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Abstract: Layered double hydroxide (LDH) was grown in situ on the surface of exfoliated montmorillonite
(eeMMT) by hydrothermal method and composite LDH@e-MMT was obtained. LDH@e-MMT was
introduced into zanthoxylum bungeanum seed oil (ZBM SO) to prepare LDH@e-MMT/modified zanthoxylum
bungeanum seed oil (LDH@e-MMT/MZBMSO). LDH@e-MMT/MZBMSO was characterized by XRD,
FTIR, and TEM. Then, LDH@e-MMT/MZBMSO was used in the leather fatliquoring process. The results
showed that LDH@e-MMT had a flower-like morphology and uniformly dispersed in MZBMSO. When
LDH@e-MMT dosage was 12% of ZBMSO mass, crust heather treated with LDH@e-MMT/MZBM SO-3
had certain flame retardancy and smoke suppression. Compared with those of MZBM SO treated crust |eather,
the limited oxygen index of LDH@e-MMT/MZBMSO-3 treated crust leather increased from 22.8% to
28.3%, the flame burning time reduced from 87 s to 43 s, the peak heat release rate reduced by 44.6%, the
total heat release reduced by 73.3%, and the peak smoke production rate reduced by 68.0%.
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CO, +H,0— CO5 +2H* (2)
eMMT +Mg® +AI¥* +OH™ +CO3 —
MgAI-CO5 LDH @e-MMT
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130 °C, FHEN 0.60 g ¥k H,SO,1E ML, SR)E
JA 113 g Hilm, FRIE N 3 h; 25 ZE 70 °C,
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HOH pH 2 6.0, FTHRF] 80 °C, A 10.32 g fi
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25 g UK I [ Al 50%7E 47, ARIR Y 0.5 h, i
B4 MER, idh LDH@e-MMT/MZBMSO-3,
HARE A MR e & & kR L, HE s
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7K (900£70) mmx(600+£70) mm LI “F 5 1 H s 15  2&
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Tablel Retanning and fatliquoring process of wet blue leather (goat skin)

L2 3 0 B i i Ak 3
TR
it fi) /min LB/ °C TINE/% H®E
[ET 120 45 7K (200) /AEH (0.2) /EEEF] (0.5) /%R (0.5) pH=3.5+4
Kk 10 H R 7k (1300) HeW
WA 60 35 K (100) /ig#r (4) i pH=4.0~4.1
30 HEREs (1)
60 /NFRET (0.5)
KBk 10 il 7K (1300) H
HhA 60 30 K (150) /HfRE (1) HpFET (2) /NGRFT (0.3) pH=5.0
30
g 120 50 7k (150) Hmfig#Hl (12) pH=3.5
Eip 60 B HR (2)
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PRFE S B B KBr 5 R mE A0, SEM it .
¥idi MMT., eMMT., LDH@e-MMT SigJSE &
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Fig.1 XRD patterns of LDH, MMT, LDH@e-MMT, MZBMSO,
and LDH@e-MMT/MZBMSO-3
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Fig. 2 FTIR spectra of LDH, MMT, LDH@e-MMT, MZBMSO
and LDH@e-MMT/MZBMSO-3

