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Abstract: The pH value dependence of leaching efficiency (LE) of ion adsorbed rare earth (IARE) and the main
co-existing impurity ions leached by ammonium sulfate is studied. The results show that the LE of IARE and
calcium magnesium increases with increasing acidity in the range of low acidity; however, no further significant
increase is observed when employing high concentration of acid solution. While the LE of some easily hydrolyzed
metal ions such as Al, Fe, Sc increases continuously with the increase of acidity. Therefore, based on the
definition of ion adsorption rare earth and the range of pH value needed for leaching different kinds of IARE, the
IARE is further divided into two types: easy leaching and hard leaching. The hard leaching IARE is absorbed by
strong absorbents such as colloid particles and 2:1 type clay minerals, and could only be leached under weak
acidity condition (pH=54). The ratio of these two types of adsorbed rare earth ions is different due to the amount
of strong adsorbent contained in samples from different regions and different deposit layers as well as different
particle levels, and depending on the abrasive pH(pH,) and exchange pH(pH,) of mineral sample. For the samples
with high pH, and high pH, value, the LE of TARE can be significantly improved by increasing the leaching

acidity. Accordingly, a sequence leaching process by adding an acid leaching process and a washing process with
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water and lime solution after general ammonium sulphate leaching was proposed to ensure the LE of IARE and

the safety of tailing.

Keywords: ion adsorption rare earth; leaching efficiency; pH dependence; electrolyte
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Fig.1 Comparison of REE amounts leached by different concentrations of sulfuric acid and

its mixture solution with ammonium sulphate
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Table 1 Comparison of pH, and pH, of several samples”

Sample CK WA XF GX XW
pH, 4.55 5.33 6.46 6.60 6.88
pH, 433 457 6.12 6.00 6.65

pHpH, 0.22 0.76 0.34 0.60 0.23

‘CK, WA, XF, GX, XW: REE from Cuikeng, Wan'an, Xinfeng, Guanxi, Xunwu mine, respectively
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Table 2 Effect of solution acidity on the leaching amount of RE, CaMg, Fe, Mn"
¢/ (mol - L) 0.00 0.02 0.05 0.10 0.15 0.20 0.30
RE.0; / (mg-L™") 103.8 148.8 148.6 153.6 160.0 156.8 158.4
CaMg / (wmol - L™ 1.497 1.937 1.998 2.002 2.160 2.090 2.080
Mn / (mg-L™") — 15.0 20.5 212 24.0 245 275
Fe / (mg-L™") 0.40 20 41 53 64 715 85
Sc / (mg-L™) 0.9 3.76 49 5.42 5.8 6.4 7.08

‘Conditions: —100~+140 mesh; Sample weight: 10g; w;:ws=1:5; Ro
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Table 3 Relative leaching rate of REE and Al by ammonium sulphate solution

containing different amount of hexamethylenetetramine(C¢H;,Ny)

wen,, | % pHa pH., s / mmol wis | % na / mmol wy ! %

0 5.50 4.30~4.98 0.665 100.00 1.106 100.00
0.50 6.90 4.50~5.81 — 0.045 4.07
0.55 6.95 4.94~588 0.562 84.49 0.041 371
0.60 7.00 4.99~5.88 0.600 90.25 0.039 353
0.75 7.04 5.07~5.86 0.650 97.77 0.033 2.98
0.80 7.09 5.10~6.00 0.633 95.14 0.032 2.89
0.90 7.10 5.76~5.92 0.610 91.76 0.030 271
1.00 7.20 5.55~5.87 0.600 90.25 0.023 2.08

“Conditions: Column @ 30 mm and height 280 mm; Sample weight: 200 g; w;sws=1.2:1 for leaching; wyiws =0.3:1 for

washing; Flow speed: 1 mL-min™
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Table 4 Effect of acidity of solution for the second leaching stage on the leaching amount (LA)
and Leaching rate (LR) of REE as well as the demand dosage of lime”

LA / (mg-kg™), LR / % of REE

pH Required amount of lime solution / mL
1th and 2nd leaching stages Washing stage Lime washing stage
5 904.5, 90.3 38.2, 3.8 4.7, 0.5 21, 30 (solution, sample)
2 935.2,934 60.4, 6.0 59,06 21, 30 (solution, sample)
1 935.5,93.5 59.6, 6.0 157, 1.6 75, 30 (solution, sample)

" LA was calculated based on the total REE amount of 1 001.3 mg-kg™
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Table 5 Recycling rate of ammonium and relative leaching efficiency of REE leached by different
weight ratios of aluminum sulphate solution to mineral sample for the second stage
Wy ws 0:1 0.2:1 0.3:1 0.4:1 0.5:1 0.7:1 1:1
Ny / mmol 20.26 26.97 27.12 28.14 28.59 29.12 29.86
Recycling rate of ammonium / % 66.85 89.00 89.52 92.87 94.35 96.11 98.55
ng / mmol 1.011 1.079 1.096 1.131 1.169 1.256 1.261
Relative leaching efficiency of REE / % 100 106.7 108.4 111.9 115.6 124.2 124.7
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Column: @ 30 mm, height 280 mm; Sample weight: 200 g, w; ws
=1.2:1 for leaching and 0.3:1 for washing; Flowing speed: 1 Flow

speed: 1 mL-min™
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Fig.7 Concentrations of AI* and RE* in leaching

solution
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