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(1) 2 F L Ak 19l 9 MK 6 IR 7K ¥ ¥ (Dicyandiamide,
Formaldehyde and Phosphoric Acid, DFP), DL 5 %,
R 192 (85%) 4 J5URL,  7F 80~100 C R S i #32,

(2 ¥ W I b B R = R A % (Melamine,
Formaldehyde and Phosphoric Acid, MFP), LL =28 iz
R 192 (85%) 4 J5URL,  7F 80~100 C R S i #31,

(3) LARFEM i =i, HEERIEIR (85%) A JsUkL
TS B 8 P 1l T TR 5 MR R 8 PP AL 1ol P R 10 VR
% (Dicyandiamide, Urea, Formaldehyde and Phosphoric
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PRSI B 5. BT J5 3 2006 BH A 771 1) 7K 55
(R i 5 BRI 5 EE Oy 1:30) 41 80 C i HEAR
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B 1, G 1~V 235 275 - Fa F1Z: DFP, MFP,
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2.3 Hmath
2.3.1 ot

Iy R DT-40 #A43#r4% (Shimadzu, HA), &
FETE 6 mg, RiEZ) 50 F(0.27 mm), i 0~700°C,
TR 2 10 °C/min, 5, a-AlLOs fEZ LUFE.
2.3.2 JTTHESHT

2 B FH LE il 2 , S0 2 H Kjeldahl 75 50 5E .
2.3.3 H2BR 4R % (Limiting Oxygen Index, LOI)
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Table 1 Flame retardant parameters of larch treated with flame retardants
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Sample  Flameretardant P (%, @) N (%, @) Limiting oxygen index cr(;: ’y[:;Id 2 peak(E\e:/t/r:]ezl)e ase rate M?;gg:em('tzﬁlng)e at
| 18 6.0 135 204
1l DFP 2.23 2.15 36 26.0 91 15.3
1" MFP 2.58 217 38 276 84 14.9
I\ UDFP 2.97 2.36 40.5 30.8 80 14.1
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Fig.1 Heat release rate curves of the larch samples I, 11
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Fig.2 Total heat release curves of the larch samples I, 11
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Fig.3 Stages in the pyrolysis of cellulose
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Fig.4 TG-DTA curves of pure larch in air
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Fig.5 TG-DTA curves of the samples I, I1I, IV in air
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Fig.6 Plots of In(Iny™) versus T using Broido equation for the
samples I~1V in the second stage of thermal degradation
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Table 2 Activation energies in the second stage of thermal degradation of larch treated with flame retardants

Sample Flame retardant Stage Mass loss (%) Temperature ('C) E, (kJ/mol) R

1st 7.2 230~290
2nd 433 290~350

' 3rd 102 350~420 122 ~0.9996
4th 20.0 420~540
1st 6.6 180~250

1 DFP 2nd 274 250~296 92 0.9997
3rd 374 296~582
1st 6.8 160~230

1 MFP 2nd 26.7 230~285 72 0.9994
3rd 354 285~584
1st 45 160~232

v UDFP 2nd 26.3 232~290 84 -0.9998
3rd 35.0 290~577

2 2 AR R ¥ EET 1, YW Broido 7R
SRR I TR . NRATLLEH, 2kt fafk
MGG EE A 122 kd/mol,  BHIAFF: 5 IR MG AL RE 7 5 A
92, 72 A1 84 kd/mol, Lt A AL FEAE § B 30~50 kd/mol,
U I BEAPR T AR SR AR T . 3K SE 20t T BHAR 7
X IR TV B L (AR A AR S e A A 2 By

SR AR ST LT, SR F= D AT 1
W, TR RS 1 F 1.
4 FELBAHLHE

TR BN B, 524N 15 56 A A IR K
WERR ALK SN, Ay AR T U0 Pyl L A, FLARE
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Thermal Analysis and Kinetics of Larch Treated by
Phosphorus—Amine—Formaldehyde Flame Retardants

GAO Ming*?, LI Gui-fen?, YANG Rong-jie!

(1. School of Material Science and Engineering, Beijing Institute of Technology, Beijing 100081, China;

2. Department of Resources and Environmental Engineering, North China Institute of Science & Technology, Sanhe, Hebei 065201, China)

Abstract: Larch was treated with phosphorus—amine—formaldehyde flame retardants. The thermal degradation of the treated larch
samples was studied by thermal analysis and cone calorimeter. The flame retardant properties were characterized in limiting oxygen
index, char yield, heat release rate and total heat release. Kinetic parameters of thermal degradation were obtained following the method
of Broido. The limiting oxygen index and char yield increased while the heat release rate and total heat release decreased, which shows
that combustibility of larch has largely decreased. For the degradation of the larch treated with flame retardants, the activation energy
was greatly decreased, which shows that the flame retardants catalyze the dehydration and decomposition of larch. The main
decomposition of larch occurred at lower temperatures (<300 °C) through the reaction which includes dehydration, rearrangement,
carbonization, evolution of carbon monoxide and carbon dioxide, and ultimately a carbonaceous residue, resulting in the formation of
less flammable products and correspondingly more char, leading to low combustibility.

Key words: Broido equation; larch; thermal analysis; CONE; flame retardant



