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Fig. 1  Process of rare earth dephosphorization and

La(bi:i’)3/Ce(OH)3

regeneration of precipitant
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Table 1 Chemical reaction equations of solution systems and equilibrium constants at 25 °C

Equilibrium reaction Equation Equation No. Constant
H;PO,— H,PO;, +H" K,=[ H,PO; ][H']/[H;PO,] 1 1X107%5
H,PO, = HPO, +H" K,=[HPO; J[H')/[H,PO; ] 2 1X107%

HPO, = PO +H" K;=[ PO} J[H')/[HPO; ] 3 1X107%
La*+OH =LaOH*" K=[LaOH*"]/[La*"][OH] 4 1107

La’*+20H = La(OH); Ks=[ La(OH); J/[La’"][OH ]’ 5 1X10%%
La**+30H =La(OH), K¢=[La(OH);)/[La’" J[OH T’ 6 1X10"%
La*+40H — La(OH), K~[ La(OH);, J/[La’"][OH ]* 7 110"
La*'+ HPO. — LaHPO] Ky=[ LaHPO; J/[La’" ][ HPO: ] 8 1X10>"
La’+2 HPO? = La(HPO,), Ky=[La(HPO,) J/[La*"][HPO} T’ 9 1 10%%
La’'+H,PO, = LaH,PO}" Kyo=[ LaH,PO}" /[La*"][ H,PO, ] 10 1X10*%°
La’'+ PO} —LaPO, K, =[LaPO,)/[La’ ][ PO} ] 11 1X10'%
La*+2 PO} = La(PO,)} K,=[LaPO,)/[La’ ][ PO] ] 12 1X10'7¢
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Equilibrium reaction Equation Equation No. Constant
La(OH)y(s)=La’"+30H" K;=[La’>"][OH ]’ 13 1X10 7187
LaPO,(s)—La’'+PO;" K ~[La’][PO} ] 14 1X1072%
Ce’*+OH =CeOH*" K s=[CeOH*'}/[Ce* [OH ] 15 1X10>%
Ce’'+20H = Ce(OH); Ke=[ Ce(OH); /[Ce’'][OH T’ 16 110"
Ce**+30H =Ce(OH), K7=[Ce(OH);)/[Ce* ][OH T 17 1X10"5%
Ce’'+40H — Ce(OH), K= Ce(OH), J/[Ce*'][OH ]* 18 1X10"7*
Ce’'+ H,PO, =— CeH,PO’" Kyo=[ CeH,PO." J/[Ce™][ H,PO, ] 19 1X10**
Ce’" +PO; —CePO, K=[CePO,)/[Ce ][ PO] ] 20 1X10"%2
Ce(OH);(s)=C¢e*"+30H" Ky =[Ce*|[OH T’ 21 X108
CePO,4(s)—Ce’ '+ PO, Kp=[Ce* ][ PO} ] 22 1X107%
H,0=H"+OH" K»=[H'[OH] 23 X107

R2 UUERE AR R B TR
Table 2 Mass balance equations of solution system in precipitation process

Equation Equation No.
[P]:=[ PO} +[ HPO; ]+[ H,PO, J+[H;PO,]+[ LaHPO] ]+[ La(HPO, ); ]+[ LaH,PO;" ]+[LaPO,]+
[La(PO,); ] (La-P-H,O system and La-H,O system)
[P]=[ PO} ]+[ HPO} ]+[ H,PO, ]+[H;PO,]+[ CeH,PO}" ]+[CePO,]
(Ce-P-H,0 system and Ce-H,O system)

[La];=[La’ J+[LaOH>"]+[ La(OH); J+[La(OH);]+[ La(OH), ]+[ LaHPO] ]+[ La(HPO, ), ]+[ LaH,PO;" ]+
[LaPO,J+[ La(PO, )} ] 25

(La-P-H,O system and La-H,O system)
[Celr=[Ce* [+[CeOH> T+[ Ce(OH); [+[Ce(OH);]+[ Ce(OH), 1+[ CeH,PO." +[CePO,]

24

(Ce-P-H,0 system and Ce-H,O system) 26
[P1=[P]; 27

[La]=[La]; 28

[Cel:=[Cely' 29

[Pl ~[P}r=[Lal;'[Lal 30

[P}y ~[P}r=[Cel;~[Cel 31

Note: “[ ]” in equation designating species equilibrium concentrations; [P]r, [La]r and [Ce]r designating total concentrations
of phosphate, lanthanum and cerium in equilibrium conditions, respectively; [P]Ti, [La]Ti and [Ce]Ti designating initial total
concentrations of phosphate, lanthanum and cerium before precipitation of solid phases, respectively.

