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Br4fi)., CaO(%r Mr 4li). ALCln(OH), (5% Br 4l ). CONH,[CH,CH] (% M7 4fi ). HONH,CI(%> ¥7 4l ).
CH,COONH, (/> #r4li). CLHN,(f g% 4li). (NH,),Fe(SO,), 2H,0(fl; %% 4li). HCI(/r#r4l). HNO,(ff %%
4y, H,SO,(4r#rél), CH,COOH( M 4l) 45 . MR i i 7K rf RN 351 AR B 28 HL 2 %)) CaO #H
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fit 7 3 min, )5 LA 80 rmin” 12 #E B FE 10 min, #E UIVE 15 min J5 B LW K pH., & Fe A1

Fe* & & .
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I, PR YE Ind=DInL+Ina VER], BLBS M TEHEEL (D)) RN HERPR .

3) AL . AR KAHESIPR T 20, BDUOCI R M = B /KA, 1 20~50 C AR
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SRR AL e =

BUDLSC R R R ST INAABESE 2% (BX-3F) £F mAdisy b loors
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pH, I Fe* By S AL R, Az lxE 7 T K 1Y Fig. 1 Diagram of modelling experiment setup
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bR, 2T RN R CaO ¥ . pH. PAC Fll PAM N+ . W IRIE %S5 Fe, Fe*' RN
SR, B RN - 22 ERE-TODE RO ) SCEE SR, $B s K IR - /K T L [R) AR A TR R B T R BR A S AL
2.1 CaO 0= 3t FTE S0 BB 3R B9 52 M

FRFMT, Hh Fe(OH), MEVS Tk, ¥ BUH 2 (Ksp) 4 1.64x107"*, Fe(OH),(S)=Fe**+20H~
(Ksp(Fe(OH),)=[Fe* [OH™ ’(CV- i & ); #5 F . IP(Fe(OH),)=[Fe’ [OH™ (Lt — %A F); KR EAR
A, WAL INABRIR, %W pH Thir, RIS T OH- (¥R, JFOF-A5 947w, IP(Fe(OH),)=
[Fe*'|[OH™ 1, MW JI & o i IP(Fe(OH),)>Ksp(Fe(OH),), ILIA W At i FUIRA , AUtiEhth, WA
B F Fe(OH), MMt o I, Wik 4456 pH, A BEIR1F RAE S EEHOR . Wl T #0m CaO &A= 1k
FRONNEL (D~ (3) Fis .

CaO+H,0 = Ca(OH),  AH = —109.65kJ - mol™’ (1)
Ca(OH), + FeSO, = Fe(OH), + CaSO,  AH=-172.67kJ -mol™ 2)
4Fe(OH), + 2H,0+ 0, =4Fe(OH);  AH = —139.75kJ -mol”™’ 3)

MR IREE R 20 °C I, CaO By BN 5 X BR ZRBOR AN pH A2 W 4151 2 BT 7R o Bl CaO 42 & 1Y
W%, WKE Fe. Fe' ik B2 F RS, MK pHE EF&EHE . M4 1 gL' CaO i,
pH T2 7254, M Fe Ml Fe* Jii 5k JE F& % 107.3 mg-L ™' Fl 66.82 mg-L™", 2[4 % ik 5] 84.78% FI
81.75%; S #Jm 1.23 gL' CaOWF, pHF % 8544, & Fe, Fe'Jii im ik & £ 22.4 mg- L' il
16.8 mg-L™!, H I FIKF] 96.8% 1 95.5%; 4 CaO HM KT 1.23 gL', H/KKE Fe i ik
ETEMLT 03 mg L, pHE EF#a#, 33 pH FAFEE IR (pH>9) KU .
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Fig. 2 The effect of CaO dosage on the effect of iron removal and pH
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Fig. 3 XRD patterns of effluent sediments at different pH
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(MgFe,0,) #6745 FFSMIR , Fe(OH), 7 1 Ui !
€, ILEF Fe(OH), B & ULTE 5¢ 4 o HUK 8 > osh
pH 5 HIE 8 2247 KB4 4k B T T A £ 3 o
22 KRN AT AL R R A B = osf
M pH=8, N 1.23 gL' CaO i, % Fe. -Lop
P /R IR I L T 199 38 W o 5 2 s Car | MEO:
G S5 A A 0 P S T % . SR O T P2 4 6 s 10 12
b A Fe ., Fe Tk e i 4 5L S I T ot
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Fig. 4 Eh-pH diagram of Fe-Ca-Mg-S-H,0 system at 25 °C
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Fig. 5 Mass concentration of total Fe, Fe*" supernatant and removal efficiency at different temperatures
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Fig. 6 The influence of pH and reaction temperature on the mass concentration of pollutants in the effluent
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Fig. 7 Effect of PAC dosage on the fractal dimension and morphology of flocs in acid mine drainage at closed coal mines
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Fig. 8 The influence of CaO+PAC (different dosages) on the removal rate and mass concentrations of
total Fe, Fe*" supernatants
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Fe 1 2 BR AR fefE o U0 BH A VR0 246 K 22 85000 Ji PR SR 3 B I 6 41, T8 Al die oy B S ) B2 AR 254
VW N BT Y B AR, PR AR BUE AR K Y PAC & /N T 20 mg LT B, #B
3 B JEE AR SR AN RE A TR 40 RUHL 2 S5 VE R 5Bk, B Fe™ . B Fe MU BBRFHAML; 4 PAC iz KT
20 mg L' A, TREE K R AR BE LU IR N 4%, B TRAE MR, BT TR A I 22 0 1A R o R 1 R
[, S5 Fe A Fe B 2= B KR K .

