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Abstract Layered double hydroxides (LDHs) have attracted wide attention in the fields of environment, energy and bio-
medicine owing to their tunable chemical composition, large specific surface area and good biocompatibility. However, the
agglomeration of LDHs caused by the intermolecular forces during their synthesis process may lead to their uneven disper-
sion in the matrix, thereby limiting their further practical application. In this review, the organic modification methods of
LDHs in recent years are summarized from the perspectives of surface modification and intercalation modification. Their
emerging applications in diverse fields, such as flame retardancy, adsorption, catalysis, gas barrier, luminescence, energy
storage and biomedicine are also described. Finally, future research directions and application fields of modified LDHs are

highlighted.
Keywords layered double hydroxides; organic modification; surface modification; intercalating modification; application
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SEOR AR RNE, SR AR R SRR R 2 Bk, AT
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Figure 1 Schematic diagram of LDHs
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200 CHF, FEREZNMAKS T MAEEN 200~
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250 F (N 2 BiraR): (1)) LDHs 28 [ B 52 28 3% 14 5 4]
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Figure 2 Schematic diagram of organic modification method of LDHs

A 7 T S I B KRR U o T & B L A
RPN, —ANESRTNER, 55 R K
AR AR AR, G5 m 0 TR R
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YUK RLEAT A BRI, W] DL 99K 00k B S 1 1R,
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HRMEA MR A2 PE. RGBT/ LDHs &
B IR AO P B 3 LSO, Chen SR =283t 2
WidErE e, = QAR G- R AN ) =
FH AR IR e 76 07K PR i) 28 1 20 BB B SR THIAR
HIRE LRI FEE R ) ZnoMgAL-LDHs, 1% %63 [ ThAg1L,
() LDHs 3L H 5 47 (i Kk v, He4b, Zhang %543 515K
FEEIGEAR IR p-(2,3- PR S P TR 40 TR 2 = HR AR B e o 24
3-FIE I = L E P, = LRI L HE R 2O
A7 bidk = WA R RT%T LDHs #E4T 7 R seht,
FR LGN, 45 R IR I 1 oo T Ak
3 LDHs 5 FIMEN:, HBTit5 LDHs £ &+
(o B RIS E 1, AT IG5 T I I PU R AN 2 Ak
e, MbAbh, BRERERANER IR ES (Rt T LDHs 3%
M. AT HRE LDHs 5 R AN, MK
S8R F AR R R {8 B4 7] NDZ-201 % LDHs #HT 1B L
PE, R R B )S LDHs 15 N B E0GE 1 3R BH
R R, L5 DA s P o ik R 25 o R e .
3.1.2 k@mAMEF A

A MU v & RS HER 0 T R
AR TR M e BEITE LDHs 22 1 W B 5 R AR A 2 S B
MITTXT LDHs #EAT 2 ki, 28 a7 i oot 7 ml LAE
LDHs I/ 25 (A A2 BE e 77, AT 40 5 55 4 Kok
T H S BIEMER. A, BA R E DR SR 5l
AHLH] LA T LDHs — 5E H T B4 29,

()R THI 3G 70 2 T A LG 7 itk

S THI 75 M 700 65 4 R (R I LA S /K 3 [ RD i /K 2 (4],
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AT 47 o7 3 T B S T A o R A B R AR B, AR, R
Fi-F e B OR R R E5(DBS) -+ ki R R £2(DS0). +
TR ER(DS) HE R (S A )R THI I M 7 R e Ak
¥ LDHs. A T #2% LDHs fERX K —H R 2 EH
P, Dong 2B UM% T SA 178 I MgAl-LDH F#% H
HMAREXNE _HBRL BEED)HEAF. 5
PET/MgAIL-LDH 44§ K & & #4 Kl # t, PET/MgAl-
LDH-SA 9UKE GRS R E i — ik m, 455
Fhntk. ¥InLDH3EENE, PET/LDH & &R a2
PR A PHBRYERE AN ) S VR RE S A AT . kB
LDHs 557K I ESEE £ )fTE A 257, Lee S5B2d 1 0
A [E B 7R 3577 DS. DBS A1 SA %t LDHs i
17 7 2etk, etk LDHs 5IAN$E & T O M-SR £ )fi g
(EVA)R#F e PERTHLA S, H SA-LDH tt DS-LDH
1 DBS-LDH A 5 i (1) Wi 2 4 5 48 i g R

