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Abstract: This study investigates the release patterns of major cations from coal and gangue collected from the
Pingdingshan mining area under various conditions, including particle size and solution chemistry, with the aim of
elucidating the underlying mechanisms controlling mine water mineralization. Laboratory experiments were
conducted to analyze ion release characteristics and pH evolution. The results show that particle size plays a

critical role in controlling ion release and solution pH. Finer particles enhance the dissolution of aluminosilicates
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and carbonate materials in coal-bearing strata, leading to enhanced release of key ions such as Si*" and AI".
Gangue is identified as the primary source of Si* and AI’, whereas coal predominantly contributes Ca™ ;
moreover, the presence of gangue suppresses the release of Ca>". lon release patterns in actual mine water differ
from those observed in deionized water, with Ca® and Mg concentrations in mine water mainly governed by
coal. Overall, the findings demonstrate that the interactions between coal and gangue significantly impacts the
geochemical evolution of mine water, while the initial solution environment primarily regulates the dynamics of
ion release and pH changes.
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Fig.1 XRD and EDS analysis results of coal and gangue
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Fig.3 Release pattern of conventional ions for different gangue sizes
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Fig.4 Release pattern of conventional ions for different coal sizes
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Table 1 Variation in conventional ion concentration of leachate with different gangue contents

K*/(mg-L™) Na'/(mg-L™") Mg™/(mg-L™")
I 16 /d
0% 33.33%  50% 100% 0% 33.33% 50% 100% 0% 33.33%  50% 100%
10 3.27 6.80 835 13.10 144 4.14 5.81 4.71 1.79 1.510 1.620 5.220
20 3.11 6.18 9.74  16.70 1.38 5.96 6.12 597 197 0.702  0.887 2.050
30 3.21 7.68 383 16.10 1.5 7.20 6.16 6.42 3.60 0.818 1.570 2.080
40 1.14 4.02 8.35 596 1.51 8.25 8.74 8.14 3.22 0.778 1.310 1.060
50 1.34 5.02 2.51 4.58 2.34 9.17 9.29 8.34 3.09 0.793  0.882 0.646
60 2.26 3.03 4.09 7.27 3.03 10.30 9.07 8.13 3.28 0.792  0.810 0.733
Ca®/(mg L") Si*/(mg-L™) Al /(mg-L™")
I 1] /d
0% 33.33%  50% 100% 0% 33.33% 50% 100% 0% 33.33%  50% 100%
10 20.1 3.72 2.90 6.72 1.67 4540 44.0 1550 0.187 29.90 29.50 102.0
20 23.0 4.28 2.20 1.45 694 1240 21.1 85.2 0.059 5.24 13.70 60.8
30 26.5 4.69 5.25 4.20 1.57 8.36  20.1 56.9 0.153 3.43 13.70 40.3
40 27.0 4.54 3.50 290 6.29 13.70 40.7 35.3  0.227 6.42 28.50 22.8
50 26.3 5.39 3.85 1.69 15.60 8.52 15.1 23.4  0.220 3.38 9.76 14.4
60 24.2 4.54 3.17 1.95 11.40 7.88 154 28.2  0.184 3.70 10.20 18.3

ANTEBE A i B RE S TEAS R A T) R B K M g™ ST AL VR BE AR T B AT A % 8 R Y I ]
BRI o CYAT A O OB, Ca” (Y TR I i E  T A R A A AE BT O, T T Na B B0 LA R dh
HZEA K BB SCYe R W, A A 32 2 07 K R

TSIt AT, LB R i BT AT A B B i e % —

Th 0 S B R K P OBE AR Ca® . B A7 AE o | 70 e

Lo Ca® B L, BB 4 5 B 4

SR X0 T K Mg Na', 56T 41 A2 i 5, 8.5 -

BT o B K3t B PO 00 L 5 1 -

AR s Na B A7 O 5 KOs BF 7 % 80 |

Mg §5 A B W 5/ . DA 35 9 9 pH {1 B ¥ 30

] £ 75 Al 15 0 36 7 L B 3 o fik X pH {8 £ 5% W T

Ko A 7 A 0095 0 30 2 B L ¥ W 19 pH N . S
A AL 3 I 5) ¥ 58 FTH IR F R 3 A s A R e
fbo MBEERF A 10 1R, X IR T pH (B 59 52 M B B5 AEAALSSMBMpHEWL

Ry RS0 2 AR R0 B PR R AE . Fig.5 Variation in pH of leachate with different gangue contents



20 TR K F F IR %49 %

24 WHAKERBTENZFRHNE

W H KB 5N B 24 M WA 5 5 IR 0/ A AR A5 B N &2 2% o #8980 K /B T B S5 0 1
RGO, 45 R 6 s . m B 6 AT, 0 ok v =2 M F & Ca® \Mg™, HIROE Sit (KT
Na', A& 5/0  Fe 0 H oK 58 S il ik, Ca* F Mg™ 52 81 H 20 R [ A #3876 10~20 d A 2R e, B
FE UG FH i, A8 B I R) 3k 2 40 d IS B AR 2 5 BT K AR R R I Ca® Rl Mig™ () A Gzt 8 ik A A 5 3 i
6(b) ] LLE 0 H K AE R T, KR 3 16 B 1) 25 1 1) 38 3R K, 32 0 AL AR 40 58 358/ s B A AR AR AR
Na'is H 5 36 i, 32 B 09 52 558 /0 5 Si' o 2 vk B2 748 b i 4k R B IR K 5 8RR R Sit i & Tk R 2 B Rl
TR ) 5 252 18 o ) A, FLIR O e VAR 8 A BB ki IR K S A A SR AT AR A S5 0 KA R
AR I AR I KAE R R A B AR TR SRR . X T AP BER R B R R e AT
FEAE AT AP R BT Wk 3 W 0 16 o, EL B A 3 S 0 8 mmi 3 fm . EVACR R 7R IR T 20 d, R I
pHH TFE5 , Ca® I Mg® Joi f v R %, KO Na' Si*Fll AP [ JF, 9 HL A8 Ak i 44 B 4 32 BT 4 & = a5 .

ﬁ_M 2+ -9 EFE_M 2+ —O—ﬁ-K" _Q_HE‘K+
sor o TR Mg 0 HECat 25 (- BdT K O fiNe
-0 FHA-Ca* PE+HF i -Ca? g_*s?i;lja g%ﬁsﬁ;Na
= T =~ 20 =0 JR4RF-Si* o 3
=) a0 r
E30F £ 51 ‘/
w 20 H |
% &
w10 ' |
0 -
1 1 1 1 1 1 1 I 0 1 1 1 1 1 1 1 J
-5 0 10 20 30 40 50 60 65 -5 0 10 20 30 40 50 60 65
B E]/d B E]/d
(a) Ca>*FIMg>*i& (b)K*. Na*FISi*#&ZH
°r > Haa o ST
- - b
gl 0 i A -AT -G IR
~ ~86 |
= -
2°r £
i Byl
% 4l by 8.4
i i ]
E s
R 2 & 82
0+
L L 1 1 1 1 1 J 8.0 1 1 1 1 1 1 L J
-5 0 10 20 30 40 50 60 65 -5 0 10 20 30 40 50 60 65
BT [E]/d BALAT[E]/d
(c) AP H (d) 7 FHKpHEAEL

6 WHARBESTHAENABEFRMEBER

Fig. 6 Release of conventional ions from coal and gangue leached with mine water
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Fig.7 Variations in conventional ion leaching in the presence of coal under different aqueous conditions
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