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Advances in adsorption of rare earth ions by agricultural wastes

TIAN Changshun, SHI Liang

(School of Resources and Environmental Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: As rare earth elements (REEs) are widely used in industry, it has brought harm to human health and

ecological environment, which has attracted wide attention. Compared with other traditional water treatment

methods, the adsorption method has many advantages, such as better effect, simpler operation and lower cost.

It is one of the most promising technologies to eliminate the hazard of rare earth ions of wastewater. The

adsorbent for agricultural wastes is cheap, for agricultural by -products, and some agricultural wastes have

large adsorption capacity and fast reaction rate when adsorbing rare earth ions. Research progress of

adsorption mechanisms between agricultural wastes and rare earth ions, the adsorption models and adsorption

of rare earth ions are reviewed in this paper. Meanwhile, the development direction of adsorbing rare earth ions

by agricultural waste is prospected.
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pH {4 5.0 B, 42 fil B} 7] 60 min, W B 550 A 55 43
B354 0.25 o/l K 2 ofL ik %F La (T11) ) 5 K W i
R 171.20 mg/g K 154.86 mg/g; FHZEIEK — WK ik
ZBRME TSR, WT 10 KNSRI A K OB i J5 R A T
FRIRALFE, pH 4 5.20 B X La (T11) B4 5 K W I oy
47.8 mg/g; B 21535 A1 4% 0T T4 5 1) B EE B R B0 TR
e pH {E 6.0 1, P9 SCHERIF 52 A5 H A9 XF La (110 /4 ¢
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30 min Ji7, % La(IID) By 5 R W 22.94 mg/g; &
FHAAG #3025 AL pH B R 4.0 BEW B 60 min J5, La
(I11) fie KW Wit h 28.65 mg/g. SCHR[60]% HE 34 Kz i
TP U, B N TN, RN 1 em. SR 5,
W IR B R AF 60 CRIKERE T T 24 h, SRJ5 B A
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Pt SCHR 25 R G0 i, Ce (T11) MR BRF A5 oK > H A
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5 1 V8 Al B W B K S W T Ce (TDD), BFSE 4G
F W] Ce(111) 5 La(I11) By W B fe A pH {EAH A R 5.0
B, 5 BRSP4 Bt () A 1) S 60 min, W8 B350 A9 f 43 A
AHTA A 0.25 ¢/L, Ce (IID) A f5 R CE 2 159.30 mg/g
L La (10D AW Al /DN, 78 25 B A BE R TR e S
R ARG B2 SR AR pH (EA 5.0 B, 32 fl st ) 60 min, W%
W6 39 119 e A FH 0 910 R 0.252 o/L BF Ce (TIT) B 11
R HR 162,79 me/e.
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It 5 96 M e MOG He, 7E pH E R 4.5 I, FZF R R
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B¢ 84 mefg. WAL B 1 T 7 W 2 I TE TR, 4R 5 ik
A 60 CHIF R H 3 KZE 4 KM, M5 R e it 4
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FE. SR A6 225 GA (IIT) A Nd (11T) 45 5 & A 1E
F2 fl J5 B AT S min, W R 58 BOL T35 2 100%, I 1
60 min PIPRFEAAE. 2008 16 22 Gd (T0D), BF5E
KU EREEENREES BB TEG T REERE
FERVEL. BRI, ST Nd (1) 2Rk, AN & 305 5 7
g hlRE EEMER, WS E 2L LA
e Nd (111) 9 25 4 b ke & 22 /R . SCik[76] A
T AN B v B Ok T 4 A AR W e, S
Yo 25 SR, ZEW R AR pH E R 3 Y IR I VS W e
Sm (I11) fz KW B 74 90 mg/g, 7€ pH {4 6.5 3L
PEVE W 6T Sm (T EA7 5 5 i W B 6E 7, Je Rk
Fff 5ok 350 mg/g.

25 b, B AR AR 5 W B A - I
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H R B A Ml B F 0 e A 1 A A e (R se s M
M N A ¢ ) 55 22 A B T K SR 2 (Pl Bz BT A
B ) RER At AR Ml 15 5340 WA B0 50 W B K, A= W T
ris T, S5 AR, T 7K R R WA A Y- b ) . A
I AT 2 & AR A X R S A AR 475 ey B
T FH SN S RN | R SR A8 SR e A A e A Ry R o
Mok DR s RIS Y ROR. Q7R Lk
K5 Y b B e B B 96 T T AT 3k R K
TR | BRAE (AT 1 25 RS T A SR Rz AR Ry R o
L, LA TGE =R H Y. @il 221806 2= A RS 8
KR Bz O ) B AR P, SR Bt JE R AR RE S AE AR
TIE S MR T T, W B A R
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4.1 WMWERZ HNNERBRINFRE

W B 5% i 28 TR A7) S T = 1) 23 B8 B A X
A7 55 R AR Y SO, = 0 A R B 5 4 ]
1. FEAME S I 1 AR R, B Langmuir
75 F A Freundlich J7 2. K 5% 3 il i 5256 0F 58 &
L o 45 R R 4G L ME A LR 2 B, SCHR[ 1970
B 45 TR R AR T AR G U 4.