T3 IR R AT AR RE X BT AR

Table 3 Solution systems of equations depending on nature of solid phase(s)

Solid phase Equation required System
No solid phase (- (15920, (2% (24, 26 27, ) Cerio
LaPOy(s) (1)—(12), (14), (23)—(25), (30) La-P-H,0
LaPOy(s)+La(OH);(s) (1)—(14), (23)-(25) La-P-H,0
La(OH);(s) (1)—(13), (23)-(25), (27) La-P-H,0
CePOy(s) (1)—(3), (15)—(20), (22)—(24), (26), (31) Ce-P-H,O
CePOy(s)+Ce(OH);(s) (1)—(3), (15)—(24), (26) Ce-P-H,O

Ce(OH);(s) (1)—(3), (15)—(21), (23)—(24), (26)—(27) Ce-P-H,O
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Table 4 Removal effects of phosphorus with different precipitants and different pH values

Precipitant Mole ratio of precipitant to P pH pp,im/(mgL*l) pp,end/(mg'Lfl) Removal rate/%
La(OH), 1:1 1.40 32.70 32.70 0
La(OH), 1:1 6.00 32.70 0.09 99.72
Ce(OH); 1:1 1.40 32.43 32.43 0
Ce(OH); 1:1 6.00 32.43 1.19 96.33
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Fig. 7 FTIR spectra of precipitation products: (a) LaPOy;
(b) CePO,
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Fig. 8 SEM images of precipitation process: (a) La; (b) Ce
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Table 5 EDS data of different points in precipitation

process
Mass fraction/%
Point No.
La Ce P (0]
1 66.82 0 11.07 22.11
2 0 59.73 14.03 26.24

2) YTVE =4 ) P A

S 0.5 g BRWMUE, BT 30 CT
4 mol/L ] NaOH ¥V, B3 ho MR,
FER ERFIA] 55,005+ 1.0~ 1.5. 2.0 3.0 h)Z BB
S3HTe KH ICP M il P s VR BE, SRS T
DUERIFI AR, HERE 9 Fion. ME 9 mTE
Fih, BEE SN A REA, R B 1 TR B R v
Tt VUETFMRFAL, HEALRIZEIE R, X Hm
Pl O vE A A Rt 26 v LUK HL,  CePO, 5 1)
Ce(OH); ¥4k, M. 3 h )5, FARATIE 60%LL I,
X5 SRS TSRS o

K10 s N A AR FE R SEM 1%, AEL 10 H
ATLAE M, FASER VAL SRR, B R

TR T BB AF . 1E LaPO, ML, J5A
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Fig.10 SEM images of regeneration process: (a) La; (b)
Ce
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Table 6

regeneration process

EDS analysis results of different points in

Mass fraction/%
Point No.
La Ce P (@)
1 67.36 0 9.09 23.55
2 0 80.51 3.22 16.26
3 0 79.06 0 20.94

RURLI R B T VR 2 40/ SBIRIATRL,
HIN A 22 7 T 2 CePO, RIVRL I & KA
REI> R/ INORE, 73 gt Jer i3t — 20 6] Ce(OH); ¥4L.,
AL REDTHE P e R BB 6 s XfHeER 5 7T
5N, LaPO, UTERALEUL, CePO, UTTEHAL R 5,
XARER M T LaPO, UUTEFEFe b i FE AR A U
La(OH); %%, 323h i, Hiig.

3 45

) HigttHELEREKH, XA LaOH); 5
Ce(OH); ¥R £ 2.70<pH<8.66 71 [l A 1 A & 1)
LaPO, 1 CePO4 JTVE, S 1 = 8t bR . fETHE
IEBER MR, BEERTTE R AN 99.9%
A1 96.7%. BEAEVUIER RGN, BEIDTEFE
Fhir, DUUE X A IZ TG K o

2) B AEAE Y LaPO, A1 CePO, YLVESE
14.5<pH < 16.0 Ju [ W 7] # 1k v La(OH); #
Ce(OH);, HCFE I X 8] AT SE YT 71 (19 F A= HLEE
TRl 5 AT B I AR

3) EFEWIFH, KA La(OH); Al Ce(OH);
AbFE 30 mg/L ME BV, BRI DIIE R BN
99.72%7H1 96.33%; £t X T I B A L UTE, H 4
mol/L f¥] NaOH ¥ AT Ff 4=, LaPO4 Fll CePO,4
HIFEAL 253 7 30.38%F11 63.38%.
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ZHANG Wen-juan, MA Bao-zhong, WANG Chen-gyan.

Removal of phosphate and precipitant regeneration from
phosphorus-containing wastewater by rare earth

CHE Jian-yong, ZHANG Wen-juan, MA Bao-zhong, WANG Cheng-yan

(School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing,
Beijing 100083, China)

Abstract: Based on the available thermodynamic data, the thermodynamic calculation of the phosphorus removal
process with rare earth and the regeneration process of precipitation products were carried out, respectively. And
the lgc—pH diagram at 25 C was drawn to provide theoretical support for the resource utilization and harmless
disposal of phosphorus in phosphorus-containing wastewater. The analysis shows that stable LaPO,4 (and CePO,)
precipitation can be generated within the pH range of 2.70—8.66 to remove phosphorus. During the regeneration
process, LaPO, (and CePO,) can be transformed into La(OH); (and Ce(OH);) in the pH range of 14.5-16.0 to
achieve precipitation regeneration and phosphorus recovery. The results show that when La(OH); and Ce(OH);
were used to treat 30mg/L phosphorous solution, the phosphorus precipitation rates are 99.72% and 96.33%,
respectively. After 3h reaction, the regeneration rates of La(OH); and Ce(OH); are 30.38% and 63.38%,
respectively.

Key words: rare earth; phosphorus removal; thermodynamics; waste water treatment
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