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AL R T AR A =m SCl . Skt
i J5 , 17 FRIAZR 0.9~0.15 mm(20~100 H ) f5 fitt 47 Fi
T RAL M RS R  fh2fdl A st R i
7 fEATR AR FEAS 0.010 0 g(0.000 5 g) F = FAHETEIH
WL A 30 mL ¥R N 6 mg L' (IR BRI, R iR
Sl H R . A, BIE A 50 mL

Fo 5 v R SR S AT 8 TR 5, SR AR
JH H SR 5 55 B A K 59O 4 (ICP-OES, Perkin-
Elmer optima 7000DV, 3% [E 41 4 ¥ /R BRAL 28 A BR A
AL X AT e LR B AR A R LT R ATk B
HEFF I E o

VIRV : SERG G 4l K (W1 ih pH=6.2) | 25 <if
FK . CO, M FNIK . ¥1 4 pH=3 i HCLIAF W . #1146
pH=9 1Y) NaOH ¥ . /K CREEARTT IR T TR HF T
AK) L MEAK (PG IRIEEEK ) MR K CREAREE T K 2%
JHE LA [X 2 9 AR bS53 T /K3 ) At R /K CREAR
T H R ) o 2 KA CO, SN 4l K i
1 d, g as KA Ak e CO, N4tk . H
HR i ORI - 7K B BRI L 1
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Table 1 Physicochemical characteristics of surface water and groundwater

e / mg-Lfl
e pH  EC/psem’ . - 5
Ca Mg Mn Fe Na K HCO;+C0%" Cl NO;  sof”
YK 7.49 134.9 2037  1.52 - 0.05 260 1.29 57.81 3.92 476 1029
bk 7.94 41700 3404 1056  0.20 - 6509 222 119.59 1478 - 2114
JELMTFAK  7.63 365 6722 670  0.01 - 256 0.40 227.18 488 553  17.64
THHTK 786 335 61.87 350 001 003 144 326 200.04 328 390 1251

1.2 XEHE

VS A S0 AE S IR A BT T AT (S PR3 Ry 25°0),
¥ 10 g HfRAMETE T — R 5 L REH(PET) H,
B INA S L AR I RE . Hor,
aligok ., 2= JAMAEEK . CO, 1R AlE K o ) 7 i
WHE TEEVATER ., EEMEHY 1.3, 6. 12,
24.48.72.120. 240, 360, 480, 720, 960. 1200, 1440,
1680, 1920, 2 160, 2 640, 3 360 #i1 4 080 h i, 535
A A 5RO P B T R EA T A3 AT, I K A R
J¥ . pH(pHS-3E, g d ) . 5 R (HQ40d, HACH
i 48 SR I ASO) SEAT I 5 o AR 100 mL B,
B 20 mL %9, AL 0.22 pm £F g R g 251t
JEZ 20 mL B0, T 4R BH E I s R
I 5 mL W T CI. NO;HISOX I & ; & F
75 mL ¥ T HCO; /CO Al &2 o 45k 58 L HURE
HUFH L VRAH AR DU 2 J5 , ¥ PET % B IFFsh4e 5,
it AR R 5 KA W IR A 5 AR A T R
B M P 4 )8 B T F ICP-OES #4543 #r, CI,

NO; FISO; iy I 2 fff FH 85 - 835X (1C, 1CS-2 100, 3
[ 8 22 ) #E AT, HCOL/CO2 1 e Ji 4 FH i A7 3 7 X
(888 Titrando, Fii - J7 38 ) 4TI E . FEHf# 4 080 h
J& , AR SRR 25718 O i A R b DORR R R,
4l K M RV, 1E 90 °C R 4 24 h, SR )5 I X 5t
LATHHY (XRD, X'Pert3 Powder, {1 == PAZN B F]) F
Y % B4 B 1 U8 (FE-SEM, JSM-7900F, H 7K
HL PR Ss) RAE, LB I H i s A2 Ak .

