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Flame Retardancy and Thermal Decomposition Kinetics of PE/Wood
Flour/MRP/Nano-MH Blend Material
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YANG Ying-long, WANG Ye, YANG Ya-ting

(School of Mechanical Engineering, Tianjin University of Commerce, Tianjin 300134, China)

ABSTRACT: The work aims to study the flame retardant effect and flame retardant mechanism of microencapsulated red
phosphorus (MRP) and nanometer magnesium hydroxide (Nano-MH) flame retardant wood-plastic composite (WPC).
MRP was used as the main flame retardant. Nano-MH was used as a synergistic flame retardant. Low density polyethylene
(LDPE), linear low density polyethylene (LLDPE) and wood flour were used as the basic materials to prepare
flame-retardant wood-plastic materials (WPC/MRP/MH). The effects of flame retardants on the flame retardancy of
composites were analyzed by determination of combustion grade, limiting oxygen index (LOI) and thermogravimetry
(TG). The thermal decomposition behavior of WPC and WPC/MRP/MH was studied through the Flynne-Walle-Ozawa
(FWO) method. The reaction mechanism of WPC/MRP/MH was deduced by the Criado method. It was showed when the
MRP mass fraction of the composite was 12.5%, the flame retardant grade reached UL94 V-0, the LOI value was up to
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28.3%; the Tongets Tendser and T, of WPC/MRP/MH were higher than those of WPC, and the apparent activation energy (£,)
obtained by FWO method gradually increased in the later stage of thermal decomposition, and the thermal stability of the

material was significantly improved; The reaction mechanism function of WPC was g(a)=[-In(1-a)]

I/n
b

fla)y=n(1-0)[-In(1—a)]""". The thermal decomposition mechanism was growth after nucleation. The compounding of MRP

and Nano-MH effectively improves the thermal stability of WPC. The flame retardant properties of the composites are

significantly improved.

KEY WORDS: microencapsulated red phosphorus; nano-magnesium hydroxide; wood-plastic material; flame retardant;

thermal decomposition kinetics

A4 ( Wood Plastic Composite, WPC )
S DABRIAYE S A TR RUARRS | FoT . AT SR £F
YA JEOREE A BT B AR AR, e B R R 1
AAE U, WP RILRTAEER R . Bk . B AL
TR, BT T k. REME
WU, WPC [ 5y Sk e E BRI T e 0 g A
B, Mk, WPC BYBHBRECIERrST B AR R 7 F P,
Zhang “ECII YR | KK . R O RERE,
ik E A (MH) MIEASELE (ATH) A
PR BHRE WPC, 25558, MH Al ATH #Jfigfg
L E MR B ERE , HL MH A BEIA R B 4
Gibier %5705 7 e i S0 AT 1) 5 18 A W A 1 by B
BEFNZ R Rty Al 4 WPC, FRAFBHIAERE R
I E AR

YEM R RS B SRR R BRI, s 2T
W (MRP ) 78 R AW H BA T 12 B P, Cheng
ZENKE MRP /R RRER BE BRI, o 0 50U 7%
mF, BRPRAEFEE (LOI) #ifik 30.6%. Liu ZE1IHf
7% &I MH I MRP X 5 7 20 11 BEA A BH W 19 Bp ]
ERLS

ik MRP Mgk & A LB ( Nano-MH ) Xt
ROMH WPC HEATFHBA M, 38 o I E A
(TGA) MM EY: (DTG ) WFZEHMR WPC 1k
FaErE, X FWO il Criado 3318244 B B0 i1 3l
T2ESHOF W L R N ALEE

1 %I

1.1 ERRMNHEEE

F#Fk . LDPE, LD-163, $afbdbsiaeilify
/AF); LLDPE, FV-149M, %[ SK energy; #AAK)
(>80 H ), RHEHTH AL R EEA R/ HF ; MRP (fr
12<5 pm, RIS LA, 6 Mg & 53 50CR 15%,
CIBE TR AT ECN 85% ), RIS A YR A R 7 5
Nano-MH ( Kif&h 40 ~ 50 nm, Z{i)F>99.5% ), HiM
TE 8T A BR AT

