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Preparation of MgFeCu-LDHs and its effects on flame retardant and smoke suppression properties of PVC
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Abstract : The Mg-Al hydrotalcite is widely used in flame retardancy, but there are also some problems such as single flame
retardant element and limited flame retardancy. With introducing transition metal elements Fe and Cu, the magnesium-iron-copper
ternary hydrotalcites (MgFeCu-LDHs) with high relative crystallinity were prepared by coprecipitation method. The effects of reac-
tant material ratio, hydrothermal treatment time, hydrothermal treatment temperature, pH value of reaction system and other condi-
tions on the relative crystallinity of MgFeCu-LDHs were explored. Then MgFeCu-LDHs were added as flame retardant and smoke
suppressant agents to polyvinyl chloride (PVC) materials. The flame retardant and smoke suppressant properties, thermal stability
and mechanical properties of MgFeCu-LDHs/PVC composites with different MgFeCu-LDHs additions were tested. The results
show that, the optimal preparation conditions for MgFeCu-LDHs are molar ratio of divalent ions (Mg™ and Cu™) to trivalent ions
(Fe*) of 2: 1, molar ratio of Cu*' to Mg of 1:4, hydrothermal treatment time of 12 h, hydrothermal treatment temperature of 60 °C,
and pH value of 10. When the addition of MgFeCu-LDHs is 16 phr, the maximum specific optical density of PVC composite
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decreases from 33.13 of pure PVC to 16.43, with a reduction of 50.4%, which indicates the composite have good smoke suppression

property. Meanwhile, the limiting oxygen index of the composite increases from 23.0% of pure PVC to 25.4%, and the UL 94 hori-

zontal burning level reaches HB. After adding MgFeCu-LDHs, the carbon residue of PVC exhibits a higher degree of graphitization.

Compared to pure PVC, The "zipper-type" HCI release rate of MgFeCu-LDHs/PVC composite decreases significantly. Adding an

appropriate amount of MgFeCu-LDHs can enhance the tensile strength of the composite. These results indicate that magnesium-iron-

copper hydrotalcite can effectively enhance the flame retardant and smoke suppressant properties of PVC materials, and provide

reference for the development of inorganic flame retardants with multiple flame retardant elements.
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Tab.1 Formulation of MgFeCu-LDHs/PVC composites

Sample name pvC MgFeCu- THF
p mass/g  LDHs mass/g  volume/mL
PVC 1 0 T

4MgFeCu-LDHs/PVC 1 0.04 15
8MgFeCu-LDHs/PVC 1 0.08 15
12MgFeCu-LDHs/PVC 1 0.12 15
16MgFeCu-LDHs/PVC 1 0.16 15
20MgFeCu-LDHs/PVC 1 0.20 15
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Fig. 3 XRD patterns of MgFeCu-LDHs prepared at different

material ratios
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Fig. 4 XRD patterns of MgFeCu-LDHs at different pH values
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Fig. 7 SEM photos and EDS-mapping images of MgFeCu-LDHs
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Tab. 3 Specific optical density data of PVC and MgFeCu-LDHs/PVC composites

Samples Maximum specific optical density Maximum specific optical density corresponding time/s
PVC 33.13 459
4MgFeCu-LDHs/PVC 33.70 109
8MgFeCu-LDHs/PVC 35.08 160
12MgFeCu-LDHs/PVC 17.96 319
16MgFeCu-LDHs/PVC 16.43 161
20MgFeCu-LDHs/PVC 23.67 326
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(c) Digital photo of
16MgFeCu-LDHs/PVC

(d) SEM photo of
16MgFeCu-LDHs/PVC
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Fig. 8 Digital photos and SEM photos of PVC and 16MgFeCu-LDHs/

PVC carbon residue
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Fig. 9 TG and DTG curves of PVC and MgFeCu-LDHs/PVC composites

