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Abstract

Based on two reactions with different behaviour, a comparative study between batch and semibatch reactors performance has been
carried out in a glass-jacketed reactor of 5| provided with the measuring, data acquiring and controlling system. The reactions chosen were
an acid—base reaction (ethyl acetate saponification), and an oxidation—reduction reaction with a high reaction heat (thiosulfate-peroxide
reaction). A first difference was in the method used to establish the kinetic equation. For the acid—base reaction was used an isothermal
method based on the conductivity profiles of the solution. For the oxidation reaction was used an adiabatic method based on the measuremen
of temperatures.

This work focuses in the interest to obtain the concentrations of the species in the reactor, by measuring experimentally with different
sensors (pH, temperature, etc.) the needed values to get the concentration profiles. For the acid—base reaction it was possible to conver
the pH measurements of the reaction solution to concentration values. In the case of the oxidation reaction, the concentration profiles were
obtained by measuring only reactor temperature for the adiabatic batch mode of operation, and by simulation in the semibatch mode of
operation. The mathematical model was previously validated with temperature profiles obtained experimentally.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction methods for evaluating reaction rate models and kinetic
parameters. That is the case of adiabatic experiments using

The extraordinary flexibility of batch processes is well batch systems to obtain temperature profiles from which
known. Batch processes are used in the domains of specialthe kinetic model and parameters for simple and complex
ity chemicals, polymers and biotechnology. Batch processessystems can be extracted after application of a heat balance
are generally employed to obtain products with high added to relate temperature with conversion (Stoessel [2]). That is
value. They are strongly governed by the chemistry of the the case of the oxidation reaction, because it is impossible
reactions, which can be complex, and with kinetics poorly to maintain constant the reactor temperature. Studies with
known. adiabatic reactors have been reported by several authors us-

The kinetic analysis of chemical reactions frequently ing the thiosulfate-peroxide reaction. For example Root and
takes place in a homogeneous liquid phase under isother-Schmitz [3] and Vetjasa and Schmitz [4] studied the reaction
mal conditions (Levenspiel [1]). This is the case of the in a batch reactor and used the data obtained for the study
saponification reaction, because it is possible to control of steady state multiplicity in a loop reactor and a stirred
the reactor temperature easily. There are also cases wheréank reactor (CSTR) respectively. Similar work was carried
it is more appropriate the application of non-isothermal out by Chang and Schmitz [5]. Guha et al. [6] reported also
an study of transient behaviour of an adiabatic CSTR.

In this work the kinetic equation can be derived from
E-meil addresses. dolors@emin.upe.es (M.D. Grau). nougues@eq.upc.es data obtair)ed in a series of runs in whigh_the initial reagent
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Nomenclature

a stoichiometric factor of reactant A

A inside heat-transfer area fjn

Ao outside heat-transfer areamn

b stoichiometric factor of reactant B

ca concentration of reactant A (NaOH or8»)
(kmol m~3)

Ca0 initial concentration of reactant A
(kmol m=3)

CAl initial concentration of reactant A in tank
(kmol m—3)

Cs concentration of reactant B (kmolTA)

CBo initial concentration of reactant B (kmolTA)

Cs1 initial concentration of reactant B in tank
(kmol m3)

cp concentration of products (kmolTd)

Cy heat capacity of jacket fluid (kJkg K—1)

Cp heat capacity of reactants (kJKgK 1)

Cwum heat capacity of wall (kJ kgt K—1)

Ea activation energy (kJ kmot)

Fw  jacket fluid stream (fhs™1)

Fo addition flow (mfs~1)

h; inside heat-transfer coefficient
(kIsTm—2K-1

ho outside heat-transfer coefficient
(kIsIm—2KY

AH;  heat of reaction (kJ kmol)

k rate constant (fkmol~1s1)

ko specific rate constant (kmol~—1s™1)

o} heat generated (kJ$)

Qs outside heat-transfer rate (kJ'$

Qm inside heat-transfer rate (kJ%9

r rate of reaction (kmolm3s—1)

R constant of gases (kJ® kmol1)

t time (s)

T reactor temperature (K)

T jacket temperature (K)

T™m wall temperature (K)

Tad temperature of KO, added (K)

Tio inside jacket fluid temperature (K)

Tset set-point temperature (K)

To initial temperature in adiabatic
experiments (K)

ATag increment of adiabatic temperature (K)

\% volume of reaction mass

\2 jacket volume (rd)

\y wall volume (n¥)

X conversion

Greek letters

0 density of reacting mass (kgTh)

03 density of jacket fluid (kg m3)

oM density of wall (kg nT3)

The thermal behaviour of batch and semibatch reac-
tors has been investigated by Rafalimanana et al. [8],
Kiparissides and Shah [9] and Rotstein and Lewin [10], but
the evolution of the concentration of reactants and products
was not investigated, which is very important to optimise
the operation performance, as it has been pointed out by
Hugo et al. [11].

