NOTES

7-5 through a column (0-5x4-0 cm) of 10 g of
the exchanger (593 meq.) and analysing 50 ml
fractions of the effluent for the nickel content, till
the effluent concentration reaches that <f the
influént. It is interesting to note that the nickel
sorbed, by the breakthrough, is more than the capa-
city of the exchanger. Also the curve consists of
two steps {curve 1, Fig. 1). The column was then
washed with water. The sorbed nickel was eluted
with 34-2 meq. of hydrochloric acid, followed by
water till free of acid. This effluent contained
23-1 meq. of free acid and 10-28 meq. of Ni?*. Since
the excess acid (5-17 meq.) consumed over that
required for regemeration of the exchanger into
H* form (5:93 meq.) is nearly equal to half the meq.
of nickel eluted, it is concluded that nickel is present
mostly as NiOH* by the time the exchanger is
nearing exhaustion. Considering this data and the
two steps in the sorption profile, it is inferred that
nickel is initially sorbed as Ni?*, which transforms
to NiOH* with increase of loading. This may be
considered as an example of site-sharing on a cation

exchanger. The reactions may be represented thus:
2RCOO.NH,+Ni(NH,)**+H,0=(RC0O0),Ni
+3NH;+OH- ..
{RCOO):Ni+Ni(NH,)**+OH+H,0=
2RCOO.NiOH+NH;  ...{2)

When 7-0 meq. of Ni?* at pH 7-5 were equilibrated
with 270 meq. of the exchanger, it was observed
by a similar analysis of the exchanger that 1-71
and 0-78 meq. of Ni** were sorbed as Ni** and
NiOH* respectively. This lends further support
for the transformation of Ni®* species to NiOH*
species with increase of loading.

When the exchanger of the same capacity was
taken in Na* form, 11-22 meq. of Ni?* was sorbed,
showing the formation of NiOH* species to a
greater extent than on NH} form of the exchanger.
This is due to the greater tendency of RCOO.Na
to hydrolyse and provide a higher concentration of
OH- than RCOO.NH,.

Though sorption of nickel was decreasing with
increase of NHj concentration in the solution phase
{as expected), sorption of 759, and 60%, of 2:0 and
0-5 mg of nickel taken was observed in batch experi-
ments in the presence of 2:0 g of ammonium
chloride in 100| ml at pH 7-5, when equilibrated
with 0-25 g of \exchanger. Nickel can, therefore,
be recovered almost quantitatively from spent
catalysts by employing the exchanger columns in
series. Desorption of nickel with formic acid (curve 2,
Fig. 1) was found to be as efficient as hydrochloric
acid. This gives nickel formate for obtaining the
active catalyst.

Similar experiments with a sulphonic acid ex-
changer (Dowex 50x 8, NH}) revealed the sorption
as well as desorption to be considerably less efficient,
proving the greater advantage of a weak cation
exchanger for the recovery of nickel.

The authors are grateful to Dr M. Sankar Das
and Shri P. Murugaiyan for useful discussions.
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Quantum chemical values such as ionization poten-
tials and electron affinity of some furan derivatives
have been successfully correlated with their corrosion
inhibition characteristics in acid dissolution of iron.

URAN derivatives have been used as ccrrosicn

inhibitors in the ancdic dissoluticn cf irent
Vosta and coworkers??® have correlated the quantum
chemical parameters cf a series of stiucturally relat-
ed compounds with their ccriosion inhibiticn charac-
teristics. This paper reports a correlaticn between
scme quantum chemical parameters? such as ioniza-
tion pctentials and electrcn affinities of furan and
some of its derivatives with their corrcsicn inhibi-
tion characteristics.

A cylindrical piece of ircn (99:999%, pure) meunted
on teflon holder was used as the electrode. The
electrode surface was polished successively with
150, 250, 360, and 600 emery papers and degreased
with acetone and dried. Disc surface (0-2 cm? area)
was exposed to the solution and satisfactorily tight
seals were provided between iron surface and teflon.

Triply distilled water was used. Furan, furfuryl-
amine and furcic acid were of AR grade and used
as such.

