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Abstract: Aiming at the problem of deep recovery of lithium from the mother liquor of lithium carbonate, we conducted
both theoretical and experimental research on the process basis of lithium phosphate precipitation, including the apparent
solubility and behavior of dissolution of lithium phosphate, the pH and temperature conditions of lithium phosphate precipi-
tation, the amount of added sodium phosphate and the characteristics of lithium phosphate products. The results showed that:
(1) The initial (48 h) mass fraction and pH of lithium phosphate in water were relatively stable, and the initial mass fraction
can be regarded as the apparent solubility. However, with the increase of dissolution time, the pH value of the dissolution
solution continued to decrease, and the lithium mass fraction continued to increase, but it was not stable until 50 days;
temperature increased from 20 “C to 90 ‘C, the apparent solubility of lithium phosphate slightly increased from 0.022 8% to
0.025 6%. (2) Although the temperature had little effect on the solubility of lithium phosphate, it had a great effect on the
reaction rate of lithium precipitation of sodium phosphate, and the reaction temperature should be controlled above 90 C ; the

pH of the precipitation reaction should be controlled above 12, and the precipitation reaction can complete 90% of the total
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reaction in the first 10 minutes. (3) Based on the above conditions, the lithium phosphate prepared from the mother liquor of

lithium carbonate was easy to filter, and the purity of lithium phosphate after three times of washing and drying was more

than 97%; lithium phosphate particles dispersed with pumpkin-shape crystal, and no calcium phosphate, magnesium phos-

phate and other impurities were found in the product.
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Tab.1 Chemical composition of mother liquor of lithium
carbonate used in this study

e pl(gL™) BT pllgl™)
Li" 1.674 5 Ca*" 0.002 3
Na* 56.52 cr 87.968 7
K* 1.844 8 cor 29.763 4

Mg* 0.0109
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Tab.2 Experimental results of long-term dissolution
process of lithium phosphate

#/d pH w(Li") /% Pt AH
1 10.72 — Li;PO,
2 10.72 0.004 2 Li;PO,
4 10.93 0.005 4 Li;PO,
6 10.86 0.005 8 Li;PO,
8 10.43 0.006 7 Li;PO,
10 10.18 0.007 5 Li;PO,
15 9.96 0.008 7 Li;PO,

20 9.89 0.009 7 Li;PO,

25 9.55 0.0102 Li;PO,

30 9.35 0.0105 Li;PO,

35 9.26 0.011 6 Li;PO,

40 9.01 0.0127 Li;PO,

45 8.95 0.013 4 Li;PO,

50 8.94 0.013 8 Li;PO,
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Tab.3 Apparent solubility of lithium phosphate in water

0/°C pH w (LisPO4) /% A AH
20 10.98 0.022 8 Li;PO,
25 10.88 0.023 9 Li;PO,
30 10.56 0.023 4 Li;PO,
40 10.49 0.0250 Li;PO,
50 10.03 0.0256 Li;PO,
60 9.83 0.023 9 Li;PO,
70 9.28 0.024 5 Li;PO,
80 9.06 0.0250 Li;PO,
90 8.92 0.025 6 Li;PO,

M 3 AT, B TR 3, BRI 2 I
i REA IS I, AN 0.022 8% EFHE 0.025 6% , HLxk
U HT, T BT R PR A S BE NG 52, T pHL P
FEFHE AR AB A S, MK 10.98 [ %] 8.92.

[, 3% 3 15 B BERRELAE 20 CHI 25 C T 1Y
FEULVA A 5 55 SCHRELEA T LA, B ARSC 25 C %
WL ff BE B TR [23] b B 1 25 C W R
(0.027 0% ) /Iy 0.003 1% 5 AL 20 CFULIA R EE b SC
Bk [24] P IR GE 20 C O iR (0.0300%) /)
0.007 2% 5 A= SCFULHS i BE b SCRR[3 1] 4 18 19 7 fi
FERH /N (A 25 °CTFR /Iy 0.0058% ). PRItL, 15d BH
T AR P A A Ko L i FEE P R A I o A A — 5 TR S .
IR A TR) B s i i (R 15 B O Y A P 2 AT 25 5%, Tl
SUE K 5 A T R 2 S A5 380 100 ik 2050 S o v ik

AEHEAREEE H38E FH20

WK
3 FEERFERITTIE S

3.1 pHHIHIE

TR BE W ik R AR A7 70 8 8 IR T WY
pH. 7E 1 B oA pH SRR, Wk coT
R Z M, B(6.37,0.50) . B,(10.25, 0.50) 43 %1 A
H,CO; 5 HCO; . HCO; Fl CO¥ By 4 A1 fHh & i) 52
& pH KF 10.5 BIX (A1 COT MPLHX, A ™ it
FEHRRRERAE B SEPR pH>12, E AT POT AYALHX
[\ (pH>12.3) , B4 Ui R R 1 55 1. R, U4
BEVRAT BLAEEA TR AR A TTC0E S

