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Abstract: This study identifies, and analyses, the correlation that exists in the 
CO light-off performance of full size canned catalytic converters and cored 
samples taken from the front and rear sections of the same catalyst brick. 
Testing was conducted under laboratory conditions, with full size samples 
tested using the Catagen Labcat, and testing of cored samples conducted using 
the Horiba SIGU 2000. From experimental tests alone, there was no clear 
correlation between the CO light-off activities of full size and cored catalyst 
samples. However, by performing simulations using the QUB global catalyst 
model, which accounts for the variation of precious metal dispersion and 
differences in the heat transfer characteristics of the test rigs, correlation was 
shown to be good. 
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1 Introduction 

Regulations concerning automotive exhaust emissions are becoming more and more 
stringent, requiring the development of more efficient and durable catalytic control 
systems. The three-way catalytic converter is the most common method of reducing 
harmful exhaust gas emissions, by performing the simultaneous oxidation of carbon 
monoxide (CO) and hydrocarbons (HC), and reduction of oxides of nitrogen (NOx). A 
three-way catalyst has a honey-comb like, monolithic structure, and is usually made from 
a synthetic cordierite ceramic material. The monolith has uniformly sized, parallel 
channels, onto which the washcoat is bonded. Alumina, Al2O3, is the most commonly 
used washcoat as it has a very complex pore structure, providing a large surface area onto 
which the catalytic material is finely dispersed. The catalytic material is usually platinum 
(Pt), palladium (Pd) or rhodium (Rh), and these precious metals may be used individually 
or in combination. Commercially used three-way catalysts are often a bimetallic 
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combination of precious metals, such as Pt/Rh or Pd/Rh, as rhodium is known to be an 
efficient catalyst for NOx reduction, whereas platinum and palladium are effective 
catalysts for the oxidation of carbon monoxide and hydrocarbons (Aitani and Siddiqui, 
1995; Gandhi et al., 2003). 

Thermal ageing is one of the primary causes of catalyst deactivation, and has become 
an increasingly important factor due to the converter being installed close to the engine 
for more efficient hydrocarbon conversion. Exothermic reactions can cause temperatures 
within the catalyst reaching higher than 1,000°C, causing thermal deactivation such as 
sintering of the precious metal particles. At high temperatures, the precious metal 
particles agglomerate, decreasing the surface area of catalyst available to reactant gases 
and therefore reducing the catalyst activity (Harris, 1995; Heck et al., 2002; Martin et al., 
2003; Martinez-Arias et al., 2002; Meyer Fernandes et al., 2010; Polvinen et al., 2004; 
Tanabe et al., 2008; Winkler et al., 2010; Yang et al., 2008; Zanon Zotin et al., 2005). 
Sintering of the washcoat can also occur, with a decrease in surface area and a loss of 
internal pore structure. The washcoat undergoes irreversible phase changes, with the 
alumina washcoat transforming from the gamma phase, γ-Al2O3, through delta, δ-Al2O3 
and theta, θ-Al2O3, to the stable alpha alumina, α-Al2O3, with loss of surface area and 
hence loss of catalyst activity (Heck et al., 2002; Martinez-Arias et al., 2002;  
Meyer Fernandes et al., 2010; More et al., 1997; Zanon Zotin et al., 2005). Catalyst 
deactivation can also be caused by catalyst poisoning, which can occur by two 
mechanisms. Selective poisoning is the mechanism by which an undesirable contaminant 
reacts directly with the precious metal or washcoat, and non-selective poisoning, by 
masking or fouling, occurs when a heavy contaminant is deposited onto the catalytic 
surface. Poisoning results in a reduced number of active sites available to the reactant 
gases and therefore causes reduced catalyst activity (Heck et al., 2002; Zanon Zotin et al., 
2005). Another form of catalyst deactivation is mechanical deactivation, were the 
decrease in catalytic activity is caused by loss of catalyst material due to fractures in the 
ceramic monolith (Zanon Zotin et al., 2005). 

