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Preparation of flame-retardant conductive nylon via the synergistic effect of different processed micro-
nano magnesium hydroxide
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3. School of Chemistry and Chemical Engineering, Jinggangshan University, Ji'an 343009, China)

Abstract : To meet the comprehensive requirements of thermally conductive polymers, such as excellent flame retardancy, heat
resistance, and mechanical properties, a micro-nano hybrid system of magnesium hydroxide prepared by a physical method and
magnesium hydroxide powder prepared by a precipitation method was constructed. The synergistic reinforcing effects of this system
in thermally conductive nylon 6 (PA6) substrates were investigated. The mechanical properties, heat resistance, and flame retardancy
of the thermally conductive PA6 composites were tested, and the final combustion residue was characterized by surface morphology
and elemental analysis using scanning electron microscopy and energy dispersive spectroscopy. The results show that when the mass
ratio of magnesium hydroxide prepared by the physical method to magnesium hydroxide prepared by the precipitation method is
1 : 2, it can better improve the mechanical properties and heat resistance of the thermally conductive PA6 composites. The tensile
strength, elongation at break, and notched impact strength reach 40.83 MPa, 3.18%, and 3.62 kJ/m’, respectively, and the thermal
deformation temperature reaches 134.62 °C. At the same time, the thermal stability of the thermally conductive nylon substrate was

effectively improved at this mixing ratio. The temperatures at 5% and 50% of mass loss reach 348.5 °C and 458.8 °C, respectively,
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and the residual char rate is increased to 1.48 times and 1.54 times that of the single-filler sample at 600 °C and 800 °C, respectively.

Scanning electron microscope analysis shows that the surface micromorphology of the residual char t can be also effectively

improved at his mixing ratio, making the residual char denser and more continuous, that is, it can effectively resist the transfer of

heat flow, mass flow, and gas flow. In particular, it promotes the adhesion of MgO to the surface of the residual char and enhances

the physical barrier effect. In summary, magnesium hydroxide prepared by the physical method can partially replace magnesium

hydroxide prepared by the precipitation method, and there is a good synergistic effect between the two.

Keywords : mixed micro-nano magnesium hydroxide ; thermally conductive nylon ; mechanical properties ; heat resistance ;
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Tab.1 Material formulation of thermally conductive PA6

composites
phr
Magnesium
Samples PAG PP ;P/:i EBS MCA Annloo’;lgam 7H};z_dr°mde
6000D HXHS
1" 30 10 3 1.5 3 0.5 0 30
2" 30 10 3 1.5 3 0.5 5 25
3" 30 10 3 1.5 3 0.5 10 20
4 30 10 3 1.5 3 0.5 15 15
5* 30 10 3 1.5 3 0.5 20 10
6" 30 10 3 1.5 3 0.5 25 5
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Tab.2 Performance parameters of different types of magnesium hydroxide powder

Samples D,/um Dy./um Specific surface area/(m*+g ") Whiteness Qil absorption value/[mL- (100 g)™']
HX-6000D 1.78 5.82 18.23 91.3 28
HXHS5 0.81 1.78 48.21 95.1 36

Notes: Dy, and D,, denote the particle sizes corresponding to cumulative volume fractions of 50% and 97%.
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Tab.3 Test results of mechanical and processing properties of thermally conductive PA6 composites

Samples MFR‘/ [gﬁ-l Tensile strength/ Elongation at Notched impacﬁ Heat deflection Density/(g-cm™)
(10 min) '] MPa break/% strength/(kJ-m ) temperature/°C
1" 491 39.27 2.86 3.51 127.91 1.36
2* 4.72 40.66 2.98 3.57 130.81 1.38
3 4.51 40.83 3.18 3.62 134.62 1.39
4" 4.44 39.71 2.88 3.43 134.41 1.39
5* 4.22 39.60 2.81 3.35 132.22 1.39
6" 3.82 39.42 2.78 3.18 131.78 1.40
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Fig.2 TG and DTG curves of thermally conductive PA6 composites
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Tab.4 TG analysis results of thermally conductive PA6 composites

Samples T,/°C Ty,,/°C T,../°C T,../°C T,./°C 600 °C carbon residue/% 800 °C carbon residue/%
1 312.3 441.3 410.2 441.3 471.8 22.1 20.2
2% 338.1 448.6 409.6 443.7 474.8 29.8 28.6
3* 348.5 458.8 412.5 444.9 479.2 32.6 31.2
4 344.5 452.1 407.4 439.3 471.4 28.8 28.1
5* 3349 448.7 410.4 445.6 478.7 28.5 27.6
6" 334.5 4435 410.8 442.8 477.6 234 21.8

Notes: T, is temperature at 5% mass loss; T, is temperature at 50% mass loss; 7 is temperature of maximum mass loss rate; 7, ., T.

