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Abstract

Background, aim The aims of the NORMACAT project are:
to develop tools and unbiased standardized methods to
measure the performance and to validate the safety of new
materials and systems integrating photocatalysis, to develop
new photocatalytic media with higher efficiency and to give
recommendations aimed at improving the tested materials
and systems.

Method To achieve this objective, it was necessary to design
standardized test benches and protocols to assess photoca-
talytic efficiency of materials or systems used in the treat-
ment of volatile organic compounds (VOCs) and odour
under conditions close to applications. The tests are based
on the validation of robust analytical methods at the parts
per billion by volume level that not only follow the disap-
pearance of the initial VOCs but also identify the secondary
species and calculate the mineralization rates.

Results The first results of inter-laboratory closed chamber
tests, according to XP B44-013 AFNOR standard, are de-
scribed. The photocatalytic degradation of mixtures of
several defined pollutants under controlled conditions (tem-
perature, relative humidity, initial concentration) was carried
out in two independent laboratories with the same photo-
catalytic device and with various analytical procedures.
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Comparison of the degradation rate and of the mineralization
efficiency allowed the determination of the clean air delivery
rate in both cases. Formaldehyde was the only by-product
detected during photocatalytic test under standardized exper-
imental conditions. The concentration of transient formalde-
hyde varied according to the initial VOC concentration.
Moreover the photocatalytic reaction rate of formaldehyde in
mixture with other pollutants was analysed. It was concluded
that formaldehyde concentration did not increase with time.
Conclusion—perspective This type of experiment should
allow the comparison of the performances of different pho-
toreactors and of photocatalytic media under controlled and
reproducible conditions against mixtures of pollutants in-
cluding formaldehyde.

Keywords Photocatalysis - Organic volatile compounds
(VOC) - Formaldehyde - Standard - Analytical procedures -
Mineralization

1 Background, aim and scope

Today, most people living in industrial regions, particularly
during the colder months, spend 90% of their time in closed
rooms with only short aeration periods. At the same time,
heat-insulating measures decrease the fresh air supply and
lead to an increasing accumulation of emitted substances,
sometimes exceeding the values measured in outdoor air.
Moreover, in the 1960s and 1970s, materials containing
unhealthy substances were used uncritically, creating sour-
ces of long-term emission. Building product, furnishing and
household commodities often emit volatile chemical com-
pounds. These are so-called volatile organic compounds
(VOC) or semi-volatile organic compounds. Solvents, resid-
ual monomers, plasticizers, fire-proofing agents, auxiliary
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agents for processing, preservatives (biocides), and reaction
or decomposition products are responsible for the occur-
rence of these emissions. Well-known examples are
formaldehyde (emissions from wood-based materials), pen-
tachlorophenol and its water-soluble sodium salt (wood
preservatives) and polychlorinated biphenyls (insulating
materials). As an illustration, Fig. 1 presents different sour-
ces of VOCs which can be found in a typical residence. In
addition, many health problems are caused by biological
particles such as fungi, moulds, bacteria and other micro-
organisms. All the above-mentioned factors have led to
numerous investigations on the deterioration of indoor hy-
giene. Nevertheless, the subject of “indoor air” is a relatively
young branch of chemical and medical science.

For many indoor contaminants, odour and pungency can
become a concern at very low concentration. Pungency is
the measure of a chemical’s ability to cause irritation, sting-
ing, tingling and burning in the nose and the eyes. Odour
thresholds are lower than pungency thresholds for any
chemical. However, combinations of various VOCs can
reach odour and pungency levels below the threshold of
individual components, suggesting the occurrence of addi-
tive or even synergistic effects.

