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Corrosion of Carbonate Rock by Artificial Drainage and its Potential Effects to Environment
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Abstract: Carbonate rocks, huge sources of carbon and calcium, cover a large area of the earth surface. More and
more drainage are drained by mining industry and domestic life development recently. In order to study carbonate
corrosion by drainage and its effects to the natural environment, we determined cation concentrations, pH values,
HCO; concentration and characteristics of rock surface and components induced by corrosion using atomic absorp-
tion spectrophotometer (AAS),pH meter, alkalinity-titrimetric method, SEM-EDX and XRD. The results showed
that the parameters induced by corrosion were significantly different between the test groups and the controls. For
example, carbonate rocks corrosion was much more intensely caused by drainage, thus more Ca and C were released
from the carbonate rocks. We found that CO, was absobed when carbonate rocks were being corroded by solution of
diluted heavy metal cations, but was released when the corrision solution contains high concentrations of Pb(NQ,), .
CuCl, .CuSO, and microbes. Additionally some epigenetic minerals were generated during carbonate rocks corrosion
by complex drainage. We thought hydrochemical changes caused by the sewage and the principle of entropy increase
could be used to interpret why drainage induces the carbonate rock intense corrosion.
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AR EHEMEENLERR, MPEARESRHBX
STHRET W, FFRTIERKBEFY . HHEF
WEELBHE T, PYT G [C&" \Zo* &,
A, . PH A HEBOR R E R E 700~
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ZLEDY, XBFBRICATRE SERAKRNE
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EREHRRE BREENME M RLE RS H
GAMERNERARME. il ELREE
FU I FBAE Y K R pH (B B, AT i 3
WREREL A 0Pl T HCO; 7E R LTS R &5 bR
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EWHEXICAKRE, & REERHIWEGR Ca/Mg &
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ER— W R TRATESB R
YREHESHEEKRE KRB RESHES.
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H,O + CO,= H* + HCO; R EFREMYEL
% H,O-CO,- T Y R L P B M = MR HIEE T,

BRER 2h A ROV R T AT R IR AN T .

CaCQ; +CO, +H, 0 ==Ca>* +2HCO; =}
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Mg?* + 4HCO; , €))

CaCQ, + H*——Ca®* +HCO; =
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2HCO; . (2
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SAMEERBICHER ., WK EZRLRKE
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TR RARBEREENREERN
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D BRI, dBE KT 99. 0%, LR & k23R
FIFRRAFD 4K (B s B 18, 256 MQ » cm) 250
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TERBHE RSO g IR (EKEY
40260 OB 50 mL KB B ik o, 76 fH I8 $2 IR
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BT TAE I X R PR A AR AR Br X 35 .
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W3 EE., 28~30°C.145~150 r/min 4b3H,
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BB IR BIESE 12.24,48,72.96 #1132 h
W 2 AR FEHR .

