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1 Introduction 

A high percentage of the hydrocarbon (HC) emis-
sions from the gasoline vehicles running with a conven-
tional three-way catalyst (TWC) take place during the 
100 seconds after the engine is turned on (cold-start 
period). Different alternatives to reduce these HC emis-
sions have been proposed, and the use of zeolites as a 
HC trap before the TWC presents interesting advan-
tages, like high efficiency, low cost, easy technical op-
eration, and so on [1]. Zeolites are often suggested as 
preferred materials for this application, however, it has 
been found that while heavier exhaust HCs (e.g. aromat-
ics) are adequately trapped, lighter  HC components in 
the exhaust, such as propene, always desorb from the 
HC trap before the TWC has reached its light-off tem-
perature [2]. Previous results obtained in our research 
group [3] showed that ZSM-5 is a promising material as 
HC trap, but propene retention under cold start condi-
tions could be improved by modifying the solids creat-
ing selective adsorption sites for light HC interactions. 
In this sense, molecular simulations studies indicated 
that ion exchange of ZSM-5 with transition elements, as 
for example copper, could improve the interaction be-
tween this zeolite and the light HC. Therefore, the aim 
of this work is to prepare ZSM-5 zeolites exchanged 
with copper in different percentage, so that the effect of 
the copper loading and copper speciation in the behavior 
of these zeolites as HC traps under cold start conditions 
can be studied. 

2 Experimental 

2.1 Preparation and characterization of the samples 

Commercial NH4-ZSM-5 (Si/Al = 15) was con-
verted to H-ZSM-5 by heat treatment in air at 450ºC for 
6 hours. The Cu-ZSM-5 samples were prepared by ion 
exchange of H-ZSM-5 zeolite with Cu(NO3)2·3H2O as 
Cu (II) precursor, using a zeolite/solution ratio = 3 g/50 
ml. After ion exchange, the samples were filtered, 
washed, dried and calcined. The samples are denoted as 
CuH-ZSM-5(1) and CuH-ZSM-5(2), indicating that the 
ion exchange was not 100%. Table 1 shows the ion-
exchange conditions used. 
 

Table 1. Ion-exchange conditions 
Sample [Cu2+](M)       T(ºC)    Time (h)

CuH-ZSM-5(1) 3.45·10-3    77       18 
CuH-ZSM-5(2) 0.1    40       14 

 

In order to carry out a complete study, all the zeo-
lites were characterized using several techniques. SEM-
EDX was used to determine the copper loading. XPS 
provided information about Cu oxidation state. The X-
ray diffraction patterns were analysed to test the effect 
of ion exchange in the zeolite structure. TEM images of 
the zeolites were also recorded. In addition, to 
understand the interaction between HC and the different 
samples and thus understand their behaviour as HC trap, 
in-situ DRIFT spectra were recorded during propene 
adsorption and desorption experiments. 
 
2.2 Hydrocarbon cold-start tests 

The inlet gas composition used for HCs adsorption 
experiments was 100 ppmv propene, 90 ppmv toluene, 1 
% v/v oxygen, 10 % v/v water and Ar balance. Steam 
was generated in an auxiliary reactor with temperature 
control, and was introduced into the main stream using 
Ar as carrier gas. All gas flows were fixed using mass 
flow controllers. The experiments were run in a fixed 
bed reactor (diameter = 0.457 cm; gas flow 30 ml/min; 
0.20 g of sample) externally heated and coupled to a 
Mass Spectrometer. The following signals were fol-
lowed: m/z 40 for Argon, 42 for Propene, 91 for Tolu-
ene, 32 for Oxygen and 18 for Water. During the cold-
start test (CST), the reactor temperature was increased 
from 30 ºC to 600 ºC at 50 ºC/min, keeping the maxi-
mum temperature for 30 minutes. In order to study the 
zeolites ageing, consecutive CSTs were performed once 
the reactor was cold down. 

