a pseudo- honbgeneous nmediumav th the physi cal
properties of the corresponding two-phase nedi um

bei ng determ ned by association relationships
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evaluating the dvoplet population.

The software tool for evaluating the population
serves to predict how an initial distribution cf droplet
sizes will vary over time, and consequently Lo predict

20 the Sauter diameter in the various individual reaction
cells of the chamber 24 of the plate reactor. This
variation depends on the rates at which droplets appear
and disappear, which rates are directly associated with
phenomena of coalescence and rupture. The phenomena of

25 coalescence and rupture are introduced ihto the progran
from correlations relying on the physical and transport
properties of the two-phase medium.

'he matter transfer model relies on the assumption
that the dispersed phase is present in the form of

30 spherical droplets having a mean diameter equal to the
Sauter diameter. Matter transfer between the two phases
is modeled on the basis of Whitman's double-film theory.

In the dynamic model of the optimization methcd of
the invention, the mass transfer characteristics are

35 calculated for each individual reaction cell. Because of
mass transfer correlations, all of the mass transier

characteristics {(mass transfer coefficient, interface



10 reaction nedium being stable, and thus on there

bei ng equilibrium between the two phases. The

equi librium rules used in the mathematical nodel are

a function of O the size of the droplets of the

di spersed phase in the continuo2s phase. The size and

the distribution of the 15 droplets are determ ned by
neans of a software tool for evaluating the dropl et
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St epgeat transfers 41 between the various fluids, and the

25 liquid-liquid matter transfers 42 or liquid-gas matter

transfers 42 for reactions in a two-phase medium.
Numerous parameters or inputs involved in the

various models are needed by the tool for integrating the
dynamic model. These parameters comprise operating

30 conditions 43 for the reaction such as the number of
reactions, the number of reagents, the natures of the
reagents, their flow rates, their temperature, their
pressure, their feed duration, the characteristics of the
reactions, the stoichometric coefficients, reaction

35 orders, the pre-exponential factor for the rate
constants, the activation energies, and the flow rates

and the temperatures of the utility fluids, a ‘description



in the optimzation nmethod of the invention, in which
the 10 dynam c nodel 36 of the plate reactor

conprises a plurality of characteristic equations and

bal ance equations for the reactor as descri bed above.

An integration software tool 372fs used to sinulate

t he behavior of the plate reactor on the basis of the

15 dynam ¢ nodel of the reactor for a given reaction.
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tool presents numerous advantages such as processing the

25 system as a whole, without discriminating between
equations or variables, the possibility of integrating
additional equations and thus additional variables into
the basic system, thereby providing éreat flexibility to
the mathematicél model, automatic procedures for

30 detecting events, and for calculating consistent initial
conditions, which is particularly useful when looking for
and managing events (starting procedure, dynamics), and
the possibility of processing the system by means a
sparse matrix which leads to a major reduction in

35 computation time.

The integration software tcol 37 serves to simulate

the pehavior of the chemical reactor referred to as the
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densities, their heat capacities, their .thernal
conductivities, the dinensions of the inserts, their

10 densities, their heat capacities, and the natures

of the wutility fluids, and other integration

parameters such as tol erances &h absolute errors or

the tinme available for integration. The person

skilled in the art is aware of this kind 15 of too
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feed p01an, the dimensions of the reaction chambers, the
co-current, counter-current, or crossed-current flow

25 directions of the utility fluid relative to the flow of
the reaction medium in the reaction chamber, and the
number, natures, and geometries of the inserts in the
reaction chamber.

In a variant, the target to be achieved could be a

30 mathematical function comprising a plurality of
quantitative criteria. For example, the function giving
the target for a production line may be defined relative
te a productivity criterion and an environmental
criterion by the following equation:

35 f=q, x k, - @, x ki
where g, is the quantity of product looked for from the

reaction, k, is the unit cost of the product, q, is the



46. To do this, the operator determ nes or eval uates

the target(s) 47 that are to be achi eved, such as

i mproving productivity (reaction yield), being
environnentally 10 friendly (small quantities of

waste), or lowin cost, sets the constraints 48 that

are to be conplied with and which may rel ate, for
exanple, to safety, e.g. giving a maxinmmtenperature
for tqhantgagtb@nra@a&mtm@tdf uic$| nebt e be exceeded, and k,
or tq productivity or profitahbilit : : :
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targets and the constrajnts,, i the margins 5 that
ar e H&PﬁBFﬂféang or contiguring the reactor for a given
reaction.

In Figure 5c, the cperator then seeks to determine
25 the optimum operating conditions 52 for optimizing the
operation of the reactor for the given reaction. The
target (s) 47 to be achieved and the constraints 48 to be
complied with remein the same as while optimizing the
dimensions of the reactor. Only the variables change,
30 which are the reaction variables 53 which comprise for
example the flow rate, the temperature, the pressure, and
the composition of the various reagents, the order in
which the reagents are fed into the reaction chamber 24,
and the flow rates and the temperatures of the utility
35 fluids.
The method of the invention makes it possible to
optimize the operation of the reactor by determining



The nethod of the invention makes it possible to

optim ze 46 the dinensions or the configuration of the
reactor fromthe above-defined reactor state 45, the
above-specified operating conditions 43, and said

targets 10 47, constraints 48, 2and vari abl es 49.

