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B E.RXZFRASARSTUOMMSEEIR 7 HARERTRKENEFEIREY 5RTR ATRMSE
KBRGES TR/ AW EEREKREMEER E—ERE LY AT FRKR, RETARF
A KR ERTMRE L SR, AT LM S F XA E(CEC)#ATm e FFRT RRAKLTE
#TF (Na™ Mg* K Ca” B HRE L 250 mg/L) WK B 4858 SR MKk £, FhEREN.
RERAMIE & 2K CEC BEEZ2 K DA, B4 420 F 120 B (0.125 mm) B CEC &
134 mmol*/kg, R'Z R TAMIEE B AP IR MEBA BT L 2H 5 A RMEA5> 4> 4>
KA, SBAM-E R R 48 h BERATHET R RASLTFH Na R RZERFMEE TR
BREHAIN G, E3HAREF  RABZTREBRAEY AN TR, LK R RET ERER
Ko RER TR E B KRB ZRER T BT RERE S EUKAIF A Ca® >Na'> Mg™ >
K*,Ca® R BRBEARIELE RERRA LA H REERE R MKRE L B4R e) CEC ¥ A P35
Jm,Ca® 4k % F CEC R K3k 183.7 mmol /kg, AT XRD AL R#E—F BT HAKE MHK
o R AR L ey AR T A FRIE R P Ca’t Na' 8 R ZIRE S e, A B | Sk G
R LA N B A B AR AR R AR PR R B T TR M/ Rk, S TRBF RS, B>
BT RRAER (MR Z IR N R ZREAR P LI, RZ WA BT B, Bkd s F K
Ca™ Mg™ R E KRR Z 0 W7 W T KR Tl it R A8 EAE R 2 — T A2 L AR A R oy A 5
KR T T AR K EVER B F X% T R B AE R
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Migration characteristics of metal ions from caving rock in Shendong
Minging Area under different chemical conditions

SU Chen', WU Min', TANG Jiawei' ,BAO Yixiang', LIU Zhaofeng' ,XUE Rui’,ZHANG Haiqin',JIANG Binbin'
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2.School of Water Resources and Environment ,China University of Geosciences ( Beijing) ,Beijing 100083, China)

Abstract ; There is a large amount of rock in the underground reservoir. During the process of storage in the under-
ground reservoir, there are water-rock interactions such as ion exchange, adsorption and leaching between mine water
and rock in the underground reservoir,which affect the quality of mine water. The rock in the Halagou was collected

its cation exchange capacity ( CEC) was measured, and the static adsorption-dissolution experiments under differ-
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ent chemical conditions (250 mg/L for Na*,Mg™ ,K*,Ca*) were carried out. The experimental results show that the
CEC of rock is inversely proportional to the particle size. When the particle size is less than 120 mesh,the CEC rea-
ches 134 mmol*/kg. The order of exchangeable base ions in rock is Exchangeable Calcium > Exchangeable Magnesi-
um > Exchangeable Sodium > exchangeable Potassium. After 48 hours of experiment, the ion concentration in each
system tended to balance. The cation concentration in the Na* system solution all increased , but in the other three sys-
tems , the original ions all decreased, and the K* decreased the most. The order of the ion concentration exchanged
from the caving roof rock to the aqueous solution from high to low is;Ca**>Na*>Mg>*>K" ,and the Ca®* concentration
still had an upward trend after the end of the test. After the reaction,the CEC of the rock increased to a certain extent,
and the maximum CEC value under the Ca> system was up to 183.7 mmol*/kg. Based on XRD and other characteriza-
tion results, it is further revealed that the leaching of non-clay minerals such as microcline, albite and pyrite can in-
crease the concentration of Ca®* and Na® in the solution,while clay minerals such as illite and kaolinite adsorb / ex-
change cations in the solution through coordination. For cations, if leaching > ion exchange ( the initial concentration is
low) ,the concentration increases. On the contrary, it decreased. Therefore, when the content of Ca™ and Mg™ in mine
water is high,the hardness of mine water can be reduced to a certain extent through water-rock interaction. This study
provides a theoretical basis for the self-purification mechanism of mine underground reservoir.

