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Determination of Fe-O Bond Energy in Water-gas Shift Catalyst
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Synopsis. Oxygen catalyst bond energy may play
an important role in determining the catalytic activity in
water-gas shift reaction. In the present investigation a
method for determining this parameter from electrical con-
ductivity has been suggested.

In view of the fact that water-gas shift reaction
in iron(III) oxide catalysts is a typical oxidation-
reduction reaction, it is quite obvious that there should
exist some correlation between the oxygen catalyst
bond energy and shift reaction activity. In case of
redox reaction in presence of oxygen this bond energy
has been measured by various techniques.»»®» But in
case of reactions taking place under reducing condi-
tions e.g., water-gas shift reactions, the only reported
method is that of Rachkovsky and Yurjeva® who
studied the isotope exchange between hydrogen and
deuterium oxide on spinels to estimate the oxygen-
catalyst bond energy under reducing conditions. In
the present investigation a simple method has been
suggested to measure this bond energy from electrical
conductivity of iron oxide catalyst.

Experimental

The samples A to E were all shift catalysts of commercial
variety containing different type of iron(III) oxides pro-
moted with 7—109% chromium(III) oxide. Sample F is
pure iron oxide prepared by precipitation from iron(II)
sulfate solution with ammonium carbonate followed by
curing in air at 500 °C.

The conductivity cell and the circuit used for measurement
have been described in detail in an earlier communication.?
Prior to measurement the catalyst was heated to 200 °C
in a flow of N,+-steam in the ratio of 1:5. At 200 °C nitro-
gen was replaced by hydrogen and the temperature was
slowly raised to 350+10°C. The catalyst was finally sta-
bilized at 460+10 °C. The stabilization was indicated by
a constant value of the potential drop. The temperature
was slowly brought down to 250 °C and the potential drop
was measured at different temperatures after stabilization.
Both heating and cooling cycles gave good reproducibility
of conductivity values.

Results and Discussion

On reduction with H,+H,O mixture the iron oxide
catalysts are all reduced to Fe;O,. In the present
investigation it has been observed that all catalysts
show good conductivity which means conduction takes
place through Fe;O, phase only irrespective of the
presence of chromium(III) oxide. Following Suenaga®
and Parravano® the Fe;O, phase can be assumed to
be in oxygen excess nonstoichiometric form which
can be represented as:

Fes+[[],Feits; Feifs;]104, (1)

where [] is the cation vacancy and 6 is the mole frac-
tion of cation vacancies and is a measure of the degree

of nonstoichiometry. The conductivity (o) at any
temperature 7' (in K) can then be written as?

o = G[1—36][1+26]exp(— E/RT), )

where C is constant and E is activation energy of

conduction. Since 4 is very small,
o = C[1—d]exp(—E/RT). 3)
Therefore,
log ¢ = log C + log(1—4) — v—E—— 4)
2.303RT

Let §,, 8, and ¢,, ¢ are the degree of nonstoichiometry
and conductivities at temperature 7 and 7T respec-

tively,
Then
Oh g (19 E l_l>
log =~ = log =1 5" 2303 (T ) ®)

If the catalyst is stoichiometric (6=0) at the tem-
perature 7,

o E (1 _i)
log -~ = log (1-4) +m(? 7.) ©)

From Fig. 1 it can be seen that the plot of log (¢,/0) vs.
(1/T—1]T,) where T; is the maximum temperature of
measurement i.e., 46010 °Cl consists of two parts-
linear at lower temperature and nonlinear at higher
temperature for all catalysts. The general nature of
the conductivity temperature plot obtained for dif-
ferent catalysts is presented in Fig. 2. This shows
that the catalyst exhibits variable nonstoichiometry
only when T'>T,. Thus Eq. 5 is obeyed for T>T,
and Eq. 6 for T<T,. If the catalyst does not show
any variation in stoichiometry throughout the tem-
perature range studied the conductivity temperature
relationship can be represented by extrapolating the
linear portion corresponding to lower temperature part

log (01/0)

1 1
—=—= Jx 104/K-1
(7m0
Variation of resistance of the catalyst with

temperature.
Sample A: —A—A—, Sample B: —®—&—, Sample

Fig. 1.

