J
e]'-jﬁﬂj"ﬁ wos otk A2 L 2023 4 11 A

Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol. 42, No. 11 November 2023
Knowledge Web

DOI1:10.7524/j.issn.0254-6108.2023051502

B0, TRIBAE, TKIY. R A ACHITE SRS S IO -5 R 5 L) . BRBfkaF, 2023, 42(11): 3692-3705.

TONG Xin, ZHANG Zhanhua, ZHANG Tong. Application and regulation strategies of layered double hydroxides in environmental
remediation [J]. Environmental Chemistry, 2023, 42 (11): 3692-3705.

BERRNEEUMAEIMEEE PRI S EERE
T v REET K K

CRTTPRZEFREERL 5 TR B, RESRATE SRR 515 PNAE LI %, KH, 300350)

T R PN S TN D o8 8 57 90 S 000 L E N 237 1 e SR G o (R 71K S A a2 S
@, RABEEM RIS JRRONE ALY (LDHs) 2—R KRG UM R, HA RIFH3H
SRR TR A AR A0 2 AT PR, T L Ok A A, TSR TR A, AT e A IR R
BE . HEACRE R FIAR 53 2 7 A B T R B R FH AT 5%, AR SCESS T LDHs MORHW A5 H | P TORT 3 220 i &
Jriki, ZER T T4 LDHs MRHEEE M b i . 9. HEJR . A PLTS R RO A R A T e
Wy R, BT X LDHs BT T AF 7R [T, SR 0BT 1Rk B0 P BE 91 42 SRS O % A of 42 Ji Oy 1) k47
TIEE. R LDHs #1RFA] S SRS 2 DI RERTRHI B A SR AUR A BB A 2, NITIHfESh S (L A
o ARBRIRFAE 7 R L K

KR RO RY, BB, WA, fEfl, PR

Application and regulation strategies of layered double hydroxides
in environmental remediation

TONG Xin ZHANG Zhanhua ™ ZHANG Tong
(College of Environmental Science and Engineering, Tianjin Key Laboratory of Environmental Remediation and Pollution

Control, Nankai University, Tianjin, 300350, China)

Abstract Environmental pollution has become a prominent global challenge, which seriously
threatens human health and ecological security. It is urgent to develop green and efficient remediation
materials to remove environmental pollutants. Layered double hydroxides (LDHs) are a class of
natural mineral materials with excellent environmental compatibility, low cost and flexible
modifiability. They are simple to prepare and suitable for large-scale production. LDHs have broad
application prospects in the adsorption and immobilization, catalytic degradation, and phase
separation of contaminants. In this paper, the structure, properties, and main preparation methods of
LDHs were summarized, and the application progresses of LDHs in immobilizing and reducing
contaminants such as phosphorus, fluorine, heavy metals, organic pollutants, and radioactive nuclides
in the environment in recent years were reviewed. In consideration of the problems encountered in
the application of LDHs, the performance regulation strategies of materials were emphatically

analyzed and the future development directions were prospected. The development and promotion of
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LDHs could provide new ideas and methods for the research and development of environmental
remediation functional materials, thus promoting the sustainable development of the green, circular,
and low-carbon environmental remediation industries.

Keywords layered double hydroxides, environmental remediation, adsorption, catalysis,

regulation strategy.
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LDHs 48 iy J& — 2 fh il IR HL A (9 )2 A FUZ R B 88 A P AL & (LR 1) . Horb, 2 ARG 4
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Fig.1 Schematic diagram of LDH structure
with possible elemental compositions represented by blue and orange cells, the orange cells indicate that LDHs possess catalytic activity
1.2 P

LDHs B A7 R B al Ja4E 0, R m AL BER L R T S R AR A R RUE /Y
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(1 i L 2= TB) B R AR 8 1 A" 2 3 T 00 A, 2 T 2 78 B R G 3R i R 2 PR T S A (LDO) .
LDO 77K H REMS FEK AL A28 K F 2, DT IR A2 RS AS B JZ ARG . M K B2 2800, i] LA AN [
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13 ATk

LDHs )& 8 K WA~ B B, O A, . 7O R rp, al DG i 4 il B8 R e SR .
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(1) LY L —Fh e A S Ok . %76 B e &R B T I O RR &, e e —E
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WAL BE AR SR /D, BE 7= AR RS SS . JLDTgE ik xE A il LDHs BRAR Mo Ao, K
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R P IR A R R, SRS HEAT S ) A R, AR AR B R A 5 AR AIORE . 25 TA S
BT LDHs ARUBEAR A0, FEIR 80 T AR R ATl A o (R oK I A I B0 ), HG/T 5549—2019)

(2) K BGE I LUK S A o5 31 4 J ER 0, AR J s o in £ 07 20 280 v v s A A PR 5 8 il o
LDHsPY. %07 3 7T U8 SR | TR 7 ) AEURELE, mT DU SN R 25 FIE 25 69 LDHs. (Hi%
7 el g S SR B Y R A e

(3) 5K BGEA L, DIRCE 0 PR T IR A J 1 5 Bt ). RS2, i A B 8 min Jr 3
LDHs 19 i AL BE 5 7K FAA 3] 24 h fieds ) b AL BEARBLCY.

(4) B 12k A LDHs #9513 4 ik ] LORE H AR B B 5 2k 4 21 LDHs J= 18] . Gl , 2119
PRy 2 L g, SPEAR DN, SR BE T b ),
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Fig.2 Various synthesis methods for LDHs

2 LDHs M RERE LSS P EI N A (Application of LDHs in environmental pollution remediation)
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2.1 BRBERRR
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BURTEHLAS ), HEREE SRS A (AR | pH., B Fom 2SR ), PRI T3 2675 Y iy 256 FAT PR

1R GE W BR W B AL UUTE . B L A3 5 . r Ak 2= A5 7V SR AF TR A BRSO AIG . Ak B AR
F VGRS AE AR A, TEE G . R A AR B W B IR, o B A DOTERY
TR BERCRAR, BUCREYMELL RN, AL 2 T, LDHs M4 R BR B FBR 360 1 45 32 el 2 30, A
#£F: (1) LDHs #A BAR M R A, ML TEULE m> g ' AEPL X WA B4 T KM RS
A5 (2)LDHs JZ MR b =4 B 7% A0 B 25 7 A9 Rl A U 25 7 AR A Y E HRL AT, 75 24 AR
RV, A R Ay R BB R RS 1 ) BRAEURA ) (3) LDHs 7 /8 pH (N RKIR BAT mide g 1, AHAL T
AR 8 B B R R0 S i 1V gk SR 0 ) )

IR o0 28 X0 B . #AY e R0 T, A AR - OPE 9 LDHSs, AT DL 3 4R R BR B R BUAE )
Chen 5T N 5104 15 4258 2of L0 VE 48 7 % 81 (La) 9 =JC LDHs, BRI T8 5 MIBRIERE. LKA,
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H La 51 A LDHs J2 [8] 1 BE 4% 75 2 8 A2 00 B o 2008, g FH B 3R] 38 B AL 35 00 )= () =5 ) fR0F
LaPO, W 1, [ s RSP 2800 9 20 17 SR 35 P %ok R B sz oz B89 AN RS2 Wi B9, 5 Oy LDHs 7R 35858 75 G4
SR IR L T 2 R REE . AR GE BRI L T UUTEME I BRBEC, (X T LDHs 1015 , BR# s Honl
YRR G RERNE, T 00 R il Z i 3R A9 100, A 2 00304

% B A4k Adsorption materials : {4k k1Rl Catalytic materials
BT A
Anionic e R :
pollutants Electrostatic s Kik FB%% i CO,, H,0 o
W44 interaction Host anion R 2
Surface complexation @3 Or an ic
S H-O- e RS : pollutants .(
4 aiéA Anion exchange i

HEBEHT
Heavy metals A OH
RS
IF] 5 B4 Specific 5,0, .o
Isomorphous ’ binding
substitution : Fenton & i
AIRFHE T emon s JefEdt
Host cation Fenton reaction Photocatalysis