Optim zation is obtained by performng a plurality of
successive sinulations 50 which enabl e the greatest
possighlicuAupbera tohgt asgel Siars tarngethef weatitons fbo begiven
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reactor. I vari apl change i.ch 2t
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whi ch the reagents, are f jnto. the reactd on _chanber

e ed
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ut i lsathet3s Bhdi dsnsTheviey hofl Wfe tdrenipedntricertimkes
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Uhe "FERCEDT Ofof H§POeR: 27 cHCT I G, oY Thé SBESTENST 2Fhe
2(r evildwsityadefli apdEdpuiesint & nighsi oni ng or size for
the reactqg,rbhesahpyer nBpd i Rgsths QRYALINRY the reaction of
condi i 908142094108 AROYE MBI oG F AR S s axis 149
represents the volume of the reaction chamber in liters.
The ordinate axis 150 on the left shows temperature in
25 degrees Celsius, and the ordinate zxis 151 on the right
gives the yield of the reaction on a scale up to 1.

Curve 152 shows how the yield of the oxidation
reaction varies, curves 153, 154, and 155 showing _
variations in the temperatures of the reaction medium, of

30 the utility fluids, and of the plates defining the
reaction chamber respectively.

Sodium thiosulfate is oxidized by hydrogen peroxide
using Lhe following reaction, with the reaction products
being sodium trithionate, sodium sulfate, and water.

35 2Na,S$,0; + 4H,0, - Na,S$;0, + Na,S0, + 4H,0
The reaction is highly exothermic and takes place 1in

a homogeneous liquid medium in a plate reactcr having



5 constraints, and variables. Optim zation is obtained

by performng a plurality of successive sinulations

50 which nakes it possible to achieve as many as

possi ble of the targets or target functions nentioned
above while conplying with the38onstraints, and

possi bly al so the 10 authorized margins for the

targets and for the constraints, and by acting on al

of thbrearredteidatidlodlior. t Ther ekoveomenThenepezxidmmental

of the,neact9F fé%fﬁé%%‘%ﬁdéndﬁ%QrQEutﬂsﬁn§agé 1heossible to

above-nenti oned software tool 51. Opti nmum
oper 4FFAY EBAR 13 hsT TR T 2S5pEsSHEFBSSEBR Rkatpl Edivgdual
per f eem e pnpige atéaer & Uthngsr iisingetndeaf reaaciof blocks each

%ontr8LTa1§af§tQ7 f%%@\%@ Itlvﬁﬁ% o%n&hg %pggg05ion element

reac es of op e beéhavi or
pl at ecptagpdrg o$0 allng@rmm]z@eéﬁé bPeEVEED RV P cERAG GRS

are p2@ckkl ustiatadnidy ROWRS8oha 12, thk o4y esntc mel of
7 areﬁg ghs trackin he reactlon ogg QX|d|2|ng

sodi & BSLPF ater S JEEEOR &%i 471 represents

t he voIunﬁnoFm@@@er@ac&h&nraaunﬁbermedlhmtbas a e

grd' eehsem&ulé@ &f‘ fé‘zegé d;f %Q%uh@@@&?&ﬂrﬁli&@_@ate

egrees | sius, and nate axis 151 on

r|ghpelﬁgvégj?Tkﬁﬁﬂ%ﬂcﬂQﬁ %qﬁ§sr§§EtF8HroﬁLa séaFE Bp
to | conCenveatbeh stiovs. downdlles peeldloértMmobeﬁatlth

r eac%%Q?oﬁQﬂ' Séﬂo:?i"cﬁé’ea?‘t 1755')’ 'L, 1154’sz alﬁ%%n%uﬁ‘e"rggaon of

varil atl on nEeratures of e reactlion ne
of 302Bheolitd1tt gne hasutahatxofflt%&%w&tr@swaéfern%g 4°C
1she Feachtoa chanbeitd espertd wély? Sadesant hisstl drattd ock.

is oxidized b hxggggen QIQ%Jgguctggggtthg é°|lﬁ?!6U¥no the

reaction, Wt the tedction pr S~ °bel ng’ sod
tritWiohdtef Serliemtoulfaion asackaper . 23602RbDSR A iable
4H20 gz Nad S346ich Ne2SQ het #ikR0 rEhe peacheontisiby ghlyids, and

xot e LGe PO, L akesn Bl A6%,J hy 3IOTRER0E0HSHL AN dinscn

medi Gm T h"a e reac reé reaction
ZBIocm§5tTﬁ@m®b@vQﬁhQMt4%ﬁ%d experlnental st udi es of

resident thnmeighsdri pundn-dmiaont mpasahbhest @ hiqreat

the plate [eaclQl &5 A G685 s9h: 0% LAGLYLFHAle veing
injected at 40 L.h"! at a concentration of 0.75 mol.L"!,
the hydrogen peroxide at 10 L.h"l! with a concentration of

25 1.59 mol.L-', and the utility fluids being water at 14°C
fed at a flow rate of 1.8 m*>.h™! in the first reaction
block and of 0.9 m®.h™! in the two others reaction blocks.

