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Table 1 Total distribution table of rare earth oxides in monazite

i H La,0; CeO, PrsO,, Nd,O0; Sm,0; Eu,0; Gd,0; Th,0, Dy,0; Ho,0; Er,0; Tm,0; Yb,0; Lu,0; Y,0,

HO&E/% 23.00 42.70 4.10 17.00 3.00 0.10 2.00 0.7 0.80 0.12 0.30 1.24 2.40 0.14 2.40

®2 MEAZEERN La Ce Pr Nd 1 A SCHER R IATERE 160 °C 41, 20 8 A1 43 it
WILG ) o 11 1 Tk e, RO, A SO H 4% SCBRTE 25 °C 160 °C &A%
Table 2 Initial molar concentrations of La, Ce, T A B o3 ik AR Y R O e B P il OC &R A,
Pr, Nd when monazite is completely dissolved 223 i HiH 160 °C - i H 50RO >k TR T HSC
PRMEANLE P la Ce Pr Nd Chemistey 9 database , /K& ELW L EFA La’* |
)R P e R/ La(HPO,) * .La(H,PO,)*" .La(OH)** La(OH), .

' 1 0.2171 0.4153 0.0370 0.1554
(mol-L."7) La(OH), (aq).La (OH), . Ce’* Ce(HPO,) ",

K3 25°C I 160 CHIMEME A RE-P-H, 0 1A 2 -1 52 F2 S48 %

Table 3 Equilibrium reaction and equilibrium constant of alkali decomposition monazite

RE-P-H,0 system at 25 °C and 160 °C

s T AR TR 2\% - T TR THE R Z}%
1gK(25 °C) 1gK(160 °C) CHik 1gK(25 °C) 1gK(160 °C) Ciik

1 H,PO,=H,PO; +H* -2.15 -3.16 [12]] 19  Ce** +30H =Ce(OH),(s) 19. 80 23.96  [12]
2 H,PO; =HPO2~ +H* -7.20 -7.64  [12]] 20 LaPO, (s)=La** + PO}~ -22.43 -27.69 [12]
3 HPO; =PO}~ +H* —-11.90 -12.25 [12]| 21  La(HPO,) *=ILa®* +HPO}" -5.10 — [18]
4 NdPO,,,=Nd** +PO;" -25.90 -29.84 [16]| 22 La(H,P0,)**=La’* +H,PO; -2.50 -1.64 [17]
5  Nd(HPO,) *=Nd** +HPO;~ -4.54 — [16]] 23 La** + OH =La(OH)?* 5.39 7.62 [17]
6 Nd(H,PO,)?*=Nd** +H,P0,  -2.31 -1.86 [17]] 24 La®* +20H =La(OH), 9.86 — [17]
7 Nd** + OH~=Nd(OH)?** 5.84 8.38 [17]] 25 La** +30H =La(OH), (aq) 14.09 — [17]
8 Nd** +20H~=Nd(OH), 10.96 — [177] 26 La’* +40H - =La(OH), 15. 14 — [17]
9  Nd(OH);(aq)=Nd** +30H " 15.59 — [17]| 27  La** +30H =La(OH);(s) 18.70 22.51  [19]
10 Nd** +40H-=Nd(OH), 18.90 — [17]] 28 PrPO, (s)=Pr** +PO}" -26.10 -31.28 [16]
11 Nd&®* +30H =Nd(OH),(s) 21.49 25 [12]] 29  Pr(HPO,) *=P** + HPO3"~ -4.45 — [16]
12 CePO, (s)=Ce** + PO}~ -23 -24.22  [13]| 30 Pr(H,PO,)**=Pr’* +H,P0O, 2.37 -3.985 [17]
13 Ce(HPO,) *==Ce** +HPO}" -4.32 — [16]| 31 Pr** + OH - =Pr(OH)>* 5.73 10.347  [17]
14 Ce(H,PO,) *=Ce** +H,PO, -2.43 -1.66 [17]| 32 Pr** +20H~ =Pr(OH), 10.73 — [17]
15 Ce’* + OH™ =Ce(OH)?* 5.59 8.90 [17]] 33  Pr** +30H" =Pr(OH);(aq) 15.36 — [17]
16 Ce** +20H =Ce(OH), 11.62 — [177] 34 Pr** +40H~ =Pr(OH) 18.39 — [17]
17 Ce** +30H" =Ce(OH), (aq) 15. 85 — [171| 35  P** +30H =Pr(OH),(s) 23.45 25.86  [12]
18 Ce’* +40H ™ =Ce(OH) 17.22 — [17]] 36 H,0=H* +OH" -14.00 -11.56  —