CuSO, 1 CuCl, ¥ WX A KA A 6 %t s
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Table 1 The factors and their levels in the
orthogonal test L (5°) mg/L
CdCl; -
HEM  ZoClz  Pb(NO;); KH,PO, ZH%
/2H,0 7
KE (B Zn?T) (3 PbZH) #P @& NHD)
(¥ Cdzt)
1 0 0 0 0 0 0
2 0 1 0.15 1 10 4
3 0 5 0.75 5 50 20
4 0 25 3.75 25 250 100
5 0 125 18.75 125 1250 500
6 3 0 0.15 5 250 500
7 3 1 0.75 25 1250 4]
8 3 5 3.75 125 0 4
.9 3 25 18.75 0 10 20
10 3 125 0 1 50 100
11 15 4] 0.75 125 10 100
12 15 1 3.75 0 50 500
13 15 5 18.75 1 250 0
14 15 25 0 5 1250 4
15 15 125 0.15 25 o] 20
16 75 0 3.75 1 1250 20
17 75 1 18.75 5 0 100
18 75 5 0 25 10 500
18 75 25 0.15 125 50 0
20 75 125 0.75 0 250 4
21 375 0 18.75 25 50 4
22 375 1 0 125 250 20
23 375 5 0.15 0 1250 100
24 375 25 0.75 1 0 500
25 375 125 3.75 25 10 0
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A RT7E Pb?™ ¥R FE 3 400,600 F 800 mg/L i
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(E 1A); 4 Pb* ¥k B 24 100,200 mg/L ¥ ¥ F1 4k
KACEJE WA pH ETE 8 24, AT E A5 4k, pH
HEAZH AR, HCO; WMl € 4R 8/ (B 1B),
Pb* ¥k FE 25 100 #1 200 mg/L BB A B A KA
Ja R E "+ HCO; #EM 1.0 mmol/L EFHE 2.5
mmol/L Z 47 ; P ¥k 2y 400,600 F1 800 mg/L
AW AL B AIRA G & H HCO; ¥ EM 0. 75
mmol/L EF 3 1. 50 mmol/L A4 ; M A KA 14
Kb, KK HCO; EAFHA 1.0~1.5
mmol/L Z B3, RERH THKMNBE e 1R
RElEM., BICHENERF Ca sk EA LG
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Fig.1 The change of the Parameters after limestone has been corroded by lead nitrate solutions of
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Fig.2 The proportion and rate of limestone

corroded by lead nitrate
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BWAOT. HWEE R NIRRT 120 b
M) HCO; H i CO, BB B K
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ML Bt M TR R E AT R
W, KRR AE Sh A R R Pb? o LI
W pH ERE, BmE CO, ERMER
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HCO; + H = CO,+ H,O0 (3
T AEEIS B Y B 1.0 g BRERES AT 9] RHEREIL O
~120mg C, B3 B/R T LM EE S ZHEILHTE
HAHFF. B2 Pb* K 100 mg/L B, 7E58 132 h,
S 1.0 g ARARICT 116. 70 mg C, X145
RERTHRLMEA20mg O, TUINARAKRAE
R C MM AE (B =D B & Pb(NOy), ¥E
IR, FHEY Pb* W E R 600 mg/L A,
HERAKARRERI R C 875 H#HFT.
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Fig. 3 The relationship between time and quantity of absorbed

C for 1. 0 g limestone being corroded by different

concentrations of lead nitrate solutions
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A. SEM pictures of surface shapes of the limestone unprocessed;B. corroded for 72 h by copper sulfate;

C. and by soil solution containing microbes
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Fig. 4 SEM pictures of surface shapes of the limestone, which has been corroded for 72 h by copper sulfate or

soil solution containing microbes
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% 2 3 CuSO, I .CuCl, W . B MAEY Y
RERB BREEMEGKERAKAM4LMT2ZHE
B KiEhR. % SPSS {72401 (LSD ¥ ,0. 05
7KF) ,CuSO, .CuCl, HWH A + AP HIEF
BAKRAERE BR pHEHBERTERE
MAKAEK, TTAKABHBERN C BB ¥
BFEAEMAKLERY, £ CHELFTE, =

REFE/ MG K BRBREA GBI R KB ENFREL

HRHHNEREAARNERFTN COTFARRA
BEBRREHCMRNERSH CRRET KR
TSR ERBANRNER R
MCETARAEBRNHEM C.HAEZNIR
CBHARMKERZF, M CuSO, #HW M CuCl, ¥4
R RABRBRA MR, RE 882 SO M
Cl™ 78 5 44 7 o 0 ¥R BE 70 T S ) i BB