W BEE 5y 3 27 BF 5 2 i ok AF 5 4 AL B, SR R
b 2 d A BN SR AF Y TR B ) 2 AR A Y
P51 I BRI A AT B 1 3 AR A o e AR, SR HECHL )
AL N R R H EE N TR
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Table 1 Influencing factors and application of agriculture

waste on adsoption rare earth metals

HLET o TR AW B R A A W A 5 ﬁ?&%ﬁ ﬂ)/wﬁ?@} SRR ZE%
pH & /(g1 W /K WA /min - /(mg-g™) 3k

La(III) Va Al 5 0.25 / 60 1712 [29]
La(TIT) EfI JEF 4 A 6 0.2 323 180 160.2 [30]
La(TIT) RN 5 / / 30 22.94 [32]
La(ITT) e e 1 E R 35 / / 60 175.4 [63]
La(IIl) BT B¢ 7.2 / 298 480 120 [68]
La(Ill)  HEAEw» 4 / 295 360 11.88 [58]
La(TIT) RS B2 5 2 / 60 154.86 [59]
La(TIT) I 5.2 / / / 47.8 [70]
La(1IT) a4 4 / / 60 28.65 [72]
La(1II) EIRE R R 6 0.2 / 180 166.6 [71]
La(TIT) Tk 6 0.25 / 180 76.9 [71]
La(TIT) iR 6 0.25 / 180 100 [71]
La(TIT) 953 6 0.25 / 180 125 [71]
La(IIl) TR i R e 4 0.35 / 90 412 [60]
Ce(I1T) P Al 5 0.25 / 60 159.3 [29]
Ce(IIT) EARNLE 5 / / 15 17.24 [32]
Ce(Ill) &AL 4 / 295 360 12.57 [58]
Ce(TIT) HER B2 5 2 / 60 162.79 [59]
Ce(11I) AR - A3 4 / / 60 32.05 [72]
Ce(IIl)  BlMELrpsil 6 / 293 85 109 [49]
Ce(IIT) FR 6 / / 240 180.2 [50]
Pr (1) TEWE 6.63 / / 480 1.225 [61]
NI E &R 4 / 295 360 16.74 (58]
Nd(111) SALETE 2 5 / / / / [75]
Sm(IID) AN ALY 6.5 / / / 350 [76]
Eu(1IT) 2 2R 4.5 / / 60 145 [51]
Gd(IIl)  ZiEEEE 5 / / / / [75]
Gd11) R 5.2 / / / 47.8 [70]
Ho(11I) SALETE 2 3~4 / / / / [74]
Er(Ill)  FASEid Rk 35 / / 30 250 [67]
Er(I11) LA 2 3~4 / / / / [74]

)R SCHK P A UL AR AR T
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SR N Y #sh J1 %% 5 2 (intraparticle diffusion
model) F1 Elovich 15 B #5173l 1 244 8.

I E RIS B IR RE (AG®) K4 (AH®) FI
(AS®) 5512 SR B AL 7 FE, 2 B9 W BE A
AT R R ECE M. A AR (AG®) K& (AH) I
T8 (AS®) X 26 2 R 4 it 1 5 0 B 3 A OC 1Y 1 A7 g
AL E T B
42 BmIBEFHRWEFYRMERFRIRK

SCHK[29]38 1 7F B 8 Langmuir Al Freundlich
SRR A, G5 R La(111) A Ce (111) 7E PG Al K2 I
B I B 4R MR B AF A Langmuir S5 8 B AY; R 1 —
20 N TR RS Y Ok SR AE VG Al e W B A AR Y Bl ) 2
SEREW], ME PR e iE SRR 2 R e R R T
A= Wy R Bl g 2 S TSR AR S EU(AGe L AHP I
AS®) A3 AE 20~50 CINF, MR rT AT A | A & B AT
AR, SCHR [30] AR IR AR B, AHSC R BUE
(R*) iR 221H (SSE, SE, RMSE f1 APE%), L3 5 Fh
F LR (Langmuir Freundlich \D-R isotherm .
R-P model Sips model), %55 Sips isotherm ¥ £ &
B[ RE B8 AR XS La (T1D) W B 491 1) 4 34 s R ME — 2R A
T G RL R R AE B R B R Wi B 3h g o, 4
R, ME— BB S S A La (110 4 8 B 1 1)
CR/L I PSR TRUR Wik ey o - MREI ) T N/ 3 I U
FEoe H AR AR BEFLIY, ELAE 50 CI R B
KA K. T SCHR[71]5 SCHR[30]45 H B 45 R A TR,
HANH Freundlich &5 i £ 155 AU 05 £4F & B B 45 R X
L (TLD) WS¢ B4R PR B 48 348 SCRR[32138 5 155 3 A A
(Freundlich ,Langmuir F1 D-R isotherm)%5 58, 41
FARR 555 La (TT0) #1 Ce (TT1) (4 W2 B 7T A A Langmuir
SR O MRS AR AR BB 2 AR E R Y. ST
HR[63], TH545 2R 52 16 M o B La (1D A1 Ex (111 AT
FHHE AT A, Langmuir F1 Freundlich 854634
AT SRR La (1D A1 Ex (L) 7E A7 52 16 Mk 119 55
Wz B, SCHR[68]3E 1 1154, Freundlich ¢ Langmuir 55
LAY BT 5 0 IR R B La (TIT) 3 72, v — A5 Rl
T G A AR O S R Y Bl T 2. SCHR[S8 1R FHHE— 2 i
TG JORL N ) J1 % 5 #& (intraparticle diffusion
model) Fl Elovich modeld F AR5 T Fi + 5% F1¢
W S A AR R RN B 27, SRR W i
AE T 4F (¥ F 7R %) La (I11) \Ce (I11) Nd (ITT) i1 95 Bff o3 2.
SCHR[S9PR M Langmuir Freundlich Fl D-R isotherm %5
T A R BIF 58 1 Rl W R AT O, &5 OR BoR
Langmuir 1 Freundlich %5 i 28 155 784 5 52 56 K 4 # Wy
B, R WE— S E G B B g 2 R AT T
R, SRR, A5G OB AL 7R DU A AR [ 1R EE

