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ABSTRACT 
Airborne VOC 's reactions initiated by UV radiation at selected wave lengths from 185 to 

308 run have been studied. A simplified chemical kinetic mechanism is proposed incorporating 
photolysis and radical reactions. The concentration of HCHO and CH3OH were predicted as a 
function of time, radiation wave length, actinic flux and initial ozone concentration. The gas 
velocity and HCHO concentration were predicted in a gas stream flowing over a UV bulb. 
Experiments were conducted in which ethanol vapor and air were irradiated by low-pressure 
mercury bulbs. Etiianol disappeared in an overall first-order manner and an intermediate 
species, believed to be acetaldehyde, appeared and then disappeared. 
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ULTRAVIOLET AND RADICAL OXIDATION OF AIRBORNE VOC'S 

Pollution control systems using ultraviolet (UV) radiation have received considerable 
attention in recent years. The EPA's SITE program (1,2) evaluated concepts using UV to oxidize 
organic compounds in water and air. Since oxidation occurs at STP, the nitrogen oxides 
associated with high-temperature thermal destruction arc not generated. There is considerable 
evidence (3-8) that the generation of hydroxyl radicals (OH) is enhanced when surfaces coated 
with titania (TCO2) are irradiated. To design, predict and optimize the performance of UV 
reactors, engineers need relationships that integrate the equations of chemical kinetics with the 
equations of fluid mechanics, i.e. conservation of mass, momentum and energy. Engineers 
presently lack these integrated relationships. This paper reports studies of airborne VOC's 
subjected to UV radiation in the absence of titania with the overall objective of providing insight 
for the design of photolytic reactors. Specifically , the paper 

.    proposes a simplified chemical kinetic mechanism for methanol (CH3OH) and formaldehyde 
(HCHO) subjected to UV radiation. 

• predicts the velocities and [HCHO] in air flowing over a UV lamp, 

• presents the results of experiments of ethanol (C2H5OH)  in aix flowing over UV bulbs. 

PREVIOUS STUDD2S 
Martinez et. al. (9) studied the near-UV absorption spectra (I < 200 nm) of several 

aliphatic aldehydes and ketones and found that, 

• the photolysis of acetaldehyde was slow compared with reactions with OH, 

• photolysis reactions with OH proceed at comparable rates for acetone and larger aldehydes, 

• depending on the quantum yields, the photo-dissociation of larger ketones may be more 
important than reactions with OH. 

Using a 2756-watt pulsed xenon flash lamp (km = 230wn) and a well mixed reactor, Johnson et. 
al. (10) proposed photo-induced chain reaction mechanisms and first-order, photo-induced decay 
coefficients for a variety of hallogenated hydrocarbons. Anastasi et. al. (11) described reactions 
involving alkenes, alcohols and ethers. They proposed a chemical amplification system in 
which HO2 reacts with NO to form NO2 and OH, and then OH reacts with chain-carrying 
agents to reform peroxy radicals to restart the chain. 
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Part I - CHEMICAL KINETICS 
To design a UV reactor, engineers need to model the reactions in the flow of airborne 

VOC's passing around a selected geometrical configuration of bulbs. Decisions need to be made 
regarding the bulb configuration and whether it is advantageous to inject O3, H2O2 or other 
materials into (or upstream) of a region containing UV bulbs. A modeling prerequisite, is a 
description of the chemical kinetic mechanism initiated by UV radiation. Solving the equations 
of fluid mechanics is straight forward but writing the equations of chemical kinetics is difficult. 
Formulating such a kinetic mechanism begins by identifying all the reactions that may occur and 
then eliminating reactions of minimal numerical importance. 

In this study only process gas streams produced by industrial processes occurring at STP 
(surface cleaning and coating, solvent venting, etc.) will be considered. Ignored are process gas 
streams produced by high-temperature processes. Consequently, the airborne VOC's are 
primarily aliphatic and aromatic hydrocarbons and alcohols in air containing water vapor and 
nitrogen oxides typically found in the indoor and outdoor air at STP. Typically, gas volumetric 
flow rates are several hundred cubic meters per second and gas velocities are of the order of tens 
of m/s. The VOC's chosen for study were HCHO and CH3OH. While these species are not 
typically found in industrial gas streams, they were chosen because HCHO is photolytic and 
because the chemical kinetic mechanism for these species is well known. In Part I the gas 
mixture was assumed to be stationary and contained in a vessel whose walls do not reflect or 
generate radiation, adsorb species nor support chemical reactions, i.e. a wall-less reactor. The 
radiation actinic flux (J, photons/nA) was assumed to be constant. 