2 ZERESHR

21 RAFBARIE

211 AFan o

SRR RAR T A A A2 0 2N (Cag oF e )
COs, 51 55 -BE 1% I (SEM-EDS) 43 M i1 5. 45 I
— 5, AMAE AT TR A Mg(0.29 mg-g ') L Sr(0.01
mg-g ). Ni(0.09 mg'g™"). Cd(0.07 mg-g™"). Co(0.06
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mg-g '), Pb(0.02mg-g ") . Cu(0.01 mg-g '), Na(1.50
mg-g ) FI K(0.83 mg-g ) HILE,

2.1.2 XRD 9#

ARSI BT A8 08 5 i A7 () XRD e {F A7 5 R0 A
X5 B 5 JCPDS Frifi K45 01-086-2334(J5 fift A1) 1)
FHE—20(E D, J8 =5 &R, BN R3c, kg2
BN a=b=4.998AF ¢=17.061A, Hrh, 7£(104) & i
(20=29.42°) 4b 1y ¢ AE 4 B &, H (012) . (006) .
(110), (113). (202), (024). (018). (116), (122).
(214). (208). (300) F1(128) % fhmAb iy d (HEL 548
HEAEYI A o FEK IR 4 080 h &, J7 ff A1 FE S AT
S e 7 RIAFL R 5 B R AR I 2 R Ak, SR T H
SER AR S A (R 1), TR] B A 3 it 2 A v R 0 ¢
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Fig. 1 XRD patterns of calcite before and after
dissolution in different types of water for 4,080 h

2.1.3 SEM-EDS &#

HiEAET =R, kR E R, 5K E
TR SR, A .t EDS 1 AT 4
A, J5 A CaCO; 2L AR 7, A K H Fe. Ca,
Mg, Mn Z HA e FK . fE4liEK 285 AIK . CO,
TLRIZK . WIHA pH 3 Fl pH 9 AU . T VTK | REAR Y
LR K TP AR 4 080 h 5, 7 fR A A4 SRR LA
A KA AR, R AAG: H 3 oA 20 43 (181 2) o

WAE) PUALIIE K | JHE LA X b 7K i 4 080 h
J& . 7 AR EDS TH 4 3 A 15 A5 SR 5 5 R
(Cag Mgy 00)CO; F (Cag Mg, )CO;0 i, Mg B &
HEA N, X 5K (1056 mg-L™") . H#1 R 7K(6.70
mg-Lfl) W Mg B &R A L

22 ARAEKPHARE

2.2.1 pH R ) R AL

pH 5 M W) 7K i i i e GBI R 22—
05 fif A7 FE Al K N2 S K s e, pH BE
P 0 B9 8 0 T 3 8, 7E 3 ho S M 6.20 T 2
9.65~9.68, SR J5 G 18 FEAR I e TP M sl f e IR, W
fif STEGZE TR pH iy 8.30~8.40([&] 3); 7 CO, MuFilzK
YA AT, pHL B A A A B 8] 04 38 0 i 2248 T, A
480 h J5 M 5.16 THE 5] 8.40~8.42, SR )5 A8 FEAKIT#4
Tl fa IR, I IR 25 sl AT pH iy 8.08~8.17;
FERIIG pH=3 (3 W VS B, pHL B 25 V25 A B T
K oF G i 2 IR 0E T, TERSE 360 h 5 T
RS RS, VA R 5L 50 45 SRET pH o 8.06; 7] IR
pH=9 1495 W T 45 e 1), pHL B 5 V45 fide 1sF TR ) 5 o
MR T, 76 1 h 5 T 2 9.71, SR A2 KR
TPy sl fe e IR, IR SC I 45 T pH 4 8.31,

TR VLK FHL R 7K Hp A InF, pH Bl 5 A 16 (7]
A3 T, O T A el R RS MK
HH VS R IS, pHL I S VS A ST ] %) 3 00 T 2 R, A
360 h J5 M\ 7.94 W8 = 7.72, SRk JE & E T, IR T
s R R A . BRI, FEVE R 4 080 h JE, RAR
JKH pH SR 7K (10.31) > 7K (8.80) >HiL T 7K (8.03~
8.28),

