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m') pH<50 ., (Hcos ) : H
H»SO0q4 HNO3 . pH pHos H2S504 xmmol/L, HNO;j;
S04 : NO;  ( ) =9: 1 (HNO3) =x/9 (mmol/L), 2
H' 10 P,
1 pH 2
Tabl 1 The erosion of the acid rain with different Tabl 2 The change of the erosion on
pH values on the limestone mg/L limestone with time mg/L
pH 20 30 40 50 10min ~ 24h 80h 7d 15d 30d
pH 6.83 7.56 7.34 7.87 pH 242 274 330 57 597 645
Ca?" 202.40 45.69 27.25 1523 Ca?" 6.81 34.07 8470 9539 10114 111.42
Mgt 0.49 486 390 Mg2*
3 (2]
Tabl 3 The chemicl reactions and their equilibrium equations
pK (250
1 €Oz (p +H0=HT+HCO5 782 (HCOy) =107 7820pg / (T
2 HCO3~ <H'+C0% 10 33 (co3—) = 101033« [HCO3~ D) / (HT)
3 CaC03=Ca2T+C03~ 8. 40 (ca2) =10784 [co3~)
4 CaMg (CO3)p<Ca2"+Mg2T+2C03 1700  (Mg+) =10"1700-,  [ca2t) (cO% )2
5 CaS040 <Ca?t+503~ —2.31  [cas09) =10231 [ca2t) (S0F)
6 M 8040 =M g2 4503~ —2.36  (Mgs09) =102 % (Mg2*) (5037
7 CaHCO3+ =Ca?" +HCO3 —1.01  C(caHCOF]) =101 0+ (Ca2t) (HCO3 ]
8 M gHCO3 " =M g2 "+ HCO3 —0.95  (MgHCOT ) =10095- (Mmg2+] (HCO7 )
9 €aC030 =Ca2" +C0%~ —3.22  [(caco9) =10322- [ca2t) (cO3 )
10 M gC030 =Mg2 T+ C03~ —3.40 (MgC09) =10340- (Mg2t) [cO3—)

2x+x/9=10 Mo
D ©07 )r=9x10 ™My19,  (NO3;)r=10 ™o/19

3 . :
@ [cos ) =10 "% "), ® [cot ) =10 2%, ")
@ lca*" ) =10"% (H" )% ©® Mg ) =102 (0" )%
©® [caHCos J =10*%* (0" J; @ MgHCO; ] =10* ")
(CaCcOd) =10 >, ©® MgC0d) =10 %
Cas0§]) =10 3¢ (" (s0F )i @ Mgs09) =10* (" )* (s0% )
S :
(CaSO9 + (MgSOD + (807 ) = (S0 )y
O. ©. @
10°°° (') (50i ) +107" [H']? Goi )+ (507 1 /w0t =9x 10 Mo/19
503 ) =1510 M/ Grsoz +10" P (' P (12)

2 (Ca® ) +2 Mg ) + (CaHCO3 ) + (MgHCO3 ) + (H ) =
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2 (S0i ) +2 (CO3 ) + (HCO3) + (NO3) + (OH ) (A)
. pH 80~9.0 H"), (OH ) .
A)
2(Ca ] /red +2 [Mg ] /rugt + [CaHCO' | /remco, + [ MgHCO3 ] /
rugico; =2 [SO3 | /rsor +2 [CO3 | /rcor + (NO3 dr+ [HCO3 ] / ruco, (B)
O~O 12 (B),
2 (10% %/ re2 1079 ry2 ) [H 12 (10% %+ 10“8>[ g /FHCOJZ,,SZFX%
“04
K10 M/ (rsor +101 P2 [HT 1) 42510 7 peq TP+
Loc10 M+ 107“31 (e)
19 ruco, © M)
’ pH0:2 O
1 . ri— 1 09 (C) ’ (
. GBDH . W) =107
() @~® (mol/L)

(Ca®™) =10 *%%, (Mg>) =10 %%, (807 ) =10 >, (HCO; ) =10 *3%,
(€03 H=10 "% (CaHCO3)=10 >, (MgHCO3 )=10 >, (NO3 )=10 >

- é 3 Z2mi=1.26071X 10 >° Gnol/ L)
re2t=0. 650, VMg” =0. 6662, l”soif:o. 6323, I’H(;o;: 0.8925, rcor=0.6414
2 . ©) . HT) =102
1 . :
ree =0, 6317, rug =0 6495 rso> =0. 6120, rco> =0. 6221, rico, = 0. 8845