2 070, X T LDH, 3472 cm™ &b H 3R %5
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Xt PR 4 R sk, KB LDH J2 W47 7E CO5
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KR Al—O—H FZ 7K 53+ O—H S 14
PRshme s, 517 em™ Lbmg ki) )E T Si—O—Al
wery s iRl , 1096 F1 1033 cm™ Akl Si—O—Si
P e 4 B S Wi 9 LDH@e-MMI T 7E 3458 cm™
Ab ) O—H HEM s PRSI L LDH 7E 3472 cmi™
bR IS e A T 418, KW LDH Fl eMMT [H] /7
TESSE R 4, LDH@e-MMT 7E 1000~1100 cmi™
Ab WA I K Y Si—O—Si B 4EdRSh, 1
1356 e Ab HYEE T COS™ A ASXHFR 45 4iR sh W i
W LDH 7 MMT FmE KM, %+ MZBMSO,
3490 e Kb oy F2 3k — IR AA Y O—H 14 1o 45 i 3 ik
Wi, 1597 F1 1049 o™ kb3 51 A R R £6 R iR £
 C=0 Ml S=O H# M H4iHsh g, LDH@e-
MMT/MZBMSO-3 7£ 3490 cm ™ Ab ) O—H 4 1) i1 4
PR B e i SR IG5, 7E 1597 1 1049 cmi Ak i
BT C=0 #f S=O0 #m g s g™, i
AN, 1E 457 et AR ER T Si—O B4 2 il iR 3h i
g, FH LDH@e-MMT 5 MZBMSO iIhE 4 .
213 WHHH

MMT. eMMT. LDH@e-MMT KJ SEM & LI &%
LDH@e-MMT/MZBMSO-3 ) TEM K & 3 fis .

K 3 MMT (a). eMMT (b), LDH@e-MMT (c) i
SEM A ; LDH@e-MMT/MZBMSO-3 ) TEM & (d)

Fig. 3 SEM images of MMT (a), e MMT (b) and LDH@e-
MMT (c); TEM image of LDH@e-MMT/MZBM SO-
3(d)

M & 3a r] A, REAET AR MMT 2R AR
. HE 3bAHL, eMMT B F 2 K/N4H 100 nm,
FHXT MMT SE17RRME . B L FLRERSF MMT A
B, MK 3c A%, LDH@e-MMT (R ~f k4
1 500~600 nm, EAWRIER, 54 LAtdEE
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FHE R AETE S AR, LDH@e-MMT Hii 5 LDH )
RSF25% 100~200 nm, 454 eMMT (R F 100 nm
ATHN, LDH A KBy B 24 eMMT FZiEE:
TE—i, B TG LDH@e-MMT, il 3d
AT, LDH@e-MMT MAEAREEFIAIAT W, RAF2928
500~600 nm, FEWHAE MZBMSO 1 HA B4 5
e
2.2 JInREIREEAYBEA 1 BE
221 LDH@e-MMT 48 f A fig 3% 3 64 %k

% 2 AR LDH@e-MMT & &4 g
LDH@e-MMT/MZBM SO il flig 214 1) BEAR P fE .

% 2 KJA LDH@e-MMT & 52 & g 50 i i 26 4 1 BE
Table2 Flame retardant properties of crust leathers treated

with composite fatliquoring agents with different
LDH@e-MMT contents

Flelke Rk TRB Loy

K 4 MZBMSO (a) #1 LDH@e-MMT/MZBMSO-3 (b)
TNAE B T B AR GE A IR A
Fig. 4 Photos of vertical burning of crust leathers treated
with MZBM SO (a) and LDH@e-MMT/MZBM SO-
3 (b)
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Table3 Flame retardant properties of different fatliquoring
agents treated crust leathers

Alaibe R BEEH Lol

piliissl BHils pemm s % Jn g 7 s Emm % 1%
MZBMSO 87 75 51.7 22.8 MZBMSO 87 75 51.7 22.8
LDH@e-MMT/MZBMSO-1 68 55 33.5 27.2 LDH/MZBMSO 70 63 41.5 26.8
LDH@e-MMT/MZBMSO-2 60 23 231 27.8 e-MMT/MZBMSO 59 25 30.9 27.3
LDH@e-MMT/MZBMSO-3 43 1 18.4 28.3 LDH@e-MMT/MZBMSO-3 43 11 18.4 28.3
LDH@e-MMT/MZBMSO-4 45 17 26.1 28.1
LDH@e-MMT/MZBMSO-5 49 19 28.8 27.7 3k 3 ﬂ%ﬂ, MZBMSO Jinfig i b 5 i P

i % 2 A %1, MZBM SO Sl 56 4 () 47 JE 8k b it
]k 87 s, mAGASEEFN A 28 353528 75 mm Al
51.7%, WFREFEE (LOI ) N 22.8%., 5 MZBMSO
g A, 24 AER LDH/MMT/MZBMSO
JREER 5 A JARRBE T R AR 4G, LOIL 4B, BHAAME
REABKRMGE . Y LDH@e-MMT &l 12%H,
LDH@e-MMT/MZBMSO-3 Jill li§ £ #5454 SR e it
6]}y 43s, LOI N 28.3%, EA mAEAIBHAIERE.