WIS UE pH XFUCEL AR IR, UIARERR pH
h12.45, FERRR W BRI pH 400 1132,
10.12.,8.48 F1 6.38, &l W BIRE A 90 °C, SRS IMA
T TUKBERENZE 30 (POY) : n(Li") = 0.9, fHIE Y
10 min J575 B SLIRE5 WA 3 Fros. Bl R Bk
T pH MREAR, S 58 UG BB P RIA Y LiT ik
FERRE, LSRR, h 84.7% [&3) 71.3% . itk #
FRUTERBERGIEA T UTER S NI, 75 B A R DUAR BRI
pH A TSR RS

100 1.0
Litfeg

80} .// {0.8
< =
M_ 60 10.6 én
= O —~
- 40k TTTE-l 3
= 40 b T 104 4
“D~-~~~.q Q

20 Li' ks 102

0 .
6 7 8 9 10 11 12 13
pH

B3 FRLITRERER L'l pHHEN
Fig.3 Li" mass concentration in residue liquid and Li*
recovery rate against pH value

3.2 REMIMm

IR T R X Tl PR LS i B S R R, (R G
2 IR B X I N R R . FRa S AT BRI
(pH = 12.45) , IN AR R Z2H, o0 Bl B IR E N 25,
40.55.70.90 C, i A+ K@i E 3n (PO} ) :
n(Li') = 1.1, fEiR £, /3 7ER N 2 10,3060,
120, 180 min A HUFE, Wl AH R LiT Ak B8 19 B
(AR R B . SEER AR B, DA+ K BiReN 5 mEAe
UBELE R, AR LR (HAFS P 2R) Il i:
WSS R ILIE 4, LiTSCR BEIR R R 2SS
Fi7R.



s BERRERDTVETR IR MU B T R T 25T ©39 -

2023 4 4 J B, %
1.8
1.6
14
o122
2 10
— 08
2 06
< O
0.4
0.2 70 C
0 R R ¥ K K 90 T,
0 20 40 60 80 100 120 140 160 180
t/min
(a) Li'Fatvkss
o
20
&
QU
70
ogl— . ., 7 ,oaTy
0 20 40 60 80 100 120 140 160 180
t/min

(b) BWFTHRE
B4 REXEMES Li'f S8 RERENNE
Fig. 4 Effect of temperature on mass concentration of Li"
and total phosphorus in liquid phase

100 0T
70 C

80

60

40

Li /%

20

0
0 20 40 60 80 100 120 140 160 180
t/min

B s BEX LiEHNZm
Fig. 5 Effect of temperature on Li" yield

& 4 AT SO0 IR, Li AR %) T e
VR R, HLR A I B A T, DT0E SN 58 A R B
RS A 5 th 180 min ISP LiTCE, 25 C
12K 19.0% , 55 “CikF] 79.2% , 90 “CHT4 53 93.2% .
L 5 AR AS [T R A AL 3T 21, s S oz I B T
IR IR 07 38035, DT 2 sz I ik 1) - (R R ] B
90 CFIW#E T 10,60, 180 min B Li i,
10min I24 88.8% , 60 min Il 92.3% , 1 180 min
IR 93.2% . DRIUL AT 1, &5 A A T U0 0E S ) ik
15,76 90 Cz 90 ‘CLA L h 60 min, Li' Y% m] ik
92% LA k.
3.3 BRI EMEIT

S IR R X DT R 52 . B —
HUTHB®MARNMED, HEZE 9T, #%

3n(POT) : n(Li) A 0.9~1.5 HFHEIMA+ ki
FREN, RIS RIS 10 min. S J BB £ 53
e IR 4, LiBCR S BRI AR OCR WA 6
P, BEEBEIR AT LR (4, LiTSCR SR AT
S, AH U BE P B s  E e, R, %
JE B B W Ak B O B, e d 4 RV W
3n(POY) : n(Li') <I.
®4 BBRHKTEEENTENZIG
Tab. 4 Effect of exceed amount of sodium phosphate on
lithium recovery rate

0rC  3n(POY) :n(Li)  pWLiN/(gLh)  p(P)/(gL))
90 0.9 0214 4 1.040 1
90 1.0 02147 1.071 0
90 1.1 0.203 6 1.077 8
90 1.2 0.178 9 1.121 4
90 1.3 0.1653 1.139 6
90 1.4 0.158 2 1.413 8
90 1.5 0.138 7 1.394 0
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Fig. 6 Li' recovery rate against sodium phosphate amount
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Tab. 5 Mass fraction of different ions in aqueous solution
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Fig.7 XRD patterns of lithium phosphate products
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