T, M TR R AR A A R RE (AG®) K& (AH®)
FG (AS®) T2 240, S5 F W, La(1I1) F Ce(111)
TN B b B W B 2 — > A R R IR G B2 SCRiR[70] %
H Langmuir fl Freundlich & i £6 B8 A JE 47 1 5L 5%
I3 AT, FIAHSC R B (R?) X iX 2 R B 34T T LA, 45
SRR 2 P AR IR RIS B A A T Gd (TID) Y K
T La (IT1) 5 W B A& A F Langmuir 55 5 28 (4 Hf i
CHK[72]H Langmuir Fl Freundlich %5 i £& 4 14 W fff
R, 45 R WoR Langmuir 55 265 S50 5088 W) & ¢
Ul R S HO TR R, R AR . AR
(1. SCHRI601H T 7 fiff La(TI1) 72 2 Fiz SR - 1) Wi B
LB, SR 4 Fh 55 3R £k W B BE Y (Langmuir,
Freundlich . Temkin isotherm #1 D—R isotherm) 43 #7,
45 WL 1 78 AT ] Freundlich B¢ Temkin isotherm 4%
LW ALY e s SR FHME— S 1 4% MORE N HE
Boyd s #5 84 %f W [ 2 73 27 64T 1 BFSE, 5 SRR B
B2 v — 2 sl g s P B SCHR[49 18 i #A ) 2 2
RBOT A5 R R VISR LI AR MR X Ce (TIT) M i i
AT, F Freundlich Langmuir #1 D-R isotherm %
T 2 5 T A I B TR 45 R R T, MR AT A
Langmuir 5 il W B AR, SCHR[50]45 SCHR[60]4H [F] >R
F 4 Fhgly Jy 27 KO8 o3 B W B 8l g 2, 3R B — A
TR A 22 3R W Y 30 0 2, SRR BGOSR Ce (TID)
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Table 2 Isotherms models and kinetics of adsorption for agriculture waste on
adsoption rare earth metals
W o 551 [ A5 T 2 A EibEd e 5% 30k
VUil La(IIT), Ce(IIT) Langmuir pseudo—second—order [29]
EJJ B B R La(TIT) Sips isotherm pseudo—first—order [30]
AR/NIRY) La(II1), Ce(III) Langmuir / [32]
R 7 % PE AR n La(1IT), Er(III) Langmuir, Freundlich pseudo—second—-order [63]
WCEAT B La(111) Freundlich pseudo—second—order [68]
A La(IIl), Ce(111), Nd(III) / pseudo—second—order [58]
MRS B La(1Il), Ce(IIT) Langmuir, Freundlich pseudo—second-order [59]
R La(1Il) Langmuir / [70]
TR Gd (1) Langmuir, Freundlich / [70]
M4y La(T1T), Ce(IIT) Langmuir / [72]
ENRE SRR La(111) Freundlich / [71]
5P/ TN La(111) / / [71]
iR La(111) / / [71]
9.3 La(1II) / / [71]
TR La(1I) Freundlich , Temkin pseudo—second-order [60]
[UEcRARVN IS ) Ce(I11) Langmuir / [49]
E 5 STy Ce(TIT) Langmuir pseudo—first—order [50]
e ZF AR Eu(11) Langmuir pseudo—first—order, Elovich [51]
THEW R Pr(11D) Langmuir pseudo—second—order [61]
ST 15 25 Ho(111), Er(111), Nd(III), Gd(111) / / [74-75]
A2 A 4 g Sm(III) / / [76]
7 FARAE SCTR P A DA R 4
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] B R L, (EAR IR AWESE. 7245 AT AT L%

LA B0~ AR E M A BIL AR B, 2 Tk ) B g
A8 5 .
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