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The present study concerns an experimental microkinetic approach of the photocatalytic oxidation (PCO) of
isopropy! alcohol (IPA) into acetone on a pure anatase, B@lid according to a procedure previously
developed. Mainly, the kinetic parameters of each surface elementary step of a plausible kinetic model of the
PCO of IPA are experimentally determined: natures and amounts of the adsorbed species and rate constants
(preexponential factors and activation energies). These kinetic parameters are used to evaluate a priori the
catalytic activity (turnover frequency, TOF, in§ of the solid that is compared to the experimental value.

The kinetics parameters are obtained by using experiments in the transient regime with either a FTIR or a
mass spectrometer as a detector. The microkinetic study shows that only strongly adsorbed IPA species (two
species denoted nd-IRAsand d-IPA.gsdue to non- and dissociative chemisorption of IPA respectively) are
involved in the PCO of IPA. A strong competitive chemisorption betweenJRand a strongly adsorbed
acetone species controls the high selectivity in acetone of the PCO at a high coverage of the surface by
IPAsags The apparent rate constant (1.4 181 of the Langmuir-Hinshelwood elementary step between
IPAsagsand the active oxygen containing species generated by the UV irradiation provides the TOF of the
PCO for IPA/Q gas mixtures. The kinetic parameters of the elementary steps determined by the experimental
microkinetic approach allow us to provide a reasonable simulation of the experimental data (coverages of the
adsorbed species and partial pressures of the gases of interest) recorded during a static PGQsydBiAs.

I. Introduction The first stage of the EMA is to adopt a plausible kinetic model
o ) o ) of the reaction. This has been made in pdrof.the present
The objective of the microkinetic approach of a gaslid study considering literature d&tkon the mechanism of the,©

catalytic process is to correlate the kinetic parameters of the pco of IPA. The kinetic model (denoted M1) supporting the
surface elementary steps involved in a kinetic model of the gy,qy ig

reaction to macroscopic kinetic parameters such as the turnover

frequency (denoted TOF) and its evolution with experimental S1: adsorption of IPA IPA— 1PA4s
parameters (reaction temperature, partial pressures of the .

reactants}. The kinetic parameters of the elementary steps can S2: desorption of IPA  IPAy— IPA,

be either determined by theoretical calculation (ex: DFT) or S3: adsorption of @ 0,—~ 0, ,.— 2 O,
by using experimental procedurel previous studies, we have 2 2 ads ads
developed the experimental microkinetic approach (denoted S4: desorption of @ 20,,.—~ O

p p pp p ads 2

EMA) considering two catalytic processes involving reactants

with simple molecular structures (a) the CQ/@action on Pt/ ~ S5: UV formation of the reactive species

Al 03 catalyst$2 and (b) the catalytic oxidation of a diesel soot TiO, + hv +0,,4s(0r Oy = X o
formed in the presence of a cerium containing additive.

However, the relative simplicity of the reactants limits the S6: first Langmuir-Hinshelwood (I—H) step

number of surface elementary steps involved in the kinetic IPAugst Xags” = liagst = Yags
model of the reaction. This explains that we have underfook,
the EMA of the deep (formation of G@nd HO) photocatalytic S7: desorption of Lys 11457 11g

oxidation of isopropyl alcohol on a TiZolid (from Millennium,

BET = 350 nt/g) to consider a reactant with a complex S8: second EH step gt Xagd = loags T 2 Y ads

structure. From the viewpoint of the EMA, the interest of this

reaction is that it is performed at 300 K. At this temperature, The addition of successive elementary steps similar to S

the rates of elementary steps such as the desorption of thecompletes the mechanism for the deep oxidation of IPA{CO

reactants and intermediates species are low, leading to aand HO formation)! In steps S6 and S&Y .qs represents

significant simplification of the calculations linked to the TOF. adsorbed species with a composition and a charge allowing to

respect the conservation of atoms and charges. Several kinetic

*To whom correspondence should be addressed. E-mail: Parameters of the elementary steps of model M1 have been

daniel.bianchi@univ-lyon1.fr. studied in part 1 of the present stutljn particular, it has been
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Figure 1. FTIR study of the static @PCO (R, = 1.9 1¢ Pa) of the IPA.gsSpecies. Part A: Evolution of the FTIR spectra of the adsorbed
species with the duration T.I of the,©PCO; (a-c) TI = 0, 30, and 120 min. Part B:@® andH) Coverages of the IPA4sand AGads SpPecies
respectively; ¢) Partial pressure (Torr) of acetone®) Intensity of the IR band at 1557 cth(formate species).

shown in agreement with literature d&t® that the lags species on a Tigpellet @ = 18 mm,m= 70 mg) and (b) the
intermediate species is an adsorbed acetone molecule (denotedomposition of the gas phase during statie-®CO by using
Acagd and that it is the single route to the @@rmation from an IR cell (quartz and Pyrex, grease free, FTIR spectrometer:
IPA.” This explains that we have considered the EMA of the Brucker IFS-28). The second analytical systemas designed
PCO of IPA into acetone as the first stage of the deep PCO of to perform experiments in the transient regime (i.e., isothermal
IPA. Moreover, it has been shown that IPA is strongly adsorbed adsorption and desorption, oxidation under UV irradiation (PCO)
(step S1) forming two adsorbed species without and with and in the dark, temperature programmed desorption and
dissociation of IPA (adsorbed species denoted nd- and dxdPA  oxidation) with a mass spectrometer (denoted M.S) as a detector.
respectively) allowing us to develop the EMA of the reaction Mainly, various valves allowed us to perform controlled switches
in the absence of gaseous IPA via the-®CO of the IPAads between regulated gas flows in the range 40000 cn¥/min
species (PCO of IPAgshas been also performed in the absence (at the atmospheric pressure), which passed through thg TiO
of O, via the oxygen lattice of Ti@ denoted Q—PCO)7 It sample (h = 0.208 g) contained in a quartz microreactor
has been shown that a key surface process of the PCO of IPA(volume of~2.5 cn¥).
is the competitive chemisorption between RAand AGgs
species (the competition with the produciCHis not signifi- IIl. Results
cant)/ On a clean TiQsurface, (a) the reactant IPA is strongly ) )
adsorbed on a large number of sites (denoigdog8 umol/g, The EMA develo_ped_ in the present part 2 concerns mainly
and (b) the product acetone is adsorbed (a single stronegStep S6 _of the Kkinetic _model. However, to facilitate the
adsorbed species denoteds4d mainly of on a fraction of the ~ Presentation, we summarize few results of part 1.
s1 sites, 44@mol/g’ The heat of adsorption of IPA is strongly 3.1. Coverage of TiQ and Acetone Production during
higher than that of acetone explaining that the competitive Static O;—PCO of IPAsagsusing FTIR. It has been shown that
chemisorption on the common sites is in favor of IPA. step S1 forms strongly adsorbed species, allowing to develop
However, there is a small amount of the TiSites (denoted ~ the EMA via the Q—PCO of IPAags’ For instance, spectrum
s,) that are specific to the adsorption of acetone (there is no @ in Figure 1A corresponds the IBfsspecies (two adsorbed
competition with IPA),~32 umol/g’ At high coverage of the ~ SPecies denoted nd- and d-IR&due to nondissociative and
surface by IPAugs only these sites may allows the deep dissociative chemisorption of IPA, respectivelylihe evolutions
oxidation of IPA: on the other sites the transformation ofJg&  Of the IPAsgsspecies during static2PCO is followed by using
must be followed by the fast desorption of aceténe. the intensity of the IR band at 1467 cfnthat is (a) common