8 0252 n—1 ), : [ H+] -
10 ~
3 @ ~12, (mol/ L)
2y — oy 1 2. 8004__ 12 595083
(™) = ) = eamag < 10 10
20y — 2+ 1 —3.0004__ 1 n—2 8078403
Mg~ ) = ] = =0 64186><1o 10
2 _ —2 66916__ 2. 44928
(803 i) =g 60273 <10 =10
2 _ —3.2948  _ —3 239825
(HCO3) = 5] =5 8811><10 —10
_ v __ 1 5 5996__ 1\ 5. 387252
(€03 = root [CO3 ) =06 10 10
(CaHCO3) =—— [CaHCOF ) = X102 % (01 ) =10 50%2s
THCO, 0. 8811
(MgHCO; ) = 1 - ﬁ\/[gHCO; ] :0 81811><10268 [H\ ] :1075_ 290225

FMgHCO,
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MgsODH =10"*" (" F (807 ) =10""x10 ¥* %10 > *M0=10 >3
(CaSOg) :1015 56 [[‘IJF ]2 [SOE*] :1015,56>< 10*2>< 8. 0(252>< 10*2, 66916: 10*3. 159556
(Ca’ Hr= (€a ) + (CaHCO3) + (CaCO) + (CaSOD =
3.249X10 “mol/L=130.22 (mg/L)
Mg = Mg> ) + (MgHCO3) + MgCOD + (MgSOY =
2.05825X 10 *mol/ L=>50. 026mg/ L

CaMg (CO3)2 2. 05825mmol/ L=379. 51mg/L
CaCO3 : 3.249—2 05825=1. 19075mmol/ L= 119. 075mg/L
pHo @ 4.,
4 —CaCO,— CaMg (CO,),— CO,
Tablke 4 The calculation result of acid rain— CaCO,— CaMg(CO,),— CO, model mg/ L
pH, 2.0 2.4 3.0 40 50 5. 66 ( )
pH 8. 025 8 152 8. 293 8. 368 8. 376 8. 378
130. 22 60. 00 25. 24 16. 382 15. 591 15. 494
50. 03 22. 677 9. 687 6. 287 5. 987 5. 945
CaCO, 119. 08 56. 45 22. 96 15. 024 14. 28 14. 07
CaMg (CO5), 379. 51 172. 03 73. 49 47. 69 45. 42 45. 10
2.2 —CaC0O3—CO>
DCOs (g) +H20 <H +HCO3 ; @HCO; <H' 403 ;
®CaC0s <Ca’" +C0% ; @DCaS0) =Ca>" +S07 ;
®CaHCO3 =Ca?" +HCO3 ; ©®cCaCod=Ca® +Cco3

(5033 = 1210 M/ Crgh +105% (")
. 2(Ca® )+ (CaHCO3 D) =2(S03 +2(C0% ) +(NO3 )+ (HCO3 )

m) :
2 o 10% S (4 102 (HT] = 2 210y (st + 10"
reatt [H] FHCO [H] rsol 19 rso,
+ 2 1 - 10 't 2 10 *°
H +=75X 10 ot +—==X
(A1) 197 10 rHCO, [H‘] rco’ [H‘]2

1 , 5.
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5 — CaCO03— CO2
3 Table 5 The calculition result of acid
rain— CaCO,— CO, model mg/ L
D)
’ pHo 20 25 3.0 4.0 5.0 ) > 66 )
’ pH 79217 8085 8207 8295 8305 8 305
Ca- 21013 76.16 37.09 2245 21.24 20. 92
COs ’ — Ca- CaCO3 52428 190.0 9254 5601 530 52.2
CO,—CO2
C 1. 2401
2 — CaCO2,—CO2
, pH=2.0 CaCOs3 2001
10 .
(3 . pH 7, 160
30 20 , CaCOs; s .
g 0}
; pH> &
30 . < ol
LA 3R K I T A )RR R AXE K& w0}
ITAR A, EiE R |
| | 1 I !

1 pH Ca®"
Table 1 The relationship between Ca?™ concen— tration

and the pH values of acid rain

1— —CaC03—CO, 5
2— (1 )
1 s s . . . 1992 (3), 10~17
2 s s . . : , 1993 16~23
3 s s . . : , 1988. 16~28
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Abstract Comparing the results of simulation experiments with the calculation of their chemical equilibrium mod-
el it is indicated that the acid rain— CaCO3— CO, system/s equilibium model can show the quantity of the ero-
sion well There is a big discrepancy between the results of the simulation experiments and the calculation of the
acid rain— CaCO3— CaMg (CO3)2— CO; system equilibrium model. It shows that the erosion of acid rain on
dolomite is less intensive, w hereas the erosion of acid rain on CaCO 3 is more intensive The erosion of acid rain on
CaCO; (pH=2 0) can be ten times more than that of normal rain. the pH values of acid rain range from 3. 0 to
2. 0 and the erosion of CaCO 3 rises rapidly, therefore, the pH values of acid rain should be controlled by more than
3.0.

Key words acid rain; limestone; erosion; experiment model
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