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Adsorption and separation of light/heavy rare earths by metal-organic
frameworks: a review
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Abstract: Rare earths are strategic metal resources, and the selective separation of light and heavy rare earths is
the key. Adsorption is widely used in the field of rare earth separation due to the advantages of high adsorption
efficiency and environmental friendliness, and the design of efficient adsorbents is the key challenge. Metal-organic
frameworks (MOFs) have shown significant advantages in the selective separation of light rare earths from heavy rare
earths for their adjustable structures. This article reviews the adsorption mechanisms of MOFs materials for different
rare earth ions, including coordination complexation, ion exchange, electrostatic attraction, and size sieving, as well
as the synergistic effects among multiple adsorption mechanisms. It also summarizes the design strategies of
different MOFs materials, including framework design, functional group introduction, defect engineering, and
composite material construction, which can enhance efficiency for the selective adsorption of rare earth ions. The
research trends of MOFs materials are looked forward, stable and efficient MOF materials are required for real
separation conditions, green synthesis technologies of MOFs materials would be developed and applied in
engineering. These progresses provide theoretical basis and technical support for the design of MOFs for rare earth

resource separation.
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Table 1 Light and heavy rare earth separation performance of different adsorbent materials
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and the Surface Zeta Potential of Cr—MIL-PMIDA; c. Isothermal adsorption model of Eu’* on Cr—MIL-PMIDA(Adsorbent dosage: 0.2 g
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Fig.4 Synthesis of UiO-66—COOH-TETA and the mechanism of rare earth ion adsorption a. Preparation process of Ui0-66—-COOH—-

TETA; b. Selectivity of UiO-66-COOH-TETA for rare earth ion adsorption; c.(a) Optimized geometric configuration and electrostatic

potential analysis of Ui0—66—COOH-TETA containing Yb™";(b — ¢) Optimized geometric configuration and Mulliken charge analysis of
the binding site containing Yb™; d. Schematic illustration of the adsorption mechanism of Yb** by UiO-66—COOH-TETA
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fundamentals, defects, and composite structures
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Fig.7 Comprehensive diagram of the structural design and performance characterization of the novel porous material Cd—PDI-2D a.

Schematic of the preparation process and crystal structure; b. SEM images and EDS maps of Cd-PDI-2D after La™ adsorption; c.

Adsorption isotherms of different La™ concentrations on Cd—PDI-2D; d. Adsorption selectivity of Cd=PDI-2D toward the rare earth ion

La™ and other metals
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Fig.8 Synthesis of the MOF-808-DS2 composite and its Yb** adsorption properties: a. Preparation process of MOF-808—DS2; b.

Adsorption capacity of MOF-808 and its functionalized materials for Yb™" at different pH values
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Fig.9 MOF@Polymer materials, MOF@MOF materials, MOF@Magnetic materials, MOF@Carbon materials and their adsorption

performance for rare earth ions

BN . Elsaidi 5758 15 J5L A7 1 7 5 72 14 M PSS
fEk R M A K MOF 72 )2 , #9 E T magnetite@DETA -
In-MOF 5 magnetite@MIL-101-SO, P F1 12 5 #1 £t .
EATTEFR K IREE P AT A6 4 8 7 R I sk PGk
PR IR B i, I PR ARE D0 5 1 A e 438, Sy DAt B4
KA AR AL G R o TSR 4RI T AT AT R AR

MOF 5 8 b1 R 52 A5 Al (7 HE R 19 7 D 9
3o Chen ZEFI] T J2 ] BRI S & A9 2 T 2D G544 1
Zn-BDC MOF/GO & & M ¢}, HAHE &/ + 8 71
I R B 25 1 35 344.48 mg ¢ s MAORER I B = Y
T - W R e B2 , 4 Se/Tm 5 Se/Ex 894385 K 14351
151K 529.57 F1461.91, Huang 2570 38 4+ 5437 2 K
4% MIL-88b(Fe) 5 52 A W (BC) B A&, il % th
BC@MIL-88b. % #4 B} X La™ [ 45z K W Bff 75 £ 3k
288.89 mg g, L T AR A= 1) AN 4l MIL-88b HY
ligas e

BT _EiRE A AL B MOFs 5 43 B3 B4 A &
Ty —EEI I WA B AR R BAT i SR AE 5
KREFEMCSEL S M0 TR EZE LR
Tl MOF #4455 EE 5 v 44 3 MOF @ 42
B, A4S MOF 1923 7O B8 ) 5 I8 1 i 22 4y
BT A R DA% 0K AR T B R R A s o L
TR B TAREME S, MRPE R A T R TR, MOF i
A MPRLAT LA G5 S Wy B4 2 R R i o A R RIS
Yy HAE 2 A MOF FE2 38 108 MOF JURE 7385 T 4n 2%
PRI (PVDEF) SE R A WL, 28 (87 BT il 45
WA, il 285 T2 AR XTI {81 4N Tursi 557K F FL25
i Bk VE 45 T —Fh BioMOF@SWCNT-BP & 4 %, %
AR Ce™ iYW B 25 1235 21 263.0 mg ¢, [RI A
Xf Fe e 9T B0 A B TP B8 J7 5 S8 17 W2 bt 2ot 2 rp
IZMBEXT AL 5 4 0 B B S, LR B R0 S Ce AR
M. Qin FTRH G A MAB M K K DGA TBEfk



