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Experimental and Mechanism Research on Ionic Rare Earth Extraction Using
Ammonia-Free High-Activity Magnesium Oxide Precipitation
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Abstract: The precipitation extraction process of rare earths from ionic rare earth ore by ammonium salt leads to eutrophication
of receiving water bodies and disruption of aquatic ecological balance. It also triggers cascading ecological issues such as soil
acidification and compaction in surrounding areas, as well as threats to human health. To address this ammonia nitrogen
pollution problem, the leachate from an ionic rare earth mine in Longnan was taken as the research object. A light-burned,
ammonia-free, high-activity magnesium oxide precipitant was prepared, and its influence on the rare earth precipitation
behavior was investigated. Meanwhile, XRD, SEM, and TG-DTG characterization techniques were employed to systematically
compare and analyze the precipitation products derived from different magnesium oxide systems. The results show that the reactivity of
the prepared magnesium oxide is significantly higher than that of industrial magnesium oxide. Using active magnesium oxide slurry as
the precipitant under the optimal precipitation condition (molar ratio of 8, reaction temperature of 90 °C , and reaction time of 4 h), a
precipitation product with a purity of 37.45% and a precipitation rate of 96.17% can be obtained. In contrast, when industrial
magnesium oxide slurry is used as the precipitant, the product purity is 32.07 % and the precipitation rate is 90.17 %, both of which are
significantly lower than those achieved in the active magnesium oxide system. The mixed rare earth oxides from the active magnesium
oxide system exhibit distinct diffraction peaks for Y,O; and Dy, O;.Furthermore, the crystallinity of the products is superior to that of
the industrial magnesium oxide system, characterized by a dense and smooth surface, clear contours, and uniform particles. The
research results can provide new theoretical and technical support for the green chemical extraction of ionic rare earth ores.
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Table 3 Activity of magnesium oxide at
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Table 4 Activity of magnesium oxide at different
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oxide and industrial magnesium oxide

B SAALBETG /s ARG T M/ s

72.8
T T A R 74.6 73.6

HH 2% 5 A DL, SR P AT A6 2 rh s A, 0 7 4R Ak
BERYE WG AR O 73.6 s, Tolk S AL BE 1 7 2 3%
{H R 398.8 s, T ifill £ i Pk 4 A0 B 19 52 0 3 Pk 32 v T
Tk A A,

zi b L LR R AL B (Mg (OHD ) N Rif 9K A4, 3 1
IR it 0 T B v T M SR BE Y R A RO B R TR
J& 400 C, FHEHE A 20 °C/min, AR E] 1 h, ] A
T 28 T AR A B I Mk e e R SR AR TR
JIT ] 2 1) e 0 PR AR AR BE AR AR L U0TE R, OF 5 Dol 4
TR BEDUVERCR AT RGN .

22 EHSEASEMILEAENBLRENZNE
2.2.1  SEABEEEE IR H AR - LT B 5 i

UUUE T 2R A £ U T R R H 2
— s PR TRE SN Y 8 A R B UTVE T A . AR
YA IS [ 58 BRI BE 30 °C R I IA] 2 b, 13 3 i
300 r/min, % 5% & b BE BE R b (52 B &= /3 e
.U n(OH ) 2 (RE* ) ) X F 33 Wb
T ICRUIVERR B , 25 SR an &l 1 FioR .,

FH P 1 AT, B R B R R B, A A AL B
TR R AR DT 0E 7 W 26 B 5 58 T R S R AR Y R
DUVE R FFEE LI Ja #a TR UUUE ™= ) b 5k B 4R
FRBE S AW T . (RAH R SR 300 T AL BE IR
R VT P 2l 5 DUE R m T Tl A Ak B
R, HUUEY h ik B AL B & R A AL, A

FRBEEE IR L oy 8 B, 3% 1 S Ak B AR 3R DTV 7 ) 4l
9 33.13% B L ULTE R R 97.16 % . ULTE =) 5% B3
AABES M 29.05%0 . A ACBEEE R L AT 8 B,
i L UTTE R W E LT, Al W R L UUE S
AT ST R . GAH IR, i S
IFEBE IR 8,

BEERRRETAE - RERRETIRE

10 [T TAE - TGS TGRS 100
L 3B — B === 1o
g 30 ¢ ]