A PR R AR EIRGR I IR e, T IE S
Bl I 4anl i, Zid MZBMSO Ab 3 HR 55
BRIpe— BLET ] 5 3EA i IR, U B R4 i BHJA
PEfE#: 2%, LDH@e-MMT/MZBMSO-3 il fig ¥ 35 75
BRI N AR, HoRfb K R, HRMEER
R AP KA

#. 5 MZBMSO gAML, @M T LDH,
eMMT., LDH@e-MMT J&, HiEEREE B A MR pa mt
B BACKEE | B i A R R, LO
¥As e, Hrh LDH@e-MMT/MZBMSO-3 fillfig &k i
B E  A, 5 MZBMSO g 2R # A 1, LDH@
eMMT/MZBMSO-3 filflg 5tk FR A5 5 22.8%
PETHE 28.3%, ARG H 87 sidi/F] 43 s,
# W] LDH@e-MMT/MZBMSO-3 Jlfig ¥R 5 s2 8t T
LDH F1 eMMT i BHEAME ] . 24 eMMT . LDH.
LDH@e-MMT Z35ilid i Sz i 5 | A B hnAg e,
BRI AR . R BRI, eMMT HZ7
HLff EL A PR3k, o]l SR S mIE R 454
LDH &4 ¥ HAR 27 IE L fr, RT3 o S0 RN el
HE g FAE R ; & Zeta H A KI5 H
LDH@e-MMT 47  ff i fuf H AR JZ & A 58, IRtk
W A S MIERER . ME A IIERREEE AR
W SR AF 4 2 [, eMMT., LDH. LDH@e-MMT #]
55 H7 1058 BT 2 v ) 2 3 RR FE T i S0 A el T A
FH, 078 7 5 8 2 3 v 3 LR B 76
23 MEEREMARREMN

K 5 4 MZBMSO. LDH/MZBMSO. eMMT/
MZBMSO. LDH@e-MMT/MZBMSO-3 g R #i 4
Irfimhse . & 5 AT, BRSO RS R
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25 LDH@MMT/MZBM SO B il & e H e fe & vp 1 BELSA P BE <795 -

3B 85 1A BCh 30~120 °C, %M Bi Ak
S TEE N AKFN FIZE R, X — B BER § i
KR 20 10%; 2 2 4~FrBh 120~300 °C, J&
T 0 =R B IR B, B Bl R R
15%; 45 3 /NBrBEh 300~590 °C, 2k &R
BN R R LT AR A T R LR 4 T 50%01 1R
JE ( Tsoos ) 1 590 °CHF 1458 s o Ay B0 5 A AH X 44
BEM . 5 MZBMSO g # A I,

LDH/MZBMSO. eMMT/MZBMSO. LDH@e-MMT/
MZBMSO-3 MG ¥R Y Teoo X A $2 71, Hop,

LDH@e-MMT/MZBMSO il 5 £ #5 () Tsow 15 T
LDH/MZBMSO #l e MMT/MZBMSO-3 Jillj5

XFEZERH TR LDH@e-MMT JE R il 3 %
7 RERS IR I R L3k, DA UR % T 4 A i 1
M MZBMSO Jinfg &k i 7E 590 °C % 5%
22%, 5 MZBMSO JiflI§ R #Af H , LDH/MZBM SO,
eMMT/MZBMSO. LDH@e-MMT/MZBMSO-3 Jilfig
PR 5R e Ay Wk 23% . 28%F1 27%, Hidr,