Reactions included in the model were drawn from the literature on urban photochemistry 
(11-24). Nitrogen oxides larger than NO2 were ignored. Shown in Table I are the sources of 
the UV radiation and initial concentrations for five cases chosen for study. Shown in Table II 
are the radical reactions and rate constants drawn from the literature (11-24). 

The actinic flux is related to the wave length. 

'='tA£ (1) 

where, 

X ~ radiation wave length 
Pxl A- radiation power at wave length X per unit area, 
h, c = Planck's constant and speed of light 
Ex - energy of photons at wave length X 

Photolytic rate constants are related to the actinic flux, 
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k=ja(T,X)y(T,\)I(\)dk (2) 
>•> 

or in finite form, 

k = JJc(.Xi,T)(?(KrT)Jai) (3) 

where, 

• <J(X, 2") - absorption cross section of a specific molecule at temperature T and wavelength X 
(cm2) 

• q>( A., 7) = primary quantum yield, probability that the molecule will follow one of a number 
of prescribed chemical kinetic pathways 

• l(X) - irradiance of incident UV radiation 

-    J(X) = I(X)dK 

The photolytic rate constants for the five cases are shown in Table HI and were computed from 
values» <p and <j taken from the literature (25-27). 

RESULTS 
A set of 20 simultaneous ordinary differential equations was written and solved for the 

radical and photolytic reactions in Tables n and III. The concentration of each species was 
computed as a function of time using a fourth-order Runge Kulta numerical technique. Figures 
1 and 2 show [HCHO] and [CH3OH] versus time. 

Effect of initial ozone concentration for low-intensity radiation (Cases 1 & 2) 
For low-pressure mercury lamps, there is minimal (0.2%) oxidation of HCHO in ambient 

air after several seconds of irradiation (Case 1), whereas there is substantial oxidation when 
[03Jo is 1000 PPM (Case 2).  Graphs of predicted values of [03], [H2°23> f0H^ [HO2], 
[CIO] and [03P] indicate that rapid changes in concentration occur during a "startup period" (0 
< t < 0.5 s) and that uniform change occurs thereafter. The steadiness of change after startup 
enables an order of magnitude analysis to be performed to eliminate reactions in Table EL that 
have little numerical significance. The resulting simplified kinetic mechanism is shown in Figs 
3 and 4. For simplicity, reactions involving nitrogen oxides have been omitted from Fig 3 
because they represent parallel and competing paths that consume OH and only lmnimally affect 
VOC oxidation. Since the process gas streams under study are not produced by an exothermic 
process, large initial concentrations of nitrogen oxides are not expected. Thus unlike 
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atmospheric photochemical processes in which nitrogen oxides play a major role, their role is 
less significant in process gas streams containing VOC concentrations in thousands of parts per 
million. 

The simplified reaction scheme consists the direct photolysis of HCHO, but more 
importantly, pathways for reactions between OH and HCHO and CH3OH. Hydroxyl radicals 
are generated directly by the photolysis of water vapor (P7B) and by two overlapping pathways, 
i.e. (a) ozone loop and (b) HO2 loop 

The Ozone Loop consists of reactions in which ozone reacts with H to form OH (R19) 
and reactions of ozone with OH to form HO2 (Rl).   Ozone photolysis may occur (P3A) 
to form OlD which either reacts with H2O to form two OH (R36) or reacts with N2 
(R30) or O2 (R3S) to form 03P which reconstitutes ozone (R31). 

The HO2L00E generates the hydroperoxyl radical in several ways. It is generated by O2 
reactions'with H (RIB) or HCO (R9), or reactions between OH and ozone (Rl) and 
H2O2 (R13). Once formed, HO2 reacts with O2 (R2) to form OH or with itself (R20) to 
form H2O2. Hydrogen peroxide either reacts with UV to form two OH (P5A), or reacts 
with OH (R13) to form HO2 which ultimately produces OH. hi summary, HO2 is an 
intermediate radical that is generated and consumed at the expense of ozone and 
hydrocarbon radicals. Ultimately HO2 leads to the generation of OH. 