X 180 o
w2 / % {o %
20 ) [
»t.51. / 160
o5t A @
BEe 10 - / 450

/ 440
0 30
4 6 8 10 12
FALBEEE/R L
(a) SMBEEREM=WEE. TiEEHPMN
60
50 F —a— R

= —o— Tb&fbEE
ﬂlﬂ 40
#

2
& 30
BH
Y
20
10

S 6 8 10 1
HIBEERIL
(b) EMBERIEI=MHREEMEZROYM
1 SAHEEREITTIES WG
Fig.1 Effect of molar ratio of magnesium oxide

on precipitation products

2.2.2 DL€ BN I B2 R s 4 T 5E B 5% e

2N e BE AN AN 23 5 e s = 9 W ) o %) A% B
PR B SR P & 2 oy v R R . e AR R B
FEJR L 8. JR B IE] 2R 2 by B R O 300
r/min, ZEFEA [F] 52 I BE X i - U0 UE 1Y 5 L 45
mME 2 iR,

FH A 2 T A, BT B R I B T W L Al
JEFDTTE R I AT P Tt i A BGRB8/ 5 DUVE 7= ) v 5%
A o I X SR TR B vy T AR AL B
KA EREZ OH 5 L& 7456 IR Ui iE
N E AR A RSN TR 0 R AR B R R
DOVERCR IR AT ol F AR BE . 22 S0y I BE T &2



246 F kB RLE A 2026,46(5)
90 °C B, I P A BE IR R W U0 UE 7 W 4l R = S 100
o o - CERRNETAE - THRE
35.82% Hi HULTER N 96.81 %, ULIE =¥ vh 5% B3 4R 40 EA T A TAE - TURLETIER
LB A ikl 26.43 % LRI E AU I A & 0
8 W) £
Y egraETar ~arRrETEE F »f o
40 FEAT LSS THE o T EABE TR 1 90l =
o ¢ [&]
% 35 »*/:/4.//;_— 95 H 15} E
g 301 e < ® 0
R ot 01 V7 £
L 90 5H
2 20 =2 0 o
D
'ﬁ 15 ,E 1 2 3 4 5
# ol 185 DUERT R/
5F (a) JiEhtiEx =g . i ZME N
g 30 50 70 90 &0 60 .
SRR 7479
. 50 F
(a) ERREMFAIAE . ik KM 7
60 <
— R g"ﬂ 40 F
e T
50 F ¥ \\\
A0
- =~ 30k
= Eop T T
a Of ‘\\ &
# 20
2
B 30} \\
Bl 10 =
4 1 2 3 4 5
2or YT/
16 L ) ) ) (b) JLiERTEIN P 3 BB E AL S B MEm
30 50 70 90
SRR HE/C 3 e B 18] X T 5 0 B9 2 N

(b) RRIRE N =45k B EMHE & DM
2 [z Brim BE X IUIE 7T R R
Fig.2 Effect of reaction temperature on

precipitation products

2.2.3  UUTE R [E) X F - DUE AY 52 1R

AACBEMEYS T K, FOK A i B AR AR R i . [ it
W FLAE A b DT 0 s, A 3 g R K R R[] e
DOVERCR . AU 50 [ 2 S AL BEEE IR Lo 8, F
HE 300 r/min, IR BE 90 °C L BRITUTE I 18] X 7
T ULRE e S5 R WA 3 R,

P& 3 A R R DTS )R L G e R AL B R R
AR T DTERCR L T Tk AL B R R . BEDITE R 1]
SEA T A 9 2B R UE 2 WA L DLTE P
PR A BB BT, OB 1 h B,
TR S AR R B TCVE 7 W) Bl i 2R 33.88 %0, i 11T
VEAE R 90.22 %6 5 24 L N I [B] 2E K % 4 h W, PTTE
WA FE Sy 36.41 0%, B 1 ULTE ARy 97.64 %0 . ULTE = Y)
AR R EALEE S RN 28.79% FRER 23.27% .,
W7 N [R] 2 S8 4 4, T UE 7 ) 40 B 5 TUTE AR T W
T, TR R BN 23k 3P

Fig.3 Effect of precipitation time on precipitation products

2.2.4 A AL IR R A DUTE AY 52

SE AL AR I Ak Ak T o R v A A R K i S A
22 05 AR Al T B W R = D0 BE R . A R B [
FE P R 300 r/min, R EE 90 °C L Jz R i [
4 b, 5T A BE DUy 20 Rk X i 4 U T 1 R
Wi 45 SN & 4 FR .