FE AL AR VA . BUIR AT B s R R 4,
LTE-26-32, %i#t LRBTECH A#l; #AE AT,
DTG-60 %, HASEAFE; /NEERBE FEAL,

RR/TSMP, #i[E RAY-RAN Z\A]; /K2 B AL
FEAL, TTech-GBT2408, Z& 458 (M ) KA #
BHEARA T SRE e, JF-3 &, AT K
JIIENE izl RN

1.2 REESHHHGEIE

WAL EE R 24 (LDPE ), L% B R 205
(LLDPE ). A¥;. MRP Hl Nano-MH LL— & H. IR
A, BRUBF-F ik R G AT UaE kL, ALk 2R
SR A BOR BRI E N 160, 165, 175, 180, 180,
165, 155 il 140 °C, BRFFHE#%E A 27 rad/min, F
i fic LR 1.

T8 o R R A BE AR 2%, K3 1SO 37.2 4
HER 5 0RERSS, SRS ST R 80 mmx 10 mmx
4 mm, BHEIEE K 190 °C, HLEIRE N 80 °C,
B TE A 80 s

x1 Hmit7a

Tab.1 Formula of sample

. _. MRP Nano-MH
e LDPE LLDPE AMFE o oy
JSi O i1y

e Fitg/g FBitg/g  5380% % 0%

WPC 100 100 30 0 0
WPC/MRPS/
MH 100 100 30 5 10
WPC/MRP12.5/
MH 100 100 30 12.5 10

1.3 BIRERNE

il GB/T 2048—2008 Xf4 44 kL k4T3E A
PSRRI, BT R L, G0 ET
FEREARIEHR 10 mm AINLE, SR 10 s J 2 BIESE &
W, TRRESAIEIE IR S BV K G S BRRESS 10 s, IF:
3 IR SERE T KA G AR BERTTa], 56 1 IRAIES 2 3K
A KAR BRI IR] 20 B30 A 1, Bl 1,0 26 2 9 UL 94 & 1
WRGE G R bR, AT E S AR

1.4 REREIEENE

18 GB/T 2406.2—2009 X5 A&k R4 F5
BOHATINAE , LOIL {H<22%J& T 5 B KL, LOI {E1E
22% ~ 27%JE AT RA R, LOT {E>27%)@ MESA AT L
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Tab.2 Criterion for vertical combustion grade
49 (UL 94)
V-0 V-1 V-3

AR LR

PAREE S B AR AR E] (#/8)
— R I BBTTE] (f+2,) <508 <2505 <250 s
YT T SRR AL 7 i B

<10s <30s =<30s

1.5 BESH

R4 ASTME 1641—16 W5 AT R o RS
SRR, 2N 30 mL/min, I3 R VS L &
I3 800 °C, iXFEF RN 6.5~7.5 mg, JHEEFK%E
£ 15, 20 F1 25 °C/min,

2 #R5HE

2.1 PHERMES R

F 4 3 Fhili 4 R vl 1, WPC/MRPS/MH A9 LOI
fHR 21.5%, BEAKE, HA4H; WPC/MRP12.5/MH
() LOI {HiA 5 28.3%, TEIAbeid FEH JCIA V%, T
#RBEIAE] UL 94 V-0 %%, AT, MRP A1 MH 1y
AR T WPC HBHEAM: . WPC/MRPS/MH Fil
WPC/MRP12.5/MH FEEMRE IS BR R ULIE 1,

2.2 RREMESH

MRP. Nano-MH. WPC. WPC/MRP5/MH I
WPC/MRP12.5/MH 7£ 15 °C/min J}E# % T i TGA
il DTG MR LI 2—3, AMERIUEFLE S iR
(Zonset~ fendsers TGA MIERRHR e KB YILL 5 15 2B
A2 ST L AIRE ). DTG AR (¢,) )
FIER B H L3R 4,