Key words : coal mine underground reservoir; water-rock interaction ;ion exchange capacity ; adsorption ; dissolved fil-

tration

BERT PYHRK TR B k-5 PG S DR T K Ak
T K B YA A T AL JO A A1) A6 e LR S
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HATWHERT, 22k R BT Ak B 48 T 58
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1 KBEHMBERE

1.1 FERKF R

32 L5 0 R R S A R R A ES (Innochem,
CaCl,,srHral) S ALEE (aladdin, MeCl, , 73 #Hr4l) (&
L8 (RHAWN, NaCl, 73 Hr4ii) S ALB (REETTOE R
Bl & RA R, KCL, A fral) =8 S E A
i (RHAWN, [ Co (NH,) ] Cl,, fgral) HaiK, &
ATRE S DARG RV IR R 7K 2 PN TO A 35 % 1R Ry 5
AR IR A SRR S 43 i)t 20 H (0.85 mm) |
40 H(0.45 mm) .80 H (0.2 mm) .120 H(0.125 mm)
i, BT A
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1.2 SKIEFHE

(1) PHES Fae e %5t PHES F 384 45 it ( Cation
Exchange Capacity, CEC) 8 %5 41 0 P RIS BT AL )
A5 BT e 0 B BH B T 1 e, LU T sa BE i b 2 A 45 b
FH 25 F 9 I i) 1k s, BV mol ™ /kg, FH B 138
AR (N 5 7 A T R e s vk ARk =k
INBARE T S EE DL HY 889—2017¢ HIEFHE
FACH B I E = FH S E A SRR - O R)
IR B RE S = AN AR OR AR I
WRITZ 0.22 wm £F U BT I8 5 & T L 6 PG
WM SERE | X PE T8 AR I B T 28 B R s A T

(2) IKEFBA TSR PR — 75t S2 5, 9] i ' P
B TRV B 250 me/L 4 KCL . NaCl MgCl, .CaCl,
VRV K ST A RIF S 22 120 H LLR, 22 U5 & L
S 1s 10 BIAKEFE I X VR A R b AT IR e
I E T RE R, B R RSE# 150 +/min i
5RO, T B 24 h iEAT RAE SR O 11 d, PP
B BH 5+ L RN T Y5 V% A 1R R CEC #EF T4
1.3 FEXWNBERWNFTE

(1) HREAL A A R B B By R H AR B2
ZSX Primus I %5 X S5O0 EIE{L (XREF) X157

FRIEAT IC R AT 5 R FHAE [ 4 5 52 D8 ADVANCE
RIS X B AT T (XRD) %8 35 AR 5 1) 1%
SrEATRALE

(2) W B8 - o et v A I, SR FH 4 T R
5 SPECTRO ARCOS B %5 B 4 H JBG & & 1615
I (ICP—-AES ) X5 ¥ v 19 BH B8 - o et vk J3E 1A 7
AT 2R FH 25 R 2 2R K ICS 2100 H5 B 1 A3 (1C)
X VA TR R B 8 I e R B A T A T

(3) W WO FEE R I, >R 28 [ 5 Ay DR3900
A3 6 BE T X 7 VA AN TR) I 4 A 1 WO B AT
ME

2 FHRGITIE

2.1 RERXRREEEEELERS T
2,11 SRZS KTGUARIS Vi A R ) 3222 4 U oy

T2 KT KR P SRS X TR AR %5 75 A AR Y XRE
iR (E D) FEW, HETAH Si AL CHEILE, Mt
AT AN 2 Hh DX H T 7K R PN R 2 A 2 R AR R |
WRER AR ) e /D AR A, o W4 JB e R )
o e BE . K>Mg>Ca>Na, IWANE A 1 Ti
Jo e A B AR G 5