The method of the invention makes it possible to
optimize the plate reactor for the sodium thiosulfate

30 oxidation reaction by acting on reaction variable data
such as the utility fluids flow rates.

The reaction of oxidizing sodium thiosulfate is then
executed in & plate reactor built for operating with the
optimized flow rates of the utility fluids, and

35 measurements of physical parameters such as the
temperature and Lhe pressure are done during this

cxecution for validating the operation of the reactor.



cells, the reactor conprising three reaction bl ocks
each 5 containing 27 individual cells, and a
transition element containing 10 individual. cells
between two reaction blocks. The nunber of equations
in the dynam c nodel of the redlkctor for this reaction
is 1920. In Figure 6, the reaction nmediumhas a | ow 10
concentration of reagents, with the sodi um Lhi osul fate
bei ng i njlectlduates46 kntleis pee howngd-shappdapoants 156
CONCEHYL r@zdé}qn%fm(al%eggh@ém@ﬁ{s ldt ammd NRlell The thE
hydr ogen peroxi de at +%? a concentratio

f

Y St £, e sfhata; Phrate f1 4 e dignogteypoints
15 fESB airen ddspacrate ekp8rimemtal mdasmarientsacti ohe

Bl octl.‘pm ,_l‘éethquer&t ‘Ege ?E?ﬁt%ﬁ‘%&ifﬂ 4&la Jr %he ut111ty

I provi| € optl mzation reaction,

reack} Ei/arlable datum which was the flow rate of

the utilitne féweﬁmeaﬁal 2es@IPEr BtdINE EN Tl @hat on

the reaction mai n elom14
i Ui SRR g0 ST S e dhn Tk dighare StndTSeioh or
concenty athiegricafl reagéhon thethﬁx@lﬂﬁqiﬁa&nﬂoﬁatenbethgs

10 nJ e&ﬁaq@lle}i 49 el phelidlion 60NERAtERARN: God@17%0 be
;¥ hydr ogen peroxide at” 10 L.h-1 with a
con&ﬁﬁ %ﬂﬁ of 25 1.59 nol.L-1, and the utility
fluids belig sdatertatnliCrtiied sereed [towloabeeohctugately
nB r*ﬁe %%ﬂd@%é&b&%t ESQCESinnbffﬁﬂ&émVj f- %orc Lﬁﬁn ap°cC)

-F 1nt two others reaction blocks. he nmet hod
the TEhtd%T Reke8PPE2H04RI bR ?%PeQﬂﬁqqﬁaie“Fﬁéuﬁﬁﬂﬁéts
15 eatieta s dfheheodnamlt hizasert f af eser3dbroxiatat hew they are

reaQ&*éﬁhéxﬁ a%%'”%lgpeggaﬁ%égﬁ& riéﬂ%‘%ﬁﬁa%% Pﬁuggsgstnan

t he ut ty 'fl oW ra € reaction o
oxi ot Nhg sodiumthiosulfate is then executed in a
pl at e readitqirelduisl tof 00 sper@tapmbvuﬁdtnﬂmg topt irghzedon of
[} O Al BRIl bhKy IS, A 38 TRASULGHRN 5o
of physi ¢ rameters su erature and
Phe Ifﬁ*Fé%eselﬂ”esart@edBH@baﬁﬁl ff e sln ilofepgrion cells.

valudahﬂng e odpeeat obhef pldee reacitr ndH tharty

Flg .88 J% h t e
7 QUER 8 ANY Loy 0e LRGS0 AR BN Sl 1 brcoks,
the passage from one reaction chamber to a foWloW1ng

block being represented diagrammatically by the vertical
25 dashed lines 160. The ordinate axis 161 represents
temperature in degrees Celsius. The curves 162, 163, and
164 show variations in the temperatures of the reaction
medium, of the utility fluids, and of the transition
plates defining the reaction chamber, réSpectively.
30 The hydrolysis of acetic anhydride produces acetic
acid via the following reaction:
CH;-CO-0-CO-CH,; + H,0 - 2ZCH;-CO-O0OH
The operatcr set a target of maximum productivity, a
temperzture constraint on Lhe reaction medium which was
35 Lo remain less than 80°C, and reactor structurs variable

characteristics which were the number and the disposition



reaction, the square points 157 and the triangul ar

points 158 are respective experinental neasurenents

of the 5 tenperature of the reaction medi um and of the
utility fluids. The experinmental results are close to
the correspondi ng curves, thus3zalidating the

simulation of. this chemcal reaction in the plate
reactor, and thus 10 enabling the precision of the
dynaﬂTCréHKkﬂoﬁ(deﬂ revMaltyated. opbem st hiug athieond iimarishening

ser S ccurately the tenperature peak 158
FgguErlge 719e(a rrrgre than 90C) which does not appear

| n t he experfimmeal8 ndhsurertAatsanBydetdr sapfinpeted
snal énPirdey oftsenrsars @&rdLHQWrtea@y @Iﬁechéiﬁlﬁé)@%ﬁzdm

the hi ghest. neas 0react| on bei ess

b ety T o asraane Badrrhbet LMot an gfeter was
hydr &l yai iy cadestd (:Lnamhyc@rhldé aThe bespesstumxict HIC2@nd at
reprgsgglgec, cEﬂ"'eld“i”'%efs of,d he siindi V'f‘iHalﬂsrﬁéfL' 88 a

cel |'s. hi s enbodi nent, the Iate react or d .
t hi r?‘?‘“pﬁ”fﬁﬁ%edl% 15eC @nguBdi i ééavn Rie t‘Prrélé) 800 L.h
r eacgilﬁxﬂe biockssacitie passagalfyr oRvoORerfiBAact i can be seen