To use the simplified reaction scheme users need to solve simultaneously 9 ordinary differential 
equations simultaneously (Fig 4). 

It is concluded that the most important species in the simplified scheme is ozone. With 
the exception of arid regions, ordinary air contains copious quantities of water vapor and there 
are ample quantities of H2O for reactions P7B and R36 to produce OH radicals.   For this 
reason, the production of OH is primarily dependent on the supply of ozone. It is not possible to 
simultaneously generate and use ozone since it is consumed as fast as it is generated. Since the 
amount of ozone in ordinary air is small, engineers will find it necessary to enrich air with ozone 
prior to its introduction into the photolytic reactor. 

Effect of UV wavelength on VOC oxidation in ordinary air (Cases 3,4 and 5) 
Cases 3-5 in Figs 1 and 2 show that when the actinic flux is large oxidation is achieved 

for several UV wavelengths even when the initial ozone concentration is small. Unfortunately 
such high-energy radiation may be impossible to generate economically for the large volumetric 
flow rates typically encountered in process gas streams. Excimer lasers consume considerable 
energy and it is unclear whether more efficient sources will be available in the near future. Thus 
while high-energy UV sources eliminate the need to enrich the air with ozone, it is not clear 
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whether efficient sources of high-energy UV radiation are or will be available in the near future. 
Enriching air with several hundred PPM of ozone is presently possible at modest cost. Thus it 
will be more economical to enrich the process gas stream with ozone than to use ordinary air 
and high-energy UV sources. 

Oxidation of higher-order VOC's 
If the process gas stream contains higher-order VOC's, the initial attack on the VOC's is 

more complicated.  Reactions need to be added to the beginning of Fig 4 that account for the 
initial attack of OH and 0*D on higher-order hydrocarbons to produce complex hydrocarbon 
radicals and HCHO. Once this is done, the remaining reactions will then be similar to those in 
Fig 4.  Alternatively, higher-order hydrocarbons can be modeled using the carbon bond model 
(28,29) and Cal Tech models (13,14,30) without needing detailed knowledge of the explicit 
steps in the kinetic mechanism. 

From studies in which the inlet concentration and UV wavelengths were varied, the 
following conclusions were drawn. 

•   Large actinic flux produce rapid oxidation of VOC's over a wide range of UV wavelengths. 

.    Rapid oxidation of VOC's can not be achieved with modest actinic fluxes unless the initial 
ozone concentration is considerably greater than that found in typical urban air. At modest 
actinic flux, it is unwise to attempt to generate ozone and oxidize VOC's simultaneously. 
Ozone should be generated independently and introduced at the inlet of the photolytic 
reactor. 

Part H - PHOTOLYSIS OF HCHO IN A UNIFORM FLOW FIELD OVER A UV LAMP 
To illustrate how the equations of chemical kinetics can be incorporated with the 

equations of fluid mechanics, consider only the photolysis of airborne HCHO streaming over a 
cylindrical UV bulb whose axis is perpendicular to the flow (Fig 5). For computational 
simplicity, the radical reactions in Table II were replaced by a single vigorous photolysis 
reactions (PIA and P1B). The actinic flux and hence the photolysis rate constant varied 
inversely with the radius from the bulb axis. The rate constant was equal to 0.35 s'1 at the bulb 
surface. Such a rate constant is nearly 104 larger than in cases 1 and 2 but comparable to cases 
3,4 and 5. The equations describing the velocity field are independent of the HCHO 
concentration field because the flow is isothermal and the HCHO concentration is sufficiently 
low so that the overall molar concentration does not change. Fluid flow is viscous and two 
dimensional. The two dimensional velocity field was predicted by a commercially available 
computational fluid dynamic computer program, FLUENT, (31). Figure 5 shows the predicted 
streamlines. The flow field is typical of turbulent flow over a cylinder and shows the wake 
region, and a recirculation eddy downstream of the lamp. Once the velocity field U{x,y) was 
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predicted, the differentia] equation for the conservation of mass was solved numerically to 
predict the concentration (C) of HCHO at arbitrary points (x ,y) in the flow domain. 

