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Research progress on preparation and adsorption properties of
modified layered double hydroxides
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Abstract ; Hydrotalcite, hydrotalcite-like compounds and intercalated hydrotalcite are called layered double hydroxides (LDHs).
Based on the analysis of their layered structure, the preparation method of modified LDHs and their application progress in
wastewater treatment were reviewed. The preparation of modified LDHs mainly includes coprecipitation method, hydrothermal and
solvothermal method, ion exchange method and calcination recovery method. The coprecipitation process is simple, the condition
is easy to control and the synthesis cycle is short. Hydrothermal and solvothermal products have high particle purity, controllable
crystal shape and low production cost. The reaction time of the ion-exchange method is short, and the LDHs performance is
adjusted and the layered structure is maintained by accommodating different anions between layers. The method of calcination
recovery uses “memory effect” to realize the reuse of LDHs. Magnetic LDHs has superparamagnetism, which can quickly recover
the solid adsorbent. Modified LDHs have high anion exchange capacity, good thermal stability and large specific surface area,
which can effectively adsorb and remove heavy metal ions, organic pollutants and inorganic anions in wastewater. Modified LDHs

can be widely used in catalysis, adsorption, medicine, flame retardant, ion exchange and other fields.

Keywords; layered double hydroxides; modification; adsorption and removal; wastewater treatment

7K B4 (hydrotalcite, HT) XHr Ny B RN A MY, B —KEFGEREMWHWAE TR L+, 5KKE
A JEEKE AR K A28 (layered double hydroxides, LDHs)

LDHs f21 iilst 4 [ Mgi " AL" (OH),AL,- mH,0], Hi A™" IR CO3™ \NO; %R EPIB T,
Mg’ | AR Ca®* | Cu®* 5 Cr'* | Fe' " 4Rk 2 5HARMINY M B =M B 7R AR, I B

1% H #A: 2020-03-30, f& B H #A:2020-05-29,,

ESWH: HR HARR RS H , 45 21577048,

FE—EEEN KI(1998—) , 2, WEWIFRAE , FFF T KI5 il Hi AR . E-mail ; zhangshuang0107@163.com,
BEEEEMN:EAREQ91—) B, i, 2082 184 S0, 815007 17 35T BEM Bl . E-mail : chm_yanlg@ujn.edu.cn,



2 O B R AR 27 %

B A RITTR 4 LDHs #85 ,
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L5 T Yk S B A — ], B R S VA T RS /53] LDHs™ . 4J8 B TR A e ) IR
AV B AT pH IR A R AN B S5 2 LDHs fy A iR i 5 kAR X S 45 4R T LA SZ X LDHs
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1] B FE A L 5 5 2 4 R R A2 R TR AL R A B Fe, O, A= 4 5 S Sk, SR FAFL VT IE
¥l % T &%) LDHs R A &40 . LDHs REE 4 FHRH & AR K M(NO,), (M =
Mg’ 8 Zn*" ) 5 AL(NO, ), %W LA &% NaOH,, Na,CO, IEA T IMABIEESR 60 CHEMWK KB+,
S I B AR IR AW pH MEIR R 10 4, ik 12 h, RN T e)a, i E R 6 h B
A5 MAI-LDHs, X $t48fii5f (XRD) \ZLAMGi% (FTIR) (94 Ha 8% (SEM ) 25 R AE 45 5 2 B 1% 7 i
%y LDHs 57 RUAF , SRR NI ERGEH L 10  EFE BRI TR R R EDTA \L-2F R B IR &6 )2
], T R AR 2 TR A U ] 4145472 LDHs , AUR B T LDHs f i fAZ5H) , A T BN A%
HHER, EAF TR EEZE LDHs £RBKH 5 RWIEE S . Tl Fe,0, 3R, RAITRES
EA BE T 45 ) Fe,0,@ MAI- LDHs (M = Mg®* | Zn*" | Ni*" ) , ¥E4#4%5 LDHs &A% # FvE: R
FIFE T b, 38 B A T A8 AL 1, {5 45 b R 58 A BB B P B Hh B VR 4 85, A R T R [
q&[lS—U,lQ] .
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TR BT R i BB 7 R, — IR T B s . TTE 60 ~200 °C MR S MF T s
JE22, IREUTE K BACIE T 3 Bt 18] AR/ N BB R R 258, 780 1Rk P4 B 645 LDHs £3578 R M0
A= K 38 3o A 5 T L RS e ) T DA SE R [RITE 25 R ~F 9 LDHs ] 155k 4107 o

