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Recovery of rare earth from gravity concentrated tailings by
carbochlorination
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Abstract: Rare earths in tailings from concentrating mill can be concentrated by gravity concentration. The grades of
REO of obtained rare earths concentrate are 18.02% (—74 um) and 9.19% (+74 um), respectively. The total recovery of
rare earth is 37.26%. Then the rare earth was decomposed by carbochlorination process and the rare earth chloride can be
obtained. The chlorinating rate of rare earth is 91.0% for the carbochlorination process at 750 ‘C for 2 h with carbon as
reductant, chlorine gas as chlorination agent, and SiCl, as de-fluorination agent. The XRD analysis result shows that the
residues obtained at 750 ‘C are SiO, and monazite.
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Table 1 Chemical composition of tailings (mass fraction, %)

MnO

TFe FeO Sfe REO Nb,Os

13.46 3.79 10.51 7.43 0.151 3.13

BaO CaO MgO K,O Na,O AlLO;

2.33 20.98 5.1 0.89 0.98 0.96

SiO, TiO, ThO, F S P

13.79 0.53 0.071 9.98 1.96 1.56
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AR R BE EAAARAR K28 7, P LAR DR B (1)
Ji i E A ).

AT R R R AR LR E . HL
AR 74 pme (98 252 3 570K AT 37 20 Ko 4z
>74 pym F<74 pum 2 (R R H+74 pm Rl

—74 pm).o 2R Ja N H eI IR 53 A +74 pm FT—74 pm
R L S5, 4y A B]+74 pm B RS
=74 pm ¥ LRGN,
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1 T+74 pm B R0 L B ARG, BT
f0-74 pum B F RGO VR BRI A E X S LUK
SEIOFE I A=T74 um B RS0 SR TS
121 BRI SEE A 2

FIEKEHAE A SiCly A7AE B IR BRI SN
EZANE RN, FEAFREH M 0P 53 fid LA
JIBt i AR RV

REFCO;(s)==REOF(s)+CO(g) (1)
REOF(s)+C(s)+C1(g)+(1/4)SiCly(g)=

RECIs(s,1)+(1/4)SiF4(g)+CO(g) )
REOF(s)+(1/2)C(s)+Cly(g)+(1/4)SiCly(g)=

RECI;(s,1)+(1/4)SiF4(g)+(1/2)COx(g) (3)
(1/3)REPO,(s)+C(s)+Cly(g)==(1/3)RECl(s,])+

(1/3)POCl3(g)+CO(g) “)
(1/3)REPO4(s)+(1/2)C(s)+Cly(g)==(1/3)RECls(s,])+

(1/3)POCL(g)+(1/2)COA(g) (5)
W2 AR TR A RN,

(1/3)Fe ,05(s)+C(s)+Cly(g)==(2/3) Fe Cl3(g)+CO(g) (6)
(1/3)Fe,05(s)+H(1/2)C(s)+C15(g)==(2/3)FeCly(g)+

(1/2)CO4(g) (7

BaS04(s)+2C(s)+Cly(g)=BaCl,(s,1)+2CO(g)+S0,(g)
(®)

BaS04(s)+C(s)+Cly(g)=BaCly(s,)+COx(g)+S0x(g) (9)

CaF,+(1/2)SiCly(g)=CaCly(s,))+(1/2)SiF4(g) (10)

TERAT W RAMAAE ISR T, RN Q2)M 3 T =X
4’%%:

REOF(s)+C(s)+C15(g)=(2/3)RECl(s,])+

(1/3)REF5(s)+CO(g) (11)
REOF(s)+(1/2)C(s)+C15(g)=(2/3)RECI(s,l)+

(1/3)REF;(s)+(1/2)COx(g) (12)
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Fig.1 Evolution of standard free energy changes as function
of temperature for chlorination and metathesis of some
compounds of tailings, taking lanthanum as example of rare

earth elements
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Table 2 Results of grading by fine sieve-tabling gravity separation
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Fig. 2 Apparatus used for chlorination
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Size recovery  Total recovery

Mineral classification m/g REO/% Size yield/% (REO)/% (REO)/% w(Fe)/%

Tailings 599 4.68 10.70
+74 pm ; 32.72 64.20

Gravity 196 9.19 11.83

concentrate
37.26

Tailings 1380 10.02 18.20
—74 um : 17.68 31.80

Gravity 244 18.02 29.93

concentrate
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Fig. 3 X-ray diffraction patterns of minerals: (a) Concentrator
tailings; (b) Gravity concentrated tailings (+74 pm); (c) Gravity

concentrated tailings (—74 pum)
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UG, Fi Bk 37.26%

HIE 3@ nl s, R RR EEYA e,
Uk Si0, MARERA™ s W LA ) LG il 32, Hak
NBEA s SIANE T A D RN A E KA .

Kl 3(b) w5, JRn Gud Ik 5 R 00-74 um RETh
SRR RN AT O k. I 3(e)nT A,
B & Ek 5 TR +74 pm KD B 4 RS A
G BRI D RT S T K

22 BHRASKHIR
221 VIR AR - S F I R )

It 72 S S VTR Sy 750 °C, AR NI, R
WS S5 Rk 3 s

#3750 CIN NI ADAAR - S A 5 R
Table 3  Effect of reaction time on RECl; yield at 750 ‘C

Time/h Chlorinating rate/%
0.5 37.0
1.0 68.5
1.5 84.5
2.0 91.0
2.5 89.2
3.0 88.1

M2 3 . EUALETTECA 2 h i, B SR IR
Ko BREZIE N B NI TH) I AR S R BRAIG, XN RE S
DAL 49 =4 A el S o ) S KT R
2.2.2 RNV EER R SR I R

AT TEA I N &4 2 h, SRR 4
PiRe W3 4 nl5: /N T 750 CRE, # R S4L
REEWSE TR T 750 CREEAL R e, ik
F 91.0%LA I M m T 750 CHF, M bbbt
T THEMTBRAR, X n] B8 75 - S/ sl
RIS, W LE R S N R TR T S AR )2
BHAS A NI 5L, ARG PRI

F A N2 I LR i SR R S )
Table 4 Effect of reaction temperature on RECI; yield for 2 h

Temperature/C Chlorinating rate/%
450 20.7
500 425
550 64.8
600 76.7
650 83.7
700 88.6
750 91.0
800 90.2
850 88.1
900 72.6
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Fig.4 X-ray diffraction patterns of gravity concentration:

(a) Gravity concentrated tailings (—74 pm); (b) Residues
obtained at 750 ‘C for2h (—74 um)

1) RARRIRELE, R R 5204,
RIS N 18.02%[K—74 um G RS 1 FIA% 1
A 9.19%1+74 wm F VR, H b ISR A
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JE =74 pm ¥ HREAT, HIAF AR+, 750 CHF AL

SV 2 h, FAEE IR 91.0%.
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