17k 43 B #1B1Oil-water separation materials

AR A

Oil-water mixture

HARIR A K Water

Qil-water mixture

gl
Qil absorption

S BIRR W2

i Separation membrane Modified sponge

B3 LDHs /KU Rk 5B bR
Fig.3 LDHs as adsorbents, catalysts, and oil-water separation materials
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FURT, A GEme B, Al TGPk . Wl A 7SS R E 8™ 2 T T B G a5 e MUK IR 1Y
5. BRI, T3k SE IR R ) HAT A7 BIR A0 8 B A57 5 1 B0 — P R ALY, DR IEEAS BE T J I Bl e | 7 i
FIREFEVESFZOR . AL Z T, LDHs U n] 38 o 22 b bIL i) A 200 25 B3 o <6 s 1 (A &1 3 s ) B #0. )
T, % 4w BB -, A A I H AT 9 LDHs R DLE G e W | B R 1, T E A B RS ag e A B
Cr( VD #1 As( 1) 45, LDHs i 1] LUF IR 5 A i 2R " A LR E S R & . W THEE R
PR 7, SR 255 A2 DT e /2 AL . i T LDHs th &4 Rk, Wity T 5 E 4R
B IR AL A5, TR J 4 8 45 G W A S B AL I D0TE ™. Ak, LDHs Hb i1 S B4 057 s R0 7% 14 2 Al 20
JEAEBS SR CACT) . NiC D), PoCID) 558 7 A B £ PE By T 2c ™. th TR 8UE, e R T A5
FHOCRERI, TR AT LA S B o 3 Ja 5 e 3R A I A A2 0. SRl [m) ' 45 4 P 9EPR 4 LDHs X% 4 J 5
THRyHERE L. BeHh, LDHs o] DUFI B 2 32 e P % 1k 2 75 L AJZ ], IR0y 75 4
J AR S s S S I R B T R BR .

EAEk, 48 A PHELL (MOFs) | LA HIAESL (COFs) | Ak A A4 (GO) it I 4 8 B/Ak L &9
(MXene) &5 H7 24 A1BFC RS T 8 G Jm B 7 2Bk . SR, A MUAE B8R R B9 Js0RE 25 A LG
GO 5 Zfdi FH 3R R AL, ) # MXene 5 ZE60H] HF ¥ 3% S RHR 1 R B il 512050 Al e AR
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Wil e 3, O BeATay w85 niA &y . ek S, B ok RS A . A2 R, LDHs BA il &
J7IETRAE AR TR A A . BT, Be e A AT & ) i di AL B 25k © 58 8 T LDHs /9
FEAVAL A B, HAETL S0 . IR S S T 2 40 pm LR, Mk, LDHs W B R E K R E 42 i B8 1 R
AT 4w V5 Y ya B T HAT T A R R A
23 AHLE YY) EBR

R, ZH05 8% )RR AR NI T A A R AR A LTS Yl DL A i, AR
RGN EGBUR, B NEFAVER RGN ok B . W Bk sl A R g 2 5 R A LTS e 2B
HoR . LDHs PAUH AR 09 25 09 FNE 5T AT DL AR 25 oA LTS G40 B g B 500 =2 A Sy W B4 541], LDHSs 1Y
W 14 RE 5 s g SR 3 AR G, B L L MR R pHL. W R0 R o L 2 kst ) R ) G YR R S R 6 el O o
PERE = A= 5200 . 5140, LDHs Xof 17 4 21 R0 SR 21 1 Wi B £ il 2 0 B8 s T 35 hn, 2 i T2 & MR S AL
MG AN 1 AR L T S 805, (KR pH i1 e AF LDHs 175 Y8y (1) F far Jag 14 2 5 i) — 2% 22 [a] 119
W AR, AN, A4S pH {EL R, 1E A7 % LDHs 55 £ FLfar () 0LSE0 25 R 40 30 o 7 vl 5 | ) 7= A ek B 1) O o
/ﬁ;}:H[S‘t]_

B TR RF5R), LDHs 38 0] LAAE 2RSS b S0 AL 8 LTS Y 0 B A A A BR(E 3)
48 () 2525 52 W, B DU L B AR AL HyO,, TERR T 25148 T A RB A # HAR AR 05 1, T 2ok vy sl ot A1 1
pH B AR 23 AR A AL 0K, X BRI T HAEAR R PR ST (90 G . Rl 43 )@ B 7 — e S T

EIRETHIT M TR0, A8 HAMAERS. I pH b a8 A Al TR R 4R Pk, A4
PG P 4800, LDHs AT S5 F RS RE, BEAR T & )82 R b4, LDHs &) 5 H A bk Canek 2t | 2 5
TRFIRE A B M SR A AR, RT3 S e o L S P R A 1 R

LDHs MG AL R ZE A LT3 Ye 9 0 64k 25 Bk v 8 12 i S5, 4 UL A9 4 CuCr-LDH., ZnTi-
LDH, ZnFe-LDH %%. i1t 4% LDHs JZ M I 4 J& 55+ 5o I EC Lo, 50 A4 86 28 T A7 78 B8 7 BRAT B i 19
HLF BB X IR, M AR A5 ek tEfe . 5 floG Ak R L (&8 ik . 2 AR &1L %) . MOFs,
COFs), LDHs i AL AT LA T Pudi il ¢ T2 i, s, RHBLR A Ve AT 25 5 5 ik
S A | B8 T 2 I IR 1) 45 7 v SR VR T LIRS L SR RN R TR R, RE VR T HOGAR AL TR ks B IR Y
ORGSR RN M, RS 7R AZ kL . SRR . S A FL AU 25 A AR A 1k, B T ORE AR A i
AR

A2, LDHs HA AR i 1 52 B g FANMEL, 7T LA S W BR300 L 2S5 Ak 700 A i Ak 0 A LTS g
YW B S5 R . BEE ST RO IWIR A, FRATTARAS LDHs 76385547 AL 15 Y& 52 40dek it 1y FH i ok 2 o
.
2.4 GFEREE R

il 2 A P T ) 2 R FNNE P, S 1 A P D ™ A L 2 A P 5 e 7 B R R s S
1% 2 T R Bt 95 RN 17T A% 28 ] 161 9 SR A K T, 28 IR0 R AN (i R R K B T M A .
TR A A 2 Pl A I REIE RS [F] 52 0 AH , DRI EC AR S5 v 0 2 Ak R A7 AR A RO o
P, S5 G B R T E IR BPRER O FE A B 5 e (R L, W Rk D LR PR AT AR RIS
AN TR Z KENEARFE. W, AR MRBAS . SRR TP 00 W A4 kL= B e B9 i
P 2 —.

T G 10 MR B A R AN 286 £ L T PR AR AT AR AL RB RS ) — 2 WL R, (HACRAIR . A8/, 1R 22,
AR ME T W PR TS VA A R . IT4E 3K, GO, MOFs Hil COFs 2548 T FiE 57 W 51 1 Ak 2200 58 5 % e
FE RS A 2 25 B D T I N AT A S . SR, 3k S IR B R A7 A — e SCHE PR, B4 GO T B XK
TR SE L 5 Y, IF BAFAE—E A3 . T MOFs Ml COFs 4 il £ 1ot A S B, HLH A 2% 1 T TR ik
PERIZ) T A TTEN S B B . A4S R, LDHs 4E g —Fh a4, | 1 480 L5 il 46 I i S e % 5
BRA RS2 G . R B Tac e, g g . MRS FECALVE N4 Z R VE P, LDHs 1A 2
AUV, Te(VID FT Re( VID) 250 S5 PEAZ 25056 -9 5l 40, Wang %517 3338 T B 3k @LDH i i J2 M 4 4
@ 483 P RRR BR b A6 55 4803 P I [R) 4 R 25 B OOV, A g B 4t 4 0o J 4 LDH W Bt 2 %5 )
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Celik 55! i % 1Y) LDH-MosS 5 i i b I 0 3 | 25— 22 46 A1 3 1o W Bt i) 22 Ji ALl FH 25 B Cr(VTD
(Tc(VID) B ), 4 ANk B ik 3] 225 mg-g !, #4833 CoAl-LDH f¥) 93 mg-g'. LDHs Fa & A9 i 2845
3 it B — 2 Y TR BR B PE BB, AT ] 75 4y SR P K I8 & . Sz, LDHs /E A iU PE#%
RABRAMARL, BA 07 W R TR . 75455 BT, R T 2 00 B AR R T Be g sy 5 ey
FBRBORFIGEBENE, H4 o T L T 3 S S A 257 e R R U S Yy B R A

