Temperature programmed oxidation
2.8.1 TEMPERATURE PROGRAMMED OXIDATION
The temperature programmed oxidation (TPO) is an experimental approach of characterising / analysing the nature of solid deposited on spent or deactivated catalysts in the field of heterogeneous catalysis. The reason for employing this technique as well as all other techniques for the analysis of the solid deposited on the catalyst is to find the most viable and efficient way of reduction condition for the optimum regeneration of the spent/deactivated catalysts. The approach using the TPO entails a sample of a deactivated catalyst in a (U-tube) container filled with the spent catalyst which is placed in a furnace with temperature control equipment. A measuring device (thermocouple) is place inside the furnace to measure the temperature and the oxidising atmosphere is usually oxygen and subsequently the oxidation is monitored by any of the appropriate spectrometry analysis.

The temperature programmed technique is a fairly simple method of monitoring a chemical reaction as the temperature of the furnace is increased linearly in time[1]. Figure 3.5 shows a set up of a basic temperature programmed reduction and oxidation studies of catalyst. The furnace is charged with the spent catalysts while the temperature was gradually raised at a rate typically 0.1 to 20 oC/min. A thermal conductivity measures the oxygen content of the gas mixture before and after reaction. For Temperature programmed oxidation one uses a mixture of typically 5% oxygen (O2) in helium (He) to optimize the thermal conductivity difference between reactant and carrier gas.

The analysis of the deactivated catalysts with the temperature programmed oxidation (TPO) spectrum is a plot of the oxygen (O2) consumption of a catalyst as a function of time. The detection of the CO2 with a thermal conductivity detector (TCD) suggests that all the gases coming out from the reactor will have to be fully oxidized, because of the transformation of the carbon monoxide (CO) and the hydrocarbon released from the catalysts to form CO2.
Scheme 3.5 Schematic diagram of a TPO &TPR
The example of spent platinum alumina in reforming of naphtha demonstrate the application of the figure 2.3 in studying the nature of coke deposited on spent catalyst.The elemental analysis can be obtained from the deactivated sample of the platinum catalysts using the TPO.

Literature suggests with regards to this techinique that formation of three type of coke can occur on the surface of the spent catalysts . The first one is a low temperature coke which can be assigned to coke deposited on metalic centers[18]. The second type of coke is the one deposited near the metal-support interphase with a mid-value temperature[19]. The third one is high temperature, less reactive type of coke deposite on the support.

The identification of coke on the spent catalyst surface is quite difficult to define but it is mostly associated with the form of carbon structure based on the properties it exhibits during some certain test it is subjected to. It had been suggested the use of a TPO in association with methanator to convert the carbon dioxide (CO2 ) to methane (CH4) and then use a flame ionization detctor (FID) to enhance the sensitivity of this technique[22] and to that end it is widely believed that the higher the burning temperature, the more graphite like the structure of the coke formed on the spent catalysts. This high temperature profile can be attributed to the aromatic type of coke with high H/C ration which is a source of catalysts deactivation [22]. There are other method of differiating the nature of coke formed on the spent