F2 CuSO, BH.CuCL, AR . TEMEDT HEEFR EFENLKEBAREEH I HEARNFXER
Table 2 The results of limestone being corroded for 44 h and 72 h by copper sulfate, copper chloride,

soil solution containing micrebes, culture medium and purified water

44 h 72 h

B % HCO7 Ca?* , HCO7 Ca?*t ,

pH M—m'® pH —m'®
/mmol + L™ /mg- L7} /mmol « L™ /mg e L7}

CuSO; 4.27 0.75 80. 09 —3.90 4.39 0. 80 93.96 —4.68

CuCl, 4.09 0.98 41,74 —1.32 4.13 1.01 43. 43 —1.39
TIMEAET R RE 447 2.45 260. 60 ~—12. 68 4.99 4,28 376. 48 ~-17. 42

BHEE 7.23 3.15 5.25 3.47 7.26 3.30 5. 65 3.62

® K 8.15 1.37 15.32 0.73 8.08 1.18 13. 69 0. 60

FEOHARMDFH M—m' , HPEERRBEKRHY C B (me) , AERTEHE C & (mg)

H#E2ME 4 NEREN, RNER CEBD
HAREERE :DESBREF CO) ML YRR
BHE A BB EBYE (pH £ 4 £4),HCO; #1k
BT CO,, B FR);2)HCO; 58LBEF
Cu™" I F B BREh 25 . MR MR R C EMMAIE
HE R F RN ERNERTEESEA.
2.3 EARYNARAGHBEMER

BAEBKMAREHEMRELERE 5 IR,

251

20

15t

10

KA KA FR (%)

k. E
10 11

i

12 1

FIFH SPSS {4, LB &AW X A K A W 2R
BEMLSD #,0.05 KFE), 5 20,22,23,24 1 25
HERX A RKAHEHBERR, KEKEF Zo™ K
BHRNERAKE,BD 375 mg/L; % 5.10,16.17.,18,
19F 21 HRZ , X ERKF, Za™" [ PH* [Cd™" ¥k
EE,PREM. BIAE R T5K & H AR & Bt
ARABREERBRARHAMRE.
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Fig.5 The corrosion rate of limestone being corroded by compound drainage in the orthogonal test
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BEABRYMNA RO NERRERRBERR
B, T,>T,>T,>T.>T.>T,, #H « HEH
InCl, M A RKANBEMREE MR K, HKRE
KH,PO, 1 Pb(NO;),, iR (AL E) X A KA K
EREEERNGE . EERRREENREERE
W, XFF ZnCl, F1 Pb(NO,), , B R K, X A KA
B 7 ph BB A WX F KH, PO, ,ZE P¥RE R 0

~25 mg/L JEE W, EEB X, KX A KA HEmE
Fma /N, P TE 25~125 mg/L JEE A, WEB K,
H3TAKRA KB mEZ B, HEZMNRNERER;
STF CdCL, « 1/2H,O, 2§ CY ¥ EEH 0~0. 75
mg/LEF, KX AR AMBRERKEFEESMER,
W CITHREER 0. 75~18. 75 mg/L Bt XA KA
4 ok R B kB R KT R A

RI EEFEPHARAEAANEMEETKBALELR

Table 3 The result of proportion of limestone corrosion quantity by compound drainage in the orthogonal test

X, a ZaCly 5 Pb(NOy); ¢ CdClp » 21/2H,0  d KH,PO, e LB iR
/mg - L7} Znit Ph2+ cd*+ TPCEBD A IR
1 0 0 0 0 0
2 3 1 0.15 1 10 4
3 15 5 0.75 5 50 20
4 75 25 3.75 25 250 100
5 375 125 18.75 125 1250 500
I1.=6.41 I,=15.94 I.=22.87 I 4=44.57 I.=25.98 1¢=27.29
1.=8.53 I,=19.15 MT.=31.14 MDa=34.17 I.=24.81 I¢(=28.19
R .= 6.13 My,=28.71 M.=41.83 Mae=25.96 M.=18.50 M:=22.56
gHR
N.=36.30 Vy=28.49 N.=29.06 Na4=13.26 W.=33.43 NV¢=33.73
e V.=81.62 V,=46.71 V.=14.10 Va=21.04 V.=36.28 V,=27.22
Ta=75.49 T,=30.77 T.=27.73 T,=31.31 T,=17.78 Tr=11.17

BT O MLVA VAR PR 1.2.3.4 A5 KPRMARERZH, HERK, RREERNZR I RBRAREWAKR;T
AR T IO VAV RRRERRMIZE, HERK HHAXERYRBRARENE AXIMEXRBTREEMARERNEER

HE. .