2.5 JMIKIES

H T, Rl Tl Ak 25 28 55 Y Ut % 82, A i itk J A0 Tl A FILIES SR HERIOBOR O™ 5, 45 2 S B i
BT T E TS Y, O A R R A AR U ). B B A I R AR R R L PRk L BBE . DIRESE, (R
M BHE G W 2 4 A B8 55 (R E TR TE 0 S ROR AT L B A s SRk . AL Z T,
LDHs #BHEAT = B W B e 7 . 35 2 (T PR O P85 1 A G S AR s, TR B AN 2 5% 7K 7= A ks g, fiff
HAE MK 2> B 8 ELA T W B AT 5. A, LDHs AR ) 2 sAS A X 48, nT DLl i 7 2R &
BT AT PR 7, X T i ke ¥ ¥ G n) il BLAT 22 5 S

R G 7K ST AR — A L T AN B TSR E R s B Al AR AR, 2B T G
. FIHAPLE 746 )2 ot LDHs AT LS 35 3 i B /K P~ [A]F, LDHs 895804 oK 4548 1 =F & 1Y)
FN R AT T DA K AR SRR T, i — 046 i MR} R TR B2, AR5 K SR 0. 40, Liu
ST R A A T VK LDHSs 8158 76 R 2L 3T 4 L, T2 BUERAR G Z5 #9 1%) LDHSs SO i) s 7K
FEE 22U (181 3) . LDHs By JZ 9025 H FIIK SR 171 B8 43 A 245 6 (0 25 2150 AT e s 7K 1 R S v 1k,
ANAURT LUAE Sy i 85050 85 i K TR A 9 09 R L, 3 BB 48 DK Hh BE R PR W BfF vl T . b Ak, il £ 19 NiCo-
LDH/PVDF & 5 5 ELA 8 6 /K P 7K T 68 5 I 2 R T oAl B e, 32 22 09 IR T e A R T R gl oK
NiCo-LDH Ry RAR 54518, & A AT LA 3 Z2 Rk FLI, 70 B RCRTE 10 A 575538 99.5% LA
I, HBEE S ARWIIR.

A48 1) — A Bt s ELAT /N FLAR IR 8 375 30 T8 ) S5 48, 75 5y 52 3] 3 TG 14 791 WA BFF AR FL 3% 288 55 52 T 3
BIG Y, SR G S EGE B A BRI R . LDHs AR T FIT & B A Al JE LR A B E B3 FE AR 1)
Y ZALEEK . HIan, Tian 551 & T BT K LDHs 99K A, B 5 67 28 21 R & s i 4 45 28 ik
G2, Bi7K (% LDHs 44K Fr Al LAREAR TR 2 2 1R BRI 35 118 /o 28 TRDREDRS 2, (o0 ol 2 vl 44 EL AT e i 7K M 2
B 3) . e Vg 40 X6 45 Fh A ML SR RS 230 Hh D0 5 B9 B 68 07, T 7K 43 B AL 5158 99.6%, Hik
MR RIH A B HEN 3145, MR ARTE 10 WSO 28 5 X5 A7 HILYES 700 AT 75 i W 5 6 0 JL-F- 1%
AR, WoR TR 0 AR g

3 LDHs Hﬂﬂﬁﬁﬁﬁﬁﬁ%ﬁ%ﬂiegulaﬁon strategies of LDHs)

RECEAREWHIFEHGE T LDHs 7] J T 35875 Yt &2, (H AR S BRI h AE7E TLAS G )
A, Bi4n: (1) LDHs 7E/K W25 5 K A= B, 306 AL s 5 26 A BEAL 3R [0 (2) J5LAR 19 LDHs #4 8}
AR5 G AL R A R, BR ) 1 5 e ) 22 BRACR s (3) TS 2R Y BRI BT v, A7 AE 2 Rl LAY o
MICALES ¥, EAr 1250 LDHs Xf H 4515 ey L £EE7; (4) LDHs MRS B G PERLAIG, BB 18] B4
R, PRI b A 40 P o 8 e 3 00 s A i A 5803 AR5 (5) 1 T LDHs B4 RRRIR 17 5, HoxfE LA
N T KA B S 0 o3 B AN SR . PRk, AT DAGE s — R 300 0% 8 4 T 0 SR et R il e B3R IRl R, I
LT LDHs #1RHTS Y is Z R (5 4) .
3.1 $ETHr

LDHs B BHEAS U B A A~ R e P iy e 3R Ta AR L K Re ok ) B BH B8 - 4 ) 44, )3z g 1 1 26
Boim e i G, A S Zeta HLOZ BRGSO 7, 45 Zr BICHE AR E P, (HJR A —SL e 15
L, A% pH 254 sl 183 W BT, LDHs 2% [f1 1F H oy (9 9/ 25 T SOHUBURE P 2R, B AR 5B 4 )
MR R, 8 F+ LDHs A ORFEY 4350 20 OCHE . R U 1% SR G 455 15 5 0K [] B i bl 0 L 4 e
H 558 B R A LA S5 |25 T AL BHAED -7, 38 o R S AR (R T iS50 . & F R G
A 1 555 ) €02 LDHs UKL (P 4), T LLSEhnas Bl 2 1B A8 A, AT s 28 i v e g s Tl 62 B, 42 &
G P,
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Fig.4 Regulation strategies for enhancing the environmental remediation performance of LDHs

AN, ¥ LDHs 171 38 3] HoAth 5L 5 A4 8L (U0 TiO,. CNTs. Fe;0,. MOFs A%k %) | & 42 F} LDHs
S A RO (B 4) . filhn, a3 LDHs % 2 DU AR A A K 2K, Shao 487 il D& 1l T B AT 1k
RE5H H o342 i) LDHs fiisk . Wang 5577 YBF5E R W], K LDHs 1 483 M0 4% 47 R 1 m] LASE i &2
B W BT U OV Fé 52 B 2432, 26 T8 Fa e 258 ) AT DA s b oRHAS R e 1, R G A AR . X
B AN AT LUA S0 T+ LDHs AHY 3 BovE, 0 mT LB s Hoxs H AR 15 Qe £ BR 303, v LDHs 1)
IS T S T S
3.2 MBS AL

FARE ST P 7 A R0 B S e I B 2 AR AR . TR, 3 BRI 35 i LDHs AR B
PTG PEAL AR T 2. — i) A RO 5 1 R AR (18] 4) , 38 ehedt /Y 07 7 mT LAAS BB SN R B9
LDHs, W4KIF . 9K 4 | GoRERRIGIR ST #0. 546509 1k LDHs A1 b, % #6 = 2454 (1) LDHs
BT R LR BURTE Z TG AL . B0, LDHs K48 UCVD) IR /& LDHs 990K 51 2.5 £,
J3fh—Fhsemt K LDHs ke LDO (K 4), FAIHAE KRR AL, S g, SCBlmsidigias .
WFFE W], B BB BE 0 T, e 46 AU T P B A WA B 5 | 3R b Hh B, PT LA 425 1T LDO X
UCVD) (I B RE I3 9. 55 4k, A £ 52 & MRL, AN 4T 4 3 /LDH. LDH@#k 44 K Bk . 8 IR 0z /LDH Al
LDH/GO “THEMZ A, I LA 203 #L LDHs, B3 5 22 5 A7 a5, KR 32 R 0 15 e ) R BR A0 . 5
U i) LDHs A3 MR A1 LU, 3 28 52 5 b0 e A 48 4 ] A7 18 MRS SE 4 O Tl B A S 4 A A 1 5 5,

