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Fig. 1 XRD pattern of synthetic monazite
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Table 1 Rare earth contents of synthetic monazite (mass

fraction, %)

La,0; CeO, PrsOy, Nd,05

26.74 50.03 5.10 16.37

Sm,0; Eu,0; Gd,0; Y,05
1.21 0.11 0.25 0.20
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Fig. 3 DSC-TG curves of mixture mineral
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Fig. 4 XRD patterns of ore roasted at 300, 400, 500 and
550 C
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Fig. 5 XRD patterns of ore roasted by 600, 700 and
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Fig. 6 XRD patterns of ore roasted at 600 ‘C for different
time
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Table 2 Standard formation Gibbs free energy of reactants and products at 298.15 K

Compound AGf@ /,1 AHf@ {1 éle@/ 4 Compound AGf@ /,1 AHf@ /,1 gg}?/ 4

(kJymol ) (kJrmol ') (J-K mol ) (kJymol )  (kJrmol ')  (J-K -mol ")
CePO, —1811.50  —1931.78 119.97 LaCls —995.39 —1071.10 137.57
Mg(OH)Cl —731.54 —799.60 083.70 NdPO, —1849.55 —1967.90 125.53
HCl(g) 68.703 -92.31 186.90 NdCls —965.68 —1040.90 153.43
CeCl; —983.473  —1059.70 150.96 LaOCl —962.70 —1018.80 82.84
Mg;(POy), —3538.14  —3780.00 189.20 NdOCl —943.14 —999.98 94.56
CeCl; —983.47 —1059.70 150.96 CeO, —1026.34 —1090.40 62.30
LaPO, —1850.32  —1969.60 108.24 MgO —569.352 —601.60 26.95
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Thermodynamic analysis: (a) 1 — 2CePO,+3Mg(OH)CI+3HCI(g)=—2CeCl;+Mg3(PO,4),+3H,0; 2 — 2LaPO4+

3Mg(OH)Cl+3HCl(g)=2LaCl;*Mg;(PO,),+3H,0; 3 — 2NdPO,+3Mg(OH)Cl+3HCl(g)=2NdCl;+Mg;(PO,),+3H,0; 4 —
2LaPO,+3Mg(OH)CI=2LaOCl+Mg;(PO,),+H,0+HCl(g); 5 — 2NdPO,+3Mg(OH)CI=2NdOCl+Mg;(PO,),+H,0+HCl(g);
6 — 4CeCly+6H,0+0,(g)=4Ce0,+12HCl(g); (b) 1 — 4CeCly+6H,0+0,(g)=4CeO,+12HCI(g); 2 — 2CePO,+3MgO+

6HCl(g)—2CeCly+Mgy(PO,),+3H,0;

3 — 2LaP0,+3MgO+6HCIl(g)=—2LaCl;+Mg3(PO,),+3H,0;

4 — 2NdPO,+3MgO+

6HCI(g)=2NdCl;+Mg3(PO,),+3H,0; 5—4CePO,+6MgO+0,(g)=4Ce0,+2Mg;(PO,),
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Fig. 9 SEM-ESD images of ore roasted at 600 C for 90 min: (a) SEM image; (b) ESD image; (c) Ce; (d) La; () Nd; (f) Mg;
(&) P;(h) O
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Fig. 10 EDS patterns of roasted ore in Fig. 9(a): (a) Spectrum of point 1; (b) Spectrum of point 2
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Decomposition mechanism of monazite roasted with
magnesium chloride hexahydrate

MA Sheng-feng, GUO Wen-liang, MENG Zhi-jun, XIA Yu-mei, XU Yan-hui,
HUANG Ji-min, WANG Rong, ZHENG Qi-yuan

(State Key Laboratory of Baiyunobo Rare Earth Resource Researches and Comprehensive Utilization,

Baotou Research Institute of Rare Earth, Baotou 014030, China)

Abstract: The clean roasting technology and reaction mechanism for monazite with MgCl,'6H,O were
investigated. The effects of roasting temperature, roasting time and salt mineral ratio on monazite extraction ration
were researched by means of thermal differential scanning calorimetry, gravimetric analysis, X-ray diffraction,
scanning electron microscopy and energy spectrum analysis. The results of the experiments are as follows:
MgCl,-6H,0 is decomposed to Mg(OH)Cl and HCI at 310 C, which react with monazite to form REOCI at
500 ‘C, then REOCI is decomposed into REO. The decomposition rate of monazite does not increase obviously
with the increase of roasting temperature, roasting time and ore-salt ratio. Monazite is catalyzed by HCI and H,O
from MgCl,-6H,0, so it can be improve the decomposition rate of monazite by controlling the roasting temperature in
stages.

Key words: rare earth; monazite; magnesium chloride hexahydrate; chloride roasting; catalytic metallurgy
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