In the present part 2 of the EMA of the PCO of IPA into (0 the two IPA species and (b) not strongly overlapped with
acetone (a) we provide additional quantitative experimental the IR bands of the new adsorbed species formed by step S6.

kinetic data on the elementary step S6 in particular considering The Q—PCO of IPAqs(performed withPo, = 1.9 x 10* Pa
experimental conditions for the PCO of IPA/Qas mixtures in Figure 1) is studied by repeating the following cycle: (a)
and (b) we present a modeling of macroscopic kinetic data: the the TiC pellet is positioned in front of the UV lamp for an

evolutions of the coverages of the adsorbed species and thdfradiation durationt; and (b) then it is positioned on the IR
concentration of gaseous species during the statieREO of beam to study the modification of the adsorbed species on the

IPAsagsand the turnover frequency of the PCO of (@, TiO, surface. After each periotl the composition of the gas
phase in the IR cell is determined by FTIR. Figure 1, part A,

shows the evolutions of the FTIR spectra with the total
irradiation duration: Tk Z t;. It can be observed that the IR
The TiQ, catalyst (PC 500 from Millenium, pure anatase, bands of IPAqgs(i.€., 1467 cml) decrease progressively with
BET: 335 n#/g) and the pretreatment procedures have been the increase in Tl (spectra a and b), whereas in parallel, new
described in detail in part 1Two analytical systems described IR bands increase in particular that at 1696 érgspectrum b)
in detail in part I have been used to characterize (a) the natures ascribed to strongly adsorbed acetone species{AEThis IR
and the amounts of the adsorbed species formed by adsorptiorband increases during 40 min and then decreases progressively
of IPA and acetone on the TiOsurface as well as their leading to spectrum c that is dominated by an IR band at 1557
evolutions during the @-PCO and (b) the kinetic parameters cm™! (spectra b and c) that has been ascribed to formate
of the elementary steps of model M1. Mainly, the first analytical species:'¥15 Curves® andl in Figure 1B show the evolutions
system allowed us to study (a) the modification of the adsorbed with TI of 6, and 6, the coverages of IPAgsand AGags The

Il. Experimental Section
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Larson et all! who have performed similar experiments by
A B | ¢ |p 1 using a 0.15% @containing gas flow. The COproduction
starts at the appearance of gaseous acetone and increases

—

1340

e
[

8 g’ progressively with time on stream (Figure 2 curve d) without
£ 2 CO production (taking into account the sensitivity of the
g § analytical procedure). The oxygen consumption (difference
= 13202 between curves a and b) changes progressively with time on

steam from 12.6 to 9.6mol of O,/(g min) for 1 and 17 min of
0,—PCO, respectively. This change is probably associated with
the maodification of the coverage of the Ti6urface from mainly
e 1500 IPAsadS to a mixture pf IPAads Ac_sa_d_S and formate species
—— e (Figure '1) that have d|ff97ren.t reactivities. Note that the acetone
Time (s) production decreases with time on stream, whereas that f CO
increases: this is due to the fact that in the course of the O

o)

Figure 2. Evolutions of the molar fractions of the gases during transient

experiments linked to the £PCO of IPAagson TiO; using 1% Q/ PCO more acetone can be adsorbed on the sites liberated by
1%Ar/He mixture; Part A: adsorption and desorption of &ter the oxidation of IPA.gs The rate at the maximum of the acetone
formation of IPAaus(see Figure 2); parts B and D:20PCO of IPAags production in Figure 2 is 2.36mol/(g-min) strongly higher than

part C: without UV irradiation. (a) Ar, (b) & (c) acetone, (d) C& that measured during-PCO of IPA,4” 0.23umol/(g-min),
and (f) temperature of the Tisample. indicating that Q allows us to produce and to maintain a higher
amount of X*g4sspecies. This impact of £on the initial rate

O ‘E‘?d Oa values are olitained using the ratis= [A(14617 of the acetone formation has been also observed by Larson et
cm) at TIJ/[A(1467 cmr™) at Tl = 0] andda = [A(1696 cm) al.11 ~0.6 and 0.04%mol/(g-min) with 0.15% and 30 ppm of

at TI]/[A(1696 cm;) measured after ad;orption of fon a O,-containing gas mixtures. The delay of 95 s between the
clea_n TiQ surface}: The_ decrease df, indicates the transf_or- consumption of @and the appearance of acetone when the UV
mation of IPAagsaccording to step S6, whereas the profile of lamp is turned on indicates that there is an accumulation of

Oa with a_maximur_n at Tl:. 40. min is ”“?‘t expected for an oxygen containing species on the pi€urface. Considering the
adsorbed intermediate species in successive reaéfiéfGurve rate of G consumption, 12.&mol/(g-min), this indicates that
4 in Figure 1B provides the evolution of the intensity of the 5 umol of OJ/g have' beén fixed on th’e surface. Assuming
IR band at 1557 cml: it indicates that the “formate” species - o e0 ok of N0-IPAgeinto ACags CaHsOHeadet+ 1/2
are als_o |ntermed|a_tes _Species of the PCO (for t_hez co O, — C3HgOsags+ H20, the oxygen fixed on Ti@corresponds
fr:gdlgttlig?)'rg:srxre; cl)? :égurei :?r’]ggv'cdeﬁls dtl:'ﬁnevt?:gtggﬁgf to 40umol/g of Acagsthat is a value consistent with the number