. 138 - T E A E L4

R 5E

Ce(H,P0O,)*" . Ce(OH)*" Ce(OH), . Ce(OH),
(aq) .Ce(OH),; .Pr'* Pr(HPO,) " .Pr(H,PO,)*" .
Pr(OH)>* . Pr(OH), . Pr(OH),(aq) .Pr(OH), .
Nd** | Nd ( HPO, ) * . Nd(H,P0O,)*" , Nd (OH)** |
Nd(OH),” \Nd(OH);(aq) Nd(OH), H"#l OH ",
HR AT 2 P 0 B S, 7E 25 C &4
MR AR AR (1) ~ (28) s IR SF
fHCR
[H,PO; ]-[H" ]=[H,PO,] x7.11 x107° (1)
[HPO; ]-[H*" ]=[H,PO, ] x6.34 x10* (2)
[PO;  ]-[H*]=[HPO; ] x1.26 x10™* (3)
[La’* ]-[HPO;” ]J=[La(HPO,) *] x10 7"
(4)
[La’* ]-[H,PO, ]=[La(H,P0O,)*" ] x10*?
(5)
[La’*]-[OH ]=[La(OH)** ] x10** (6)
[La’* ]-[OH™ ]>=[La(OH), ] x107>* (7)
[La’* ]-[OH™ ]’=[La(OH),(aq) ] x10~"*%
(8)
[La’* ]-[OH™ ]*=[La(OH), ] x10™">" (9)
[Ce’" ]-[HPO; ]=[Ce(HPO,) "] x10~**
(10)
[Ce’" ]-[H,PO, ]=[Ce(H,PO,)*" ] x107*%
(11)
[Ce** 1-[OH ]=[ Ce(OH)>* ] x10 5% (12)
[Ce’*]-[OH  J°’=[Ce(OH), ] x107'"®

(13)
[Ce“}'[OHf]Sz[Ce(OH)_g(aq)} x1071%
(14)
[Ce’* ]-[OH™ ]*=[Ce(OH), ] x107""*
(15)
[Nd** ]-[HPO;” ]J=[Nd(HPO,) "] x10~**
(16)
[Nd’** ]-[H,PO; ]J=[Nd(H,P0,)** ] x10 >
(17)
[Nd**]-[OH ]=[Nd(OH)** ] x10~>7
(18)

[Nd**]-[OH  J°’=[Nd(OH), ] x10°"*7"
(19)

[Nd’*]-[OH" ]3=[Nd(0H)3(aq)] % 10 1536

(20)
[Nd** ]-[OH™ ]*=[Nd(OH), ] x10'%%¥
(21)
[Pr’*]-[HPO; ]=[ Pr(HPO,) " ] x10**
(22)
[P’ ]-[H,PO; ]|=[Pr(H,PO,)** ] x10*"
(23)

[Pr** J-[OH ]=[Pr(OH)** ] x10>* (24)
[Pr’*]-[OH ]’=[Pr(OH), ] x107'**(25)
[Pr*"]-[OH™ ]’=[Pr(OH);(aq) ] x10~™%
(26)
[P’ ]-[OH J*=[Pr(OH), ] x10 " (27)
[H*]-[OH ]=[H,0] x10™ """  (28)
W W R TVLE AW &M T HFE
K(29) ~ (33) R RRPAT E R
[Py]=[PO;" ] +[HPO;" ] +[H,PO,; ] +
[H,PO,] +[La(HPO,) "] +[La(H,PO,)*" ] +
[Ce(HPO,) * ] +[Ce(H,PO,)*" ] +
[Nd(HPO,) * ] + [Nd(H,PO,)*" ] +
[Pr(HPO,) * ] + [ Pr(H,PO,)*" ] (29)
[Lalé‘] =[La3+} +[La(HPO,) " ] +
[La(H,PO,)*" ] +[La(OH)*" ] + [La(OH), ] +
[La(OH),(aq) ] +[La(OH), ] (30)
[Cey | =[Ce’" ] +[Ce(HPO,) "] +
[Ce(H,PO,)**] +[Ce(OH)*" ] +
[Ce(OH), ] +[Ce(OH);(aq)] +[Ce(OH), ]
(31)
[Pry] =[P’ ] +[Pr(HPO,) "] +
[Pr(H,PO,)** ] +[Pr(OH)*" ] +
[Pr(OH), ] +[Pr(OH),(aq) ] + [Pr(OH), ]
(32)
[Nd,] =[Nd’*] +[Nd(HPO,) "] +
[Nd(H,PO,)** ] +[Nd(OH)** ] + [Nd(OH), ] +
[Nd(OH),(aq) ] + [Nd(OH), ] (33)
MRIE (1) ~ (33) FEAT Pk B 11550 SR ok
JE AR RE-P-H,0 KR 1 6 N UTTEFRE X [H],
4350k . D CePO, \PrPO, \NdPO, ;@ CePO, . PrPO, .
NdPO, . LaPO, ; @ CePO, ,NdPO, ,LaPO, . Pr(OH),;
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@ NdPO, .LaPO, .Pr(OH), .Ce(OH), ;& NdPO, .Pr
(OH);, Ce (OH),,La (OH),; © Pr(OH), Ce
(OH); La(OH); Nd(OH);,

