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Abstract

A novel rotating honeycomb adsorbent coupled with a photocatalytic reactor demonstrated by Shiraishi et al. is modeled here. In operation,
air pollutant formaldehyde was adsorbed from a simulated room ?.D(bmo a slowly rotating honeycomb, which then passed slowly through a
small chamber (0.09 &) in which locally recirculated heated air desorbed the formaldehyde and carried it through a photocatalytic reactor, whic
oxidized the desorbed material. The regenerated rotor-adsorbent then rotated back into the airtight chamber. This system was modeled at s
states and transient states to determine adsorption, desorption, and photocatalyst pseudo-first-order rate constants at the appropriate tempe
(ambient temperature for adsorption, 120-18Gor desorption and photocatalysis). Intensity-corrected values for the photocatalytic rate constant
kcat (cn12/(mW s)) deduced from fitting our model to the data of Shiraishi et al. were in good agreement with those calculated from five literatut
reports for formaldehyde photocatalytic destruction.
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1. Introduction mercial (offices, restaurants), and residential buildifi2js
A VOC is defined by the U.S. EPA in the Code of Federal Reg-

The US Environmental Protection Agency (EPA) definesulations (CFR)3] as any carbon compound (excluding certain
“sick building” syndrome (SBS) as a situation in which build- compounds) participating in atmospheric photochemical reac-
ing occupants experience acute health conditions linked to timéons. Formaldehyde is one VOC that has been linked to SBS
spent in a building, but no specific diagnosis can be assigned]. Formaldehyde is found in many indoor products, such as
to their illness[1]. Often the occupants’ symptoms disappearpressed wood, paints, insulation, coated paper products, and
soon after they leave the building. Causes of SBS include ineombustible materials. It is a colorless, strong-smelling gas
adequate ventilation, chemical contaminants from both indoothat can cause nausea, chest tightness, wheezing, skin rashes,
and outdoor sources, and biological contaminants. Volatile orand allergic reactions at levels as low as 0.1 pjah It is
ganic compounds (VOCs) are a category of indoor chemicad suspected human carcinogen and has been shown to cause
contaminants, and formaldehyde (&B) levels are of wide- cancer in animals. The Occupational Safety and Health Admin-
spread interest. To prevent or eliminate SBS, building air musistration (OSHA) specifies a workplace time-weighted average
be cleaned or properly refreshed, and/or the sources of VO@ermissible exposure limit (TWA-PEL) of 0.75 ppm, whereas
pollutants removed or modified. the American Conference of Governmental Industrial Hygien-

VOC is a diverse class of organic indoor air contaminantgsts (ACGIH) recommends a TWA threshold limit value (TLV)
present in industrial (petroleum, pharmaceutical, textile), comef 0.3 ppm[6]. These time-weighted averages are for 8-h work-

days or 40-h workweeks.
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surface holds the most promise for reducing SBS by treatinglite. For 30 and 200 ppm cyclohexanone concentrations, the
ventilation air. The quantity of VOCs bound to the adsorbenibptimal rotation speed was a function of the desorption gas
depends on available adsorbent surface area, VOC concentistream velocity, the rotor width, and the ratio of the mono-
tion, temperature, VOC chemical structure, physical propertiefith cross-sectional area in the process zone to the monolith
of adsorbent and VOC, adsorbent capacity or regenerated carea in the desorption zone. Typical values ranged from 20 to
pacity, and contact timg]. Two common adsorbents for indoor 50 rotationgh.