,ghanpgg Eﬁéﬁdﬁ?mégiecQ 8C§ogeng 5§%¢§§?%Ef%% varaables

i agr arrrra IC the verti cal I nes
The ‘é@dfﬁ?]‘ateé'lf‘é%ﬂes ti?@l te@prEsdénrs cobiperBtturte igp complied
degrgesh ! CeIS| us. The curves 162, 163, and -~~ JI 164
show vari ns..inhe te ature f. he react. o
medi um O t e Ut | 9 %hfel U?%%lc A R?S% ¥ ansi |gnd
pl at est ted 3 hiimga W@lrleécﬂfoﬁﬂ@haﬁé@tlom e@p@'@@ﬁﬁ\/eﬂty a 30

1%he {wﬁ@&a‘tsnse Qt @@e@ @n@nﬁidél derprodueesy, acet i Cater was

acid via t fall ow n: - 0- CH3 T H:
ZCFl%”l?ﬁ@ e &Féra o‘ret% ?gac?rﬁg‘é’t@%@e %ﬁ%rﬁlo’zﬁ? at a
pr oduentpandtyren oft &P5Er andr etcensttai of oriL thié, and into
reactipn neditmshicel 1was B techRAREEad €S tmzm:@oc,at a

o LR i 5 o b PSHESLE L b2 VRRY wervscy

2 eedf poide svefor adpti iemprgatheedpiehSlOimy atofa thew rate

reactprip, 800 L.h-2.

Water was thus introduced into the reaction chamber
twice, at two different feed points. This made it
possible Lo reduce a little the maximum temperature of

25 the reaction medium, which went from 138°C in Figure 8 to
104°C in Figure 8. The number and the disposition of the
reagent feed points in the reactor were nevertheless not
correct since the temperature constraint was still not
complied with.

30 In Figure 10, the acetic anhydride was injected
entirely into cell 1 of the reaction chamber at a
temperature of 30°C and at a flow rate of 40 L.h*. Water
was injected into the cell 1 at a temperature of 30°C and
at a flow rate of 3.33 L.h7!, into cell 11 at a

35 temperature of 30°C and at a flow rate of 3.33 L.h7i, and
into cell 21 (the first cell of the first block) at a
temperature of 30°C and at a flow rate of 3.33 L.h™'. The
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in Figure 8, the acetic anhydride was injected
entirely into cell 1 of the reaction chanber at a 5
tenperature of 30C and at a rate of 40 L.h--. Water

was also injected into cell 1 at a tenperature of 30C
and at a rate of 10 L.h-1. The3utility fluids were at
a tenperature of 15C and at a flow =ate of 10,800
L.h-1 since the reaction is highly exothermc It can
be seenlilty tHatidsheeral agsasebeperatdor ¢hd 5°C and at a

opti p zatiAn A hablep dg-not enable the tenper ature
constraint to be conmplied wth. in Figure 9, th

e
acetic antydiide SRES | HPEEF etas bt F TS hriG tOelPe FERot fon
t he d:leamemrtrsﬁw‘memeat ogeibat enpesatdi £f @fer30Ceandpaints.
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of 30Candata ility 20 f
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ver AT P 5o AP 0P PECEAR S ST iR @rogheCivity
10, 83@r¢§ﬁ1ihd\NMaM'Cwmplﬂhaswﬂhbrb@gc@ghpqnatqﬂw;constralnt

1peaction gf gt \Mn@eiZaErEV\@r%iﬁé et!ﬁil%kfr?gecthlémreh%tlon
Thi s nmade | possible to ri uce a little the maxi,mum
t enpef RV DN DB EREN I BT BROhedi ThE T e At fr ofr

138Créprddegif=e thet @oliBlCoifnt ke gueacBiohehanrbeinaddters.
the ghs§ﬁ¥§tl e enkgﬁloﬁeagﬁgtlég%{k&ﬁnéﬁéhﬂé} E%ﬁprwsed 40

reactor were never ess correct since the
t enpER@t GFdado retllE SUPHAY 198 | 1Nkt foWo it P wift RO
180 | indH @it 11Gellilze caett havanyydr veleunaso i r&mﬂed

entire into cell .1 o h n qngte)
ten‘pgrg urlelto rSSCJ(Ei)andfo};lilie ge oﬁvgl]r“gto JPJT 4JL lSW}
was Fepeetsds fesrerecagse| ip aega% enplt Hiur @16k t@@crlght-

and hadd aoxfdlmut-featam@f 18733ebrbsdnt$ ntloe celdldl brathe
35 tggy&rggnurﬁt% (ﬁ‘t%%g at a flowrate of 3.33
(N

L_h-T; the first cell of the first
28] ock) atCwrve éﬁ@ersétomseh@fv 8be wielldtoh Fhowasita osf