1) 4k ZHULIE N CePO, . PrPO, \NdPO, i}, 77
1 (34) ~ (36) R UTTE LR

[PO; ] -[Ce’* ] =107 (34)
[PO;"]-[Nd** ] =10"%"° (35)
[PO;" ]-[Pr*] =107%" (36)

MKRATTLLE M, Bl TE PL.Ce Pr.Nd
998/ 5 CePO, . PrPO, . NdPO, TIL 3E i 2 AT %,
MEEWAR I —E W, BT REPO, UTIEH n(RE):
n(P) =1: 1, BSR PE Fi 2 X R (37) .

c(P) +(¢,(La) —¢,(La)) + (¢,(Ce) —¢,(Ce)) +

(cg(Pr) —¢,(Pr)) + (¢,(Nd) —¢,(Nd)) =1

(37)
K. e (P) WIBFEWTITER P ETFIREMEHE; ¢
FH L ITCEWI IR s o, I DG TR B AR

2) MW H 74 CePO,  PrPO, \NdPO, | LaPO,
TUVERS i R 20(1) ~ (38) P 2,

(PO, ]-[La’* ] =3.7x10"" (38)

3) M W 7 A CePO, . NdPO, . LaPO, |
Pr( OH) , ULVERT i /2 (1) ~ (39) FAi e

[Pr**]-[OH ]°=3.39 x10"* (39)

AR T FEE R R 2 (40) o

¢(PO;™) =(1072"%) ee(Pr’*) (40)

4) 24774 NdPO, \LaPO, .Pr(OH), .Ce( OH),¥T

TERE R (1) ~ (41)PHETTRE
[Ce’*]-[OH ]P=1.6x107"% (41)

5) 24 7 4= NdPO,, Pr (OH),, Ce (OH),.

La( OH) ; UTVERT W /2 (1) ~ (42) V-5 Iy
[La’*]-[OH ] =2.0x10""*™ (42)

6) 2474 Pr(OH), Ce(OH), La(OH),,

Nd(OH) , UTFER T 2 (1) ~ (43) P e,
[Nd**]-[OH ]’ =3.2x107*"* (43)

FEAR B UTTE R 8 X, 45 4143 19 B8 Mk B i
%3 RRAD IR,

ST bR A ] 5 5805 2, e il ) 25 °C )
160 °C 44 F iAW P La Ce . Pr Nd 1 lge-pH X5
BT AR

2 IR R 2
2.1 25 CTH P EMER lgc-pH B
2.1.1 RE-P-H,0 KRS lge-pH K

Bl 1 K 25 °C 2 T B84 il 4 & 41 RE-P-H, O
KRR IR ALY lge-pH B, IHE LB, La, Ce Pr.Nd
F AN TRABNIRX NI T 5 pH {EX)
N6 NTLVE X ], Ry T WAk 3R M X430 %,
D.@.@ ~ @531 3 pH {4 0.08,14.62
15.06,15.24 % 15. 46 (X534, XA 6] T 3 X [A]
HEFTRIAY , 3543 A%t R 2 4 ST TTEST R L, @)
FOREW T PSR BE BRI IR B B I FUE, pH
4 14,87 , AR E 1 iR,

FEREAS pH (EE BN X, B & pH (H Y I
JF, RE**, H,PO; ., H,PO,, RE(HPO,)*.
RE(H,PO,)*" \RE(OH)>* B Ty & Bk 2 F %
B PO, \HPO;” .RE(OH), .RE(OH), (aq) .
RE(OH), &1 Hgm,

