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The Evaluation of the Air Pollution by Sulfur Dioxide
Estimated by the Lead Peroxide Method

Yoshishige HAYASHI

ABSTRACT

Concentrations of sulfur dioxide in the environmental air at Minma and Yoneizumi regions in Kanazawa city

was measured with the lead peroxide method every ten days over sixty days. The two shelters made with poly-

vinyl chloride plate were set at each measuring point to investigate the effect of light energy hv on the measured

values. One was covered with thin aluminum film and the other was not treated. For the purpose of comparing

the values obtained at different measuring points absolutely, the semi-theoretical equation is derived by using

the characteristic parameter ¥ due to the difference in the environmental conditions at measuring points and

the effects of several gaseous substances coexisting with sulfur dioxide and sunrays on reaction.

Key words: PbO, method, Evaluation for measured values, Characteristic parameter, Comparison of absolute

value, Semi-theoretical equation, Surface reaction model.

Introduction

The author previously reported the theoretical®
and experimental®>? researches on the PbO,-SO,
reaction system and it was found that the unre-
acted-core model corresponds closely to what
really takes place in this reaction system. Further
more, the effects of the atmospheric conditions
such as gas velocity, humidity, and SO, and NO,
concentrations on the reaction were proved.

In this paper, the appropriate evaluation method
for the data obtained from the lead-peroxide
method was studied according to the experimental
results in the previous papers’»? and the effect of
the sunrays on the PbO,-SO; reaction system was
investigated.

1. Theoretical analysis

As the rate expression derived from the unre-
acted-core model closely predicts and describes
the actual kinetics, in this study the unreacted-
core model is applied to the analysis of the SO,
data in the atmosphere with the lead peroxide
method.

Before going into the theoretical discussion, let
us examine the difference in the operating con-
ditions between laboratory and atmosphere. The

summary is as follows;

(1) In the laboratory, the cylindrical pellet
of PbO, powder made by manual pressurizing
machine was used and in the lead peroxide meth-
od, the prepared PbO, paste with gum trgacanth
is applied to cotton fabric wrapped around a
cylindrical porcelain former. The thickness of
the paste is less than 1.0 mm.

(2) The SO, concentration lay in the region
of 20~1500 ppm (v/v) in the experiment and in
the atmosphere it is less than 0.1 ppm.

(3) The average wind velocity in the atmos-
phere is 1~5 m/s ordinarily and the flow pattern
of the wind in a instrument for the lead peroxide
method is actually very complicated. In the
laboratory, the gas velocity was less than 0.93 m/s
and the gas flowed parallel to the axis of the cylin-
drical pellet.

By paying attention to the difference described
above, the analytical equation to evaluate the
data from the lead peroxide method was derived
on the basis of the unreacted-core model.

In Fig. 1, the cylindrical model which axle is
hollow is shown. The section taking part in the
reaction of the model is very similar to that of the
actual instrument. As the resistance for chemical
reaction is negligible for the PbO,-SO, system,?’
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Fig. 1. Schematic model for the lead peroxide
method

From Eq. (9) in the previous paper?

_ d?‘c _ CAO %
dt aCso
1
{re/ks(Ra+ )} +[reln{(Ri+d) /1}/ Dea]
(Ri<7:<Ri+d) M

As mentioned above, the thickness of the PbO,
paste applied to cotton fabric is less than 1.0 mm,
and d < R;. Equation(1)is, then, rewritten by the
surface reaction model as follows;
- (dfc/dt) = (CAo/aCso) 'kf (2)
The mass of the lead sulfate produced by the re-
action is
W=7T (Rl + d) ZLCSO — TTTCZLCSO (3)
By considering d<R;, the differentiating of Eq.
(3) with respect to ¢ gives
AW /dt=— 2aR\LCs) - (dr./dt)  (4)
In this reaction, g=1 and from Egs. (2) and (4)

AW /dt=21R,LksC 4o 3
and the initial condition is
at t=0, W=0 (6)
The integration of Eq. (5) gives
¢
W=2zR,L j E,Caodt %)
0

In the lead peroxide method, the PbO, paste is
left in a polluted air for a month and the SO,
concentration and the atmospheric conditions such
as wind velocity and humidity change with time
or day. The integral term on the right side of
Eq. (7) cannot be, then, integrated with easy.