B Ll Mg(NO, ), . AL(NO, ), FIEUK Bk, RAIKHES R K H MgAl-LDH, 3:3# i
TEASRI T T 38 B XA B RPRAR R T B AR IS , % BLAE JFORL M BE 7 0. 03 mol/L, %R It
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PR, AT LA FIVEBR A B e A S

YRR 2 DK i R RO 8 FR AR SR R 7 1 , 55 7K PR AR [R) 22 Ak A T R P B9 90 3 B K T
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=] B R4 SR R R Bk e 4 Fe, O, B9 72 PN A LDH 5§ LDH-E L7 8B 45 & B T B A BLt:
i) LDH 5 &0k, F T UMK B s ety ™ )

R PEE AL BIF-LDH 4K 2 & 4R (MGL) i £t s BRI 2 B . fi 2 7T, RA—#
VAR Pk 4 MGL [ LIRS BR N . 15645 2 g FeCl, -6H,0 M1 6 g NaAc-3H,0 ¥ F 10 mL Z i 5
20 mL Z ZREM A WL A, FH% 0. 8 ¢ MgAL-LDH #1 0. 05 g GO 43R @ 5 iL W % F
15 mL Z B, BJa s TAERTH & AR+, BEWSEHBE 100 mL K2, 1F
200 °C R/ i 8 h, K38 f B E A vedk . BT, BFE . 5. I/ XRD, FTIR, BET, SEM, TEM,
EDS, XPS, VSM #47—RFIFAEF R, #14H MOL AMUEAHRMRENE, T HA T8 SRS
FHELRE FO T, ELRERUAE] 78. 07 m’/g™
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Fig.2 Schematic diagram of MGL preparation process
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LDHs £ FEZRRHEZ — , & AT LUE i 78 2 8] AP A0 [R] B B 1ok R LAk BB, TR T T SR S 1
AWk & BA AN R R I B 7/ LDHs o 81 5S35 S s 18] 4, 76X J= (8] BH B 7 RO B0 Amp 28 2 1T
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Wei %1V if 1o B T 384k % 45 BLAT ) LK R &R H )2 MeAL-LDH 2549381705, RILEA R
[AlJZ ] BE (1. 03 1. 44 nm) ) —Hr sl A4 LF BB R 746 A 2] T LDH JZ 6], XI5 H T EN TR
bl RSLA 1 T 722 1) %8 8] R B T AR RIEUA . Gonzdlez %7 Sg3R FLITIERE & LA C1- 1R 2 (8] B
BT ¥ MgAl-LDH-CL, Tii 5 i A A AR (HA) 385 B 7 38 #A L LDH-HA W5, HR B3 Cu®" |
Pb** | Cd*" RAFHIERRIERE.

TR DUR IO TS A U2 BB ES T NO; ) MgAl-LDH 3 4k, DA+ — b AR MR 40
(SDS) Akt # 1 2 & LDH, P03 Fl— 25 oM vk | B 7 S 4k ARG Jp AR Dk o L A7 i, AR
XRD K FTIR E3& A AT LARGRE DS~ #r BT NO; BEAJRIE], H DS™ ¥ R TEEHHES o

WS BT BN G4 T+ e ARG ER IR (DBS ) RATBHR (Cit' ™ ) & A Mtk LDHs,
R XRD B3 REA—2, i8] LDHs ) S AL B A & 4 k78, Cit-LDHs I DBS-LDHs §JJZ ] BE 3
A i n, 39 Cit'~ 0 DBS ™ 4pHIEAR T NO; .
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KR R IR E R IBR T I, TR SR LA R 724 2 B B TR 7, #L A g2
Jiz” 523l LDHs TR A 1E 300 ~500 C A& f+ T 4Bbe/a , LDHs Fefb o 2R A& )& A k4 (LDO) , HH:
K EHE YIET R R, B E AR R ARG, EHTE AL LDHs ™, R pes B 4 A I
K BEBREAL BT MR RE A ER 4 R . Yao B Gk be B R BN 4 T H Uk
K MgAI-LDO, GBS R K BRK WA ) MO HUBl,

