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ACID RAIN FORMATION BY ABSORPTION OF SULFUR DIOXIDE
AND HYDROGEN PEROXIDE

% sex* - pHEas™ - kE ks
Sadataka SHIBA, Ryuzo ITO, Tomitaro SUEISHI

ABSTRACT; In order to investigate the nonrsteady characteristics of acid rain
formation by 50.-H:0: absorption, a mathematical model has been built and a numerical
simulation of acid rain formation has been carried out by finite element method. = The
model is based on diffusion of chemical species in a rain drop, pollutant mass trasfer
between the air and a drop, dissociation of sulfur dioxide and oxidation of bisulfite
ion by hydrogen peroxide. The simulation has proved that the concurrent washout
of 50ppb sulfur dioxide and 0.1ppb hydrogen peroxide during 500m falling can acidify
0.lcm-diameter rain drop from pH5.6 to pH4.5 and that the oxidation effect of the
atmospheric H:02(g) is not so important in the early stage of acid rain formation.

KEYRORDS; Acid Rain Formation, Hydrogen Peroxide, Liquid Phase Oxidation, Sulfur

Dioxide, Washout.
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S0x(g) + H20 2 S0(1) (#,); S0x(1) = HSO053+ H* (K.); HSO3= 505 + H* (Kz2) (1,2,3
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H.0(g) + H20 = H20(1) (Hs) H.0-(1) 2 HOz + H* + H20  (Ks) (4, 5)
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HSO3 + H20,(1) — SO0F + 2H.0 + H* (k= kTH']) (6)
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(Cil CZ, CJ, Cd, CS, Cé, C7, CiE, CSE)
= ([S0:(1)], [HSO3], [S037] [S0%], [H:0x(1)], [H'] [HOz], [S0:(g)], [H-0:(g)]) (D
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K;'C1=Cz'csi Kz'cz=cz‘cﬁ; Ks-Cs=0C,-Cq (8, 9, 10)

Ku
Cufr, 1) - Co(r, £) = 205(7, 1) = 2Cu(7, 1) - Co(7, E) - Cr - @ (11)
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—d—t: k* C6 Cz C5 (12)
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K, Cu’ Dz’ D’ 9, - 49,

(31, 32, 33, 34, 35)
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Jz = Bhi" cz _C_ H Ja=10 ' Js = Bis -@s(cs - xscse) (39, 40, 41)
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Bi, = She (42, 43, 44, 45)
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(D) = 958{1 - exp [— [ﬁ] ] } (46)
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Bi, = 217.4 + 72.9TRe&? ; Bis = 3.557 X107 + 1.060X10>Ret? (47, 48)
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Co= [(C.+2C.+ @) + V(€. + 2Co + @)* + 4(2K2 - C2 + K5 - C5) 1 /2 (49)
A O o ~ o Cs
C1:C6".——; C3: 25, C7: 5"

3 K . K 2 (50, 51, 52)

4. BURARDS Sal — 3y

XEFTBRAZENNCR DEBRELOT, EREREICI VREFEL . MEOBELEL I 21—
L7z, EE0.LcnddWE(v = 388m/s) (LT, Ciws=50ppb, Cs = 0.1ppb& LTCEHBLL., OB, C,

—180—



DFEHREH Ciol36.19X10°HE % 3, FIEDLIBEC, = 107°M, €. = 107°M, Cs

(pH=5.6)TH 3%,

920425-F1

‘0-| — T rrrrr—
——FHHH—
Bis = 0-00356 » 0-00106Rey”
P
&
[+ 4 - V]
: sllg
2 a2 A4 A
2 1079 v
-
=t
o© =
L~
iy = 217 « 73.0Rey?
25°C
107 [ L111ho?
1072 107 1

FIG. ). VARIATION OF BIOT NUMBER WITH D

DROP DIAMETER 0D {(cm)

»~

10

10°

49 Y3IgWNN LOl8

o
o

1

~

e
o

A

CONCENTRATION

e
~

= 107°M, Cs = 2.5X10M

950413-F2

Rz

y
P

]

0.2 04 06
RADIAL COORDINATE

0.8 1-0

FIG. 2. TIME VARIATION OF €, -DISTRIBUTION

Fig. 2ZRIaEMS 0 )DREIRE L 2 n g, BESIRSRIORGE L X LIzl | = 1.0(147s)BE Tl ~ 1.0
ELD . ARPDS0A)BESOppbIc FHALBEX.CalIZTTEEL TS, Bz, MiEEFEREORET
LIREFBINRETH L, REBEIZRL T—ETII L <BEL L LICKBIcIMES 2, ERIITEEERE
EACAHELWLOL LTHBABEL RO (KES, 1972). A3 W, —EBLHELLZVWETY .
BRMICERABEORBENLZ THERBAL TEWEh -7 - 8 - KAG, 1991), 2EDL I 2L —1
3y T, MERAREOECSLNEENLZLDEL>TWBEES L LS. (= 032BWT L . REBRE
I3FPHEEDIXZIIZBL TWE WS b5,

930413-F3
20
0.01
w 15 0-1
©
4
0.2
(o] ﬂ
- M
<
@ 10
z
!:).I t=0.3
Zz
8
5
0-5 e
1.0 1
0
0 0.4 0-8 10

RADIAL COORDINATE F

FI1G. 3. TIME VARIATION OF Cs -DISTRIBUTION

600

500

a

CONCENTRATION Cg
>
Q
o

(7]
o
o

»n
(=]
o

1.0 —_____+
—'EFJL-—’—— 7
i
— 0 3 -
/

T o
— /
ey
0.2 0-4 0.6 08 10

RADIAL COORDINATE 7

FI1G. 4. TIME VARIATION OF Es -DISTRIBUTION

—181~



Fig 3IdH0()DFAFENBEEN M TH 5. HS0:L DELRISTHBEINSH(250()DHE L ITHICHE
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