In this work, for the acid—base reaction, the in situ concen-
tration of the species present in the reactor was determined
by measuring the pH of the solution. For the oxidation—
reduction reaction the voltage profile of the reaction was
obtained experimentally, but its conversion into a concen-
tration profile was found to be very difficult. In this case,
concentration profiles were obtained by simulation. A dy-
namic mathematical model was developed to predict both
the thermal behaviour of batch reactors and the evolution
of the concentration of reactants and products during the
reaction. For this reaction, it has been possible to obtain the
concentration profiles experimentally, only in the case of
adiabatic operation. In this mode of operation it is possible
to follow the concentration evolution by only measuring the
reaction temperature.

For the acid-base reaction (with a low reaction heat),
where the reactor temperature would be kept controlled, two
modes of operation (batch or semibatch) are possible. In the
case of the thiosulfate reaction (very exothermic reaction)
temperature control is only feasible for the semibatch reac-
tor. In this case, when a set-point is selected for the reaction
mass temperature, it is possible to control the reaction by
manipulating the feed rate of one of the reactants, maintain-
ing the inlet jacket temperature at a prefixed value. Thus,
this mode of operation can be used to control the reaction,
and it is particularly useful for highly exothermic processes
where safety is a major concern. In this sense, the works of
Steensma and Westertep [12] and Stoessel [2] are very rel-
evant. Hugo and Steinbach [13] make a safety comparison
study between a fed-batch reactor and a continuous stirred
tank reactor.

The paper is mainly scoped to the simulation of the
concentration profiles from pH and temperature data, and
then to predict the experimental behaviour of the con-
trol. Therefore, a key contribution of the present work
focuses in a comparative study of the behaviour of two
homogeneous reactions, carried out in batch and semibatch
reactors. These reactions can be reproduced experimen-
tally to get, using sensors of pH, temperature or potential,
substantial amount of data that allow to obtain appropri-
ate information to compare the behaviour of batch and
semibatch reactor modes of operation. Usually, this com-
parison is made only using temperature measurements.
This work gives special importance to obtain concen-
tration profiles (through pH or temperature experimental
measures), which show better the different behaviour be-
tween the two modes of operation. In this way, the study
leads to an inferential way to control batch and semibatch
reactors.
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Moreover, the simple reactions used have been chosen inThe derivative d/dt can be calculated from the recorded
particular because, even in the development of the kinetic temperature—time curve. Then,HKrs calculated, using the
expression, the method used is different, making it possible values obtained from Eg. (5). The procedure that follows is
to compare the behaviour of an isothermal reactor and ansimilar to the isothermal method.

adiabatic reactor. The interest of the work consists also in
comparing two reactions of very different reaction rate and
thermal behaviour.

2. The mathematical model

The two reactions considered can be represented, in a ¢

general way, as:
aA+bB — cC+dD

wherea, b, ¢, andd are different for each reaction:

CH3COOCH,CH3 + NaOH
— CH3COONa+ CH3CH,OH

Nap$,03 + 2H202 — 2NapS306 + 2Nap SOy + 2H,0

The reaction rate is assumed to be proportional to the first V dea

order of the concentration of reactants A and B, and the
solution density to be constant:

1)

wherek is a function of the temperature according to the
Arrhenius expression:

k = ko e Ea/R(T+273

r = kcacp

()

Kinetic parameterky andE; may be obtained by two meth-
ods.

2.1. Isothermal method

The conductivity profile of the solution at different tem-
peratures is obtained. Thus, a set of valuek af different
temperatures can be obtained, and then by plottitkgvkr-
sus 1T in the logarithmic expression of Eq. (X andE,
values can be readily obtained:

Ea 1

Ink =Inkg— —
o RT+273

3)

2.2. Adiabatic method

The dynamic behaviour of the batch and semibatch re-
actors could be described by a set of differential equations
resulting from mass and energy balances of the reaction
mixture, the energy balance of the jacket wall and the
circulating fluid inside the jacket.