I 2 ATLAE Y, MRP 166 B R i T485%
PR LT T B i 2k o SR BE = T 390.5 °CJE 5%
FIN 97.2%Z AN T 120.2%, VBT 32
RENABAES P HEA . KEERN, HN
AR (1) — (2), EZE=PhHE 8 (P05)
FUmBERL (HPO; ), PRI TNt W B AE 474.8 °C
5, BEREER TR, FREEFIAHT TR, Nano-MH 95T

Bk FER AR 383.6~414.8 °C, X 52 i F Nano-MH
Z IR MgO F1 H,0 FTE,

a WPC/MRP5/MH b WPC/MRP12.5/MH

B 1 BH#R WPC BRBEE I IR A
Fig.1 Photos of flame retardant WPC after combustion

P,+50,—2P,05 (1)
P40,¢+2H,0—(HPO3), 2
W 3 fras, 5 WPC A, WPC/MRP5/MH |
WPC/MRP12.5/MH [ TGA #1 DTG fh£k #1104 e #%
HAEREH BAAAE - E 1], 300 MRP 1 MH A IA
52 A bR G EAE TE = BT T A RE R AR .
& 4 PR, TERl—FHEHE ST, WPC, WPC/MRP5/MH |
WPC/MRPI12.5/MH Y fonser fenaser PASL 1, HRUCT R
WPC/MRP5/MH 1 MRP12.5/ MH/WPC [#)5% B8 % h 4
B WPC AU 9.47% . 14.48%, BHIAFIHIIMAA &%
BHIE T 2 A PR I, ELRER S I 6 22 A
% 4 [, MRP 5 Nano-MH H{ fnee b WPC
R o TEARIBE G AR Z I, B ReARME A M EZ
P, Bl S IRE IS E] MRP Y fonse NF, MRP TE235,
S A U ) S O R R 4R 2L T, Nano-MH
FEUR o A2 K HL0 o He i 14 S84k 4 5 7K s R A e 1)
WElR R M AT A T B A T AR R T, A2 3 P A 4
E, XY EA R RK P, o DU A ) %
T 7% 2 T IR 37E Nano—MH F4 I /K SO AE i MgO,
MgO REZS 5IZMAN, A2 Intee, Mmiks
A PR AR AR EIRAMBTRT LLUERH,, MRP A
Nano-MH 7& Pk R HPAA7E BT D RIVE A

®3 EEMEFRMLOIE

Tab.3 Vertical combustion grade and LOI value

—WERER

. — ik ST amptagig B Lol

N \ ,3\_,(“} ~ \ ‘/\El //\‘ - X ZIN REN Vi
v e Attt ] RO G ) s % (/%

B () /s
( 4 ) /s

WPC — USRI, A 18.1
WPC/MRP5/MH REAE, A 0 49 296 21.5

WPC/MRP12.5/MH REEE, JoIAETH 0 9 33 V-0 28.3
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\ I
-04 Y !
—— MRP
08 - - ~Nano-MH
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1EEE/,C
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K 2 MRP F1 Nano—MH A TGA F
DTG £k

Fig.2 TGA and DTG curves of
MRP and Nano-MH

2.3 BOBhh=oHh
2.3.1 FWO HEKRBROBINNESH
Flynne-Walle-Ozawa ( FWO ) J5 ¥ A 7E AR H1 L
MLERRAS O R aE e, Rkl (3 ),
1g,8=lg{RI‘ZZg)}—ZBM—OA% 75; (3)
K: a HFACE; THIRE; A WEHTH T
BATFHRHE R ; E MiGIGE; R WS HEE, HIE R
8.314 J/(K-mol); g(a)l a BT/ ek %N,
1B B K AR R o FEASTE] B (15, 20,
25 °C/min ) IS IR EE ( s Too Tas ), 251 1g p~1/T
MR INL, SR BNz &t s, #l
AgeabE (b) 53 (1) HRBE (-0.456 TE/R ) 4,
M SRAFTEALREN S, RIBE S HPRAY 1g p—1 000/T
WAL UL 4, FWO FiEmit g R s,
ME 4 WA, EAMEELE hZ L1
17, VEHATERR A fif et B h A AR TR B S R LB . 3R
S50, EAEMEHBIEHERE (1) ¥RT 0.9,
VLB TS . AR E, Y2 B/ R

