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A simple model of the bromate-cerium-oxalic acid batch
oscillatory system has been constructed and examined by
calculations. The model predicts a parameter range and
a frequency which agree rather well with the observed
values, but it does not describe the peculiar saddle-
node infinite period bifurcations found experimentally

in the system.

CkoHcTpyupoBaHa M nposepeHa Ha pacyeTax IipocTtas Mogelb
OCUKWJUIHpYloWEeH cHCcTeMb 6poMaT - UEPHH - mWaBejieBas KHCJIO-
Ta. Ha ocHoBe mMomenu npepckKasaH Irnpegen napamMeTpoB H uya-
cToTa Koneb6aHHHA, KOTOpble XOpoWMO COrJlacywTcss ¢ Habmogae-
MbiIMH BCJIHUMHAMH, HO He OIIUCHLIBAKWNT 3IKCHNEDPUMEHTAaNIbHO HaligeH-
Hble CelUio-y3JsioBile 6ubypKauMd ¢ 6€CKOHEYHbIM NEepPHOIOM.

INTRODUCTION

In a recently published paper Noszticzius et al. [1] have
reported on investigation of the bromate~-cerium-oxalic acid batch
oscillatory system. To sustain the oscillation,the bromine pro -
duced has to be removed, e.g. by an inert gas stream. The loss
of bromine was described by the rate equation:
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d[Brz{solU
- = k[Brz(sol]]
dt

The value of k is proportional to the flow rate of the gas
stream. The results can be summarized as follows:
(a) Oscillations are observed in a certain region of k values

(0.0078 - 0.021 s~ 1),
(b) Below and above this region the so-called "LO" and "HI"

steady states are reached. They correspond to the two
well-distinguishable branches of potential values mea-
sured by a bright platinum electrode.

(c) The amplitude of oscillation is almost constant, while the
period goes through a flat minimum of about 40 s,and tends
to infinity in the vicinity of the lower and upper limits
of k.

(d) Both steady states are excitable near the bifurcation

points.

These observations can be explained by the so-called saddle-
node infinite period bifurcation [1] from an oscillatory state
to an excitable steady state. Similar results have been ob-
tained in CSTR by GAspir and Galambosi [2].

Now we report a numerical simulation of the above system
based on the available experimental data. As a first approxima-

tion, our simple model is based entirely on the chemistry of

bromine, because the common component in all BZ systems is the

acidic bromate.
A SIMPLE MODEL OF THE SYSTEM

The detailed mechanism of the BZ reaction is still a sub-
ject of controversy in the literature. Two new models were pro-
posed recently: the Explodator [3] and the Revised Oregonator
[4). Both contain two autocatalytic processes and different
oxidation levels of bromine as intermediates. However, the as-
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signments of the intermediates aré somewhat different: HBrOz,
HOBr and Br, in the Explodator and HBrO,, HOBr and Br in the
Revised Oregonator. Both the neglect of Br in the Explodator
(5] and the neglect of Br2 in the Revised Oregonator may cause
some problems (e.g. in the oxalic acid B2 system [6]). Thus,
it is a next logical step to study a model including all the
four bromine species as intermediates. We regarded the follow-

ing skeleton mechanism:

A+ X —2X (1)
X+Y—212 (2)
B+ 2Z — Y + inert products (3)
Z +Y==W - (4)

W — inert bromine (5)
A+ Y — X + 2 (6)

X —= 2 + A (7)
A + B — X + inert products (8)

where A~ BrOj, B= (COOH),, X= HBrO,, Y=z Br , Z3z HOBr, and
W= Brz(sol). The concentrations of A and B are supposed to be
constant.

The reactions (3) and (8) are well-known [7,8]. Reaction
{5) is the first-order removal of bromine by the gas stream.
Notably a very similar model has been developed by B&diss and
Field [9], but reactions of BrOz', cerium(III) and (IV) were
also included, in addition. They succeeded in computer simula-
tion of one of the original experiments of Noszticzius and
Bédiss [10]. Recently, Field and Boyd [15] developed a five-
variable modified Oregonator model which is also similar to
the above model.

The four-variable system of ordinary differential equa-
tions [14] constructed by the mass action rates form the skeleton
(1-8) was solved by Gear’s method [11].

The applied rate constants are listed in Table 1. We lave
chosen the so-called "LO"-set values [12], because they are
more realistic according to the latest experimental data [13].
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Table 1
Rate constants for calculations. The values were calculated ac-
cording to the experimental conditions:

[Bro§]= Ecoomz]= 4.0x10'2M: [H+]= 1.5 M (sto4). (Ref., :[1])

Step Value Definition References

1 6.0x10” 1 g7! 10[}{*] [BrOS] 12

2 1.5x10% M71s7? 10° [H+] 12

3 8.8 s 220 [(coou)z] 8

a 1.2x10%0 M71e 8x109[H+] 12
-4 100t - 12

5 varied

6 1.8x107% s71 2[H+]2[Br03] 12

7 ax103 m~is7! 13

8 1.44x107% u s71 6x10-4[H+] [Brog] [ (coou) 2]7

RESULTS AND DISCUSSION

The calculated time period and amplitude of the oscilla-
tons as functions of the bifurcation parameter k are shown in
Fig. 1.

In accordance with the experiments, there is a certain

1 ) in which oscillation

region of k values (0.035 - 0.1 s~
was found by calculations. Noteworthy, both lower and upper
values are higher than the experimental ones by nearly the same
factor (4.48 and 4.76,respectively). The calculated time pe-
1iods are also not too far from the observed 40S. The simula-
tions show two different steady states outside the oscillatory
region with high Br~ concentration at low k values and with

low Br~ concentration when k is relatively high. This is also

in accordance with the experimental results.
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k102 (g7)

Fig. 1. The calculated dependence of time period
(x) and amplitude (e) of oscillations

{&CBrZ = CBrzmax - CBrzmin) on the bi-

furcation parameter k

Figure 1 shows, however, that the changes of amplitude and
time period are completely different from the ones observed in
the experiments. The data suggest that bifurcations from steady
states to periodic orbits and vice versa proceed by supercriti-
cal Hopf bifurcation. As a consequence, it is not surprising
that the experimentally observed excitahility of the steady
states were not detectable in our calculations.

An analytical proof that only Hopf bifurcation can occur
in the above model independently of the numerical values of
the rate constants will be given in a forthcoming paper [14].
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