0 <pH <0. 08 X [#] 2} CePO, .PrPO, NdPO, LIE
FOE X, La QRELIR BRAE WD IR R b La U
FE i ReKF

0.08 < pH < 14.62 X [A] 2 CePO, ., PrPO, .
NdPO, \LaPO, JLVERRE X . K& pH (ERYHE K B
H HPO; ™ \H, PO, 7K fift g 1 Se 3 Jim vk, vk B i 2k
e LT FRE, H OH - ZFHC RE®* Be Jy B Wik o, e
Pl RE (HPO,) * .RE (H, PO, )*" #¢ B 1% ¥ [ A%, i
RE(OH)," \RE(OH), (aq) .RE (OH), % & & #f
PANC

14.62 < pH < 15.06 X [a] & CePO, , NdPO, .
LaPO, .Pr(OH), JLIEFRE X, OH ™ W EEHGfin, OH
54 P OB T RE S R, PrPO, 3 UV AR e AR R
Pr(OH), JLVE, 1M La, Ce. Nd 4k %E LA REPO, IiT IE
Briti,

15.06 < pH < 15.24 X [a] 4 NdPO, , LaPO,
Pr(OH), Ce(OH) ;JLIERRE X, CePO, PrPO, & ¥
S, Ce’ Pt B b Ak A2 Pr(OH)
Ce (OH), UL 7E, OH™ ¥ J&F 4k 2 14 K, fE i T
RE(OH), #yE i, Fr L RE(OH) [ ¥ BE b |- Tt
B PO, \HPO; 4b, HAY B U BE SRR AIG

I 15.24 < pH < 15.46 #i1 15.46 < pH < 16. 00
[X[6] 4314 NdPO, .Pr(OH),.Ce(OH), . La(OH),
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ERVUVE , [ IV A R b /D ATV 1) RE® * M4E % AR

lg(c,/(mol + L))

lge-pH diagram of dissolved components in the 25 C RE-P-H,O system
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Fig.2 Total concentration of each component in the

25 °C RE-P-H,O system lge-pH diagram
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A RE (OH)** RE (OH), \RE (OH), (aq) .RE
(OH), , IILIZ B Bois W RE , Wk BE T £ 522 T Rt
PMTE pH > 10. 8 J5 , 456 B 1 &3 (35) ~ (39),
pH B K FEOARA R PO, MR, RE T W&
W/, R B RE (HPO, ) *  RE(H,PO,)** Bl 22
b T P RE (OH)?" \RE(OH), . RE (OH),
(aq) \RE(OH), MYk BERF2E38 K, i T80/ MW B+
VR FE RS0 e /N T4 R S 1M P RGO, ORI
KRR L4501 RE MRS BT 78

H,PO;

HPO>

lg(c, /(mol - L))

lg(c, /(mol - L)

[)H{E{
(c) Pr

9.7 <pH <10.3 X [i] Py, La Nd Pr.Ce &y # K
R, 7E 10.3 < pH < 14. 62 [X[i] P}, OH ™ #k JiF
H5%, OH ™ P RE" iE J7 3658 , REPO, TLIE TT 4R i
fiff s 7 14.62 < pH < 16.00 X [&] N, /& & 7= 4= RE
(OH), ULIE, W T PO, W B 23R T P 90 4 Bk
J& , REPO, ULTE 5446 ARE (OH) , LTE
2.2 160 C TR fEMER 1gc-pH E

[ BRZ ] 160 °C 25 T2 43 1ge-pH B FILE
W lge-pH &, K 3 F 4 Fios,

lg(c, /(mol - 1))

lg(ey/(mol - 171))

/V”’(g,,‘::\ N>
30 00 WA
35} RN
\-
740 1 Il 1 1 1 Il 1 1 1 1 1 1 Il ]
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
pHIE
() Nd

3 160 °C RE-P-H,0 &R 4 77 1ge-pH

Fig.3
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13. 37 5 11 R i W e Tk B8 422 300 s ol v J32 1 e
8, pH {EM 11.65, Kl 4 ron, Bl pH {E34G N, 7% )
H1 La, Ce, Pr. Nd &K JE S 5 080/ 8 3 7
11.65 <pH < 13.29 B}, La Pr Nd ¥ 5 5 3 K

lge-pH diagram of dissolved components in the 160 C RE-P-H, O system

POEE 3 Hr R T RE(OH) " WY
K, HE RE™ [RE(H, PO, )" ¥R LL, J7 LIt B
Bk R

B 3. 4 F£W,0 < pH < 10.70 K LaPO, .
CePO, .PrPO, NdPO,LIERE X, B pH HY & W
B, 7 pH {Hi% %] 10.70 ,13. 17 ,13.29 ,13. 37 A,
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Fig.4 Total concentration of each component in the