Bee LB AR RFE M AR A S, H XRD
SRR AT WA N, K 19 SABER K.
FHREA 94.67%, A=A 3. 45% . FFIH 0.60%, £
HNEO0.71%, 68 0.32%, 21l 0.25%;20 S4b
LSRN . FRA 97.58% . A=A 2.42%;25 B4t
BEER K. HMA 96.22% , 05/ 3.21%. BB A
0.66 %, FFI A, XERRFEY 8 8L A0H
A ARAE. AE. SEAREBA), /TR RE
HEaBKEKRRBAERBERAKRAET Y.

AR ARKAMER 10d FEENAK
HAERBIRANE 4, ERER, REHE 17,24 F1 25
BRHEERFH CEADT , HRMESRIN KN &
RS F B C. FF 5 M W8 57 55 i X B 95 B
RLHCO; BWMAHBEFTEMBEET, HPh BTk
% HCO; Z{LiEE K 2. 1~4. 1 mmol /L. ¥LILK
ZiAK HCO; A4k ¥EHl 0. 3~5.0 mmol /L, #&
HRER, EAERELBRENIG KN A KA 4 HE
J5 RN RERR HCO; ERZH FRHEN LR
ERBF/EZET IS ME BB PN HCO, K

5 R RAEHEIE.
3 VTR BRER 3 E W E AL A IR
W BL A HT

3.1 SkMmEIRENRME

KT RREREL A v il B DL, 5 35 B R M A v
MBS B A LA RRN RS, LEET
RAEMIBSHE, VRREERE TSN TES
AHBEAEE MM . SN . BHERELTFEE
HRERE, XEREMAFER RO BREEENE
s Tk BT, DR R X e RN th R S A ER ER B AE B B
SRITRAL, DL HERT, Bk B R A I E R 2
R EL A R R B E SR M AP R+, WA R Y
AR 2 W E 7R X SR AL, X LB R M R B
FEREFHAEY T EXN R EHTHEMES. 4
Yok B £h A AL LB 35 H AR K W VLARAE A A
ABRBEAT Y AT E R H RS %
MIEMENXARER, EECHNRRLHETR
W IR 5 F053 WARE F=H (Bl B ME %6 . Bennett 450911
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Table 4 The results of limestone corrosion by artificial compound drainage after 10 d in the orthogonal test

TR HCO3 Ca** W E Mgt ik o CdZt 3% Zn** ¥ Pb2 ¥,
Fg pr /mmol - L7 /mg- L} /mg + L™! " Uk 4479 L&) LR

1 8.37 1. 46 8. 20 0. 07 1.25 X X X

2 7.81 1.85 9.83 0.08 1.62 71.05 X 100. 00
3 7.98 2. 66 10. 14 0. 06 2.58 86. 34 X 100. 00
4 7.74 11.21 10. 98 0.08 12.79 63.39 X 100. 00
5 6.99 53.63 26. 04 0.26 62.81 90.13 X 100. 00
6 7.66 10. 44 6.56 0.04 12.15 61.31 68. 54 X

7 6.48 47.51 14.77 0.10 56.15 35.08 37.81 100. 00
8 6.65 2.21 5.03 0.12 2.34 56. 43 92.50 100. 00
9 7.73 2.06 8. 20 0.07 1.98 94. 68 57.08 100. 00
10 7.58 3.06 51.62 0.11 0.57 X 59.43 100. 00
11 7.23 2.82 9.09 0.15 2.83 100. 00 99.53 X

