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ABSTRACT: The work aims to prepare microencapsulatedred phosphorus flame retardant wood-plastic composites and
study the effects ofmicroencapsulatedred phosphorus content on mechanical properties, heat resistance and flame retard-
ant properties of wood-plastic composites, and expand their range of application. Microencapsulated red phosphorus was
used as flame retardant, and was added to the ternary system of low density polyethylene, linear low density polyethylene
and wood powder. The flame retardant samples were prepared through secondary extrusion granulation and injection
molding. The mechanical properties, heat resistance and stress failure behavior of the material were researched to deter-
mine the flame retardant level of materials. Compared with wood-plastic materials without microencapsulated red phos-
phorus, when the microencapsulated red phosphorus content (mass fraction) reached 10%, the impact strength of the ma-
terials increased from 17.4 kJ/m? to 19.0 kJ/m?; the tensile strength increased from 19.53 MPa to 21.7 MPa; the elongation
at break increased by 58.7%; the initial decomposition temperature increased by 73.17 °C; the flame retardant reached
V-0; and the oxygen index reached 28.7%.With the increase of microencapsulatedred phosphorus content, the impact

strength, tensile strength and elongation at break of wood-plastic composites all increase; the initial decomposition tem-
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perature rises;and the flame retardant and heat resistance becomesbetter. The flame retardant of the material has low addi-

tive quantity and good comprehensive performance. It is widely used in packaging, construction, furniture and other

fields.

KEY WORDS: microencapsulated red phosphorus; wood-plastic composite material; mechanical properties; flame re-

tardant properties

WPC
=21 WPC
3] WPC
[4]
[5]
WPC WPC
[6]
(71
[8—9]
[10]
Liu [0
WPC
LDPE LLDPE
1
1.1
LDPE LD-163
LLDPE FV-149M SK energy
>80
<5 pym
1.2
LTE-26-32
LRB TECH
RR/TSMP RAY-RAN
J-30

DTG-60
JF-3
AG-IC 100kN
1.3 WPC
LDPE LLDPE

160°C 165°C 175°C 180°C 180°C

165°C 155°C 140 °C — 30 min
LDPE LLDPE 1:1
20%

0% 2.5% 5% 7.5% 10%
PO P25 PS5 P75 P10

2
2.1
GB/T 1843—2008
4 mm
3 mm
1
[12] 1
WPC
WPC [13—14]
19.5
t'*,E 185+
2
#
B
g 175}
i
16.5
(; 2..5 5.IO 7..5 10.0
T BELTBE B B4 50U %

1
Fig.1 Impact strength of samples



- 135 -

41 3
2.2 WPC
0,
ISO 37—2 2.5%
10 mm/min PE
4 mm 3 mm 10 N « ”
2
3 3
225
10% 58.7%
. 215+ WPC
g
% 20.5 +
j's
105 [15—16]
WPC
18.5 1 . ! ! WPC
0 2.5 5.0 7.5 10.0
P RAT R R B % WPC
2 WPC
Fig.2 Tensile strength of samples
50 10%
58.7%
451
S 2.3
ig “or WPC Is
& 35l von mises 4 17 4
% P10
30 0.32 0.905
» (l) 2I.5 5.I0 7.IS 10.0 10
LT A8 % mm/min PO P25 P5 P75 P10
3 75s 84s 94s 94s 95s

Fig.3 Elongation at break of samples

a PO b P2.5

eyy eyy
0.608 0.78
0.414 0.53
0.220 0.28

4

eyy eyy eyy
0.636 0.672 0.9050
0.464 0.503 0.6125
0.292 0334 0.3200
c P5

d P75 e P10

von mises

Fig.4 Von mises strain cloud chart of samples



2020 2

- 136 -
WPC 1
WPC Tab.1 Combustion phenomenaof samples
/%
2.4 TGA
PO — 22.5
P2.5 <V-2 24.6
[18—19] ASTM E1641—16
30 mL/min 1
6.5~7.5 mg P5 V-2 asg
20 °C/min WPC TGA 5
0 WPC 232.15 °C
2.5% P7.5 1 V-1 26.9
275.15 °C 43 °C 7.5% 5
288.01 °C 55.86 °C
P10 V-0 28.7
10% 305.32 °C
73.17 °C
WPC
[20]
100
6 P10
80r Fig.6 Photograph of P10 sample after burning
£ 60t
= 3
& o40r
20+
L 1 Il 1 1 1 1 WPC
100 200 300 400 500 600 700 800 1 0 10% WPC
REE/C 17.4 kJ/m? 19.0 kJ/m?
5 TGA 19.53 MPa 21.7 MPa
Fig.5 TGA spectrograms of samples 58.7%
2.5 2 WPC
GB/T 2408—2008 232.15 °C 305.32 °C
GB/T 2406.2—2009
) 3 10%
- o,
| 6 | 6 V-0 28.7%
PE/
5% WPC 1
WPC 25.8%
10% WPC
WPC V-0 230
28.7%

(1] , ; ,



41 3 -137 -
[J]. , 2018, 39(11): croencapsulation of Phosphorous Flame Retardants and
133—136. Their Applications in Polymers[J]. Polymer Materials