%4 PVCHMgFeCu-LDHs/PVC £ W RIER B REIR K M BRI
Tab.4 Data of PVC and MgFeCu-LDHs/PVC composites at differ-

ent mass loss stages

Items Samples Stage 1 Stage2 Stage3
PVC 23~250 250~365 450~660
4MgFeCu-LDHs/PVC  23~220 220~347 347~626
8MgFeCu-LDHs/PVC 23~222 222~333 333~634
12MgFeCu-LDHs/PVC 23~212 212~337 337~649
16MgFeCu-LDHs/PVC 23~204 204~330 330~654
PVC 7.75 57.11 35.10
4MgFeCu-LDHs/PVC  7.87 50.80 39.03
8MgFeCu-LDHs/PVC ~ 7.43 47.49 39.85
12MgFeCu-LDHs/PVC ~ 8.79 40.71 40.11
16MgFeCu-LDHs/PVC  8.86 40.10 40.33

234 JjFRRAN
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Fig. 10 Tensile strength and elongation at break of MgFeCu-LDHs/
PVC composites
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Fig. 11 LOI test images of PVC and 16MgFeCu-LDHs/PVC
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Tab.5 LOI and UL 94 horizontal combustion test results of PVC
and 16MgFeCu-LDHs/PVC composites

Samples LOI/% UL 94 level
PVC 23.0 —
16MgFeCu-LDHs/PVC 25.4 HB

3 &g

1 = SR T R B4 51 A LDHSs H, SR AL
DLUER: , il 4 T MgFeCu-LDHs, #8781 HAc A 1 i
&4, [ Bs) il 45 1) MgFeCu-LDHs %3 il 2 PVC
Hefkh, %22 T MgFeCu-LDHs 1E 4 B 7 75 PVC
T B P BE AL . AR RIS .

(1)if i XRD, FTIR F1 SEM X} MgFeCu-LDHs
SERY AT T FRAE, 153 MgFeCu-LDHs i 544 i
LR n (M) n(MPY=2: 1, n(Cu)/n(Mg>)=1 : 4, 7K
AFREFIE] 12 h, KK R T 60 °C. il g5 #E i
N Z pHAE M 10,

()71 16 443 i) MgFeCu-LDHs J& , PVC & 4 44
B B K LE G B R [ 2 16.43, L T4 PVC Y
33.13, B IR ik 50.4%, iX 3R W] MgFeCu-LDHs K5 4% 5
(1474 LDO XA BEKH A R i 1) Wy B B E T, 2



202

AR

2025 4F, 45 53 45,45 10 11

BAPRERBL R AP RHIISCR o
(3) TG il i 2% % B , 16MgFeCu-LDHs/PVC &

BRRHB B S B AR, SEZE PVC iU i HCL

BOR B . R, LOL K UL 94 7K SF-#ABe il 3 25 51

KW, ¥ 16 4 MgFeCu-LDHs Ji7 , & A4 1K) LOI

HILL T4E PVC 14 23.0% $2 7+ 2 25.4% , /KT #RBE 45

ik HB %o By~ P RE ML 45 SR R W, o

MgFeCu-LDHs 23 [&1k PVC (1) 1 24 fig , 7 ik —

% MgFeCu-LDHs 1 gt | DL/ N & G b )

JIPFIERE R o

2 % Xk

[1] ELGHARBAWY A. Poly vinyl chloride additives and applications-
A review[J]. Journal of Risk Analysis and Crisis Response, 2022, 12
(3). DOI:10.54560/jracr.v12i3.335.

[2] MORGAN A B, MUKHOPADHYAY P. A targeted review of bio-
derived plasticizers with flame retardant functionality used in PVC
[J]. Journal of Materials Science,2022,57(14):7 155-7 172.

[3] ALTARAWNEH S, AL-HARAHSHEH M, ALI L, et al. Thermal
degradation of polyvinyl chloride in the presence of lead oxide: A
kinetic and mechanistic investigation[J]. Chemical Engineering
Journal,2024,493. DOI:10.1016/j.cej.2024.152873.

[4] YUIJ,SUNLS,MA C,et al. Thermal degradation of PVC:A review
[J]. Waste Management,2016,48:300-314.

[5] XUJRAE, 8L, SR, 55 K A7 B HAE SR L0 rh ity o T 2
[7]. 388}, 2021, 50(5):72-77.

LIU Zhaonian, WANG Zhen, GU Chaohui, et al. Progress of hydro-
talcite and its application in polyvinyl chloride[J]. Plastics, 2021, 50
(5):72-77.

[6] ST, AL WU 355 T HURH S R if BEAY A RIGEAR 0], 15
%, 2022(5):36-39.

