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Research on the Combustion Performance, Mechanical and Rheological Properties of
PHBV/PBAT Flame Retardant Composites
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( Key Laboratory of New Materials and Technology for Packaging, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract : By adopting the method of melt blending, with an addition of MMT and ammonium-phosphate-based
flame retardant to PHBV/PBAT composites, a research has been carried out on the combustion performance, mechanical
and rheological properties of PHBV/PBAT composites. Results concerning the limiting oxygen index and vertical burning
show that the ammonium-phosphate-based flame retardant helps to improve the limit oxygen index of the PHBV/PBAT
composites, and the addition of MMT contributes to a further improvement of the limit oxygen index, followed by the V-0
level of UL-94 vertical combustion tested, with MMT 1% of the content. Experimental results of the rheological and
mechanical properties show that the ammonium-phosphate-based flame retardant deteriorates the mechanical properties of
the composites, while MMT helps to improve the dispersion properties of the powder in matrix materials, as well as the
mechanical properties of the flame retardant composites. The cone calorimeter test shows that an addition of montmorillo-
nite significantly decreases the heat release rate and the amount of smoke production of the composites.
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Table 1 Formulation and naming of
PHBV/PBAT/IFR/MMT composites %
& 5 PL PFR MMT
PM-0 100 0 0
PM-1 90 10.0 0
PM-2 90 9.5 0.5
PM-3 90 9.0 1.0
PM-4 90 7.0 3.0
PM-5 90 5.0 5.0

1.4 FRAMWK

BRI RLYERES IR GB/T1040.2—200642 , 7
38 2 mm/min ; 25 fi 4 RES I GB/T9341—2008
MR, Jesk FREEHRN 2 mm/min ; Wi PEREFEIE GB/
T1043—2008 it

AR AR R R 2 S 180 °C, HABT )
fifReRiat G' . BYUIPIFER S G7 AT
0.1~100 rad/s, WEYYI RGBT ) #4710 [
40.1~100 57",

[ ROY Ay TR NE S S et = Ry bl b W =
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PBAT (W& & A EHARLANER 2L 28 MPa, Wi i3
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Fig. 1 Mechanical properties of PHBV/PBAT

flame retardant composites
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Fig. 2 Storage modulus and loss modulus of
PHBV/PBAT flame retardant composites
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Fig. 3 Loss factors and vGp curves of PHBV/PBAT

flame retardant composites
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G MMT L3S, &5 A B Payne 2500
B BO=FEREIMAKR B A LS MMT, fig
PR AR A PR R AR, [RIE 3 i T
BT R G RE W IR A
2.3 BETESKAGEMERE AT

352 4 PHBV/PBAT & & BHIA AL i AR e 1k
AEMAZE S, a2 1, PM-0 1945 54 ( limit oxygen
index, LOI) 4 18%, X THVEMKEEN 21%, XutH]
PHBV/PBAT &G M EHES S vl DLBABERE B,
PM-1 HIRHARPE BRI T4, 5% T V-14431, Lol
N 29%, [HRLERRBE R TP A i G vE T ELTE & Y
JETHRERS 5 | BRIBLIRRS . AT 5050k 1.0% B MMT
IF, TR RSB TG, T EAB ROk
BT V-045], LOLLF TR, HF36%, ALt
R EINGE . Y MMT BN 434508 3.0% B, LOI
BIUFRER S, BOREN PR MMT MK A7
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Table 2 An analysis of the static combustion of PHBV/PBAT
flame retardant composites

Sample t,/s t,/s t/s dripping ignite cotton UL-94 rate LOI/%

PM-0 7 16 112 Yes Yes NR 18
PM-1 0 1 5 Yes No V-1 29
PM-2 0 1 3 No No V-0 32
PM-3 0 1 6 No No V-0 36
PM-4 0 1 8 No No V-0 35
PM-5 1 2 12 No No V-1 33

2.4 ENSHRERIMERES T

&l 6 & PHBV/PBAT & & BHAAM R AR 2
( heat release rate, HRR ) HHZRIE . #BEIHE K245 0
A7 TR b BRI A R B o 7R e B b HRR P
F ) sh AR, g A B hy 0 (i BARE FIC 3200

HI1& 6 AT, PM-0 smifkZ )5, PR R I (E
KB T 373 MJ/m*. HRRUEEMK, BRI 2
PALER BN T MBI, 35T AR IR R
PR Z R ME TR . PM -1 ROV IOE R I
313 MIm?, HAEWIRIRAL T . XEF A T E
BRI B L BRI, il R R e . — UM LA I
F I URESLRVE , TR T P-N-C 251, RAIEBHER
YER, BRAR TR R HGHE A . A 0.5% 98K,
APLBHERZE I, R PR IO R ARSI,
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Fig. 6 Curves of the heat release rate of PHBV/PBAT

flame retardant composites
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flame retardant composites
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Fig. 9 The total smoke release of the PHBV/PBAT

flame retardant composites
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Table 3 Test results of cone calorimeter for PHBV/PBAT flame retardant composites

. MBHGEZE HRR/  FEPIRERE MLR/  COEFE/  CO,/"%/ BMKTHR/ SEM TSR/
Sample SR [E] TTI/s o o o B S y
(kW - m™) (gs) (kg - kg™) kg-kg)  (MI-m7) (m” * m™)
141° 15.27° 0.013° 1.49°
PM-0 89 . . . . 82.6 422.2
373 38.52° 2.6° 115.15°
134° 8.65° 0.019 4° 1.22°
PM- 1 115 . . . 62.4 324.0
313 23.86° 3.493 6 108.7°
96* 6.57° 0.019 00° 1.19°
PM-2 123 . . . 58.1 280.8
199° 15.89° 2.233 8° 98.39
66" 6.3" 0.014 5° 0.04*
PM-3 149 . . . . 35.2 215.0
192° 20.88° 1.199 4° 95.32°
100.4* 6.33"° 0.013 2° 1.31°
PM-4 121 . . i . 63.8 435.6
236.44" 18.87° 0.947 4° 112.66°
116.3* 7.18° 0.009 4° 1.34°
PM-5 110 . . . . 66.3 480.8
254.38" 18.84° 7.403 9° 168.21°
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