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a b s t r a c t 

 

Platinum-based catalysts for the room temperature removal of formaldehyde are 

prepared on ceria andother supports (TiO2, Al2O3and ZrO2) for comparison, 

starting from chloride and nitrate precursors.The behaviour towards formaldehyde 

adsorption and oxidation is evaluated by means of temperature-programmed 

desorption (TPD), temperature-programmed oxidation (TPO) and catalytic tests. 

The resultsindicate that the catalytic performances are affected by Pt oxidation 

state, which, in turn, strongly dependson the properties of the support. In order to 

obtain high HCHO conversions, the support should guaranteethe accessibility to 

metal active sites as well as affinity for water. Moreover, to avoid Pt partial 

oxidation,non-reducible oxides are preferable to reducible ones.© 2015 Elsevier 

B.V. All rights reserved. 

 

1. Introduction 

 

Formaldehyde is regarded as one of the major indoor pollutantsand has attracted 

wide attention in recent years due to its noxiouseffects on human health [1,2]. Its 

primary use is for the productionof adhesive resins (i.e. with urea, phenol and 

melamine), whichaccounts for more than half of formaldehyde consumption. 

Theseresins are largely employed in woodworking industries for themanufacturing 

of pressed wood panels like particleboard, mediumdensity fibreboard (MDF) and 

plywood, which, in turn, are widelyused as building, furnishing and decorative 

materials. This ubiq-uitary presence results in high human exposure to 

formaldehydeemissions, and it is well known that acute exposure to HCHO 

causesirritation of eyes and upper airways [3] while long-term indoorexposure, 

even to few ppm of this aldehyde, is associated with agrowing incidence of a variety 

of respiratory cancers [4]. There-fore, its complete elimination or, at least, its 

abatement belowthe threshold limits for dwellings and work places established 

bynew environmental regulations is of paramount interest for theimprovement of 

our health and life quality.Essentially, there are three ways to reduce the 

formaldehydeconcentration in indoor air as well as other VOC emissions: thefirst is 

controlling and eliminating the emission source by using∗Corresponding author.E-

mail address: sara.colussi@uniud.it (S. Colussi).low-emission building materials 

(‘source control’), the second is byreducing pollutant concentrations with fresh 

outdoor air by natu-ral and mechanical ventilation (‘dilution control’), the third 

strategyinvolves cleaning indoor air by mechanical air cleaning devices 

ordecomposing agents (‘air-cleaning control’) [5]. Among air clean-ing methods, 

removal of HCHO by adsorbents has been extensivelystudied [6–8], and although 

these materials can successfully reduceindoor formaldehyde concentration, they are 

effective only for ashort period due to their limited sorption capacity. On the 

otherhand, heterogeneous catalytic oxidation has shown to be one ofthe most 

promising processes for complete HCHO elimination[9]. While traditional filters or 

sorption materials only transferthe pollutant to another phase, catalytic oxidation 

can selectivelytransform formaldehyde into harmless final products, namely 

CO2and H2O, at much lower temperature than those required in con-ventional 



thermal oxidation. The ideal catalyst should be able towork at low temperatures 

(<100◦C), possibly close to room temper-ature, and in the presence of moisture or 

other hazardous speciesthat can lead to severe catalytic deactivation through the 

strongadsorption on the active sites. Furthermore, no other by-products(i.e. CO) 

should be released.The most common catalysts reported in literature for formalde-

hyde oxidation can be divided into two groups: (i) noblemetal-based catalysts and 

(ii) transition metal-based catalysts[9]. Both noble and transition metals are 

typically dispersed onhigh surface area supports in order to increase the number 

ofactive sites and to enhance gas–solid interaction. Supported noble 
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metals have been proved to be promising catalyst for HCHOoxidation because of 

their great activities at low temperature.According to the most recent literature 

findings, complete oxida-tion of formaldehyde can be achieved over supported Au, 

Pd andPt catalysts already at room temperature [10–13]. Transition metaloxides 

are cheaper, but show somewhat lower efficiency since thetemperature for 

complete conversion of HCHO is in general higherthan for noble metals 

[14,15].Some efforts have been made for the improvement of noblemetal-based 

catalysts, for example by doping with alkali metals[16–19] and by tuning catalytic 

properties with different prepara-tion methods leading to specific material 

structures and/or to thereorganization of the exposed metal surfaces [20–24]. 