Q)= T IRk A LA otk

BN T A LIS, SR RAREE B 25
LDHs HHATEMEWAR 2] TRF 7038 1) 2 0, s
SN B A S| N LDHs #1f, RN RiE 0 T8
SYF LDHs (AR %, 3R15 2 8 D ae gk kL
Perreira Z¢ B3R H T 300 I Al - 48 i B TR GG L T
PIBIR IS I BR 1E T BRI AL SR A, SR Ja it & i Ak
P R B Mg, ALLLDH 4k A b, BRI SWIFLIR
£9.78 1] LDHs. Huang 55B4R H 58 ) 2 1 (PP) AL 7 1R
(TA)ifid Michael JIECFT Schiff B N4 T PP@TA
H%) LDH (LDH-PP@TA), t43% 7 LDH X} & &8 &
TR YERE. AE, RIRTE A VD iHE LR £5 A0 570 SRM b
FAAE—Rh s S RN B SR A 7 LDHs L, 761
IR B 15 1 1 T i HE R 9 7990,

4x b, FMSCIERT 8 LDHs B Ak, (A
RIS AR IR, G5 7 R, 325N
M E. HR RS —M A fe ks LDHs A S IA 1)
PERE, Joikit—P4 Kk LDHs (1) R YE .
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I EAR S A 18] A EAE R A E b 3 B I 2 1
ET5IN%| LDHs ZEH, Mimish K ERE, k3
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U (#) LDHs &85>+ JZ#08E, 47K LDHs R FH Y L
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HTHHE 7. VLS T RAEMHE T MRSV
274} LDHs BET 4 2 e iERel.
32.1 MM EBF

T ES TARFRE /N, L far 2 FEROK, (3 5 T3t
A LDHs JZ [t @727 T HEmd. Har, A
NO; . BO;*". SiOs?> . H,POs ZE ML & 146/ LDHs
BRIz HERE. Ak LDHs 54 TR
7 BHMRASCRAR ) 1), i b S5 08IR) F B 28 e vk i) £
THNRIEZE LDHs, H¥4HAEAEMAFI, ZumadtiRik
#1175 PP/LDHs B &+ Bl Zhu S50 3 5 128 # 2 K
MR £h4di N\ LDHs Z[a], H4 3 JZ [ FE M 0.649 nm 34 i #|
1.129 nm, #&& 7 LDHs X H EREEBIIWMEES. Li
U T —FEERR #h4F 21 LDHs, #2857 LDHs 1)
il 5 v PE AT AR B AR 2 1, SR R RIIG RS T LDHs f4E
VIR FAREN DAL | E B LA,

HXRTHAE 7462 LDHs HRiER %, HNHE
Bt 2otk H2, iT VAR FREREAD, X
LDHs JZ[AIFE G HIR, ikt it LDHs [ #L
PE, e S AN IR A A
322 AMAET

BT AT, AT — o THRK, 16
JZ 5 v LA I b8 K LDHs ()2 181#E. FI-F LDHs /2
ALY B T — MG R D R BRAR B B 1 5 &R
FRAR B 45141, Cao S5M2ERH 2,4-C MR 4 = it
LDH, J£KH LR 554 TIES IR HNBRYE 4. 4
BT, 24-C ARSI Y/ ALNLHER: LDH
HNBR, B8A S P 2 [AIAH BAE A, $&5 LDH 7&
HNBR A4 5 344 1) 43 B . Coiai 254904 HAT HU 1 AT
AATERE R A K IR 6E R LDHs A, FFidid 14t
%% 7 B M (LDPE)/MgAI-LDH 9k & &1k 45
KB RIE KGR 73 5% LDH )2 18185 H 0.89 nm
HRF) 1.6 nm A12.15 nm, HA6Z k1 LDH B4 54
5> HtE, LDPE/MgAI-RA i 4 3% €68 % BR B HLAT 5
) BRT Y PE AR B M. AR PR R R Y B 1 A v R
i fR IR 4G N MgAI-LDH JZ19], #in T LDH [JZREE
(1.69 nm), {EIHAEREFEIARRI R85 8, SR s R
BRI BEAA T BE.

— kUL, AL E TR Z B BRA A FEMR,
I 4 2 MR B AR PEREY LDHs EThREM KL,
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MIi4H % LDHs FIR TG, [FE, AHL0F 7R
A LLA 2442 = LDHs 788 B s 7 JAA o () 2 otk
323 BAMMAHT

Bt &I 8574 )2 LDHs th75 3] T HF st & )iz %
W, O CHRIE TH RS &M, A%a. 85
VIFIR IR FCAR 2% A5 P46 e & ) 1 25 775 LDHs H (136 2
%, RAMIXLE LDHs ZE8 70 i EM BRI 6.
AT 5 T R () N AT 5240, Geng ZEMe@ it 2 piie
& T 4 = %Y 28R — #4 (EDTA) 46 J2 LDHs
(E-LDHs), R J5, LK RZ N IR kLA s T B i A 1)
E-LDHs (AE-LDHs). 553" E-LDHs #! AE-LDHs ]
JZIEEEM 0.89 nm 43738 K F] 1.20 nm A1 1.52 nm, H 4
B8 2] TS, B, LA AE-LDHs NEAZF, 4%