P P AD €1l auring ; of s, sites specific to the acetone adsorption (without competition
0O,—PCO of IPA,qs It indicates that a significant fraction of . ) . X

h ) - . . with IPA): 32 umol/g determined previousl/Note that the

acetone desorbs during the first minutes of the reaction (at high : . .
coverage of IPAw) before its consumption. Note that the temperature of the Ti@sample (Figure 2, curve f) increases

rage o d prion. slightly during the @—PCO to a pseudo stationary value. After
maximum in Pag IS at a T value lower than that Qf the 1040 s of Q—PCO, the UV lamp is turned off (Figure 2, part
maximum of 0. This is clearly unexpected considering the C) leading to (a) th’e immediate cut off of the, &)nsumpt’ion

plausible kinetic model M1 because the formations of.4c . .
(step S6) and of Ag(step S7) are successive. This means that (curve b), (b) the sharp _decrease n thez(b(fbductlon (curve .
d), (c) a more progressive decrease in the acetone production

some elementary steps of model M1 must be modified consider- due to the d i ¢ lated on th
ing these experimental observations. One of the intent of the (‘?““"? ¢) due to the desorption o .@gaccumu ated on the s
sites in the presence of the remaining RAspecies, and (d)

present EMA is to simulate the experimental data in Figure 1B . . .
by using a modified version of the kinetic model M1. The the immediate decrease in the temperature (curve f). The abrupt

impacts of the experimental conditions (partial pressures,of O _decrease ir_' C@indicates th"?‘t a_Iarge fraction_ of it_S produ_ction
and HO) on the G—PCO of IPA.qshave been studied leading is strongly linked to the @activation under UV irradiation either
to the conclusions that (o, > 1.9 kPa antPu,0 > 395 Pa the rate of desorption of the adsorbed precursor of S@ery

P . : high or CQy is formed directly from the @-PCO of an
have no significant impact on the rate of disappearance of 9
IPAsads’ g P bp adsorbed species (i.e., from 4g. The slight residual C®

3.2. Study of Step S6 during @—PCO of IPAs.gsby using formation in the dark is probably linked to the desorption of

MS. FTIR spectroscophprovides experimental data neither on @dsorbed species (i.e., formate, carboxylate). This seems to
the oxygen consumption nor on the amount of adsorbed support the view that there are several routes for the CO
species: these parameters have been measured in the preseffmation from acetone.

study with the MS system. After the formation of the IR4 Before the UV lamp is turned off in Figure 2B (after 1040 s
species (see Figure 2 in ref 7) a switch Hel% O)/1%Ar/ He of O,—PCO of IPAag), the rates (inumol/(g-min)) of the

is performed at 300 K as shown Figure 2, part A. It is observed different processes are G@roduction= 2.9, G, consumption
neither a oxygen consumption nor a desorption/formation of = 9.5, and acetone formatiea 1.2, indicating from the oxygen
gaseous compounds confirming the absence of desorption/mass balance that the,@onsumption is still linked to the
oxidation of IPA,gsin the absence of UV light. After a switch ~ accumulation of strongly adsorbed oxygen containing species
1% O,/1% Ar/He— He confirming the absence of desorption before their finale oxidation in COThis is consistent with the

of O,, the G containing mixture is again introduced and the increase of Aggsand formate species on the TiGurface as
UV lamp is turned on (Figure 2, part B) to perform the-O observed in Figure 1. In Figure 2D, the UV lamp is again turned
PCO of IPA,gs It can be observed that there is an immediate on: it can be observed that (a) the, @onsumption starts
oxygen consumption, whereas the acetone production (Figureimmediately and (b) the C{production increases more rapidly
2, curve c) increases strongly after a short delay from the O than during the first @-PCO (Figure 2B) because of the fact
consumption: 95 s. This observation is consistent with that of that there is Aggsspecies (in Figure 2B, Agg4sare formed only
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Figure 3. Temperature programmed desorption of the strongly

adsorbed species formed after 30 min gf-®@CO of IPA,gsat 300 K.

(T

after the significant removal of IPAysdue to the competitive
chemisorption). Moreover, the higher rate of £@oduction
during the first minutes of Figure 2D as compared to the first
minutes of Figure 2B (whereas the amount of {RAmust be
lower in part D) confirms clearly that (a) the intermediate species
of the CQ production must be formed and (b) there is not a
faster route from IP&ygsto CO, than acetone formation. The

acetone production increases more progressively in part D of

Figure 2 than in part B, because (a) a fraction of theq44c

species has been desorbed in part C and (b) there is a large

amount of free gsites for the formation of Aggsdue to the
removal of IPAags It must be noted in Figure 2 that when the
UV lamp is turned off and on there are neither an overshoot in
the & signal (i.e., there is no significant;@esorption) nor an
extra Q consumption (i.e., readsorption ob)OThis indicates
that (a) the amount of the X3& species involved in the ©-
PCO (formed under U¥ irradiation) is very low and (b) in
the presence of Othere is no significant formation of O
vacancies as compared tgPCO (the color of TiQ remains
white). In summary, if Qu species participate to the,©
PCO118-20the rate of reoxidation of the vacancies is very high
and step S3 is not the limiting step of the PCO process.

Arsac et al.
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Figure 4. Evolutions of the molar fractions of the gases during transient
experiments linked to the £/ PCO of IPA; at 300 K using a 1.2%
IPA/ 4%0,/2%Ar/He gas mixture. Part A: Adsorption of IPA in the
absence of UV light; parts B and D:,©PCO with the UV lamp turned
on; parts C and D: the UV lamp is turned off.

1.2% IPA/4% Q/2% Ar/He in the absence of UV irradiation.
The observations are similar to those in the absencedf O
indicating that IPA forms IPAs.gs(the MF of IPA is equal to

0 during several seconds) and IRfs species (progressive
attainment of the adsorption equilibrium): there is neither
picetone nor Ceformation (absence of oxidation in the dark).
After 350 s of adsorption, the UV lamp is turned on leading to
the immediate @consumption, whereas the acetone production
is slightly delayed. A pseudo steady state for the acetone
production is observed after 85 s of UV irradiation: the rate of
the acetone productioRacy decreases slightly with time on
stream as observed in Figure 4B. After 300 s, the UV lamps
were turned off leading to the immediate decrease in the acetone
production associated to the increase in the MF of IPA. Note
the clear difference in the evolution of the acetone production
when the UV light is turned off in Figure 4 (fast decrease in
the presence of gaseous IPA) and Figure 3C (slow decrease in
the absence of gaseous IPA). This is due to the strong

The changes in the coverage of the adsorbed species due t§OMPpetitive chemisorption between IPA and acetone onthe s

0O,—PCO of IPAagshave been studied performing a TPD in
helium after a UV irradiation duration of 30 min as shown in
Figure 3. In part Z,it has been shown that the TPD of IRAs
leads mainly to the formation of two broad peaks of {Ps
437 and 512 K and a sharp;ids peak at 564 K with a ratio
CsHe/IPAg = 3.17 The comparison of the TPD peaks in Figure
3 with those observed previoudlghows that @-PCO de-
creases significantly the amount of IRAdesorbing as IP4
at low temperatures: the ratieis/IPAg increases from 3.1 to
20 and 34 after T 0, 30, and 61 min, respectively. This shows
that there is a difference in the reactivity of the IRffor the

sites in the presence of IBAThe partial pressure of IRA
maintainsf, = 1: Acsagscan be absorbed only on the small
amount of s sites. When the UV lamp is turned on (Figure
4D) and off (Figure 4E) the acetone production increases and
decreases immediately. The rates fimol/(g-min)) of the
various processes at the end of Figure 4B (average values on 1
min of O,—PCO) are (a) IPA consumption 12.6; (b) acetone
production= 12.6; and (c) oxygen consumptiea 7. These
values show that, at the pseudo steady state of thePQO of
IPAg, the IPA consumption is mainly linked to the acetone
production. Bickley et al® have a similar conclusion for the

0,—PCO: the adsorbed IPA species with the highest activation O>—PCO of IPA;: “alcohol dislodges acetone from the %O

energy of desorption giving propylene (probably d-i&R4 are

surface in a 1:1 molar ratio”. The oxygen consumption is

less reactive than the adsorbed species with a lower activationroughly equal (considering the accuracy of the measurement

energy of desorption and desorbing as §P@robably nd-
IPAsagd. Moreover, Figure 3 confirms the accumulations on the
TiO, surface of (a) acetone species (#fol/g) according to
two peaks afl, = 412 and 500 K and (b) weakly adsorbed
species (i.e., carbonate, formate) desorbing agwd® a TPD
peak at 380 K: 1Qumol/g. This last peaks it linked to the
remaining CQ production during the dark period in Figure 2,
part C.