Among thenoble metals, platinum appears to be the most active, and manystudies 

investigate its catalytic behaviour on different supports andwith different reaction 

conditions [9]. Most papers are focused onPt supported over TiO2[19,21,23,25–

30], while other works consid-ered iron [31], silica [32,33], ceria [34] and mixed 

oxides [32,35,36].Huang et al. observed that the reduction with sodium 

borohydridewas very effective for the catalytic activity of Pt supported on 

TiO2[28,37]. The same treatment was recently reported by Nie et al., whoobtained 

the decomposition of formaldehyde at room temperatureover both Pt/TiO2and 

structured honeycomb ceramic monolithsimpregnated with ultra-low amount of 

platinum, indicating thatthe reduction itself seems the key parameter instead of the 

natureof the support [13,23]. In the work by Peng et al., that to our 

bestknowledge, is the only one in which a comparison between plat-inum on 

different supports is carried out, the authors individuatePt dispersion as the 

controlling factor for catalytic activity [32].Within this complex scenario, our work is 

aimed at the inves-tigation of the behaviour of platinum impregnated on 

differentsupports starting from two precursor salts (ex-chloride and ex-nitrate), in 

order to find the key parameters for the activity towardsformaldehyde oxidation at 

low temperature. The catalysts (plat-inum on Al2O3, CeO2, TiO2and ZrO2) were 

deeply characterizedand tested for HCHO interaction with the surface by 

temperature-programmed oxidation (TPO) and desorption (TPD). Catalytic testsfor 

a preliminary evaluation of catalyst performances were alsocarried out. 

 

2. Experimental 

 

2.1. Catalysts preparation 

 

Platinum was impregnated by incipient wetness technique onfour commercial oxides 

(TiO2Degussa P25, Al2O3and CeO2, gentlyprovided by Grace Davison and ZrO2Mel 

Chemicals) starting fromtwo different precursors: H2PtCl6· 6H2O (Strem 

Chemicals, 99.9%)and (NH3)4Pt (NO3)2(Aldrich, 99.995%), in order to obtain 

catalystswith a nominal loading of 1 wt.%. The supports were previouslycalcined at 

500◦C for 3 h in air, and after impregnation, the sam-ples were dried overnight at 

110◦C and calcined at 500◦C for 3 h.The powders were then crushed and sieved to 

collect the fractionsuitable for the catalytic tests (≤250  _m). 

 

2.2. Catalysts characterization 



 

BET surface area, pore volume and an average pore diame-ter of the catalysts were 

measured by N2adsorption at liquidnitrogen temperature using a Tristar 3000 gas 

adsorption ana-lyzer (Micromeritics). Approximately 150 mg of catalyst, 

previouslydegassed overnight at 150◦C, were used for each analysis. Theamount of 

Pt was determined by inductive coupled plasma (ICP-AES) on all samples. Powder 

X-ray diffraction (XRD) patterns ofthe catalysts after calcination were recorded with 

a Philips X’Pertdiffractometer operated at 40 kV and 40 mA using nickel-filtered 

CuKa radiation. Spectra were collected using a step size of 0.02◦anda counting time 

of 40 s per angular abscissa in the range of 20–80◦.Temperature-programmed 

reduction (TPR) experiments werecarried out in an AutoChem II 2920 analyzer 

(Micromeritics) on∼50 mg of the calcined materials in a conventional U-shaped 

quartzmicroreactor using a 5% H2in argon mixture flowing at 35 ml min−1(STP). 

For TPR measurements, the temperature was increased from−50 to 800◦C at a 

heating rate of 10◦C min−1. The samples werepre-treated at 500◦C for 1 h in an air 

flow (50 ml min−1) before theanalysis. H2consumption was monitored using a 

thermal conduc-tivity detector (TCD) as a function of temperature.Particle 

morphology and dispersion were analyzed by conven-tional bright-field 

transmission electron microscopy (TEM) andhigh-resolution TEM (HRTEM) images 

taken at different magnifi-cation. The microscope used was a JEOL 2010 operating 

at 200 kVand equipped with a field-emission gun. Samples were dispersedonto 

holey-carbon grids from alcohol suspensions. 