The control of indoor air quality is thus becoming a major
concern in modern buildings, due to their increased isolation
for energy saving and to the use of materials containing
volatile chemicals. Indoor air is a complex medium contain-
ing VOCs, pathogenic or non-pathogenic microorganisms
and aerosols. A better control of this air pollution in
enclosed environment may be achieved by controlling pol-
lution sources, increasing air exchange rate and purifying
the polluted air. The use of air purifiers can decrease indoor
air contamination, but the long-term performance of an air

Fig. 1 Different types of VOC
sources which can be found in a
typical residence (from Kuske
and Nicolas 2000)
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purifier depends on its maintenance. Usually, these air puri-
fiers are made up of different filters and collectors, which
can remove most particulate materials including, biological
and chemicals contaminants.

Several purification techniques may be used separately or
in combination depending on the complexity of the mixture
of pollutants in the air to be treated:

+ Filtration for aerosols and microorganisms but not for
volatile molecules,

* Air ionization, although very few scientific data on this
process are available,

* Adsorption which only transfers the pollutants to anoth-
er (solid) phase,

e Chemical destruction by cold plasma, ozonization or cat-
alytic oxidation is not adapted to indoor air purification
due to the possible formation of undesirable by-products
(plasma, ozonization) or to the constraint of the process
(i.e. high temperature for catalytic oxidation), and

* Photocatalysis.

Photocatalytic oxidation (PCO), operating at room tem-
perature and atmospheric pressure, is well suited for con-
taminated air with low pollutant concentration and low flow
rate (Le Cloirec 1998). Since organic contaminants are
usually present at very low concentrations, PCO, in combi-
nation with particle filters, is adapted to indoor air treatment,
either as separate air purifier devices or included in air
conditioning. PCO of airborne organic contaminants was
shown to be very efficient and to mineralize (oxidation to
H,O and CO,) number of them (Lewandoski and Ollis
2003; Blake 2001; Vorontsov 2008; Tompkins et al. 2005).
However, most of these studies deal with high pollutants
concentrations [10—100 parts per million in volume (ppmv)]
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with single or binary mixture of model molecules, out of the
range usually encountered for indoor air [10—1,000 parts per
billion in volume (ppbv)]. Few studies have been carried out
in the parts per billion volume (ppbv) range, eventually
coupled with odour characterization (Obee 1996; Jo et al.
2002; Hang and Lee 2002; Pichat et al. 2000). Moreover the
comparison of the results obtained in different laboratories
is often unreliable, since a lot of operating conditions (de-
sign of the reactor, irradiation source and light intensity,
flow rate, pollutant nature and concentration, pure pollutant
or mixture of them, relative humidity,...) influence the fate
of the photocatalytic reactions. Moreover the intermediate
products analysis and determination is not always complete,
and one of the main reaction indicators, i.e. the extent of
mineralization, issued from the determination of CO, evo-
lution during the reaction, is not always available.

1.1 Needs of standardization for photocatalytic reactors

As for photocatalytic materials, it is very important to design
standard to assess the performances of commercial air puri-
fier. Nowadays, a lot of advertising for photocatalytic air
purifier may be found on the web. Those advertisings give
incomplete information or sometimes totally wrong data.
Usually these air purifiers are validated by the producer
itself or by independent laboratories, often without any
reliable information on how the evaluation was carried out.
For instance, some materials are designed to be used under
visible light, but they were tested under UVA irradiation. As
most of these results are far from real use conditions, mate-
rials and devices need to be tested under defined and con-
trolled conditions, closer to their actual working conditions,
at low ppbv range.

By-product formation under real use conditions has to be
compared, if available, to the concentration proposed as
expositions limits. However, since the reported tests are
most often carried out at concentration far away from indoor
air concentration, by-product formation is expected.

Special attention has to be paid to formaldehyde forma-
tion. Actually, besides numerous formaldehyde sources in
indoor environments, secondary formation of formaldehyde
may also occur indoors as PCO by-product issued from
other VOCs. Cancer International Research Center gave
several reference values for formaldehyde:

« 10 pg/m® or 8 ppbv: target reference value to reach
before 10 years,

« 30 ug/m’ or 24 ppbv: reference value for air quality
under which no regulating action is required,

« 50 pug/m’ or 40 ppbv: information value above which
the formaldehyde sources have to be identified and
suitable actions are required, and

« 100 pg/m’ or 80 ppbv: value for a quick regulating

action in order to decrease before 1 month to 30 pg/m’
and World health Organization (WHO) short-term
guideline recommendation.