3.3. O—PCO in the Presence of IPA in the Gas Phase.

with the M.S) to that expected (6.2mol/(g-s)) for the
transformation of IP4into Acy according to the global reaction
CsHgOH + 1,0, — C3HgO + H20. There is neither a strong
accumulation of oxidized adsorbed species nop @®mation
during the Q—PCO of IPA, (at the difference of the £-PCO

of IPAsaqd confirming that (a) there are no others routes t,CO
that Acagsspecies and (b) the coverage of the T&Drface is
controlled by the competitive chemisorption IRAACsags In
Figure 4B, the short delay in the appearance of #&scompared

These experimental conditions correspond to a classical catalyticto the @ consumption when the UV light is turned-on indicates

reaction.
Measurement at the Steady State by using the WNfure
4A shows the evolutions of the M.Fs during the switch-He

a slight accumulation of Aggs ~17 umol/g, corresponding
probably to the ssites as observed in Figure 2. The difference
in the acetone accumulations in Figure 4B, dmol/g, and
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Figure 5. Evolutions of the molar fractions of the gases during transient
experiments linked to the ©PCO of IPA at 300 K using a 0.93%
IPA/3.8%Q/He gas mixture. Part A: at the steady state of the-O
PCO, the UV lamp turned on and off; part B: a switch 0.93% IPA/
3.8%Q/He — 1%0,/He is performed and then the UV lamp is turned
off and on; part C: a switch 1%fHe — He is performed with in the
absence of UV irradiation.

Figure 2, 4Qumol/g, can be ascribed to the stronger competitive
chemisorption between IRAisand AGagson the g sites in the
presence of IPAthat decrease the amount of Agdiffusing
from s t0 9.

Experiments in the Transient Regintégure 5 shows the
evolutions of the MFs at the outlet of the quartz microreactor

according to several experiments in the transient regime to obtain
more data on the elementary steps of model M1. The data in

Figure 5A are similar to those in Figure 4 using a 0.98% IPA/

3.8% Q/2% Ar/He gas mixture: at the pseudo steady state of

J. Phys. Chem. A, Vol. 110, No. 12, 2006217

absence of competition with the IBAssociated to the removal
of IPAsaasby O,—PCO, a larger fraction of acetone remains on
the TiO, surface. In Figure 5C after the UV lamp is turned off
(decrease in the acetone production), a switch 192% Ar/

He — He is performed. It can be observed that the rate of
desorption of acetone is not modified by the switch indicating
that there is no significant acetone production from the thermal
oxidation of adsorbed species.

Evolution on the Coerage of TiQ using FTIR Spectroscopy
(Static Condition).After the pretreatment of the Ti(pellet,
IPAy is introduced at 300 K until an adsorption equilibrium
pressureP, = 131 Pa, followed by the introduction of 1.9
10* Pa of Q. After homogenization, the UV lamp is turned on
to perform a static @-PCO in the presence of gaseous IPA.
After 5 min of irradiation, it is observed (results not shown)
that (a) the intensity of the IR band at 1467 Thremains
constant,§; = 1, (b) the IR band of Aggsat 1696 cm? is
detected with a very low intensity indicating a coverage of
~ 0.05, and (cP, decreases to 92 Pa, wherdasincreases to
39 Pa.f, starts to increase significantly only whénis very
small (for TI~ 50 min). This confirms that the Tisurface is
not strongly modified in the presence of IRAthe competitive
chemisorption between IR&Aisand AGadsdoes not allow the
adsorption of acetone even for a Id® value.

IV. Discussion

The objective of the present study is to provide more insight
on the mechanism of the PCO of IpAto acetone on Ti@
using an EMA of the catalytic process. This is an intermediate
stage for the interpretation of the deep PCO of IPA into,CO
and HO. To prove the interest of the EMA, we provide a kinetic

the PCO reaction the acetone production ceases and starts;lation of the FTIR observations during the-@PCO of

immediately when the UV lamp is turned off and on, respec-
tively. Figure 5B shows the evolutions of the MFs during the
switch 0.98% IPA/3.8%@2%Ar/He — 1% O)/2%Ar/ He

IPAsads(Figure 1B) using the modified kinetic model M1 and
the data from the EMA of the £-PCO of IPA.
4.1. Formal Kinetic Data on the PCO of IPA on TiO,.

performed under UV irradiation. It can be observed that during The formal kinetic data on the ©SPCO of IPA, at high 6,
the first seconds of the switch the acetone production is strongly y51ues are (a) the main product is acetone (Figure 4) that is

affected neither by the removal of the IP&he M.F of IPA

consistent with literature data, the conversion of IPA to acetone

decreases progressively due to the desorption of the weaklyis 100% in ref 10 and between 93 and 100% according to the

adsorbed IPA species) nor by the changePi. The first
observation means that (&) has no impact orfRacg; (b) the
IPAwagsSpecies is not significantly involved in the PCO reaction
(its removal may explain the slight increaseRRcy during the
first second of the switch in Figure 5B); and (c) there is a
reservoir of adsorbed intermediate species on,Ti@ the

intensity of the UV light in refs 8 and 21; (b) the kinetic orders
for IPA and Q are 0 forP, andPg, values higher than 131 and
790 Pa respectively in agreement with literature détd;and

(c) the rates of oxygen consumption and acetone production
correspond to those expected from the stoechiometry of the
reaction: IPA+ 1,0~ acetone+ H,O (this means that the

acetone production, allowing to produce acetone at the samerate of accumulation of adsorbed oxygenated species is not

rate than at the steady state. This confirms that thesdRA
species is the intermediate species of the-BCO of IPA,.
The fact thaRacq is independent o, is in agreement with the
early observations of Bickley et d@P,who conclude that the
kinetic order of IPA during —PCO is 0 forP, > 42 Pa. The
absence of impact d?o, on Racg means that the amount Xfs

significant excepted during the first seconds of the UV irradia-
tion Figures 2 and 4).