VOC removal are activated carbon and zeolites. Activated car- Combination PCO reactor—adsorbent systems also have been
bon is used predominantly to remove hydrocarbons and nonp@xamined. Ao and Le§8] studied toluene and nitrogen ox-
lar gases, and zeolites are used predominately to remove poliae removal using TiQ immobilized on an activated carbon
gases and vapofg]. Zeolites have been shown to remove ben-filter. Combining adsorption, thermal regeneration and photo-
zenen-hexane, and CpO from indoor air[8]. Activated car-  catalysis, Shiraishi et g29] developed a novel air-purification
bon typically has a large surface area (1401 g) and modest  system consisting of a rotating honeycomb loaded with zeo-
density (0.55 gcm®). It is used to retain VOCs with molec- lite or activated carbon, combined with a Ti@actor to re-
ular weights>45 and boiling points above°@ and is easily move and eventually photocatalytically oxidize the air contam-
regenerated thermally]. Formaldehyde is a polar compound; inant CHO. In a batch system (airtight chamber) with initial
its retentivity on activated carbon at 20 and 1 atm is~3%  CH,O levels of 0.55-0.75 mgn®, this system achieved the
[9], where retentivity is defined as the maximum amount (Wt%)0.1 mg/m® CH,O guideline set by the World Health Organi-
of adsorbed vapor retained by the carbon after the ambient gasition in 10 min and reached nearly zero concentration after

concentration reduces to zero. 90 min. Our work constructs an engineering model for their
The removal of VOCs from air using Tilas a photocat- combined adsorbent—PCO reactor system.
alyst has been widely investigated. Peral and dMUi8] de- Except for CHO source removal in indoor products, the

graded trace levels of gas-phase acetone, 1-butanglDChhd  technology developed by Shiraishi et f19] is believed to be
m-xylene on Degussa P25 TjOOther studies have been con- the best option for removing existing levels of Bl Their
ducted with CHO as areactafil 1-17] Moreover, other VOCs system decreases the @Bl concentration in a simulated room
(e.g., ethanol, acetaldehyde, methyl formate) are known to prdselow the WHO guideline, in addition to oxidizing the @@l
duce CHO as an intermediate specig8—22]during photo- in a small PCO reactor. Adsorption-only systems to a sorbent
catalytic oxidation (PCO). material require frequent sorbent replacement or regeneration.
Ceramic honeycombs have been examined as catalyst sulpcreased fresh air ventilation and removal of exhaust air re-
ports for PCO. Honeycombs offer a number of advantages ovejuire increased energy consumption, because air is not recircu-
pellet-shaped patrticles, including attrition resistance and lovated. Energy is expended to cool or heat the fresh air to the
pressure drop even at high flow ratgd. Suzuki[23] stud-  desired temperature, and the gBtcontaining air is exhausted
ied TiO, coated on cordierite monoliths for air purification in outdoors, polluting the atmosphere. Ozonation can be used to
vehicles. Sauer and Ollig2,24] coated anatase Tigon ce-  oxidize CHO, but ozone can damage the respiratory system.
ramic monoliths and oxidized acetone, ethanol, and acetalde- We report the development of a kinetic model for a novel
hyde in air. Son et al25] designed a combination of plasma rotating adsorbent—photocatalyst reactor. The combination
with photocatalyst cordierite honeycomb substrate for removadsorbent—catalyst system allows rapid air contaminant re-
ing propane, propene, tolueng;xylene, ammonia, trimethyl- moval (air to adsorbent), followed by desorption into a small-
amine, and methylmercaptane. volume photoreactor, where the consequent three- to five-fold
Honeycomb monoliths have also been used as supports farcrease in contaminant concentration allows the use of a
thermally regenerable adsorbents. In one configuration, a rotasimaller reactor than a photocatalyst-only system would re-
ing honeycomb adsorbent is used to cycle through process (aduire.
sorption) and regeneration (desorption) zones to remove conta-
minants. In the adsorption or process zone, organic impuritie8. Experimental
are removed from the inflowing stream by adsorption on the
rotor. In the subsequent high-temperature regeneration zon2,1. Experimental apparatus
these impurities desorb from the rotor into a second, isolated air
flow. Some rotor sorbent configurations include a cooling zone The process modeled includes two independent, continuous-
to rapidly decrease the honeycomb temperature just after tHfeow systems interconnected by a rotating, cylindrical ceramic
regeneration zone. Researchers have studied rotating zeolitgeneycomb. The rotation cycles the honeycomb rotor through
coated honeycombs for VOC remova6,27] For removing a low-temperature process (adsorption) and a high-temperature
acetone, isopropyl alcohol, propylene glycol monomethyl etheregeneration (desorption) zone to remove,OHrom cham-
acetate, and propylene glycol methyl ether from air, Chang eber air. A diagram of the experimental system is reproduced
al.[26] found an optimal rotation speed of 3—-4.5 rotatidmfor ~ in Fig. 1 [29] In greater detail, the system comprises of an
a process temperature of 40 and a regeneration temperature airtight chamber (*highly tight room” in the Shiraishi article),
of 180°C. Mitsuma et al[27] developed an optimal empiri- a cylindrical honeycomb ceramic rotor, a small box chamber,
cal formula for rotation speed for cyclohexanone adsorption omnd a photocatalytic reactor contained therein. The volumes of
a ceramic honeycomb rotor impregnated with a high-silica zethe airtight chamber (simulated room) and small box are 10
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Fig. 1. A schematic of an air-purification system consisting of the photocatalytic reactor with a parallel array of nine blacklight-blue fluarapseand the
continuous adsorption and desorption apparatus with a ceramic-paper honeycomb rotor retaining activated carbon or zeolite fine particles {repr&thiraishi
et al.[29]).