T IR R, A BhEER PAM. FEE PAM E M 1 mg- L7 B E 3 mg- L B, B4k
BN 1.63 15 % 1.91(18] 9(a)), ARLLBMBIEER], /- TE4e5E 2 /)y, SRR S 2 2 H 8RR R 5
/N (B 9(b))o L B8 98 v [R] — 58 AR AR 22 1T 23 9% 21> PAM 43 48 AT R S8 sl W B, T i 3808 7K Ak b
FC, WY T AARIORL Z 18] 0 W BEAR IR T, (0 v v ey o e ok B B LB i
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Fig. 9 Effect of PAM dosage on the fractal dimension and morphology of flocs in acid mine drainage at closed coal mines

& 10 AT, 244% 0 CaO+20 mg- L PAC+3 mg-L ' PAM i}, B Fe & HA 0.17mg L', £
RO AR B 7K B Fe W A 3 0.3 mg-L™'; 24 PAM # /T 3 mg- L' B, 50UKE %) Alf 438 A8 R
BAK, AT SAUIRE S, RBRREAR; Y PAM BN KT 3 mg L™, 22 5EE 5 1 M B 25 4k
B, BN R D, BEERUR TR
24 KEBNEEMRHZM

MO R W I, R 1.23 g L' CaO+20 mg-L ™' PAC+3 mg-L™' PAM B 25540 & kAT R (& 11).
Bl A B R TE R, A Fe RERRB B A GG, IR ERATE 30 C o, LKBRSCOR &
o HEEL LD AT, IR BB S S T B TR AR, R R A AR S A R
fif BT R, SORAE pHOKE TR o R B T S AL A AR e 2, T A R R
FIIE B A 28 A RS Y5 B Ui B A v i 3 R, AR R AR B AN BOEI S T S EE R i
HE TR BRE A BB 0 AR B 52 R K, PAC TE AT A R BE N B LAY AR RUEE AR AR K, (HR B O
mEE, R s s, RARROK GRS S B0 BER M E IR R, iR IAAN
AL
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Fig. 10 Effect of different PAM dosages on the effect of iron removal and removal rate
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Fig. 11  The effect of the combined process of CaO+20 mg-L"' PAC+3 mg-L"' PAM on the effect of iron removal and
removal rate at different temperatures
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AN TR) R iy 7 T B T 2R AR 0 D 4 5 S I ) D 1 AR AL A (81 14), YA UG OB IR EE /N T 30 C
F, 22RO 4k K6 S 0 R ) A R BB A8 K 30 °C B 2204 40 1 4 K08 1k el fe B B, K i
P, TR AEE S A ROR Z A B0 A TE AR DG s IR KT 30 °C i, BRI 484 fb R B
PE RG22 el MRS, WA R A RE, BEat 2 B ER AR, Bk 4l o 5 bRk
R o
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Fig. 12 Effect of initial temperature of 30 °C (with time) on the fractal size of flocs in acid mine drainage at closed coal mines
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Fig. 13  Effect of initial temperature of 30 °C. (with time) on the fractal morphology of flocs in
acid mine drainage at closed coal mines
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Abstract  Utilization of water together with thermal resource in closed coal mines is one of the important
measures to implement the dual-carbon strategy in coal mines. One of the biggest challenges in the utilization of
hydrogeothermal energy in closed coal mines is the blockage and corrosion of heat collectors and transfers due
to water quality of mine drainage. In this study, the high-iron acid mine drainage(AMD) was taken as an
example, which usually occurred in closed coal mine of China. The treatment process of neutralization-
intensified flocculation and precipitation was used with CaO neutralizer, polyaluminum chloride (PAC)
coagulant, and polyacrylamide (PAM) coagulant aid. The key parameters of water quality regulation at 20~50 °C
water temperature and temperature response characteristic in hot coal mine were studied. Experiments showed
that the removal efficiencies of total Fe and Fe** in water could reach the highest values at the water temperature
of 30 °C, water temperature higher than 30 °C was not conducive to the full oxidation of Fe*', and too low
temperature was not suitable for the hydrolysis of Fe*". The treatment chemical package of 1.23 g-L™' CaO+
20 mg-L™' PAC+3 mg-L' PAM could lead to the total Fe content of the effluent lower than 0.3 mg-L . The
fractal method was used to analyze the synergistic relationship between floc morphology and temperature
change. If the temperature was too low or too high, the floc formed was fine and loose; the floc fractal
dimension increased from 1.41 to 1.92 in the flocculation reaction at 30 °C, meanwhile the growth rate of the
fractal dimension was the largest, and the floc structure was large and compact, the sedimentation speed of the
flocs increased, and the flocculation effect was the best; at 30 °C, the heat release rate of the CaO dosing in the
reaction was greater than the natural loss rate of the temperature, and the comprehensive temperature after the
reaction showed an upward trend. When the temperature was higher than 30 °C, the change of floc fractal
dimension presented no fixed trend and the temperature affected the efficiency of mine drainage flocculation and
pollution treatment. Simulation on water quality guarantee treatment for hydrothermal utilization provides a
scientific basis for water quality regulation of hydrothermal combined utilization in closed coal mines.

Keywords  water quality guarantee; geothermal utilization; neutralization and flocculation; acid mine

drainage; closed coal mine
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