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Abstract The catalytic combustion of the stoichiometric

n-butane–air mixture per se or diluted with N2, on a plat-

inum wire at different initial pressures (10–70 kPa) and

temperatures (690–1,080 K) was studied. The chemical

heat flow rate, dQr/dt, of the surface reaction was measured

in isothermal and isobaric conditions and the overall

kinetic parameters were evaluated for both steady state and

initial transient catalytic combustion. At low total pressure

(10 kPa), the temperature dependence of dQr/dt indicated a

normal (Arrhenius) behavior for 690 \ T \ 900 K, while

at higher temperatures, over 900 K, an anti-Arrhenius

behavior was found. The obtained results are consistent

with a diffusion-controlled process, accompanied by reac-

tant depletion around the catalytic surface, at higher

temperatures.

Keywords Catalytic combustion � Kinetics �
Platinum wire � Isothermal regime � n-Butane

1 Introduction

The continuous development of combustion technologies,

associated with the increasing and more restrictive

requirements concerning the control of pollutant emission,

as well as with the risk analysis and the assessment of

potential hazards, stimulated the fundamental research in

the field of catalytic combustion. Many mechanistic aspects

of catalytic combustion are still insufficiently understood

and consequently any new approach, theoretical and/or

experimental, can contribute to establish the main com-

ponent steps of the overall process, as well as their

complex interactions. The combustion of alkanes on noble

metal catalysts is of particular interest due to their

involvement in many industrial and domestic applications.

Except for methane catalytic combustion, which has been

thoroughly analyzed using both overall and detailed

kinetics [1–5], there are only few kinetic studies referring

to these systems. Several experimental techniques are able

to provide the necessary data for the overall kinetic anal-

ysis. The most straightforward one is based on the chemical

analysis of the reaction mixture in the presence of the

catalyst at a chosen temperature, followed by the pro-

cessing of the obtained kinetic curves [6, 7]. A very

efficient method is based on the measurement of the cata-

lytic ignition temperature of a fuel–oxygen–additive

mixture, a property characteristic for the transition from

kinetic to diffusion control, which can be used to calculate

a number of relevant properties, including the overall

kinetic parameters. The experimental measurements are

usually carried out in flow regime, in a stagnation-point

flow configuration on a noble metal foil [8–10], or over a

catalytic wire or filament, when either the wire [11–14] or

the gas [15, 16] is heated until the ignition occurs.

In several previous papers [17–19], we have reported on

the possibility of obtaining valuable kinetic information

from the ignition and combustion of a stagnant fuel–oxy-

gen–inert mixture on a thin, isothermally heated, platinum

filament or wire, when the catalyst temperature had a step

profile. Both transient and steady state evolution of the

catalytic combustion can be followed, allowing the mea-

surement of the induction period for the catalytic and/or
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gas phase ignition, and of the chemical heat flow rate,

Fr = dQr/dt, which can be related to the overall combus-

tion rate. Additionally, this technique allows the

measurement of the reaction rate even at very high tem-

peratures, where the common reactors meet with major

experimental difficulties. If the experiments are performed

between catalytic and gas phase ignition temperatures,

when the overall surface process is diffusion controlled, an

inhibition of the reaction rate becomes possible, due to

reactant depletion within the diffusion layer [8, 20, 21].

The specified method is suitable to detect the occurrence of

such phenomenon [18].

An unavoidable difficulty connected with the thin wire

utilization for these studies arises from its melting when the

reaction heat accumulates on it. This drawback can be

surpassed by dilution with an inert gas and/or by working

at low pressures. Diluting the reactant mixture with an inert

such as N2 can be a practical method to control a com-

bustion reaction, especially lowering its gas phase reaction

temperature. On the other hand, inerts can affect the overall

reaction due to the change of transport and thermo-physical

properties. It can be however assumed that N2, having only

a weak interaction with the catalyst surface, especially at

high temperatures, does not affect significantly the kinetics

of surface reactions [1, 14].

