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Table 1 Water quality analysis results of uranium-containing acid
seepage from south and north waste rock dumps mg/ L.

B4 B[] g % e g
U 1. 06 0.59 F- <10 <10
Cr <0.5 <0.5 || NOs <10 <10
Cd 0.278 0.58 cl- 2.05 3.6
Mn 1.77 2.9 SOF~ 2 770 1 310
Pb <2 <2 P <0.5  <0.5
Ni 1.99 1.51 Na 4,06 6. 41
Zn 4.62 5.02 K 1. 54 5.94
Cu 1.66 0.05 Ca 118 130
Fe 22.7 52.8 Mg 80.7 47.7
Ag <0.5 <0.5 Al 261 52
As” <2 <2 Hg* <0.1  <o.1

ML pg/L.

x2 B ANERHEZEMBESHKFBRTE
R R HER AR A
Table 2 Concentration and discharge standard of superstandard

elements in uranium-containing acid seepage water from

Oy BB 3.

K3 FHPEEASHRESH

Table 3 Mass fraction of each component in mineral powder

south and north waste rock dumps mg/L
bR ICHE K pH R e A HE T A i
U 0.59 1. 06 0.3
Cd 0.58 0.28 0.1
Cu 1. 66 1.0
Zn 5.02 4.37 5.0
Mn 2.90 0.60" 2.0
* . BAQIN pg/L,

M 1.2 & . 5g 00 RTI0 00 2% A HE 3 16 5 il
TR 115 W K OK 0L A A — o 22 5 A ) 9 A 21 4
J9 U.Cd, BB K Mn, Zn @45, JLM1B K Cu i
br.pH B LR,

Wk - e I 30 i B R T K, R AR 100~
200 H, B A6, BEONRE BE VBRI AL
Yy Ko /b i S SR L A TR R BB I 4R A AL

LE J Ay H Ve TR [iscii g

S 0.93 Ti 0.84
SiO, 31.4 K 0.25

Ca 26. 2 Na 0.39

Mg 5.18 cl- 0.31

Al 8. 54 Zr 0.03

Fe 0.25 F <0.1

Mn 0.32 Pk 25. 2

ik #: NaOH., Ca (OH),, Mg (OH),.

Na, CO, , /¥4t ,
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Fig. 1 Change curves of mass concentration of superstandard
ions in south seepage with mineral powder mass to

seepage water volume ratio
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Fig. 2 Change curve of pH of seepage water in south side

with mineral powder mass to seepage water volume ratio
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Fig.3 Change curves of excessive ion mass concentration
in north side with mineral powder mass to

seepage water volume ratio
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Fig. 4 Change curve of pH of seepage water in
the north side with mineral powder mass to

seepage water volume ratio
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Fig. 5 Change curves of concentration of superstandard
ions in south seepage with contact reaction time of

mineral powder and seepage water
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Fig. 6 Change curves of pH of seepage water in south
with contact reaction time of mineral powder

and seepage water
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Fig.7 Change curves concentration of excessive ion
mass in north seepage with contact reaction time

of mineral powder and seepage water
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Fig. 8 Change curves of seepage pH in north side with
contact reaction time between mineral powder