-Ü*VC+DViC+S = dC/dt (4) 

The parameter D is the diffusion coefficient and S is the HCHO generation rate (PIA and P1B). 
The finite difference equation was developed using upwind differencing for the advection term 
and central differencing for the diffusion term. The equation was then solved for the 
formaldehyde concentration using the Gauss-Seidel method. An initial [HCHO]o of 50 PPM 
was used in the analysis. 

Figure 6 shows steady state [HCHO] isopleths. Steep [HCHO] gradients exist in the 
boundarylayer on the upstream of the bulb. Air with reduced [HCHO] is transported from the 
boundary layer at the 12 o'clock position on the bulb to mix with air in downstream side of the 
bulb. In the wake region, [HCHO] concentrations are low due in part to photolysis and in part to 
dilution of air with low [HCHO] transported from the upstream side of the bulb. Approximately 
five bulb diameters downstream of the bulb, the reactions have virtually ceased as evidenced by 
the constant values of [HCHO] along stream lines. Consequently, 

.    there is significant HCHO photolysis in the boundary layer around the bulb and little 
photolysis far upstream, above and below the bulb, 

•   there is little photolysis beyond five bulb diameters, downstream of the bulb. 

Figure 6 shows that there is a large region above and below the bulb in which no reaction 
occurs. A useful measure of HCHO oxidation efficiency can be obtained by defining the HCHO 
oxidized in a stream tube whose width is equal to the diameter of the bulb (Db). Such an 
efficiency will be called the "single-bulb" oxidation efficiency (r\b). 

r\b = (removed HCHO/entering HCHO)s(rcom fBh„ ^ „m D{ 

— 1 - (C IC    > (5) k      V~-~avg outlet'     inlet s stream tube  of  width  Dh 
%   ' 

For the bulb shown in Fig 6, TI„ was found to be 6.5%. 

For a photolytic reactor containing an'array (in-line or staggered) of n bulbs, the overall 
reactor oxidation efficiency (rt0) will be, 

■n0 = l-(l-TU)B (6) 
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Thus while single-bulb efficiencies may be modest, an array of bulbs can have a significant 
overall efficiency. For example, a photolytic reactor containing 20 bulbs in a row whose 
individual oxidation is described in Fig 6, would have an overall oxidation efficiency of 73.9%. 

A reactor containing an array of UV bulbs is capable of oxidizing a significant fraction of 
airborne VOC's. The bulk of the reaction occurs in the bulb boundary layer and in the wake 
immediately behind the bulb.   It is suggested that designers borrow concepts from the design of 
compact heat exchangers and pack bulbs in a dense array (in-line or staggered) approximately 
two bulb diameters between centers. 

Part IK - EXPERIMENTAL STUDIES 
Ethanol vapor in air was irradiated by three, 40-watt, low-pressure mercury lamps inside 

the recirculating closed-loop apparatus shown in Fig 7. The bulbs were approximately 1.2 m 
long and 1 cm in diameter and aligned 3 cm between centers. The laser was omitted. A 
circulating fan (14.2 m3/min.) produced an average gas velocity of 18.6 m/s parallel to the axis 
of the UV bulb. The gas was irradiated for a period of 0.08 s on each pass, a full pass required 
0.275 s. The total length of the loop was 5.2 m and the internal volume was 0.065 m3. 

Reagent grade ethanol was injected into the air circulating in the test loop and allowed to 
vaporize. The initial ethanol mol fraction was 0.06. Gas samples were taken every minute for 
20 rnmutes after irradiation and analyzed by an HP 5890 Series IT gas Chromatograph using a 
flame ionization detector. When irradiated, the logarithm of the [C2H5OH ] decreased linearly 
with time (Fig 8) indicating an overall, first-order reaction. When adjusted for wall loss, the 
first-order rate constant was found to be of 1.76x 10"5 s_1, This value is consistent with the 
overall rate constants reported by Johnson et. al. (10) assuming overall rate constants are 
proportional to the input power to the UV lamps. 