RILMR(PLA)Y/AE-LDHs 40K &4 kL. 546 PLA
tt, PLA/AE-LDHs K& A MBI 7751 ge F e
P B, Li SWER A 2R 0 ek
(Ferr) 7 T4l AL IR K5 (CD) 4 /Z LDHs (LDHs-CD)
g s, #E—P KT LDHs-CD [)Z[AlEE, i
#%[1) LDH-CD-Ferr 7EX M NE(EP)E/A+ L LDH-CD
IYERE YA, TR S T EP BYFHBAAIIEEBE. Zhang
SEUSIHRYE LDHs WIS HCIZRN, il T 24 B AR EE
FH B 74 = ) LDHs (LDH-MoP). 5 LDHs #f b,
LDH-MoP i fH¥R4H 73 7F EP H i FE 3 5, R R 47
ShNER Ve
324 RAEMVABT

IR, A HE XA EEYIAE (£ LDHs 2
[H] #4570 LDHs ff/ZMEL BHEREEMH» FEEK, —K
XMELAE A LDHs ZH. B %6 REY k46N LDHs /=
8], S5 e 1 R S A AE LDHs JZ= ] J5A 5 4,
RIRE A YRS YEZ LDHs 1% 773, Kovanda
UK L PTIE AR & T WG IREE . 4- LMK
FR IR AN+ e SRR #4821 LDHs, K546 )Z LDHs {F
IR BRARIEIT R ALER S T LDH/ R H RN IAIR T s
YR E AR, BRGE T LDHs 58 F AR IGIR T B
BEARMIARZS 1. Jana S0V SRRt gl B AT BRI T )%
P& AT N, N- 3TV FE 5 X TR A4 T fe B4 S 0 29 1~ A8 4 dili N
LDHs JZ[i, $RJ5 18I 5 AL R & s B R & Wi 2
LDHs #4b¥), &R R EIEE TR, FARIEIFI4
Ja& B - LU AR S5 2% A 3 22 S e BRAR (R U 2 . AR
BN HE T ILRVE . JRAE IR B EA RIS T AR
T4 20 o KBS 4540 i )= 45 F AN B9 45449 1) LDHs/
LIGEER Gy T EMRL, 455K W], LDHs 7£H
A RIES LN LDHs/ O35 R A W) 7 746 24 k)
Moy HOE B, HA T Re AR T B ERTE. Bk,
Xu ZEBA LAY 3 i 5 B BN A LDHS 3l i 1B -8 S5 i) 5
OB EEIRE 5] N LDHs JZ[7], ¥ LDHs HIJZHEEH
0.76 nm ¥4 K% 1.24 nm, &EFEKE T HERNMEEIAL
AHZ
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BT LDHs HA H Mg/ m . thRmAR, #
FRE LS AWML SR A, R H R R AARZ
IREREIE (A Lo % FLaEAT ot vT T LDHss AS [ 1)
Uifestt. B, otk J5 LDHs ZEFHBA. B Ak,
SARBARR i RERN R A R SIS 2 T SR,
4.1 PBEBAMR

LDHs 7E #47) fift isk F v 2 B JBOK &= 1) HLOOK H 2 8]
KA COCR E ZTEH COs%), W UURBA RS
I, FEAAURRAREBOER R, B R A7 BEA AN 0 14
Re 4. e 2R T o B A 2 e i O K B A B
PEREMIA WL B 744 K5I N2 LDHs 458+, — 7]
PLRI A HLAE 74185 LDHs A& 20057 A5 Hir [F] B AR
R, H— 5, BT LAl LDHs 78344 A it 43 Bt
F SRR PR, it — D3¢ = LDHs RIRH#ATE
. Zhang SUSHE I FLYTUE VAR H & B IR ] 5 1-(GAa)
1\ LDHs JZ[7]3k13 GAa #i/Z LDHs (GLDHs), #RJ5 %
I EAM G (EP)H143 8] GLDHS/EP R &1k}, 4558
RILGAa fHE)Z 0% 7 LDHs 7E3R S0 iR (EP) B A2
P, ARITHLE EP 35508, & EP HIBHAM:RE,
WK 3 . ABHGEZ . PR, CO. COy FE R R
FI EP 1) 30%, A HAVBE R AR 1 B PRS2 EP 1) 70%
PLUR. Wu S5O F AR 4 58 B B8 7 A o 3 T g £R.(SLS) FH
A7 1IE HLART 1) LDHs JZHR 2 18] (i s AH VR, it Hyt
VEVEA BT — o B R B A A (LDH-LS), J¥H 5
RNMPP) B A ALV VE 4 T PP/LDH-LS &
AR S5 3R, SLS ek i mT AMG 5 LDH F ik L,
fff LDH-LS 5 PP HA RU4FHIFZ LMY 5 7 5UAE PP
Bk rh. LDH-LS 7£ PP 711 R 4540 UL S LDH 4 LS [
WEEHEERE T PP RIBLAMERE. Uk, AR
FRZH 5y SR FH S AR R . R A R S A Ak