JIANG Tai-jun, XU Cheng, CHEN Lei, et al. Study on
Online Extrusion Measurement and Measurement Error
of Wood-plastic Composite Packaging Materials[J].
Packaging Engineering, 2018, 39(11): 133—136.
TURKU I, KESKISAARI A, PUURTINEN A, et al.
Characterization of Wood Plastic CompositesManu-
factured from Recycled Plastic Blends[J]. Composite
Structures, 2017, 161: 469—476.
, , . /
[J1. , 2015,

36(13): 5—7.
XU Chao-yang, LIU Qing-de, LIU Qing-feng. Prepa-
ration and Properties of Polyvinyl Chloride/Poplar
Wood Powder Molded Foam Materials[J]. Packaging
Engineering, 2015, 36(13): 5—7.
PICKERING K L, ARUAN EENDY M G, LE T M. A
Review of Recent Developments in Natural Fibre
Composites and Their Mechanical Performance[J].
Composites: Part A, 2016, 83: 98—112.
AHMED L, ZHANG B, HATANAKA L C, et al. Ap-
plication of Polymer Nanocomposites in The Flame
RetardancyStudy[J]. Journal of Loss Prevention in The
Process Industries, 2018, 55: 318—391.
ZHANG Q F, CAI H Z, YANG K Y, et al. Effect of
Biochar on Mechanical and Flame Retardant Properties
of Wood-plastic Composites[J]. Results in Physics,
2017, 7: 2391—2395.
CAO Z J, DONG X, FU T, et al. Coated vs naked Red
Phosphorus: a Comparative Study on Their Fire Re-
tardancy and Smoke Suppression for Rigid Polyure-
thane Foams[J]. Polymer Degradation and Stability,
2017, 136: 103—111.

PAG6 [J1.
31(1): 5—S8.
YANG Fu-xing, CAI Yuan, YANG Xiao-yan, et al.
Study on Microencapsulated Red Phosphorus and Its

, 2019,

Synergistic Flame Retardant PA6 Composites[J].
Modern Plastic Processing Applications, 2019, 31(1):
5—8.

LIU J C, GUO Y B, ZHANG Y B, et al. Thermal Con-
duction and Fire Property of Glass Fiber-reinforced
High Impact Polystyrene/ Magnesium Hydroxide/ Mi-
croencapsulated Red Phosphorus Composite[J]. Poly-
mer Degradation and Stability, 2016, 129: 180—191.

J1.
,2017,33(1): 173—178.
DU lJi-yu, DU Ning, WU Ning-jing. Progress in Mi-

[11]

[12]

[13]

[14]

[15]

[16]

[19]

Science and Engineering, 2017, 33(1): 173—178.

LIU J, GUAN H. Preparation, Characterisation and
Performance of Microencapsulated Red Phosphorus[J].
Propellants Explosives Pyrotechnics, 2017, 42: 1—9.
HE Z L, XU J K, ZHANG L, et al. Dramatically En-
hanced Tensile Strength and Impact Toughness of Pol-
ydicyclopentadiene Composites by Covalent Bond
Formation between Phenyl-functionalized Silica and
Dicyclopentadiene[J]. Composites Part B, 2019, 170:
31—40.

. [J]. ,
2015(20): 66—67.
XU Dong-chao. Study on Modification of Red Phos-
phorus Flame Retardant Polyformaldehyde[J]. Chemi-
cal Management, 2015(20): 66—67.

LIANG J Z, FENG J Q, TSUI C P, et al. Mechanical
Properties and Morphology for Polypropylene Compo-
sites Filled with Microencapsulated Red Phospho-
rus[J]. Polymers Advanced Technologies, 2014, 25:
347—352.

CHEN Z Q, JIANG M W, CHEN Z W, et al. Prepara-
tion and Characterization of a Microencapsulated
Flame Retardant and Its Flame-retardant Mechanism in
Unsaturated Polyester Resins[J]. Powder Technology,
2019, 354: 71—81.

LIU J, SONG D M, GUAN H. Preparation and Char-
acterization of Microcapsulated Red Phosphorus and
Its Multi-step Thermal Oxidation Processes Based on
Kinetic Approach[J]. Russian Journal of Applied
Chemistry, 2016, 89: 1009—1018.

XU D H, CERBU C, WANG H W, et al. Analysis of
The Hybrid Composite Materials Reinforced with Nat-
ural Fibers Considering Digital Image Correlation
(DIC) Measurements[J]. Mechanics of Materials, 2019,
135: 46—56.

LIU J C, PENG S G, ZHANG Y B, et al. Influence of
Microencapsulated Red Phosphorus on The Flame Re-
tardancy of High Impact Polystyrene/Magnesium Hy-
droxide Composite and Its Mode of Action[J]. Polymer
Degradation and Stability, 2015, 121: 208—221.
CHONG C T, MONG G R, NG J H, et al. Pyrolysis
Characteristics and Kinetic Studies of Horse Manure
Using Thermogravimetric Analysis[J]. Energy Conver-
sion and Management, 2019, 180: 1260—1267.

YAN L, XU Z S, LIU D L. Synthesis and Application
of Novel Magnesium Phosphate Ester Flame Retard-
ants for Transparent Intumescent Fire-retardant Coat-
ings Applied on Wood Substrates[J]. Progress in Or-
ganic Coatings, 2019, 129: 327—337.