ks, XEh FREERE TS, MPR &L
Nano-MH 4 i 7= W2 dEBHAR WPC RTIFRE k)2
FITE B, A 35 b R 246 #hom R AT RS, IR — 25 0
fi# o 4HALE K 0.6.0.7 F1 0.8 I, MRP12.5/MH/WPC
B E, 45 e WPC B i 18.43.30.63 . 18.39 kJ/mol,
Wt — 10 B b6 % 1R T 5 , MRP Fll Nano—-MH & #i &
FERHBAERT, {ff WPC/MRP12.5/MH 1 E, B Wik,
A il AR AT TR M

B=15 °C/min

20 —=—wec
—e— WPC/MRPS/MH
0 | —4— WPC/MRPI12.5MH

0 200 400 600 800
B/ C
a

B=15 °C/min

-1.0

DTG

15 s wpC
—e— WPC/MRP5/MH
—— WPC/MRP12.5/MH

200 400 600 800
MR/ ,C
b

K3 ZAMER TGA Fl DTG ik
Fig.3 TGA and DTG curves of composites

& 4 15°C/min FHREE T RIREHIR

Tab.4 Thermogravimetric data at 15 °C/min heating rates

RS fonset/°C Tendset/°C 1/°C ;i% fi
MRP 3256 5105 7588  19.20
Nano-MH 383.6  393.6 6549 70.11
WPC 288.7 4524 5941  0.19

WPC/MRPS/MH 321.9 461.1 6222  9.66

WPC/MRP12.5/MH  323.1 472.5 667.6 14.67
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140 F °
1.35 -
1.30 ) ]
Q
L0
1.25
1.20 +
-
1.15 +
1 1 1 1
1.30 1.32 1.34 1.36 1.38 1.40
1000 7°'/K!
a WPC
140 F ° ]
1.35
_ 130 +
L0
1.25 |
m 0=0.5
® 0=0.6
1.20 | A 0=0.7
& 0=0.8
1 1 1 1
1.28 1.30 1.32 1.34 1.36 1.38
1000 7-/K!
b WPC/MRPS5/MH
1.40 * A °
1.35
E 1.30 °
1.25
1.20
[ ]
1.28 1.30 1.32 1.34 1.36
1000 7-/K!

¢ WPC/MRP12.5/MH

[l 4 FWO 1Y 1g f~1 000/T
LA Lk
Fig.4 Fitting curve of Ig -1 000/T by
FWO method

2.3.2 Criado FEHEM 4> fif Ie R #1138

KM Criado %2 Z(a)/2(0.5)—a 5% F Hh £ HET
FEMA WPC [ AL, 2 T R AR it
22 6 FNZE T H ULAY 10 Fh B AILBRAR AL, 434 An., Fn,
Dn 1 Rn %8 4 28, 2 5lE 170 fE v e aL,

5 RIS G AARE T M ZE K R, e e T s il
(8 S REAILR LR A LR B, 28 (4) 24 Criado
TkEGE, UL a=0.5 HZH5 5, AR L
MEAZ T Za)2(0.5=1, HA[fa)g(a)/f0.5)2(0.5)]-«
H[(T,/ Ty s)**(de/de)/(de/de) e 5350 S B2 1w WL S 5
BG5S o Z 1B 5C R IR o 38 2 A8 B o AL AR 2
SHHHR Y Z(a)/2(0.5)-0 KR ML, HEWTIL G PR
[ AF 52 HLERE