2. Estimation of the gas film mass trans-

fer coefficients

From the experimental results in the previous
paper,? k is represented by

JIp=(ks/u)Sc**=a; H** Re* (8)

In general, the relative humidity lies in the
region of 50~909%, and the average wind velocity
a day is more than 1 m/s under the atmospheric
conditions. As is obvious from the previous
paper, k, is in proportion to F%74 and ¢%°.
These exponents were determined by the data
obtained from the experiment carried out under
the different conditions from the atmosphere.
Especially the exponent for the wind velocity
seems to be too large. The experimental data
with the lead peroxide method reported by Go et
al.® indicates the total amount of product was in
proportion to %%5. The experiment was carried
out under such conditions as the wind velocity
was in the region of 1~4 m/s and the SO, con-
centration was in the region of 0.05~0.3 ppm.
On the other hand, the PbO, pellet used in the
previous studies®>? formed by manual pressurizing
machine and the surface of sample was smooth
and the pellet didn’t contain the different ma-
terial just as gum tragacanth. Furthermore the
gas contacted with the pellet directly. This phe.
nomenon is different from that in a instrument
of the lead peroxide method in which the gas ve-
locity is reduced by the shelter.

It is, then, assumed that the degree of the effect
of the gas velocity on the reaction is overestimated
in the experimental study in the laboratory. To
evaluate the data with the lead peroxide method,
it may be suitable to use the exponent of 0.5 re-
ported by Go et al®.

While the interfacial resistance at the reaction
surface of the sample is affected by humidity alone
according to the discussion in the previous paper?.
The humidity is a statistic physical factor and the
wind velocity is a dynamic factor. The degree of
the effect of humidity is, then, regarded as equiv-
alent in both laboratory and atmosphere. In this
analysis, the exponent 0.74 obtained from the
previous study? was used.
~ To estimate the values of k; from the data re-
ported by Go et al.?’, the following equation was
used

ky=W /2xR,LC ot )

As the experiment by Go et al.® was carried
out with dehumidifier and the value of humidity
was not represented in their paper, it is assumed
that the effect of humidity on the reaction can be



ignored on their data. When % is in proportion
to %74 and %3, the values of &, by the lead per-
oxide method was approximately represented by
(ky/u) Sc¥*=0.0158 H* "“Re™"* (10)
where the diameter of a cylindrical porcelain
former was used as the characteristic length.

3. Semi-theoretical equation

Now let us consider the characteristic para-
meter ¥ which represents the deviation from the
value with the conductometric method caused by
the difference in the environmental conditions at
measuring points and the effect of several gaseous
substances coexisting with SO, and sunrays on
reaction. Eq. (3) is rewritten

AW /dt=2r R LUk ;C o a1

4, The results of air pollution by sulfur
dioxide measured with the lead per-
oxide method

4.1 Measurement

The PbO, sample standardized in the lead

peroxide method was used. The sample was put
into the shelter made with polyvinyl chloride
plate which dimensions was 0.29x0.35x0.52 m?.
The appearance of the shelter is shown in Fig. 2.
The instrument was left for sixty days at two

measuring points in Kanazawa city; Minma,
The sides of the shelter had a nu-

Yoneizumi.

IR &
Fig. 2. Appearance of the shelters used in this
experiment
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merous holes in order to go through the polluted
air and in addition, to investigate the effect of
sunrays on reaction, two shelters were set at each
One was covered with thin
aluminum film and the other was not treated.

measuring point.

In the shelter, there were six samples to investi-
gate the air pollution by sulfur dioxide every ten
days. The measurement was performed 8/9/78
to 10/9/78 and the samples were analyzed at the
Environmetnal Pollution and Sanitary Research
Institute, Ishikawa Prefecture.