LDH@e-MMT/MZBMSO-3, e MMT/MZBMSO #27}
MRS, M H LDH,LDH@e-MMT #1e-MMT
HAEH M, Wik, $5EH eMMT
LDH@e-MMT %% B4 7 £F 4 3¢ i 1) i = 3 2
I B 8 5 5t £ o 221200

100
= 80
ﬁr
® 60
i ]
= 40 ——MZBMSO
—— LDH/MZBMSO

—e-MMT/MZBMSO
—— LDH@e-MMT/MZBMSO-3

100 200 300 400 500
TR BE/°C

K5 AFEARRING R ER) TG 4k
Fig.5 TG curves of different fatliquoring agents treated crust
leathers
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Kl 6 & MZBMSO, LDH/MZBMSO., eMMT/
MZBMSO. LDH@e-MMT/MZBMSO-3 il il ¥R 5 f4)
HEE ERAESS S . f &l 6a~c W1, MZBMSO Jili
JI R B 0 e AR RS 3 ( pHRR ). ORIl S
(THR), W7 H5# % ( pSPR ) 23514 180.1 kW/m?
27.3MJIm?. 2.5m?s; 5 MZBMSO NS ERHEAH 1,
LDH/MZBMSO. eMMT/MZBMSO. LDH@e-MMT/
MZBMSO-3 M%) pHRR, THR, pSPR HJ[#
&, Hd, LDH@e-MMT/MZBMSO-3 Mg H: ()
pHRR, THR. pSPR 4} %Ik 99.7 kW/m?, 7.3 MJI/m?,
0.8 m?/s, FFIEHI G, H MZBMSO gk &/

NS
S
T

WA T 44.6%, 73.3%7F1 68.0%, %1 LDH@e-MMT
YA AT S 25 A AT R B R R I R TS ) At D R ik />
S A, X2, LDH@e-MMT HAT fEIR 45
F, RSP LDH, eMMT JZ2J2BHkE, Bk
ARG AR AR A, I, Bt S B
et KR8 E (FIGRA ) TTIA KSR PE 44 44 i
BB IR RS, & pHRR 5 pHRR H #LH ] ( Tours )
MUEL(E, HAEBON, KRR PR, MZBMSO
TR Y FIGRA 4 1.5 kW/(m?s), 5 MZBMSO
HAg LA, eMMT/MZBMSO ., LDH/MZBMSO.,
LDH@e-MMT/MZBMSO-3 iNi§ R §5f) FIGRA Y45
W/, Hrp, LDH@e-MMT/MZBMSO-3 iR R ()
FIGRA [#igfe W, X5 T 0.7 kwW/(m*s), FEIET
53.3%, %] LDH@e-MMT HA —E my i ke etk

a —o— MZBMSO
—~200 - —o— LDH/MZBMSO
E e p-e-p —0— e-MMT/MZBMSO
= 44.6% ! ¢ & —o— LDH@e-MMT/MZBMSO-3
2150 - 1
g ......
100
-
m 50
&

0 S ol ! -

0 100 200 300
A [ /s
35
—o— MZBMSO b

30 | —°— LDH/MZBMSO
—o— e-MMT/MZBMSO
I —o— LDH@e-MMT/MZBMSO-3

NN
S W

PR M R /(MI/m?)
S &

W

0908
0 100 200 300 400 500
B 1 /s
c —o— MZBMSO
257 g —o— LDH/MZBMSO
= ! —o— e-MMT/MZBMSO
N\E 20F ' —o— LDH@e-MMT/MZBMSO-3
g 68.0% !
M | R
o !
=
H 1.0
o
&

B [El/s

K16 e p i {E PR O A I R (@), VR 4
Mk (b) RWE(Er AR (c)
Fig. 6 Peak heat release rate curves (a), total heat release
curves (b) and peak smoke production rate curves (c)
of fatliquoring crust leathers