160 °C RE-P-H, 0O system lgc-pH diagram

AT R ITHE N Ce (OH), Nd(OH), La(OH), .
Pr(OH) ; 0 J& A7 43 il it B 25 °C T+ 160 °C
J&, RE (OH), ¥l 45 UL 3E pH fH H1 14.62 [k %=
10. 70, B FE 1 4. 62 mol - L ™" /N 20. 14 mol -L ™",
AT UL e T A R T A 1 i e AT o e A
JEA PRI E % B A e 5 S0k 20 - 21 ] Xk
JE A R RS S5 R T A, SCER[20 ] K5
BE R U] AR 1 OTFR By B B Bl o B 5 03
W BHEE M 6. 25 ~ 25 mol - L', REPO, 4k Hy
RE(OH) , ; SCHR[ 21 ] A BLARS T msi 73 i At A1 T
ZWFES R TR R T E A R
TEIRE 160 °C A fita] 3 b 444 F , 2hJE 41 20 iR
A3k 99.23%

g5 AR EIRE RN s T2 AT S R A
FR) 43 A, T e T v s 26 A2 DU T LA 8 A1 32 4 fie it
T R AP o 5 A 7 AR SR IR i s e 45 1
Tl A A S A ) LA TG

3 45

AR T MR AR T2 T 25 CH 160 C
iy RE-P-H,0 /& & La Ce Pr Nd ¥ lge-pH ¢ F& K&
RE SR FERE pH {02 Lt 1520 F 458

1) 12850 201 |25 CHHA Z 1 LaPO, [ A
FEFAER X A 0. 08 < pH < 14. 62, REPO, ( RE
7 Ce Pr Nd) & AH £ & A7 7E 19 X 48R 0 < pH <
14.62; 24 pH = 14.62 i}, Pr (OH), ., Ce (OH), .

La(OH), \Nd (OH ), KL 3% 19 pH {5 14. 62

15.06.15.24 [15. 46, KR EE T &2 160 C )5,

RE(OH), #IRTLHE pH EFE N 10. 70 , UL 3E 4K

W Ce(OH), Nd(OH), La( OH), Pr( OH), .

2) s B B TSR AT o b, B e T B
SRR IE AP, R AT 7E pH > 15.46 %
PET AT S A i o3l v e v T AR PR ] A
PP A S BE A E AT, £ pH > 13. 37 B R AT 5K
P& A7 B o %

A S A BT R TR SE R T s A
B BEIE | IARL7 ) £ AR 1 BT A8 0 3 £ ok
IR AR

[ 275 3k ]
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Thermodynamics of alkali decomposition of monazite
LEI Xin, XU Luewei, HE Bingxuan, HU Haodong, LIANG Yong
(Faculty of Materials Metallurgy and Chemistry, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract; Monazite is a phosphate rare earth ore with abundant light rare earth content. The decomposition rate of
monazite by hot alkali leaching method can reach 97% , which has high economic benefits. At present, there are
relatively few theories on the alkali decomposition of monazite, and there is a lack of research on the transformation
laws of rare earth elements (Ce, Pr, Nd) in monazite. This article uses thermodynamic calculations to draw the
lge-pH equilibrium diagram of the dissolved components of alkali decomposed monazite RE-P-H,O system (RE is
La, Ce, Pr, Nd) under temperature conditions of 25 °C and 160 C. The thermodynamic equilibrium phase
diagram is used to analyze alkali decomposed monazite. The results show that at 25 “C, within the pH range
studied, the region where LaPO, solid-phase stability exists is 0. 08 < pH < 14. 62, The region where REPO, ( RE is
Ce, Pr, Nd) solid-phase stability exists is 0 < pH < 14.62; When pH = 14. 62, the pH values of Pr( OH),,
Ce(OH),, La(OH),, and Nd( OH) , precipitated sequentially are 14. 62, 15.06, 15.24, and 15.46; after the
system temperature increased to 160 °C, the initial precipitation pH of RE ( OH), decreased to 10.70, and the
precipitation order was Ce(OH),, Nd(OH),, La(OH),, Pr(OH),. Therefore, from theoretical analysis, it can
be seen that the alkaline decomposition of solitary stones can be achieved at room temperature and pressure, and
the high-temperature and high-pressure conditions have a significant promoting effect on this decomposition process,
which is consistent with the existing alkaline decomposition process of solitary stones.
Key words: light rare earth element; monazite; alkali decomposition; precipitation reaction; thermodynamic

calculation; lge-pH balance diagram