R TSR | BBE RN SRR D5 120, i AT AT vk T LASE N LDHs #9520 3 1 07 s ik
fltn, 5IAGRBE LS 1 | 152 8 1 AU S I A D78k, W] LUK N LDHs 26 089 A0 16 P2 5057 it Ah,
5795 LDHs A9 2H Bt AT LLSE e HG S 3 Mo o i AR AL . 4, Zo/AL Rk 4 19 LDHs & 31
HEARIES, HoA f Ry HE i AR, SO i P 7 s B e R IR, 7RG 8 LDHs AR, 75
LB A Ak DR A A R R 445 T 2, A R R Ml 72 o L S 7 i A A5 e e
R,
3.3 SRS YRR

PR ARG G L 75 RIRA P Z [ 28 AE 1 B A A LG, X A4 52 24 36
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Be&F R, B LDHs ARG 15 e i v PR v 2 BRAR T IR . PR, et Al & RE A X B AR5 Y
HA Bk bae h HEA YTk LDHs A1k B— 0™ IR APkl . 0 T bk ix — n) i,
WF5E N SOR 2R T LDHs W £ 3R 10 e, Ak Hhn &8 & 7. BN, Li S48 el T
— R R Z I RE G K AR, BIRGTE B £ 2 e -LDH, BA4- TR Cu( 1) A B T Yu bt s E T g . 3%
JEW T Cul 1) 53R M EREA (WNFREL | BrFedt | W ARG IL) 2 Bl AH BAE FHSEB . 55— TRk oT R,
PRZEDIHEA ) Fe;04@LDH REHE =20 L BR7K 1A MLBERELER ], o, IR EFNTS Y ) Z 181 1) m-n AH BAE
FHAECHE A BALHICY . eah, TCHLIRY B Bt il AKX LDHs BEF 36 mfsit . flhn, B9 A5 H NaAlF,
il £ T 94k MgAI-LDH, 5| AU 1] $2 55 LDHs BB 5 FES %6, A 1) X6 il 5 B B 6 Iz o0t

B T A AL TCHLE RE AT ot o, 32 2l Pt 2 —Fh i IR b SR e (18] 4) .l bk LA 4
PTG Y54 B I S T8R4 T 54 A S LDHs JZ2 18], a] LAS2ERE H RIS Y md ve et £ 165 16
JZE OO T DG I BT ac e ik | MBS EE A VR R DTYE R S (] 2) . 2 it LDHs X5 4 1 2 Bk
B AL 45 6 28 I I . 3 S Ts Ye W i 808 LDHs 2 (0], M5 1 )2 B 1 5 75 Y 1 R JH: 1 s o0,
Kanatzidis [ A 5% 46632 47 58 7 — R 51 & i AL & 9 (40 S* | SnS; . MoS; Hl Mo;S% %5 ) 1 )2 el 14 1)
LDHs. #fi A8 E 7 A4 T LDHs ()2 [RIA R, §7 Kt R m AL s/ g fLiE, I HEsE T X5
e Bt gy . RGBS T A5 S5 R R S A I T X E AR B . &R I AR A
PR 2R A TS Yo W ) ORI B B . (AT R R, BV AR AR MR L UCVD) & 4 DB e
Na'fll Ca*, S,-LDH /388 3 B H X6 U (VL) B v e 45 2 I B
3.4 PEEEAEBEICE

LDHs YA A7 () H far 5 55 R AR, SBOEE S0 808 T EA BN ™ 8. h$E & LDHs ik
W T2 UM RCR, T BT TR . — ROy o 5 A I 2R AR A R MR T
FORM SR A R RS AR (B 4) . WF9E R BR, WL I 45 J& 11 LDHs AH b5 I 45 R i 28 0 5L IR Y
M Bt LA R B e A L SR 33k R A [ R SR 1 = I =2 TR A 2 A0 55— 4 v Y IR AL i ri
FERRE 1 00 7 2K S 4 JB T R (U Au. Ag. Pt, Pd Fll Ru %%) 5l ffi +- 702 (Ce. Tb Ml La %) fili % 752
BB A A R (] 4) 0490 ks oe ARG AT UL i 7, HEA LS R4 BT EIRE . 10, 78 AwZnAl-
LDH 1, 59 AuC ) AEASAR - 135252 3 [ LDHs 2% 1 (4 /8 1, T2 8 Au(0) 4 K J0RE, DA T 48 588 ' A
TR R B I RCRIS. e Ak, 54 @ A + e R B 448 LDHs ™= A fii& W5 A8, 47 A T 1 s 6k
() L =25 7O B 43 B 02 a4, 8 2% To (1) 19 ZnCr-LDH BAT 411956175 S 4000 T 1043 55 ey i
BrEfe, HotMAeeR il 25 2 F504,

ULk, F 2 T4k 5 LDHs &4 7] LA b e e . TR A B ST ii4s, feie w2 i
TR PR A3 B R, WA ) F Ao 200 F RO T2, $2 e TG PR T2, S5 o 4 45 4 A A R e R
K AL HE R B FK¥E 7. BN, BiOCI/NiFe-LDH A e It LDHs EoA 8 = A4 %6 2 1 B /96 fk
WEPEYT. XS LDHs By 541 H 165 5 i 1T LT RS £ BiOCT 0ty o, B L 125 /Xt [
BF, 43 8L R 45 1) BiOCT i kr BE i€ #F LDHs (%) %2 3 7= 28 A i 6Ok A F R . 59 — T 0F 9 3l 4% 1)
ZnS/LDH JGHEALFI, ZnS FH T 5 T4 %) LDHs b, AR JF 70628 i 725 SR A B 20, 340
TXEZ P B R i T .

3.5 ARk s A ORI

BTG YAE G T, — AN 3l A7 A 1 TR 8 2 MR AR A5 15, 3 O T AT T &2 4 ) 3 5 il
ISR 2488 . b —ANJ7 2 il 4 LDHs 2 5 #48.  LDHs #okH5 2k 41 & 6 B 75 Z B 510
(R, L4 =5 LDHs 4Rk 43 85 R IRDCROR . A8 B R e 1 2% T8 LA B Ak 2 P o, e e T AL
LR ME I TESE . Si0,. TiO,. Fe;04. MOFs, # -+ FIiGE A &9 32 i F T LDHs & &b RHK
il (& 4). #i&MESE S LDHs #PEHORL A R E 5 B EZ R E. Fln, X5 LDHs & & # LAY
PRI, AT LAFESMINRG S T SEBREME 43 B, SE B 22 W RTSCAR) 0oL,

H R, BF9E N 5 IEFE R R A T8 AR R0 B TR 45 7 i, SIS 45 & B b 1T BB 2 TR
HEAA B 22 D) Rl = Al 45 A7) S RS A AT A4 5 LDHs MRHE IR BRI N S 19 53 85
AR, R AT A LDHs ARG DIREAL, i 2 5858 F TR FE RS e 5, S R 3 R
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3 A, ATRESE ISR FH SR L0 FH T LDHs AR Eicrf . 32486 LDHs A4 BHAIR R A it 43
BHOR, VR I FAR SR . HETTIZ SR 0T RS [NSCR) F SR W AL A B AR A
N il 5 DO RE P R AEC0 . i, CaFe-LDH M4 BHE = 2540 38 5 Ni(1D) J% /K J , T 1% NiCaFe-LDH i
715 HH B () B AR AT SRR SR CO, I fiE f109,

4 5 RBEE(Conclusion and perspective)

25 L TR, LDHs AORHE I 15 Y852 5 T L 1V 1 LR, HAE e | R IR4E O 5 A AR I
JiE, © T2 0 TS G g B L PR R A K O3 B A AR A IR T R R, (B AR S B
HAAETE Sy SR AR . 5 T IR RME S 25 A5 (. DRI, 41555 E — 2D IR 52 R k45 2R P e TR 458 SR s
LA 42 TE LDHs (W BRI fi Atk e, HESh HAE RSB R h AN & g . o 13— 28 & 4% LDHSs fE R 3
525 e 2 AR RV 1, s AR LR LA J7 s a5

(1)J34 LDHs AR W B A A AL AL O A5 20 12 08, (H B XA [R5 Gy A s i i &, 159K k=
X§ LDHs 2546 P B AR A TR A S3 BT . AR 4 AR R i — 2D AR B [R5 a5 . AL . B TR RpLAS
%) B, LA B LDHs #EHMROC R, S DIREIL LDHs #H8H IT & B8 5 BLA]

(2) HHii, LDHs #4 R Ry il 25 5 2 il 8 2351 & k5 G al . 1 LDHs A4 £ F1 % 58 4 42 05 i,
A 170> TGS AL A i A I, SR TE3E . JoH IR, DAk & e R, sl @ AR g, S
LDHs 1Al £ R 42 50 R A 2 €4 | KAk .