WEN Haoyu, WANG Chuanlong. An effective way to control
plastic pollution under the background of "dual carbon"[J]. World
Environment, 2022(5):36-39.

[7]1 QIN H Y. Research on China’s PVC (polyvinyl chloride) futures
[C]//Proceedings of the 2022 International Conference on Busi-
ness and Policy Studies. Singapore: Springer Singapore, 2022:
494-503.

[8] /Nt 2RSSR PVC IR Ay 4540 e i T Mo MERBWFSE [D]. JE 5
TR, 2019.

HUANG Xiaoqiang. Structural design and properties of layered
structure PVC smoke suppressant[D]. Beijing:Beijing University of
Chemical Technology,2019.

[91 Mk, Bk, IR K o i 3 R BH A M e
16T.,2022,39(1):24-33.

BAO Yan, TANG Pei, LIU Chao. Research progress on preparation

FERERE[T) A A

and flame retardant properties of layered double hydroxides[J].
Fine Chemicals,2022,39(1):24-33.
[10] GUO B F,HE Y M,CHEN Y M, et al. Layered double hydroxide

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

nanosheets incorporated hierarchical hydrogen bonding polymer
networks for transparent and fire-proof ceramizable coatings[J].
Nano-Micro Letters, 2025, 17(1). DOI: 10.1007/s40820-025-
01646-y.

PRZERR  UDERS , FE A8 45 45 KM A SRl O ST 0 e 0] 1k
TR}, 2022, 50(10):10-14,20.

CHEN Haosen, CHENG Xiaoling, YUAN Huajin, et al. Research
progress on modification of LDHs[J]. New Chemical Materials,
2022,50(10):10-14,20.

SUDARE T, YAMAGUCHI T, UEDA M, et al. Critical role of
water structure around interlayer ions for ion storage in layered
double hydroxides[J]. Nature Communications, 2022, 13. DOI:
10.1038/s41467-022-34124-9.

LIN S,PAN Y N, DU J L, et al. Double-edged role of interlayer
water on Li" extraction from ultrahigh Mg>"/Li" ratio brines using
Li/Al-LDHs[J]. Journal of Colloid and Interface Science, 2022,
627:872-879.

XU ZP,WUY C,ZHANG Z M, et al. Insight into ion exchange
behavior of LDHs: Asynchronous chloride adsorption and interca-
lated ions release processes[J]. Cement and Concrete Composites,
2024,147. DOI:10.1016/j.cemconcomp.2024.105433.

SREEJA P C, SHARMA R, NEHRA S. Divergent applications of
hydrotalcite-based materials{M]//Hydrotalcite-based Materials:
Synthesis, Characterization and Application. [S. 1.]: Bentham
Science Publishers,2024:48-83.

FERAR, T, EH, 5 JEK AR R e B Ay o (1
e R[], RiEYERL,2019(2):1-4.

WANG Xiaoka, PEI Guangbin, WANG Qian, et al. The research
progress of LDHs and their flame retarding properties[J]. Shang-
hai Plastics,2019(2):1-4.

XU S,LI SY,ZHANG M, et al. Effect of P30105’ intercalated
hydrotalcite on the flame retardant properties and the degradation
mechanism of a novel polypropylene/hydrotalcite system[J].
Applied Clay Science,2018,163:196-203.

FLER RSO0, BT S T RES 24 B K A R A S
S ARSI TR T, 2019, 31(1):9-13.

HUANG Yuzhen, LU Wenwen, ZHONG Yutao, et al. Preparation
and application of boron/zinc doped calcium aluminium hydro-
talcite[J]. Modern Plastics Processing and Applications, 2019, 31
(1):9-13.

KA, KRR R A, 55 . R L IS R R 470 )22 A /K T A B
G BHL R TRCPE A R Y B ST (0], R RL 2 S HOR 2021, 353):
52-58.

ZHU Meng, ZHU Jiazhi, SHI Junyou, et al. Study on flame-
retardant poplar veneer modified by polyvinyl alcohol phosphate
intercalated hydrotalcite[J]. Chinese Journal of Wood Science and
Technology,2021,35(3):52-58.

