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Removal of Calcium and High-strength Ammonia Nitrogen from the Wastewater

of Rare-earth Elements Hydrometallurgical Process by Chemical Precipitation
WANG Hao'?, CHENG Guan-wen'”, SONG Xiao-wei', XU Zi-han'?, MENG Jin-jie'>, DONG Chuan-qiang'”
(1. College of Environmental Science and Engineering, Guilin University of Technology, Guilin 541004, China; 2. Guangxi Key
Laboratory of Environmental Pollution Control Theory and Technology, Guilin University of Technology, Guilin 541004 ,China)

Abstract: A lot of high-strength ammonia nitrogen wastewater is generated in the ion-type rare-earth elements hydrometallurgical
process. Magnesium ammonium phosphate (MAP) precipitation was chosen to remove the ammonia nitrogen from the wastewater after

2
", and Ca”™* was an

Ca’>* was eliminated using Na,CO, to generate CaCO, precipitate, because the wastewater contained a lot of Ca’
important impact factor for MAP precipitation. Central composite design (CCD) is a principal response surface methodology ( RSM)
used in experimental design. Response surface methodology (RSM) was used to optimize the factors in MAP precipitation, achieving
the optimal conditions and the precipitates under such conditions. Two kinds of precipitates were analyzed by scanning electron
microscope (SEM) and X-ray diffraction (XRD). The results showed that when n(Ca** ):n(CO3™) =1:1.05, mix rate and reaction
time were 1500 remin~' and 30 min, respectively, the removal ratio of Ca** reached 100% ; the optimal condition of MAP
precipitation was pH =9.03, n(Mg):n(N) =1.20, n(P):n(N) =1.1, with a reaction time of 30 min and a mix rate of 1 000
remin~", the removal ratio of ammonia nitrogen reached 95.40% and the residual total phosphorus concentration was 5. 65 mg-L™".
SEM and XRD analysis showed that the two kinds of precipitates were pure CaCO, and MgNH, PO, -6H, 0, respectively.

+
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Table 1  Main compositions of the investigated rare-earth wastewater

NH; -N CODgyy; TP Cl- Ca* Mg?* B Cu
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Fig. 1 Effect of Ca®>* on the ammonia nitrogen removal

by MAP precipitation
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Fig. 2 Effect of n(Ca®* ):n(CO%~) on the removal ratio of Ca®*
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Fig. 3 Effect of mix rate on the removal efficiency of Ca®*
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Fig. 4 Effect of reaction time on the removal efficiency of Ca*

Bs5 MURBERGTREYRHEEFEMER
Fig. 5 SEM picture of the precipitate formed under the

optimal conditions of Ca>* removal
e
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2017

E6 MURBEMHTRIEDE X SEATHER
Fig. 6 XRD picture of the precipitate formed under the

optimal conditions of Ca®* removal
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Fig. 7 Effect of pH on the removal of ammonia
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Table 2 Independent variables of the CCD design
A (i
S —a( -2) -1 0 1 +al +2)
TEPREUE
pH (4) 8.5 9 9.5 10 10.5
n(Mg):n(N) (B) 0.9:1 1:1 1.1:1 1.2:1 1.3:1
n(P):n(N) (C) 0.8:1 0.9:1 1:1 I.1:1 1.2:1
S A ] /min (D) 15 20 25 30 35

W Y PAE >0. 10 B, BEEARIAY i U AN 3
(). AT TS0 ) WA Ay 25 R (K 4) W
AR P/ T0. 000 1, 18 B P45 50 44 oy B
E. HNH, -NEBRRTZ4ITR(EK 4 LA N,
B.C.D.AB AC . BC A B C D ¥hiz
. 3568 B, €. DX =I0XNH, -NZ< B R
W3, AB, AC, BC X =IXFNH, -NZpr %8 HAE
&, A B, C’. D* XfNH, -NZEBRR il m