(3) Hiij, & 7T LDHs M BB EE 75 QB Z AT R Z 8 P 7E R — 5 ey ab B SR, PR 75 ek
FETIG 205 R W ITAF 15 it AL FR S A In) @ AR F R 5 22 nas LDHs M EHEEZ &R E A5
e AHLTCHLE G5 A HLE G5 G 8 52 05 T L F

(4) & A 195 90 2 2Rk a0 R0 e 391 (RS0 1 55 1 LDHs AR R A B ZAUR B aF. R,
X} T LDHs #BHE 55275 YA 5 b 905 QAR T HfAS 2, A I i B SE M85 25 4/F T LDHs 18 = AR 1Y
VAL . LDHs B4 5 X0 - KW AR E A s LR A2 I 15 G S0 11 2 (e 1 35 5 T 1) R AR

S % ik (References)

[1] e RN FRBE O 450, 1+ B0, 4+ 3875 J2 R Bl i 2 A 4t [EB/OL]. [2014-04-17]. http://www.gov.cn/foot/2014-
04/17/content_2661768.htm.

Ministry of Environmental Protection and Ministry of Land and Resources of the People's Republic of China. National soilpollution
survey bulletin. [EB/OL]. [2014-04-17]. http://www.gov.cn/foot/2014-04/17/content_2661768.htm.

[2] e NRSEHE A ZSIREEHE. 2021 [ A B EDIRGL AR [EB/OL]. [2022-05-27]. https://www.mee.gov.cn/hjzl/sthjzk/
Ministry of Ecology and Environment of the People's Republic of China. 2021 China's state of the environment report [EB/OL]. [2022-
05-27]. https://www.mee.gov.cn/hjzl/sthjzk/

[ 3] WANG Q, O'HARE D. Recent advances in the synthesis and application of layered double hydroxide (LDH) nanosheets [J]. Chemical
Reviews, 2012, 112(7): 4124-4155.

[4] LICM, WEIM, EVANS D G, et al. Layered double hydroxide-based nanomaterials as highly efficient catalysts and adsorbents [J].
Small, 2014, 10(22): 4469-4486.

[ 5] GU z, ATHERTON J J, XU Z P. Hierarchical layered double hydroxide nanocomposites: structure, synthesis and applications [J].
Chemical Communications, 2015, 51(15): 3024-3036.

[ 61 KONG X G, HAO P P, DUAN H H. Super-stable mineralization effect of layered double hydroxides for heavy metals: Application in
soil remediation and perspective [J]. Exploration, 2021, 1(2): 20210052.

[ 7] ZUBAIR M, DAUD M, MCKAY G, et al. Recent progress in layered double hydroxides (LDH)-containing hybrids as adsorbents for
water remediation [J]. Applied Clay Science, 2017, 143: 279-292.

[ 8] PANG H W, WU Y H, WANG X X, et al. Recent advances in composites of graphene and layered double hydroxides for water
remediation: A review [J]. Chemistry-an Asian Journal, 2019, 14(15): 2542-2552.

[ 9] JIOEPS, YASHAS S R, Shivaraju H P. Fundamentals, synthesis, characterization and environmental applications of layered double
hydroxides: A review [J]. Environmental Chemistry Letters, 2021, 19(3): 2643-2661.

[10] ZHAO M Q, ZHANG Q, HUANG J Q, et al. Hierarchical nanocomposites derived from nanocarbons and layered double hydroxides -
properties, synthesis, and applications [J]. Advanced Functional Materials, 2012, 22(4): 675-694.


https://doi.org/10.1021/cr200434v
https://doi.org/10.1021/cr200434v
https://doi.org/10.1002/smll.201401464
https://doi.org/10.1039/C4CC07715F
https://doi.org/10.1002/EXP.20210052
https://doi.org/10.1016/j.clay.2017.04.002
https://doi.org/10.1002/asia.201900493
https://doi.org/10.1002/asia.201900493
https://doi.org/10.1002/asia.201900493
https://doi.org/10.1007/s10311-021-01200-3
https://doi.org/10.1002/adfm.201102222

3702 7N 54 1t

3

2%

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

GU P C, ZHANG S, LI X, et al. Recent advances in layered double hydroxide-based nanomaterials for the removal of radionuclides
from aqueous solution [J]. Environmental Pollution, 2018, 240: 493-505.

JOBBAGY M, IYI N. Interplay of charge density and relative humidity on the structure of nitrate layered double hydroxides [J].
Journal of Physical Chemistry C, 2010, 114(42): 18153-18158.

GOHK H, LIM T T, DONG Z L. Application of layered double hydroxides for removal of oxyanions: A review [J]. Water Research,
2008, 42(6-7): 1343-1368.

ZHONG Y, YANG Q, LUO K, et al. Fe(II)-Al(Ill) layered double hydroxides prepared by ultrasound-assisted co-precipitation method
for the reduction of bromate[J]. [J]. Journal of Hazardous Materials, 2013, 250: 345-353.

GOMES SILVA C, BOUIZI Y, FORNES V, et al. Layered double hydroxides as highly efficient photocatalysts for visible light oxygen
generation from water [J]. Journal of the American Chemical Society, 2009, 131(38): 13833-13839.

B, AN, BUUEIR, 2. FeMnNi-LDHs XK v As(T) f4W Bi e S ALl (0. (0], FREERF22, 2021, 42((1) 1 ): 293-304,
LIAO Y M, YU J, WEI S Q, et al. Adsorption effect and mechanism of aqueous arsenic on FeMnNi-LDHs[J]. [J]. Environmental
Science, 2021, 42((1):): 293-304 (in Chinese).

EIBY S HJ, TOBLER D J, NEDEL S, et al. Competition between chloride and sulphate during the reformation of calcined hydrotalcite
[J]. Applied Clay Science, 2016, 132: 650-659.

ZHAO Y, LI F, ZHANG R, et al. Preparation of layered double-hydroxide nanomaterials with a uniform crystallite size using a new
method involving separate nucleation and aging steps [J]. Chemistry of Materials, 2002, 14(10): 4286-4291.

R, MG, A5, 55 B2 IOK W A PR R TG U A 7 R B (1], My BAL 242441, 2020, 36(9): 71-87.

LI T, HAO X J, BAI S, et al. Controllable synthesis and scale-up production prospect of monolayer layered double hydroxide
nanosheets [J]. Acta Physico-Chimica Sinica. 2020, 36(9): 71-87 (in Chinese).

OGAWA M, ASAI S. Hydrothermal synthesis of layered double hydroxide-deoxycholate intercalation compounds [J]. Chemistry of
Materials, 2000, 12(11): 3253-3255.

FETTER G, HERNANDEZ F, MAUBERT A M, et al. Microwave irradiation effect on hydrotalcite synthesis [J]. Journal of Porous
Materials, 1997, 4: 27-30.

YAN K, LIU Y Q, LU Y R, et al. Catalytic application of layered double hydroxide-derived catalysts for the conversion of biomass-
dderived molecules [J]. Catalysis Science & Technology, 2017, 7(8): 1622-1645.