A study of the literature has shown that much research has been conducted, which 
involves the laboratory analysis of engine aged catalyst samples. Catalyst light-off is 
regularly used to indicate the activity level of an automotive catalyst and is defined as the 
temperature of 50% conversion, of CO, HC or NOx. Smelder et al. (1991) carried out 
activity tests, in a synthetic exhaust flow reactor system, on catalyst samples taken from 
various locations of full size field aged catalysts. Light-off tests showed how deactivation 
by thermal effects followed a radial profile, with major deactivation occurring at the 
centre of a cylindrical catalyst brick and decreasing outwards towards the edges. Martin 
et al. (2003) analysed catalyst samples taken from an automobile aged catalyst in order to 
measure the axial deterioration. This study concluded that poisoning had a low influence 
on ageing and that deactivation is mainly produced by thermal mechanisms. A similar 
study was carried out by Lopez Granados et al. (2006), which analysed samples taken 
from different axial coordinates of three-way catalyst monoliths aged under real life 
traffic conditions. This research showed that the front and rear catalyst samples were 
aged to a similar deactivated state. Loss of specific surface due to sintering of washcoat 
components was found to be present throughout the catalyst. Research conducted by 
Zanon Zotin et al. (2005) showed that the deactivation of catalyst samples, aged on an 
engine bench, was not due to one factor, but a combination of thermal, chemical and 
mechanical deactivation. A study by Meyer Fernandes et al. (2008) showed that thermal 
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effects were the major contributor to catalyst deactivation. CO light-off tests conducted 
on samples aged on a chassis dynamometer showed that the loss of activity was 
consistent with the decrease in BET surface area. Lassi (2003) showed that for ageing on 
an engine test bench, thermal deactivation mechanisms were important. These included 
sintering of the precious metal active sites, loss of washcoat surface area and phase 
transitions. Moldovan et al. (2003) showed that, after automobile ageing, the loss of 
precious metal particles, and therefore a reduction in dispersion, was much greater at the 
front face of a three-way catalyst than in any other region of the brick. A study by 
Harkönen et al. (1994) showed that for engine and on-road ageing, the highest 
deactivation occurred at the front zone of a catalyst. Engine ageing followed by 
laboratory analysis has also been conducted by Usmen et al. (1992), Zhang et al. (1997), 
Hughes (2005), Kallinen et al. (2005), He et al. (2003) and Hietikko et al. (2004). 

In the literature, there are many examples of work which conducts laboratory analysis 
of catalyst cores or cuttings. However, there are no published results of laboratory 
analysis on full size commercial catalysts. This study analyses the effect that engine 
ageing has on a full size catalyst brick, and then compares the results with cored size 
samples taken from these bricks. No studies have been published that attempt to correlate 
the activity of full size and cored catalyst samples. The successful correlation of full size 
and cored samples is the main aim of this paper. It is important to understand if 
correlation does exist, as studies such as that conducted by Dubien et al. (1998), have 
used light-off results from cored samples to develop reaction kinetics for catalyst models. 
In the study carried out by Dubien, the kinetics developed from laboratory tests did not 
correlate well with engine kinetics. 

2 Experimental 

Four commercial three-way catalysts were used throughout this study. The cylindrical 
ceramic cordierite monoliths had a volume of 1 litre (103 mm diameter, 130 mm length) 
and a cell density of 400 channels per square inch. The alumina washcoat was loaded 
with a combination of Pd and Rh precious metals. Each of the catalysts were obtained 
after engine ageing had been conducted for 100 hours, however, further details of the 
engine ageing procedure are unknown as the ageing was performed by an outside 
company. The full size catalysts used throughout this study are referred to as  
Catalysts 1, 2, 3 and 4. CO light-off activity tests were conducted for each of the full size 
catalysts using the Catagen Labcat, and for a range of cores taken from these bricks using 
the Horiba SIGU 2000, in order to analyse the effects that engine ageing had on the 
catalyst activity and to identify if correlation exists between the testing methods. 