BN . PRI TP VR B AR (R 4) AT LLE
,B. C,BC, B>, CC HBFET,B, CWHERXF
4% TP M BELRVEAE ] B3, BC ST ELAE FI X 980 45 TP
WRER M B, B CP X4 TP VR B Ukl T AL
S TSR SRR F (RS 9 2. 85, 3. 14, P
{53590 129 9F10. 109 4, ¥ KT 0. 05, 156 W A5
RIS IITAS 3 BRI R Bt PSR
KRB R =0.945 8 . R* =0.998 7, fL/s i A
BRI B AR . AR S R0 1. 18% K
9.60% ,¥I/NT 10% , F A PIBLRL AR 5] 5B 32 AR,
B R VA U5 5 5 0 LUl AR5 e L,
ML KT 4 B0 R RS 3 B A H Y. PR %
FEOM A 17. 602 | 73. 140 , R IABRURE %6 B 4518,
BT LA o 0 35 11 X B NH, -N 25 B 3R I 8 4%
TP .

HR A CCD 5L 50 I 51, 1] FH Design-Expert8. 0. 6

®3 CCD ZWIZITRER
Table 3 Experimental design and results of CCD

e H% 4 W% B M C M D HIRLAE 1, LR Yy
S oH n(Mg): n(N) ()i n(N) fiJuH_‘JlEﬂ NH, -N&R#% T4 TP e JiE
/min /% /mg-L’l
1 9.50 1.10 1.00 25.00 90. 35 4.41
2 10. 00 1.00 1.10 20. 00 86. 53 514. 47
3 10. 00 1.00 0. 90 30. 00 89. 39 6.52
4 9.50 1.10 1.00 25.00 89.79 2.85
5 9.50 1.10 1.00 25.00 89.32 15.10
6 9.50 0. 90 1. 00 25.00 87.01 512.50
7 8. 50 1.10 1.00 25.00 85. 82 8. 89
8 9.00 1.00 0. 90 30. 00 83. 67 3.52
9 9.00 1.00 1.10 20. 00 88.92 473.13
10 9.00 1.20 0. 90 30. 00 85. 66 2.82
11 10. 00 1.20 1.10 30. 00 92.50 11.58
12 10. 00 1.20 0. 90 20. 00 84.07 3.17
13 9.50 1.10 1.00 25.00 88.92 16.35
14 9.00 1.00 1. 10 30. 00 90. 59 495.77
15 9.00 1.20 1.10 20. 00 95. 83 18.83
16 9.00 1.00 0. 90 20. 00 85.34 5.00
17 9.50 1.10 1. 00 35.00 93.93 6.28
18 9.50 1.10 1.00 25.00 90. 67 2.13
19 10. 00 1.20 1.10 20. 00 90. 83 10. 07
20 9.00 1.20 0.90 20. 00 84.39 2.11
21 9.50 1.30 1.00 25.00 88.92 2.94
22 9.50 1.10 0. 80 25.00 83.27 1.37
23 10. 50 1.10 1.00 25.00 88. 68 12.34
24 10. 00 1.00 1.10 30. 00 91.30 513.49
25 10. 00 1.00 0. 90 20. 00 89.24 6.33
26 9.50 1.10 1.20 25.00 91.94 462.30
27 9.00 1.20 1.10 30. 00 95.20 9.78
28 10. 00 1.20 0. 90 30. 00 86. 85 2.33
29 9.50 1.10 1. 00 15. 00 89. 16 9.28
30 9.50 1.10 1.00 25.00 90. 51 4.07
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XFNH, -N 2255 5 B | 4x TP k15 4% PR 2% 52 BRI

Z A6 R UEA T LA HLA A B B 5 72
Y, = —480.28 +88.874 + 134.22B + 192. 88C
—3.42D - 18.48AB - 24.84AC + 0.224D

—46.04B* —=54.99C* +0. 02D* (2)

Y, =73.30 - 46.384 - 2 097.38B + 2606.67 C +
3.92D - 87.21AB + 59.024AC - 0.324D -
12097.77BC - 3.51BD + 1.94CD + 5. 094" +