QU J, ZHANG Q W, LI X W, et al. Mechanochemical approaches to synthesize layered double hydroxides: a review [J]. Applied Clay
Science, 2016, 119: 185-192.

MI J X, CHEN X P, ZHANG Q Y, et al. Mechanochemically synthesized MgAl layered double hydroxide nanosheets for efficient
catalytic removal of carbonyl sulfide and H,S [J]. Chemical Communications, 2019, 55(63): 9375-9378.

SCHWARZENBACH R P, ESCHER B I, FENNER K, et al. The challenge of micropollutants in aquatic systems [J]. Science, 2006,
313(5790): 1072-1077.

TRAN H N, NGUYEN D T, LE G T, et al. Adsorption mechanism of hexavalent chromium onto layered double hydroxides-based
adsorbents: A systematic in-depth review [J]. Journal of Hazardous Materials, 2019, 373: 258-270.

MAYER B K, BAKER L A, BOYER T H, et al. Total value of phosphorus recovery [J]. Environmental Science & Technology, 2016,
50(13): 6606-6620.

YADAV K K, KUMAR S, QUOC BAO P, et al. Fluoride contamination, health problems and remediation methods in Asian
groundwater: A comprehensive review [J]. Ecotoxicology and Environmental Safety, 2019, 182: 109362.

YAN H L, CHEN Q W, LIU J H, et al. Phosphorus recovery through adsorption by layered double hydroxide nano-composites and
transfer into a struvite-like fertilizer [J]. Water Research, 2018, 145: 721-730.

EVERAERT M, WARRINNIER R, BAKEN S, et al. Phosphate-exchanged Mg-Al layered double hydroxides: A new slow release
phosphate fertilizer [J]. ACS Sustainable Chemistry & Engineering, 2016, 4(8): 4280-4287.

SAR M, MO, R R, S BEERJZIR 4 ) S S Ak X B TR 1 T R P B ke P SR R T i s AR R LR (0] BRRR
Bl 2020, 41(1): 273-284.

WU JL,LINJ W, ZHAN Y H, et al. Adsorption of phosphate on Mg/Fe layered double hydroxides (Mg/Fe-LDH) and use of Mg/Fe-
LDH as an amendment for controlling phosphorus release from sediments [J]. Environmental Science, 2020, 41(1): 273-283 (in
Chinese).

REN C, ZHOU M Z, LIU Z M, et al. Enhanced fluoride uptake by layered double hydroxides under alkaline conditions: Solid-state
NMR evidence of the role of surface >MgOH sites [J]. Environmental Science & Technology, 2021, 55(22): 15082-15089.

AYOOB S, GUPTA A K, BHAT V T. A conceptual overview on sustainable technologies for the defluoridation of drinking water [J].
Critical Reviews in Environmental Science and Technology, 2008, 38(6): 401-470.

CHEN P, WANG T, XIAO Y, et al. Efficient fluoride removal from aqueous solution by synthetic Fe-Mg-La tri-metal nanocomposite
and the analysis of its adsorption mechanism [J]. Journal of Alloys and Compounds, 2018, 738: 118-129.


https://doi.org/10.1016/j.envpol.2018.04.136
https://doi.org/10.1021/jp1078778
https://doi.org/10.1016/j.watres.2007.10.043
https://doi.org/10.1021/ja905467v
https://doi.org/10.1021/cm020370h
https://doi.org/10.1021/cm000455n
https://doi.org/10.1021/cm000455n
https://doi.org/10.1023/A:1009619005529
https://doi.org/10.1023/A:1009619005529
https://doi.org/10.1016/j.clay.2015.10.018
https://doi.org/10.1016/j.clay.2015.10.018
https://doi.org/10.1039/C9CC03637G
https://doi.org/10.1126/science.1127291
https://doi.org/10.1016/j.jhazmat.2019.03.018
https://doi.org/10.1016/j.ecoenv.2019.06.045
https://doi.org/10.1016/j.watres.2018.09.005
https://doi.org/10.13227/j.hjkx.201907174
https://doi.org/10.13227/j.hjkx.201907174
https://doi.org/10.13227/j.hjkx.201907174
https://doi.org/10.1080/10643380701413310
https://doi.org/10.1016/j.jallcom.2017.12.142

1134 B RO TEFREAE 2 v (4 10 -5 9 42 SR 3703

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

ZHANG Y Y, KONG B, SHEN Z Y, et al. Phosphorus binding by lanthanum modified pyroaurite-like clay: Performance and
mechanisms [J]. ACS ES&T Engineering, 2021, 1(11): 1565-1575.

ZHANG Y Y, WANG M L, GAO X, et al. Structural evolution of lanthanum hydroxides during long-term phosphate mitigation: Effect
of nanoconfinement [J]. Environmental Science & Technology, 2021, 55(1): 665-676.

ASHEKUZZAMAN S M, JIANG J Q. Study on the sorption-desorption-regeneration performance of Ca-, Mg- and CaMg-based
layered double hydroxides for removing phosphate from water [J]. Chemical Engineering Journal, 2014, 246: 97-105.

MA S L, HUANG L, MA L, et al. Efficient uranium capture by polysulfide/layered double hydroxide composites [J]. Journal of the
American Chemical Society, 2015, 137(10): 3670-3677.

ZHOUH G, TANY L, YANG Y M, et al. Application of FeMgMn layered double hydroxides for phosphate anions adsorptive removal
from water [J]. Applied Clay Science, 2021, 200: 105903.

LIANG X F, ZANG Y B, XU Y M, et al. Sorption of metal cations on layered double hydroxides [J]. Colloids and Surfaces a-
Physicochemical and Engineering Aspects, 2013, 433: 122-131.

GOH K-H, LIM T-T, DONG Z L. Enhanced arsenic removal by hydrothermally treated nanocrystalline Mg/Al layered double
hydroxide with nitrate intercalation [J]. Environmental Science & Technology, 2009, 43(7): 2537-2543.

LV ZM, YANG S M, ZHU H S, et al. Highly efficient removal of As(V) by using NiAl layered double oxide composites [J]. Applied
Surface Science, 2018, 448: 599-608.

GONG J M, LIU T, WANG X Q, et al. Efficient removal of heavy metal ions from aqueous systems with the assembly of anisotropic
layered double hydroxide nanocrystals@carbon nanosphere [J]. Environmental Science & Technology, 2011, 45(14): 6181-6187.

CHI H Y, WANG J K, WANG H J, et al. Super-stable mineralization of Ni*" ions from wastewater using CaFe layered double
hydroxide [J]. Advanced Functional Materials, 2022, 32(5): 2106645.

MA S L, CHEN Q M, LI H, et al. Highly selective and efficient heavy metal capture with polysulfide intercalated layered double
hydroxides [J]. Journal of Materials Chemistry A, 2014, 2(26): 10280-10289.

MA L J, WANG Q, ISLAM S M, et al. Highly selective and efficient removal of heavy metals by layered double hydroxide intercalated
with the MoS4* ion [J]. Journal of the American Chemical Society, 2016, 138(8): 2858-2866.

YANG L X, XIE L X, CHU M L, et al. Mo;S,5> intercalated layered double hydroxide: Highly selective removal of heavy metals and
simultaneous reduction of Ag” ions to metallic Ag® ribbons [J]. Angewandte Chemie-International Edition, 2021, 61(1): €202112511.
CHEN H, LIN J H, ZHANG N, et al. Preparation of MgAI-EDTA-LDH based electrospun nanofiber membrane and its adsorption
propetties of copper(Il) from wastewater [J]. Journal of Hazardous Materials, 2018, 345: 1-9.

CELIK A, BAKER D R, ARSLAN Z, et al. Highly efficient, rapid, and concurrent removal of toxic heavy metals by the novel 2D
hybrid LDH-[Sn,S4] [J]. Chemical Engineering Journal, 2021, 426: 131696.