222 KYCa iR E AR & T

T A Sk . 2 S AK . COo, FK ., ¥
h pH=3 IR ANW) 4G pH=9 (IR B H %At , Ca e
S 5 5 AP S T) ) 258 o S PR 8 T 5, FE V457 2 640 h
Je A TS A SRR RS, U A S B0 &5 SR 1) 3k #
0.444 4~0.469 6 mmol-L™', 0.402 0~0.415 4 mmol-L™,
0.573 9~0.659 7 mmol-L™", 1.098 1 mmol-L "' £ 0.448 9
mmol-L™'([& 3) .
T T 7K A 5 IS, Ca Vi B I o i 1) ) 34
2B A G, FERM 1200 h 55 E] 0.646 2
mmol-L ™', SR J5 2 LZE 18 FEAIL, W M SC B0 45 R e =
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Fig. 2 SEM images of calcite before and after dissolution in different types of water for 4,080 h
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Fig.3 Aqueous variation during the dissolution of calcite in different types of water

0.236 0 mmol-L s 76 PYALIFIRE K FP iR M, Ca MR
W25 5 % 16T 1 £ 39, AT 2 ) 8.993 7 mmiol- L™
G 15 e 2 i S B 45 RO Y 8.679 3 mmol- L5 FEAE
AREE T2 LA X R /K AR AR T 75 3056 1
K R i B, Ca R B Bl 5 1 A B T 1% 348 o i 522 B
HH S 1 RAAEG, B0 43 3 A TF B Y 1.667 2 mmol- L' 11
1.599 6 mmol-L ' 2= ¥ fift S5 56 25 3 (14 0.886 8
mmol-L ™' F10.663 2mmol-L™"., A I, 7EI&f# 4 080 h
Ji , Ca 1E KR 7K Hp e L oAy 185 7K >H T 7K >3] 7K o

2.2.3 KB ER SAR+HBRBRAR R L R AT 1A] 89 AL

Jr A FELEK . 2 SAAK . CO, I FIK ., )

B pH=3 i i WK A1) 1R pH=9 1Y 7% W P %5 ik 1)

HCO;+CO, &LV JiZ 156 75 V5 fife B 1] 1) 38 in o 4y e 252 9

NS TI i, TEVAS# 2 640 h 5 T A7 s @ IR A,

VTSI 45 RT3 51 15 %) 0.798 6~0.851 0 mmol-L ',

0.714 2~0.734 6 mmol-L™', 1.014 6~1.173 3 mmol-L ",
0.797 0 mmol-L ™" F10.830 5 mmol-L™' (& 3),

TER VLK H RN, HCO,+CO; SR B2 BEA 1R 1
IHTRIAHE IS IS T, PR % 1920 h J534%1 1.265 8
mmol-L ™', SR 5 B HTAR, i SCi0 st st ik 5] 0.427 9
mmol-L s 75 P4 b 1 6 /K v i fi# i, HCO,+CO, S
WL TF LR B B AR AL AN B &8, (L 7E VA% 1 920 h ),
ZAS [ BV IR SE RATAY 1.467 3 mmol-L s 78
R TR LRSS DX R K VR AR Y 5 156 33
IK AN, HCO+CO, JEh iR B2 B A Ve fifk o 18] 14 385 m
M2 90 B S A B AEG, RP 43 501 DA JF 45 B9 3.084 6
mmol-L™" Fl 3.079 4 mmol-L™" F& 2 17 fif 52 06 45 o il
9 1.774 7 mmol-L™" F1 1.324 9 mmol-L ™', A& I, 7F
Wi 408 0 h J5, HCO;+CO; Sk B 7E KR K i K
I Sy bR 7K >V 7K > K

224 wFF (EC) oK P HALLE 5 3K JE AT 1] 69
T AL

JK PR W FL 5 R (EC) FILEL [ (A8 At i JCIE L o
T7 A AR Sl oK | 25 AR K L CO, H A | Bt
pH=3 MR AW LR pH=9 MR H IR f#I, EC FEE
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VRS fife P[] R R 0 S B 12 T v, TRV 2 640 h 5
TV AT ERR A AR, VA S B 4 R S i IR B 97.9~
111.4 pusem ', 86.5~80.6 ps-cm ', 115.8~127.9 ps-cm ',
226.0 ps-em”' F195.4 ps-em (&1 3) .