+148.07BC +0.02BD +0.62CD - 2. 56A° 6 305.03B° +5 657.76 C* +0.02D° (3)
F4 NH -NEBRZRRFSK TP iRENRE KSR FE S
Table 4 ANOVA for response surface quadratic models of ammonia nitrogen and phosphorus removal
5iH S5 A A e ¥1J5 FAH P L E
NH," -N TP NH; -N TP NH," -N TP NH," -N TP NH; -N TP NH; -N TP
TR 288.90 1. 146E +006 14 14 20. 64 81 856. 70 18.70 811.36 <0.0001 <0.0001 & WBF
A 1.95 170. 14 1 1 1.95 170. 14 1.77 1.69 0.2038 0.2137
B 8.34 3.692E +005 1 1 8.34 3. 692E +005 7.56 3659.34 0.0149 <0.0001 EF BF
c 152.11  3.595E +005 1 1 152.11  3.595E +005  137.85 3562.89 <0.0001 <0.0001 &% WF
D 15.94 1.86 1 1 15.94 1.86 14. 45 0.018 0.0017 0.8937 ¥
AB 13.67 304.25 1 1 13.67 304.25 12.38 3.02  0.0031 0.1029 B3
AC 24. 69 139.32 1 1 24. 69 139.32 22.37 1.38  0.0003 0.2583 @3
AD 4.78 10. 48 1 1 4.78 10. 48 4.33 0.10 0.0550 0.7516
BC 35.08  2.342E+005 1 1 35.08  2.342E+005  31.79  2321.07 <0.0001 <0.0001 @& BF
BD 1. 580E-003 49.17 1 1 1.580E-003 49.17 1.432E-003 0.49 0.9703 0.4958
CD 1.52 15.08 1 1 1.52 15.08 1.38 0.15 0.2591 0.7045
A2 11.21 44. 42 1 1 11.21 44.42 10. 16 0.44 0.0061 0.5170 W3
B? 5.81 1.090E +005 1 1 5.81 1. 090E +005 5.27 1080.78 0.0365 <0.0001 B3 W3F
c? 8.29 87 799. 40 1 1 8.29 87 799. 40 7.52 870.26 0.0151 <0.0001 &% B
D? 5.16 8.76 1 1 5.16 8.76 4,68 0.087 0.0471 0.7723 %
hk2 16. 55 1513.33 15 15 1.10 100. 89
AU 14.08 1305.29 10 10 1.41 130. 53 2.85 314 0.1299  0.1094 AEF KNEFE
AR 2.47 208. 04 5 5 0.49 41.61
AR 305.45  1.148E +006 29 29

1) NH/ -N.AESR R0 =1.18%; R* =0.9458; X IEJ5 R* =0.8952; KE# ¥ =17.062; TP. A R % =9.60% ; R* =0.9987; #1EJ5 R =

0.997 5; KE% P =73. 140

AR 7 2250 Al 41, NH, -NASERS AB T AC T,
BC I TP # R BC Wi Ry A1 H.AF FH i 3% 0, A
Design-Exper 8. 0. 6 2l A FAE ] i 255 3D Wi )i 1]
KIS 4 . B 12 2 W B[] 30 min, n(P):
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Fig. 12 Response surface and contour plots for NH," -N removal efficiency as a function of pH and n(Mg):n(N)
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i, pH 5 n(P): n(N) FHEAEH FNH, -N &R A
AIEDL. 24 n(P): n(N) & FAKFR, NH, -N&
BRARREA pH (RGN N, )2, NH, -N 2 B % bifi
# pH BRI /D 24 pH RS NH, -NZEBRREE
n(P):n (N) BB KK, pH N AR K F B Y

NHs N %

NH, -N & BR R KF pH 4 = 7K B A9 NH, -N 2 B
I, pH AL FARAKE 1 n(P): n(N) &b T K
e, AT AR E A E NH, -NBRR.