and 0.09 , respectively. The rotating honeycomb passes alter2.2. Model and parameter estimation

nately through the airtight chamber and the small box chamber

containing the PCO reactor(.014 n?). The combination sys- The following sections discuss the model development and

tem provides a greater than four-fold increase in initialOH parameter evaluation method.

concentration than the airtight chamber. The highepQldon-

centration in the small box reduces the required size of the PC@.2.1. Adsor ption—desor ption equilibrium constants

reactor accordingly. Data from the simple adsorption—desorption experiments
The rotor (300 mm diameter, 50 mm thick) is composed offrom Shiraishi et al.[29] are used to calculate the adsorp-

ceramic honeycomb laminates with a 3-mm corrugation pitchtion equilibrium constant&ac-cnr and Ksg-cHr at ambient

Shiraishi et al[29] deposited a zeolite (ZSM-5) or activated and desorption/regeneration temperatures, respectively. The to-

carbon (coconut husk) on the rotor to adsorb,OHBecause tal quantity of CHO in the system is constant, because no

they found that activated carbon is a better adsorbent fGGH  reaction occurs in these experiments. A Hmole balance

our model examines only their data for this system. The rotatiofs Used to calculate the amount of gbiadsorbed on the hon-

speed of their honeycomb is not specified, but it is assumed t8ycomb rotor:

be slow enough so that the higher temperature in the small b

does not elevate the temperature in the airtight chamber.
The photocatalytic reactor consists of nine 6-W blacklight- + (ceramic honeycomb rotpr

blue fluorescent lamps enclosed in Pyrex glass tubes. The lam

emit primarily in the UVA (300-400 nm) wavelengths. The BAcCo = VacCac + VseCse + VerrCerr. (1)

Pyrex tubes are 230 mm long and have a 28 mm i.d. A thin The experimental conditions state tha®65of the rotor re-

TiO> film is deposited on the inside surface of the glass tubessides in the airtight chamber, with only@.located in the small

concentric to the lamps. The total superficial photocatalyst susox. This separation is used to split the amount of,Otbn

face area is 0.182 fn The distance from the lamp surface to the rotor. This is an approximation, because the adsorption

the TiO, photocatalyst film is 3.5 mm. The lamp intensity at the and desorption temperatures are different. MoreQldesorbs

TiO, surface is estimated by our calculations as 9 foW?. from the rotor at higher temperatures. Therefore, the amount
At the start of a batch adsorption—desorption experimenef CHO on the hot rotor in the small box is smaller than we

[29], an initial dose of CHO was added to the airtight chamber. estimate:

Independent air streams recirculated within the 1ammam-

ber and the 0.09 fismall box, with no fresh air added at any

O()|(nitial amounj = (airtight chamber+ (small box»

mol of CH,O on the cold rotor in airtight chamber

time. In the simple adsorption—desorption experiments, @H _ < §VCHR> Cehr

is transferred from the airtight chamber to the small box via 6 '

adsorption to and desorption from the rotor until steady state . @
is reached. In the batch adsorption—desorption with reactioﬁnOI of CH,0 on the hot rotor in small box

experiments, the PCO reactor is placed in the small box and _ }VCHR> CCHR.
operated concurrently with the rotating honeycomb.
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A simple rate expression is developed for {LHadsorption on  2.2.3. Desorption rate constantsin the small box

and desorption from the rotor. For the low &Bllevels of inter- The desorption rate constanted Tqes, is fitted to the data
est (<3 mg/m? or <2.4 ppm), we assume that both adsorptionof Shiraishi et al. An Arrhenius form is assumed fbdes
and desorption are first order in G8 on a sparsely covered With kqeso taken as 18 s71, the E . des fitted to the data is

surface: 107 kJ¥mol (25.6 kcalmol). The pre-exponential factor for
Adsorption side; desorption is the same order of magnitude as reported in the

i literature for first-order desorption kineti¢30,31] The fitted
ads(Tads) . . . . .

CH20airtight chambergas . —  CH20rotor (ads s activation energy of desorption is a typical value for weakly
ke Tacs chemisorbed molecules on TiOLewandowski and Olli$30]

Vac dCac _ §VCHRdCCHR used the TPO/TPD data of Larson and Falcd8a} to estimate

dr 6 dr an Ea des Of 23-28 kcalmol for benzene, toluene, and xylene.

Chemisorbed molecules characteristically have desorption acti-
vation energies-50—-100 kJmol (12—24 kcaimol) [33]. Alde-
©) hydes are known to chemisorb weakly on %i@s. alcohols

5
= Vackad{Tad9Cac — éVCHdees(TawCCHR-

Desorption side: or carboxylic acids), hence their common appearance as reac-
ke Tded tion intermediate§22,32] Our fitted Ea desfalls within or just
CH20rotor (ads kaddee ) CH20small box gas above these estimations. With thdggso and Ea ges values,
dc 1 dc threekgyes are calculated, one for each desorption temperature
Vep—28 = — Z Vepyr—UHR (i.e., 120, 150, and 18®):
dr 6 dr E
1 _ — LA des
= g VerrkdesTded CcHr — VsBkadd(Tded Cse. (4)  kdedTded = Kdeso exp< RTqes > (8)

For adsorption—desorption-only experiments, a steady sta
is predicted, at which time the net change in concentrations is 0.
l.n this cas¢3) and(4) are equalto 0, and the adsorption equilib to the data of Shiraishi et g29] from the combined, simul-
rium constants (i.e., ratio of rate constants) are solved from th ; )
, . . aneous operation of the rotating honeycomb and PCO reactor.
system’s steady-state data. In the adsorption—desorption-on ! . .
: T pseudo-first-order reaction rate is assumed fopQGldestruc-
experiments, Shiraishi et 4R9] stated that the C4O concen- .. : .
o i . tion. Obee and Browifill] reported a first-order C¥D oxi-
tration in both rooms remained relatively unchanged after 900 §_ .. . X
. . . ation rate at ambient temperatures for LLHconcentrations
(15 min). A system steady state, corresponding approximatel

to an adsorption—desorption equilibrium between the chambe¥ertinent to problematic buildings, which include the conditions
rotor, and box, had been achieved. Thus we solve&Kigt-cHr of Shiraishi et al[29] (~0.5-20 ppmv). Ata 180C (453 K)

: : ; 2 1
and Ksg-cHr using the data after 900 s. Tlievalues are aver- i?i%?jg?;g;n%gézrisg‘g ?f;; ]I)k%itésbigf f;'zsl]‘g; saré
aged using the data points from 1800-7200 s (30—120 min). Thf ’ cat