TEI VLK S s, EC [ 5 1 A I 18] (4 3 i 2
PREENE T, TRV 960 h J5 15 %) 162.1 ps-em ', 8%
Jo PR S A, RSO0 ZE R R 2 113.1 us-em s
TE TV AL i K Hh s R, EC R A A8 fB (R B 2
FERERREE T2 LR X R /K REERR Y 150 3%
R 7K R A I, BC BE A T i I TE] B4 3 S 3
ZE18 FEAR, B2 ) M TIT BRI ) 365.0 ps-em ' A1 335.0
us-em | [ ARSI AE AT Y 226.0 ps-em ™ F1 177.3
ps-cm o

TEAEVR K . 25 AR FIZK AT CO, 1R AR Hr i fif i
K K', Na', Mg®'. Cl FISOT £ 4 43 vk JiE , [ &
VS figp BT TR] (%) 3800 52 0 D08 TR, I S 0 5 TR R vk

BE439 4 0.034~0.145mmol-L ™, 0.016~0.021 mmol-L ™",

0.001~0.005mmol-L™", 0.054~0.173 mmol-L™" #10.035~
0.049 mmol-L ™,

RUE Ji fft 41 %4 Fe. Pb, Sr., Cu, Co. Ni, Cd %
HA oo E, (BAEK Hs iR

3 i

3.1 ftafnis% (SI) FEREIR W

i3 PHREEQC B4 18 T i A1 v fige it
dr ) B4 1 A0 $E %0 (Saturation Index, SI), DA E P b
TN AR B R ER AT M T TE B A () R . SRR,
J7 ff AT AR S K L 25 SBORK L CO, R FIK . 91 iR
pH {E 5351 3 F1 9 (4 W 5 % 2 640~4 080 h Bif,
TRV RO T G ] G H B 4 2 b TR 4 AR
A, NS VLIRS (SI=-0.09~-0.30) . F = £1
(SI=-2.03~-3.79) FIZ2 B (SI=-3.00~—4.77) ik ik
B,

TLIKART T I i . SCA . A FZEEER A
TAMACRE . 7 A TER K s, YT
XFF I A SCAFE A 0 ST B 7 ] i 3
ek 2 G E I, B2 5 W% 1680 h,
1920 h 12 160 h J&, 35 B AN s A AR 2, TIK
1 Ca Fll Mg A& B2 R FAIR, BT AT RE 5 A A1
SCA A A A TTENT H (K 4) .

Dy @A AE )T S b K s s, YK AR X

I, SCA . o A MZEHEY — A TR S
S AR RTIRAS, I H ST BE A 75 ik sf ] 9 14 m AE JF 4
B B SRR M RAIK, 720 h J5 )R BRER 18 T, TR
2 640 h B} ST 4351 ik 3] 0.84~1.06. 0.65~0.88, 2.40~
2.95 Fi10.60~0.76(& 4) .

7 A T L b K s g, TR K AR X T
J7 ff A RN SO — ELAR T AR S S ADIR S,
AEXF T = A FZE B — ELAL T AR AR BAR FN
AR, I H. ST Fifi 5 Vs A 1F (1] (4 38 0 76 T 4 B B 52 30
GEIBPEAK, 720 h 5 MRS TH T, RS 2 640 h
A ST 435l 35 #) 0.14~0.22, —0.06~0.02, —0.25~—0.03
F-1.36~—1.26(K 4),

D AT MR K RS A, T K AR T
D7 i FSCAT — EAL Tk i AR S B AR S,
AR T F = A FIZE T — AL T R AR BA A
ARZS, IF H. ST Rt 25 % ik s 18] 1 385 I AE I e B B A2 R
GG EAIR, 12~48 h J5 L2 T+, 480 h 5 2
SRR REARIT M THE , TRV 2640 h B ST 4318 3|
0.20~0.35.0.02~0.15,-0.17~—0.04 F+1.50~—1.32(%14),
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XI5 gt A1 (CaCOs ) 5 fifk aod T8 Hh AN [ ¥ it B ) 1
1V VR A T e BE 43 BT, AR VR P Ca” RICOS 1V
JE Z RO 7 4 1 BT T EE AR (TAP) 3% i 7R
(Ky,), 7 Aok g g s LU R (1) 3Rk