4.2 Results and discussions

The results are shown in Figs. 3 and 4. The
curved lines indicate the results estimated by the
method described later.
figures, the total amount of the product increases

As is evident from these

when the sunrays is applied to the sample under
This result
shows that the reaction between SO, and O, in
the atmosphere is affected by the light energy
hw®

In actual, it was reported that the direct oxida-

the identical atmospheric conditions.
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tion of SO, by O, in the absence of the light energy
proceeds extremely gently at atmospheric tem-
On the other hand, Urone%® reported
that the oxidation in the case of applying the sun-

peratures.

rays proceeds to some degree than that in the
absence of the sunrays and its reaction mechanism
was written as follows;

SO,+hy — 180, (12)
18O, — 250, (13)
250,40, —> SO, (14)

S50,+0; — SO;4-0, (15)
4.3 The analysis of air peollution by SO,
Now, let us discuss the values measured with
the lead peroxide method at Minma and Yone-
izumi in Kanazawa city according to the semi-
theoretical equation presented in this paper.
The integrating of Eq. (11) gives

t
W =2zR, LU f EsCoaodt (16)
0

In performing the calculation, the atmospheric
conditions at measuring points in Kanazawa City
have to be considered. In this study, the aver-
ages of a day for wind velocity, relative humidity
and SO, concentration measured by the conduc-
tometric method Cy, were used and W was calcu-
lated from Egs, (10) and (16) at the time interval
of a day by using the numerical integration with
Simpson’s formula.*
value and it was evaluated by the following equa-
tion;

Parameter ¥ is unknown

[

N
U= 2 (Wobs,i/W:)/N=

N

2

i=1

where ¢; and Wy, ; show the individual sampling
time and the values estimated by the lead peroxide

t;
{Wovs,i / (2 R:L j &sCaodt) /N (17)

method at ¢;, respectively.

The results estimated are shown in Fig. 3 and
4 as curved lines. As is evident from these figure,
good agreement is recognized between observed
and estimated values. The values of ¥ were 0.24
and 0.28 at Minma measuring point in the cases
of blocking up the sunrays and applying the sun-
rays, respectively. On the other hand, at Yone-
izumi the former was 1.3 and the latter was 1.6.
The degree of the effect of the sunrays on the
reaction can be evaluated by the comparison of
the ¥ values at individual measuring points.
The ratio of ¥ value obtained by applying the
sunrays to that by blocking up the sunrays was
1.17 at Minma and 1.23 at Yoneizumi. In this

* refers to Appendix

study, it was observed such a tendency as the
measured value in the case of applying the sunrays
was 1.2 times than that in the case of blocking up
the sunrays.

5. Evaluation of the meausred values of
air pollution by SO, with the lead per-
oxide method

The lead peroxide method has been used as a

measurement of the SO, concentration in the air
in Japan.
affected by the atmospheric conditions and the
environmental conditions, and the values obtained
at the different measuring points are not com-
pared with each other absolutely.

When the semi-theoretical equation proposed

The measured values, however, are

in this paper is used, the reliability of the values
measured with the lead peroxide method is im-
proved as follows; The average concentration Cyq
is calculated from the total amount of the product
W obs with the lead peroxide method.

_ t
Cao=W ans/ {22 RILY f R (Huydd  (18)

In this case, the wind velocity and relative humid-
ity used for the estimation of %, are the average of
a day. The values of ¥ at various measuring
points are estimated by the similar way described
above with the average SO, concentration of a
day by the conductometric method.

In Table 1, the results calculated from the
method proposed here** are shown with the aver-
ages measured with the lead peroxide method and
conductometric method. As is evident from this
table, the calculated results are faily in agreement
with the values measured with the conducto-
metric method. It is, then, concluded that the
values measured with the lead peroxide method
at various measuring points can be evaluated
absolutely by using the method in this paper.
The values of ¥ should be estimated at the interval
of several months, for example, four seasons and
further, the average for several years should be
used for calculation in practice.