1 1 1 :
small decrease in GHD concentration at longer time (10,800 s) 19107 apd .106 x 1077 577, respectively.
is neglected: The negative influence of temperature on apparent rate con-

stant is rationalized as follows: A catalyzed reaction following
a Langmuir—Hinshelwood rate form (as do most air contami-

.2.4. Reaction rate constant
Our photocatalytic rate constaai(Tged, Was also fitted

kaddTad9  (5/6)VcHRCCHR

Kac-cr(Tacd = kdes(Tadd VacCac ©) nants including CHO) will provide a reaction rate form at low
and concentrations of
Ksp-cHr(Tded = kads(Tdes _ (1/6) VCHRCCHR‘ (6) [cat= —kcatCsVixr = —kixnKadsCsBVixr
ke Tdes) VseCsB — o | KadsTiOp.0 €XP(— EadsTio,/ (RTadd) | 1,
The adsorption equilibrium constant is dependent on temper- " kdesTio,.0 €XP(— Edestio/ (RTge) | >0
ature. Hence we find only on&ac-cqr constant(Tags = (9)
ambient) of 3.28, but thre&sg-cHr constants Tges = 120,
150, and 180C) of 4.76, 4.07, and 2.70, respectively. Foat= _ernw
kdesTiOZ,O
2.2.2. Adsorption rate constant in the airtight chamber 1 (Egestio, EadsTio,
Given Kac-cHr, EQ. (3) can be rearranged in terms of x exp[E< Taes  Tads )]CSBVW

Kac-cHr instead ofkgqeqdTad9. This allows us to solve for kadsTiOy.0 Eapp
kads(Tad9), because&K ac-cHr is calculated from the method de- A —krxn —= exp( >CSBerr-
scribed above. The derivative term is obtained by the Differ- kdesTio,,0 RTdes

entiate function in Microcal Origin. All adsorption experiments Thus,

were conducted at one temperatufgif), presumably ambient: kadsTiO,.0 Eapp
keat™ kyyn———— ( ) and
Ve dCac _, T, ds){ VacCac — (5/6) VCHRCCHR} Ko T kdesTio.0 RTdes
dr e Kac-cHR(Tad9) ) A HadsTio, ~ EdesTio,-
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Table 1
A comparison of our pseudo-first-order reaction ratesy and formal quantum efficiencies)(to literature data
UV flux Reaction kcat Normalizedkcat FQE? Catalyst Reference
(mW/cm?) temp. CC) (sh (cm? /(MW s)) manufacturer
This article 9 120-180 2.38x 10210 2.6x103to0 6x 10 to - -
1.19x 1071 1.3x 1072 2x 1073
(~2 ppm)
Obee and 9.3 ~22-24 22 x 1073 24x1074 15x 1072 Degussa P25 [11]
BrownP-¢ (~1.2 ppm)
Obed 0.33 ~22 58 x 1074 1.8 x 1073 1.2 x 1071 Degussa P25 [12]
(~1.2 ppm)
Noguchi et af 1 ~22 21x 1073 2.1x10°3 6x 1072 Ishihara Sangyo ~ [15]
(~3 ppm)
Ching et al. 0.6 (solar) Room temp. 1.5x 1073 2.4x 1073 2x 1073 Self prepared & [16]
1.56 (UV) 26x 1073 1.8x 1073 (~100 ppm) Degussa P25
AoetalP 0.75 Room temp. 8x10% 9.1x10°4 - Degussa P25 [17]

2 Formal quantum efficiencies were estimated from literature data.
b Pseudo-first-ordetcat values were estimated from literature data.
¢ Obee and Brown ran experiments at multiple temperatures, but only the room temperature data is reported here