The Labcat is a highly innovative dynamic, catalytic ageing and evaluation system, 
which artificially creates exhaust gas composition and temperature using computer 
controlled synthetic gases (Catagen Ltd., 2013). The simulated exhaust gas passes 
through an infrared tube furnace, which heats the gas to a predefined temperature and 
then through the catalyst brick. Each of the four canned catalyst samples were mounted in 
the interchangeable sample manifold, with thermocouples located both upstream and 
downstream of the catalyst brick, as well as two thermocouples probing into the centre of 
the catalyst bed at 1/3 and 2/3 the height of the brick, as shown in Figure 2. Inlet gas 
concentrations were measured using the Horiba MEXA-584L portable automotive 
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emission analyser, while outlet gas concentrations were measured using the Horiba 
MEXA-7000. 

CO light-off tests were conducted for full size bricks in the Labcat at a space velocity 
of 55,000 hr–1, and inlet gas concentrations of; CO2 – 10 %, O2 – 1 %, CO – 0.5 %,  
N2 – balance. For each test in the Labcat, the sample was stabilised at a temperature of 
150°C before applying the light-off ramp. During the light-off ramp, the inlet gas stream 
temperature was increased to a maximum of 300°C at a rate of 25°C/min. The 
temperature/time graph is shown in Figure 3. 

Figure 1 Catagen Labcat (see online version for colours) 

 

Source: Catagen Ltd. (2013) 

Figure 2 Labcat canned catalyst installation (see online version for colours) 
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CO light-off tests were also performed on the Horiba SIGU 2000, which generates a 
simulated exhaust gas mixture from a series of gas bottles. Both the Horiba MEXA-7000 
and the Horiba MEXA-6000 FTIR exhaust gas analysers were used to measure the gas 
concentrations. Results obtained from the MEXA-7000 were used to compare the SIGU 
tests to the Labcat tests. The FTIR results were used to confirm the accuracy of the 
MEXA-7000 results and also to monitor the O2 concentration throughout the tests. The 
SIGU is not capable of testing commercial full size catalyst bricks and therefore cored 
samples must be taken from these and tested individually. The Horiba SIGU 2000 is 
shown in Figure 4. 

Figure 3 Labcat temperature – time graph for CO light-off test (see online version for colours) 

 

Figure 4 Horiba SIGU 2000 (see online version for colours) 
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Figure 5 SIGU cored catalyst installation (see online version for colours) 

 

For each of the four catalysts, a 36 mm diameter cylindrical core was cut from the centre 
of the catalyst bricks, all the way through from the front face to the rear. Samples of  
36 mm length were then taken from the front and rear of these centre cores and labelled 
CF and CR respectively. The labelling scheme used for the samples was by brick number 
(1, 2, 3 or 4) and by position (front CF or rear CR). For example, 1CF is the core taken 
from the front of brick 1 and 3CR is the core taken from the rear of brick 3. 

The CO light-off tests were performed on the SIGU with the following gas 
concentrations at the catalyst inlet; CO2 – 10 %, O2 – 1 %, CO – 0.5 %, H2O – 5 %,  
N2 – balance. Before conducting each light-off test, a flow check was conducted at 
100°CC, with no sample in the reactor, so that the flow rate of each gas species could be 
adjusted in order to achieve the required gas concentrations. A space velocity of  
55,000 hr–1 was used for each test, creating a gas flow similar to that used in the Labcat 
tests. Figure 6 shows the temperature profile used for each of the cored samples tested in 
the SIGU. In the SIGU, only the catalyst inlet and outlet temperatures are measured, as it 
is difficult to measure the catalyst bed temperature without interfering with the flow 
through the small samples. 

Figure 6 SIGU CO light-off test temperature profile (see online version for colours) 

 