The overall mass balance of batch reactor:

d(pV)

—-0 (6)

dv

e 0

The overall mass balance of semibatch reactor:

d(pV)
dr

dv

=

The mass balance of components of batch reactor:

()

(8)

Fop

(9)

Fo

= —Vaki 10
5 CACB (10)
vd
‘B = —Vbkcacg (12)
dr
The mass balance of components of semibatch reactor:
d(Vi
(de) = Focpo — Vakeacg (12)
d(Vi
% — _Vbkeacs (13)

For the acid—base reaction, conversion of pH values to con-
centration profiles requires different expressions for the dif-

ferent operation modes studied. If A represents NaOH and B
ethyl acetate, the only contribution to pH is due to the pres-

ence of NaOH, because the contribution of sodium acetate
may be disregarded. In these conditions:

pOH = —logca (14)
or else
ca = 10PH-19 (15)

Otherwise for a batch reactor, the concentration can be ex-
pressed as:

ca =cao(l—x) (16)

Taking into account that the energy balance equation is From Egs. (15) and (16):

solely referred to the reaction mass, the following expression

is obtained:
dT  AHkcac @
dr pCp

Eq. (4) gives the rate constant at each time instant:
_ (d7/dn)pCe

k= 1 (ZPYP
(—=AH)cac

()

a0 — 10PH-14

a7

CAO
when a semibatch reactor is considered, the addition effect
of reagent A on the initial concentrations of the mixture
must be contemplated during the addition time:

caoFot
C =
ATV For

(18)
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and The energy balance for jacket wall of batch and semibatch
1% 19 reactor:
€B1 = BO <V + Fot> (19) dim _ Om — Qs (26)
when the feeding of NaOH is stopped the reactor operates in dr VmomCu
batch mode and the modelling equations are those previouslywhere
indicated.
For the oxidation reaction and the adiabatic batch reactor, @M = hiAi (T’ — Ti) (27)
from the Eqgs. (4) and (10) it is obtained: and
AH,
dr = " dea (20) Q3= hoAo(Tm — T)) (28)
apCp
By integrating this equation, the following expression is ob- The energy balance for jacket fluid of batch and semibatch
tained: reactor:
AHepo d7y  Fw(Tso— Ty) 0,
T —T0=— 21 . = + 29
0 apCp * (1) dr V3 Vip3Cs (29)
where the difference between initial and final temperatures, The behaviour of the jacket fluid has been considered as a
when conversion is = 1, is defined ag\ Tag: perfect mixing as it is indicated by Luyben [14].
AH
ATag= ——— R0 (22)
apCp 3. Plant description
The Eg. (21) can be rewritten as:
T-—To The experimental measures of pH, conductivity, voltage
X =— (23) . . X
ATag and temperature have been obtained in a pilot scale reactor

(Fig. 1). It consists of a 51 glass-jacketed reactor provided

The concentration of different reactants and products can be it 4 data acquisition system based on GPIB bus and PC
obtained using expression (23).

software.

The energy balance for batch reactor: The flow rate of the circulating fluid in the jacket may be
dr _ AHikcacs  Owm (24) prefixed or controlled by differential on—off valves, provid-
dr oCp VopCp ing an alternative heating—cooling fluid (hot water or cold
The energy balance for semibatch reactor: water). Table 1 indicates the state of the valves for the dif-

' ferent modes of operation.
d7 _ Fo(Taa—T) AHikCacg  Ow (25) All physically available analogue inputs and outputs as
dr 14 pCp VpCp well as all virtual channels are automatically monitored and
Set-point
temperature Controller
Vi1
[ ] TT
V2 A A
- Output hot water
V4
T Output cold water
LA Input hot water
V3

t Input cold water
'I>< > Output products
V5

Fig. 1. Pilot plant.
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Table 1 Table 3

State of the valves Operation conditions for Experiments 5-8

Valves Action R 1P e T(K) Tset Tio A o Fo(mish
V1 Reactive A inlet X X6 (K) (K) M (M)

V2 Reactive B inlet X Experiment 5  293.2 - 293.5 1.2 0.8 341106
V3 Jacket fluid inlet X X Experiment 6 293 - 2939 12 08 4x10°
V4 Jacket fluid outlet X X Experiment 7 293.5 313 294.1 1.2 0.8 31106
V5 Products outlet X Experiment 8  293.2 313 294.2 1.2 0.8 3110°©

aCharge the reactor.
b Reaction development) only in semibatch mode. ) ) )
¢Empty the reactor (when the experiment is finished). module written in FORTRAN 77 language. Experiments 7

and 8 were carried out with similar conditions to those of
process values are stored. It is also possible to obtain on-Iinegi(g?(”mem 5, but introducing the set-point temperature at
configured curves on the display screen. :