In the present work, the catalytic combustion of a stoi-

chiometric n-butane–air mixture (3.13% n-butane in air)

per se and diluted with N2 in the ratio (mixture to N2) 2:1

and 1:1 was studied using an isothermally heated platinum

wire as catalyst, at different initial pressures (10–70 kPa)

and temperatures (690–1,080 K). The reaction rates and

overall kinetic parameters—activation energy, reaction

order and pre-exponential factor—were evaluated and

discussed.

2 Experimental Method and Apparatus

2.1 Combustion Cell and Measurement Procedure

The experimental measurements were carried out using an

isothermally heated platinum wire. The combustion cell,

filled with air or fuel–air mixture, is given schematically in

Fig. 1. It was designed and checked to withstand pressures

up to 20 bar. The catalyst is a 45 mm long platinum wire

from Aldrich Chemical Company (99.99%), with 0.1 mm

diameter, soldered on the top of the brass feeding con-

ductors, situated in the center of the cell. The measuring

conductors are also soldered at approximately 1-mm dis-

tance from the wire.

To obtain a sudden jump (in less than 1 ms) of the wire

temperature, a 200 lF condenser, charged at a suitable

voltage (previously established by trial and error) is

discharged across the wire. The proper voltage is chosen in

such a way as to avoid the initial overheating and also to

prevent the thermostating circuit to work in a saturation

regime. The thermostating circuit, given schematically in

Fig. 2, ensures subsequently a constant temperature regime.

The platinum wire constitutes an arm of a Wheatstone

bridge containing also a standard resistor (Rstd = 5 X) and

the potentiometer P1. The bridge is fed from a 24–30 volt

DC stabilized power supply through a series transistor Q1

and can be adjusted from the potentiometer P1 for a certain

value of wire resistance, dependent on its working temper-

ature. In this configuration, to ensure the circuit stability, the

minimum wire temperature is approximately 600 K, suffi-

cient to ignite the catalytic reaction without a significant

ignition delay. Any bridge unbalance is detected by the

integrated circuit U1A, which readjusts the applied voltage

through the transistors Q2 and Q1 to maintain a constant

wire resistance, Rw. A similar method, designed to maintain

a constant temperature, was previously described in litera-

ture [22]. The transient or stationary voltages, Estd or Ew, are

recorded using a Tektronix TDS 210 oscilloscope. Similar

stationary voltages are also measured for the cold and hot

wire at the ambient temperature T0, or at the working tem-

perature Tw, using an intercalated resistor (with R4 � Rw)

and a precision millivoltmeter. These data allow the calcu-

lation of the heat flow rate, dQ/dt, for a certain gas pressure

and wire temperature.

Fig. 1 Schematic diagram of the cell for ignition and combustion on

platinum wire. 1. upper metallic lid with observation window; 2.

transparent lid; 3. lower metallic lid; 4. feeding conductors; 5.

measuring conductors; 6. cell metallic frame (90 mm height and

diameter); 7. assembling screws; 8. platinum wire; 9. electric

insulations; 10. pressure transducer; 11. gas feeding and evacuation

line
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2.2 Evaluation of the Experimental Data

The contribution of the catalytic reaction to the general

heat balance can be calculated assuming that the heat

losses through thermal conduction, convection and radia-

tion are approximately equal in air and in fuel/air mixture,

at the same gas pressure and wire temperature. If two

separate heating diagrams, Estd vs. time, are recorded in air

and in the reaction mixture, the chemical heat flow rate is

the difference between the heat flow rates in air and in

reactive mixture, Fr = Fair - Fmixture = dQr/dt, and can

be calculated as:

dQr=dt ¼ ðRw=R2
stdÞ � ðE2

stdÞair � ðE2
stdÞmixture

� �
ð1Þ

For mixtures diluted with N2, the heat flow rates were

measured at different pressures and temperatures for air as

well as for 2:1 and 1:1 (air–N2) mixtures. Due to small

differences between thermal conductivities of air and

nitrogen, similar heat flow rates were found and

consequently the reference non-reactive mixture was the

air.