T, tepresent 7, for the first,second,and third pyrolysis stage.

w0 Dnao@0d
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Tab.5 Tests results for flame retardancy of thermally conductive

PA6 composites

UL 94 Dripping: Ignition:
Samples Lo rating Yespc[))r T\%o Yis or No
1 29.0 V-2 Yes Yes
2* 31.6 V-0 No No
3 342 V-0 No No
4 33.1 V-0 No No
5" 32.6 V-1 Yes No
6 322 V-1 Yes No
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Fig. 3 Microscopic morphology of combustion residue of thermally

conductive PA6 composites
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Tab. 6 Mass fraction of major elements on surface of combustion

residue from thermally conductive PA6 composite substrate
%

Samples C N (0] Mg
1" 5.20 1.10 29.67 22.60
2¢ 14.72 0.81 31.22 28.76
3 18.58 0.56 39.80 36.56
4 14.18 0.74 32.72 32.42
5" 12.19 0.76 31.46 29.52
6" 8.29 0.79 28.83 26.51

IR SR Ak Y TOULE 35 T I Y LOT L 3 1.
BRBERIIIRES ARV, 5 EDS BEIE T4, S
FFF4 , #E— 56 3E T HXHS &2 Bt HX-6000D J5 fig
% TE MR e AR v (2 2 I J2 285 4 AR B P B T A
e ¢ J 1 4 B LB P, %ok 7 L B A0t o ds A A I
(1) A% 338 A B R B 5 [R]Bs) A 5 B A [] RS 9 U4
B B TE J5 A B T B SR AR A R i ok vt
THE9R AT A T PR AR HAE S L 2 W R 3L
fie LA S BHRAZEON, A B8 oA B i 28R 5 AER IR S
JEF , 2R A A A R S B AE A e AR rh i B
Pt AT O AR R R A TR AR

Zi Lk, 52 A AR AR A B2 IR T SH
i e 5 B AR R A DR RIVE . S B R LL T
[EAE R RETIOK 25 MBS AT B4 47, [T Est
Kt MgO TERABERITIT & 46 AL IE E 2L B0R 1Y 2
G )z AR 4 P 5 ST A A
LOI #5z K $2 T+ 17.9%, T EL R B8 55 ik V-0 4 .
SEM 5 EDS £ AE 45 R ENHIE , £ HX-6000D 5 HXHS5
FrfE b 102 BYBE T 5k R T 3R & Rt aA M KA, k¢
A B S RH R AL RE me A ; T Lo i 2532 L )5 o )2
TSN R, BRI R0 B =2 9055



RAESR, 55 AN A T2 SR AL B DRI B S PR TR RO 4 71

3 &g

() A< 3 i & B AN [ B 3] B HX-6000D Al
HXHS5 1 T ik 3% S5 PAG JE b 4 7 2% 1 B 1 i 4R
PE, 4 HX-6000D FHXHS B4 B ey 1:2 1), 7l LA
AT PA6 FEM 11 ) 2= R R I — 8 R B i
BERTE A%

(2) 24 HX-6000D 1 HXH5 & i i , X} T 5 #4
PAG6 M AR E VA 3 TR . 2 HX-
6000D Fl HXHS5 A9 5 B Bt i Lb R 1: 2 05, Ty, T
T s Do A T B8 A 2 TE B 359 300 0 B B8 1) 42
Fto Bt 2 B HX-6000D H A3 A4 388 0, 244 52 B
Je FIHE FRERy#aHY, R, 78 600 °CHI1 800 °CHFL
IRAEIREAT B R MRS T, e K358 B A K e b
() 1.48 F5 N 1.54 % .

(3) % i HX-6000D #1 HXHS5 J& , fie g A & i 3%
FAPAG M 1 2 W BHAYERE , 7E LOI A — & 1Y
PETERCR Y PE M BTHE LEoh 1:2 BF e KAR T T
17.9%, I HI&A B , B 5 RS 4 i A
Fi T B BRBE S RE IR B V-0 2 . SEMIIIREE R
TN G I U B 2 A B TR TR A R4k
GERE (H 15 5¢ 2 I SE B0 EDS g s, 24
HX-6000D F1 HXHS5 [ 5 & oA 1: 2 1, 5% Hh C
O.Mg JUF MY it it 73 B i , 6 WA 63 LU 9 7 &2 1
AT LUA SR HE TR 210 MO fE ik /2 R T BER | i bk
JE P EERH e | e B AL A DM RIS ALV E R

S % Xk

(1] 30 B Je S A PRI T 4 54 T B HCPEREBTSE D).
AR - PU RS 2SI KA, 2022,

WANG Wenyan. Preparation, structure control and properties of
nylon thermal conductive composites[D]. Chengdu: Southwest Jiao-
tong University,2022.

[2] LIUY,ZOU W Z,YANG M, et al. Polymer films with metal-like
thermal conductivity, excellent stability, and flame retardancy[J].
Advanced Functional Materials, 2023, 33(38). DOI: 10.1002/
adfm.202303561.

[3] LIUJ,SU X W,LIU Q Y, et al. Constructing robust multifunc-
tional coating on wearable nylon/cotton blend fabrics for human
thermal management, motion monitoring, fire safety, and water
repellency[J]. Chemical Engineering Journal, 2025, 507. DOI:
10.1016/j.c¢j.2025.160658.