aic AP

Mg:Al=2:1

NaOH

NaGlu

MgCl,

H“”“”HW
fipaaeadnet
Mg:Al=3:1 3hdg yhds yhag yRag o
TS

RIS L& %%t LDHs #HT e, R e HH 5N
PETERUFF i (MZBMSO) il % MZBMSO/t 14 LDHs 44
KL EMRL, ¥ N T S m g fE o, 45 R R0,
et LDHs 1951 N T30 R SR 1 554k, $im R
BELJA M AN AR 5 7-580,
4.2 WRBE#RE

LDHs EA i bb R AR LB 5 AR s )2 [ B
B ACHEE ), R AEW P AR SR, JR4G LDHs
Sy RAE, RE1T LDHs MIWREEE R Z .
i 4 J2 DA R 3 T oS K B R B B D B L E R AT 5
A LDHs #i#g, #il#5 KM IEe{t 1) LDHs, 24 m
LDHs W% B G /7 ) B R 4209, Gao ZEIOLR IS N1 5
b 25 0 & )@ 4 GV & T — o B A AR R B B R
LDH@ % % B4 @4 )8 £ B (LDH@PDA@MPNs). Bt
JE ) LDHs ] 2845 P 0% B AN 25 i AL 78 A1 S (MG R 45 &
H(CV), WK 4 Fix. fEsERMAT, MG #il CV I
05904 89.608 Al 40.481 mg/g. Wang 256106 LK [hk 44
& (Cys)#di \ LDHs J=[H], il4¢ 7 MgAIl-LDH/Cys 44
RE B SRR T LDHs fZ AR, $Em 7 LR
A, R H 5N K &= K9G 1 3 4] (—COOH . —NH, 1
—SH), W] %25 s HE 48 Pb(D) A CA(ID) Y % R
AREK PR A Y% LDHs #E T ek, 733k
HA RS 32 G5 AR 48 2 585 1 25 2546 R
PEZ S W)/LDHs 85T P0RL, B H R A T R S R st 72
g5 R B MBS )/LDHs #2:T-WEREGT B B T
RHRIN G R AT BT MR B, 2k T B & ekl Rl
TTREFRILE 7 B S 1 4 v IR i 5 25 4 51,

4.3 fEMR

LDHs A< B B, DAk o] B e0E i 70046 .
B 50 4 %K B EATE M Y 5 3\ LDHs 211, 3k
135 E LDHs JURRE5 AL 4RI A 6 £ 35 A 021,
Chang Z5[6313@ 50 ) 58 & 410K B ALTE 2 &8
AR L (POMs) I ¥ /445 N\ LDHs JZ[A], {#f LDHs [
JZEPEEH 0.78 nm K E 1.18 nm, 4L T HF £ 1EILIE
PEOL A5, T8 W T IR A AL N 28 B H 5 ) b

\

H Hydorgen bondiong between GLDHs
and polymer matrix realize the reinforcement.

& Carbon sheets
Metal oxides sheets

Composites

Via carbonization of glucanate acid anion and
dehydration of hydroxides, carbon and metal

oxides sheets guarantee the flame retardancy.

K3 HAHMRMEGE GLDHS/EP -G FRHI BHARALEL R & 1)

Figure 3 Schematic diagram of flame retardant mechanism of GLDHs/EP composites with flame retardant properties'™
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Metal complexation
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il
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Scparation Efficiency (%)
s 8. 2 8 8§

Single Dye Binary Dye

Figure 4 Schematic representation of the selective removal of MG and CV by LDH@PDA@MPNs!®")

fe. TR, LDHs FEMRHEC AT AR 2] 7)) 2
W 55194, Zhang SESBR FHILPTIEVE S B T HE VYRR (PTS)
)2 ) ZnAl-LDHs (ZnAl-PTS), PTS ¥ LDHs )2 7]
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