5 XX

www.hgxb.com.cn <13

164 31 MIL-101-NH, (M1N) MOFs |-, I3 5o 4 3t
LR POk et 5 19 MOFs #4851 28 T PVDF LS
3 %] DGA-MIN@PVDF & A i . i RHE B 56
3 TR RS AL TR 22 T HE Y B g i 285 B [l g
B Fe KW 25 1 43 K £ 991.7 g o' Fi198.76
ng g'o PRSI LRI IZA BT 18+
La™ Eu™ YY" H A I 25 0% S Bk o e A K A
MOF 5 D) J2 7 J5 % 1 o8 L8 N B 32 B A & i MOF
A, 1% 05 ¥k AT LU MOF 5 B8 5L i 45 4 0 X, 4%
WA FYEE R a0, Qiu Z 70K il R B 5 2 1
I I f FE I — 7K TR B VS MR DL R TR B SR K RE A L, B
Je e iR AT E T T HY B A [R5
VR 22 A 5 ZIF-8 JEA 45 &, BT ok 1 3K sh gl
KIFURL [ 4126 5k 5246 7P MOF i, T 15 MOF i
X La® /K S 8ePE 5 143, DFT i Bonfs + B+ 5
ZIF-8 H 45 4 RE (=778.2~ —1066.2 keal/mol) & & T
W45 B B F (~ —179.4 keal/mol) , T A 2503 i HiAth
TN BH S T 1A% 4 o ISR W& Sk Tl J 7K b s 2k 1
W R o0 2 B A Z2 FL A B ) AT s g e fR A T
WS . BXEE A MR MOF (1) 5 i B 1 5 R ik
TR S AL BV E R AR ZE &, R M ZEAR £ 43 5 40
WS RE L R AL B R ), R ARk TR RN
W R I I 2 —

Ry T ik — 24 i MOF B4 REGH A 2 — W it
i, Li 5 i K 9Ll 45 T LaBDC@50%PEL &2
G X G i e R B A i 3 o T 5.1 4%, 35 %)
181.77 mg g IZA AL B ] £ ik 2 17 B L i 5 i ]
PERERAF . [RIET, i1l & % 1 N S B4 La KL
MOF & 4 # ¥ (LaBDC@60%DMP) , i% 4 4+ & 71 1
A Gd I B BE RS
2.5 MOFEWMFIHBEERIIEEME

W o 700 £ P A A PR A R DA L TR
WS EEAR AR . MOFs B4R R £ 257 ) T LA

30 o T A O A O R R O R AR T TR A T AR
FAE A, P AR A 2 v (i FH A [R5 B b B 5
X MOFs 2544 5 W fHHERE () 2 i 22 57 3%

Fir 2 1 T U A2 e i D 1 WO o 50 A
Bt 3l F R 7 W (U HCLL HNO,) B Ry Bk i 571
MOF 1) 2 e 5 1 S 1R L BB 5 T 52 2 ok #4119 G
. SRIRYESAME 5 S EUMOF 5 48 vh 4 & — e 1A
24 AT A 7, 3 S B A R RO TR . TR
BN 2 o H 5w 4 e A A Bl S A8 80 T B ) 2=
TA W B A F L 8 F E B D . A E A
4B BT (I Ze*  Cr*  Fe ) 1) MOFs (41 Ui0 & 41 |
MIL 251 )i ¥ BAT BAF R te e 1, AT 4 ) 2 K g
Ve G PR AR 25 A 8 8k . ol dn, MIL-101(Cr) -
PMIDA W fff Gd™ ) , i /] 0.1 M HCL FRA= , HE fff 25
i TEE A 5 A BE PR 29 95.99% . Bk figk e 2 R
NaOH 508 24048 MOF 3 [ L i 1% L 425 W B 5 s
A ik (=N N o S e i U4 = R
G o F AR R WG R AR R o BRIV T RE S R
MOFs % P A4 7K fiff 55 4 Ja 75 s s At DL I 2 A
PR B AN AN PR R VA I 7Rk AV 2 it T A Pk
AAILEE R Can B e | 2 ) SRR PR A ) 3R T e fL B
AR B AR BT RN T R E T
Wy B 5% 55 A0 BAE R4S AR £ A B B .
25 R I B WOE Az e MR UBN@ZIF B, Hif
ST AP EF 90% LA - 1R W I 2 T 565 10 g ff
A R RS 25 A B B W B R B 2 1
WFFELE A, MOF 1R 22 U W B — 10 BEE O 27 v i) 8
B I ok A R T AR/ 4 1 i Hh ik
OGS B SR SR 5 B B TR
ANgE4s  fLIB N BEU G 2 1 2% B BH 28 1 4%
MIE . K5 MOF ABHR M 8 7 /5 i B A ik
REFH R It

Table 5 Regeneration Method and Cyclic Stability of MOF Materials after Adsorbing Rare Earth Ions

P27 R R B S W BT % TERD B 7 R Ref
iy A1 ZIF-8-TBP 0.1 mol L~1 HCI Dy 53K/80.0% [35]
2 fi% % MIL-101-DGA 1 mol -1 HNO, Eu 59K193.0% [67]
T ik K Zn-BDC MOF/GO 0.1 mol L1 HCI Sc.Tm Er 47%/82% [76]
T ik Ui0-66-COOH-TETA 1 mol L-1 HNO, Yh 51K/89% [45]
2 i 0% MOF-808-DS2 0.5 mol L-1 HNO, Yb 5%/91.92% [71]

RGeS U6N@ZIF-8 W Nd 3YR/>90%; 55 4 R R [58]
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