(We assume that thigy, of a free radical (e.g., OHlis approx-  Sangyo. Our calculateé.5; values fall in the high end and
imately independent of temperature. Using the fittggvalues  above the range derived from the work of these authors.
variation with temperature.) We estimate the apparent activa- The k¢yt derived from various authors’ data are normalized
tion energy of CHO desorption on Ti@ (Eapp) as 39 kJmol by their UV light intensity to account for this variation. Ching
(9.3 kca)mol). We expect a small (or zero) value fBggsTio, et al.[16] and Sauer and OIliR22] report that at low UV in-
(e.g., CHO may need to displace weakly bound water) and aensities, the reaction rate is proportional to the irradiaige
substantial value foEgesTio, (€.9., 20-30 kcdmol). We ex-  and that at medium to higher UV intensities, the reaction rate
pect the term EdesTio,/ Tdes — EadsTio,/ Tad9 > 0, and thus s often proportional td”, where 05 < n < 1. If all of the re-
expect thatat Will decrease with increasing temperature, re-ported irradiances for G0 PCO are low intensity, we may
flecting decreased Gi® coverage on the Tiwith increasing  divide kcat by their irradiances (m\em?). The normalized
temperature. A summary of olga values and those in the lit- k¢t for the authors discussed above range frod 2 104
erature is given iffable 1 Authors of the literature reported to 2.5 x 10~3 cm?/(mW' s) at ambient temperatur&aple J).
herein used various reactor geometries, so we chose a reaciiie normalizedq values in our study range from@x 103
volume basis ¥;x) to simplify calculations. to 1.3 x 1072 cm?/(mW s). Again, our values are in the high
Table 1compares the reaction rate constants evaluated iand and above the range derived from other authors’ data. We
this study with those in the literature. Reaction rates are denote that other reports pertain to ambient temperature pho-
pendent on the catalyst manufacturer and on the UV lightocatalysis, versus Shiraishi et §9] for which T (reaction)
intensity, among other factors. We derived pseudo-first-order T (desorption: 120—-18%C).
kinetic rate constants from GI® data for PCO collected by At high UV intensities, photodissociation (photolysis) of
other researchers, using @B concentrations similar to those CH,O can occur and potentially complicate interpretation of
of Shiraishi et al. €2 ppm at STP). Data from Obg&2] and PCO data for CHO. The fittedkcg: in our study is a bulk
Obee and Browtjil1l] were used to derive a first-ordegs; of  term that includes both photocatalytic and any photolytic ef-
5.8x 10~*and 22 x 1072 s71, respectively, for UV lightinten-  fects. Obee and Browji 1] explored this issue, finding a linear
sities ranging from 0.33 to 9.3 my&n?. Data from Noguchi et relationship between UV flux and CO evolution from &b
al. [15] and Ao et al.[17] were also used to calculatekge;  photolysis. At 7 mWen?, they observed no CO evolution
of 2.1 x 1073 and 68 x 10~* s~1, respectively, for UV light in a stream with initial 3.3 ppmv CyD. At 25 mW/cn?,
intensities between 0.75 and 1.0 7. Ching et al.[16]  they observed 0.10 ppmv CO evolution. Assuming a linear
found first-orderkeat values of 15 x 103 and 26 x 1073 s™1  relationship, the data from Shiraishi et §9] would pro-
using solar and UV light intensities of 0.6 and 1.56 nai?, duce 0.03 ppmv CO from photolysis at 9 m@?. Thus, less
respectively. Thecat in our study ranges from.28 x 102to  than 1.5% of the CHO would photodissociate, using a 1:1
1.19x 10~1 s~1. Shiraishi et al[29] reported a UV lightinten- CH,0:CO relationship. This 1:1 ratio is similar to the data re-
sity of 15 pW/cn?, which is low for nine 6-W blacklight-blue ported by Obee and Browji1] and predicted by Okabj@4].
fluorescent lamps. Instead, our calculations estimate an inteMoreover, Ching et alf16] found the photolytic rate constant
sity of 9 mwWj/cn? for their data, assuming 30% blacklight- to be~10 times smaller than the photocatalytic rate constant at
blue emission efficiency. The brand of Ti@atalyst used in a solar irradiance of 0.6 my¢n?. Hence we believe the pho-
the study of Shiraishi et al. is not listed. The two brands usedolytic contribution to CHO disappearance is negligible in the
by other authors discussed above are Degussa P25 or Ishihatata of Shiraishi et al. and thus do not include it in our model.
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Table 2