4. Development of the experiments 5. Results and discussion

Preliminary experiments to obtain the kinetic expression 1 ne Arrhenius equation was obtained for the saponifi-

were carried out at different conditions for each reaction and €&tion and oxidation reactions. These results show a good
in batch mode of operation. agreement with those found by other investigators (Ortiz

Then, the two reactions indicated were carried out in the €t @l- [16]; Cohen and Spencer [7]). The two reactions show
two modes of operation: batch and semibatch. For all the a very different reaction rate and thermal behaviour. Indeed,

experiments, the jacket was filled with water circulating at a the, oxidation reaction is faster than the Sgapon'f'faﬂ?n re-
flow of 1.37x 10~ m3s~L. The selected set-point tempera- 2CtiON becauseko acig-base = 1.035 x 10°m?kmol~ts7,

ture in the reactor was 308 K, and the volume of reactant A andl (Iga/R)aCild—bafe = 48296K, in front of 813 x
used was 1.31 to mix with 2.7 1 of reactant B, to obtain 41 10 mkmol~*s~*, and 91_56 K for the oxidation react!on.
of reacting mass. Reactant A is NaOH in the saponification 10 Compare the behaviour of the batch and semibatch
reaction and HO in the oxidation reaction. Experiments 1 Mde of operation, the temperature profiles are shown in
and 2 correspond to the saponification reaction in batch and,F'_g_' 2 for both reactions. For the_ saponification reaction, the
semibatch mode of operation respectively, and Experiments!Nitia! slope and the over-shoot, in the batch mode, are much
3 and 4 correspond to the oxidation reaction in batch and more_prono_unqed than in semibatch mode. For the oxidation
semibatch mode of operation respectively. Table 2 indicates€action, this difference is even more important. In the batch
the operation conditions. Experiments for the oxidation re- Mode itis impossible to control the temperature evolution.
action were carried out in similar conditions for the reac- 'O this reason this reaction will not be studied in this op-

tant volumes to those used in the saponification experiments £ration mode in this work. It is important to remark that for
In these conditions initial concentrations in the reactor are the saponification reaction the jacket fluid was initially hot
rather diluted. For the reaction of thiosulfate with hydrogen
peroxide, several works (Szeifert et al. [15]) use more con- 325
centrated solutions with a ratigg/cao = 2/3. Experiments

5 and 6 were examples of these conditions (Table 3). The
initial concentrations of the reactants were half of those in- . 315 |
dicated in the table, because the volume of the two solutions 3
was the same. These experiments were used to validate theZ 310/ /5

320 { o

. . . . © |
mathematical model which was implemented in a software g 3¢5 |
€
P 300 4
Table 2
Operation conditions for Experiments 1-4 295
Saponification reaction Oxidation reaction 290
Experimentl Experiment 2 Experiment 3 Experiment 4 0 250 500 750 1000 1250 1500 1750 2000
T (K) 294.9 299.0 299.9 297.9 Time (s)
Tio (K) 334.0 334.0 299.0 299.0 ——T (Exp. 1) —o—T (Exp2.) - Tset
ca (M) 1 1 1.2 1.2
cs (M) 5 5 08 08 —o—T (Exp.3) ——T (Exp.4)
Fo (msh) - 74 %1077 - 89x 1077

Fig. 2. Temperature profiles for Experiments 1-4.
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0 250 500 750 1000 1250 1500 1750 2000 Time (s)
Time (s) = CA » CB x CP
—CA (sim) --- CB (sim) ----- CP (sim)
x-CA-CB - CP

Fig. 5. Experimental and simulated concentration profiles for oxidation

Fig. 3. Experimental concentration profiles for the batch reactor (saponi- reaction (adiabatic mode).

fication reaction, Experiment 1).