The potential usefulness of photocatalysis for decreasing
formaldehyde concentration in indoor air is thus a major
concern.

To address the question of reliable and comparable tests
for the evaluation of the efficiency of photocatalytic devices
and materials devoted to indoor air purification, a standard
was published by AFNOR (2009) and it will be proposed as
a new item for the CEN TC 386. One of the aims of the
NORMACAT project is to evaluate and make inter-
laboratories comparison of photocatalytic devices and mate-
rials in several closed chambers defined in this standard. The
analysis of the photocatalytic reaction rate and products,
including CO, to determine the mineralization yield, on a
well-defined mixture of four VOCs (toluene, hexane, acetal-
dehyde, acetone) has to be followed with suitable analytical
devices.

In the following, inter-laboratory experiments were car-
ried out on the same photocatalytic device with two different
closed chambers in two different laboratories with various
analytical methods according to the XP B44-013 standard.
As by-products formation during the photocatalytic reaction
course is a major concern for indoor air applications, we
also addressed formaldehyde formation and reaction under
these conditions.

2 Materials and methods
2.1 Closed chamber

Similar closed chamber were used for the photocatalytic
tests in the two laboratories IPREM and CERTECH
(Fig. 2). A validation of the closed chambers was made
before the photocatalytic tests in order to control the possi-
ble leaks, the release of VOCs from the material chamber
and the stability of VOC concentration without photocata-
lytic device for 8 h (less than 10% variation). Chambers
were equipped with an air homogenization system (external
fan with a maximum flow 120 m>/h), relative humidity and
temperature measurement system. Online connection of the
analytical systems (VOC and CO/CO, determination) to the
chamber allowed automatic sampling (Table 1).

2.2 Primary VOC analysis
In IPREM, gas chromatography systems with flame ioniza-

tion (GC-FID) and photoionization (GC-PID) detectors
(Airmotec) were connected online with the closed chamber
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Fig. 2 Pictures of the two
closed chambers used for the
photocatalytic tests with the
same photocatalytic device in a
IPREM and b CERTECH

in order to sample and analyse primary VOC in the ppbv to
several parts per million volume (ppmv) range. In CER-
TECH, the chemicals evolution is followed using online
gas chromatography with a photoionization detector (device
GC-PID from EPA). This equipment allows the analysis of
components from sub-ppbv to ppmv level without any pre-
concentration device. VOC analysis can be also done by soft
chemical ionization coupled with a mass spectrometer

(V&F).
2.3 CO/CO; analysis

In IPREM, a gas chromatography system with a methanizer
and flame ionization detector (GC-methanizer-FID; Airmo-
tec) was connected online with the closed chamber in order
to sample and analyse CO and CO, in the range 1—
1,000 ppmv. In CERTECH, CO, was analysed online by
micro-GC in the range 2 ppmv to several % and CO by
photoacoustic method (Innova).

2.4 Formaldehyde sampling and analysis

In IPREM, the LpDNPH S10 Cartridge (Supelco) contain-
ing high purity silica coated with 2,4-dinitrophenylhydra-
zine (DNPH) was used for sampling air. A sampling pump
draws air through the device at flow rates 1 L min~' for 15
to 20 min. Following sample collection, the cartridges were
desorbed in reverse direction of the air flow with 5 mL
acetonitrile. Twenty microliters of eluate was injected into
HPLC system (Knauer). A formaldehyde curve of formal-
dehyde—DNPH was used (from commercial standard Sigma
Aldrich) for the quantification of the content of formaldehyde

Table 1 Characteristics of the airtight chambers

IPREM CERTECH
Volume (m?) 1.17 1.2
Size length x width x height (m) 1.3x0.9%1.0 1.5x0.8x1.0
Material PMMA PMMA
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in air sample. During the photocatalytic test, the sample
volume should always be kept under 5% of the chamber
volume, i.e. 60 L maximum of sampled air. In CER-
TECH, formaldehyde is either analysed by HPLC (Waters)
through DNPH Cartridge or monitored continuously online
by soft chemical ionization coupled with a mass spectrometer
(V&F).