Chromatograms taken every minute over a 20-minute period, indicated that an 
intermediate species appeared simultaneously with the disappearance of ethanol. Based on the 
kinetic mechanism of ethanol oxidation (11) it is believed that the intermediate species is 
acetaldehyde, Acetaldehyde is known (9) to disappear by both photolysis and radical attack and 
was found to depend on the actinic flux. 

Ethanol is not photolytic and hence its removal depends on the generation of OH and O3. 
Of the radiation produced by the low-pressure mercury lamps only that portion at 185 nm is 
capable of producing O3 (P4B). Once O3 is formed, OH can be produced by the ozone and 
HO2 loop in Part I. Table I shows that only 5% of the output radiant power from the low- 
pressure mercury lamp used in the experiment was at 1S5 nm. The overall conversion of input 
electrical power to radiation power is 40%, and of than only 5% is at 185 nm. Consequently 



ftUG.E'2.1997       3:45PM MECH.   ENG. 110.960 P.10 

three, 40-watt lamps produces 2.4 watts of usable radiation at 185 run. The ratio of electrical 
power to oxidize ethanol to the volumetric flow rate was 0.17 watts/m^ /min. 

CONCLUSIONS 
Analytical studies demonstrate that HCHO and CH3OH in ordinary air can be oxidized 

by high intensity UV radiation. Oxidation can be achieved also with low-pressure mercury bulbs 
providing the inlet ah is enriched with ozone. A kinetic mechanism is suggested involving 
direct photolysis and overlapping ozone and HO2 loops to generate OH which is the primary 
oxidizing agent. Analytical studies demonstrate that the major portion of photolysis occurs in 
the boundary layer surrounding a UV bulb and that designers should arrange bulbs in a dense 
configuration two bulb diameters between centers. Experiments with ethanol in ordinary air 
demonstrate that oxidation can be achieved providing the radiation contains 185 nm to generate 
ozone. 

While oxidation can be achieved using UV radiation alone, it is unwise, to ignore the large 
oxidation enhancement that can be achieved by titania phototcatalysis (3-8). It is suggested that 
designers should, 

• maximize the ratio of titania surface area to reactor volume, 

♦ minimize the distance between bulbs and titania surfaces, 

'•   minimize reactor pressure drop by using streamlined bulb and titania surfaces or arrange 
titania surfaces parallel to the direction of flow. 
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TABLE I - UV RADIATION SOURCES AND INITIAL GAS COMPOSITION 

UV Sources 
Case [O3]0(PPM) UV A.(nm) Px/A(w/m~) J(photons/cm2 s) 

1 0.01 (a) 185 1.99X10"4 1.85x10" 
(a) 253.7 9.93X10-3 1.14X1016 

(b) 337 3.72x10^ 1.45x10* 
2 1000 Same as Case 1 
3 0.01 (c) 193 31.4 3.1xl015 

4 0.01 (d) 248 25.7 3.21xl019 

5 0.01 (e) 308 15.5 2.21xl019 

(a) 40-W, low-pressure mercury lamp, 40% overall efficiency; 
radiant power, 5% 185 nm; 95% 253.7 nm 

(b) 0.006 W, N2-laser 
(c) 55-W, Excitner Ar-F laser 
(d) 45-W, Excimer Kr-F laser 

y(e) 25-W, Excimer Xe-Cl laser 

Initial Concentrations 
Cases 1,3,4,5: Ordinary ambient air containing 1000 PPM of HCHO and CH3 OH 

[O-]0 =0.01 PPM 
[H2OJD =0.01 PPM 
[OH]0 =4.1xl0"9PPM 
[HO2]0 =4.1xlO~6PPM 
[CO2]0 =300 PPM 
[0(3 P)]0 = 1.2x10-" PPM 

[H2O]0 =22,500 PPM (70% RH) 
[NO]0   =0.01 PPM 
[NO2]0 =0,1 PPM 
[CO]0 =0.1 PPM 
[OC D)]0 = S.lxlO-13 PPM 
[all other species] „ = 0 