Z@) _ f@g@ (T,Y dald,

2(0.5) £(0.5)g(035) [T_J (dar/di)ys

e ¢ ML o) -5 R [T AR 31 ) 2 B 4y
R AR SC A AR K

4

®5 FWO FiEMITELER
Tab.5 Calculation results of FWO method

e a b r o EJ(kI'mol™")
0.5 —8.80428 09840  160.28
0.6 —6.69491 09812  121.88
WPC
0.7 —6.22848 09659  113.39
0.8 —6.94257 0.9828  126.39
0.5 —6.27838 09924  114.29
0.6 —6.29886 0.9942  114.67
WPC/MRP5/MH
0.7 —6.276 95 09989  114.27
0.8 —6.38374 09987  116.21
0.5 —8.04193 09916  146.40
0.6 —7.70723 0.9640  140.31
MRP12.5/MH/WPC
0.7 —7.91127 0.9284  144.02
0.8 —7.95294 09241  144.78

i EdR el A, WPC. WPC/MRP5/MH #l
WPC/MRP12.5/MH  J i AL # AH W], 3¢ DL
WPC/MRP12.5/MH i il #E 52 & A4k S i HLEE
SR 5. WK S T LIE H, WPC/MRP12.5/MH
F S B HLEE S An Ry LB IR £k B an, Rt
WPC/MRP12.5/MH [ & [ AL B oA 50N g(o)=
[~In(1-a)]"" . flay=n(1-a)[~In(1-a)]"", SIS HLEE H H
Ka K . 3 WABHR WPC 78 # it 1k A% v Bt 1L E

AT ST OB B 25 A, B A 2 A
TE B BB, BB B i R N RN EL, B e PR S
A R RS I 2544 .
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Tab.6 10 reaction mechanism models common in solid phase reaction

SV ALEE BAMLS g(o) o)
Avrami Equation: Two-Dimensional Nucleation A2 [—In(1-a)]"? 2(1-a)[-In(1-a)]"?
Avrami Equation: Three-Dimensional Nucleation A3 [—ln(l—oc)]”3 ?a(l—oc)[—ln(l—oz)]Z/3
Avrami Equation: Four-Dimensional Nucleation A4 [~In(1-a)]"* 4(1-a)[-In(1-a)"*
Random Nucleation with Two Nucleus of Individual F2 1(1-a) (1-ay’
Particle
Random Nucleation with Two Nucleus of Individual M 1(1-ay? 0.5(1-0)’
Particle
One Dimensional Diffusion D1 o’ o/2
Two Dimensional Diffusion D2 (1-a)In(1-a)ta [—In(1-a)] "
Three Dimensional Diffusion D3 [1-(1-a)*? 3(1-0)**/[2(1—(1-a)'?)]
Contracting Cylinder: Two Dimensional Phase 12 T
Boundary Reaction R2 1=(1-a) 2(17a)
Contracting Sphere: Three Dimensional Phase R3 ~(1-a)" 3(1-a)?

Boundary Reaction

1.4 -

N\ P /,/0—0\,\
12 + *
\v
1.0 \
S o8l v
3 N\
NS’ 0.6 - /—l—An
A —o—F2
—a DI \
04 + —o—D2
/‘ ——D3
—v—R2
02 A T *\.\.
A —+—WPC/MRP12.5/MH
0.2 0.4 0.6 0.8 1.0
/%
E5  BiHLEE

Fig.5 Reaction mechanism

S G YR R R VE B OB Bk R &
WPC/MRP/MH & &4 8E, #1730 P 3 fif 2y
12530, TR EA T I A3 it S R LR A T, 75 11 5
WF .