3. 33vdried,. wHia SBZurwbisl by, f L wd dsaner g7 Rtstow respectively
tenp?éfgé%f%&ﬂlnligea%%m%%rgturo of the reaction medlum, of
the utility fluids, and of the plates defining the

reaction chamber.
25 The equation for producing neopentyl glycol is as
follows:
2 (formaldehyde) + (2-methyl propanal) + (sodium hydroxide)
- {neopentyl glycol)} + (sodium formate)
In Figures 11 and 12, the vertical dashed lines 172
30 and 173 represent respectively the sodium hydroxide feed
point and the 2-methyl propanal feed point. The sodium
hydroxide was thus introduced once only when the volume
of the reaction chamber was close to 0.05 L, which
corresponds to the second cell in the reaction chamber
35 (0.035 L per individual cell), and the 2-methyl propanal
was introduced on three occasions, into the third cell,

the fifteenth cell, and the twenty-eighth cell.



flowrate of 10,800 L.h-t. In this case, water was
introduced into the reaction chanber. three tines over

at three differenL feed points. 5 This nade it

possi bl e to reduce the maxi num tenperature of the

reacti on nedium Lo bel ow the caastraint of 80C. The
optim zation nethod thus nade it possible to identify
appropriate di nensioning that satisfies the
prOdUCt'Yhtylgﬁﬁ€§E¥ @ﬁ@e&h@ha@OUﬁblESa&wi$htiEEexotnermlc,

n‘gﬁéa{]:tﬂhﬁ_kfgn Lir'f:dsr évgctt FI gu%grsﬁigé%a@pge 1(?1" e ya‘nd at a

oducr ng neopent
glycmbw Thee abEcl ssar®aki’s 1656 W@pgeséﬁtﬁe¥¢mﬂﬂ&ﬂQFﬁ9 at a

Of EgﬁggggeﬁfgnoﬁhﬁﬁQ?deqt%bt9L§ethbﬂ bhbﬁanal at a

ation, the reaction chanb qp E g
5 ndEengaar bl ¢% SRS | i Polo Bod Qwofa B 95
i ndigvihdual heel(.sreachn havi ghs atolidentdcaabalbw 0abg50r

i te%&g%Lé QIhE hfi§ -hand or di nat ar\a)ﬂa%l%6gr,hleﬁed was
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theduaq;agt usz@ té‘.a@ei&rerﬁa%gﬁ%m ZSOCCUrve 168 shows how
| e

h he reacti.on . vari ,
16170, andTT?logﬁBW?zésspee"cﬁ Vérpe vgrf af Fgﬁﬂlﬂ%? i8R £rom
t enperatenetobnt heodwsiord aveoRSAtYH géﬂcoﬁhetﬂ?|V¢¥§able
f'hu'd‘é%a 2pd g T%tm?zﬂ%@t@ﬁ? dﬁfér%ltrigmt be tﬁ@agéa@ﬂmn, which
chanb e _equat1on_for UCIn p I
eg&@Fel§hﬁs e?d)r?%ﬁ?dﬁgzzfﬁﬁ ﬂa ? ?sz ek nhied
pr opanalt) an@smdcum3hyﬂmvxnﬂeym:com@ﬁeeﬁewnyh,gwyt@m)was
r ct2ont RRaYERTIEBEN
dashgg Hﬂkggﬁ%HEQQ%%fégg &5 thk aRdclZont hed was

173 represent respectively
t he "&dit@ntHFEROxPeeCf eed point and the 2-nethyl
pr opanal theedepoi it is Téteowodirurmidurer a2, dehwas thesutility

' ”t rr%‘i%%da%‘?ﬁtog' Ve the Wl wec ahdt QefESQCHa@@ of

er was clo 05 L, whjch corr s%ondstto he 18°C,
secdn@ &8t n tPﬁer?%QﬁﬂF?wF%ﬁ1 At 35 PHPEE8 T Be?”
20 ndiardd tale thbihyhnﬂréﬁ&né&lﬁﬂl@ﬂcqmquamatlomagf 2 mol. kg!

I nt roduce & ShPNS,14 Mt @-1 he 4 196l linjections
thequf%egﬁgﬁ1 F? ngé.%e tmentg |gth cell. 34 ’
2-methyl propana1 are at ercnt low rates;

5.9]1 L.h-! for the first feed to cell 3, 2.73 L.ht for the
second feed to cell 11, and 0.50 L.h"! for the third feed
25 to cell 21. The conversion ratio achieved is 95.6% and
the maximum temperature of the reaction medium during the
reaction reached 65°C, thereby complying with the imposed
constraint. '
The optimization method thus makes 1t possible to
30 achieve a target yield for a reaction while complying
with a temperature constraint by acting on a reaction
variable data which in this case are the feed rates of a
reagent at a plurality of points into the reaction

chamber.
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In Figure 11, given that the reaction is exotherm c,
the utility fluids were at a tenperature of 50C and at
a flowrate of 1.5 m3. h-1. The -reagents were
injected at a tenperature of 18C and the 2-nethyl
propanal at a 5 concentration ® 2 nol.kg-1 for a
total flowrate of 9.14 L.h-1 (three injections at
identical flowrats of about 3.05 L.h-1). The
conversion rati o achi eved waSLABYS 4% and t he maxi mum
tenperature of the reaction nmedium during the
reacti on was 66. 6C. 10 The operator set a tarqet of

i nct eaBimgtied|af faRsmmiEA8r 8achEBRCPE JHRAS g

neopeRtybr 9! Medlme iRl WRingbkaardatar fosd ot ithaa ng
the ogeratlon of the reaction, which were the feed