CaCO; = Ca™ +CO,> (1)
W7 fif A7 1Y TAP R B 25
IAP = {Ca”"} x{CO,>} ©)

Ao (O B IS B

V- fir i, K,=IAP. 5%, il PHREEQC F#
FEH5{Ca® Y R{CO; } o Tt B, 16 R A0 TR
iF R P J i T FE — KA JR Oy #2 KB Pitzer J5 72
KM WS ) R BEAFAE R S AL HE Ca¥', CaOH' |
CaHCO;, CaCOY, CaSOYF CaNO;%%; i 1Y £ BAF1E
£ & ACOY. HCO;. H,COJ, CaHCO:, CaCO?,
MgHCO;, MgCO}, NaHCO!, NaCO,, SrHCO:,
SrCOMI MnHCO$4 o X L8 77 75 1 25 1) S 7K W) 3
b2 % i 2 80, 32 2ok T PHREEQC Y H 4 1)
minteq.v4.dat B AR E RIE, FIHA(2)
TR D A B I B RLIAP) o fE4lidoK . 28R
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Fig. 4 Relation between Ca and Mg concentrations and saturation indexes of carbonate
minerals during the dissolution of calcite in types of natural water
TAIK . CO, MK, BI46 pH 70500 3 F1 9 B Mok THA EER (K )
HE % 2 640 h 5, J7 fif A1 #2116 AR (TAP) 7351 = =5.708log_Ki, 3)

j‘j 1078.48i0.08~
1078.5]10.]]\ 10—8,4610.09 ﬂén 10—8.4610,13 log IAP E"Jm(/f’t<2%,
¢ BV ik 38 B P B BB E RS, VR A 212 640 h,
3360 h 1 4 080 h i} () TAP 5 K., AH45; 7E 4K |
25 SR AIK . CO, HR K Hh s A 14 B 52 S B 45 21—
F}(FE2),

J7 f# A7 (CaCO,) 7E 2l ¥ K Hh ¥ e st 35 AU (K,)
1078‘4&0‘08"’108A48i0‘13(%‘:2 2) , *ﬁ{f&ﬂ:z@jﬁ%ﬁﬁi@(ﬁ, Z'Zl]

10*8.03[1 7] 10*8,30[1 8] 10*8,305[19] 1078.31[20]

8.4840.13 8462005 1 1~8.47+0.08 §.50£0.10
100 . 10 ~10 10 ~

N
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LR (iR | (g SAe00E) | ST e ) ()8R,
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J7 A (CaCO,) s fif SN 1Y 75 A1 B 1 i RE

N

(AG,)

WA RN B AG,” WAT LA T A IR
AG; = AG;[Ca™|+ AG;|COT |- AG;[CaCOs]  (4)
FLSLivt
AG;[CaCO;5] = AG; [Ca™| + AG;[COT |- AG;  (5)
2 [ SC#k T s AGS[Ca”"]=—553.54 kJ-mol ' Al
AG/[COY1=-527.9 kI-mol ", Ff-4f5 & RAFAG 7 BE A
(K, ARALSZ5) T3S )5 fif 47 (CaCO,) Y 75
Al % H H B AGS[CaCO5] (3£ 2) o
J5 A7 (CaCO, ) 75 4l v 7K Fp V5 A B B FRL(K,)
10 4080708 A B FHBE AG[CaCOs] A
—1 129.82+0.51~—1 129.87+0.76 kJ-mol '( % 2), f4 ik
TS SCERE, -1 128.0+0.8 kI-mol '**, —1128.3
kJ-mol ™", —1128.34kJ-mol ™", —1128.5kJ-mol '***"
—1 128.63 kJ-mol '™, —1 128.76 kI-mol '™, —1 128.84
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*x2 F#EA (CaCO,) EARREKMERHIRME (25 C)
Table 2 Dissolution of calcite (CaCO,) in different types of water at 25 °C