12 7.98 4.06 11. 48 0. 08 4,18 62.23 85.16 100. 00
13 6. 84 11.10 9.82 0.09 12.74 36. 28 34.68 100. 00
14 6.99 54. 96 18. 06 0.10 64. 91 X 21.12 100. 00
15 7.51 1.08 13.72 0.12 0. 47 100. 00 99.53 100. 00
16 6.52 54,62 71. 24 0.19 61.31 5.17 4. 88 X

17 7.71 1.63 32. 88 0.09 —0.02 44,19 72.72 1090. 00
18 7.87 1.92 28. 82 0.10 0.57 X 99. 46 100. 00
19 7.32 2.71 48.36 0.13 0.34 100. 00 99. 50 100. 00
20 7.57 12. 00 187.19 0. 29 3.16 31.51 88.91 100. 00
21 6.97 3.72 65. 54 0.18 0.52 35. 87 40. 96 X

22 8.30 7.67 124.23 0. 35 1.73 X 98. 88 100. 00
23 7.18 53. 82 236.51 0. 45 50. 41 21.91 67.03 61. 48
24 7.67 1.80 202. 64 0. 36 —10.03 65. 75 99. 37 100. 00
25 7.17 1.80 199.03 0.33 —9.80 7.96 85.14 100. 00

EXBRLEMFTEABFRESR O mg/LiORARM M M—m' , o EERR R C B (mg) , AEFRTBEH C & (mg)

BT YRR EER T RERENEF R
A ¥y A4 455 T Ehrlich™” #1 Barker %5590 M 48 H 4
Y IRALYE AL T BB HH R M = Mo e
Y REMAERSFDEIEAREREGHS
REREEREELEENR. MUTHATESS
IR TR R R S D R VR LI %
3.1 REFRRAAE FTAFHRIHRALYE
B ER 7K FE R B % 0 B ED T, {3 PB(NO;),
CuCl, B . BREE S, HARAAIRYE. ELRB
HEBUKERAN pHERKNERT AT R
R

Hm?** 4+ HCO; =—HmCO,+ H*, 4

Hm?** + 2H,0== Hm(OH),+ 2H*., (&)
Hef Hn" RRNELBET. BRESEX
R T (pH<5. 6), RASWAR, B E
H B B4

B EMREET . EHEENBEREHR K,
AE, 1. {CaCOy (2. 8 X 107%), MgCO, (3. 5 X
1078) ) > CuCO, (2. 34 X 1079) > ZnCO; (1. 4 X
1071 > CdCO, (5. 2 X 1072) > PbCQO; (7. 4 X

107)>Pb(OH), (1. 2X107%)>Cu(OH), (4. 8 X
), BEREN RBZLEBLEYREER.
REESHESRE THBRBRLEEEMERS.
RELEBRBTESRBREETHN Cafl Mg K4EB#H
ER . RABERFNELBLEDIRSHBEL S
RERGERAME O, XHRBELBEFHNZ2E5, B
BRERILAMBEBIIETHEFE D,k pHE/K
R, (HBRER 2L & 0 IS R A 14T AR HE L Ik .
3.1.2 HHEE REERLRFEN.EZEREZHE
TR ARG T RNy (B ERALE KM
EDER. BT KR ENBRBEEARALKET
RHBE  MEN AR NS EELRLEMBAIH
25, HBnBENERRSEUE.

5 AN R4y B AR o v ol b R RR B O, B
R, MZEMARE L ARESHE F T E N
FEER, TG BF VTR S K LT Yl B & i
R H- K-SR EFARE N CO,) ME M, I 4B
BR CuSO, BB N A KA WE MBI NA 6 H
B FESRE TS T . RREEHBIES
B MEH T LT,
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N BN Rk BR L A B9 ok, BIGED »
BHAGWEHTY RN M m AR, B
EHARGET, EERRI A WEHE MR, BR TR
FHEFATEMGERT . FEQ mE R
VLIE BT 1A 34T, M Bk BR k& - /K-] AL i o HCOy
Wj#% 4% CO, 1 H, 0,

3.2 BkFIBRERE A AT R

4R (Pb(NO;), . CuSO, %) #8535 FU # #
BB AMBE M., AKATE Pb(NO), BRAER
T8 132 hid, HEMEIALR 6.68%. BRATIAA,
BRI BT R BR L8 BURL K /NI R B 4510 %5 5 55
FFAELEZR, IEXH, ELBRBBRIHRRL S
RIS AE L B A RE R RAG /Y .