¥ 52 S W] 4 30 min, pH 9, %% n(Mg):
n(N) 5 n(P):n(N) MHENEHBFNH, -N 2 BRFARL
s ZERINE 14, 24 n(P): n(N) kb TARIKFERT,
NH, -NZEBRREEE n(Mg): n(N) B MAELA K,
M n(P):n(N) AT =K, NH, -NI) 2 BRFHE n
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Fig. 13 Response surface and contour plots for NH," -N removal efficiency as a function of pH and n(P): n(N)
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Fig. 14 Response surface and contour plots for NH," -N removal efficiency as a function of n(Mg): n(N) and n(P):n(N)
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Fig. 15 Response surface and contour plots for residual TP concentration as a function of n(Mg): n(N) and n(P):n(N)

I, 4 pH &b TARKF,n(Mg):n(N) 5
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K, FIAs TP e T A1k
2.4.2  RPUAERE SRR TR

16 24 pH BUH 9, KL A E] 30 min, HEFEHR
1000 remin " B, [F] B 38 /2 NH, -N L BRE > 95% |

T4y TP WE <5 mg-L7'0F, n(Mg):n(N)5 n(P)
tn(N) BUE S mE&ESE. WK LUE
WA n(Mg) s n(N) BUE M 1.19 ~ 1. 20,
n(P):n(N) N 1.09 ~1.10. il &I Design-Expert
8. 0. 6T e ALNH, -NEBRF G5 4 TP WK IE, JF 5
B UF SRR 25 XS b, 5 AR LR 5.

x5 IMERBITNE S SEAR EE IR IE SR

Table 5 Comparison and verification of predicted and observed values

I A NH; -NLBRF/% Pl A TP WS /mg -1~
pH n(Mg):n(N) n(P):n(N) RAHE]/min  FE SEBRiE [IiRITES A S Bt 22
9.03 1.20:1 1.10:1 30. 00 95.72 95. 40 +0.22 4.54 5.65 +0.79
9. 04 1.20: 1 1.09:1 30. 00 95. 45 94.97 +0.34 3.66 2.34 +0.94
9.07 1.19:1 1.09:1 30. 00 95.38 94.58 +0.56 4.30 3.69 +0. 42

BIE S 45 R W] NH, -N 22 B3R 3R SEBRiE 5
DB 2516 7E 0. 22 ~ 0. 56 2 [d], Tl 4> TP ¥ FF 52 b
85 A 2 [ AR ER 22 7E 0. 42 ~0. 79 Z [1], Ik
Wi S ASE TR P TP R 4F . DANH, -NEBR ARy o %
FEFEFR, 24 pH =9.03 ,n(Mg):n(N) =1.2 5 n(P):
n(N) =1.1,NH, -NE R L 2 i KMH 95.40% , B
FIANH, -NVEJE Jy 146. 71 mg-L~" FI4 TP e i Ny
5.65 mg- L', B FOM FRAE, (A F0IR 2= 55N, Y
Mk pH =9.03,n(Mg):n(N) =1.2 5 n(P):

n(N) =1. 1 Rt 4.
2.4.3 DLW T

UIE S S N 45 RS, L 0. 45 wm JE fE G B IR
B AR B N UTTEY) , I LU Al KIETE . 40°C T4
48 W25 FIFHBE 7 BB s 2B A | X 5
RATIHAC T S oy, g5 R 17, & 18 iR, L
VEYI AR TR SRR AL TS W DIED
TS I 5 wh AT S e A5 B8 55 s o A JB 1) L 93 2 A )
A, VLIRS 1 R KFERRES IS 1Y MAP IR TTIE Y 5N
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Fig. 17 SEM picture of the precipitate formed under the optimal

conditions of ammonia nitrogen and phosphorus removal
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Fig. 18 XRD picture of the precipitate formed under the optimal

conditions of ammonia nitrogen and phosphorus removal
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