Summary of the parameters calculated or fitted in the model

Temperature kaddT ad9 kdeso Ep des kdedT ded Kac-cHR KsB-CHR kcat(T ded
(°C) (sh (s (kJ/mol) (sh (s
Tads 433x 1074 - - - 3.28 - -
120°C — 1013 107 0.0607 — 4.76 0.119
150°C - 103 107 0.618 - 4.07 0.106
180°C - 103 107 4.63 - 2.70 0.0238

2.3. Overall models

0.7

O  Shiraishi Data (180°C Desorption Temperature) ]

. X A-D Model (180°C Desorption Temperature)
After all of the parameters are calculated or fitted, two 06 | ]

equations for each model result, one equation for the airtigh r 10 m’ airtight chamber
chamber and one for the small box. Equat{@ is used for 05 | .
CH,0O adsorption on the rotor from the airtight chamber. In—~ E

the adsorption—desorption-only model, Hg) is rearranged %, 04 F 7
to estimate CHO desorption from the rotor to the small box £ .
(Eq. (10)). In the desorption/reaction model, Ed1) includes = 03 ]
the PCO reaction in the small bokable 2summarizes all of .
the calculated and fitted parameters in the two models. “F 7
Without reaction: o1 F
. -— [m] O -
dCspg C
VSBdedes(Tdes) oo L v vy s
4 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
1 ,
x (6 VcHRCCHR — KsB-cHR(Tded VSBCSB)~ Time (sec)
a
(10) @
With reaction: S L B B B B B R
r I © D
dCsg 30 F T ]
VSBd— = kdes(Tdes) L
£
1 25 F o
X EVCHRCCHR — Ksp-cHr(Tded VsBCsB r
— kcat(Tdes) VixrCsB. (11) mg or p
(=)}
E L
3. Calculated results and discussion = Br ]
o
3.1. Adsor ption—desor ption-only model Lor 0.09 m™ small box chamber ]
o Shiraishi Data (180°C Desorption Temperature)
Fig. 2 shows the model and data of Shiraishi et al. in both ~ °° A-D Model (180°C Desorption Temperature) 7
rooms at a desorption temperature of 280 In the airtight
0.0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

chamber, the adsorption model fits the data well, accurately pre T
dicting the initial Cac(¢) profile (0-1800 s). At longer times,

the adsorption equilibrium valu€ac(equil) is smaller than

predicted. In the small box, the desorption model provides a
reasonable fit to the data. The model predicts the intig(r) Fig. 2. Shiraishi data and model of adsorption—-desorption-only af C8fe-
profile (0—300 s) well. The monotonic decrease in this data unsorption temperature in (a) the airtight chamber and (b) the small box.

der dark conditions between 3600 and 10,800 s may be caused

by an effect that is not considered; for example, slow dimerizas.2, Adsor ption—desor ption and reaction model

tion of CH,O to paraformaldehyde may occur on the adsorbent.

Similar data for the model and the data of Shiraishi et al. at 120 The model described above is modified to include the PCO
and 150 C desorption temperatures are showifrig. 3. At all reactor in the small boxzig. 4 shows the model and the data
desorption temperatures, the residual error between our modef Shiraishi et al. in both rooms at a desorption temperature
and the data of Shiraishi et al. falls withif0.07 mg/m® inthe ~ of 180°C. In the airtight chamber, the adsorption model fol-
airtight chamber and withie-0.3 mg/m? in the small box with  lows the trend of the data. At 10,800 s (180 min), both the
the exception of two data points. data and the model approach zero ¢, as expected be-
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Fig. 3. Shiraishi data and model of adsorption-desorption-only at 120 andfig. 4. Shiraishi data and model of adsorption—desorption with photocatalytic
150°C desorption temperatures in (a) the airtight chamber and (b) the smafleaction at 189C desorption temperature in (a) the airtight chamber and (b) the
box. small box.