x1 REXMRSESENFEKR

Table 1 Chemical composition of caving rock sample

Ay Si0, AL 0, Co, K,0 Fe,0, TiO, MgO
Bt 53R %
o . 56.943 5 21.856 1 11.869 6 3.762 2 2.067 0 1.051 7 0.803 6
(L& ALL)
204y CaO S0, N Na, O F BaO 70,
Tt 55 %
o ) 0.408 7 0.397 6 0.313 7 0.239 4 0.062 4 0.052 4 0.035 4
(LAEARYIE)
o P,04 SrO Rb,0 MnO Cr, 054 Cl CuO
Tt 438 %
o ) 0.029 5 0.027 5 0.020 7 0.014 3 0.012 1 0.007 7 0.006 5
(LAEARE)
H4y Ga, 0 NiO PbO Zn0 Nb, 05 Co,04
it 3 H/ %
0.004 6 0.003 8 0.003 0 0.002 7 0.002 4 0.001 9

(LIS SriE)

Reas X THARYS V% A R B XRD Z5 R A0ME] 1 i,
HEZH YRR A5 R WURHAT R AT
PR Ve A R R LA, SR
RO 2, 5 KM A S B S5 8 XA A 1
FRALEBORS LE T 01 A SRR 2 B LY
K7/ g s N L SN LY IR SN2 SR SR 7 2 IS
RS XTSI A R P i 25 W oAy LAl

AR I (R WA P o

2.1.2 RE XSV A R M B TS i i
IR 1.2 1R R s TR 955 7 o PR B FH B 22

AR T E AR ILFR 3, FEIRARIE R T

SRS X TYURR S 5 A 14 BH 2 1 52 4 2 B L Ry 93 ~

134 mmol"/kg, HRLARME/IN, 557 WA i (14 32 i AR

R, G BH S S A o R el R AR
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Fig.1 X-ray diffraction pattern of caving rock sample
*2 RERTRESEEET WHK
Table 2 Mineral composition of caving rock sample
LR/ ) Wi A1 PFIA WA A Exave) [olwe) il A kA YR
SRR % 33.7 24.2 3.2 0.4 26.8 5.3 5.8 0.6

x3 AEHERZEXTRESEEFHAEFIHRERE
Table 3 CEC of caving rock sample of different particle sizes

20~ 40~
RLAR T <20 A 120 HELF
40H 80H 20 H
CEC/
93 96 98 116 134
(mmol* « kg™")

AR T K A | R IR K K B s s
RO 235 SR J AR S SCHRL 17 ] mT 0, 5 K 2 BH
FoA K, Ca® Na* Mg™ DU Fp, H A& HE T
Fe® Mn® SEBHE 7 & /b, H B X 5, Bk
23 DX TGO 55 7 25 A v A2 460 0k 5 g - 1 i A B T
JG S5 HT 4 FIPHE AR AL, R ICP-AES Xf
A ER EL B A TR 25 R LR 4,

ANTRPRLAR ISR 28 DX T AR 75 9 2 PR o v vl 32
FH 5 Hhr S 4 P45 7 LGS (E R 1.049 mg/g, HUR R
L4 0.238 me/g HAS [RPRLAR 4544 HAR b3
AN, AE AV R 0.221 me/g, A8 MR ME A B R
0.106 mg/g,
2.2 BEWM-ARH IS
2.2.1 ARFRPRAFS T BT

(1) RN AR Ca™ AL LA, 1E
Ca™ WA TR 250 mg/L 5514 F X %25 X T b
PETE AT R S 0, PR 24 h R TA D Ca®™
ARG O, 255N E 2 iR, Ca™ AR fbia i 2