K2ERBER . BHRE CO M ARAGHEMER
BB W HCO; R E /B FBE CO, , X B ik R
HEBRHBE I —TRE. MHE 3 BRMKKE
Pb(NO fEAAKAEBRELHER , REABRKES
F i CO, , X AT BRER 3L A B A o —MRIC; M E
SR ERIEARTE, FEE R ST, AR A B
ERBRILHBEERGY K (E—2E pH HHEH
W). BN BEEBEANARAER 10 X, HBER
pH REEFRFEMBHEGE O X EEE AT KN
ARAHBEHREERKKFESZH CO, ¥ #NE MK
HCOy ,pH H#E A F & . HE2MNIZINREI KA
HRMENRKILEENA, MRAREYRESZH
BELREES5RURNREY, X&ERBBRY
pH %K, HCOy &%k CO, M X # BB EI X
K.

EEEBHRAMTERROIT KN AKRAER
JE ERES MBI KRR Ca (B 1C, % 2
ME O, ZERBERAKEEHHBEIILTFE. &
HWMEREEREI B TA4KTEILNRBER
B A T KR SR B BB ok Ah,
i i (X B SR 25 0T I KRR B L BH S F VR R BB
(4. 14 meq/L) i & Tt W 7K F H{E (1. 25 meq/
LB i B TR KBS S HE FRE Y
F 2.8 meq /LB, INRERBE AR MBRNKE
Ca " BIEMERMICAKIER, SR MAED
R R X Ca¥ " B FIRE AR AT A X X
W Ca/Mg tetl. BBFGRERBED  BEEYE
KBRS E M Ca/Mg B, Bi1EH Ca/Mg HHIR
W, AL EXMNEEEFEEYEEWEREHME
B ER—EMNEH. BH,CaT REAE
BE)ERLTHT REFRYR, BHEER .80

mg/L BEERERKBRFST, BHAKE CTRAKR
BE . NEENEREREAGNHER BEA4FR
HEER XE—ERELSERATHNEENMER.

BRBEESEESREMNTBKEME XE
FHESBLREERRBEREE O, ZHH
RAEREERTRH X, W FER KRR ERE R
HBEESREEGY  XRZL RN ZHX HERH
B2 38 LR W 5 T AN XA S T AL Y 1) B

4 & #®

(DESEHEW® A Pb(NO), ,CuCl, .CuSO,
BRI EREDT HERBIRNEA KA
R, KR Ca? BRI

(2) 1% Pb2* ¥ B (UNTF 200 mg/L) ) Pb(NO),
BRI ARAGERRAABRBSI ARG CREE
# Pb(NO), .CuCl, .CuSO, ¥ fl + i E M 18
B SRR R R B pH BB, X A K Bk
KREHHIBIK CO, .,

REEEEBRBEFHBEAMAEKAEMRE,E
ERBETFESRMAERTH HCO; EHEF,E A
FHESBRERSGEAKRAERE. H/H.ERE
EREBBEBNAERAEME BREVHER.

FHBRFNLBANAGRAAERR HEERMN
L R ERRE K BT R 15 7K 9 5 3 9 ¥k B AR 1 A o Al
ARARBER ALK G THRRELSWBERERE
ME RN RATEAETERME., HRALHIBKR
STRREER BEMAFERESRE FRGED
BAEHEIS KN ARABERNBERLE —-ENESH%
Hr1&.

B O AFBREHEAALEZIHY BREAF
EEBFEFARET RS F B, FRHEAZCH
B!
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