DAUD M, HAI A, BANAT F, et al. A review on the recent advances, challenges and future aspect of layered double hydroxides (LDH)
- Containing hybrids as promising adsorbents for dyes removal [J]. Journal of Molecular Liquids, 2019, 288: 110989.

ZHAO P W, LIU X H, TIAN W L, et al. Adsolubilization of 2, 4, 6-trichlorophenol from aqueous solution by surfactant intercalated
ZnAl layered double hydroxides [J]. Chemical Engineering Journal, 2015, 279: 597-604.

YANG X J, ZHANG P, LI P, et al. Layered double hydroxide/polyacrylamide nanocomposite hydrogels: Green preparation, rheology
and application in methyl orange removal from aqueous solution [J]. Journal of Molecular Liquids, 2019, 280: 128-134.

SHAN R R, YAN L G, YANG K, et al. Magnetic Fe;0,/MgAl-LDH composite for effective removal of three red dyes from aqueous
solution [J]. Chemical Engineering Journal, 2014, 252: 38-46.

XIONG T, YUAN X Z, WANG H, et al. Highly efficient removal of diclofenac sodium from medical wastewater by Mg/Al layered
double hydroxide-poly(m-phenylenediamine) composite [J]. Chemical Engineering Journal, 2019, 366: 83-91.

XU Z P, ZHANG J, ADEBAJO M O, et al. Catalytic applications of layered double hydroxides and derivatives [J]. Applied Clay
Science, 2011, 53(2): 139-150.

WANG J, GONG Q, ALI J, et al. pH-dependent transformation products and residual toxicity evaluation of sulfamethoxazole
degradation through non-radical oxygen species involved process [J]. Chemical Engineering Journal, 2020, 390: 124512.

FAN G L, LI F, EVANS D G, et al. Catalytic applications of layered double hydroxides: recent advances and perspectives [J].
Chemical Society Reviews, 2014, 43(20): 7040-7066.

HUANG D, MA J, FAN C, et al. Co-Mn-Fe complex oxide catalysts from layered double hydroxides for decomposition of methylene
blue: Role of Mn [J]. Applied Clay Science, 2018, 152: 230-238.

YANG F, CAO Z F, WANG J, et al. In situ self-assembly of molybdenum disulfide/Mg-Al layered double hydroxide composite for
enhanced photocatalytic activity [J]. Journal of Alloys and Compounds, 2020, 817: 153308.

WANG L, LI Z, WU Q, et al. Layered structure-based materials: challenges and opportunities for radionuclide sequestration [J].
Environmental Science-Nano, 2020, 7(3): 724-752.

KANG M J, RHEE S W, MOON H. Sorption of MO, (M = Tc, Re) on Mg/Al layered double hydroxide by anion exchange [J].


https://doi.org/10.1016/j.cej.2014.02.061
https://doi.org/10.1021/jacs.5b00762
https://doi.org/10.1021/jacs.5b00762
https://doi.org/10.1016/j.clay.2020.105903
https://doi.org/10.1016/j.apsusc.2018.04.162
https://doi.org/10.1016/j.apsusc.2018.04.162
https://doi.org/10.1002/adfm.202106645
https://doi.org/10.1039/C4TA01203H
https://doi.org/10.1021/jacs.6b00110
https://doi.org/10.1016/j.jhazmat.2017.11.002
https://doi.org/10.1016/j.cej.2021.131696
https://doi.org/10.1016/j.molliq.2019.110989
https://doi.org/10.1016/j.cej.2015.05.037
https://doi.org/10.1016/j.molliq.2019.02.033
https://doi.org/10.1016/j.cej.2014.04.105
https://doi.org/10.1016/j.cej.2019.02.069
https://doi.org/10.1016/j.clay.2011.02.007
https://doi.org/10.1016/j.clay.2011.02.007
https://doi.org/10.1016/j.cej.2020.124512
https://doi.org/10.1039/C4CS00160E
https://doi.org/10.1016/j.clay.2017.11.018
https://doi.org/10.1016/j.jallcom.2019.153308
https://doi.org/10.1039/C9EN01429B
https://doi.org/10.1039/C9EN01429B
https://doi.org/10.1039/C9EN01429B

3704

-
i

ke

3

2%

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

Radiochimica Acta, 1996, 75(3): 169-173.

WANG X X, YU S Q, WU Y H, et al. The synergistic elimination of uranium (VI) species from aqueous solution using bi-functional
nanocomposite of carbon sphere and layered double hydroxide [J]. Chemical Engineering Journal, 2018, 342: 321-330.

CELIK A, LI D, QUINTERO M A, et al. Removal of CrO,*, a nonradioactive surrogate of *TcO, using LDH-Mo5S,5 nanosheets [J].
Environmental Science & Technology, 2022, 56(12): 8590-8598.

LINGHU W S, YANG H, SUN Y X, et al. One-pot synthesis of LDH/GO composites as highly effective adsorbents for
decontamination of U(VI) [J]. ACS Sustainable Chemistry & Engineering, 2017, 5(6): 5608-5616.

ZHANG F Z, ZHAO L L, CHEN H Y, et al. Corrosion resistance of superhydrophobic layered double hydroxide films on aluminum
[J]. Angewandte Chemie-International Edition, 2008, 47(13): 2466-2469.

DUTTA K, PRAMANIK A. Synthesis of a novel cone-shaped CaAl-layered double hydroxide (LDH): Its potential use as a reversible
oil sorbent [J]. Chemical Communications, 2013, 49(57): 6427-6429.

LIU X J, GE L, LI W, et al. Layered double hydroxide functionalized textile for effective oil/water separation and selective oil
adsorption [J]. ACS Applied Materials & Interfaces, 2015, 7(1): 791-800.

CUIJY, ZHOU Z P, XIE A, et al. Facile preparation of grass-like structured NiCo-LDH/PVDF composite membrane for efficient oil-
water emulsion separation [J]. Journal of Membrane Science, 2019, 573: 226-233.

TIAN Q Y, LIU Q Y, ZHOU J, et al. Superhydrophobic sponge containing silicone oil-modified layered double hydroxide sheets for
rapid oil-water separations [J]. Colloids and Surfaces a-Physicochemical and Engineering Aspects, 2019, 570: 339-346.

PAVLOVIC M, ADOK-SIPICZKI M, NARDIN C, et al. Effect of macroraft copolymer adsorption on the colloidal stability of layered
double hydroxide nanoparticles [J]. Langmuir, 2015, 31(46): 12609-12617.

KONG X R, CHEN J H, TANG Y J, et al. Enhanced removal of vanadium(V) from groundwater by layered double hydroxide-
supported nanoscale zerovalent iron [J]. Journal of Hazardous Materials, 2020, 392: 122392.

LAIPAN M W, YU J F, ZHU R L, et al. Functionalized layered double hydroxides for innovative applications [J]. Materials Horizons,
2020, 7(3): 715-745.

YU W, XIE H Q. A review on nanofluids: Preparation, stability mechanisms, and applications [J]. Journal of Nanomaterials, 2012:
435873.

VASTI C, GIACOMELLI C E, ROJAS R. Pros and cons of coating layered double hydroxide nanoparticles with polyacrylate [J].
Applied Clay Science, 2019, 172: 11-18.

GU Z, ZUO HL, LI L, et al. Pre-coating layered double hydroxide nanoparticles with albumin to improve colloidal stability and cellular
uptake [J]. Journal of Materials Chemistry B, 2015, 3(16): 3331-3339.

SHAO M F,NING F Y, ZHAO J W, et al. Preparation of Fe;0,@SiO,@layered double hydroxide core-shell microspheres for magnetic
separation of proteins [J]. Journal of the American Chemical Society, 2012, 134(2): 1071-1077.

WANG Q Q, HUANG J, MA C Y, et al. Highly efficient and reusable Mg-Fe layered double hydroxides anchored in attapulgite for
uranium uptake from wastewater [J]. Chemosphere, 2023: 138055.

YANG M S, LIU J F, CHANG Z, et al. Mg/A1-COj; layered double hydroxide nanorings [J]. Journal of Materials Chemistry, 2011,
21(38): 14741-14746.