 

2.3. Reactivity measurements 

 

Temperature-programmed desorption (TPD) and oxidation(TPO) experiments were 

carried out in a conventional tubu-lar fixed-bed reactor under atmospheric 

pressure. The sample(Ø ≤ 250  _m) was loaded in a quartz microreactor (i.d. 4 

mm)on a quartz wool bed. All TPD–TPO profiles were collected afterexposure of the 

samples to an aqueous solution of formaldehyde(containing 24.5–25.0 wt.% HCHO 

without additional stabiliz-ing agent) at room temperature (RT). The solution was 

fedwith a Hamilton Gastight syringe using a INSTECH Model 2000pump at a rate of 

∼0.090  _l min−1mixing it with flowinghelium through a heated line (∼150◦C) to 

avoid condensa-tion. The resulting total composition of the gaseous feed 

wasHCHO/H2O/He = 300 ppm/1500 ppm/balance He with a total flowrate of 60 ml 

min−1, corresponding to a gas hourly space velocity(GHSV) of ∼150,000 ml 

g−1h−1.In TPD experiments, the sample was exposed to the formalde-hyde 

containing mixture and maintained at room temperature for1 h, then the gas was 

switched to pure helium and the tempera-ture was increased to 300◦C at a heating 

rate of 10◦C min−1. In thecase of TPO experiments, after exposure to the same gas 

mixture(HCHO/H2O/He = 300 ppm/1500 ppm/balance He) at room temper-ature 

for 1 h, the feed was switched to a mixture of 1 vol% O2inhelium with a total flow 

rate of 60 ml min−1and the temperaturewas increased up to 300◦C (heating rate of 

10◦C min−1). For bothTPD and TPO, the reaction/desorption products were 

qualitativelyrecorded with a mass spectrometer (Omnistar QMS200, 

Balzersinstrument) as a function of the temperature. Before TPD and 

TPOexperiments, the calcined materials were treated under air flowat 500◦C for 1 h 

(50 ml min−1, 10◦C min−1) and then reduced inH2(5%)/Ar at 300◦C for 1 h (35 ml 

min−1, 10◦C min−1). A blank testwas carried out without catalyst and no 

adsorption/oxidation wasobserved.For the catalytic tests, the samples were 

exposed at 25◦Cto a reactant mixture having the following 

composition:HCHO/H2O/O2/N2= 100 ppm/500 ppm/20 vol.%/balance N2with 

atotal flow rate of 300 ml min−1. The catalysts were tested in fresh,reduced and 

regenerated form. The regeneration consisted in theoxidation of the used sample 

(in air at 500◦C for 1 h, 50 ml min−1,10◦C min−1) followed by its in situ reduction 

(5 vol.%H2in Arat 300◦C for 1 h, 35 ml min−1, 10◦C min−1). The concentration 

ofreactants and products was monitored with an on-line FT–IR ana-lyzer (MKS 



MultiGas 2030) and the catalytic activity of sampleswas compared on the basis of 

HCHO conversion after 150 min. Inorder to guarantee a stable concentration of 

formaldehyde dur-ing the catalytic tests, HCHO was fed flowing nitrogen through 

theS. Colussi et al. / Catalysis Today 253 (2015) 163–171 165 Fig. 1. Schematic 

representation of the experimental setup for the catalytic activity tests (solid line: 

water for saturator and thermostatic bath; dotted line: heated line forreactants and 

products). formalin solution in a saturator. The complete scheme of the setupis 

reported in Fig. 1. 

 

3. Results 

 

3.1. Catalyst characterization 

 

Surface area and elemental analysis of each sample is reportedin Table 1. 

Compared to the bare oxides, TiO2-, CeO2- and ZrO2-supported catalysts show a 

slight reduction of specific surface areaafter Pt impregnation, while the surface area 

is essentially the samefor alumina-supported sample. The metal content is close to 

thenominal value of 1% for all catalysts.X-ray diffraction profiles of all calcined 

samples are reported inFig. 2. Looking at the spectra of bare supports, it can be 

observed thattitania (upper-left panel) is present in both anatase and rutile 

forms,while for ceria (upper-right panel), only the characteristic peaksbelonging to 

the typical cubic form with Fm-3 m symmetry are aThe theoretical value for 

complete Pt reduction, according to the metal loading,is 1.21 ml/g for PtO and 2.42 

ml/g for PtO2detected. Zirconia (lower-left panel) shows the features of mono-clinic 

and cubic forms, and alumina presents the peaks belonging tocubic and hexagonal 

structures, typical of  _-alumina. In all samples,the structure of the supports is not 

changed by the impregnation ofthe noble metal, i.e. they retain their crystal forms 

and there is noevidence of sintering induced by the presence of platinum. 