At least three repetitions of the light-off tests were conducted for each catalyst sample. 
To ensure that the catalyst surface was in a similar state at the beginning of each test a 
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‘surface clean up’ in nitrogen was carried out after the light-off ramps, using a profile of 
25°C/min up to 600°C, similar to the pre-treatment procedure suggested by McAtee et al. 
(2004). Also, at the beginning of each test, the catalyst was pre-treated in nitrogen at 
20°C/min up to 300°C, to ‘clean’ the surface. After the pre-treatment, the catalyst was 
stabilised at 80°C before introducing the exhaust gases. A sample of the exhaust gas at 
the catalyst inlet was taken over a five minute period at a constant temperature of 80°C, 
and an average taken, in order to find an accurate concentration for each of the exhaust 
gas species. For the first light-off ramp, the temperature was then ramped at 10°C/min up 
to a maximum temperature of 350°C, which is sufficient for 100% conversion of the inlet 
CO gas. A second light-off ramp was then completed, starting from a temperature of 
150°C, at a rate of 10°C/min up to a maximum temperature of 350°C. At the top of each 
light-off ramp, the exhaust gases were switched off and after the second ramp the catalyst 
was allowed to cool in nitrogen to 300°C before the post light-off ‘surface clean up’ 
begins. The light-off temperatures obtained on the second light-off ramp, following the 
150°C stabilisation, were used to compare the performance of the cored samples to the 
full size bricks as this temperature profile best matches that used in Labcat light-off ramp. 

3 QUB global catalyst model 

The QUB global catalyst model was first developed by McCullough (1997) as a Fortran 
code and has been considerably enhanced as a Microsoft Excel VBA based model over 
the past few years. The current version is described by Stewart et al. (2012). Inputs to be 
specified include catalyst and housing geometry, precious metal loading and dispersion, 
material properties, mesh density, reaction and activation energies, pre-exponential 
constants and inhibition terms. The model simulates the catalyst activity based on these 
parameters. 

The model has been developed for 18 reactions (Stewart et al., 2102), which represent 
the full set of reactions that typically occur in a three-way automotive catalyst. These 
reactions can be classified under three headings; oxidation reactions, water-gas and steam 
reforming and the oxides of nitrogen (NOx) reactions. In the model, these reactions can 
be switched on or off depending on the gas species that exist in the simulated exhaust 
flow. The reaction equations are based on the Langmuir-Hinshelwood approach as 
proposed by Voltz et al. (1973) and later modified by Oh and Eickel (1988). Activity is 
calculated by an Arrhenius promoting term that depends on gas phase concentration and 
precious metal active surface area, which is directly related to the precious metal 
dispersion. Inhibition depends on the gas-phase concentrations of carbon monoxide, 
hydrocarbons and oxides of nitrogen. 

The model uses standard diffusion theory to model the mass transfer of the reacting 
gases to the surface, and the transfer rate of gases is determined from Fick’s law. Heat 
transfer in the model uses the laws of conduction and convection. Fourier’s law is used to 
calculate the solid state conduction and limiting Nusselt number, with Newton’s law of 
convection used to determine the convection heat transfer between the solid and gas. 

The catalyst mesh defines the profile of the catalyst, with the catalyst monolith, 
matting and steel casing all included. The mesh considers elements in both the axial and 
radial direction. 
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4 Results and discussion 

CO light-off tests were performed for each of the canned full size catalysts on the Labcat. 
The light-off curves produced are shown in Figure 7. The light-off temperature illustrates 
the activity of the catalyst, with a lower light-off temperature indicating a greater activity 
than a sample with a higher light-off temperature. These results show that Catalyst 1 was 
the most active with a light-off at 221°C, followed by Catalyst 2, 225°C, Catalyst 4, 
234°C, and Catalyst 3, 251°C. The 100% conversion points also follow a similar trend 
with Catalyst 1 at 235°C, followed by Catalyst 2, 244°C, Catalyst 4, 257°C, and  
Catalyst 3, 272°C, indicating that Catalyst 1 is the most active and Catalyst 3 the least 
active. 

Each of the four catalysts were engine aged for 100 hours under the same conditions 
and would therefore be expected to show similar levels of activity, however, Figure 7 
shows that considerable variability exists. CO light-off activity for Catalysts 1 and 2 are 
fairly similar but light-off temperatures for Catalyst 4 is more than 10°C higher than 
Catalyst 1, and Catalyst 3 is 30°C higher. It is clear that variation exists between the  
full-sized bricks, even though they are all of the same formulation, from the same 
manufacturer, and all engine aged to the same level. This variation could be due to the 
engine ageing process or brick-to-brick variation. This could be due to flow or 
temperature variation during engine ageing, however, as the engine ageing data is not 
available it is difficult to be definitive. CO activity tests on cored samples from different 
axial locations within each full size sample could help to identify the source of this 
variability. 