. 796 - ¥ #m 4 T FINE CHEMICALS 5 39 %
ZEA VL Edr, 5 LDH A1 eMMT #HH ,LDH@
eMMT HA EL R R A EEfsE, 0 LDH M mﬁl 1o

eMMT SCEL T Brln] Be P e A o X2 T LDH
il eMMT S EA it #1535 45 & BT A AR &5k xf
P A RER B0k — 2 RO BEBRAE A, L, fEf
I ER A R B i A P PR R S A R 1222
25 mMERERXREMNEIR

Wit SEM X MZBMSO #il LDH@e-MMT/
MZBMSO-3 il fig ¥1 5 BR B J5 7k J2% A TOU e 5 i2E 1 7
Mg, S5 anE 7 iR .

K7 MZBMSO (a) 1 LDH@e-MMT/MZBMSO-3 (b)

IMARERE A% 5 ) SEM 1A
Fig. 7 SEM images of carbon residue in fatliquor leathers
of MZBMSO (a) and LDH@e-MMT/MZBMSO-3 (b)

& 7a T LLELR], MZBMSO MG £ H kb
JaBIRZ R 2T A g5y, B2, X P54
A TR e ot FIE Sz O, {45, Kl 7Th AT LLE
LDH@e-MMT/MZBMSO-3 il i 2 4 4R B2 J5 415 9% 7]
DI BE RGO 27 gt iy, HL 2R nl LA EE 3 (60
BOR R E R LT e, X4 1 @ R R o] g
J& LDH@e-MMT [#Lf# =), #HW LDH@e-MMT
A LIS B g NI T AR 43R0, AE 52 )
AR ALET 4T B SO ) 2, T T I S 41 4
i kel . X5 LDH@e-MMT/MZBMSO-3 .
MZBM SO il g ¥R 5= i BELR P 45 SR — 3k .

ZEA VL EEER, R T BHSYLE R R,
8 iR, % MZBMSO fil LDH@e-MMT/MZBMSO-3
BAEIMIERBE DR E N, SOEERFES %R
Ifilo X4 MZBMSO MG A7 B KGR AT, PR
BIEF AR L BT Y . BRAN ORI, TR PRI &
WAL ki, VR BB St — DI AEER
g4, 5 MZBMSO MR ¥, LDH@e
MMT/MZBMSO-3 fill fig £ ¥ 4% 5 ¥ J5 , LDH@e-
MMT B B IE BB )2, % O, BIHEZS N
P L, DA ISR, & ARk
LDH@e-MMT 7EIR A4 R M L “ A"
ZTINGE . O, G, HY LDH@e-MMT it —
AR, A YRR AR AR, T2
FHFGIE R O, M YIWT vl B84 . #AF1 O, — %
R BB, AR TIKRER IR 48, fiff
HARAZWIR

e

#d, 0,
\/

B B3
52 B33

w» SRELY
S RS

##* L DH@e-MMT

MW, MZBMSO

K8  BHIANLH R &
Fig. 8 Schematic diagram of flame retardant mechanism

26 MEEREMERE

%} MZBMSO . LDH/MZBMSO .eMMT/MZBMSO
LDH@e-MMT/MZBMSO-3 Jill il 25 4 1) 2 45 i i3k 47
T, 458 9w,

R /mm

S\Zg}f\so g&f\so
\)D‘XW BN\

9 IR AR AN AR PR 2K 1) 2 R R
Fig. 9 Softness of different fatliquoring agents treated crust
|eather

HIE 9 u LGt , MZBMSO, LDH/MZBMSO,
eMMT/MZBMSO. LDH@e-MMT/MZBMSO-3 filfig
WA E SR 5.4, 5.7, 5.6, 5.7 mm, £
eMMT., LDH. LDH@e-MMT f4 51 A hnig 1 4 fin
[ eaiz Ak e