Metallicplatinum (2_ = 39.9◦) is detected only on TiO2and Al2O3and onlyon the 

catalysts prepared starting from nitrate precursors.HRTEM analysis of the reduced 

samples considered in this workis shown in Fig. 3. In all catalysts, Pt particles are 

very well-dispersedon the corresponding support. No Pt agglomerates or regions 

withdifferent Pt particle sizes are present. From HRTEM, it is not possibleto 

evidence a role of precursor on platinum clusters morphology.The average particle 

size and the particle size interval for 95% of allparticles measured for each sample 

are summarized in Table 2.TPR profiles (not normalized) of the Pt-based catalysts 

areshown in Fig. 4. On all samples, except on Pt/Al2O3-N, H2consump-tion peak is 

observed pointing to the presence of some oxidizedplatinum. Quantitative results 

reported in Table 3 indicate that onsamples prepared starting from chloride 

precursor, the amount ofPtOxspecies is slightly higher than that on samples 

prepared from nitrate salt. This is probably due to a simultaneous reduction of plat-

inum during the decompositions of nitrates in the calcination step.On the contrary, 

the formation of species less prone to decomposi-tion/reduction during calcination 

like oxychloroplatinum (PtOxCly)might account for the higher amount of hydrogen 

consumptionobserved in TPR experiments [38]. By comparing the reducibilityon the 

different supports, it can be observed that Pt reduction onTiO2starts at much lower 

temperature with respect to the othersupports due to the higher dispersion of Pt on 

this oxide. On theother hand, the highest temperature of reduction is recorded 

onPt/CeO2-Cl. Moreover, ceria supported sample also exhibits thehighest hydrogen 

consumption, clearly related to the simultaneousreduction of CeO2due to 

H2spillover [39].3.2. Reactivity studiesAs a first approach, the reactivity of the 

catalysts was studiedin terms of surface interaction with formaldehyde by means 

oftemperature-programmed desorption and oxidation experiments.Fig. 5 shows the 

TPD profiles of the bare supports that have beenconsidered in order to take into 

account the contribution comingfrom the surface of the support itself. 

Formaldehyde desorption(m/z = 29 and 30) is detected on TiO2and Al2O3supports 

witha maximum at about 100◦C together with the signals related toHCHO 



decomposition, namely CO and H2, according to the follow-ing reaction: On 

alumina, a strong signal belonging to water desorption canbe observed, with a 

sharp increase around 50◦C and a subse-quent stabilization above 150◦C. This 

feature, likely due to thepresence of water associated with the exposure of the 

powderto the formalin solution, is stronger than that on the other sup-ports; this 

can be related to the higher surface area of Al2O3thatallows a higher adsorption of 

water together with the desorptionof hydroxyl groups from the OH rich alumina 

surface.On CeO2and ZrO2, the signals belonging to m/z = 29 and 30 arealmost 

negligible, while both supports exhibit a strong peak form/z = 28 between 230 and 

300◦C. On ceria, a peak for m/z = 44 isalso observed in the same temperature 

range, which can be relatedto the decomposition of an intermediate (H2CO2) that 

has beenreported to form during the interaction of formaldehyde with ceriasurface 

[40–42]. This process involves the contribution from lat-tice oxygen of ceria, which 

can supply further oxygen to oxidizeH2CO2to formate at increasing temperature; 

formate species caneventually decompose into CO2, CO and H2.The addition of 

platinum on the supports radically changes TPDprofiles, as it can be observed from 

Fig. 6a (referred to samplesprepared from chloride precursor) and 6b (samples 

from nitrateprecursor). A common feature of Pt-containing catalysts is thepresence 

of CO2(m/z = 44) and H2(m/z = 2) signals, indicating theactivity of these samples 

towards the water–gas shift reaction(CO + H2O ↔ CO2+ H2). CO signal (m/z = 28) 

is, in general, more pro-nounced (on TiO2and Al2O3) and/or its desorption is 

completed atlower temperature (on ZrO2and Al2O3) than that on bare 

supports,pointing to the activity of platinum for HCHO decomposition. This isalso 

confirmed by the presence of a H2desorption peak with max-imum at about 80–

100◦C on titania in correspondence with COpeak. The same feature appears as a 

broad peak on alumina. Thispicture is slightly different when considering ceria-

based samples,for which the differences between pure CeO2and Pt-

containingcatalysts are somehow less evident. The addition of Pt shifts 

theCO2desorption peak to lower temperature (∼100◦C for Pt/CeO2-Cl and ∼50◦C for 

Pt/CeO2-N) compared to the bare support. Thiscan be due or to the well-known 

catalytic activity of Pt-ceria sys-tems for low-temperature water–gas shift reaction 