Figure 7 CO light-off curves for Labcat tested full size catalysts (see online version for colours) 

 

The CO light-off curves for the cored samples, taken from the centre of each full sized 
catalyst and tested on the Horiba SIGU 2000, are plotted in Figures 8, 9, 10 and 11 for 
Catalysts 1, 2, 3 and 4, respectively. The light-off curves for both the front and rear cores 
are plotted, along with the Labcat test for the corresponding full size catalyst brick.  
Table 1 presents the CO light-off temperatures for each full size brick and the cored 
samples. 
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Table 1 CO light-off temperatures for cored samples 

 Front core Rear core Full sample 

Catalyst 1 238°C 244°C 221°C 
Catalyst 2 243°C 240°C 225°C 
Catalyst 3 244°C 235°C 251°C 
Catalyst 4 238°C 245°C 234°C 

Figure 8 CO light-off curves for SIGU and Labcat tests for Catalyst 1 (see online version  
for colours) 

 

Figure 9 CO light-off curves for SIGU and Labcat tests for Catalyst 2 (see online version  
for colours) 
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Figure 10 CO light-off curves for SIGU and Labcat tests for Catalyst 3 (see online version  
for colours) 

 

Figure 11 CO light-off curves for SIGU and Labcat tests for Catalyst 4 (see online version  
for colours) 

 

It can be seen from the SIGU tests that some variation exists throughout each individual 
full size catalyst brick. For example, Catalysts 2 and 3 show slightly better activity at the 
rear of the brick than at the front, which may suggest greater degradation of the catalyst 
at the front face due to thermal deactivation. However, this trend does not exist for 
Catalysts 1 and 4 which show the opposite with greater light-off activity for the cores 
taken from the front of the brick. Light-off temperatures vary by only 10°C for all the 
cores tested. 

The differences between the cores and the full samples give an indication of the 
variation within a full catalyst brick. This is shown by small differences in the light-off 
temperatures of the cores. For Catalyst 4, the full brick lights-off only 4°C earlier than the 
front core, however for Catalyst 2 the difference is 18°C. Differences between cored 
samples and full size catalyst light-off performance may be due to thermal ageing, which 
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may vary in the axial and radial directions throughout the brick, however, no trends were 
seen to prove this. Another important parameter may be a variation in the precious metal 
dispersion, resulting in some areas of the brick having more catalyst active sites and 
higher activity. The QUB global catalyst model will be used in this study to give an 
estimate of the precious metal dispersion for each catalyst sample. 

It is difficult to see from the experimental tests alone if good correlation exists 
between the light-off performance of a full size catalyst and its corresponding cored 
samples. Also, the different heat transfer characteristics of the Labcat and the SIGU 
cannot be assessed from light-off tests. Each CO light-off test, for both the Labcat and the 
SIGU, were therefore simulated using the QUB global catalyst model to examine more 
closely if correlation does exist between cored samples and full size catalyst bricks. Of 
the  
18 reactions modelled, only the oxidation of carbon monoxide was considered in the 
simulations. For each CO light-off test, the catalyst inlet temperature and gas 
concentration profile, at 5 second intervals, were used as inputs to the model and a 
simulation performed to generate outlet temperature and gas concentration profiles. As 
the inlet and outlet gas concentrations are known on completion of the simulation, as well 
as the catalyst inlet and outlet temperatures at each time step, the CO conversion and 
light-off temperature can be calculated. The heat transfer factor, B, is used to calculate 
the convection heat transfer coefficient, h, and therefore the external heat transfer. 
Equation (1) shows how the heat transfer factor is incorporated into the model, in the 
natural convection equation (Awbi, 1998; Siminson, 1988), which is used to calculate the 
heat loss from the steel shell around the catalyst to the surrounding air. For each 
simulation, the value of B is adjusted to match the temperature profile of the 
experimental test. 

( ) 0.25
steel atmosh B T T d⎡ ⎤= −⎣ ⎦  (1) 

where h is the convection heat transfer coefficient (W/m2K), B is the heat transfer factor, 
Tsteel is the temperature of the steel shell (K), Tatmos is the temperature of the surrounding 
air (K) and d is the outer diameter of the steel shell (m). 