The 0 kinetic orders for IPA and QOare interpreted, by
classical formal kinetics, considering that the amount of
adsorbed intermediate species are independent of the partial
pressures of the reactants. For [PAhis implicates that a

species does not depend strongly on this parameter that is arstrongly adsorbed species is formed (lRA with a coverage

observation consistent with previous FTIR observatibhkis

means that the rate of oxygen adsorptionder> 1 kPa, allows
to maintain constant the amount of the ¥&species. After 2
min of O,—PCO with 1% Q/2% Ar/ He (Figure 5B), the UV

equal to 1 whateveP;; this justifies the fact what the EMA
study (present study and paf) focuses on the ©-PCO of
IPAsagsin the absence of IPA The high selectivity in acetone
(there is no significant deep oxidation in the presence ofy)PA

lamp is turned off: it can be observed that the acetone is due to the competitive chemisorption between Jgfand
production decreases more progressively than in Figure 5A, Acsags0n the s sites. A very small amount of Agiscan be
because a fraction of acetone has been accumulated on the spresent on thesssites 8% of the total amount of acetone

sites liberated by the conversion of the IRAspecies in the
absence of IPA When the UV lamp is turned on again, the
acetone production increases progressively due;toRTO of
IPAsags However, the maximum of the rate of the acetone

adsorbed on a clean TiGurface). The 0 kinetic order for,O
(for Po, > 790 Pa) indicates that, in the present experimental
conditions, the rate of oxygen adsorption during the UV
irradiation allows to maintain constant the amount of,g¢*

production is lower than at the steady state because due to thespecies during the reaction.
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4.2. Modification of the Kinetic Model M1 Considering as follows: (@) at higl#, values, the rate of the Agisdesorption
the Results of the EMA. The plausible kinetic model M1 for ~ on the common;ssites is increased significantly as compared
the Q—PCO of IPA supports the design of the experiments to a clean TiQ surface leading to a very low coverage of the
linked to the EMA of the catalytic process. However, similarly Acsags species, and (b) Agdscan be formed on the, ssites
to previous studie? the experimental observations lead to the (because there is no competition with IRA via a surface
view that the description of surface elementary steps of model elementary diffusion step from the ® the s sites. This leads
M1 must be modified as detailed below in relationship with to modify step S7 as follows:
the kinetic simulation of the static©2PCO of IPAags(Figure

1B). S6: first L—H step

Step S1in the absence of IPA(Figure 1B), step S1 is not IPAsS) + X* ags ™ ACqqsSt T 2 Y g5 (1)
involved in the kinetic calculation. However, it has been shown o
that at 300 K the strong adsorption of IPA (94@0l/g) provides S7a: diffusion from 10 S0 ACy4¢S — ACeqs S, (2)

two adsorbed species (nd- and d-l2A on g sites representing . . . .
~ 16% of the sites of the TiPsurface’ In the present EMA ~ S7b: desorption due to the competitive chemisorption:

study, the reactivity of the two IPAqsSpecies for desorption ACh4sS, —~ ACyt s 3)
and PCO are only qualitatively differentiated due to the difficulty ) ) - o

to find two distinguishable IR bands characteristic of each Moreover, in static conditions, the significant removal of L&A
species and not overlapped to those of the acetone and format§Pecies from the;ssites by Q—PCO leads to a decrease in the
species. To take into account the number ofsiées in the competitive chemisorption IPA/Acetone allowing the readsorp-

calculations, step S1 is denoted tion of acetone on the freq sites able to adsorb Ags(only
a fraction of the gsites may adsorb acetone). The nature of
step Sla: IPA+ s, — IPA 458 0) this Acsads Species is identical to that provided by step S6.

However, to differentiate the mode of formation (readsorption),

Step S2At 300 K, the nd- and d-IPAgs species do not ~ We adopt a different notation (indice reads)
desorb: their activation energies of desorption vary linearly with
the coverage from 118 to 178 kJ/mol assuming first kinetic order
and a preexponential factor of the rate constant kT/h.”
Moreover, they are displaced neither by acetone nor by Water.
This means that step S2 can be neglected in the kinetic model
of the Q—PCO of IPAags

Steps S3Sh They are studied in more detail in a forthcoming
paper. However, it has been shown tRaj values>1 kPa have
a significant impact neither on the rate of the-@®CO of IPA,
(Figure 3) nor on that of IPAgs(Figure 2) that is consistent
with literature datd®1! This means that, during the,©PCO
of IPAgsags the amount of X%4s species can be considered as
constant (i.e., if Q; species are involved in the procé4dé20
the readsorption of Qs a fast process as compared to the rate
of Or consumption).

Step S6lt is inoperative in the dark at 300 K (the thermal
oxidation of IPAadsiS neglected in the calculations). During
0O,—PCO, the lagsintermediate species has been identified as
Acsags’ Moreover, there is a heterogeneity in the reactivity of N (KT
the IPA.gsspecies (nd- and d-IPA species) as revealed by the PA() = AT (5)
TPD measurements (Figure 3) after different durations of the v
0,—PCO of IPAags the IPAsgsspecies desorbing as IR £at
least a fraction of nd-IPAg) are more reactive that those

producing propylene (d- and possibly nd-IgAspecies trans-  jified kinetic model M1, the rate of the different elementary

formed into d-IPAagsSpecies during the TPD). steps must be expressed in molecule/s as detailed below for

Step S7_This step must b(_e significantly _reVi_Sited considering the rate of step S6. According to the mean field approximation
the experimental observations. The activation energy of de- model, the rate of consumption of the IR& species during
sorption of Agagsspecies on a clean Ti3urface is lower than 0,—PCO of IPA4:0n the s sites is

that of IPAg,gs Varying linearly with its coveragé, from 87

to 108 kJ/mol athp = 1 and 0, respectively (with a preexpo- —do,

nential factor of the rate constamt= kT/h).” On a clean TiQ o k50,04~ (6)
surface, it has been shown that acetone is mainly adsorbed on

a fraction of the ssites adsorbing IPAdsand on a small number  Considering that the amount of ¥dis constant foP, > 1.9

of SpeCiﬁC S sites @58% of the total amount of adsorbed kPa (Figure 5 and ref 7), then eq 6 provides

acetone). This means that at higtf, values there is a

competitive chemisorption IPA/acetone on the commgsites, —do,

leading to the displacement of the Agspecies. This displace- ot K0, (7)
ment indicates that the rate of desorption of the.Adqstep

S7) in the presence of IR&smust be strongly higher than that where Kg is an apparent rate constant that depends on the
measured on a clean TiGurface’ During O,—PCO of IPAags experimental irradiation conditions (via the amount of,x*
the impact of the competitive chemisorption can be described in agreement with the formal kinetic approach of photocatalytic

step7¢c: Ag+ S ACiads— St 4)

Step 8.This step is similar to step S6 and it represents the
0,—PCO of Agagson the g and g sites. We adopt the view
that the rate constant of the elementary step S8 is the same,
whatever the adsorption sites (8 $) of ACsags The nature of
l2adscoming from the @—PCO of AgagsiS not considered in
the present study.