H P4 R, 2 A S B R I i A DT TE R
i FH 2 ) 396 o 2 o T L B R O T R A 1 AR
a3, W PR BE IR RACRIE T Tl L BE IR R
SRR R T R — B, (A RS A A B
TR RN L e S UE R E TR
A&, FHEARMBERMLE . LB T 5808
T2 fik v AR, WA OO N AT . 2495 PR A Ak
BEIRWEE IR oA 8 B, TV RUR e BL i UL IE 7= )
gl Ry 37.45 % ULHEH N 96.17% .

25 b T A O PR AL B RO B IR T Tl
SAALEE . B AEUTVE Ao - T M A R T B R L
R 8, BRI A 90 °C L NI IE] Ry 4 b, B P



LR, F ARAZEREME T ERIRE FRF LR BRNEFL[]]H LR E FE.2026,46(5). 247

300 r/min, B 25 FF TR I LM R IR Y DT B
BRI

U e R T~ AR T
40 [ T B T4 -+ TASULBBRRTTR |
. | L
T | =
L 35F ; e
e ) ;i 78 190 <
= 30 7 &
= »[ 80
I;L A I§
20+ 170 3
= ’ &
H= / 160
€ 0 /
i 50
0 : 40
4 6 8 0 12
S BERRERI
(a) EBEREBER LS =W E . Tk ENER
60
AU
50 F —o— TUSCEIE
m 40f
4
ool
g a0
&
B 90|
iy
0}
O 1 1 1 1 1
1 6 8 10 12
SR RER I

(b) EHBEREEREMF=REEMESEHTM
B4 SHERBRERETIESDZME
Fig.4 Effect of molar ratio of magnesium oxide

slurry on precipitation products

23 MEFMREERFEYRES W
2.3.1  RYIWIAR S BT

XRD & FIH R fE X 548 05 o b R E 9 2
SERAH ELAE 77 AR R AR AT S RS A R AR R
X PEAE AR BE 5 Tl S A BRI R SR AR DOVE SRR 1R
BN H L UUTE P BHAE 900 CA&METFRHE 2 h 1Y
PR HEAT XRD 4387, 25 R 5 iR .

FH &1 5 Ca) AT, PR AR AL B AR & 00 1= 00 7™
W1 XRD 3% & 35 7 B 5 19 & U AT S 0, 2 B i A
e M RAE . XSS Be s Wy it AT 40 A Can &l 5 (b)) i
7D s R BRI P A AR B BT AR AR B A SRy D UE 7
i S SRV TR 7/ E N 1B = U0 o) e e e = Lok 7 D )
=52 (Y, 0 fI =% 1k — 5 (Dy,O,) £, E&
AN FALBE R AR AR . b, MgO U5 T H: M ¥ i
TR R DOVE S Y R 58 4 g 9 MgO R HE
VT KSR B TR - UUVE W b L I SE Mg be ok b DL &%

AT AR B . AL IR K R H RO M T
BT S O 4564 M AICOHD, Ik, & iR i
KIGHAL R AL O, 24 JF A .

T &
MWWWW

EEEAE

BE/ (aw)

10 20 30 40 50 60 70 80
20/ (°)
(a) W LITIEF

PR/ (au.)

10 20 30 40 50 60 70 80
200 (°)
(b) Fker=m
B S5 #mIiliEr-mmmgeEr=me XRD & E
Fig.5 XRD patterns of rare earth precipitation

products and roasted products

2.3.2 YIRS HT

SEM J& — P & T H ot 2% i % 2% 1P 30 45
Brae AR M T4 o6 B ilse , HA IR K. o 9
R TR GO G ¥ Tl S8 5iEH A
TEBER RAE B AEDUUE 45 10 T 4R 15 W U0 0E ™= 40
B AR 900 CHAFTREHE 2 h 7= Y 1T SEM 43
M. 25 oA an i 6 & 7 FioR .