Conclusion

To evaluate precisely the air pollution by SO,
measured with the lead peroxide method, the semi-
theoretical equation was proposed by considering
the atmospheric conditions such as wind velocity.
relative humidity, and several gaseous substances

** The simpson formula was used. In this case F(i) ex-
pressed by Eq.(A-4) is as follows;
F(i)=H(i)ﬂ-1&u(l')ﬂ.!sc(i)—2[Sy(l')ﬂ.i
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Table 1. Comparison of measured values with calculated ones for average SO, concentrations at

Minma and Yoneizumi

Lead peroxide method Conductg)rgetric Calculated value
Time [mg-SOs/day/100cm2-PbO,] “1 5?°[mgl m] % 107 [mol/m3]
[day] Minma Yoneizumi Mioma  Yoneizum Minma Yoneizumi
A B A B A B
8/9-8/18 4.71x1072 3.83x1072 0.77x107! 0.61%x107! 1.74 0. 685 1.99 1.99 0.686 0.635
8/9-8/28 4.76 4.12 1.03 0.88 2.01 0.841 2.02 2.15 0.8388 0.889
8/9-9/7 4.52 3.57 1.51 1.51 2.10 1.10 .85 1.81 1.26 1.46
8/9-9/17 5.16 4.12 1.61 1.42 2.11 1.21 2.09 2.06 1.3¢4 1.38
8/9-9/27 5.64 4.69 1.64 1.24 2.12 1.49 2.33 2.39 1.42 1.26
8/9-10/7 5.97 4.60 1.75 1.46 2.10 1. 60 2.46 2.32 157 1.51

A Applying the sunrays, B: Blocking up the sunrays

coexisting with SO, and further, the effect of
light energy Av on PbO,-SO, reaction was inves-
tigated. The following became clear in this
study;

1) The values measured with the lead peroxide
method are affected by the light energy hv and
the amount of reaction product in the case of
applying the sunrays is larger than that in the
case of blocking up the sunrays.

2) The surface reaction treatment based on
the unreacted-core model presents closely the
actual kinetic for the reaction on the lead peroxide
method.

3) The semi-theoretical equation proposed in
this paper is very useful for the evaluation of the
values measured with the lead peroxide method.
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Appendix
Considering 27R,L =100 cm?, one obtains from
Eqgs. (10) and (16).

t
W=1oowj Couoksdt
0

t
=1.58 (2R1) -0.5f SC—2/3V°‘5H°'74u°'SCAodt
0
(A-D)

When the time interval is a day, the integration
term in Eq. (A-1) is rewritten

(60 % 60 x 24/3) x

I: Sc(?) -2/3y 0) 0. 5H(Z) 0.74;, ) 0-5C 40 (z) dz
(A-2)

By using the Simpson formula, the integration
term in Eq. (A-2) is as follows;

J‘: H(l) 0. 74u (Z) 0. 5CA0 (l) SC (Z) =2/3y, (Z) 0. Sdt

N/2-1
=F(0)+ g {4F (2i—1) +2F (20)} +

4F (N-1)+F(N) (A-3)
where
F(Z') =H(Z) 0.74u (i) O.SCAO (Z') SC (Z) —2/3’) (Z) 0.5
(A-%)

and N is the days of exposure interval.
From Egs. (A-1) to (A-4), then, the value of
W is calculated.
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a =stoichiometric coefficient [—1
Cho =concentration of gaseous reactant in bulk
phase [mol/m3]
C A0 =average concentration of gaseous con-
centration in bulk phase defined by Eq.
(18) [mol/m3]
Cso - =initial concentration of solid reactant

[mol/m3]
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Subscript
obs

=thickness of PbO; paste on cylinder [m]
=function defined by Eq. (A-4)

=relative humidity [%]
=overall gas film mass transfer coefficient
[m/s]

=height of PbO, paste on cylinder [m]
=days of exposure interval [day]
=outside radius of cylinder [m]
=Reynolds number (=2Ru/v) [—1]
=distance from the axis of cylinder to
unreacted-core surface [m]
=Schmidt number [—]
=exposure time [day], [s]
=mean wind velocity [m/s]
=total amount of solid product [mol]

=characteristic parameter defined by Eq.

(11) =

=observed value with the lead peroxide
method
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