4.3. Exploitation of the Modified Kinetic Model M1. The
kinetic calculations are performed considering the mean field
approximation. The objective is to provide a simulation of the
experimental data obtained with the IR cell (static condition)
during the Q—PCO of IPAags species (Figure 1B): the
evolutions of (a9, and@, and (b) the partial pressure of acetone
Pa. The theoretical evolution oPa(t) is obtained from the
amount of gaseous acetone molecul®beg(t) in the IR cell
after an UV irradiation duratioh

wherek is the Boltzmann’s constant, is the temperature, and
V is the volume of the IR cell. To obtaiflac(t) from the
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Determination of the Apparent Rate Constant of Stepr&8.
rate constant of step S8 has been determined performing the
O,—PCO of AGgadsspecies similarly to that of IPAgsin Figure
1. Acetone is adsorbed on a pretreated;i$0rface andPo, =
1.9 x 10* Pa is introduced after the desorption of the weakly
adsorbed species. The progressive disappearance of the IR band
at 1696 cmit is measured with the duration of the UV irradiation
(result not shown, described in more detail in a forthcoming
article). Curved in Figure 6 gives the evolution of IAjsgecni
1(t)/Assoscnid(0)] = f(t) with the duration of the UV irradiation.
The rate of disappearance of thesAgspecies is provided by
an expression similar to the IR4sspecies (expression 10)

(=]

—
T

8]
T

)
[95]

In[A(t)/A(0)] during O,-PCO of IPA,, and Ac,,,,

0 2000 4000 6000

Time (s) leading to
Figure 6. Determination of the apparent rates constdfstandKsg of —dN
the elementary steps S6 and S8,{®CO of IPAass and AGads A_ K.N (12)
respectively). © andd) Experimental data (FTIR spectra) for IR dt 8A
and Acags respectively; (a and b) determination &t for two 6,
coverages; (c) Determination &% (see the text for more details). whereKsg is the apparent rate of step S8, axglis the number

L . of acetone molecules strongly adsorbed on the clean géet
F;gicaensiliiztggt_rs:::v\\llzlLf;e()lr@teir?ferez;cit;onnl)svﬁ)jré)é)%rtlonal to the(on the g and a fraction of the;ssites). The integration (_)f (12)
’ ! q P y shows that InNa(t)/Na(0)] = f(t) must be a straight line as

[IPA ] (N,_o) observed curve c in Figure 6 providig = 3.5+ 0.1 x 104

= sadssll _ 1 7I-s (8) s~1. This value shows that the rate constant ef-©CO of AGads

" [IPAsags sile B (Ni—sD)r is lower than that of IP&ygs(Ke/Ks ~ 4.1) that is consistent
with literature datd®123In particular, Xu et at® in a formal
whete [ ] refers to the surface concentration (molecul&s/oh kinetic exploitation of the evolution of IPAq¢sand AGagsOn

the IPAsgs species on the sl sites of Ti@nd Ni—; is the TiO, P 25 (FTIR measurements) during-€PCO of IPAads
number of those molecules on the Bifellet (the subscript F consider a ratio of 10. Note that the straight lifién Figure 6

indicates the full coveragelNi—s is linked to [IPAsads-si] is observed for longer irradiation durations as compared to
according to IPAsadssuggesting that Agqsspecies are more homogeneous.
This justifies that we assume the same reactivity for theAc
Ni_s1= [IPAg g5 ] SM 9) species on the;sand s sites. However, it is not excluded that

the rate constant of step S8 is different for a Ti€urface
whereS s the BET area (335 #ig) andm is the mass of the  covered by a mixture of IP4gsand AGadsSpecies.
TiO, pellet (0.07 g). This allows one to transform expression  Eyolution of Gaseous and Adsorbed Acetone with the
(6) to obtain a rate of consumption of 1R#sin molecule/s Duration of the Static @ PCO of IPAags According to the
modified kinetic model M1, the intensity of the IR bands of
AcCsags species during ©-PCO is due to three adsorbed
species: AgdsS1, ACsadsSe, and AGeadsS: (Step S7aS7c¢). Their
net rates (unit in molecule/s) of formation/consumption are
Similar transformations of the different expressions of the rates provided by the following expressions:
of the elementary steps of interest are used to obtain a unitin- Acetone on the ssites due to the ©-PCO of IPAags(steps

—dN,_g,
TS = KeNi_s1 (10)

molecule/s. S6, S7a, and S7b)
Determination of the Apparent Rate Constagtdf Step S6.
During the Q—PCO of IPA4s the disappearance of the IR&s dNL_o;
species is provided only by expression (10) (i.e. the rate of - KeNisr ~ KzeNa—s1 — kpNa—s1  (13)

desorption is~0). The integration of (10) leads to

Acetone on the ssites due to the diffusion from, §steps S7a
Ni-ai(®) = Ni_o1(0) exp(-Ke) CENI PG mgstep

with Ni—s2(0) = (Ni—s1)r. Expression (10) shows that M[-s1- dN
(t)/N,—s1(0)] = f(t) must be a straight-line with a negative slope A2 ko Na o — KeNa oo (14)
providing Ke. In transmission mode, the absorbance of an IR dt
band of an adsorbed species is proportional to its amount on . .
the surface and Figure 6 shows thatings7er(t)/Avas e (0)] Acetone re-adsorbed on thesstes liberated by the removal of
= f(t) is a straight line during the first 20 min of the;©PCO IPA (step S7c and S8)

(Figure 1): the slope (curve a) provid&s= 1.4+ 0.1x 103 dN

s L. The deviation from the straight line for longer duration “Acreadssl__ o\ o (N —N . —N _
indicates a decrease in the rate constant of the elementary step ~ dt KaPalNi-s)e = Nis1 = Nacreads =2
S6 in agreement with the difference in reactivity of nd- and d- KgNacreads-s1 (15)

IPAsagsspecies evidenced by the evolution of the ratio propylene/

IPA during TPD observations (Figure 3) after different durations The factora is introduced to take into account the fact that
of the O,—PCO. The slope of the straight-line section after 20 only a fraction of the gsites adsorbs acetone & 410/948)’

min (curve b in Figure 6) providdss ~ 0.7 x 102 s~1 for the The rate of formation of gaseous acetone molecules in the
less reactive IP&gsspecies. IR cell (step S7a and S7c)
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dNAcg B
T - I(7aNl—sl - O*kaPA((NI—s])F —N_g— NAcreads—s])

(16)

The partial pressuresFin (15) and (16) is substituted by (5).