SRS 3 I o1 O O = A > S R = W ks X
DUVERI B, ¥R 58+ B TR BUZ R A A 1
FHEE T Tl S8 A6 06 T A BE DO VE AR £ ir 15 7 9
AR TN BRI VI M4 900
CHRREGE 2 h Ja, Tl AL BER R i 1 B be ™
Wy UL B P 43 B HE S TC I 2 RS A B 45T A
A A 0 SN T A R R R AR 2 TN T
P BEIR RO L AL 45 R 5 45
DA BROIR B AR AR Sy 3 i B TR B L BORL 115



248 ok B R 5 A

.

(b) FEFERAMBRE
(J% K 100 000 4% )

(a) JUE=PAHBE
(Ji K 50 000 %)

s - .'(: :
* if”‘ s -

(c) BREatneg
(HEK 30 000 %)

Be TlsEERRFELTY SEME

Fig.6 SEM images of rare earth products from

o

(d) R RMBRE
(J% K 50 000 1)

the industrial magnesia system

(b) JLEFEMARBE
(HFk 100 000 1)

500 nm

() Kper=riafas
(k50 000 %)

(c) BRI EE
(k30 000 £5 )
E7 BEESACEERTELIESY SEM E
Fig.7 SEM images of rare earth precipitation

products from the active magnesia system

2.3.3  UHINE - I B

TG-DTG 24 43 Hr A Bl 43 34 5 43 BT 19 Bk
B 8 AR AR T A A 1 T S R AR T R
T B ) (9 A8 4K (TG 2D L I R 45 31 530 o 4 78
LR (DTG M4 . T3k A5 A1 kR e M 5 o i
FrtEm s B . 8 Tl A e 500 AL Bk R
BAEUIE 551 F 3RS W £ U0 F= it 17 TG-DTG
YA, SR IE 8L E 9 BN,

2026,46(5)
100 10.00
98
" -0.01 2
< £
S o4 2
= 1-0.02 =
92 S
90 | 12003 =
st
: - : - _0.04
200 400 600 800 1000

BE/C

8 TUENEERFLTIIESY TG-DIG H £k
Fig.8 TG-DTG curves of rare earth precipitation products

from industrial magnesium oxide system

i 8 8 A1, 7E 131.2 “CHf, Tl A AL BER R 1T
VE ) DTG i 2 H BB 58 00 0 BR06 . 80 T o 3 2K
2y 14 Y0  HED S 7 1 TOVE ) 2 T 25 K BB . AE
329.9~693.7 C X [H N, BB w1 R 29k 556, HE
Ry B, BV AR A Ak O A R
FE 1 000 “CHFHBE T W e, BRI LN 2%,
A0 A 4 R AR 1) 3 i

100 10.00
ook -0.05
1-0.10 5
= 80} &
%) 1-015 &
- 70 3
1-020 £
60+ e
TG 1-0.25
50 L ; L L —0.30
200 400 600 800 1000
BE/C

B9 FEUERAUSEERFLIVESY IG-DIG #H 2
Fig.9 G-DTG curves of rare earth precipitation products

from active magnesium oxide system

I 9 mTAT, 3 R A B A R T I R TLVE W A
30~250 CYLF MR B3 ;142 CHL.DTG £ i
T Y . %y i A g 0 Sy 2 TET A B BT 2K RS ) i
BK A BERR BB R 20 1596, 317.7 “CHl, #fE
W Ay 45 K B BEBR . 407.2 CHEL. DTG iy £& i 81
I A A S SR AR R R R B RS . 880.2~
1.000 °C DX 8] A iy = 90 3 1 14 00 2k 0, B 4 2K
2950 20 AR D UTE ) b R AR A R . 5
Tl AL BEAR AR L ZAR R W) R R
U oy e sWasr 7/ Y AN =T

3 Hik

(1) DUERAL B O B3R A L 3 i 30 A 12 1 2%



LR, F ARAZEREME T ERIRE FRF LR BRNEFL[]]H LR E FE.2026,46(5). 249
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FERIY I, I 900 CAMETIRIBE 2 h JE R be =
PILL =S 2 (Y, O) il =44k — 5 (Dy, O;) R
T, TN AL EE A AL AR . (RS M A R
R VO A T T Sk R, R E
L Ay AT e A R /N B . K
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