To detect a possible gas phase ignition accompanied by

a sudden pressure rise, the combustion cell is equipped

with a piezoelectric pressure transducer Kistler 601A and a

charge amplifier Kistler 5001 SN, coupled to another

channel of the oscilloscope.

The average wire temperature is calculated using a

resistance–temperature calibration equation, taken from

literature [23]:

Tw ¼ 273:15þ D0 þ
X9

i¼1

Di �
x� 2:64

1:64

� �i

ð2Þ

where D0, Dj are constants, and x is the ratio between the

wire resistance at temperature Tw and at 273.15 K

x ¼ RTw
=RT273:15

ð Þ: A similar procedure is used to calculate

RT273:15
from the measurements at temperature T0 (the room

temperature). Although a temperature gradient along the

platinum wire establishes in these conditions [1, 13], only

the average value was taken into consideration in this

study. Activation of the fresh platinum wire requires sev-

eral ignition/combustion runs before the results become

reproducible. During this procedure, the initially smooth

platinum surface becomes coarse and preserves this state

until the wire is broken during the ignition process.

Butane and nitrogen 99.9% were from SIAD (Italy). All

mixtures were prepared by the partial pressures method at

4 bar (absolute pressure) and kept in steel cylinders 24 h

prior to use.

3 Results

3.1 Isothermal Heating Diagrams

When the wire temperature is lower than the necessary

temperature for gas phase ignition, the reaction occurs only

on platinum surface and develops until the completion of

the fuel. Typical experimental results consist in pairs of

isothermal heating diagrams giving the voltage drop across

the standard resistor in time, as shown in Fig. 3.

The heating diagram for a combustible mixture exhibits

a short transient period, when Estd decreases down to a

steady value, after a characteristic time, ss. This time can

be evaluated either from the experimental curve when the

first derivative becomes zero, or from the condition for

which the transient value is equal or smaller than 1% of its

steady state value. The steady value remains approximately

constant as long as the hydrocarbon bulk concentration

remains constant. For a longer time, dQr/dt decreases

steadily until the hydrocarbon in the test cell is exhausted.
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Fig. 2 Schematic diagram

of the thermostating and

measuring circuit
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This step, occurring on a longer time scale, was not of

interest for this study.

From these diagrams the chemical heat flow rate, dQr/dt,

associated with the exothermic catalytic combustion can be

measured quantitatively and related to the rate of the

overall surface combustion reaction, rs:

rs ¼
1

DcH0
T � S
� dQr

dt
ð3Þ

where DcH0
T is the standard heat of combustion at working

temperature (which is approximated here with its value at

298 K) and S is the surface of the platinum wire.

3.2 Kinetic Equations

The obtained data can be rationalized as a first approxi-

mation using an empirical Arrhenius-type rate law:

rs ¼ A � ðp0=p�Þn � ðXn1
ox � Xn2

F Þ � e�Ea=RTw

¼ A0 � ðp0=p�Þn � e�Ea=RTw ð4Þ

where A is the pre-exponential factor, p0 the total gas pressure,

p* the standard pressure (taken as p* = 101.3 kPa), n the

overall reaction order, Xox, and XF the molar fractions of the

oxygen and fuel, respectively, n1 and n2 the corresponding

partial reaction orders, Ea the overall activation energy, R the

universal gas constant and Tw the wire temperature. If the

standardized (dimensionless) pressure (p0/p*) is used, the pre-

exponential factor A or A0 ¼ A � ðXn1
ox � Xn2

F Þ has the same

units with the surface combustion rate, rs, and can be

compared with the calculated value according to the surface

collision model. The results will be given and processed in the

form:

dQr

dt
¼ A00 � ðp0=p�Þn � e�Ea=RTw ð40Þ

where A00 ¼ A0 � S � DcH0
T :

On the other hand, the rate of a catalytic reaction is

likely to be described more adequately by a mechanistic

Langmuir–Hinshelwood equation for a competitive, non-

dissociative adsorption of both reactants, without diffusion

limitation [9]:

rs ¼ ks �
KF � Kox � pF � pox

ð1þ KF � pF þ Kox � poxÞ2
ð5Þ

where ks is the rate constant of the surface reaction (having

also the same units with the surface combustion rate, rs),

KF, Kox and pF, pox are the adsorption–desorption equilib-

rium constants and partial pressures of fuel and oxygen,

respectively. Both empirical and mechanistic equations

will be used to interpret the obtained results, especially for

the steady state period of the heating curve.