XU S M,XUR,ZHU Y Q, et al. Theoretical study of the mecha-

nism for photocatalytic CO, reduction to methanol over layered



SR, SF  BERRAR =TTk I () 18 SO R S AR BRI AR RE P

203

[21]

[22]

[23]

[24]

[25]

[26]

double hydroxides[J]. Journal of Materials Chemistry A, 2024, 12
(28):17 628-17 641.

DU G F, LIU Z G, JIA P J, et al. Intercalated rare earth
hydrotalcite - like materials and their application in stabilizers in
poly (vinyl chloride)[J]. Journal of Vinyl and Additive Technol-
ogy,2023,29(2):410-423.

FEALAR , ALIIRATE , B 17, 45 B Bk =028k A0 BRI i At
T2 B A R R R I 0], PR RS e S B R, 2020, 42(7):
843-848.

DU Xiange, DU Nana, CAO Fang, et al. Degradation of phenol
by peroxymonosulfate activated with cobalt-copper-iron ternary
hydrotalcite-like Environmental Pollution &
Control,2020,42(7):843-848.

TR, R, R, % CoNiFe = JeZK A7 Al 75 B W B
REAFSE [T BARAL T, 2021,41(5):93-97,102.

WANG Zhuqing, ZENG Chen, YUAN Dong, et al. Preparation of

compounds[J].

CoNiFe ternary hydrotalcite and study on its adsorption properties
[J]. Modern Chemical Industry,2021,41(5):93-97,102.

FRAETS , X080, A0 NI, &5 5 B2 K 0 B 5 AR PVC 4
FeE PERBAYSZ L], T IR 12241, 2024, 42(2):339-348.

DU Guifang, ZHAO Jingang, LIU Zhaogang, et al. Synthesis of
calcium lanthanum hydrotalcite and its effect on thermal stability
of PVC[J]. Journal of the Chinese Society of Rare Earths,2024,42
(2):339-348.

ZHANG L, CHEN T T, XU H, et al. Simultaneously enhanced
flame retardancy and smoke suppression properties of flexible
polyvinyl chloride with the incorporation of modified Mg(OH),
and Sb,0,[J]. Materials Today Communications, 2023, 34. DOL:
10.1016/j.mtcomm.2023.105448.

TKF DRI , TR ZE 1 I8 R SR R BRI I B 58 0 Je (], BRAX
LRI TR, 2024 ,36(4):48-51.

[27]

[28]

[29]

[30]

[31]

[32]

ZHANG Ling, CHEN Tingting, ZHANG Jun. Research progress
on flame retardancy and smoke suppression of plasticized polyvi-
nyl chloride[J]. Modern Plastics Processing and Applications,
2024,36(4):48-51.

CHENG F Y, ZHU X F, LIN B K, et al. Bio-based tin phytate
interface assembled bismuth oxychloride for enhanced flame retar-
dancy and smoke suppression in polyvinyl chloride coatings[J].
Journal of Cleaner Production, 2024, 476. DOI: 10.1016/.
jelepro.2024.143615.

ZHANG B, HAN J. Synthesis of microencapsulated zinc stannate
and its application chloride)
membrane material[J]. Fire and Materials,2018,42(1):109-118.
LI P, DANG L, LI Y W, et al. Enhanced flame-retardant and

in flame-retardant poly(vinyl

mechanical properties of epoxy resin by combination with layered
double hydroxide, Mg,B,0; whisker, and dodecyl dihydrogen
phosphate[J]. Materials & Design, 2022, 217. DOI: 10.1016/j.
matdes.2022.110608.

WU M, LIU W P,DENG F J, et al. Steering acid-base site distri-
bution and hydrophobicity of bioresourced bifunctional hybrid
materials for direct synthesis of <y -valerolactone from biomass-
based furfural[J]. ChemSusChem, 2025, 18(7). DOL: 10.1002/
cssc.202402165.

BH L RM B, 5 RA PR R BER ERE 5E0]. 28
BB, 2024, 52(3):49-54.

MAO Qinglong,ZHU Peng,ZHAO Yanli, et al. Study on combus-
tion characteristics of PVC materials[J]. Plastics Science and Tech-
nology,2024,52(3):49-54.

ALTARAWNEH S, AL-HARAHSHEH M, DODDS C, et al
Thermal degradation kinetics of polyvinyl chloride in presence of
zinc oxide[J]. Thermochimica Acta, 2022, 707. DOI: 10.1016/].
tca.2021.179105.