2.5 Photocatalytic device for comparative inter-laboratory
tests

The benchmark system developed by CERTECH was an
aluminium box 76%13x13 cm with inner wall coated
with commercial TiO,. A fan (flow 30 m® h™") circu-
lates the air through the system, according to AFNOR
standard XP B44-013, defined for the evaluation of photo-
catalytic prototypes and commercial devices with maximal
flow 1000 m® h™". In our study, a gas flow rate of 30 m> h™"
corresponds to a 0.49 m s~ gas velocity on the photocatalytic
media, usually found in air treatment. In the middle of the
device, a lamp (UV-C Philips TUV PL-L 36W/4P) was
enclosed.

2.6 Procedure used for photocatalytic tests

The protocol used for photocatalytic test followed the
AFNOR XP B44-13 standard. The photocatalytic device
was put in the airtight chamber. Before the test, the chamber
was first flushed with clean dry air and the photocatalytic
device switched on during 12 h to condition the photocata-
lytic media. In the second step, the chamber was flushed
with clean moist air until the defined relative humidity (50+
5%) was obtained. A control of this blank sample (temper-
ature, relative humidity, VOC and CO, data) warranted the
quality of the chamber/device, with no unexpected pollutant
in the baseline.

The photocatalytic device was then switched off and the
mixture of four (or five) pollutants was added from pure
liquid commercial solution (Sigma Aldrich or Acros) with a
microsyringe through a septum into the chamber. Generally
the four pollutants proposed in the AFNOR XP B44-13
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Fig. 3 Comparison of VOC concentration during photocatalytic test in
a IPREM and b CERTECH. Photocatalytic device was started after
stabilization of VOC concentration. The decrease of the five VOCs

standard (acetaldehyde, acetone, heptane, toluene) were
used. Eventually a fifth one (o-xylene) was added to
this mixture. Various concentrations were tested (from
250 to 1000 ppbv each compound). Formaldehyde was
also added as an additional VOC in several tests made
in CERTECH to study its behaviour in a COV mixture
under photocatalytic conditions. An external fan was
switched on during pollutants homogenization. After
homogenization, the external fan was switched off and
the photocatalytic device was started. The test was con-
ducted until more than 90% VOC disappeared. Contin-
uous VOC, CO, analysis, temperature and relative
humidity evolution were followed before pollutants ad-
dition and during the complete photocatalytic test.
Switching on the UV light had no significant influence
on the temperature (less than 2°C increase), and no
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Fig. 4 Comparison of theoretical and experimental CO, concentration
during photocatalytic test in a IPREM and b CERTECH. The increase
of CO, concentration was followed online during photocatalytic test
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concentration was followed online during the photocatalytic test until
total disappearance of each compound

COV desorption was noticed. Similar results were
obtained in CERTECH and IPREM with slightly differ-
ent temperatures (22°C in CERTECH and 28°C in
IPREM).

3 Results and discussion
3.1 Inter-laboratory comparison

The first tests were carried out in the two laboratories IPREM—
CERTECH) using similar experimental conditions: same pho-
tocatalytic device, each VOC at about 1 ppmv concentration,
relative humidity 45-55% and temperature 22—-28°C.

