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Hiéu suat niang luong dién trén mot don vi tiéu thu (EE/O)
Hiéu suat lugng tir (QY)

Hiéu suét nhiét dong luc hoc quang hoa

Gia tri cia do thay doi enthalpy cta goc tu do OH
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« “EE/O”- Electrical Energy per Order: 13 mot thong s6 ban thuc nghiém
rat hitu dung trong cac qua trinh xt 1y nude khac nhau.
« EE/O dugc dinh nghia 13 KWh cua dong dién can thiét dé khir nong do cua

mdt hon hop trong 100 gallons (twong duong 379 lit) nudc ((Bolton and Cater,

1994; Notarfonzo and McPhee, 1994)

Pﬁ?—?ﬁi
Vieg(Ci,/C)

EE/O =

O d6, P 1a cong suat phat xa ctia dén (KW), t 13 thoi gian chiéu xa (phuat), V 13 tong thé tich phan
ung, C., 1a ndng dd ban dau cua mo hinh chat ban, C la nong do ¢ thoi diém t cua chat ban
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* Céc gia tri nho hon cta EE/O chi ra mot quy trinh hiéu qua hon vi can it ning luong

hon dé€ dat dugc su giam c6 dinh nong do cac chat 6 nhiém trong h¢ xtc tac quang.

» Thoéng s6 EE/O dua trén yéu cau vé dién ning cia dén chiéu, do d6 khong tinh riéng

cho hiéu suat ctia dén va sy hap thu 6ng thiy tinh. Két qua 13, né 1a mot tham sb

tong vo1 mot gia tri g161 han.

* Ngoai ra thong s6 EE/O con bj 2101 han rat nhiéu, chfmg han nhu no6 chi xac dinh cho
dong hoc phan ung dau tién, nd bd qua cac niang lugng anh sang trong qua trinh

chuyén doi1 anh sang cua cac phan ing hoa hoc trung gian,....
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2. Hiéu suat lwong tir (QY)

Hiéu suét luong tir 1a rat quan trong va la udc lugng hi¢u suat hitu dung trong quang xuc tac

TABLE 6.1. Quantum parameter definitions (Ibrahim, 2001)

Parameter Definition and Reference

s number of pollutant molecules degraded from a primary process
Primary Quantum number of photons absorbed

Yield (Primary QF)
Cassano et al. (1995), Davydov et al (1999)

number of pollutant molecules degraded from a primary and secondary process

Overall Quantum number of photons absorbed
Yield (Overall QY)

Cassano et al (1995)

X __ number of pollutant molecules degraded
Quantum Yield v = number of photons absorbed
(Apparent QY) .
Peil and Hoffmann(1995); Valladares and Bolton
(1993), Yamazaki-Nishida et al (1994)
_ number of pollutant molecules degraded from a primary process
?pﬂrf:: Q“éft:;l $app = number of photons entering the reactor
e Or LoD
Quantum Yield (QE) Fox and Dulay (1993), Nimlos et al. (1993); Sczechowski et al,
(1995); Zhang er al., (1994a), (1994h)
(*) the term “apparent or app™ is also introduced to highlight the
difficulty of measuring absorbed photons
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The primary quantum vield (Primary (Q.Y.) establishes the number of molecules
degraded from a primary process or event that involves direct absorption of radiation
over the number of photons absorbed (Cassano er al., 1995 and Davydov et al., 1999),
Cassano et al., (1995) argue that according to the second law of photochemistry, the
absorption of light by a molecule is a one-quantum process. Therefore a quantum yield
factor involving the sum of all primary processes must be less than or equal to unity and
this as a result that the energy absorbed by the molecule is partially lost by re-emission,
collision or other processes (Alfano and Cassano, 1988).

The overall guantum vield (Overall Q.Y.) is defined as the ratio of the total number
of pollutant molecules degraded via primary and secondary processes over the total
number of photons absorbed (Cassano ef al., 1995). This overall quantum yield can, in
principle, be greater than 100% (Cassano et al., 1995). This fact puts forward interesting
prospects for photocatalytic processes.
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To simplify the evaluation, the quantum yield is often based on the rate of photo-
converted molecules at initial conditions.

@),

P,

Pin = (6-2)

with P, representing the rate of absorbed photons and [JN,- /‘ d!] . the rate of photocon-
version of i species molecules at initial conditions.
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Determining quantum yields requires the assessment of P, the rate of absorbed
photons in the heterogeneous reactor (Cabrera et al., 1996). Semiconductor surfaces
are highly reflective (Fox and Dulay, 1993) and therefore errors can arise from light
back-scattering or forward-scattering from the catalyst particles (Valladares and Bolton,
1993).

For this reason, and given that the rate of photons entering the reactor is a parameter
much simpler to measure, researchers frequently consider an “apparent quantum yield”,
@app. in defined as the ratio of converted reactant molecules over the photons entering
the reactor (Fox and Dulay, 1993; Nimlos et al., 1993; Sczechowski et al., 1995; Zhang
et al., 1994a, 1994b):

dr'" 6-3)

with R being the radiation intensity in W (m®.nm)~'; A;,, the irradiated catalyst area in
m?; h the Plank’s constant (6.62.1073* I.s); ¢ the speed of light in vacuum (2.997.10°
m/s); A; the lower wavelength of the spectrum in the range of interest (300 nm) and A,
the higher wavelength of the spectrum in the range of interest (390 nm) (Ibrahim, 2001).
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Peill and Hoffmann, (1995) also define an average apparent quantum efficiency

for photooxidation based on the time required to achieve a 90% conversion of pollutant
molecules.

Papp.av = » (6-4)

Win= @ﬂpp. (v

with Nggg being the number of pollutant molecules degraded at the 90% conversion
level; togg, the time required to achieve 90% conversion in seconds. All other parameters
have been previously defined in Eq. (6-3).
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3. Hiéu suat nhiét dong hrc hoc quang héa (PTEF)

The Photochemical Thermodynamic Efficiency Factor (PTEF) is an energy ratio
equating the energy used to achieve the photocatalytic conversion of organic molecules
over the energy absorbed by the photocatalyst. This parameter was first introduced by
Serrano and de Lasa (1997) and evaluates the performance of photocatalytic reactors on
a thermodynamic basis.

If Q, represents the irradiation energy absorbed and (., the irradiation energy
used for the desired formation of OH® radicals which then interact with adsorbed species,
the reactor’s efficiency can be defined as:

PTEF =1 = Qysea/ Qa (6-3)

10
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More specifically, the .4 in the photoconversion process can be represented via
the rope A Hope Wi group with the PTEF being represented by

W,
PTEF — 1 zfﬂwﬂgﬂhﬂ irr (6-6)
il

with rgge representing the rate of formation of OH* radical groups per unit weight of
irradiated catalyst; A Hgge being the enthalpy of formation of an OH® group and W,
the total amount of irradiated catalyst.

11
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Fome S Hope Ajgy

Q.

While photocatalytic reactions are frequently considered to be pseudo-
homogeneous reactions with a rate based on either the unit volume of irradiated catalyst
or the total reactor volume (Chapter I), definitions of the PTEF can be given as follows:

PTEF = n = (6-7)

PTEF — n — Foge & Hops Vi
o (6-8)
PTEF = n — 'T!-’?'f.{'_iﬁ;“f" v

a ] iy
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