The galvanostatic methed used for steady 'state
polarization studies consisted of a constant current
generator and one vernier potentiometer having
different channels for measuring corrosion current
and corrosion pctentials. All experiments were
carried out at 25°+0-1°. Corrosion rates were
measured in terms of log f.: (current density) in
1M perchlcric acid containing 0-1M inhibitor solution.

The relation between inhibition characteristics
and quantum chemical data shows that log feor
mostly depends upon the energy of the highest
occupied molecular orbital (HOMO) which is a
theoretical analogue to the ionization potentials
of a substance. The lowest free molecular orbital
(LFMO) which gives idea about electron affinity
of the molecule is also shown to be. dependent
on the log ter values (Fig. 1). It is observed
that the inhibition characteirstic increases with
increase in the energy of HOMO, i.e. with decrease
in ionization potential. Thus the inhibition effi-
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Fig. 1—[Dependence of HOMO (curve A} and LFMO

{curve B)| of inhibitors on log dcorr [1, furan; 2 furfuryl-
) amine; and 3, furoic acid]

ciency ipcreases with the ease of ionization of the
moleculd. This implies that the molecule is acting
as an electron donor when it is adsorbed over the
metal gurface and thus retards corrosion. Furan
lies betiveen furfurylamine and furcic acid in cotro-
sion inhibition properties, indicating that electron
densityl on the heterocyclic oxygen atom is the
determining factor for the inhibition effect. Car-
boxyli¢ group in furoic acid reduces the electron
density over cyclic oxygen atom whereas methylene-
amino| group, due to hyperconjugative effect and
inductive effect, increases it. This presumption
is to dome extent, corroborated by the dependence
of engrgy of LFMO orbitals upon log icorr (Fig. 1)
orrelation shows that efficient inhibitors are
cceptor of electrons. On the other hand
it may be remarked that easily reducible compounds
stimulate corrosion instead of inhibiting it.

The author thanks Dr J. Nagchoudhuri for her
kind| help in HMO calculations.
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he Kkinetics of the oxidation of propylene over a
zinc molybdate catalyst have been studied in the
tdmperature range 350 to 410°C with the variation of
propylene and oxygen partial pressures, using a

fferential flow-type reactor. The reaction has been
found to be first order with respect to propylene and
ero order with respect to oxygen partial pressure.
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MOLYBDATES as catalysts, particularly for the

oxidation of propylene to acroleir have attracted
considerable attention. In the present case, the
oxidation of propylene on a zinc molybdate catalyst
has been taken up with a view to studyirg the
kinetics of oxidation as well as to characterize the
activity of the catalyst.

The oxidation has been studied using a flow-type
differential micro-reactor in the temperature raige
350 to 410°. The preparation of zinc molybdate
catalyst and its physical characterization have been
described in our earlier paper!. The purity of propy-
lene, obtahied by dehydrating pure distilled isopropy}
alcohol over alumina catalyst at 350° has been
checked by gas chromatograph. Nitrogen gas has
been used as a diluent along with the reactant gas
mixture, oxygen ard propylene.

Keeping the total flow rate constant at 140 ml/
mix as well as that of propylene at 45 ml/min, the
flow rate of oxygen has been varied from 25 to 80
ml/min at 350° and from the constant percentage
conversion of propylene (~7-5%,) at various flow
rates of oxygen, it has been deduced that the reaction
is independent of the oxygen partial pressure, i.e.
the reaction is zero order with respect to oxygen.
In order to evaluate the order with respect to propy-
lere, the percentage conversion of propylene has
been evalnated at three different temperatures with
various flow rates of propylene.

The plot of [—log(l—=x)] vs reciprocal space
velocity (Fig. 1) has been found to be linear at alt
the three temperatures, thus showing that the re-
action is first order with respect to propylene.
From the rate values, the activation energy for
the reaction has been found to be 9-3 kcal/mole.

The major detectable products formed from the
oxidation of propylene on ZnMoO, are acrolein,
water and carbon dioxide. The catalyst has been
found to possess considerable activity (609, selec-
tivity) for partial oxidation of propylene to acrolein.

Carbon dioxide can be formed eitter by direct
combustion of propylene or by oxidation of acrolein
or through any other intermediate species that may
be obtained during the oxidation. The percentage
carbon dioxide formed at various contact times and
temperatures (Table 1) has been found to be almost
constant throughout, thus showing that (i) the
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