3 4ig

ABFFELL eMMT i, 48 $his i A nraK
M, T8 K IR T R ST 298 500~600 nm A FER:
LDH@e-MMT, ¥ H5B| A% ZBMSO H#, #il#& THE
A iEH LDH@e-MMT/MZBMSO, {E4k LDH@e-
MMT REE 5] 7E MZBMSO th, i 45 3%



% 43 S

5k, %5 LDH@MMT/MZBMSO (1)l £ K FLAE He 4 v pg BH A 1 g

- 797 -

B, 4 LDH@e-MMT &l ZBMSO Jim i 12%
B, #1455 LDH@e-MMT/MZBMSO-3 IS H & 1
LOI 53] 28.3%, 5 MZBMSO Mg A L,
LDH/MZBMSO. eMMT/MZBMSO. LDH@e-MMT/
MZBMSO Sl l§ 41 pHRR. THR. pSPR &1,
Hrh LDH@e-MMT/MZBMSO-3 E 45 1) pHRR
THR. pSPR [t MZBMSO il i £ &5 4% B A% T
44.6%. 73.3%7!1 68.0%, [FiFfHH W, 8] LDH Al
eMMT SEHEL T Ppla] B S AR 1R o 3 T HE T2 2 $0R
SEM 34, ] LDH@e-MMT ] Jis 2% 4 < Fl#4
WAL, [F1B LDH@e-MMT (A 7= 4 f 35 75 £1
LA R, JE Y B0 k2 AT — 20 BH B AR R
Oy, M4 THm g £ 4 g BH AR H MR . LDH Al
eMMT (254 A BRI SUBAR A T8 %, 382 % M
FRBEBRE B BT EsA BE T, nT it — 2 4R T SR R
PR

SE

[1] CHEN ZK (Bsdhl), LUOT (¥'%), PENG B Y (Z44M), et al. The
influence of typica antioxidants on the performance of soybean
phospholipid fatliquor[J]. Leather Science and Engineering () #&}
25T, 2021, 31(4): 27-34.

[2]  WANG QY (LF#HF), DUAN B R (Et5:5€), DUAN X N (B/hT9),
et al. Research progress of leather flame retardant technology[J].
Leather Science and Engineering (JZ |25 T #2), 2020, 30(3):
28-34.

[3] LYU B, GAO JJ, MA JZ, et al. Nanocomposite based on erucic acid
modified montmorillonite/sulfited rapeseed oil: Preparation and
gpplication in leather[J]. Applied Clay Science, 2016, 121/122: 36-45.

[4 WANG Y F (EX{H1%). Preparation and properties of modified
zanthoxylum bungeanum seed oil/layered double hydroxide
nanocomposite fatliquoring agent[D]. Xi'an: Shaanxi University of
Science & Technology (BEPERM: K2%), 2019.

[5] CHU F K, XU Z M, MU X W, et al. Construction of hierarchical
layered double hydroxide/poly(dimethylsiloxane) composite coatings
on ramie fabric surfaces for oil/water separation and flame retardancy
[J]. Cellulose, 2020, 27(6): 3485-3499.

[6] WANG SL (E#H), DONG H H (4 H), XING RW (JB{~T0),
et al. Effect of modified hydrotacite on flame retardancy and
mechanica properties of polypropylene{J]. Fine Chemicals ({&4fifL
T.), 2019, 36(5): 813-819, 827.

[7]  DINGZM (THE%), ZHAOY (B#), LI J(ZEAR), et al. Preparation
and properties of flame-retardant OMMT/WPU nanocomposites[J].
Fine Chemicals (f411£.T-), 2021, 38(5): 928-933.

[8] LYUB,LUOK, GAOD G, et al. Synergistic effect of layered double
hydroxide and montmorillonite: Towards super-efficient fireproofing
of leather[J]. Applied Clay Science, 2021, 212: 106215.

[9] HUANGGQ,SONGY H, LIU C, et al. Acid activated montmorillonite
for gas-phase catalytic dehydration of monoethanolamine[J]. Applied
Clay Science, 2019, 168: 116-124.