Case 2: Ozonated Air, same as Case 1 above except [03 ]0 = 1000 PPM 

13 



ftUG.E2.iyy? 3=47Ft MECH.   ENG. MO. 9SL1 P. 15 

TABLE II - RADICAL REACTIONS AND RATE CONSTANTS 

Reaction & Number Rate constant (cnAnolecule-ls-l) 

OH + O3 = HO2 + O2 
HO2 + 03 = OH. + 2Ö2 
NO + O3 = NO2 + 02 

N02 + 03 = NO3 + O2 
HCO + 02 = H02 + CO 
HCHO + OH = CO + H20 
OH + OH = H20 + O(lD) 
OH + H02-H20 + 02 

OH + H202 = H20 + H02 

N02 + OH = HNO3 
CO + OH = CO2 + H 
N+OH=NO+H   . 
HCHO + OH = H20 + HCO 
H + 02 = H02 

H + 03 = OH + 02 

HO23-HO2 = H202 + 02 
N0 + H02 = N02 + 0H 
NO2 + HO2 = HONO + O2 
CO + H02 = CO2 + OH 
0(lD) + N2 = 0(3P) + N2 

0(3P) + O2 + M = O3 + M 
NO + 0(3P) + M = NO2 + M 
N02 + 0(3P) - 02 + NO 
0(3P) + O3 = 02 + 02 

O(lD) + H20 = OH + OH 
O(lD) + 03 = 02 + 0(3P) + 0(3P) 
O(lD) + 02 = 0(3p) + 02 

NO + OH = HONO 
HONO + OH = H90 + N02 

CH3 OH + OH = 0,85CH2OH + 0.15{CH3O + H20} 
CH2OH + 02 = HCHO + H02 

CH3 + 02 = HCHO + H02 

(Rl) 6.7E-14 
(R2) 2.0E-15 
(R3) 1.8E-14 
(R4) 1.2E-13 
(R9) 5.6E-12 
(RIO) 1.1E-11 
(Rll) 1.9E-12 

(R12) 1.1E-10 
(R13) 1.7E-12 
(R14) 1.1E-11 
(R15) 2.9E-13 
(R16) 4.9E-11 
(R17) 1.0E-11 
(R1S) 1.2E-12 
(R19) 2.9E-11 
(R20) L6E-12 
(R22) 8.3E-12 
(R23) 1.4E-14 
(R24) 1.9E-32 
(R30) 1.8E-11 
(R31) 2.9E-11 
(R32) 3.0E-11 
(R33) 9.7E-12 
(R35) 9.5E-15 
(R36) 2.2E-10 
(R37) 1.2E-11 
(R38) 4.0E-11 
(R51) 1.1E-11 
(R52) 4.9E-12 
(R60) 7.8E-13 
(R61) 9.SE-12 
(R62) 1.9E-15 
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TABLE DI - PHOTOLYTIC RATE CONSTANTS (s^1) 

Reaction No Cases 1 & 2 Case 3 Case 4 Case 5 

HCHO+hv-»H + HCO (PIA) 1.30E-5        0 '     1.63E-2         7.76E-1 
HCHO + hv ->H + HCO (P1B) 3.S6E-5       0 2.86E-2        2.19E-1 
CH3OH + hv-^ (P2) negligible  
03 + hv->0(lD) + 02 (P3A) 1.12E-1        1.38E1 3.27E2          3.04E0 
03 + hv-*0(3p) + 02 (P3B) 1.32E-2       0 3.63E1          0 
02 + Iiv-»0(lD) + d(3p) (P4A) 0                  0 0                   0 
O2 + hv-»0(3p) + 0(3P) (P4B) 1.23E-30     2.75E-4 0                  0 
02 + hv->0(lD) + 0(lD) (P4C) 0                 0 0                   0 
H202 + hv-^OH + OH (P5A) S.52E^4        1.85E1 2.91E0         9.68E-2 
H2O2+hv-»H20 + 0(1D) (P5B) 0                  0 0                   0 
H202 + hv->H + H02 (P5C) 0                  0 0                   0 
H202 + hv-»2H + 02 (P5D) 0                 0 0                   0 
N02 + hv-»NO + 0(lD) (P6A) 0                  0 0                   0 
N02 + hv-»NO + 0(3p) (P6B) 7.42E-4       0 6.94E-1          3.58E0 
H26+hv->H2 + 0(3p) (P7A) 0                 0 0                  0 
H20-^hv^H + OH (P7B) 1.09E-5       0 0                  0 
H20 + hv-^H2 + 0(1D) (P7C) 0                 0 0                 0 
HÖNO + hv-^NO + OH (P50A) 2.61E-3         4.70E1 4.77E1           1.07E-1 
HONO + hv^H + N02 (P50B) 0                  0 0                  0 
HONO + hv^HNO + 0(3p) (P50C) 0                  0 0                   0 
CO2 + hv ^CO + 0(!D) negligible  
CO2 + hv ->CO + 0(3P) negligible  