and seepage water
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Table 4 Removal of ions from south seeping water treated with alkaline substances
U Mn Zn
e O oy oy =
L Ay 5 2 T I 4 /mL (ﬁfl ggz"{ZiJEl/) SR Y (ﬁi gm.ﬂilﬁl/) SRR (ﬁfl ggg.(iiﬁil/) SRy pH
G 0.0 56. 9 — 3.79 — 4.5 — 4.70
1.2 — — 3.36 11.3 2.2 50.7 6.00
Na; CO3 1.6 — — 2.51 33.8 <<0.2 >95.5 6.95
1.8 2.1 96. 3 0.21 94.5 <<0.2 >95.5 8.01
4.0 — — 3.30 12.9 2.4 46. 4 5.96
Mg(OH)» 5.0 — —3.03 20.1 <<0.2 >95.5 7.00
5.8 1.7 97.0 2.27 40.1 <0.2 >95.5 7.89
1.1 — — 3.15 16.9 3.1 30.8 5.97
Ca(OH) 1.4 — —2.47 34.8 <<0.2 >95.5 6.93
1.6 1.3 97.7 0.81 78.6 <0.2 >95.5 8.11
0.9 — — 3.30 12.9 3.8 15.6 5.96
NaOH 1.5 — — 2.21 41.7 1.0 77.2 7.21
1.6 1.5 97.4 0.70 81.5 1.0 77.9 7.97
£5 LMBHkmMBENRLEESETERER
Table S Removal of ions from north seeping water treated with alkaline substances
U Mn Zn
- K S B - JE— -
Bl 4 S5 i 2 N/ mL (I‘ri j{zf E/) SRy (ﬁi jm? E/) SR (ﬁi fﬂf ‘Ji/) SRy pH
x 0. 00 715. 00 2.53 4.1 4. 30
6.0 165. 00 76.9 2.14 15.4 2.5 39.5 5.99
Na, CO;3 12.5 57.1 92.0 1. 96 22.5 0.2 94.9 7.15
15.0 10. 90 98.5 0.75 70.4 <0.2 95.2 8. 04
10.0 338.00 52.7 2.52 0. 40 3.3 21.1 5.91
Mg(OH) 12.0 5.60 99.2 1. 97 22.1 <<0.2 95.2 6.92
14.7 3.54 99.5 1.85 26.9 0.2 95.2 7.9
4.0 4.11 99. 4 1. 98 21.7 <<0.2 95.2 6. 04
Ca(OH): 4.5 1.62 99.8 1. 49 41.1 <<0.2 95.2 6.98
4.8 1.08 99.8 0.62 75.5 0.2 95.2 7.97
3.8 5.29 99.3 2.02 20.2 0.4 90.1 5.91
NaOH 4.6 2.25 99.7 0.88 65.2 <<0.2 95.2 7.16
4.9 1.52 99.8 0.43 83.0 <<0.2 95.2 8.04

M2 4.5 FH B Mg(OH), LLAMNY 3 Fh i
PP AE pH=6 ZF F ¥ al bl K U ik
FrfERL o CaCOHD, A1 NaOH 7 #& HE 541 5 4
FRBRAPEY) B AE pH="7 Z5F X Zn A7
FEALFEE 0. 2 mg/L LR ; Hisf NaOH, Na, CO;
Fl CaCOH), £ pH=28 £ N X Mn 2 FRACR B

%, H Ca(OH), NaOH {H#E & KT Na, CO, ,
A BRAGCR T b A R % R Ca(OHD, N
TR ERRR
2.4 AETMEYRTERZEIE

LM HEY & oK AR, % 48 4 FhadtE P
Joi ) 7 I DR BORAE B . 43 BIEC 1 Lo Jbilsok 8
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Fig. 9 Comparison of sedimentation rates of

different alkaline substances
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TR G H TR ] L0 R T NaOH L B #7156
A CaCOHD  VE ik U5 0 o i S B PR T By Bk G
Ca(OH) A HE W /K B DT R R e P, 48 1 h L
B, DURE R TR T BN 700 24 . 4 2 h DLRE. UL
Ry R BRI/ 80 Y0 24T .

3 EBRMHHER

ML B oK E s b )E , ARy Cd.
Cu BARA 73 7T L BR UM TR U W EEREAL, [
BHAW pH Al 2.7 FHE 4.5 £ 47 s (H 40 4 b B
JE B K HATY A R AR B4 B AR 1 M, Zn, U
JLE,HIE pH 29k 10~14,9~10,10~
11,98 i 2 CaCOHD, #77 pH &= 7~8, Bl Al
Mn i BEFE 2 1 mg/L LAF \Zn JT & W B 1%
%£0.2 mg/LUT U BHKRELIHE 1 pg/L £
A, OB I B R & B KW A W AR . Xt
DUVE W HEAT L0635 40 . 85 R R W], Mn Zn 2y
&R E T A K N A B4R, U LLUEBE R
TFIE AT 68 3 o % T mC A L R B kS K

A1 2 8] B B s 4 45y X B, 528 Mn, Zn U
14 35 5 HE L

K A 251 & ¥ (layered double hydroxides,
LDHs) J&—F B A JZ AR G546 11 BT 2 -4 )2 41k, 52
FRoAJ2 IR X 4w A A A . I g5 faE U
(M MET (OHD, 7 (A" ), » mH, O, Hor, MPF
J &R EE T Mg CatT R 2
Ni** \Co™", Cu™" & My =t & & FH B+,
APT Fe'™ [ Cr'" (ST S AT M E T, COF
NO, .ClI" L,OH .SO! PO} Gy H, (COOY; ZETHL
MADLE T R BCA B T . LDHs ()2 M) i 2 8]
HITCHLBIES F RS e e s 0 Rom MET/(MPT M)
) B B 1 s — FREAEO. 17~0. 3322 1], I INF RE 4 ik
rnRZE A SEHE ) M —*" M,—M"" LDHs;m K2
[ 0 TR HRTR IR T
A SEEA A LDHs B 5%