water (Table 2), because the reaction heat is very low and if ~Concentration profiles for the oxidation reaction using ex-
jacket fluid would have been cold water, it would have not Perimental data were obtained only for the adiabatic mode
been possible to see the temperature rise. of operat_|0n. _Usmg Eq. (23) the conversion was obtained
To follow the concentration evolution of reactants, for at each time instant. The concentration profile of the reac-
the saponifaction reaction the pH was measured. Usingtion components is represgnted in Fig. 5. The mathematical
Eqs. (14)—(19) it was possible to convert pH profiles into model dgvelopeq was va!|dated with values of concentra-
concentration profiles. The corresponding concentration 1on obtained using experimental temperature profiles. The
evolution of reaction mixtures for batch and semibatch re- concentration profiles for the semibatch mode of operation
actors is shown in Figs. 3 and 4, respectively. The feed of A Were obtained _by S|mulqt|on. Pre\(|0usly, the mathematical
is stopped after 1800 s when the stoichiometric input value model was validated using experimental temperature pro-
is reached. It is possible to see the accumulation of NaOH files- Fig. 6 shows a good agreement between experimental
added Ca) in the reaction mixture. Once the maximum is @nd simulated temperatures for Experiment 6 which oper-
reached, reaction evolution is similar to that of a batch reac- 2{€S With more concentrated reactants and maintaining the
tor. With the same initial conditions, simulation was carried "al0 cgo/cao = 2/3. With the mathematical model already
out based on mass balance equations (Egs. (6)—(13)) as it ié{alldated_ by 5|mulat|on_|t was possmle to obtain concentra-
indicated in a previous work (Grau and Puigjaner [17]). tion profiles. It is very interesting to observe the accumu-

lation of peroxide being added (Fig. 7). After 480s all the

= 0.02
L\ /1 o018 325
“ o) PUESE I
08 w /X 0.016 320 | - .
o X e A
s e x| 0.014 o .,
~— o} 000 L LV e
S 06 | = 5o 0.012 g 31 e
.2 ,cag s -~ / o,
2 \ RE\RE e 1001 I S 310 .,
8 04 | X o T 0.008 © g ’
R r B x-xX E . =
g / S B g 305 Lo ox x
& fox ° o 0.006 E XXk ko
2 o x
0.2 { o0 “nﬂu 0.004 F 300
-3
o a
o "a, | 0002 095
0 o 1 L 1 L JSg=T=] 0
0 400 800 1200 1600 2000 290 : : : : : :
Time (s) 0 200 400 600 800 1000 1200
Time (s)
= CB = CP < CA|
o T x TJ T (sim) —TJ (sim)]

Fig. 4. Experimental concentration profiles for the semibatch reactor

(saponification reaction, Experiment 2).

Fig. 6. Experimental and simulated temperature profiles for Experiment 6.
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4 0.05
2 4 0.04
5 -
5 s
B 10038 3
o o
(8]
5 1 0.02
o
----------------------------------------------- 4 0.01
0 1 \_ - A — - 0
0 200 400 600 800 1000 1200
Time (s)
|—CB-CP —- CA|

Fig. 7. Simulated concentration profiles for the oxidation reaction (semi-
batch reactor).

H,0, is consumed and the concentration of,8g03 and
products is 0.1 and 0.15 M, respectively.

Experiments 5 and 6 were carried out without changes in
the jacket fluid, and without controlling the reactor tempera-
ture. When the set-point temperature was fixed (at 313 K) it

was impossible to control the reaction temperature, in these

operating conditions (Experiments 7 and 8), only by heat

removal through the jacket fluid (Fig. 8), because the jacket

is not able to remove the reaction heat.

For the same operating conditions (semibatch reactor) it
was carried out an exhaustive study of the reaction between

thiosulfate and hydrogen peroxide in a previous work (Grau
et al. [18]). An optimization method was used to obtain the
optimal temperature profile, using as variable the addition
flow of peroxide.

325

320

315

310

305

Temperature (K)

300

295

290 1 1 1 1
250 500 750 1000
Time (s)

1250

Fig. 8. Temperature profiles for oxidation reaction with set-point temper-
ature.
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6. Conclusions

Batch reactor operation has been compared with semi-
batch reactor operation for an acid—base low exothermic re-
action, which was followed by pH measurement and for
a very exothermic oxidation reaction. The results obtained
show that for the saponification reaction it is possible to op-
erate the reactor in both modes of operation (batch and semi-
batch). In the case of the oxidation reaction it is impossible
to control the reaction temperature in batch mode, and only
when the concentrations are very diluted it is possible to op-
erate in semibatch mode by controlling the reaction temper-
ature with the jacket fluid. In this case, when the reactants
are more concentrated and the addition flow of peroxide is
higher, it is necessary to use another parameter to control the
reaction temperature: the addition flow of peroxide, because
the heat-transfer is insufficient to remove the heat generated
by the reaction. In all cases, the experimental results show
a good agreement with the results obtained by simulation.

