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Table 1 Distribution of ion-phase rare earth in Xinfeng,

Jiangxi province (mass fraction, %)

La,0, CeO, PrsOy; Nd,0, Sm,0,
113 0.36 7.89 7.33 1.83
Eu,05 Gd,0; Tb,0, Dy,04 Ho,0;
0.4 3.43 0.86 6.33 1.25
Er,04 Tm, 04 Yb,04 Lu,04 Y,0;
3.81 0.48 3.19 0.41 51.13
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Table 2 Scheme of flushing ammonium removal experiment

Group Tailing column number

Ammonium removal scheme

1
First group

0.01 mol/L CacCl, solution
0.01 mol/L MgCl, solution
0.005 mol/L CaCl,+0.005 mol/L MgCl, mixture

Second group

0.015 mol/L CaCl, solution
0.015 mol/L MgCl, solution
0.0075 mol/L CaCl,+0.075 mol/L MgCl, mixture

Third group

O 0 I[N N KW N

0.02 mol/L CaCl, solution
0.02 mol/L MgCl, solution
0.01 mol/L CaCl,+0.01 mol/L MgCl, mixture

Peristaltic pump

Eluent _I
EI .................... — Coarse sand

?;g%%% Tailings column
Vi e‘-w?'.‘{

"""""""""" — Coarse sand
Permeable stone «——

— Funnel

Automatic liquid receiving device
1 IR E R A

Fig. 1 Schematic diagram of experiment equipment
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preparation: (a) First group; (b) Second group; (c) Third group
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Table 3 Results of tailings preparation experiment

Original content of

Injection amount of  Residual amount of Residual rate

Grade of rare  Actual .. . .. .. . .
Test column carthion  leachine 2mmonia nitrogen in ammonia nitrogen per ammonia nitrogen in  of ammonia
ore/% rate /(yg unit ore soil, unit ore soil, unit ore soil, nitrogen,
” ° wi/(mg-g ) wy/(mg-g ) wy/(mg-g ) B1%
First group 4.20 85.37 0.48 0.69 0.87 74.36
Second group 4.20 86.12 0.48 0.69 0.88 75.21
Third group 4.20 85.79 0.48 0.69 0.88 75.21
1) p=ws/(witws).
22 EFHEIAMKEERARER BUID) - ~
—a— Calcium magnesium

X 2.1 TR RN, FRIRE 2 rkvi%
LI 51 Ny 7 7 1 i R VA S o B )57 ek s
MR FIRECT 15 mg/L, f1bibkdk. 1h36 kit
T B EE 2351 0.01. 0.015. 0.02 mol/L, 75
g R 3 f 4 iR

FHE 3 HaT DUE Y, ASRIBH & bk e 7 e s
L BRI —FE . M8 28 — 5 FLER AR AR
(1.4 LyMRBEFIImsE B, R EIREA T R M
B, LB (4 L2 )5, HiRE ke
B EFbs 78 1S ARFLRBRRRR(2.1 DYAad, Hg
EIREE, SRIEIRE TR, X2 m Tl &Ry iR
glE, B HANSHEIL -MHAIBAR1.4 DX
BTK, FrATEMRGE I, R I FL IR AR AR 1)
FE T KPR LB AR (1.4 LYWk & #e ok,
oy AT 25 B KR = T R, BT
H AR B AR TE A BRI PE AT A e, REIREA
WP A, RStkii)a, BT IROe IR B8 1 22 e d AR
BT, @EIRESIZE ET. 3 FobkuEs T &N
2 T B IR ) ) FH SR PR B g 3, AN TRk )
TRARTEBREAMETHERAES, 8
AR, AR EBRER I HKBMKIKA
AL MRGER . FHBER AT AL BEMRTER.

B 4 HHaT UG, SRR RS T A&
ZREAE IR K ZE R, 3 FRIREEMIER PRI
FEA AR N, TR — LB IARR(1.4 L)
KA EFZ G N 4RERIR N 0.01 mol/L
W, AR & I —A T 6, Wk
FIRGE e AT B RN . 1% i T AR T HoAth 75 Fh ik
&, 0.01 mol/L B, FEHH AT iR fR1vS PR A st AH
SPRUGEIRTE L, MAEMSEFIRE R SR, B
Gl GO PR EX VA=V EP O == s RN R QL VAR

mixture, 3
—s— Calcium chlorider, 1
—e— Magnesium chloride, 2

0.8}

Ammonium ion concentration/(g-L™")

! 1

0 14 28 42 56 70 84 98
Pore volume/L

1.5
(b) —a— Calcium magnesium
mixture, 6
1.2 —s— Calcium chlorider, 4

—e— Magnesium chloride, 5
0.9

0.6

0.3

Ammonium ion concentration/(g-L™")

0 1.4 2.8 42 5.6 7.0
Pore volume/L

2.0

—a— Calcium magnesium
mixture, 9

—s— Calcium chlorider, 7

—e— Magnesium chloride, 6

1.6f

1.2

0.8

0.4

Ammonium ion concentration/(g-L™")

0 1.4 2.8 4.2 5.6
Pore volume/L

3 AFEFSEMIT TR A LRI
Fig. 3 Removal of ammonia nitrogen from tailings: (a) 0.01
mol/L eluent; (b) 0.015 mol/L eluent; (c) 0.02 mol/L eluent
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Table 4 Removal situation of ammonia nitrogen by flushing
Injection amount of ~Residual amount of . Removal amount of Efficiency of
Test . L . Peak concentration . .
ammonia nitrogen ammonia nitrogen in .. ammonia nitrogen Dosage of ammonium
column . , . > of ammonium ion, . .
number per unit 0re7s101l, unit ore S(il]l, 0y (g'Lfl) per unit oreis]oﬂ, eluent/mL rerr}oval,
O/(mg-g ") Ox/(mg-g ") QOy/(mg-g ") R"1%
1 0.687 0.869 0.864 0.543 7820.98 62.49
2 0.687 0.870 0.486 0.463 9331.94 53.22
3 0.687 0.868 0.585 0.509 9719.13 58.64
4 0.687 0.864 1.360 0.609 5876.9 70.49
5 0.687 0.887 0.850 0.482 6669.14 54.34
6 0.687 0.879 1.120 0.546 6146.67 62.12
7 0.687 0.868 1.800 0.642 4949.24 73.95
8 0.687 0.879 0.910 0.518 5120.04 58.92
9 0.687 0.864 1.260 0.569 5657.25 65.90