1) WPC/MRP12.5/MH [ BHIA S5 93k 5] UL94
V-0 2%, LOI {H ik 28.3%, & &R B $2 5 o

2) 7E[E—THRE#EZR T, MRP 5 Nano-MH ¥l
A A B TGA F1 DTG M, fonset~ Londset
e, T, HEROE R B A0, Ui WPC
TE T 5 AR B R A Bt — 2 1Y 40 o

3) TEEAEE 0.6~0.8 N, R FWO HikilH
BE E, (ARBEETH RS, MBI e

T
—
RE

S

Il

o

4 )if 13 Criado ZHEWTH WPC/MRP12.5/MH )5
HUILERECH g(a)=[-In(1-a)]"" Aa)=n(1-a) [-In(1-a)]"",
PR ALELA B S HE K

S 30k :

DR, ki, EAR, & WIS RSk
L ER ORI AR ST RS
T#, 2017, 33(3): 116-121.

CAO Ming-lang, ZHANG Tao, CAO Jin-xing, et al. Fa-
brication and Properties of HDPE/Wood Flour Compo-

[1]

sites in Subcritical Fluid[J]. Polymer Materials Science
& Engineering, 2017, 33(3): 116-121.

BOONSRI T, RUKCHONLATEE S, JANGCHUD 1.
Wood Plastic Composites (WPCs) from Multilayer

(2]

Packaging Wastes and rHDPE as Pallets for Green In-
dustry[J]. IOP Conference Series: Materials Science and
Engineering, 2022, 1234(1): 012022.

b3, RIR e, £4a8&, 5. AK/PE ZaM et SE
T T ELEE R A RIS (7). U TR, 2021, 42(19):
19-25.

WU Zhan-wen, ZHU Zhao-long, WANG lJin-xin, et al.
Friction Characteristics of Wood Powder/PE Compo-
sites and High-Speed Steel Tool[J].
neering, 2021, 42(19): 19-25.
CHOTIKHUN A, KITTIJARUWATTANA J, ARSYAD
W O M, et al. Some Properties of Wood Plastic Compo-

(3]

Packaging Engi-

[4]

sites Made from Rubberwood, Recycled Plastic and Si-
lica[J]. Forests, 2022, 13(3): 427.
e, 9k E AR/ HLBE U R B BE A 98 2 A 41



A

1 % T f&

2023 42 A

(8]

[10]

[12]

[13]

FHEREEIBFIELI]. A7 Talk, 2022, 59(2): 13-16, 27.
XU Wei-hua.
Si0,/Organophosphorus

of Nano-
Retardant

Study on the Properties

Synergistic Flame
Wood-Plastic Composites[J]. China Forest Products Indus-
try, 2022, 59(2): 13-16, 27.

ZHANG Q F, CAI H Z, YANG K Y, et al. Effect of Bi-
ochar on Mechanical and Flame Retardant Properties of
Wood-Plastic Composites[J].
2017, 7: 2391-2395.

GIBIER M, LACOSTE C, CORN 8§, et al. Flame Retar-

dancy of Wood-Plastic Composites by Radiation-Curing

Results in Physics,

Phosphorus-Containing Resins[J]. Radiation Physics
and Chemistry, 2020, 170(C): 108547-108547.

CHENG C, LU Y, MA W, et al. Preparation and Cha-
racterization of Polydopamine/Melamine Microencap-
sulated Red Phosphorus and Its Flame Retardance in
Epoxy Resin[J]. RSC Advances, 2021, 11(33):
20391-20402.

2, W, BREH =B, A B K BE AR R 2 1
& B A A4 e g h R[], BL3E T AR, 2022, 43(3):
51-60.

LI Yan, YANG Guo-chao, OUYANG Yun-shu, et al.
Preparation of Hydrophobic Flame Retardant Micro-
capsules and Application in Kraft Paper[J]. Packaging
Engineering, 2022, 43(3): 51-60.

FENG Q, CHEN X W, PENG Z G, et al. Preparation and
Characterization of Controlled-Release Microencapsu-
lated Acids for Deep Acidizing of Carbonate Reser-
voirs[J]. Journal of Applied Polymer Science, 2021,
138(21): 50502.