N N N mg /mmol'Lfl 1 IAP ) AGO”il /
S T o8 AGP/ - AGTPIMH
Ca HCO;+CO, (=log K,) log IAPF#fH  kJ-mol kJ-mol
2 640 8.64 04521 0.640 0 -8.42 -8.48 -1129.52 -1129.82
“ligik 1 3360 851 04574 0.818 6 -8.44 +0.08 -1129.60 +0.51
4080 830  0.4696 0.851 0 -8.56 -1130.33
2 640 8.68 04259 0.736 7 -8.35 -8.48 -1129.11 -1129.87
alivgk2 3360 850 04267 0.761 8 -8.50 +0.13 -1129.96 +0.76
4080 831 04444 0.798 6 -8.60 -1 130.53
2 640 838  0.3805 0.7127 -8.39 -8.47 -1129.31 -1129.78
EEMAIKL 3360 827  0.4070 0.737 3 -8.48 +0.08 -1129.86 +0.47
4080 817 04154 0.734 6 -8.54 -1130.18
2 640 823 03528 0.681 5 -8.41 -8.46 -1129.45 -1129.74
ZEE MK 3360 8.16  0.3882 0.684 5 -8.46 +0.05 -1129.73 +0.30
4080 8.08 04020 0.7142 -8.51 -1130.04
2 640 8.68  0.568 1 1.037 3 -8.41 -8.50 -1129.44 —-1129.94
CO, K1 3360 8.56 0.5834 1.020 8 —8.48 +0.10 -1129.82 +0.61
4080 837  0.5739 1.014 6 -8.60 -1 130.55
2 640 874  0.6617 1.208 9 -8.40 -8.51 —1129.40 -1 130.03
CO,ffuAlIK2 3360 855  0.6814 12171 -8.53 +0.11 -1130.15 +0.63
4080 840  0.6597 1.173 3 -8.60 -1 130.53
2 640 825  1.1073 0.805 6 -8.37 -8.46 -1129.23 -1129.74
pH=31A 3360 811  1.1033 0.796 9 -8.50 +0.09 -1129.98 +0.51
4080 806  1.0981 0.797 0 -8.51 -1 130.01
2 640 870  0.4047 0.785 5 -8.33 -8.46 —1128.99 -1129.73
pH=91# 3360 851 04389 0.797 3 -8.46 +0.13 -1129.75 +0.74
4080 831  0.4489 0.830 5 -8.58 -1130.43
2 640 873 04591 0.783 8 -7.90 -7.81
FEMIE TR 3360 859  0.2637 0.423 0 -7.95 +0.22
4080 880  0.2360 0.4279 -7.59
2 640 9.12 87592 1.7307 —7.45 -7.50
IRl A3 5 3360 962  8.6831 1.5843 -7.61 +0.11
4080 1031  8.6793 1.467 3 —7.43
2 640 805  1.0048 2.0850 -8.23 -8.28
JE LA X L T 7k 3360 801 09641 1.886 9 -8.31 +0.05
4080 8.03  0.8868 1.774 7 -8.30
2 640 835  0.8097 1.668 4 -8.10 -8.19
FERR Y 2T K 3360 832  0.7475 1.498 8 -8.19 +0.09
4080 828  0.6632 1.3249 -8.28
kJ-mol "™, —1128.8kJ-mol "®" —1128.81kJ-mol '™, J5 AT IR E R (K, 10 B 22408 (107°%)

—1128.93+0.84 kJ-mol """ =1 129.127 kJ-mol '™ ZE&EH"(10"7) | Z2E5H (1077 fzg sy s 10", wf
—1129.3 kJ-mol " {HAE F—1130.1 kI-mol "™ WA FBRERFRUTVE M 2+ AK A H 1Y Mn, Cd. Co.
—-1130.3kJ-mol "™’ —=1130.6kJ-mol '™, —1234.62 Zn SFHEE R E T, 0l DA SO E N E A ST P i
kJ-mol ", RS RE SRR WA S
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4 % it