[10] LYU B, LUOK, GAO D G et al. Modified layered double hydroxide/

(11]

[12]

(13]

[14]

[19]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

zanthoxylum bungeanum seed oil composites to improve the flame
retardant of leather[J]. Polymer Degradation and Stability, 2020,
183(4): 109430.

LUO K (#fEEE). Preparation of modified hydrotalcite/zanthoxylum
bungeanum seed oil compound fatliquor and its flame retardant
properties[D]. Xi'an: Shaanxi University of Science & Technology
(BEPERLEE %), 2021,

LI JH (Z=#4E), FENG Q Q (14#ff), ZHU F L (47 k). Discussion
on flame retardancy and fire safety test method of leather[J]. Fire
Protection Technology and Product Information (J B A5 7= s
1), 2017, (5): 10-13.

LIANG L (%K), REN J (fE4#), XU C Q (2% %), et al. Preparation
and release properties of methotrexate intercaated MgAI-LDH
composites]J]. Fine Chemicals (ff4fifk T°), 2019, 36(6): 1166-1172.
LIU X D, GUO J, TANG W F, et al. Enhancing the flame retardancy
of thermoplastic polyurethane by introducing montmorillonite
nanosheets modified with phosphorylated chitosan[J]. Composites
Part A: Applied Science and Manufacturing, 2019, 119: 291-298.
JANG D B, JING C, YUAN Y, et al. 2D-2D growth of NiFe-LDH
nanoflakes on montmorillonite for cationic and anionic dye adsorption
performance]J]. Journa of Colloid and Interface Science, 2019, 540:
398-409.

LI CJ, ZHANG J, LIN Y Y, et al. In situ growth of layered double
hydroxide on disordered platelets of montmorillonite]J]. Applied
Clay Science, 2016, 119: 103-108.

LYU B, WANG Y F, GAO D G et al. Intercaation of modified
zanthoxylum bungeanum maxin seed oil/stearate in layered double
hydroxide: Toward flame retardant nanocomposites[J]. Journa of
Environmental Management, 2019, 238(15): 235-242.

LYU B, LUO K, WANG Y F, et al. Sodium alginate oxide assembly
layered double hydroxide and its structure-activity relationship to
anti-fogging properties and flame retardancy of leather[J]. Applied
Clay Science, 2020, 190: 105559.

HAN G J, ZHAO X Y, FENG Y Z, et al. Highly flame-retardant
epoxy-based thermal conductive composites with functionalized boron
nitride nanosheets exfoliated by one-step ball milling[J]. Chemical
Engineering Journal, 2021, 407: 127099.

SHEN Z Q, CHEN L, LIN L, et al. Synergistic effect of layered
nanofillers in intumescent flame-retardant EPDM: Montmorillonite
versus layered double hydroxides[J]. Industrid & Engineering
Chemistry Research, 2013, 52(25): 8454-8463.

LI Z, ZHANG JH, DUFOSSE F, et al. Ultrafine nickel nanocatalyst
engineering of an organic layered double hydroxide towards a
super-efficient fire-safe epoxy resin via interfaciad catalysis[J].
Journal of Materials Chemistry A, 2018, 6(18): 8488-8498.

XU S, LI SY, ZHANG M, et al. Fabrication of green alginate-based
and layered double hydroxides flame retardant for enhancing the fire
retardancy properties of polypropylene[J]. Carbohydrate Polymers,
2020, 234: 115891.

SHEN X L, LI Z J, DENG N P, et al. Rational designing of tree-like
polymer gel membrane based on PVDF/lamellar organic montmorillonite
nanofiber with excellent flame retardancy and superior ion conductivity
for high-performance lithium-ion capacitor[J]. Chemical Engineering
Journal, 2021, 422: 130116.

AN W, MA JZ, XU Q N. Bio-template synthesis of MgAl layered
double hydroxide with enhanced flame retardant property for leather
finishes[J]. Applied Surface Science, 2021, 551(20): 1494009.