R4 FRMEREXTREFEFNZTHREREST
Table 4 Exchangeable base ions of caving rock sample with

different particle sizes

B/ (mg - g7")

itz — — — ‘ —
AT B THAEEE SR
20~40 A 1.017 0.082 0.238 0.188
40~80 H 1.052 0.097 0.245 0.230
80~120 H 1.082 0.126 0.237 0.264
120 HUF 1.048 0.120 0.233 0.202
300 S— S
—— CaCL iz iflif ' Ca? Ji g;ﬂ?fi
—a— KCIRIK R
280 - —0— MgCLIZ I ' Mg Jii 5Lk 5
i —m— NaClIR I T Na i ik %
2, 260
E
;fg 240
]
=20
200
0 12

i) /d

P2 ANIR] SRR A & v 32 T R
Fig.2 Mass concentration of major ions in different salt

solution systems
W] B B B . 3R 0, Ca™ 9 DR A UK ORE
250 mg/L SURIFRE 1 d J5 BT B a R B T B 2 AR
#.223.1 mg/L; Ca® JU v BE T [ 22 fRe A A5 /M L
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TH(2~5 d)IFaTRaE (>5 d) , R i H R Ik
H 4 234.8 mg/L,

FE Ca™ PR T R B Ry 0, Mg™ (K" Na® i i ¢
JE53 0 250 mg/L (1) 3 MR R T 5 R 25 X T0AR 5 VK
FRTT SIS WD Ca® T v B AR AR I Ol
WE 3 iR, EAFRERIBL &R R Ca™ it
W B AL R A AR ], B W 0 B B, AR
Ca® F¥ Hh BRE AT LK Sy 2 A Be « it Bz By
B(0~1d) 8RNk B (>2 d) , FEARR LR R
R Ca® BT R BEP-A 01, PR B Be i Ca™ Jit
R RIE F T, Mg R R R Ca™ B4 I B 5 K, T
WU 64.7 me/L; HoWk O KRR i Wk B Ry
21.0 mg/L; 5AICH Na" (R R, & W B 13.3 me/L,
FIL AT LR B i OK SR R T B T84 fig
o Mg™ >K*>Na*, S250 45 s i, H BT vk B 4300 R
89.9.40.8 .28.1 mg/L, EIFEIZ LI 4514 T R 25 X TR
IR AR BRI Ca® 3¢ iit h 0.899 mg/g /N T2
Prkss | HA ST

120

—— KCHE &
100 F —m— NaCl{k %

—e— MgCLik R

80

60+

40t

JRE S (mg » L)

0 > 4 6 8 10 1
i a)/d
B3 AR Ca™ FiE kAL E
Fig.3  Variation of Ca* mass concentration in different systems
(2) ANREIKAL 2 &0 Mg™ 1948 16 B0
FE Mg™ WA I R R 250 me/L 454 F X R 25 X
T 55 7% 4 AR JF JR i it S 56y, B B 24 h A VA
H Mg™ T i vk B AR AR B, A5 R | 4
No Mg™ BB 35S B AR IR R v Ca™ B vk 1Y
AR FIAL, AN R AT Me™ BRI Z g By B A
SRR A, TR VR AE 48 h J5 N IR E RSN
234.6 mg/L, ZJ5A/ME FFEH(2~5 d) I TR
E(>5 d) R I BTk B 4E D 234.8 mg/ L,
7E Mg™ ¥R i e B2 0, Ca™ (K™ Na™ BT ¥
FE53 0 250 mg/L () 3 AR T 5 R 28 X TiAR 5 V%
PRI IR W S0, R Mg T vk B Y AR AR
BUANEE 4 FT7s . TEAS TR B B[R] B DY, 454K R b Mg™
Jo i v B A A AL S A A ), B B 2 i B Bt
FRAG Mg™ B H 3 B mT LOKE 4y o0 3 A B B PRk