Figure 12 Temperature profile for sample 1CF (see online version for colours) 
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The precious metal dispersion percentage is also altered to match the catalyst outlet CO 
concentration of the simulation with that of the test. An example of the matched 
temperature and CO concentration profile for sample 1CF are shown in  
Figures 12 and 13, respectively. The matched temperature and CO concentration profiles 
for the Catalyst 1 full size brick are shown in Figures 14 and 15, respectively. The values 
of dispersion percentage and heat transfer factor required to match the simulation results 
with the experimental test results are shown in Table 2. 

For the full size catalysts, the simulation results show that a variation exists in the 
precious metal dispersion percentage that is required to match the CO concentration 
profiles of the simulations with those of the experimental light-off tests. As expected, 
Catalyst 1, which was the most active catalyst with the lowest light-off temperature was 
found using the model to have the greatest dispersion of precious metals. The model 
showed that the catalyst with the lowest precious metal dispersion was Catalyst 3. 
Catalyst 3 was shown to be the catalyst with the highest light-off temperature and was 
therefore the least active. The external heat transfer factor required to match the catalyst 
outlet temperature profiles of the simulations to those of the experimental tests were 
identical for each of the full size catalysts tested in the Labcat. The external heat transfer 
factor relates to the test rig used to conduct the tests, and as this was the same for each of 
the full size catalyst tests it was expected that this value would be the same for each 
simulation. 

Figure 13 CO concentration profile for sample 1CF, light-off ramp 2 (see online version  
for colours) 
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Figure 14 Temperature profile for Catalyst 1 (see online version for colours) 

 

Figure 15 CO concentration profile for Catalyst 1 (see online version for colours) 

 

For the cored sample tests, the external heat transfer factor required to match the 
simulation temperature profiles to the experimental temperature profiles was the same for 
all samples. The value for the SIGU test simulations was 5.5, which was higher than the 
value of 0 required for the Labcat test simulations. This indicates that the convective heat 
loss that exists in the SIGU test rig is greater than in the Labcat. For the cores, the model 
indicates that there is a variation in the dispersion of precious metal particles across the 
samples, ranging from 8% to 12%. The dispersion is shown to be a good indicator of 
catalyst activity, with the highest dispersion found to exist in the most active core (3CR) 
and the lowest dispersion found to exist in the least active core (4CR). Figure 16 shows 
the temperature profiles of the light-off ramps for each of the front core CO light-off 
tests, all plotted on one graph. It can be seen that the temperature profiles for all of the 
tests are almost identical. Therefore, it appears that only the differing dispersions of 
precious metal particles throughout the cores is what is changing the light-off 
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temperatures. This may be due to irregularities in the thermal ageing procedure or the 
catalyst manufacturing processes. 
Table 2 Dispersion and external heat transfer factor values required to match simulations to 

experimental test results 

CO light-off temp(°C) 
Catalyst Test Dispersion 

%/100 
Ext heat transfer 

factor Ramp 1 Ramp 2 
Full size 0.15 0 221 - 

1CF 0.105 5.5 242 238 
1 

1CR 0.085 5.5 251 244 
Full size 0.125 0 225 - 

2CF 0.08 5.5 249 243 
2 

2CR 0.1 5.5 243 240 
Full size 0.04 0 251 - 

3CF 0.08 5.5 246 244 
3 

3CR 0.12 5.5 238 235 
Full size 0.08 0 234 - 

4CF 0.105 5.5 245 238 
4 

4CR 0.085 5.5 254 245 

Figure 16 SIGU temperature profile comparison (see online version for colours) 
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Table 3 Precious metal dispersion and external heat transfer coefficients required to match 
simulations to experimental light-off tests 

