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cone calorimetric test and TGA, respectively. The analysis resul
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from 27% to 32% , accompanied with the PLA passing V-0 ;&\ in UL-94 test at 3wt% of OMMT substitution for

Lig-P-APP. The peak thermal degradation rate of

and its charring residue at 800°C increases by n

Q
P-OMMT/PLA flame retardant composites reduces,

9. Cone calorimetry results indicate that the heat release

rate of Lig-P-APP-OMMT/PLA flame retardant composites dramatically reduces, and the peak heat release rate
(PHRR), the peak smoke produce rate (PSPR) and the total smoke production (TSP) decrease by 26. 4%, 60%
and 26. 3%, respectively with the optimum loading of 3wt% OMMT. The incorporation of OMMT benefits to the

formation of much more compact and more graphitic char layer during the combustion of Lig-P-APP-OMMT/PLA

flame retardant composites.
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Formulation of lignin-based charring agent with

I% phosphorus-ammonium polyphosphate-organic

W . fontmorillonite/poly (lactic acid) (Lig-P-APP-OMMT/PLA)
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Bl (Lig-P) 5 APP #EAT E B TBHAR PLA. JF1E
BEEEAS B 5T OMMT AR BhROR . XFBHAAR PLA 1Y
LUAVE R . 20 F B S K 45 JEAT T A0 F
58, HERIRBATHIAT TR . AR A
6 B 4 10 JE 4 B LA AT3E 5 40 % PLA #017
P PR ELAT 7 O T 4 7

1 LWMBREFE
1.1 FE#H#
2L B8 (PLA), 4032D, W H 2 B Nature

flame retardant composites

No. Components/wt %
PLA APP Lig-P APP : Lig-P OMMT

PLAO 100 0 0 0 0
PLA1 77 15.3 7.7 21 0
PLA2 77 17. 2 5.8 31 0
PLA3 77 18.4 4.6 41 0
PLA4 77 19.2 3.8 5:1 0
PLAS 77 17.6 4.4 41 1
PLAG6 77 16. 8 4.2 41 2
PLA7 77 16.0 4.0 41 3
PLAS 77 15.2 3.8 41 4
PLA9 97 0 0 0 3

Note: The total amount of flame retardant composites is 85 g.
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Table 2 Limiting oxygen index (LOI) and vertical burning
test (UL-94) testing results of Lig-P-APP-OMMT/PLA

flame retardant composites
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Table 3 TGA data‘ef Lig-P-APP-OMMT/PLA flame

@r%ant composites in N
(\é]ﬁ P ’

Residue/ %

100°C 600°C 800
\%‘6%\)327 366 2.8 0.9 0.5 0.5
% 315 365 2.1 2001 13.0  10.9
PrLA7 302 363 19 21,1 17.8  16.2
PLAY 334 374 2.8 3.5 3.0 3.0

Notes: Tsy— Temperature corresponding to weight loss 5% of

Tiax/C Umax

material; Th.c— Temperature corresponding to maximum thermal

degradation rate; vmax—Maximum thermal degradation rate.
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Table 4 TG data of related substances and @\
PLA?7 residue in N, %
400°C 600°C \\ \govc
Exp  Cal Exp  eall) Exp  Cal
PLAO 0.9  — 0. 7 0.5 —
Lig-P-APP  79.7  — @ - 22.9  —
OMMT 79.0 — 72. — 72,4 —
PLA7 21,1 19.0 17.8  10.2  16.2 7.2

Notes: Exp—Residue obtained from TG curves; Cal-—Residue by

calculation according mass ratio of components.
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Table 6 Raman analysis results of residual char of

PLA3 and PLA7

Ap Ac R
PLA3 88234 41276 2. 14
PLA7 16889 8491 1. 99

Notes: Ap—Peak area of deformed carbon band; Ai—Peak area of
graphitized carbon band; R— Area ratio value of Ap and Ag.

27 ) PLA3 1 PLA7 9 LOI Wi J5 5% #¢ 10
EDS M CH . /%M. 5 Lig-P-APP/PLA &
GHEAEE, A OMMT B Lig-P-APP-OMMT/
PLA B &M BT BR &4 St Ml P ot &S, b fF
HHE AL TTE, T OMMT 25 T 52 4 5 W1k
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Fig. 9 Raman spectra of char residues of PLAB@
FH . HoA] g kB B0 ke = E’Jff/ﬁi YAl Lig-P-
APP-OMMT/PLA & £ b B9 r% AEHE

&7 PLA3 # PLA7 LOI ﬂﬂﬂ@?&ﬁﬁ’] EDS 10X # #F
Table 7 EDS related data of residuals of PLLA3 and
PLA7 after LOI testing

No. Si/wt% P/wt% Al/wt¥%
PLA3 1. 69 25.49 —
PLA7 12.53 43.51 3.72
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X} Lig-P-APP-OMMT/PLA [ & & 1 B k2 &
TERE . PHARPERE . MABEAT A ER R, JFR) PR 5T
TH AT R .
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R PLA WA I 5, B E MR (UL-94) 9
Vo 2.,
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file sl R W] AR, H 800°C MR AR AR W T

48@/

(3) OMMT 7E Lig-P-APP-OMMT/PLA FH %
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AR e i T 31 %,
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