20

—_
(o)
T

—— KClA &

—¢— CaCLik %
—=— NaCl{k %

(8]
T

Ji E A FE (mg « L)
o0

~
T

0 > 4 6 8 10 1
irffa)/d
K4 ANEERH Mg B ik A b ig il
Fig4 Variation of Mg® mass concentration in different systems
FNHrBE(0~1 d) 2218 B BB (1~9 d) FaE By
Br(9d ZJa) . FEHHE R By B Mg vk B K
MR FE, Ca™ IR R Mg™ 388 i B 5 K, B Mk B oA
14.6 mg/L; Hk b KRR | B W B M10.6 mg/L; B
& Na™ R R, Bt ¥ R 3.8 me/L, H 1] L 3
K ERR T HE FEHEETI N Ca¥ >K >Na*,
G208 OV B B Mg™ Jot £ Tk BE G2 1 HAT 4
Bl B AR E W BERT 3 P A R T I Mg™ it i - Uk
FE53 9124 16.3 8.5 .6.1 mg/L, BIFE 3 Ak & R 25 IX
Tk % ¥4 25 R die o K Mg 284 it 0.163 mg/g /N T2
PR
(3) AFIARZESAET Na® (8L AL, 7F Na*
WA B R N 250 mg/L 450 XFR 28 IX T A 5 75
ARTF IR AL, BERR 24 h KIS Na* 7281k
1O, 25 RN 5 foR . 5 EIR 3 Fes 1 AR e L
ANE] L TER AR R Na™ i Wk AN (OA R,
MEIR ) 24 h N 250 mg/L FFHZE 260.8 mg/L, 2
JERFEL/ IR Sh A AR E , R I L T sk B 4 (B
263.4 mg/L,
20

—— CaCL{k %
—o— MgCLk &

—— KCIE %

o 2 4 6 8 10 1
i fal/d
K5 ANl ZRH Na® i ik B2 AR AL il
Fig.5 Variation of Na* mass concentration in different systems
TE Na" W1 R BRI 0, Ca™ (K Mg™ it ¥k
BE511 0 250 mg/ L #4 3 A F R 5 R A IX AR 5 v
RIS I W T Na™ Jo vk B2 1) 8 AR A7 2
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wE s iR, 763 FARRT, Na® 5 ik A i
ARl AT AT 4 Sl 2 A B B PR e g B B (0 ~
1d) BRENER (2 dZE) ., BB HEE 3 Fh
TKZ T Na' R4 12.2.11.0.,15.1 mg/L, F&
FEZ G Na® T i o B2 48 43 0 A 13.4 1301,
13.2 mg/L, 3 FARZR T Na* (248 fb A% 0 K 1 o
W AR ], 76 BH B i R FE R 250 mg/L B Na® 1
B KAt 10,134 mg/ g/NTF A8 E4N

(4) RIEKAL2ESME T KA b, 78 KT 4]
LR R JE R 250 mg/L A5 0F T 6 R 2S X THAR 5 V4 7+
TT SRR U SEG  FFBE 24 h WA b K B vk )
AR PR DL, 25 RN 5 FroR . K* o vk B 1Y A8 1
ARG AR R Ca™ BT B 1Y 1 AR f R 35S,
EA U] 8 B Btk =) 1, KT o v
250 mg/L 2T, 24 h J5 BT i S T 2 i
I 202.7 mg/L, B Wit Wk B T B 2 e 1K i s /N R
BTl TR e, R kR Bk O A
4210.8 mg/L,

FE K VIR B B 0, Ca®™  Mg™  Na' Jii it
JE43 518 250 me/L AR RN 5 2R X TR % 7% 5 (R I
JRIZ SIS VW K T v A AR AR L AN ] 6
fimme #E3 MART K Bk E SRS -
T Na* ZEBL, A [F] s5UFE T i 45 | e B A 3% b P BT Y
K P ik B Y0 5.9 me/L & T m ik 2 v F A
By KB W 4.6 mg/L, i AT DL 3E— 45 UL 11
Ca®™ Mg™ BB FACHAE I & T K Na*, RIZEIZ IR R
T KBRS Bl 0.059 mg/g /NFASHbER
G — L RS ER R T PR B 7 2e g I KT
K" e K A8 e BRAE 5 9 v BH B8 o e W A G,
H4: & B 1 M AAAE Pl RS T & 8 BN Rk AR IR 3k
I

8

(=)}
T

IS
T

R (mg o L)