5r at 88091555 nklthyl propanal for each feed point, and a
const r ai ntus ndercomen ewanitol, cahbehtweed 157 thestack of

Mexi pupLL enper agur ezzof Ahe d(e%%ﬁh@nbé@dé@rm e he thasast
not to exceed 65C “The resuylt p ure
mheP@ethe°9¥|W?Y§ngfqlHQi§t&P§ &gaﬁp?Enb% ht %&%“%ﬁ hﬁﬁf
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pr OB@B@' ré&@e@ts,dlaf:fcerxﬁans‘ lfow Fatdshg5t®d. two hsildd or

the fLrst ;f‘?gqlt %8eid £cbicinflabs! elob s seEONd,

fee Se 2 B e third feed
25 E@ucebl 21. The conversion ratio achieved is 95. 6%

Sand the naééﬁyﬂliéﬁﬁﬁﬁfﬂlﬂyhdmicth@déQaQBEpnoﬂEdmeHmeactor

th t hed 65C, _.th I
1 EoPng BABBRot o GOt Fal e TRE Sper nraBt on et P

t husemakésni thaosst bl 24t @ncB@faélhueeVeaé ERFHRPIGE e‘l’%lt"’ee"l

forgas eeeesgenomﬁw ngmthhla aibenprE@bere (27, 28)
constral nt act r|a
o E e rnta foee "G AN R0 P hne AhARLE f8ha1 (3e)

208 plomakityngf mpes nesldmteo arte eneagy| éﬁla@ﬁanee\dateens and

CLALMB s1-aAnfethod: onoptimi zing a chem cal reaction
'nha applying an integration software tool (37) to the
dynamic model (36) ta solve the above equations;
. determining and optimizing az set of dimension
25 and/or operation parameters of the reactor on the basis
of evaluating targets (47} to be achieved, constraints
(48) to be complied with, and variable data for the
reactor (49) and/or the reaction (33);
- building a plate reactor of the said type
30 accordingly to the set of optimized parameters; and
- doing measurements of physical parameters such as
Lhe temperature and the pressure during the execution of
said reaction in the built reactor, for validating its

operation,.

2. A method according to claim 1, characterized in

that it consists, after the building of the reactor:



reactor, the nethod being characterized in. that it 5
consists i.n : using an open reactor constituted by a
stack of plates (20, 21, 22, 23) defining between
them at | east one block having a reaction chanber
(24) formed between two heat exchange side chanbers
(27, 28) for circulating 10 a heat exchange utility
fluid, nmeans for feeding the reaction chanber (24)

with a cantiRupysshl Ay of n@PesMami®Rd=8aggnNtie 88&ctor on
means for feeding the't side chanbers (27, 28) with

a coms Rasds PEoRPEf PtEHi ESA9 Ui d; 15 establ i shing
a dynam ¢ ampgelita36khef i hhegraaictorso fitomra gowen(37) to
reacti.on i a. | - Of HNepveaekli9Pions ;
chaﬁﬁ@% P%%)Egﬁamg? ?Rggﬁeégqggeﬁaﬁbég I%&meehl sé?as
% eact i on "cleRBEA (DY) agGAHN t Hee st Efdnivdr §ipgpsion)and/or
; gr Sddr@iahi @gratnbgielty btui;rebd tdwubpnaningd nodel  (36)
conprising.mass bal.ance and ener gy
equations,“ﬁ%& y&Bﬁs%?aFﬁfe%%%r_F%ﬁ%fﬁgg%gﬁ§ﬁﬁgrgﬁCtor’
i nt egraatridimad of twatbet vev ¢BT7Imized Met GinLHreNABEES -
(36) to solve the above equations; determ ning and
optim zing a se i, ensi on. 25 and/ or ogggation

t of di
1%aré%efbﬁ?t89dtﬁ&gPég&PgrLBnc}%ﬂnbﬁé?%Cﬂ@ﬂ eval uati ng

t ar getar A @ritzedbénathibevele mowsl ref rithe He48tipp phamber

conp)j Bd i haeand ¥ak i, a8t £y dat @ didmddie iteAGt @k rd8) of
and/ or the reaction (53%'

tion, ; building a plate reactor of
t he SHiGPYye d0ddvéeraingrils oeat‘fﬂé LR B IGG iamt586°“9hly
par afeiies; fandd dedngmoeasur enents of physica

araneters such as the tenperature and the pressure
during the execution of said reaction in the built
react o Meshogapr@atPhpYi £8 ChpEt ali ciharesierigegefRoghat
acCaiHl M) i &ledliltinlinchacnciedizithdn cdllatid homogeneous
consj sts,, after t byi Ldi ng. of ; c

o e S L R Tl
t he Qﬂﬁﬁ%§ﬁﬂ:qq%§gBuPPﬂaP§80tB¥?ssure balance, and volume

20 constraint equations.