Actinic Flux (photons/cm2 /s) 
Case 1 and 2, J(lS5nm) = 1.85x10" 

J(253.7nm) = 1.14xl016 

J(337nm) = 1.45xl016 

Case 3, J(193nm) = 3,lxl019 

Case 4, J(248nm) = 3.21x10" 
Case 5, J(30S nra) = 2.21xl019 
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TABLE OF FIGURE AND TABLE CAPTIONS 

Figure 1 - Predicted HCHO concentration versus time for five different UV irradiation 

Figure 2 - Predicted CH3OH concentration versus time for five different UV irradiation 

Figure 3 -• Schematic diagram of the simplified UV radical oxidation mechanism for 
HCHO and CH3OH in ordinary air 

Figure 4 - Ordinary differential equations for the simplified UV radical oxidation 
mechanism for HCHO and CH3OH in ordinary air 

Figure 5 - Wake region of UV bulb in uniform flow, 
gas velocity = 2 m/s, bulb diameter = 0.03 m 

Figure 6 - Predicted HCHO concentrations in vicinity of UV bulb, 
gas velocity = 2 m/s, bulb diameter = 0.03 m, [HCHOJo = 50 PPM 

Figure 7 - Steady flow, closed loop experimental photolytic reactor 

Figure 8 - Natural logarithm of ethanol area response versus time for ethanol vapor in air 
irradiated by three, low-pressure mercury lamps 

Table I - UV Radiation sources and initial gas composition 

Table II - Radical reactions and rate constants 

Table Ht - Photolytic rate constants (s"1) 
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• (n 7 +ja o Jnctto }OH]-(KT» +KP:B][HCW ] 

-KEl(CH,OnJo2}+X«j[cH3oJo2] 

f3H 40H) 

-KL5 »R65 +P7B+P5A -n. 

K2\HOZ|O3]-JQ O[HCHO JOH]-K17[HCHO JOH] 

■* 3 iH2°210»!"-*1 S[«I03]+2K3 S[0P°)I«20] 

•«2[OHlH02]-ja5[eoIoK]-K60[cH3OllJoH] 

-x? TBJKJOJ+W 5A[K2O2]-KI[OH JO3] 

K? 7B[J.:2O]+SB D[HCH3 JOE]-» S [BJOJ+R S[COJOH j 

*>["h] 

=[=2}{KlB[H]+K9[KC0]}-E2Q[H02]2+ra.3[oH|K202] 

+
4

K
I

C
3]-^[H°2I03] 

= R30-R31+P3B+S38 

?3»[o3l+R3l)[ofD)jK2J-a3j[o{3p)JoJ+»3B[ofo)Io3]. 

4°N 
at 

=K?3A[o3]^[Ofo))rK30[K2]+K36[H20]+K38[o2|) 

= R2G~P5A-FI3 at 

sK20[ira2]2-K?5^H2O2]-ia3[H2O2IoH] 

_ cfo3] 

s«40P?)I02H03lw3X+KP3B]-IC2[8O2Io3]-Kl9[llIo3] 

<{HCO) 
-1-—i=pjA+ra.7-RS 

=KP3A[HCKO }+K17[HCH0 JOH)^K9[HCOJO2] 

Figure 4 - Ordinary differential equations for the simplified UV radical oxidation 
mechanism for HCHO and CH3OH in ordinary air 
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Figure 5 - Wake region of UV bulb in uniform flow, 
gas velocity = 2 m/s, bulb diameter = 0.03 rn 
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