[43], or to apromotion of intermediates decomposition operated by platinum.Since 

no hydrogen is detected in the low temperature range, thelatter explanation seems 

more likely. Moreover, no CO is detectedin the whole temperature range and this 

can be due to the com-plete conversion to CO2or to a stronger adsorption of CO on 

thesurface.When looking at the effect of the precursors on TPD profiles, itcan be 

observed that this effect is relevant only for TiO2and CeO2-based catalysts (i.e. 

reducible supports), while for ZrO2and Al2O3,the differences are almost negligible. 

In particular, on Pt/TiO2-Cl(Fig. 5a), the low-temperature peaks of H2, H2O and CO 

are muchless pronounced than those on Pt/TiO2-N, while the peaks belong-ing to 

formaldehyde desorption (m/z = 29 and 30) are more evident.This is likely due to a 

higher degree of HCHO decomposition overPt/TiO2-N with respect to Pt/TiO2-Cl. 

Moreover, for Pt/TiO2-N, thepresence of a shoulder in the low-temperature peaks of 

H2, H2O andCO can be attributed to the intermediates that have been reportedto 

adsorb specifically over platinum [44]. In the case of ceria, CO2desorption starts 
earlier on Pt/CeO2-N than on Pt/CeO2-Cl, whileHCHO ↔ CO + H2 168 S. TPD in He 

over the bare supports.on the latter, a stronger signal belonging to water 

desorption isobserved. The different behaviour of ex-nitrates and ex-

chloridessamples can be related to the formation of oxychloride compoundsthat 

hinder oxygen exchange between metal and support, and con-sequently, the 

decomposition of HCHO [35]. In the case of CeO2,residual chlorides might not only 

contribute to delay the reductionof Pt species (Fig. 4) and the decomposition of 

HCHO, but they canalso migrate onto the support replacing the oxygen vacancies 

ofceria through the formation of CeOCl phase [45,46].Furthermore, without pre-

reduction in H2, the trend in terms ofproducts distribution and TPD peak position is 

similar (data notreported). Indeed, in this case, formaldehyde acts as a 



reducingagent, as indicated by the colour change of the materials at theend of TPD 

experiment.  

HCHO has also been reported in literature for Au-based catalysts[47].In order to 

evaluate the interaction of HCHO with the catalystssurface in an oxidative 

environment, temperature-programmedoxidation experiments have been carried 

out. For bare supports,the mass evolution during the heating ramp is very similar 

to TPDexperiments (Fig. 5); the only significant difference is the presenceof CO2in 

the temperature range of 200–300◦C for TiO2and between250 and 300◦C for 

ZrO2and Al2O3. On ceria, the peak belonging toCO2is more pronounced than in 

TPD analysis, and starts at slightlylower temperature.A completely different picture 

appears on platinum-containingsamples. Fig. 7a shows the TPO profiles for 

catalysts prepared start-ing from chloride precursor. It is clear that the addition of 

platinumpromotes the decomposition and oxidation of the adsorbed HCHO,since on 

these samples CO2evolution is recorded at lower temper-ature with respect to the 

bare supports together with an increaseof the signal belonging to water (m/z = 18). 

In addition, no moreformaldehyde is detected during TPO experiments differently 

fromwhat was observed for TPD. Interestingly, on Pt/CeO2-Cl, the max-imum for 

CO2desorption is ∼100◦C higher than that on the othersupports. When looking at 

TPO profiles of samples prepared start-ing from nitrate precursor (Fig. 7b), it can 

be observed that the onlysignificant difference is detected for Pt/CeO2-N. On this 

catalyst,the peak of CO2is shifted to lower temperature with respect toPt/CeO2-Cl, 

being similar to that of other supports. As previouslyobserved, the formation of 

cerium oxychlorides species could beresponsible for the different behaviour of the 

two catalysts, in fact,the presence of these compounds affects the reducibility of 

ceriaand metal/support interactions [48]. This, in turn, results in a pecu-liar 

contribution of ceria to the oxidation of formaldehyde (as it willbe discussed in the 

following section).On the basis of the evidences collected during the characteriza-

tion of samples, particularly following TPD and TPO experiments,we decided to 

investigate the catalytic behaviour of samples pre-pared from nitrate precursor. 

