32T PEHERERFR

Volume 32 Number 7 The Chinese Journal of Nonferrous Metals
DOI: 10.11817/j.ysxb.1004.0609.2021-36763

20224 7 H
July 2022

A BRI R RE L EE Y P RERR

PEAEE D, e, K

(1. YLVEFRTOR . MORNAEAL 22238, @ 341000
2. JLPYE TR @l sk tih & SR i TREEORBT b, #1 341000)

RN, 4w bt H AR

B O EETARLRERENSIESET, mMRRSS 5 RN ERKRERS L, GrRREM L
AN IR & ol o B I — 1), A SR T A AL BRI R B SR T BRI AL S T
BT B LA L B ER AR, RS VE S SR 45 °C, BEPEITR] 10 min, P ERENIATRIKFE 0.10
mol/L. AR 30 mL (461 R, 318 TR L4l 7 91.36%. BRI & &N 3.02%(5t B2 30 IR & Fs H 84k
Wy. S R AR 5 B SR TG-DSC. XRD. FI-IR &R EAE, #i5E T AES et 7 o 75 — R R 5
BT L P BRI AR LABE R B 101 52 i 9 S IRAR I 51N AT A PR MR 7 &, (HR ILBE B AG 2R

R et — D

KRR TR EULES: IREF A, MR ERAR

XERS: 1004-0609(2022)-07-2074-10

SIcAgs: DEUIBE, PRa A, B

hE 4SS 0614.33; TE845

EAFRERS: A

S, S P HRE e R S TR L] P R IR,

2022, 32(7): 2074-2083. DOI: 10.11817/j.ysxb.1004.0609.2021-36763
RAO Ming-lu, CHEN Jin-fa, HE Qiang, et al. Sulfate removal from alkaline precipitate of rare earth by stirring
washing with malonate[J]. The Chinese Journal of Nonferrous Metals, 2022, 32(7): 2074-2083. DOI: 10.11817/j.

ysxb.1004.0609.2021-36763

By REmEY P E S S ER T ER TR,
e J I AT B 20 B AR AR
2573, T RIBRIR B9 HGR MR IR S e Ve 77 M 1
T L0 P RS S L R B2 HUS T BRI
BEGANZ N L. AR, & R A5 KA e
Sk T R RS G P, AR SR AT R AR R R
FORN, P ROH R IR N & SRR+ b 2L
FER WS T, — S 5R R B T KT, Mg?
Ca®'\ Fe*'s AP"ZEE ARk IR R HGRI KR B
TR R L. Hrb, MgSO, AU AT LA

R IR R AR B RS B, G Ca’
FIRBOAREME AT (L 48 3 IIE AP, =%
AROFES PUELE . AREATTSEHHE) M. FER
WEHEITH, RGTHERTIER. WHZERE. &
TR RSB AU VE S TR 4k
Bttt TR M IR MR P M R R R A, Herh
AU B R T ZEAM KN, R 5
5, SRR SR, AP ENaCURK; HNHEE
e, FMPSUE E R L SEEE SRR
HRTHES, SCBUESEE A BRI, B s 1

HEEWB: EHxEAWRIRIZ B H(2020YFC1909002, 2019YFC0605002); [ 5 [ AA Rl 24 5E 4 %% BhI0 H (51964018); VL4
TR TUH (0XSQ2019201116); VLPEA T 4RI X 38 2 il vh R 55 Bh T H (QNIG2019056); VT 74644 25+ AU H5 + 5%
PR T 5 (B R FH ] 2K A s 30 & 35 7 TR 3 B 0T H (20194 AFD44003)

Wi HEA: 2021-06-21; {&ITHHA: 2021-09-17

WBEEE: MM, BlEdE, WL, Bi%: 18379727723; E-mail: xiaoyanfei0906@163.com



BEREHTH

eI, SR U RRANIRE LR b AR T BRI 2075

iR, EEATREMEE NS, XXTRE
AR MORAERE A L2 U 2 K E 2L

SR, A PTIER LR B S R, BR T
A RE(OH),, BRERAR 22 51T R B AE R — 52
& [ RE,(OH),SO,, 5| A KIS0 7£ 1000 C LA K5
e LhBR 207, (E &R MIRA R LAY
(MREOs) 1 i B2 # & & =118 14%( it & 73 #10) YA
O AN RE R SR I BRI T LR A
- E A R R AR A3 0] i R AR R AR E S B T
A e AN BRI O T R IR R A
UV B D PR R AR R ), S A S
RN 2 45% 1 Na,CO, 2% T AL ES IRTTTE S50OR
IR1F [ MREOs R TR IR 2 B FFAIK 1 43%, # L4k
JE T = 3 88.99% (=4 £ HAE, HEUliEiii
TESE A, MDA, 77 5 0T 24K TH TG v 2 2
K3, HUANG Z5USER A 1300 C i B beviie & %
Y, ¥ RE,(OH),SO, * i B #i2 LL SO, JE bk 2,
DK MREOs H ()8 FRAR 5 B PRI 22 0.55%(J5i &
oD, R AT R A 92.03%(R B E). A
M, EmkE e AR K E AR, KT M AR
¥, DRFATTRESER TR ZN, S EVRH T
— PR AL RS B B - AL R R AR & FE I
%, ISR E EY SR, KT
RA BB KGRk e, BT LURTS IR IR
TR T 2% =53 F0) ) MREOs; 1% /7 VA 1E AL
AR AR — AR, TAAEERCR T
AR BURESSR B LRI L CaO
UUER: L2 MR 0 & 6, BB AR Rk
I ER R 55 BB R A P O BRI AR e 2E 72 S LT
TER, 0 B AR Bt bR i 2 NV R, AR
MREOs [ 21 i 1] i 88.37%(Jii 4> 1), 1H /2 H A
FRAR & A |H ek 7.65% (i 553 50

s -~ WL 48 A W 48 458 B M T A HLE
WS EBE TSRS, B R WA RS
HER B FRE RS, RE%EGRIETIA
ML, RS 2 B A AL A U iE & 4 SO; I [H]
B G A - ATV 2 A T B R 20, (5%
RPUIR IR AR A 5% S PR R R AR (1) BB, A SCRI A
25 AR BT A AR (Ml )1 i e T
s A IRENE — R W AR e N R, I
S LB TS G TR B gy I 5:04~5.88,