C: —X—X—, Sample D: —@—@—,
—A—A—, Sample F: —@®—@©—,

Sample E:
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Fig. 2. Change in log (conductivity) vs. (temperature)—!
plot due to variation in degree of nonstoichiometry.

to higher temperature as shown by the dotted line in
Fig. 2. Let ¢ and ¢, be the conductivities at tem-
perature T corresponding to points X and Y on the
actual curve and on the hypothetical extrapolated
line respectively. Since Eq. 5 holds for point X and
Eq. 6 for point Y respectively then combining both
Egs. 5 and 6,
On 7 93
log—;—~log—0——log—z— r—rm = Ar
= —log(1-9), ™

if E is assumed to be independent of the degree of
nonstoichiometry. Such an assumption can be jus-
tified on the basis of the reported value of E for Fe,O,
and y-Fe,0,4.8:9

The degree of nonstoichiometry (6) of an oxide
catalyst can be expressed by the following empirical
equation.

it O

where AH is enthalpy of vacancy formation/mol,
8., po, are the equilibrium partial pressure of oxygen
at temperatures 7, and 7 respectively. When T=
T, po.=ps.,, and 6=0. Since in the present case
the partial pressure of oxygen at different temperatures
is determined by the dissociation of steam (H,O=
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CALCULATION OF OXYGEN CATALYST
BOND ENERGY(AH)
AH,=59.3 kcal/mol, T;=460-+10 °C.

TasLE 1.

Sample
A B G D E F
Ar 0.157 0.077 0.053 0.205 0.050 0.100
(1/Ts—1/T)
_— . .675 1.675 2475 1.75 4.25
109K 2.9 1.6 2
AH/kcal mol-1 61.7 61.0 60.7 63.0 60.5 60.3

H,+1%0,) we can write

1 Do\ _ AH, (1 1

7 o (po,) T T 2.303R (“T‘ T)’ ©
where AH,, is the enthalpy of dissociation of steam.
Combining Egs. 7, 8, and 9 and putting T=T,

Ar = ﬁﬁ(—%—%)mmr AH,). (10)

AH for different catalysts has been calculated from
Eq .10 utilizing the values of Ar and (1/7T,—1/T)) from
Fig. 1 and are presented in Table 1. The average
value of oxygen catalyst bond energy is 61.6+2.4
kcal/mol. Since the adsorption/desorption of each oxy-
gen atom results in formation/rupture of two Fe-O
bond, average energy per bond is 30.8+1.2 kcal which
is good agreement with that calculated by Vijh.10

References

1) G. K. Boreskov, V. V. Popovskii, and V. A. Sazanov,
Proc. 4th Int. Cong. Catal., 1, 439 (1968).

2) A. M. H. Sachtler, G. J. H. Dorgels, J. Fahrenfort,
and R. J. H. Voorhoeve, Proc. 4th Int. Cong. Catal., 1, 454
(1968).

3) Quoted by G. K. Boreskov, ‘“Fundamentals of Gas
Surface Interactions,” ed by H. S. Saltsburg, Academic
Press, New York (1967), p. 240.

4) D. Kumar, G. Sengupta, K. Prasad, and S. P. Sen,
Technology, 12, 204 (1975).

5) A. Suenaga, Kogyo Kagaku Zasshi, 64, 518 (1963).

6) G. Parravano, J. Catal, 8, 29 (1967).

7) D. S. Tannhauser, J. Phys. Chem. Solids, 23, 25 (1962).

8) J. Martinet, C. R. Acad. Sci., Paris, 234, 2167 (1952).

9) E.J. W. Verwey, P. W. Hayman, and F. C. Romeijn,
J- Chem. Phys., 15, 181 (1947).

10) A. K. Vijh, J. Catal., 38, 525 (1975).