CHENG C, YAN J, LU Y L, et al. Effect of Chito-
san/Lignosulfonate Microencapsulated Red Phosphorus
on Fire Performance of Epoxy Resin[J]. Thermochimica
Acta, 2021, 700: 178931.

LIU J C, GUO Y B, CHANG H B, et al. Interaction
Between Magnesium Hydroxide and Microencapsulated
Red Phosphorus in Flame-Retarded High-Impact Polys-
tyrene Composite[J]. Fire and Materials, 2018, 42(8):
958-966.

PRI, BRFHE, TREf. P TR B AR R
T RAE RN [I]. B TR, 2022, 53(2):
193-210.

XIE Qi-yuan, CHEN Dan-dan, DING Yan-wei. Ther-
mogravimetric Analysis and Its Applications in Polymer
Characterization[J]. 2022,
53(2): 193-210.

Acta Polymerica Sinica,

[14]

[15]

[17]

[18]

[19]

[20]

[21]

LIU J C, ZHANG Y B, GUO Y B, et al. Effect of Carbon
Black on The Thermal Degradation and Flammability Proper-
ties of Flame-Retarded High Impact Polystyrene/Magnesium
Hydroxide/Microencapsulated Red Phosphorus
site[J]. Polymer Composites, 2018, 39(3): 770-782.
REIR I . WUBe S LT R BELA SR Ay 8 . o FH S BELAA 1 40
PLERATFE[D]. Kb HhEg ke, 2004,

XIONG Lian-ming. Preparation, Application and Smoke

Compo-

Suppression Mechanism of Microencapsulated Red
Phosphorus Flame Retardant[D]. Changsha: Central
South University, 2004.

RICH), sRHTE, o, S GRS 21 B P e
T2 B it VU BEL R SR I 52 5 B RHDT. 2R T, 2019,
47(8): 118-123.

ZHU Wen-li, ZHANG Ming-guo, WANG Di, et al. Mi-
croencapsulated Red Phosphorus Synergistically Re-
tards the Flame of Polypropylene Composites with a
Basic Magnesium Sulfate Whisker[J].
Industry, 2019, 47(8): 118-123.

Al Liang-hui, CHEN Shan-shan, ZENG Jin-ming, et al.

Synergistic Flame Retardant Effect of an Intumescent

China Plastics

Flame Retardant Containing Boron and Magnesium
Hydroxide[J]. ACS Omega, 2019, 4(2): 3314-3321.
FAME, TN, ST, AL BRI BELAAER SR IS B ]
Fe ARGy fig 8 1 2 WE 5 (0], T RE MR, 2018, 49(11):
11089-11095.

BAO Dong-mei, FANG Li, WEN Zhu, et al. Preparation
and Thermal Decomposition Kinetics of Epoxy Resin
Modified with Cyclotriphosphazene[J].
Functional Materials, 2018, 49(11): 11089-11095.
ARAR, Bk, TR 20, fF. O HEUURERR B R IR]
WA LA PA66 IS J14 (0], TREERLNL
H, 2020, 48(4): 105-111.

Z0OU Meng-hao, LUO Zhong-lin, QIAO Yi-hui, et al.

Thermal Degradation Kinetics of Aluminum Diethyl-

Journal of

phosphinate in Synchronizing Phosphorous Silicone
Flame-Retarded PA66[J]. Engineering Plastics Applica-
tion, 2020, 48(4): 105-111.

POLETTO M, ZATTERA A J, SANTANA R M C.
Thermal Decomposition of Wood: Kinetics and Degra-
dation Mechanisms[J]. Bioresource Technology, 2012,
126: 7-12.

MALLICK D, PODDAR M K, MAHANTA P, et al.
Discernment of Synergism in Pyrolysis of Biomass
Blends Using Thermogravimetric Analysis[J]. Biore-
source Technology, 2018, 261: 294-305.

SRS R