The results may be compared by following the pollutants
concentrations against time and by calculating the clean air
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until total disappearance of each VOC. Theoretical CO, concentration

was calculated from the experimental VOC concentration considering
that all VOC were entirely converted into CO,
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delivery rate (CADR) for individual and total VOC. CADR
represents the “effective” clean airflow rate delivered by the
air cleaner (Chen et al. 2006). The analysis is based on the
well-mixed single-zone model. Assuming that the air is well
mixed in the chamber and that the contaminant removal
mechanisms other than air cleaning (e.g. surface deposition
effect and chamber leakage effect) are the same with and
without operating air cleaner, the reaction can be character-
ized by a first-order rate constant k,,. The mass conservation
of contaminant in the “pull-down” test can be written as:

dc CADR

—:—(k,,+ )XC:—kexC (1)

dt

where

Vv Volume of the testing chamber (in m®)

k,, Contaminant concentration decay rate without air
cleaner operating (chamber effects; h™')

ke Total contaminant concentration decay rate with
air cleaner operating (h™")

Co Initial contaminant concentration inside the

chamber (in mg m™> for each VOC)

Time (in hours)

C Contaminant concentration inside the chamber at
time ¢ (in mg m > for each VOC)

Clean air delivery rate (inm > h™")

~

CADR

To characterize the chamber effects on the air cleaner test
results for VOC (mainly a possible sink effect), an empty
chamber test was conducted first. In the two studies (IPREM
and CERTECH), the chamber sink effect and the chamber
leakage rate were considered negligible, which implied k,,=
0. Then, Eq. 1 was simplified as follows:

ﬁz_(CADR> K C=—kyx C 2)
dt 14

CADR can then be determined by linear regression of In
(C/Cy) versus t from the measured concentration decay
curve. Total contaminant concentration (C, and C) was
converted in milligrams of carbon/cubic metre before plot-
ting the linear regression.

The evolution of VOC (Fig. 3a, b) and CO, (Fig. 4a, b)
concentration with time was compared in the two laborato-
ries. Similar VOC decrease was obtained in both studies
(Fig. 3a, b), with the following order: o-xylene>acetalde-
hyde>toluene>acetone>heptanes. Moreover, CO, production

Table 3 Formaldehyde determination (DNPH/HPLC) with various
VOC concentrations during the photocatalytic tests

Test Sampling time (after Formaldehyde amount
switching on) (ng m>)
4 VOC at Between 10 and 25 min 77
1 ppmv Between 35 and 50 min 10
4 VOC at Between 10 and 25 min 33
500 ppbv Between 35 and 50 min <DL
4 VOC at Between 5 and 25 min 15
250 ppbv Between 35 and 55 min <DL

DL detection limit estimated at 5 pug m™> for this sampling and

analytical procedure

was observed (Fig. 4a, b). Since the amount of produced CO,
was in good agreement with theoretical CO,, an efficient
mineralization was achieved. From these experimental results,
CADR estimation was made for each compounds and total
VOC (Table 2).

IPREM and CERTECH results are in good agreement for
every compound and total VOC CADR. The most signifi-
cant variations were obtained for the fastest degraded com-
pounds (acetaldehyde and o-xylene). For these two
compounds, the CADR was determined at IPREM with only
few data, accounting for the highest uncertainty of these
values. To summarize, this inter-laboratory comparison
was convincing and allowed the validation of the two bench
tests with different analytical equipments.

3.2 Formaldehyde detection and reactivity
during the photocatalytic test as a function
of initial VOC concentration

3.2.1 Formaldehyde detection during photocatalytic test
by DNPH-HPLC analysis (IPREM)

In addition to the previously described online VOC and CO,
analysis during the photocatalytic tests, formaldehyde de-
tection (the only by-product detected) was performed with
DNPH cartridge sampling. In this experiment, a mixture of
four VOCs (acetaldehyde, acetone, n-heptane, toluene) was
introduced in the chamber. Formaldehyde determination at
various VOC concentrations is reported in Table 3. Formal-
dehyde produced by photocatalysis not only adsorbed on the
surface of catalyst, but can also desorb and enter into gas
phase where it was quantified for short irradiation time and