LVWY,DUM, YE W J, et al. The formation mechanism of layered double hydroxide nanoscrolls by facile trinal-phase hydrothermal
treatment and their adsorption properties [J]. Journal of Materials Chemistry A, 2015, 3(46): 23395-23402.

WANG C J, O'HARE D. Topotactic synthesis of layered double hydroxide nanorods [J]. Journal of Materials Chemistry, 2012, 22(43):
23064-23070.

CHEN L B, LI C C, WEI Y H, et al. Hollow LDH nanowires as excellent adsorbents for organic dye [J]. Journal of Alloys and
Compounds, 2016, 687: 499-505.

WANG X, CAI'Y W, HAN T H, et al. Phosphate functionalized layered double hydroxides (phos-LDH) for ultrafast and efficient U(VI)
uptake from polluted solutions [J]. Journal of Hazardous Materials, 2020, 399: 123081.

LEIC S, ZHU X F, ZHU B C, et al. Superb adsorption capacity of hierarchical calcined Ni/Mg/Al layered double hydroxides for Congo
red and Cr(VI) ions [J]. Journal of Hazardous Materials, 2017, 321: 801-811.

ZOU Y D, WANG X X, WU F, et al. Controllable synthesis of Ca-Mg-Al layered double hydroxides and calcined layered double
oxides for the efficient removal of U(VI) from wastewater solutions [J]. ACS Sustainable Chemistry & Engineering, 2017, 5(1): 1173-
1185.

MANDAL S, MAYADEVI S. Cellulose supported layered double hydroxides for the adsorption of fluoride from aqueous solution [J].
Chemosphere, 2008, 72(6): 995-998.

MANDEL K, DRENKOVA-TUHTAN A, HUTTER F, et al. Layered double hydroxide ion exchangers on superparamagnetic
microparticles for recovery of phosphate from waste water [J]. Journal of Materials Chemistry A, 2013, 1(5): 1840-1848.

PATZKO A, KUN R, HORNOK V, et al. ZnAl-layer double hydroxides as photocatalysts for oxidation of phenol in aqueous solution


https://doi.org/10.1524/ract.1996.75.3.169
https://doi.org/10.1016/j.cej.2018.02.102
https://doi.org/10.1002/anie.200704694
https://doi.org/10.1002/anie.200704694
https://doi.org/10.1002/anie.200704694
https://doi.org/10.1039/c3cc42260g
https://doi.org/10.1016/j.memsci.2018.11.064
https://doi.org/10.1021/acs.langmuir.5b03372
https://doi.org/10.1016/j.jhazmat.2020.122392
https://doi.org/10.1039/C9MH01494B
https://doi.org/10.1016/j.clay.2019.02.016
https://doi.org/10.1039/C5TB00248F
https://doi.org/10.1021/ja2086323
https://doi.org/10.1039/c1jm12129d
https://doi.org/10.1039/C5TA05218A
https://doi.org/10.1039/c2jm34670b
https://doi.org/10.1016/j.jallcom.2016.05.344
https://doi.org/10.1016/j.jallcom.2016.05.344
https://doi.org/10.1016/j.jhazmat.2020.123081
https://doi.org/10.1016/j.jhazmat.2016.09.070
https://doi.org/10.1016/j.chemosphere.2008.03.053
https://doi.org/10.1039/C2TA00571A

1134 B RO TEFREAE 2 v (4 10 -5 9 42 SR 3705

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[J]. Colloids and Surfaces a-Physicochemical and Engineering Aspects, 2005, 265(1-3): 64-72.

LI J, FAN Q H, WU Y J, et al. Magnetic polydopamine decorated with Mg-Al LDH nanoflakes as a novel bio-based adsorbent for
simultaneous removal of potentially toxic metals and anionic dyes [J]. Journal of Materials Chemistry A, 2016, 4(5): 1737-1746.

HAO M J, GAO P, YANG D, et al. Highly efficient adsorption behavior and mechanism of Urea-Fe;O4@LDH for triphenyl phosphat
[J]. Environmental Pollution, 2020, 267: 114142.

LIMA E, DE JESUS MARTINEZ-ORTIZ M, GUTIERREZ REYES R I, et al. Fluorinated hydrotalcites: The addition of highly
electronegative species in layered double hydroxides to tune basicity [J]. Inorganic Chemistry, 2012, 51(14): 7774-7781.

XU Y F, DALY C, ZHOU J Z, et al. Removal efficiency of arsenate and phosphate from aqueous solution using layered double
hydroxide materials: intercalation vs. precipitation [J]. Journal of Materials Chemistry, 2010, 20(22): 4684-4691.

CHEN L H, XU HM, XIE J K, et al. [SnS,]* clusters modified MgAI-LDH composites for mercury ions removal from acid wastewater
[J]. Environmental Pollution, 2019, 247: 146-154.

LI X J, XIN M Y, GUO 8, et al. Insight of synergistic effect of different active metal ions in layered double hydroxides on their
electrochemical behaviors [J]. Electrochimica Acta, 2017, 253: 302-310.

FU Y, NING F Y, XU S M, et al. Terbium doped ZnCr-layered double hydroxides with largely enhanced visible light photocatalytic
performance [J]. Journal of Materials Chemistry A, 2016, 4(10): 3907-3913.

MORI K, TAGA T, YAMASHITA H. Isolated single-atomic Ru catalyst bound on a layered double hydroxide for hydrogenation of
CO, to formic acid [J]. ACS Catalysis, 2017, 7(5): 3147-3151.

MIKAMI G, GROSU F, KAWAMURA S, et al. Harnessing self-supported Au nanoparticles on layered double hydroxides comprising
Zn and Al for enhanced phenol decomposition under solar light [J]. Applied Catalysis B-Environmental, 2016, 199: 260-271.

MA J F, DING J F, YU L M, et al. BiOCI dispersed on NiFe-LDH leads to enhanced photo-degradation of Rhodamine B dye [J].
Applied Clay Science, 2015, 109: 76-82.

LI Z, CHEN M, ZHANG Q W, et al. Mechanochemical synthesis of ultrafine ZnS/Zn-Al layered double hydroxide heterojunction and
their photocatalytic activities in dye degradation [J]. Applied Clay Science, 2017, 144: 115-120.

JUNG I K, JO Y, HAN S C, et al. Efficient removal of iodide anion from aqueous solution with recyclable core-shell magnetic
Fe;0,@Mg/Al layered double hydroxide (LDH) [J]. Science of the Total Environment, 2020, 705: 135814.


https://doi.org/10.1039/C5TA09132B
https://doi.org/10.1016/j.envpol.2020.114142
https://doi.org/10.1021/ic300799e
https://doi.org/10.1039/b926239c
https://doi.org/10.1016/j.envpol.2018.12.009
https://doi.org/10.1016/j.electacta.2017.09.075
https://doi.org/10.1039/C5TA10093C
https://doi.org/10.1021/acscatal.7b00312
https://doi.org/10.1016/j.apcatb.2016.06.031
https://doi.org/10.1016/j.apcatb.2016.06.031
https://doi.org/10.1016/j.apcatb.2016.06.031
https://doi.org/10.1016/j.clay.2017.05.015
https://doi.org/10.1016/j.scitotenv.2019.135814

	1 LDHs材料的结构、性质与合成方法（Structure, properties, and synthesis methods of LDHs）
	1.1 结构
	1.2 性质
	1.3 合成方法

	2 LDHs材料在环境污染修复中的应用（Application of LDHs in environmental pollution remediation）
	2.1 除磷除氟
	2.2 重金属离子去除
	2.3 有机污染物去除
	2.4 放射性核素去除
	2.5 油水分离

	3 LDHs材料的性能调控策略（Regulation strategies of LDHs）
	3.1 提升分散性
	3.2 增加反应活性位点
	3.3 加强污染物选择性
	3.4 提高电荷转移效率
	3.5 促进分离和回收利用

	4 结论与展望（Conclusion and perspective）
	参考文献