(1) FrffAFELigoK 25 SRR . CO, AKX
WIlh pH=3 M AIPI 4G pH=9 BV R g,
A2 2 SR b AR S A A 1 B 3 AR A, Ca MR BRI
VoS figp BT [E] %) 38 0 S 0 2248 T v O TR E , TRV R
4080 h J543H1ik3 0.444 4~0.469 6 mmol-L ™', 0.402 0~
0.415 4 mmol-L™", 0.573 9~0.659 7 mmol-L™", 1.098 1
mmol-L™" F1 0.448 9 mmol-L™', {E4[& /K . 25 S A F
K. CO, MK . pH=3 F1 9 ¥ I s - st Jr
AT Ky, 43 ) R 1078000780 070
107347008 1o PO 0 B g R g 10700,

(2) TE R ERAK A (R s A B, AEARIB VTR AR XS T 5
fift A7 SCA R 2 A ()RR T 450 I 2 5 fge o) ) 1) 34
T A L SIS T, A S B A i R R
J& , LK Ca Fl Mg (R BT 4R N R 1 P AL T
KRR LU AN Y 55 R K AR XS T 5 A S A
H A — HAA T AR A SR AR

ARSI N AN R K AL S AL 53 T il A 0 i 52
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Dissolution and precipitation of calcite in different water environments

MA Chengyou', KANG Zhigiang', ZHANG Lihao’, XUAN Huiling’, NONG Peijie’, PAN Shufen’, KONG
Qigi’, ZHU Yinian’, ZHU Zonggiang’
(1. College of Earth Sciences, Guilin University of Technology, Guilin, Guangxi 541006, China; 2. Guangxi Key Laboratory of Environmental Pollution
Control Theory and Technology, Guilin University of Technology, Guilin, Guangxi 541006, China; 3. College of Environmental
Science and Engineering, Guilin University of Technology, Guilin, Guangxi 541006, China )

Abstract Dissolution and precipitation of calcite are the basis of various karst geological processes, but the
dissolution process and solubility of calcite under different water environmental conditions need to be further studied.
In this paper, the dissolution of natural calcite (CaCO;) was studied in different types of water at room temperature.
The analysis of chemical composition and the characterization of X-Ray Diffraction (XRD) and Scanning Electron
Microscope (SEM) showed that when calcite respectively dissolved in pure water, air-saturated water, CO,-saturated
water, the HCI solution of initial pH=3 and the NaOH solution of initial pH=9, both of its chemical composition and
crystal structure did not change significantly; the aqueous Ca concentrations increased with time and attained an
equilibrium or steady state, respectively reaching the values of 0.4444-0.4696 mmol-L™', 0.4020-0.4154 mmol-L",
0.5739-0.6597 mmol-L™", 1.098 1 mmol-L ™" and 0.4489 mmol-L', 4,080 hours after dissolution. For the dissolution of
calcite in pure water, air-saturated water, CO,-saturated water and the HCI solution of initial pH=3, the pH values
increased with time and reached 8.06-8.40 at the end of test. For the dissolution in the NaOH solution of initial pH=9,
the pH values increased rapidly to 9.71 with time, and then decreased slowly to an equilibrium or stable state around
8.31. The calculation results with the PHREEQC software indicated that after the dissolution in pure water, air-
saturated water, CO,-saturated water, the HCI solution of initial pH=3 and the NaOH solution of initial pH=9 for
2,640—4,080 hours, the aqueous solutions were undersaturated with all the possible minerals and did not precipitate to
form aragonite (Saturation Index, SI=—0.09-—0.30), dolomite (SI=—2.03-—3.79), magnesite (SI=—3.00-—4.77) and other
carbonate minerals. The solubility product (K,,) and the Gibbs free energy of formation (AG,") for calcite (CaCO;) were
estimated from the dissolution in pure water to be 10 **°%-10"*" and 1,129.82+0.51-—1,129.87+0.76 kJ-mol ',
respectively. The solubility product (Kj,) of calcite (10°**) is higher than that of rhodochrosite (10'°*), otavite (10™%),