Rk LDHs BT 725 2500 B 7K H S BRRR ISR,y 7853 X — B SR 4091, Hou 2814 R AR bR BB
BFAFBIREHEGORE A FDRE Mag-LDO/C, 3$7k H Cd** \Pb** Cu® " fidR R R & 43313 51 386. 1,359. 7
192.7 mg/g, SERVKFEPE 2R M RBR LB R T AR A R4 1R M e R 2 A k. S
M3 SR R Bk XS LDHs S EAD T , BERAT BRI T AL B, AR KB T X R AL B
BIRRRIA IR RS B35 32 i MR MR A B A 3R, B> TS 5

2 Bt LDHs BNy H Bt &

2.1 BHERESLEETF

TR 4 SR RS T LD A RSB T RIS A RIREE thand A2 R At iy f s i
KfeE . Bt LDHs WM E 48 B T HpUH S 8A TR R A A& A Ve R M B e B e /R 4, T 9
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fLanE 1 i,

miF 1 AT, E R E R A g T e g sl s 9 R %1 LDHs Th BB R R T 22 KR K P
Cd>* | Pb** | Cu®* 1 Cr**  Km4tE MgAl-LDH WL B FE R G BEAT R IEBE IS B R Mag-LDO/C A&
FEEL, ZAPRIRT Cd** | Pb* | Cu’* (MR B3k %) 386. 1. 359.7, 192.7 mg/g™ . 5@ 44k 51
FAE . TR, YV pH W0 SESC 56 500, BT 9 2 51 LDHs WM 4 J8 1 3h 127 SR 4 A oI A
PERE, 25418 Pl 2 AL AL = TF BRI T WM & B B T IR LI,

XRD. FTIR, XPS. zeta Hi{if 2545 5% M : LDHs 3 FeK i LB FHRERN M ELRK
W B3 B R LAY R E WU . 5 B 4 -& JERT R IR 5 B 4 LA, 5 3 T R AT O L1 P
JragEAT T R LDHs IR E 4R B T ROMLER B A 3 TR

X FAEAK F LA B T ARAE B AR R R 77 7 B B T B S e/ PRI B -8 SRR & BLEL , J5 % 248 LDHs
H 2 TR DR R M B Co® SRR O, Cr®* PR I 44 e FE RN IR] 5 45/ 8 LDHs M >
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Tab.1 Adsorptive removal of heavy metal ions by LDHs

R i 4t PRYSIR F/
X ik LDHs I f 5] i mu&rﬁiﬁ W AL
Gy BT mMbrEE pHME  REEE/mn (mggT)
[17] MgAl-CO;-LDH, cd?+ 0.08 . 60 61.4 ~70.2 CdCO, YT ¥E. 3 M B
Fe,0,/MgAl-CO,-LDH  Cg2* U E 300 45.6 ~54.7 R
e % .07 VLA M R A
[22] ;/[ LD PR2*  0.05g 4 180 186.20 o ’ a
gAl- ca2* 10 93.11 e
Pb%* 192.30 N T T
[31]  ®f: GO/MgAl-LDH  Cd2* 0.07 g 5~6 240 45.05 SO A
IF] 0 B 3
Cu?* 23.04
cd?* 240 74.06
[32] Fes /LD Pt 0.05g 5~6 180 266. 60 FE A BRI
" ' . ~ . A~
RS R a2 240 64.66
1t MgAl-LDO/ o % 386.10 SRy (R
[41] gf}:_ Ph>+ 6 120 359.70 ot | ’ a
carbon C? 400 192.70 "
Pb?* 10 333.30 VIREME M. RTEE .
= 1- .05
[43]  52BKE/MgAl-LDH - 0.05 g 6 6 140,80 R E
) < o8 I
(23] PRIR I 32 1k - 20 1847 RG] RIS
EDTA-LDH B A IR JEAE R
_ 6+ 2% A
[24] EDTA-LDH Cr 1.50 g/L 310 . 47.62 HHE KRG REEE.
fi Pt EDTA-LDH Crd+* 32.46 BT R IEER
[21] ZnAl-LDH/TiO, et 150 e -5 e ftEAL B R4
UGN RS i)
[44] Fe;0,~ZnAl-LDH/TiO, ¢S+  0.02 g/L 3 480 WP 5 16 i AR 3R T
SN
[45] EDTA #)2/K¥E A cd?+ 1.00 g/L 6 50 RV A (2 T
[46] MLDH Pb2*+ 240 273.80 A i Al S 8
2+ g RN
[47] Ben-HTle P 0.50 g/L 2~7 3 ~240 384.60 PP f
Cu?* 156. 50 T R