1) R=05/0,.
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Fig. 5 Variation curves of ammonia nitrogen concentration:
(a) Calcium chloride eluent; (b) Magnesium chloride eluent;

(c¢) Calcium magnesium mixture eluent
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PEEE BT MR AN 0.65 g/L, TERLE MHERGE
LA, 3 0 PRI AR (1 22K

NTEER. GO RRGY, GE%5E
AL [RIWRBE TR T 1R BR BRI AR o4k 4z 2880 2% 0 bk
WSS IR E, 1%+ 0.015 mol/L M&ELES
VERRGEFHEAT AL BN A

Table 5 Average ammonium removal efficiency of single tray in leaching test column

Average efficiency of

Concentration/ Theoretical plate Theoretical plate Eluent .
Type of eluent . . ammonium removal of
(mol-L ) number, n height/mm volume/L . _
single plate, 77 /%
Calcium chloride 0.02 35.01 10.00 5.04 1.35
Calcium chloride 0.015 31.52 11.10 5.98 1.23
Magnesium chloride 0.02 21.86 18.15 5.22 1.05
Magnesium chloride 0.015 16.82 20.81 6.75 0.88
Calcium magnesium mixture 0.02 27.51 12.72 6.58 1.10
Calcium magnesium mixture 0.015 18.65 18.77 6.26 0.95
2.0 0.8 - - -
(a) —— Calcium magnesium mixture (b) —— Calcium magnesium mixture
—s— Calcium —=— Calcium chloride
o161 chloride = —— Magnesium chloride
n —e— Magnesium n 0.61
2 chloride N
.5 1.2 .5
s s 04
§ 0.8 5
g g
= ° 02
g 04 g

0 1.4 2.8 42 5.6
Pore volume/L

Ele =i TIREZAZLES

0 14 28 42 56 70 84
Pore volume/L

Fig. 6 Trend of ion concentration in leachate: (a) 0.02 mol/L eluent; (b) 0.015 mol/L eluent
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1) R IR A, S SR
S B VR & U kB 7 43 7 A 0.01 mol/L. 0.015
mol/L 1 0.02 mol/L F B Sf AR AT ik e ik e 1k 6
SERRM, SALES. EALBERESBHRATRAE 3 Bk
FE R B BR824 5N 62.49%~73.95%( 4 1A
68.98%)+ 53.22%~58.92%(5I1H 55.49%) 11 58.14%~
65.90%(3ME 62.22%); Ho BB 5 BH & A0
i 7RIS T B2 8 S TEAH G

2) FETIEWRIL, RS SILBE R
TR G R AT BE AT B RS AR & FE 4 oA
10.00~11.10 mm. 18.15~20.81 mm Al 12.72~18.77
mm, FEHEEAR 1 B4R 730N 1.35%~1.23%.
1.05%~0.88%A11 1.10%~0.95%. k7 B bk vy,
PRI PEAR i BEER )N, RIS AR - 3 B e e ek
E, AR AR R

3) LA SR I AR Bk, Ik
0.015 mol/L IS ES/E ik e FRIEAT AL bk 4
NEIE .
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Removal of ammonia nitrogen from ion type tailings

QIN Lei', HU Shi-li', SONG Chen-xi*, WANG Guan-shi', LU Jia-chengl, YIN Sheng-hual’ 3

(1. School of Architectural and Surveying and Mapping Engineering, Jiangxi University of Science and Technology,
Ganzhou 341000, China;
2. Wuhan Cigarette Factory, China Tobacco Hubei Industrial Co., Ltd., Wuhan 430040, China;
3. School of Civil and Resource Engineering, University of Science and Technology Beijing,
Beijing 100083, China)

Abstract: Aiming at the problem of ammonia nitrogen residual pollution in ion type rare earth tailings, the effects
of flushing ammonium removal experiments on tailings were studied, and the ammonium removal efficiencies of
calcium chloride, magnesium chloride and calcium magnesium mixture were compared at 0.01, 0.015 and 0.02
mol/L, respectively, then using the plate theory, the ammonium removal efficiencies were analyzed, and the
ammonium removal scheme were optimized. The conclusions are as follows: firstly, the removal efficiency of three
kinds of eluents are 62.49%—73.95%, 58.64%—65.9% and 53.22%—58.92% under three concentration conditions,
respectively. The removal efficiency is positively related to cation exchange capacity and eluent concentration.
Secondly, based on the plate theory, the theoretical plate heights under three kinds of eluents are 10—11.1 mm,
18.15-20.81 mm and 12.72—18.77 mm, respectively, and the efficiencies of ammonium removal of single plate are
1.35%—1.23%, 1.05%—0.88% and 1.10%—0.95%, respectively. The smaller the theoretical tray height is, the higher
the average efficiency of ammonium removal of single plate is, and the better the overall ammonia nitrogen
removal effect of tailings is. Considering the requirements for mine environmental protection, 0.015 mol/L calcium
chloride eluent was selected as the suitable eluent.

Key words: ionic rare earth tailings; soil ammonia nitrogen residue; eluent; in-situ flushing; plate theory
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