[4] TAWIAH B,ULLAH S,CHENG Z X, et al. Microporous transition
metal phosphide flame retardant toughened PA6 composites with

excellent thermal conductivity and ferroelectric response[J].
Composites Part B:Engineering,2025,300. DOI:10.1016/j.compos-

itesb.2025.112502.

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

LIU M, QIU Y T, SHI Y Q, et al. Fabrication of flame retardant
nylon 6 film composites with superior gas barrier property and
puncture resistance[J]. Composites Communications, 2024, 47.
DOI:10.1016/j.c0oc0.2024.101883.

TAWIAH B, ULLAH S, DE CACHINHO CORDEIRO I M, et al.
Nanodiamond decorated phosphor-silicone thermally conductive
PA6 composites with excellent flame retardancy, nanomechanical
and thermo-pyroelectric Chemical

Journal,2025,511. DOI:10.1016/j.cej.2025.162249.
GAVANDE V,NAGAPPAN S, SEO B, et al. Transparent nylon 6

response[J]. Engineering

nanofibers-reinforced epoxy matrix composites with superior
mechanical and thermal properties[J]. Polymer Testing, 2023, 122.
DOI:10.1016/j.polymertesting.2023.108002.
LIU B Y, HE D J, WANG Z H, et al. Synergistic enhancement of
flame retardancy and interfacial adhesion in glass fiber-reinforced
polyamide 6 composites via DOPO-functionalized maleic anhy-
dride copolymer[J]. Chemical Engineering Journal,2025,522. DOI:
10.1016/j.cej.2025.167686.
BIE, EIRME, G UERE, 55 0L B Mk — 2 KL vk VR 47 BELAA
PAG[J]. FF EI¥EAE,2022,36(1):120-127.
YANG Zheng, WANG Zhenhua, LU Shike, et al. Synergistic effect
of zinc borate and aluminum diethylphosphinate on flame retar-
dancy of PA6[J]. China Plastics,2022,36(1):120-127.
TR B, Bt , 55 IR S0/E 2L BRI i JE e o
FRE T SE ()] R A AL T LA, 2019, 49(5):50-53.
WANG Shaojun, CAO Lichao, DUAN Jinhua, et al. Application
of barium metaborate in reinforced and flame retardant nylons[J].
Fine Chemical Intermediates,2019,49(5):50-53.
ZOU W Q,LUO K Q, XU J, et al. Preparation and properties of
toughened/flame-retardant PA6/glass-fiber composites reinforced
by linear polyphosphazene elastomers[J]. Polymer Composites,
2024,45(13):12 273-12 288.
2 A . T R0 B Rk BELAA AR ) 5 1 FE A B JE T 6 Hh i i
F[D]. L35 ARAEEE,2019.
LI Huanhuan. Synthesis of novel tin-based flame retardants and
their application in flame-retardant nylon 6 [D]. Shanghai:
Donghua University ,2019.
R . BEHAA B 6 47 /e e 6 S E B[] #2020,
49:28-31.
LI Minghui. Flame-retardant scale graphite/nylon 6 thermal
conductive composite material[J]. Plastics,2020,49:28-31.
SABET M, SOLEIMANI H. The influence of graphene on the
mechanical, thermal, and flame retardant characteristics of Poly-
amide 6[J]. Materials Technology,2022,37(10):1 2511 262.
VOTHI H, KIM C,NGUYEN T, et al. Thermal degradation and
flame retardancy of nylon 6/aluminum methylmethoxy phospho-
nate composites[J]. RSC Advances, 2023, 13(8):5 219-5 227.
LIU L J, YANG R J, XIA Z H, et al. Interfacial bonding flame



72

AR

2026 4E, %5 54 4,55 9 1

[17]

[18]

retarded coating of nylon 6: Anti-dropping, self-extinguishment
and water-proof[J]. Progress in Organic Coatings,2022,170. DOI:
10.1016/j.porgcoat.2022.106913.

MOCHANE M J, MOKHOTHU T H, MOKHENA T C. Synthe-
sis, mechanical, and flammability properties of metal hydroxide
reinforced polymer composites: A review[J]. Polymer Engineering
& Science, 2022,62(1):44-65.

KOVACS Z, TOLDY A. Synergistic flame retardant coatings for
carbon fibre-reinforced polyamide 6 composites based on expand-
able graphite, red phosphorus, and magnesium oxide[J]. Polymer

Degradation and Stability, 2024, 222. DOI: 10.1016/j. polymde-

[19]

[20]

gradstab.2024.110696.

HAN Y, XU SY, WANG A S, et al. Remarkable effects of sili-
cone rubber on flame retardant property of high-density polyethyl-
ene/magnesium hydroxide composites[J]. Polymer Degradation
and Stability, 2022, 203. DOI: 10.1016/j. polymdegrad-
stab.2022.110061.

LI X, ZHENG Y K, BAO X Y, et al. Synthesis of phosphorus-
containing modifier based on phenolic epoxy resin and its applica-
tion in flexible poly(vinyl chloride)/magnesium hydroxide
composites[J]. Polymer Testing, 2024, 140. DOI: 10.1016/j. poly-

mertesting.2024.108634.