5. B method according to claim 3, characterized in that
the fluid medium contained in each individual cell of the

reaction chamber (24) is a two-phase medium comprising a

25 continuous phase and a dispersed phase.

6. A method according to claim 5, characterized in that
the state and the variation of the two-phase medium are
defined in each individual cell from equations estimating

30 the density, the specific heat, the thermal conductivity,

and the viscosity of the two-phase medium, and from mass
balance, energy balance, pressure balance, and volume

. constraint equations.

35 7. A method according to any one of claims 3 to 6,

characterized in that the heat exchange model includes

subdividing each of the side chambers (27, 28) intec a
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applying the integration software tool (37) to this
new dynam ¢ nodel to solve the above equations; 5 -
optim zing again the said seL of dinension and/or _
operation paranmeters of the reactor; and nodifying if
necessary the said built reactoyz accordingly to the
new optim zed set of paraneters. 10 3. A nethod
according to claim1 or claim?2, characterized in that
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bal afg@iviRIess weq1ba4eaateweaad viod UBow 20 reendibnablit the
equati ons. od. accordin . £
charster b (T nar B EOFPER it i iiguad ot ©
eachtlhedfed chuan cglampesf (EA&- reacti on chanber (24) is

a two- phase nediuntconprising a 25 continuous phase

and a di spersed pha accor.di ng

18| aifn 52 et 355 gdngntphg alThe S?%ﬁractgfl ﬁg in that
variaté areaf dAmhange plodsé midbuimaledesidfdatedailanegch

| ndi y, et;&*él@i r?se'Jelfartqmgeqtsathensesétwﬁtfnglciso td@he plates
densi ecl fi c heat,

he er mal onduct|V|t
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mass (2 bal #ce, arehearcgthieahanterypf essds echatldtmngan@ the

0|U9P éﬂgﬁgéﬁén(quu@%'onﬁndsﬁ ads ﬁ%fﬁﬂ&gﬂgdﬂﬁ%a%@%ngor
oan on clains 3 aracterized int
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t he shdlevtdadibels (26f 28 bitle anhdWbeser (X5 f)
i ndi vidual cells each containing a thoroughly stirred
-Fluid nmedium the nunber of individual cells in each
si ded charmrEnqRACTB1BG g éHMaPr?Be?h‘ég et of
20ndi ghsbatteelded iim thetr ehet Honambanbede [ 24 ,tlendeactor
also includes models for inlet and outlet zones of the
reactor, inlet and outlet zones for each reaction chamber
(24), and transition zones between the various blocks of
the reactor.
25
10. A method according to any one of claims 3 to 9,
characterized in that it consists in modeling the
hydrodynamic behavior of the reactor on the basis of
experimental studies of the resident time distribution of
30 the fluids in the various portions of the reaclor in
order Lo define the number of individual cells having

content that is thoroughly stirred.

11. A method according to any one of claims 3 to 10,
35 characterized in that it also comprises a model of the
reaction based on equations for reaction rate, rate of

production of the constituents of the reaction, and rate



5 defining a flowdirection for the utility fluid in
each individual cell relative to the flow direction
of the reaction fluid in the correspondi ng i ndividua
cell of the reaction chanber (24). 10 B. A nethod
according to claim7, characterigzed in that the heat
exchange nodel al so includes heat bal ance equations
relating to the reaction fluid, to the plates (20,

21, &2, e%)ra@%hnbﬂgh&éﬂ@ heateexchange isiude ebamber sthe
~ / (2? Eﬁﬁ ? hg ktl|lty fluids circulating in
t he r%ﬁ?%ﬁ?ﬁeCEﬁ &8 (571 28), "and mass bal ance
equations for the ut|I|ty fluids in the various
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betvmmrs:tcrael varbeusippoekstler tyemphasscrediupsang 9p the

A methods apcehdi BEzE0oANYhONGr &1 AIJTE thet @iSpersed phase.

characterized in that it consists in nodeling the
1q’]ydrodynam c behavior of the reactor on the basis of

experd nentnalt hetdudiresrding heor sy derrcadimg @ilstfibuti on

of 30, the gb@slhntﬁg§ yarko4s ﬁQfltddé@aS 2Ofoldee of heat
reactor 1 n or

define,the nu mg g nd|V|dua
Oy Col 157 ansAarg 5236 Bt SERATLFLSPRGT bl SErFL £
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7 eaction base uatrons for reactian r%tg rate of
n,

Pr odeiamks of2 4 énéoﬁ§F| fhent Shyros e (actid
r at ee S8 mafeggeeraki anlaf cheaficimeadt it \rlediua;llon fluid

cell drjépecher%%gtl gﬁ}égger(s) (24). 12. A nethod
[

accot ng to an pre eding claim 5 characterized in
that it also |ncludes nodeling matter. transfer in a
20 Wo- phase neeartd arcoeding bet apenptdreediwg qilzdses of

the'cﬁ§¥géééylz%%dﬁﬂnkggttE% Qfggsiﬁglng% a model of
reaction fluid pressure drops in the reactor based on

experimental measurements.

25 15. A method according to any preceding claim,

characterized in that it also includes an estimate of the

O

pnysical prcperties of the components of the reactor and

of the reaction and ulility fluids.