Table 2 CADR results

CADR (m*h™") Acetaldehyde  Acetone n-Heptane  Toluene o-Xylene VOC
“Three replicates tests were CERTECH (22°C)  10.61£021  3.64£0.08 2.65+0.16 594024 11.1840.22 4.51+0.09
made to estimate the uncertainty  |pREM (26+2°C)* 8.03+1.61  3.1840.06 2.35+0.07 5.75+0.11 10.30+1.44 4.38+0.09

on CADR data
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Fig. 5 Concentration of formaldehyde as sole photocatalytic by-
product (detected at the beginning of the photocatalytic tests) versus
initial total VOC concentration

for three VOC concentrations (sampling between 5 and
25 min after switching on the photocatalytic device). Its
amount decreased with the VOC concentration, and a satis-
factory linear correlation of formaldehyde concentration
with total VOC concentrations was obtained (Fig. 5). More-
over, it may be concluded that this by-product was miner-
alized for longer irradiation time.

3.2.2 Formaldehyde photocatalytic reactivity
when introduced in mixture with other VOC, monitored

by continuous CI-GC-MS analysis (CERTECH)

Formaldehyde formation as a by-product is a critical issue as
it was shown in the previous experiments that it was the sole
by-product observed during the initial irradiation time. In
the following, we addressed the issue of formaldehyde be-
haviour when introduced at various concentrations in the

test chamber, together with the other VOCs. All VOCs,
including formaldehyde, were followed online by soft
chemical ionization coupled with a mass spectrometer (SI-
MS, V&F).

In a first experiment, a mixture of acetone, n-heptane,
toluene, o-xylene and formaldehyde was used. Formalde-
hyde in aqueous solution was introduced in the chamber at
same concentration as the other chemicals. One hundred
minutes was necessary to reach a formaldehyde stationary
concentration around 250 ppbv (Fig. 6). Once the equilibri-
um was reached, the reactor was switched ON and all the
chemicals were removed almost at the same rate. In this
case, no secondary formaldehyde production was observed
during the VOCs mixture degradation. The final concentra-
tion was well below the WHO short-term guideline recom-
mendation 0.1 mg/m> (about 80 ppbv).

Two other tests were carried out using a mixture contain-
ing acetone, heptane, toluene and xylene at much higher
concentration (1500-2500), and various concentration of
additional formaldehyde or acetaldehyde. In the first case
(Fig. 7), initial formaldehyde and acetaldehyde concentra-
tion were below 50 ppbv, while in the second case (Fig. 8),
formaldehyde and acetaldehyde concentration were below
200 ppbv.

As observed previously, when formaldehyde was absent
(Fig. 5) or at low concentration (<50 ppbv) at the beginning
of the experiment (Fig. 7), its concentration first increased to
20-150 ppbv (depending on the conditions) when the device
was switched ON, but decreased quickly with time to reach
a level well below the 80-ppbv WHO recommendation for
short exposure. Its production was thus quite limited and
only detected over 50 min irradiation. Acetaldehyde tran-
sient formation was also observed (<100 ppbv, Fig. 7) and
followed the same trend as formaldehyde.

Fig. 6 Evolution versus time of 300
VOC concentration after
introduction of a mixture of PP ot T S NSRS Ao ey cmpe
acetone, heptane, toluene, 250 J o o e o o 5 - .,.._:‘:._:‘:‘:'
o-xylene and formaldehyde T
(each VOC concentration 5 gl
around 250 ppbv) 2 o
& .
= o
2
§ 150 1
g
c
£ 100
50 4
0 _.__:.,"‘-u_.h___ﬂ,-.;,;’""-'-"-u-'u-'\“q-,ﬁ"---ﬂ""-—---‘--¢‘_,a‘,', . -:".‘“___h-_
0,00 20,00 40,00 60,00 80,00 100,00 120,00 140,00 160,00
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Fig. 7 Evolution versus time of 3000 250
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In the second case (Fig. 8), where the initial formalde-
hyde concentration was 200 ppbv, ten times lower than the
other pollutant, no formation of secondary formaldehyde
was observed. The decrease of its concentration started
immediately after the reactor was switched ON, just like when
its initial concentration was of the same order of magnitude as
that of the other VOCs (Fig. 6).