WAL B S B K AR TE — E & AL
F" BT WP M R T HARE 7 Mn?'
0’ AN B FEE LRI Ca?t Mg BT L R G
T o7 1) B B - B AT, AT B AR TE A 2 oK s T
T ELK AR R R K A B2 5 Ak B R
Horpy Ca®" (AP B PR ETHE A R T 2K
WARAR . WA pH R, Ca(OHD, i
i R R OGBS F R BRAE DL LR 6,8 MPT M B
B E O, XM XM AL LR 7,

An(Fe't + AP )RR =M FH B F (Fe'" +
AP ORI AL, An(Mn* " +Zn* " +Mg* " +
Ca® M EF_MMHE F (Mn*" +Zn"" +Mg"" +
Ca YR B AR, n (M) /n (M + M)
REZMHEFES MM =NHE YRR
Hi.

M2 7 B Y A e 532 1K pH ] 8
LA n (M2 /n(M*T M) ik KAE, 70 90
0. 74 F1 0. 54, % (B Bz 78 37K W A B A R T 50
fil, Hrb,Ca B FIHFERE NAEAE, L Ca(OH),
W BB Ca®" & OH 483, 0H 5®%
PRk HY & s AE B 2, 324880 OH & & T
5 H AR, (M) /n(MT M) £
WA REARG, B 2 SE L A R 8. [l 38 ik
A5 b B 5 R R O R 31.4 % 1) SiO, .
Hur A ks R EA SO, kL 77 76 B
FEPIER R HAC A R FR A B AEH R . 5 B R
SiO, @ LDH 28K £ .
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Table 6 Removal of associated ions after Ca(OH), treatment

Ca(OH)» os/(mge LD
HE3% K - pH
A /mL Mn2* Ca? Mg?" Fed- Al Zn2
0.0 4.70 3.79 205 63.0 5.11 57.3 4.5
1.1 5.97 3.15 318 61.5 1. 37 <1.00 3.1
Fi )
1.4 6.93 2.47 342 59.9 <1. 00 <1.00 0.2
1.6 8. 11 0. 81 355 56. 8 <1. 00 <1.00 <0. 2
0.0 4. 30 2.53 182 89. 6 8.98 276.0 4.1
4.0 6. 04 1.98 625 88. 2 <1. 00 <1.00 0.2
B |1
4.5 6.98 1.49 662 91.1 <1. 00 <1.00 <0. 2
4.8 7.97 0.62 676 91. 4 <1. 00 <1.00 0.2

AL B 100 mL AKABETT .

®£7 Ca(OH),FMER M*T M*TEFRETK

Table 7 Ca(OH), consumption and concentration change of M** ,M*" ions

cp/(mmol * L™ 1)

Mg Ca(OH). .
D 3+ . 2+ 2+ . 2+
é}H"ﬂk ?%j]ﬂﬁ/ml, ! an t Fe3 t A13 t an t Célz t Mgz t AH(FHe + A”(M‘n +Z‘n + ”(”M )/>
AB) Mg? " +Ca?") n(M3* +M2F)

4,70 0.07 0,09 212  0.070 510  2.63 — — —
i
8 8.11  0.01 <C0.02 <C0.04 <C0.003  8.88  2.37 2.15 6.29 0.74

4.30  0.05 0.16 10.22  0.150 4.55 89. 60
=[]
24 7.97 0.01 <C0.02 <C0.04 <<0.003 16.90 87. 40 10. 36 12.03 0.54

‘ fz%‘%ﬁ%bﬁ% H ia,*ﬁﬁﬁiﬂjrélﬁb\‘m% 4 B

IO ICVE By HEAT 437 25 R W 10 iR, W LR

i 7E 3 451,992 em T Ak HY B AR TE 5K 1 I g e 07 DR L KR A M 3 4 B E — A B K IR

KA F B ARRUZ K G T80 O—H B4 3t 15 8K 4 T HEA b ORNZE ] 5 B v Ak 2

PRBNIE 7T 1 383. 6751 1 512, dem 'ALAYMIEE  JE AR AME. F BRI A R 2 keg/m® . B P

HIBREEA X R4 IR Sh 5 L 107 1 638. 233 em ' WDZ M A2 ~10 g/m®, H ¥R AL P25 150 m’ .