CO light-off temp (°C) 
Catalyst Test Dispersion 

%/100 
Ext heat transfer 

factor Ramp 1 Ramp 2 

Full size 0.105 5.5 223 - 
Full size 0.085 5.5 224 - 

1CF 0.15 0 225 225 

1 

1CR 0.15 0 226 225 
Full size 0.08 5.5 227 - 
Full size 0.1 5.5 227 - 

2CF 0.125 0 229 229 

2 

2CR 0.125 0 229 230 
Full size 0.08 5.5 240 - 
Full size 0.12 5.5 236 - 

3CF 0.04 0 255 253 

3 

3CR 0.04 0 253 253 
Full size 0.105 5.5 235 - 
Full size 0.085 5.5 236 - 

4CF 0.08 0 238 238 

4 

4CR 0.08 0 238 238 

From the experimental light-off tests and initial simulations, correlation between the 
activity of full size bricks and cored catalyst samples is unclear; therefore, further 
simulations were performed. For each of the full size catalysts, simulations were 
performed using the heat transfer factor and precious metal dispersion values used to 
match the cored sample temperature and CO concentration profiles for simulated and 
experimental test results, as mentioned above. Likewise, simulations were performed for 
the cored catalyst samples using the heat transfer factor and precious metal dispersion 
values used to match the full size catalyst temperature and CO concentration profiles for 
simulation and experimental test results. For example, for Catalyst 1 the full size sample 
simulation was performed with the 1CF value of 0.105 for dispersion, and 5.5 for the heat 
transfer factor. The 1CF simulation was performed with a dispersion value of 0.15 and an 
external heat transfer factor of 0. The simulation results for each of the four samples are 
presented in Table 3. 

With the changed values of precious metal dispersion and external heat transfer factor 
it can be seen that for each catalyst the simulated light-off temperature for the full size 
catalysts and the cores are almost identical, with the exception of Catalyst 3. For 
Catalysts 1, 2, and 4, the maximum variation in light-off temperature across the samples 
within each catalyst is 3°C. These results give an indication that good correlation does 
exist between the light-off performance of full size and cored catalyst samples, in the 
majority of cases. For Catalyst 3, the maximum variation is 19°C. It is unclear why 
correlation does not exist in this case, but it is thought by the author that this may be due 
to an anomaly in the testing procedure. It does appear that the testing of cores gives 
results comparable to full size canned catalyst bricks, however, direct correlation is not 
clear without the use of a catalyst model. The testing of full size catalysts does not 
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require for the brick to be destroyed by the decanning and coring processes, making this 
method advantageous. Also, it has been shown that there is a variation of the precious 
metal particle dispersion throughout a full size catalyst brick, therefore, testing of 
individual cores may not give a good representation of the activity of the catalyst as a 
whole. 

5 Conclusions 

CO activity tests performed on full size three-way catalysts and cored samples, along 
with simulations performed using the QUB global catalyst model, have shown that 
correlation between the full size and cored samples is generally good. Light-off tests have 
shown that variation exists between ‘identical’ full size bricks. The engine ageing 
processes were not known and test data was not available, therefore this may be the cause 
of the variation between full size samples. Variability was shown to exist between cores 
taken from the same brick, believed to be due to an uneven distribution of precious metal 
particles throughout the brick. Experimental analysis was not conducted to confirm the 
actual precious metal dispersion in this study. This may therefore be analysed in future 
work. 

This study successfully conducts the performance testing of full size catalysts under 
laboratory conditions, and correlates the results to cored samples. It highlights the need 
for a computational catalyst model to compare the light-off performance of full size and 
cored catalyst samples. It also shows that the testing of full size catalyst bricks gives 
results comparable to those of cored samples, without the need to destroy the brick by 
decanning and coring. 
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Abbreviations 

Al2O3 Alumina 
CO Carbon monoxide 
h Heat transfer coefficient (W/m2K) 
HC Hydrocarbon 
NOx Oxides of nitrogen 
Pd Palladium 
QUB Queen’s University, Belfast 
Tatmos Atmospheric temperature (K) 

α-Al2O3 Alpha alumina 

γ-Al2O3 Gamma alumina 
B Heat transfer factor 
d Steel shell diameter (m) 
H2O Water 
N2 Nitrogen 
O2 Oxygen 
Pt Platinum 
Rh Rhodium 
Tsteel Temperature of steel shell (K) 
δ-Al2O3 Delta alumina 
θ-Al2O3 Theta alumina 

 