4.4. Simulation of the Experimental Data during the Q—
PCO of IPAsags Using the IR Cell. Solving the differential
egs 10 and 1316 provides the evolutions of number molecules
of IPAsagsand AGadsOn the TiQ surface as well as the partial
pressure of the acetone in the IR cell using (5). The differential
eq 10 can be solved mathematically providing expression (11).
The number of Agygson the s sites formed by the ©-PCO of
IPAsadgs Nacads-s1, can be also obtained by solving mathemati-
cally eq 13 using expression (11). However, the rate of formation
by step S6 is significantly lower than the rate of consumption
by steps S7a and S7b. This means that the approximation o
the stationary state can be used in (13NAds)/dt = 0)
providing

KeNi—s1 — K7aNa—s1 = K7gNa—s1 =0

K6lesl

NAfsl: k7a+ k7b (17)

The differential eqs 15 and 16 are solved numerically after the
substitution using (17) and (11) providimcg andNacreads-s1-
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Figure 7. Simulation of the experimental data (FTIR spectroscopy)
during the static @-PCO of IPAa.gs considering the experimental
fmicrokinetic approach of the catalytic process.gndO) Coverages

6, and 04 of the IPAagsand AGads Species; ) partial pressure of
acetone. (a and b) Theoretical evolutionsgdpaind 6,; (c) theoretical
evolution of the partial pressure of acetone; @nd b) evolution of
the coverage of the s2 and s1 sites by the.fAspecies; (d) evolution
of the coverage of the Tigsurface by the two adsorbed species ¢RA
and AQ;adg.

3.49 x 34/(350 x 10% = 1.6 x 1072 umol/(cn?-s), a value
strongly higher than the rate 0,©PCO of the IPAagsSpecies
(948 x 1.4 1079)/(350 x 10% = 3.8 x 10~ 7 umol/(cn?-s). This
high value of the theoretical rate of adsorption means that, except

Figure 7 gives the comparison between the experimental dataat a coverage of the surface close to the adsorption equilibrium,

and the kinetic modeling using the following kinetic parameters:
Ks = 1.4 x 1073 s71 from Figure 6.
kza= (KT/h) exp(—Eq4/RT) from the statistical thermodynamic
approach of the adsorption/desorption processes. The activatio
energy of desorptiorkg, due to the competition between Ag
and IPAq4s0n the g sites is not known experimentally. We
have shown only that it is significantly lower than that of the
desorption of the Aggsformed on a clean Ti@surface (87
kJ/mol at full coveragej.Numerous values dEq significantly

the experimental rate of adsorption is limited by diffusion
processes as discussed in a recent microkinetic study of the CO/
O reaction on a Pt/ADj; catalyst?® For instance, considering
fthe theoretical rate of adsorption 1x6102 umol/(cn¥-s), the
Thiele modulu®is ® ~ 1P for a pellet of catalyste, = 0.025

cm, density 1.2 g/cfy porosity of the pellet= 0.46, estimated
pore size 7.2 nm, coefficient of effective diffusier0.004 cnd/

s). The Thiele modulus provid&san effectiveness factor of
~107%, indicating that the rate of adsorption is controlled by

lower than 87 kJ/mol can be used in the simulation that selected yifysion processes. Similar calculations for the rate of con-

is Eqc= 31 kd/mol.

k7p = var exp(—Egi/RT), the rate constant of diffusion of the
adsorbed acetone on a hi€urface is not known experimentally.
However, (a) it is well-known that the activation energy of
diffusion is roughly a fraction of that of desorptioBg = Egn
with n the corrugation ratio in the range of 6:0.52425% and
(b) the activated complex theory provides an estimation of the
preexponential factor in the range of 110102 s71.26 The
present kinetic simulation are performed by uskg= 34 kJ/
mol (n ~ 0.32) andvg; = 1012 s71,

Ks, we have selected a value of the order of magnitude of

that determined in Figure 6 and providing the best agreement

between experimental and theoretical cutge= 6 x 1074 s71
as compared to 3.5 104 s 1 in Figure 6).

ks, the rate constant of adsorption of acetone on th&tes
liberated by the PCO of IPA can be obtained from the statistical
thermodynamic¥ assuming (a) nonactivated chemisorption, (b)

sumption of Q during the @Q—PCO of IPAagsprovides® =

0.07 < 1 leading to an effectiveness factor ®fl indicating

that the measurement &f are performed in the absence of
mass transport processes as expected for the EMA of a catalytic
process. This is also the situation for the measuremeiof
Considering that the diffusion processes cannot be prevented
for the experimental adsorption rate, we use in the present study
a value of the apparent rate constant of adsorgtigrsignifi-
cantly lower than that provided by eq 18 and allowing the best
agreement between the theoretical and experimental evolutions
of the partial pressure of acetone in the IR c&l,(= 4 x

10 5ky)

Figure 7 shows the comparison between experimental and
theoretical curves considering the microkinetic model solving
egs 10 and 1316. These equations provide the numbers of
adsorbed species on the Tiellet that are transformed into

localized adsorbed species, and (c) neglecting the partition coverages by dividindi—s1 by Ni—s1 (0) andNac by the number

function of rotation and vibration of the gaseous molecules and

of acetone that can be strongly adsorbed on a cleapstifface.

of vibration of the molecules in the adsorbed state as discussedCurves bl and b2 in Figure 7 give the evolution of the coverage

in more detail in a previous stud§.This leads to
h2
(2m7kT)**

wherem, is the mass of a molecule of acetone. This leadg, to
= 3.49 Pal s™1. For a partial pressure of acetone of 34 Pa and
for 6, = 0.5, the theoretical rate of adsorption is (948.5 x

ka= (18)

of the acetone on the §readsorption) and,gdiffusion process)
sites, respectively, whereas curve b obtained from (curvé bl
curve b2) gives the evolution of coverage of the T&Drface

by acetone whatever the nature of the sites (it corresponds to
the FTIR observations). Curve d provides the sum of the
coverage of the IP4gsand AGagsspecies. It shows that, during
0,—PCO, the total coverage of the surface is lower than the
initial coverage of the IPAqgsspecies whatever the irradiation
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duration: the progressive decrease of curve d represents thehat only the more reactive IRAsspecies participates signifi-
transformation of Aggsto CO, and formate species (not studied cantly in the formation of acetone at high values: TORE
in the present study). Figure 7 shows that the EMA of the O can be calculated using the amount of [Rfesorbed during a
PCO of IPAags provides theoretical curves that are consis- TPD after adsorption of IPA on a clean Tj8urface, 232mol/
tent with the experimental data using the kinetic parameters g.” This leads to TOEk = 0.9 x 1073 s ! in reasonable

of interest either determined experimentally (il€s, and Kg) agreement with the theoretical value: 41073 s,
or estimated considering experimental observatidag gnd Kinetic Studies for Low IPA Partial PressureBCO is a
k7p). promising process for the removal of organic pollutants in low