Preliminary results of catalytic testscarried out on all samples are reported in Fig. 8. 

As it can beFig. 8. HCHO conversion after 2 h test on all samples (black: fresh 

samples; grey:reduced samples and dotted: second test after ox-red).170 S. 

Colussi et al. / Catalysis Today 253 (2015) 163–171 observed, the reduced form of 

all samples is more active thanthe fresh one. Alumina-based catalyst is the most 

active, giv-ing about 62% HCHO conversion after 2 h of test followed 

byPt/ZrO2(∼58%), Pt/CeO2(∼38%) and Pt/TiO2(∼22%). In a sub-sequent catalytic 

test performed on regenerated catalysts afteran oxidation–reduction cycle 

(oxidation at 500◦C, reduction at300◦C), a significant decrease in conversion is 

observed for aluminaand zirconia-based samples, while no deactivation is detected 

forceria and titania-based samples.4. DiscussionThe results obtained in this study 

allow to investigate the roleof the support in the catalytic oxidation of formaldehyde 

over Pt-based catalysts. The supports considered in this work (Al2O3, 

ZrO2,CeO2and TiO2) are different in terms of acidity/basicity and redoxproperties. 

From Fig. 8, it is evident that platinum has a higheractivity in metallic form (HCHO 

conversion is many times higheron reduced catalysts compared to the fresh ones), 

and in general,the reactivity of both reduced and fresh samples strongly dependson 

the type of support. Regarding the fresh (oxidized) catalysts,it is possible to 

correlate the catalytic activity with their redoxbehaviour. The temperature of 

H2consumption over the differentPt-supported catalysts in TPR experiments (Fig. 4, 

prepared fromnitrate) follows the order Pt/Al2O3< Pt/TiO2< Pt/ZrO2< Pt/CeO2.The 

same trend is observed for the catalytic tests, suggesting that atlow temperature, 

the redox properties of the support might havea detrimental effect by maintaining 

Pt in partially oxidized form.On the other hand, the same redox properties can play 

a positiverole in the oxidation–reduction step. This is likely due to the estab-

lishment of a stronger metal–support interaction, which allows abetter control of Pt 

sintering, especially, for the smallest platinumparticles. The permanent deactivation 

of ZrO2and Al2O3catalystscan be explained within this scenario as due to the 



sintering of thesmallest Pt particles, which in these samples, range between 1.7and 

2.7 nm.Also, the activity of reduced catalysts is clearly related to thenature of 

support, but apparently has no straightforward con-nection to TPD and TPO results. 

TPD profiles of bare supports(Fig. 5) suggest that the supports have different 

affinity and reac-tivity towards formaldehyde: Al2O3and TiO2, which have 

acidproperties, adsorb formaldehyde weakly. HCHO release occurs inmolecular form 

at low temperature (80–100◦C), along with a par-tial decomposition. CeO2and 

ZrO2, which are more basic, formstable intermediates that decompose at 

temperatures higher than250◦C. In the case of CeO2, it is reported that the 

formation and sta-bilization of intermediates, such as dioxymethylene (CH2O2) 

andformate species is attributable to the redox properties of the oxide[41]. The 

same behaviour is observed for the corresponding sup-ported catalysts (Fig. 6b), 

where platinum promotes the oxidationof intermediates to CO2. In this case, it is 

worth noting that thePt/CeO2-N catalyst is the only one that is able to produce 

CO2attemperature lower than 100◦C. This is due to the capability of thesupport to 

provide the extra oxygen necessary to the oxidation offormate species.In oxidizing 

environment (TPO experiments, Fig. 7b), despite thedifferent affinity of the 

supports for HCHO and the different typeof intermediates, the reactivity at low 

temperature is indeed gov-erned by the processes activated over platinum. In fact, 

it is reportedthat platinum can promote the oxidation of adsorbed intermedi-ates by 

providing activated oxygen to the surface of catalyst [44].In a general scheme of 