Moreover, the kinetic analysis of the transient period of

the chemical heat flow rate allows the evaluation of the

diffusion and chemical reaction contributions to the overall

process. At higher temperatures, the surface reaction rate

increases approaching a diffusion-controlled regime, when

the fuel concentration C* within the layer adjacent to cat-

alyst surface (taken as a volume concentration) becomes

smaller than its bulk value, C0. The rate of the catalytic

process is given by:

rs ¼ kr � C� ð6Þ

where kr (in m/s) is an overall rate constant resulted from

lumping all surface steps.

Since the volume of the layer adjacent to the catalyst

surface is given approximately by the product between the

catalyst surface S and the molecular diameter of the fuel /,

the volume concentration C* and the corresponding surface

concentration C*
s are related through:

Cs
� ¼ / � C� ð7Þ

In order to evaluate the volume concentration, C*, both

diffusion and chemical reaction must be taken into account:

dCs
�

dt
¼ / � dC�

dt
¼ kD � ðC0 � C�Þ � kr � C� ð8Þ

where kD (in m/s) is the mass transfer constant, which is

dependent on the diffusion coefficient DF and the thickness

of the diffusion layer d:

kD ¼ DF=d ð9Þ

Integration of this equation with the limit condition C* = 0

at initial time t = 0, (when the wire temperature increases

suddenly from T0 to Tw, the fuel within the gas layer

adjacent to catalyst surface reacts quickly and entirely

releasing a significant quantity of heat, easily detectable on
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Fig. 3 Estd vs. time diagram for a typical run, with platinum wire in

air and in a stoichiometric n-butane/air mixture and the corresponding

chemical heat flow rate diagram, dQr/dt vs. time (p0 = 30 kPa and

Tw = 682 K)
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the experimental diagram, at the beginning of the process),

leads to:

C� ¼
kD � C0

kD þ kr

� 1� expð�ððkD þ krÞ=/Þ � tÞ½ � ð10Þ

When t increases up to a value which makes the

exponential negligible with respect to unity, a limiting

steady state equation is obtained:

ðC�Þss ¼
kD � C0

kD þ kr

ð11Þ

The reaction heat flow rate is finally given by:

dQr

dt
¼ DcH0

T � S � kD � kr � C0

kD þ kr

� 1� expð�ððkD þ krÞ=/Þ � t½ �

ð12Þ

where the first factor in the right hand side represents the

steady state value.

Depending on the quantity of the reacted fuel within the

short initial period, during the temperature jump from T0 to

Tw, an additional heat flow rate, a, must be taken into

consideration for the heat balance Eq. 12. According to this

model, an equation of the form:

dQr

dt
¼ aþ b � ð1� expð�ctÞÞ ð13Þ

should fit the experimental data during the transient period

of the catalytic process, with the obvious significances of

coefficients a, b and c. It can be also observed that for a

diffusion controlled process, when kr � kD, the coefficients

b and c get simpler meanings:

b ¼ DcH0
T � S � kD � C0 and c ¼ kr=/ ð14Þ

The temperature dependence of b and c allows the evalu-

ation of the activation energies for diffusion and chemical

reaction, respectively.

3.3 Experimental Results

The results consist in pairs of heating diagrams Estd vs. time

for different total pressures at constant temperatures and for

different wire temperatures at constant pressures. From

these primary data, the chemical heat flow diagrams dQr/dt

vs. time were calculated after a suitable smoothing.