It myst be noted that we have not cons_idered in the kinetic concentrations in air (from ppb to a few ppm). This explains
modeling that acetone desorbed from theites re-adsorb on  the numerous studies on the performances of this process for
the s sites. There are two arguments to justify that this process the conversion of various organic molecules. However, the
is neglected (a) the substitution of an adsorption step (similar present microkinetic study reveals the difficulties that are
to step S7c) in place of the surface diffusion step (step S7b) expected performing kinetic studies in these experimental
leads to an evolution ofla similar to curve b1, however, in  congitions. The heat of adsorption of IPA at full coverage is
Figure 7. However, at~ 0 the slope of the theoretical curve very high 118 kJ/mol. This means th@t= 1 even with low
is equal to 0 at the difference of the experimental data (Curve partial pressure of IPA, for instance for 0.1 ppm of IPA in one
0) and (b) Figures 2 and 4 indicate that there is a delay betweenaym of air. However, depending on the ratio gas flow rate/weight
the consumption of oxygen and the appearance of gaseousy catalysis in the reactor, this coverage can be obtained after
acetone revealing an accumulation of oxygen containing species, |ong adsorption duration depending on the IPA content of
via a surface process such as diffusion. the reactive mixture. For instance, considering (a) an amount

To our knowledge, a similar microkinetic approach of the ¢ IPAsags OF 948 umollg of TiO,, (b) a gas flow rate of the
0O,—PCO of IPAagshas not been performed previously. Larson |pa containing mixture of 100 cAmin, and (c) a weight of
et all* and Xu et al3 have performed experiments similar to TiO, in a reactor of 0.2 g, thefy = 1 is obtained for adsorption
those of the present study by using MS and FTIR analytical g ations of 4.6 and 462 min for 1% and 100 ppm of IPA,
method. However, the kinetic exploitations are mainly descrip- yegpectively. For shorter adsorption durations, the coverage of

tive. The single attend to propose a kinetic simulation of the 4 catalyst sample will be not homogeneous such as1 at
observations is performed by Xu et'dlThey have shown that  ha inlet of the reactor anf} ~ 0 at the outlet. This means that

the evolutions of the coverages of the i3 ACsads and formate  yjnatic studies can be performed under unsteady-state conditions
species are compatible with a formal kinetic model based on leading to false kinetic conclusions.

successive first kinetic order reactions . . .
Comparisons of the Different TgOSamples.Luo and

A—B—C Falconef! have s.hpwn.that Ti©P 25 (a mixture anatase/rutile)
k= k presents a reactivity different than a pure anatase $anple.
This focuses on the impact of the exact natures and amounts of
with ki/k, = 10 (see Figure 7 in ref 13) that is consistent with the adsorption sites of the TiGurface. In particular, the present

our conclusion. However, the authors do not consider the detail EMA shows that the deep©PCO of IPA is limited by the
of the elementary steps while the formation of gaseous acetoneCOMPetitive chemisorption IPA/acetone on a fraction of the s
is not involved in the model. sites of TiQ adsorbing IPA. There is no competition on a small

4.5. Exploitation of the Microkinetic Approach of the PCO amount of s sites specific of the acetone adsorption. It can be
of IPA. Comparison between Experimental and Theoretical understpod that if the rat|Q/sllncre§§es due to the composition
Catalytic Actbity. This EMA reveals clearly that the superficial ~ Of the TiO; sample then the selectivity Gfacetone of the &-
process that limits the deep©PCO of IPA; is the competitive ~ PCO of IPA may increase.
chemisorption between the reactant and the acetone: the
desorption of acetone is strongly increased as compared to av. Conclusions
clean TiQ surface leading to a very small coverage insA¢ . . o
on the commonsssites. During the first second of the reaction, 1 N€ present experimental microkinetic study has shown that
Acsagsspecies can be formed on the small amount of spegific s the @—PCO of IPA;, at 300 K, on a pure anatase tisvlid,
sites by diffusion from thesssites. The high heat of adsorption  involves a strongly adsorbed IPA species denoteddiRAThe
of the adsorbed IPA intermediate species maint#ins 1 process is controlled by the strong competitive chemisorption
during the reaction in dynamic condition leading to the kinetic (0N S sites) between the reactant IPA and the product acetone
order O for IPA even for a very low partial pressure of IPA. which increases S|gn|f|qantly the rate of desorption of acetone.
The competitive chemisorption IPA/acetone explains that Adsorbed acetone species can be present only on a small amount
gaseous acetone is the main product e£-0CO of IPA. This of speC|f!c sites (denoted sepresenting 8% of the total amount
means that the rate of the elementary step S6 must determinéf the TiO; sites able to adsorb strongly acetone at 300 K).
the catalytic activity of TiQ during Q—PCO of IPA,. It has The competitive chemisorption IPA/acetqne I|m|'Fs strongly the
been shown that the apparent rate constant of step K§s deep Q—PCO of IPA because acetone is the single route for
1.4 x 1073 s~* (Figure 6) that must correspond to the theoretical the PCO of IPA into C@H,0. The catalytic activity (measured
turnover frequency (TQF) at high#, values. Figure 5 indicates in TOF, unit s1) for the formation of acetone is controlled by
that the rate of acetone production at a low IPA conversion is the L—H step between the strongly adsorbed dRéspecies
12.6 umol/(grmin) = 0.21 umol/(grs). Considering the total ~ and the active oxygen containing species denotegsdrmed
amount of IPA.gs 948 umol/g, this leads to an experimental under UV irradiation: TOF= 1.4 x 1073s™%,

TOFe value of 2.2x 1074 s71 significantly lower than TOf In static conditions, it has been shown that the experimental
= 1.4 x 1073 s71. However, it has been shown that nd-IRA data (coverages of the adsorbed species and partial pressure of
(desorbing as IPAduring TPD) is more reactive than the acetone) of the @-PCO of the IPAagsspecies can be described
d-IPAsagsspecies for the @-PCO process. This may indicate using five surface elementary steps
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step S6: |=-H step under UV irradiation
IPAsads'sl +X* ads™ Acads'sl +2 Yads

step S7a: surface diffusion AgS, — ACiys— S

step S7b: desorption due to competitive chemisorption
ACyysS — ACyt s
step S7: readsorption of acetone
ACg +s— Acresads_ S

step S8: |=-H step under UV irradition
AC st X gF

ads

- |2ads+ 2 Yads

sads

where X*34sis an oxygen containing species formed under UV

Arsac et al.

TOF = turnover frequency for the £-PCO of IPA

microkinetic simulation of the static & PCO of IPAgsin
the IR cell

t = duration of the @—PCO of IPAugs

Nag(t) = number of acetone molecule in the IR cell

Ni—s1(t), Na—si(t), Na—sAt) = number of IPA and acetone
molecules strongly adsorbed on the s1 and s2 sites of the catalyst
pellet Na(t) = Na-si(t) + Na-sAt))

Nacread{t) = number of acetone molecules re-adsorbed on the
sl sites

ky, Ky = rate constant and apparent rate constant of the
elementary steps,S

Ka theoretical or experimental rate constant for the
adsorption of acetone
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