These experiments indicate that we must be very careful
with the conclusion regarding the production of by-products
such as formaldehyde. Depending on the starting mixture,
possible transient formation of formaldehyde may actually
be observed when starting with low or no initial content of
formaldehyde. But when already present in the starting
mixture at the same level of concentration as other VOCs,
its secondary by-production is no longer observed and only
a decrease of its concentration due to PCO is evidenced.

These experiments should be carried out with other pho-
tocatalytic devices and could actually discriminate set-up
which will increase formaldehyde concentration in the
chamber and other ones which will clean up the air and
reduce formaldehyde concentration well below the WHO
recommendation. For a more complete evaluation of photo-
catalytic devices, we could thus recommend to add in the
standard VOC mixture formaldehyde at a slightly higher
concentration than the WHO recommendation (80 ppbv).

4 Conclusion
The AFNOR XP B44-013 standard sets some parameters to
assess the performances in closed chamber tests of photo-

catalytic air purifiers, such as the volume of the test

250

Fig. 8 Evolution versus time of
VOC concentration after
introduction of a mixture of
acetone (1500 ppbv), heptane
(2500 ppbv), toluene
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chamber, the gas mixture to be tested, the temperature and
the relative humidity. The analytical equipments to be used
are not fixed, but should be sensitive enough to follow
online the evolution of pollutant and of CO, at ppbv—ppmv
level, respectively.

Inter-laboratory experiments proved the validity of the
XP-B44-13 standard to determine the efficiency of air-
cleaning devices based on photocatalytic mineralization in
closed chamber tests, for initial VOCs concentration in the
250-1000-ppbv range usually encountered for indoor air.
From the disappearance rate of a mixture of standard VOCs,
the CADR of the devices, based on first-order kinetics, may
be measured under various conditions, while the CO, emis-
sion rate is compared to the expected theoretical CO, emis-
sion for complete mineralization. This study carried out in
two independent laboratories proved that the standard is
robust and reliable, since the same CADR was determined
in both laboratories using the same photoreactor but differ-
ent types of analytical tools.

It was also demonstrated in this inter-laboratory compar-
ison with different test chambers and analytical procedures
that no gaseous by-product except formaldehyde was
detected during the photocatalytic process. This result is
consistent with the formation of heavy by-products such as
benzaldehyde, benzoic acid, ethanoic acid, in the first reac-
tion step, adsorbed on the photocatalytic media and quickly
oxidized to formaldehyde. However, in all the cases, form-
aldehyde is only a transient species detected at low concen-
tration at the beginning of the test and further oxidized to
carbon dioxide.

It was concluded that transient formaldehyde concentra-
tion was dependant on initial VOC concentration. More-
over, continuous monitoring by SI-MS of formaldehyde,
introduced at the beginning of the experiments in mixture
with other VOCs, evidenced that formaldehyde concentra-
tion with time was dependant on the ratio (initial HCHO)/
VOCs and that formaldehyde was quickly removed. Sec-
ondary production of formaldehyde was only observed at
null or weak initial formaldehyde concentration relative to
other VOCs. In any case, detected formaldehyde concentra-
tion was always below the WHO recommendation (80 ppbv)
under our conditions. It is thus recommended that in future
evaluation of photocatalytic devices, formaldehyde should
be added in the gas mixture to be studied. Further experi-
ments are forecasted to assess the efficiency of various

commercial devices, as well as the influence of the ageing
of the photocatalytic medium and of the lamp.
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