reaction at room temperature, formaldehydecan decompose on the catalyst surface 

to produce different inter-mediate species, such as methoxide (CH3O), 

poly(oxymethylene)(CH2O) and dioxymethylene (CH2O2). These species can be 

oxidized to formates that, in turn, decomposeto H2O and CO2. Starting from these 

observations, it is possible toconclude that the support plays an important role in 

the adsorptionprocess, while the evolution of HCHO molecule (e.g. decomposi-

tion/reaction) is related to the metal phase, i.e. to the source ofactive oxygen.The 

difference in activity recorded among the catalysts (Fig. 8)is difficult to be 

rationalized since they do not depend on the acid-ity or basicity, neither on the 

redox property of supports. At thesame time, there is not a clear correlation with 

the dispersion ofplatinum as reported in other studies [29,32]. It is instead 

observedan inverse dependence between HCHO conversion and the ratiobetween 

the exposed area of the metal and the surface area of sup-port as reported in Fig. 

9. Pt-exposed area has been calculated on thebasis of the dispersion obtained from 

HRTEM images and by assum-ing spherical metal particles. This picture suggests 

that at roomtemperature, a key parameter is a high surface area of the supportthat 

positively affects the catalytic activity; thanks to its capabilityto adsorb 

formaldehyde. It is interesting to point out that Pt/CeO2-N shows a lower activity 

compared to its ratio between metal areaand surface area of the support, 

suggesting that in this material, theoxidation mechanism follows different routes. In 

particular, it canbe hypothesized that ceria contributes to maintain Pt in a 

partiallyoxidized state despite the reduction treatment, and this conditionlowers the 

catalytic activity towards HCHO oxidation.Another aspect that must be taken into 

account in the cor-relation between TPO and TPD and catalytic results is that 

thelatter ones refer to a steady state outlet composition after 2 hof reaction where 

the reactants (HCHO, H2O and O2) have beenfed simultaneously. It is possible that 

the continuous regen-eration of hydroxyl group on the surface by providing 

watervapour constitutes an extra source of oxygen for the oxidationof 

formaldehyde. Recently, it was reported that Au/Al2O3cata-lysts show an 

outstanding activity at room temperature towardsthe oxidation of formaldehyde 

attributable to the presence ofwater vapour that guarantees hydroxyl groups on the 

surfaceof alumina. The OH groups, in turn, would favour the adsorp-tion of HCHO 

and its oxidation [8,10]. Moreover, the presenceof hydroxyl groups was also a key 

factor in promoting thewater–gas shift reaction at low temperature over ZrO2-

basedcatalysts [49]. In this perspective also, the support plays aprominent role in 

the catalytic oxidation of formaldehyde andit becomes important to evaluate the 



different sources of acti-vated oxygen. Among the supports considered in this 

work,CeO2is the more reducible and has an alternative route to pro-vide oxygen 

that might explain its different behaviour (Fig. 9).In this case though, the extra 

oxygen is not directed to HCHOS. Colussi et al. / Catalysis Today 253 (2015) 163–

171 171 oxidation but to oxidize platinum that becomes less reactivetowards 

formaldehyde decomposition.To summarize, under the operating conditions of this 

study, theactivity of the investigated catalysts is related to the dynamic equi-

librium established between reactants and products at the surfaceof catalyst that 

implies an active role of the support in adsorbingand oxidizing HCHO through the 

hydroxyl groups present on itssurface. 

 

5. Conclusions 

 

This study investigated the activity of Pt-based catalysts on fourdifferent oxides 

(Al2O3, ZrO2, TiO2and CeO2) towards the oxida-tion of formaldehyde at room 

temperature. For Pt dispersion ofabout 40–60%, the results obtained evidence that 

the support playsa fundamental role in favouring the conversion of 

formaldehyde.Moreover, these results conclude that for the development of 

apromising catalyst, the support should satisfy the following keyrequirements:- 

good adsorption capacity and high surface area in order to max-imize the 

concentration of active intermediates on the surfaceand to guarantee high 

accessibility to the metal active sites at thesame time;- strong affinity for water in 

order to allow a high surfacehydroxylation, which promotes the adsorption and 

oxidation offormaldehyde;- tuned redox properties that can favour Pt dispersion 

throughan appropriate metal–support interaction, and at the same timeavoid its 

partial oxidation. 
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