) and smithsonite (10'"), indicating that the carbonate precipitation method can be applied to fix

spherocobaltite (10
heavy metals such as Mn, Cd, Co and Zn in soils and waters, which can effectively reduce their mobility and
bioavailability in the environment. After dissolution in the seawater collected from Guangxi Beihai and the
groundwater from Guilin Yanshan for 4,080 hours, the surface scanning analysis of Energy Dispersive Spectrometer
(EDS) showed that calcite samples contained the components of (Ca, Mg os) CO; and (Ca, Mg, ;) CO;, respectively.
The slight increase in Mg content was related to the higher Mg concentration in the seawater (1,056 mg-L™") and the
groundwater (6.70 mg-L™"). In general, after 4,080 hours of dissolution, the pH variation in different types of natural
water was listed in the order of river water (10.31) > seawater (8.80) > groundwater (8.03-8.28); the variation of Ca
concentrations in different types of natural water was listed in the order of seawater > groundwater > river water; the
variation of the total concentrations of HCO;+CO; was in the order of groundwater > seawater > river water. For the
dissolution in natural water, Ca and Mg concentrations in the river water collected from Guilin Lijiang River initially
increased to a steady state and then decreased; the SI values of calcite, aragonite and dolomite increased slowly with

time, and attained a saturated or oversaturated state after 1,680-hour, 1,920-hour and 2,160-hour, respectively. The

(REEEE 51 ;1)



Bt il IR 2y (SNIEOR Sane RN T 51

parameters of different functional modules have been monitored by sensors and controlled by PLC, and the functional
modules have been organically connected and controlled to meet the requirement of fully automatic karstification tests
under different geological environment conditions.

Basic parameters of karstification instrument are listed as follows: (1) simulated groundwater circulation depth of
0-200 m; (2) ambient background temperature of 0-70 °C; (3) CO, origins —supergene origin Pco,=0.0 MPa and
endogenous origin Pco,=0.0-2.0 MPa; (4) different acidity background conditions —pH wvalue is controllable;
(5) sedimentation that can be controlled under different flow velocities; (6) sedimentation of the opening degree of
karst fissures (can be combined).

However, due to the limitations of time and cost, the instrument can be further improved. For example, in order to
improve the preparation efficiency of saturated CO, solution, the contact area between CO, and water can be increased.
A dual solution preparation system can be designed to prepare the solution so that the efficiency of the test can be
increased. The maximum safe pressure of this instrument is 2 MPa (water circulation depth of 200 m). If a simulation
of a greater water circulation depth is needed, the thickness of stainless-steel materials for solution preparation,
dissolution reaction kettle and deposition reactor (meeting the requirements of high-pressure vessel specifications) can

be increased, and a pressure pump with a larger pressure rise will be used.

Key words Kkarstification instrument, simulation of karstification process, solution preparation device, karst

sedimentary apparatus, geological environment background
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decrease in Ca and Mg concentrations of the river water indicated that the precipitation of calcite, aragonite and
dolomite might occur. For the dissolution in the seawater collected from Guangxi Beihai, the seawater was always
saturated or oversaturated with calcite, aragonite, dolomite and magnesite, and the SI values decreased slowly at the
beginning and then increased slowly after 720 hours, and finally repectively reached 0.84-1.06, 0.65-0.88, 2.40-2.95
and 0.60-0.76 after 2,640 hours. For the dissolution in the groundwater collected from Guilin Yanshan, the
groundwater was always oversaturated or saturated with calcite and aragonite, while it was always saturated or
undersaturated with dolomite and magnesite. The SI values decreased slowly at the beginning, then increased slowly
after 720 hours, and finally reached 0.14-0.22, —0.06-0.02, —0.25-—0.03 and —1.36-—1.26, respectively after 2,640
hours. For the dissolution in the groundwater collected from Guilin Yaji, the groundwater was always oversaturated or
saturated with calcite and aragonite, while it was always saturated or undersaturated with dolomite and magnesite. The
SI values decreased slowly at the beginning and then increased slowly after 12 to 48 hours, but decreased slightly once
again to a steady state after 480 hours and respectively reached 0.20-0.35, 0.02-0.15, —0.17--0.04 and —1.50-—1.32
after 2,640 hours. The results further illustrate the significant influence of the water environment on calcite dissolution

and can provide a reference for the geochemical simulation of karst geological processes.

Key words calcite, dissolution, solubility product, Gibbs free energy of formation
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