Concentration profiles are obtained for two reactions us-
ing different techniques. For the saponification reaction the
concentration evolution with time of the different compo-
nents has been obtained by means of experimental measures
of the solution pH. In the case of oxidation reaction, only
for the adiabatic mode of operation has been possible to ob-
tain concentration profiles using experimental temperature
profiles. A good agreement with the simulation results has
been obtained, making it possible to validate the mathemat-
ical models developed. The knowledge of the concentration
profiles is very interesting to understand the reaction be-
haviour. The methodology described provides an useful way
for operation and control of batch and semibatch reactors,
easy to implement in industrial practice.

Acknowledgements

Financial support received from CICYT is thankfully ac-
knowledged (Project QUI99-1091).

References

[1] O. Levenspiel, Chemical Reactor Engineering, Wiley, New York,
1999.

[2] F. Stoessel, Design termally safe semibatch reactors, Chem. Eng.
Prog. 91 (1995) 46.

[3] R.B. Root, R.A. Schmitz, An experimental study of steady state
multiplicity in a loop reactor, AIChE J. 15 (1969) 670.

[4] S.A. Vetjasa, R.A. Schmitz, An experimental study of steady state
multiplicity and stability in an adiabatic stirred reactor, AIChE J. 16
(1970) 410.

[5] M. Chang, R.A. Schmitz, An experimental study of oscillatory states
in a stirred reactor, Chem. Eng. Sci. 30 (1975) 21.

[6] B.K. Guha, G. Narsimhan, J.B. Agnew, An experimental study
of transient behaviour of an adiabatic continuous-flow stirred tank
reactor, Ind. Eng. Chem., Process. Des. Dev. 14 (1975) 146.

[7] W.C. Cohen, J.L. Spencer, Determination of chemical kinetics by
calorimetry, Chem. Eng. Prog. 58 (1962) 40.



232 M.D. Grau et al./Chemical Engineering Journal 88 (2002) 225-232

[8] A. Rafalimanana, M. Cabassud, M.V. Le Lann, G. Casamatta, [14] W.L. Luyben, Process Modeling Simulation and Control for Chemical

Adaptative control of multipropose and flexible semi-batch pilot plant Engineers, McGraw-Hill, USA, 1990.
reactor, Comput. Chem. Eng. 6 (1992) 837. [15] F. Szeifert, T. Chovéan, L. Nagy, Process dynamics and temperature
[9] C. Kiparissides, S.L. Shah, Self-tuning and stable adaptative control control of fed-batch reactors, Comput. Chem. Eng. 19 (Suppl.) (1995)
of a batch polymerization reactor, Automatica 19 (1983) 225. S447.
[10] G.E. Rotstein, D.R. Lewin, Control of an unstable batch chemical [16] M.l. Ortiz, A. Romero, A. Irabien, Integral kinetic analysis
reactor, Comput. Chem. Eng. 16 (1992) 27. from temperature programmed reaction data: alkaline hydrolysis
[11] P. Hugo, J. Steinbach, F. Stoessel, Calculation of the maximum of ethyl acetate as test reaction, Termochim. Acta 141 (1989)
temperature in stirred tank reactors in case of a breakdown of cooling, 169.
Chem. Eng. Sci. 43 (1988) 2147. [17] M.D. Grau, L. Puigjaner, Batch and semibatch reactors modelling and
[12] M. Steensma, K.R. Westertep, Termally safe operation of a cooled validation based on on-line pH measurement, Chem. Eng. Commun.
semi-batch reactor. Slow liquid-liquid reactions, Chem. Eng. Sci. 43 178 (2000) 49.
(1988) 2125. [18] M.D. Grau, J.M. Nougués, L. Puigjaner, Obtention of the optimal
[13] P. Hugo, J.A. Steinbach, Comparison of the limits of safe operation feeding profile in a fed-batch reactor using genetic algorithms, Ind.

of a SBR and a CSTR, Chem. Eng. Sci. 41 (1986) 1081. Eng. Chem. Res. 40 (2001) 1488.



	Comparative study of two chemical reactions with different behaviour in batch and semibatch reactors
	Introduction
	The mathematical model
	Isothermal method
	Adiabatic method

	Plant description
	Development of the experiments
	Results and discussion
	Conclusions
	Acknowledgements
	References