25 C)MFS0; . OH 5/ -8 71 4% A& %
(2Bs0r gy N 3:61~3.66+ 12 1o H 9.86~
12.65, 25 C)Z [A]P5), Gefy RUBFARH 112 H V%A
W PTIE & YRR & &, R AR+
MEEATTE . AR —BRANE RO TR, o
FLTRE . I SRR B S IR 30 B e =) i R
RERPEW, USREGRERML, FHEHKD
MREOs; #AJ5 i N AR M5 . Hver=mm
FAFFEF BRI UEN RN DE 138 AR TN
TR BRI R . AR SCHIRE B ) TR e B T
i A8 IR A - A A U & 4R L2 BT SRR 1L
VEE )RR E e A e, DUSEIA R
R R IR ERA SRt R

1 S

1.1 SKIGJRRAYHI&

TRAH LIRS R A A= AR TR
AR A A HRAE, A0 RO R VA M RE S5 4531 30 g/L
(CAREO T, "NR)HIBRERHM: LIS SRR LA
AL Mg Ca )& & 45 7 4 304.90 mg/L. 48.0
mg/L. 420.0 mg/L, HMTA4Eas R, HERS
BRI BE IR i B A Mg =146.17 g/mol.
B8 BB R M LI N LK IRIRER, IIAE B
FKMEREEUAAR G B2, W FREWS, 53W
TR EE N 1.50 g/L. BEIKFE N 1.00 g/L A HLEE £5
T &M IR .

A BT HHSRAT ) 3 o S0 2% A DTVE ) 8 UTE &
M. R — 2 ARSI B L E oK,
35 'C MK 4L 50 min, 5] p(OH)=0.45 mol/L 1]

R GRERMG LI - C 2 AR BT

Table 1 Rare earth content in rare earth sulfate solution

Element Rare earth metal Element Rare earth metal

content, w/% content, w/%
La 23.18 Dy 425
Ce 7.28 Ho 0.81
Pr 5.56 Y 28.49
Nd 16.46 Er 1.65
Sm 436 Tm 0.22
Eu 0.57 Yb 1.40
ad 4.93 Lu 0.19
Tb 0.66
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Table 2 Content of rare earth and non rare earth impurities
in MREOs obtained by calcium oxide precipitation

Impurity Content, w/%
REO 79.18
SO;~ 19.26
CaO 0.75
MgO 1.31
ALO, 1.23
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Fig. 2 Effect of sodium malonate solution concentration
on sulfate content and rare earth purity in MREOs (=
45 °C, V=50 mL, /=30 min)
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Fig. 4 Effect of reaction time on rare earth purity and

sulfate content in MREOs (=45 C, p=0.10 mol/L, V=

30 mL)
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Table 3 Mass balance of malonate and sulfate in stirring

washing process

Component Content/mmol
Malonate 0
Enrichment
Sulfate 2.08
. Malonate 1.32
Washing product
Sulfate 0.72
Malonate 1.32
Reacted

Sulfate 1.36
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PR AR 2 5 M\ 3.02% 42 51 3] 6.40%(J51 5 4 40), 1M

T+ 4 M 91.36% T F%51) 88.91%(Jii &5 %0) .
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Sulfate removal from alkaline precipitate of rare earth by
stirring washing with malonate

RAO Ming-lu"2, CHEN Jin-fa":2, HE Qiang" 2, ZAN Miao-miao" 2, XIAO Yan-fei' 2

(1. Faculty of Materials Metallurgy and Chemistry, Jiangxi University of Science and Technology,
Ganzhou 341000, China;
2. Ganzhou Engineering Technology Research Center of Green Metallurgy and Process Intensification,

Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: The process of calcium oxide precipitation enrichment can be linked to the magnesium salt composite
leaching technology to realize the circulation of calcium and magnesium, in turn, solve the ammonia nitrogen
problem in the ionic rare earth ore processing, including leaching and enriching. However, sulfate will participate
to form basic rare earth sulfate in the precipitation process, resulting in a high content of sulfate radical in the
roasted product. As continuation of the idea of desulfurization by competitive coordination, this paper proposes to
remove sulfate radical from the calcium oxide precipitation enrichment in the stirring washing process using
malonate as exchanged ligand. Mixed rare earth oxides with rare earth purity of 91.36% and sulfate content of
3.02% (mass fraction) are obtained at 45 ‘C and the washing time of 10 min, sodium malonate concentration of
0.10 mol/L and sodium malonate volume of 30 mL. 1:1 coordination of the malonate and the sulfate in the basic
rare earth sulfate during the stirring washing process is determined by the mass balance calculation of the reaction
process and the characterization of TG-DSC, XRD, FI-IR, etc. The content of sulfate radical can be effectively
reduced by exchanging with malonate, but its cycle stability needs to be further improved.

Key words: ionic rare earth ore; calcium oxide; mixed rare earth oxides; malonate; sulfate
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