HZ KB AT IR B0 58 46 1 044. 747.835. 508 Fr Al I #E ik 160 t/a, B8 79 45 BE R #E 1k 0. 4 t/a,

687.98.564. 08 cm ' AL HY— RINVFFIEWE > BIAER  chfmi KR 70% HEBRE 1.7 ke/m* &L,

MO it s it MO H B3t R R PRDO) 77 <642 v/, FEAL I
Hedp B K TE R IR 00 4 1 F S b B , DT

* Wzt BT 2 E T T T
30F B KPR B 1. 220 1. 96 g, WO
2l B CaCOFD) , 4 H8 5 54+ A f b 5 2 37
| WA PRAT AT 8. T LUAR . 15 BT 4 A
FH LG, B8 BE A CaCOHD, &b 3 45 AR 7T 78 A4S %1 4

% 1000 2000 3000 4000 WINZRBER 25 T KR 45 58 DRt 1), &) B i
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Fig. 10 FI-IR spectrum of sediment PRIRIE » o AT A A,
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Table 8 Comparison of evaluation indexs of treatment effect between treatment technology of ore powder combined
with Ca(OH), and prior technology

T A/ VlRER R/ TR/

A b= JRK pH T, i 24 e P i . . - S IR HET
(kg *m™*) min (tea !
WA FEAR 3.98~5.57 NaOH,2 kg/m? 360 192.6 2.5 g/m?
7 ] 2.78 Ca(OH):,0. 32 kg/m? 1.22 60 79.3 7
WA CaC(OH) AR
de 2.66 Ca(OH)»,0. 96 kg/m? 1.96 60 127.3 i

T IR MK 4 29 137~220 m®/d, LR AEF 4 178 m?/d i+ T il = A5t

H T8 439 1 Aok, JG IR Mn A5 ™ 5 1
il L 58 A 0 22 R A pH=10~11,
UUYE PR ARAL 4y » 2 J5 P T B AR 2 9 pH L 1% T
CRRFE R K, HIR W TDS & Tt . 2% i
UL R 2) 1~2 d, TSR ER, R
TR B A CaCOHD, AbFEHEY B K 76 pH=T7~
8 S5 BV R KE R bR 4 43 R B R DT R R AR
W.1~2 h FVEW IR AN HE, B = s RN,

5 g

BRI A DOl A HE Y R R B
KRG T BRI AR A 0 5 1 B R .
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SR T R B R 1/1 Cg/L) | il 2R B ]
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FBREBARE F, U, Mn. Zn.Cd, Cu % & 3% 43 5 K
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He ik o B R W DT I ] 60 min B, A B AT 45 U
70 % 2 AT TR S B P

3 CaCOH), X5 7K Ab B ik 72 & 55
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Ab B AT 95 K PR A R 2K A A R
K& Mo\ Zn®" B FiF A LDHs 5 42,77 f
HL 7 11 R 25 3 o e AR L R LA S 2
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Removal of Superstandard Components from Acidic Seepage Water
Containing Uranium in a Mining Area
WANG Yang
(Beijing Research Institute of Chemical Engineering and Metallurgy ,CNNC,Beijing 101149)

Abstract: The removal method of superstandard components of uranium acid seepage water from
sulphur-containing uranium waste rock in a mining area was studied. Firstly,1 g/L mineral powder
was added to the wastewater exceeding the standard to remove Cd,Cu and part U,and then the pH of
seepage water from the waste rock landfill on the south and north sides was adjusted from 2. 78 and
2.66 to 4. 70 and 4. 30, respectively,and the optimal contact reaction time was 30 min. The effects of
Mg(OH),,Ca(OH),,Na, CO; and NaOH on the further treatment of U, Mn and Zn in the effluent
treated by ore powder were compared. The results show that Ca(OH), has the best removal effects on
U.Mn and Zn. Under the conditions of 0. 32 and 0. 96 g/L of Ca(OH), and pH of 7 ~ 8,the removal
rate of U,Cu,Cd,Zn and Mn can reach over 99. 8% ,over 90 % ,over 90% ,over 95% and over 75. 5%,
respectively. And the settling speed is fast,and the suspended liquid volume can be reduced by about
70% after standing for 60 min. The precise calculation of the change of ion concentration during the
addition of Ca(OH);. The results of sediment characterization show that hydrotaltale-like substances
are formed during the purification process, Mn?" and Zn*" ions entered the hydrotalc structure and are
removed,and uranyl ions may be removed by electrostatic adsorption with hydrotalc, surface complexation
or interlayer anion exchange.

Key words: uranium acidic wastewater; uranium; removal; mineral powder; Ca (OH),; hydrotalcite;

superstandard component