cause CHO is continuously oxidized photocatalytically in the resultant decrease igar. An alternative explanation is that the
small box. In the small box, the reaction model also providescat used here is a bulk term that includes both OHadsorp-
a reasonable fit to the desorption and reaction data. The modépn on TiO, and the true reaction rate constant, as described
qualitatively describes the increase and subsequent decreaseapove. Adsorption decreases with increasing temperature, low-
Csg caused by the reaction. Results for the model and the dagring CHO coverage. There are similar orders of magnitude
of Shiraishi et al. at desorption temperatures of 120 and €50 decreases ilkcar and Ksg with increasing temperature, con-
are shown irFig. 5. At all desorption temperatures, the resid- sistent with the idea thata; is dominated by the temperature
ual error falls within40.05 mg/m? in the airtight chamber and dependence of adsorption.
within 0.3 mg/m3 in the small box. The quantum yield ®qyeray) is defined as the rate of pho-
The fitted values ok, for the 120 and 150C desorption  toreaction divided by the rate of light absorpti@3]. The latter
temperatures are almost an order of magnitude larger than ttig difficult to estimate using the data of Shiraishi et al. Incident
180°C value. Shiraishi et a[29] attributed a marked loss in light from the lamp may be absorbed, reflected, or scattered
photocatalytic activity (and a consequent decreask:4) at  upon reaching the catalyst surface. Instead, a formal quantum
180°C to unknown substances liberated from the activated cafficiency (FQE) of the system is calculated, define{B&s36]
bon rotor and strongly adsorbed on the glass surface of the
TiO, reactor. Such film formation would decrease the inten-5 _
sity of light arriving at the photocatalyst surface; hence the incident light intensity (photons)

rate of photocatalyzed reaction (molecyl&s

(12)
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- Reaction Model (150°C Desorption Temperature) our FQEs for the data of Shiraishi et al. with other literature is
05 F 10 m’ airtight chamber . given inTable 1 Our calculated FQEs for the data of Shiraishi
C et al. are lower than those of other authors.
04 | y The model developed here for the combined rotating adsorb-

ent—PCO reactor system developed by Shiraishi ef24l]

provides a technique for evaluating the adsorption, desorp-
tion, and reaction rate constants, as well as the adsorption
equilibrium constants. This engineering kinetic model can be
broadly applied to design-related systems with different adsorp-
tion/desorption temperatures, adsorbent materials, and room
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The FQE is always less than the quantum yield, because it iffor funding the work of Lao Yang

corporates all incident light. The FQE is calculated for the data

of Shiraishi et al. by making two estimations: (1) The reaction

rate is first order in CHO, and (2) 1 mWcn? corresponds to  Appendix A. Nomenclature

~2 x 10" photong (s cn?) at a wavelength of 350 nm, as cal-

culated using the Planck relation and the wave theory of lighg formal quantum efficiency (FQE)
[37]: Poverall quantum yield
E—ho. (13) h Planck’s constant (63 x 10-3 J s/photon)
A wavelength (nm)
aw=c, (14) ¢ speed of light in vacuum (298 x 168 m/s)
and Co initial CH2O concentration in the airtight chamber
#photons  E/cm? (mg/crr) o -
— , (15) Cac CH,0 concentration in the airtight chamber (fiog®)
cm?s  h(c/A) Cchr  CHO concentration on the ceramic honeycomb rotor
whereE is the total incident photon energy (mWi)js Planck’s (mg/cm?)

constant (663 x 10-3* J g/photon),c is the speed of lightina Csg ~ CHoO concentration in the small box (mgm®)
vacuum (2998x 108 m/s), andx is the wavelength (innm). We E photon specific energy (mW)
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