30 16. A methbd according to any one of claims 3 to 15,
characterized in thal it consists in optimizing the
dimensioning of the reactor for given targets (47) and
constraints (48) by adjusting parameters such as the
number of series of individual cells, the number of

35 reagent feed points into the reaction chamber (24}, the
flow direction of the utility fluid relative to the
reaction medium, the nature and the distribution of the
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physi cal properties of the two-phase nedi um and on the
basis of the size of the droplets of the dispersed
phase: 10 13. A nethod according to any precedi ng
claim characterized in that it also includes a node
of heat transfer based on defiami ti ons of heat
transfer coefficients between the plates defining the
side 15 chanbers (27, 28) and the fluids flowing in
;g;% urc%gk'wﬁ%uw?na% f&@ﬁ)mfrtﬁ: telt ?%_@@_t:@hﬁ@l@?rﬁbeﬁﬁﬂ%) ,
, an estimtes o il.mco cien 0 e
 eAGERGRT FOF VORI DIO HNT Iy PPPREG S 307 142° I fOF
net kadcataotdyngt L bitayyf jpristedi ng cl ai m
characterized in that it also includes a nodel of
reaction Fluid pressure drops in the reactor based on
fexpéri-mBnPeF At adGreR S . to R ME5 PrRGREERGdSAELBY di ng
to amurpeeeedirag chaimat tharantierizdd optihating Eso

i ncludes,an _esti pate_ of ysi.cal ti 0
t he °ESHBGAER %’%o ?h’éeer‘%%{:&teofrggr@‘xg%‘f ttgkggﬁéaé??)oni%%d
ut i ldonptichdnts. (49) 1oy Fdiesthiow aResEdilng PearaRytdhe
of @oﬁ&:‘f&sgnbo%:%ﬁpeéﬁb@f@é},t %ﬂéﬂ)fﬂeﬁ{t &@hpbtiiﬁﬁ)?ﬁé stsnd/or
in optimzin e i mensi oni ng 0O e reactor r
145 drOMargers PA7S antcCotet o (h8) SRy “ag) HstHhe
par &etielss such as the nunber of series of individua
cells, the nunmber of 35 reagent feed points into the
reacti on chapber (24), . the flow direction_of the .
ut i ity 5 P BORePGEr T 1 Ehee A hcl o MSARGRE LERG in that
nat oz andetbeodi stribatt bon ofhariee 3N 240t ilnclpdfhai d,
14 he Mol ung of Jthe [eacti o charher (2)ne cndAdbohst bes |
I%OIﬁﬁ%gggﬁt?hgks?éé§ghgﬁgg$s (27, 28) fgr circHisati%gln
ut i IddpstiaRdEhs fow Araehod e CTHHSTE g SEny the
pr eGadisigrekai Bhd/ehat ast esmgest i ivithatf ithecddsiigssinpected

opt i.m, zi e ti f the reactor for given
tardéFé ?%?%Qaﬁagggg%s%?g?%ts (48) by adjusting

operating paraneters conprising tenperatures,
2" eSISUr @S me€BBR0S EEbAASHg andl/ oty léhd v alaties 6f tohgs,

rea%ﬁk&%c&%&&@%dagg QBaEhghgté&él@%ase reaction medium is
considered as being a pseudo-homogeneous medium and the
physical properties of the two phases are detexmined by
association relationships associating the physical
25 properties of the two-phase medium with the properties of

each of the phases and also their proportions.

20. A method according to claim 19, characterized in thatl
it consists in applying to the phase mixture rules for

30 equilibrium between the two phases at a function of the
size of the droplets of the dispersed phase, of the
thermodynamic properties of the phases present, and/or of

the flow conditions.

35 21. A method according to claim 19 or claim 20,

characterized in that it consists in following variation



fluids. 18. A nethod according to claim17,
characterized in that ror a reactor or reaction
chanmber (24) including a 15 plurality of fluid inlet
zones, the nethod consists in adjusting the flow
rates, the tenperatures, the pr@essures, and/or the
conpositions of the fluids injected into these

vari ous zones. 20 19. A nethod according to any one of
cl ai i thd :ildk ofchaeaakepleed on tialdidie towa- phase in the

reaction medlind . sansideredesheliudy o) (2q)

us “nedi um an physi ca propertles
of the two phases are determ ned by association

rel apj 0n§%&&&ﬁ%&bﬁﬂg EB%M}‘Y&@&M ca%lmfson%r t;begl
of the two- hase nedég ro erties of

3 1 e e CEnehr P OpETIT AR o oA RabHodintt
accovﬂlmgﬁtfbnﬂdpanatgpgcbaramEEerzeuhat1Sduusfm safety
consl2h fol AR HIG:LO LBRsPRASE L xture rules for 30
equi rlun1 tween the two phases aL a function of
the size of the dropl ets of the dispersed phase, of
the thernodynanic properties of the phases present,
and/or of the flow conditions. 35 21. A nethod
according to claim19 or claim20, characterized in
that it consists in followng variation 40 in the
size of the droplets of the dispersed phase in the

i ndi vidual cells of the reaction chanber(s) (24). 22.
A net hod according to any one of clains 16 to 21, 5
characterized in that it also consists in defining
limt values for operating paranmeters that satisfy
safety and/or environnmental constraints.