3 Result and discusion 

3.1 Sample characterization 

The copper loading of the samples, evaluated by 
means of  EDX analysis, was 0.7 and 1.4 wt% for CuH-
ZSM-5(1) and CuH-ZSM-5(2), respectively. Acording 
to XPS results, sample CuH-ZSM-5(1) presents a little 
peak, probably due to the low Cu loading, while in sam-
ple CuH-ZSM-5(2) most of the copper is forming CuO. 
All the samples presented XRD patterns in accord with 
the ZSM-5 topology. TEM results demostrated that 
CuH-ZSM-5(1) presents the same morphology as the 
zeolite before being exchanged (results not shown), 
indicating that the low Cu content in this sample is ion-
exchanged and atomically distributed. However, the 
black spots in TEM image of sample CuH-ZSM-5(2) 
(see Figure 1) indicate the presence of nanosized CuO 
with particles sized between 1 and 10 nm. Particles size 
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suggests that they are on the outer surface of the ZSM-5 
zeolite.  

 

 

 

 

Fig. 1. TEM image of CuH-ZSM-5(2) 

In adition, the analysis of DRIFT spectra pointed 
out that in sample CuH-ZSM-5(2) the ion exchange 
level is lower than in sample CuH-ZSM-5(1). This was 
in agreement with the TEM results. Furthermore, in situ 
DRIFT spectra recordered during adsorption/desorption 
of propene revealed a high interaction between this HC 
and Cu exchanged zeolites, in contrast to what happened 
with the original amonia form.  

 
3.2 Hydrocarbon cold-start tests 

The HC cold start tests were performed for H-
ZSM-5, CuH-ZSM-5(1) and CuH-ZSM-5(2). The results 
obtained in the simulated cold start experiments pointed 
out that H-ZSM-5 did not have a good behaviour as HC 
trap (Figure 2A). On the other hand, it was obtained that 
copper ZSM-5 zeolites presented different behaviour. 
Sample CuH-ZSM-5(1) behaved as an ideal HC trap, 
showing 100% of hydrocarbon retention up to tempera-
tures higher than 250ºC (Figure 2B). This solid was the 
only one which remained stable with cyclic operation 
(10 cycles). It is also worth highlighting that this solid 
also behaved as a total oxidation catalyst since adsorbed 
HC are burnt before they were released. This fact was 
confirmed by CO2 evolution from about 450ºC. In con-
trast, CuH-ZSM-5(2) did not show this ideal behaviour 
as HC trap (results not shown), because althought pro-
pene presented the same trend than in sample CuH-
ZSM-5(1), toluene was desorbed from the zeolite before 
reaching the temperature to be oxidized. The different 
behavior presented by the toluene in the samples 
exchanged with copper is due to the different percentage 
of copper exchanged in these samples. In CuH-ZSM-
5(1) all the copper is exchanged, so that in addition to a 
strong interaction with the HC to improve their retention 
up to high temperature, it is also a very effective catalyst 
for the oxidation of both HC. The specific location of 
copper makes this sample an ideal material as HC trap 
under cold start conditions. However, in sample CuH-
ZSM-5(2) some copper atoms are forming nanoparticles 
of copper oxide located outside of the particles and, 
although the total copper loading in CuH-ZSM-5(2) is 
higher than in CuH-ZSM-5(1), the ion exchange level is 
lower that in CuH-ZSM-5(1) and that is the reason why 
CuH-ZSM-5(2) does not have a good behaviour as HC 
oxidation catalyst. 

 
 

Fig. 2. Cold start cycles. A. H-ZSM-5, B. Cu-HZSM-5(1),. 
Conditions: 100 ppmv propene, 90 ppmv toluene, 1 % v/v O2, 
10% v/v H2O and Ar balance. GHSV= 10000 h-1. 1st cycle: 
toluene (black), propene (red); 2nd cycle: toluene (dark grey), 
propene (orange); 3rd cycle: toluene (light grey), propene 
(brown); 10th cycle: toluene (light green), propene (dark 
green). 

 

4 Conclusions  

Partial substitution of extra-framework protons by 
Cu cations made ZSM-5 an ideal material as HC trap. 
Results of HC cold start test revealed that Cu loading 
and location play an important role in the behaviour of 
Cu ion exchange ZSM-5 sample as catalyst in HC oxida-
tion. 
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