NS}
T

—¢ CaCLAH  —e—MgCLik&
—=— NaCl{E &

i a)/d
Bl6  ARRIAZ A KT A i
Fig.6  Variation of K" mass concentration in different systems
2.2.2 BRAJERES XTSI AR F 2 A
N A5 R A E I AR AT R A
BB R EART 50 C FHET 24 h R T T8

Pl MEL R IR 5, RIS )5 #7r BH B
TR TR A XTI 7 S RS T, DR e SRz I BH 5
TR RART LT, BRELKCL 9 R R 2 X
Wit IETE AR ON A 3 B T 3c i A B, P 2
{H>M 180.9 mmol*/kg, ifii KC1 3203 1R 25 X THi AR 15
e R BB 7SS4 R A BT T (EARXS BNy
165.4 mmol*/kg., %I G KA 1 J5 KL AT BEJE T2
e VAN ] R D O = O 6 B R o B = s a3
AR TR I R B KT S R ok, S B S
FRBA AT =2,
RS FRKZEFHTREERZEXTREEZEE
HEFXHEE
Table 5 CEC of caving rock after reaction under different

chemical conditions

IR KCl CaCl, MgCl, NaCl

CEC/(mmol* - kg™") 165.4 183.7 178.7 180.3

2.3 K-EREETIBEMANE
2.3.1 FEEFIEHMAM

SEEM i ST I vl s SRS oY D
T/ W BHE FH AR DG, X T B 71 &, 25 90 46 5
SRR, 0 F B R A S B A 1R S TR R
A T 006 o R B e D B A e W B AR
JH 7 R RS T A B R

HRAE XRD 455, 0] LR % i X R 55 X T0 AR %5 75
FRE ST 2 Wy FE T S AR R Y,
EFE WA I A 30% L 1) KA (AN
A KA 10% LU T) (B4 a RS, T8
MFE a8 R e e A sl A S AT Gk
50%UL 1, AEFE LW YT ARSI AR E , AL
A RBDRE R E A N K
AW RS RRER A5 1, 72 LA = ZEHES A k4 A
T4 A B TC T B A 2R HR 235 4 v L 7 45 7 1 A Fl A
FHRIBHES 740 K*  Na® 35, 5K il | A0 R0 25
RHAE—FRINRBL, WKE BN (1) s, W
KA WHAEAR |l S T B W) A LA &5
- PIRHE, e R IR — 2 19 B 7284tk anal(2)
FIin o G P ) 3228 5 88 - Ae 4 W R A G

2NaAlSi,0,+2C0,+11H,0 —>
2Na+ALSi,0,( OH),+3H,Si0,+2HCO; (1)

2KAISi,0,+Ca> ——2K"+CaAl,Si,0,+4Si0, (2)

(DB, WIBEHFEZ SR v a
K,2.2 LR AE R AR WG BT W B 0 I, AZ 4
FKEE U TP Y S O R v B R IR A
Ca®>Na*> Mg >K",
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(a) W Na™ (CLRIE SO TG AS [FIVA
Cl™ s vk AL an & 7 Ji7m , RN Je CL Joi i Tk
I LT, HAIEEE N 2.1% ~3.6% , LAl 45
FE LR 4 Fpcgi ik = v, RS TR IS 75 A (R xT C1
LT MHE R, sk s A E 2R R T
R (NaCl) VAR S35, Holt XRF 4558 (1) a1, &
JUR A LV ERYIE ) H0.007 7% , KT F,
N.S ZHHIITE, H XRD HxfE UG A 1R A A7, It
Cl” R FTHIREER N

800

| BFaviE
LI
600 |
# 400 -
i)
= 200+
O
0 . . ,

MgCLiAZR  NaClER  KCHAR  CaCLikH
Bl 7 R RS R L B v B

Fig.7 Mass concentration of Cl™ in solution before and after

W/ (mg e L)

reaction of different systems

TR Na™ i EZRIEN LA 3 34y D £
B3R NaCl (3R, IS W Na™ Fil C1 22 4k
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