According to Eq. 40 the overall kinetic parameters n and Ea

can be evaluated using the regression analysis. A 3D non-

linear regression for the two independent variables, p0 and

Tw, and the response variable dQr/dt measured during the

steady state period, for 123 runs at pressures between 10 and

70 kPa and temperatures between 604 and 860 K for

butane–air mixture gave the following results: A0

0
= (6.85

± 0.27) J/s, n = 0.372 ± 0.006 and Ea = (8.17 ± 0.20)

kJ/mol, with a coefficient of determination r2 = 0.979 and

with Fstatistic = 2756. Error limits refer to a confidence level

of 0.95 throughout the paper.

The unavoidable melting of the wire during the ignition

step imposed the specified limits for higher temperatures

and pressures. The activation energies at different total

pressures for both steady state and transient regimes are

given in Table l.

When the stoichiometric n-butane/air mixture was

diluted with N2 in order to lower the gas phase combustion

temperature, the measurements were also possible at higher

platinum wire temperatures. The differences are illustrated

in Fig. 4, where two different patterns are apparent: an

Arrhenius type increase of the chemical heat flow rate at

lower temperatures, and a reversed behavior at higher

temperatures.

The results are given for the overall activation energies

and reaction orders in Tables 2 and 3. Within the anti-

Arrhenius temperature range the results are more scattered

0.9               1.0               1.1               1.2               1.3               1.4
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4.6

4.8

Qd([
nL

r
])s/J(/)td/

1000 K / Tw

Fig. 4 Arrhenius and anti-Arrhenius variations of dQr/dt for

2(n-butane/air mixture) + 1N2 at p0 = 10 kPa

Table 1 Activation energies for n - C4H10/air mixture, calculated

from different properties

p0 (kPa) Activation energy (kJ/mol)

From (dQr/dt)steady state From b From c

10 6.0 ± 0.1 5.2 ± 0.5 31.7 ± 1.2

20 7.3 ± 0.3 6.0 ± 0.7 21.1 ± 0.9

30 8.3 ± 0.3 6.1 ± 0.4 23.7 ± 0.1

40 7.6 ± 0.2 5.5 ± 0.4 16.9 ± 0.6

50 7.4 ± 0.3 5.0 ± 0.2 14.9 ± 0.5

60 9.2 ± 0.2 6.5 ± 0.4 17.9 ± 0.7

70 9.3 ± 0.1 5.0 ± 0.4 17.9 ± 0.5
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owing to the complex competition between the chemical

reaction and transport phenomena (diffusion and natural

convection of reaction components as well as of accom-

panying heat). The corresponding overall parameters seem

to have no sound meanings within this range and conse-

quently were not given.

4 Discussion

The results of the correlation, obtained using the 3D non-

linear regression analysis for the stoichiometric n-butane/

air mixture, which seem to be consistent from statistical

point of view, can be discussed in terms of the simple

physical models, taking into account the mass transfer of

reactants and the collisions with the catalyst surface.

Thus for the smooth surface of the catalytic wire

S = 1.41 9 10-5 m2 and with DcH0
298 ¼ 2658:5 kJ/mol for

the standard combustion heat of n-butane, the pre-expo-

nential factor is A0 = 0.183 mol/(m2 s). As far as the real

platinum surface is concerned, the result is a maximal one,

due to the surface roughening during the combustion pro-

cess. This figure can be compared with the calculated one

from the kinetic model of gases for n-butane as fuel, col-

liding the catalyst surface covered preponderantly with

oxygen:

m0 ¼ pF=ðpMFRTwÞ1=2 ð15Þ

where pF is the fuel partial pressure and MF its molar

weight. With p0 = 10 kPa, fuel molar fraction

xF = 0.0313, MF = 58 9 10-3 kg/mol and Tw = 730 K,

one obtains m0 = 9.02 mol/(m2 s). The ratio A0/m0 = s,

representing a sticking coefficient, is s = 0.028, a

reasonable figure. It ranges between 0.003 and 0.02 for

the lowest temperature and highest pressure, and the

highest temperature and lowest pressure, respectively. The

activation energy, Ea = (8.17 ± 0.20) kJ/mol, is typical

for a diffusion controlled process at high temperature in gas

phase. On the other hand, the rate of a diffusion-controlled

process is given by:

rs ¼ DF � ðdCF=dxÞ ¼ DF

d
� DCF ¼ kD � DCF

¼ kD � ðC0 � C�Þ ð16Þ

where dCF/dx is the concentration gradient along x

direction. During the steady state C* % 0 and the bulk

concentration of n-butane at p0 = 10 kPa and Tw = 840

K is C0 = 0.045 mol/m3. In these conditions rs = 0.131

mol/(m2 s) and kD = 2.91 m/s, a figure which allows the

evaluation of the thickness of the diffusion layer, d. Using

the literature data [24] and usual approximations, n-butane

diffusion coefficient can be estimated in these conditions

as DF = 4.7 9 10-4 m2/s. The corresponding thickness of

the diffusion layer is d = 0.15 mm, a figure close to the

estimated thickness of the preheat zone of n-butane/air

flame (dpreheat % 0.30 mm). The reported reaction rates

can be converted into the corresponding turnover fre-

quencies, TF, by division with the atomic surface density

of exposed atoms. If this is taken as 1.5�1015 metallic

atoms/cm2 [7], equivalent with 2.49�10-5 mol/m2, the

surface reaction rate rs = 0.131 mol/(m2 s) gives TF =

5.3�103 s-1, a figure suggesting a very efficient process.

Similar values are obtained for other experimental con-

ditions. All these estimates regarding the pre-exponential

factor and the overall reaction rate are dependent on

the catalyst surface for which a minimal value was

considered.

The activation energies referring to the diffusion step,

given in Table 1, indicate the good agreement between the

steady state and transient domains, as well as with other

data appropriate for these high temperatures, proving at the

same time that the condition kr � kD is fully fulfilled. The

activation energies of the surface reaction, derived from the

temperature dependence of parameter c, and ranging

between 31 and 15 kJ/mol, exhibit a noticeable decrease at

higher pressures. They are significantly larger than those of

the diffusion step, but lower than those measured using

other techniques (80 kJ/mol for i-butane [9, 10], 141 kJ/

mol [7], 180 kJ/mol [16], and 208 kJ/mol [6]). All previ-

ously reported data refer actually to lower temperatures and

it was observed that the overall activation energy decreases

significantly at higher temperatures [7] for n-butane and

other alkanes on platinum, as well as for methane on

Table 2 Activation energies for undiluted and diluted n-butane/air

mixtures

Mixture Tw range (K) Ea (kJ/mol)

(C4H10–air) 600–840 8.2 ± 0.2

2(C4H10–air) + 1N2 720–880 6.9 ± 0.4

903–1025 anti-Arrhenius

1(C4H10–air) + 1N2 720–980 5.7 ± 1.7

990–1050 anti-Arrhenius

Table 3 Overall reaction orders at different temperatures

T/K (n-butane/air) 2(n-butane/air) + 1N2 1(n-butane/air) + 1N2

690 0.26 ± 0.01 – 0.20 ± 0.01

740 – – 0.29 ± 0.03

775 – 0.32 ± 0.01 –

780 0.34 ± 0.01 – –

810 – 0.37 ± 0.01 0.51 ± 0.03

840 0.35 ± 0.01 – –

880 0.36 ± 0.01 – –

900 – 0.41 ± 0.02 –
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palladium [25]. This feature will be subsequently discussed

along with the reaction orders on the basis of the more

realistic Langmuir–Hinshelwood equation.

When n-butane/air mixture is diluted with N2, the

measurements were also possible at higher temperatures.

The Arrhenius plot given in Fig. 4 illustrates the new

feature characteristic for high temperatures, when an

increase in temperature results in a decrease of the reaction

rate. This behavior was already predicted and explained on

the basis of uncompensated reactant depletion within the

layer adjacent to the catalytic surface [8, 20, 21]. The

similarities of the activation energies for undiluted and

diluted n-butane/air mixtures at lower temperatures given

in Table 2, as well as of the overall reaction orders given in

Table 3, confirm the role of N2 as diluent, without

involvement in the mechanism of the surface reaction.