Ak, e A F LDH [ L RE A TiO, MIYBfEfLPERE, Hl45 # LDH-TIO, & & #4 ki 1 W fff-
AR R A ERRIVE A R Bk H i C° 4 TiO, JG ) LDH 1 kHE it AL IR S 5 BR 3 AT 34 97%
ik, @it ¥ TiO, 5 LDH f 45 AT LAk AS W BB AL R, 2Bl T 0 Cr® " By msk R+

X E 2T ASHFSE T MgAl-LDH #1 EDTA %2 LDH %f Cd** Mtk 7. 7EMIRI &1, EDTA
)2 LDH XHAW H Cd** MM 25 B3 5 T MgAl- LDHs, WZfff Cd** f9 FZEHLHE g EDTA 5 Cd** 4%
AAE o Zhang %V F(NH, ) ,S0, *f LDH #4783tk , o3 7t Pb** AYMEMiPERE . Chen 2517 SRFIR &
TR A SR A\ BB Tl vk LDHs, 7T DA ROt E Rk I E S8 Cu® | Pb* T FIekl MO,

Btk LDHs 5 T4 % AR e Lol T2 A F , B4 B EE 1 i LDHs 38 AT DL 7E W% Bt 52 /iU @ 3 b
T e oy B AR AR A, BB, etE LDHs et SRR ES BB F A mAAR ) MR,

2.2 RHEBREVTRY

HHGY R R A ST, B AR X T 5 B UcscE  o Mot LDHs Xt F Ykt &AL
155 B TRIR AR B BE 77, BEBH Ik k15 Y, 70 VA B 24575 Yt b 1R B RSB (48 3, LDHs 2[5 A HLIS
PePEBINZE 2 IR
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Fig.3 Schematic diagram of mechanism of heavy metal ions adsorption by LDHs
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Tab.2 Adsorptive removal of organic pollutants by LDHs

faialid HE
S LDHs W) i e LS
TRy W R/e  pHAE WA/ /mn  (megT)
TEHELL Yk} 59.49
(18]  MgAl-CO,-LDH RIRLLHOR 1.00 2~10 60 37.16 ia@u&%%%&
BAS kL g p 108.00
TEHELL Yk} 97.00
#: Fe; 0,/
[15] %{ﬁl LsD:{ WIS LT Ykt 0.03 2~10 60 253.00 u&zﬁﬁ;;l;fm
gl BRI 92.00 :
ERS } R B2 A
[48] Fe,0,@ (DS-HTle) W PR ekt 0.05 8 60 "
[49]  Auw/ZnAl-LDO H SR 0.002 5 627.51
#l‘ Wl
[50] 3D LDO/CS PEaR S 0.005 310 300 638.63 e AR PR
FRPERE 1T Yot 0.003 150 849. 67 Sl EEAE

FH % 2 AT, Shan %1 SR B AIALITRE 2 S ) 46 t ) MgAIl-LDH 30 RUAT, Sy B0 ) 75 i
JRREEH , LR TEFA N 104 m?/ g, LI5S B LDHs FRHIESGIE , BB A0t R Bk T s 2 BIR
AR RTOLHRLL 3 FRLL YR AR FR & 20 510 59. 49 .37. 16 ,108. 0 me/ g, IR FHLER Jy i HL I 5|
BT
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T EAFTE5REM B8, Shan % Fi| ] Fe,0,@ Mg-Al-LDH & 4 418l £ BRiX 3 Fhar e
B, BRI BB 3% 97 253 .92 mg/g, W BB SRR, 7 30 min J5 K FI P4, T H 2 RS pH (& Mm%/
(pHEN 2 ~10),

Hayk 28I D) Fe,0,@ HTle 49K A9 0 11K, A DS~ h &4k, R FI B Facia bl & A JF DS B
T4 B Fe,0, (DS-HTle) REMEAN K & 1, %F BH S T Yok 0 F £ 15 ( MB) 4 B 47 1 W BT8R, 9F 18 5
B2 S ST AR 4 TR

Zhang %1V Se3E i 3LUTIEME I 4 Aw/ZnAl- LDH, SR )5 5% 58 3K Au/ZnAl-LDO X} MO fy 1% fff
28 At — SRR A MR R B 2