Some variations in both activation energies and reaction

orders given in these tables should be attributed mainly to

differences in platinum surface reactivity, rather than to

some significant changes in the component steps of the

overall process. The interpretation of the overall reaction

order, a controversial subject, equally dependent on the

experimental technique and on the mechanistic assump-

tions, required the determination of the partial reaction

order with respect to n-butane. The complementary reac-

tion order with respect to oxygen was evaluated indirectly

assuming that n = nF + nox. Since nF = 1, results nox =

0.37 - 1 = - 0.63. The literature data are very differ-

ent, from n = 0, nF = 1, nox = - 1 at normal pressure for

alkanes [9], to nF = 1 and nox = - 0.6 [6], or nF = 1.2

and nox = 0.2 [7]. Our results are in better agreement with

[6]. A discussion of the Langmuir–Hinshelwood equation

can explain the existence of these differences. For alkanes

it was assumed that Kox � pox � 1 + KF � pF owing to

stronger adsorption of oxygen [9]. The result was:

rs ¼ ks �
KF

Kox

� pF

pox

ð17Þ

Eapp ¼ Ea;s þ DHads;F � DHads;ox ð18Þ

with DHads;F and DHads;ox\0 (exothermic processes).

It can be also assumed that at very low pressures KF �
pF + Kox � pF� 1 when:

rs ¼ ks � KF � Kox � pF � pox ð19Þ
Eapp ¼ Ea;s þ DHads;F þ DHads;ox ð20Þ

where Eapp and Ea,s are the apparent activation energy and

activation energy of the surface reaction, respectively. For

the first approximation, the overall reaction order should be

equal to zero, while for the second one, it should be equal

to two. For intermediate cases, when the process can be

approximately described by an empirical equation of the

form (3), the overall reaction order can take fractional

values while the apparent activation energy should change

from (17) to (19).

The change of the activation energy from positive to

negative values at higher temperatures can be cleared up

using the empirical kinetic equation (4) in the form:

oLnðdQr=dtÞ
oð1=TÞ ¼ �Eapp

R
þ oLn½Xnox

ox � X
nF

F �
oð1=TÞ

¼ � Eapp

R
þ T2 � nox

Xox

� dXox

dT
þ nF

XF

� dXF

dT

� �� �

ð21Þ

The measured overall activation energy decreases when

dXF/dT \ 0, while for oxygen the effect is smaller and in

an opposite direction. At higher temperatures the second

term in the sum can become preponderant, leading to

negative activation energies. The diffusion control of the

catalytic combustion at high temperatures, frequently

encountered in many practical combustion systems, as well

as the limitations imposed by the reactant depletion within

the diffusion layer, are very important issues for the design

of efficient devices constrained to work at short contact

times [26].

5 Conclusions

The potentiality of a new method, suitable for kinetic

studies of catalytic combustion, is presented and illus-

trated for n-butane/air soichiometric mixture. The

measurements can be carried out on an isothermally

heated platinum wire in stagnant mixtures at various ini-

tial gas pressures and wire temperatures. The experimental

setup allows the measurement of the chemical heat flow

rate during the catalytic combustion, straightly related to

the heterogeneous reaction rate. The time evolution of the

chemical heat flow rate during the catalytic reaction

exhibits a short transient ignition period, followed by a

steady surface combustion. Both regimes were used to

evaluate the overall kinetic parameters. The catalytic

combustion followed a first order kinetics with respect to

n-butane, while the overall reaction order was around 0.37

within the pressure range 10–70 kPa. To extend the

analysis at higher temperatures where the platinum wire

melts during the ignition, the n-butane/air mixture was

diluted with N2. For diluted mixtures, two extreme

behaviors were noticed: an Arrhenius variation of the

reaction rate at lower temperatures and an anti-Arrhenius

one at higher temperatures, when the reactant depletion

within the reaction layer becomes dominant. All results

were compared with other reported data, as well as with

some predicted data derived from some simple models,

finding satisfactory agreements. Moreover, they validate
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the method and recommend it as a complementary tool

necessary to investigate the kinetics of the catalytic

combustion on metallic surfaces.
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