Lyu %) i) ZnAl-LDH ¥ INBRER , R B 24125 104 =4 ZnAl-LDH SRRERIE S 4R, G 20
BTV R 28 G5, RS ) — R B 2 A 3 K A WL A, T P T 0 B PR e A8 A SR 2T bl
2.3 RHEBREHAEF

etk LDHs R HCES T30 b o T 7K A o i T LB 85 115 e 0 0 1) 22 B S, T PRI PR o 28
BEWMR . EHAT, ZEEFFEE NS LDHs SPGB BS 795 Y i 26 IR HL3E 3 B8 T 12 Al B s
IS Bl L I T | BB P IR TR AR EAT] B B W M B, LDHs 22 B8 T LI B T35 e
Y FEINFE 3 BT

%3 LDHs RMEBRENAEFIERL
Tab.3 Adsorptive removal of inorganic anions by LDHs

% W B 4 PSR FHR/
it LDHs W " = bl
BT W AR/g  pHME PR /min (mgg™")
(14] MgAl-LDH Wi 0.10 . 0 31.30 HEL N =
ZnAl-LDH 0.04 68.40 e
Fe,0,@ Zn-Al-LDH 36.90
[19] Fe;0,@Mg-Al-LDH 378N 0.05 3 60 31.70 zqﬁiﬁ‘mﬁiﬁ
Fe,0,@ Ni-Al-LDH 26.50
120] Ce-LDO Wi 0.05 )10 S 127.23 ﬁnﬁﬂﬁékim
Ra-LDO 132.80 BEBTFXH
[51] CMAF # 75.20 SR
(521 MeAFe-1DO % 28.57 “ICATELE” B
s 231.46 HLIRE] BT #He

12 3 A, Yang 251 SR AIILUTIEEE A BT MgAI-LDH I ZnAl-LDH ¥ 5 55U B 52 3%, W
BRI AE B 51 4.1.6 o/L, BiE A B BRAR 1 £ BR R I IR T 95% , J J2 BRI BRAR B8 30 BR300 o
P — I AR AL TR E5 40 1) Fe, 0,@ ZnAl- (Fe,0,@ MgAl- Fil Fe,0,@ NiAl-LDH L FRBERRER , R A B
B2 B, 7E 10 s 2 YAl GG AT s v s

Zhang %V % MgAl-LDH i i3 FEUTIE L R B F 38 S S AW R, REBBE BB EA B KL
FERMEE R E A 2 FAEYR-LDO Z &4k, AR 0.05 g BIATHi £k pH H15FE7E
2 ~10 {750 mg/L B§EREE, 5 min ZRRRENATXE] 92% LI E

FLEMESE R FI K #ukA BR MgAlFe-LDH ( MAF) , i 33 500 “C/Bbe/a 5S4 B 2 A A k4 CMAF,
5 MAF #iLL, CMAF 3 F~ B I LRk B 36, SRR BTk 75. 2 mg/g, JR A 2 Fhig
FHIRR, b — R RN, 5 —FoRIEE MR /26 A8 73 A LDH 3,

TR R T Fe' B4u0F MgAl-LDO W fit Bk I 2 . LDO I R BRAR B R AR 5 SR B
2 R B RGEH , XL MgAIFe-LDO W B 22 BRI BAAR AR BRAR FOHLER = — 2 & F8 102308 /R
F, TR 2 R THIAER . 24 Mg, AL, Fe MR & H 2 3:0. 6:0. 4 i, MgAlFe-LDO X 0B M i 1
Bt
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3 HgipHREA

%tk LDHs BA 5 F6 B e 1 RAF L UAR BRI RE R A A5k, 76 B 25 Bk Fr i e )
HIAEE TS A BRI RIATR . EEEEWT -

1) #il &2tk LDHs RILUTIe T T MR, & SR A, A0 5 T 5 A R 0 2k B vl 2
P ATE , — TG R RS, 5 B 1 SR LN (RIS, AT 7E X 2 (8] B 2 7 9 B0 ARl e AT 2 2 1 [
PR3 LDHs JFUA B RE5H 5 Kb B IR A F “ 92128000 " S¢ 3 LDHs B A A o Horp JLTTHE L Fiok
S I

2) Btk LDHs W3 5 Jm B 3~ MM 32 20 TIUE IO (A5 AR TR Al B fe g AR T 568, T i R
ERTABEAPHESEEF, 0 Za*" | Cu® | Pb** | Cd*" | Ni** %,

3) Btk LDHs Xt TR A LIS R A RGR A OR B BB , REB L K5 3 TEIR B RS Qe R
R B

4) Bt LDHs i FHLZ 8] B 25 1 3 e e RE i R 5 | BB B ST A28 0L A BCEATT B B
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