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Kinetic and combustion properties from a combustion reaction of bamboo

strips soaked by fire-retardant material

FU Shen-yuan'?, CHENG Shu-na’?, ZHAO Guang-jie', GAO Jian-rong’, HU Biao®’, LUAN Fu-you®

(1. College of Materials Science and Technology, Beijing Forestry University, Beijing 100083, China; 2. School
of Wood Science and Technology, Zhejiang Forestry College, Lin’an 311300, Zhejiang, China; 3. College of
Chemical and Materials Engineering, Zhejiang University of Technology, Hangzhou 310014, Zhejiang, China)

Abstract: The combustion behavior of bamboo strips with four treatments: (1) soaked by melamine-phenol-
formaldehyde (MPF) resin and (NH,),HPO,, (2) by phenol-formaldehyde (PF)resin, and(NH,),HPO,,
(3) by MPF resin, and (4) by PF resin, at four temperatures (610, 681, 735, and 796 °C) was studied
using a cone calorimeter. When the bamboo strip material was in the combustion process a chemical dy-
namic method was used to establish the mass loss rate and time for a dynamic model. The mass loss rate,
total heat release, rate of heat release, total smoke released, carbon monoxide and carbon dioxide emis-
sions, combustion behavior, and the activation energy (F,) of the combustion reaction were all analyzed
and compared. Results showed that when the mass loss rate of the bamboo strip was greater than 60%, there
was an inflection point in the combustion curve. Also, (NH,),HPO, improved fire retardant properties of the
bamboo strip. When the combustion temperature was 735 “C, the fire-retardant capability for the bamboo
strip was: Treatment 1>Treatment 2> Treatment 3>Treatment 4. [Ch, 3 fig. 4 tab. 11 ref.]
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Table 1  Classification of kinetic mechanism of solid degradation

P HIL i BRI L S A5 A fla) g(a)
1 Mampel %% 4o W a
2 Mampel %% 3a o
3 Mampel %% 2a ? a”
4 Mampel %% 1 a
5 i 4y 2% — 4y EK 1/(20) o
6 Valensi Y [-In(1 - )] at+(1 - @)In(l - @)
7 Ginstling-Broushtein St 32[(1 —a)™ - 1] (1 -2a/3)=(1 - a)®
8 Avram-Erofeev n=2 2(1 = @)[ = In(1 - )] [-In(1-a)]"?
9 Avram-FErofeev n=3 3(1 - a)[ - In(1 —a)P* [-In(1-a)]"
10 Avram-Erofeev n=4 4(1 =) = In(1 - )" [-In(1=-a)]™
11 Lisbul Sra) e 2 H: A 2(1 - )" 1-(1-a)”
12 AH 1 R INEFETIN 3-(1-a)” - (1-a)"
13 Ak 2 2 n=1 -« ~In(1 - a)
14 a3 n=15 (1-a)” 20(1 — )™= 1]
15 b2 R n=2 (1-a)y (1-a)'-1
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Figure 1  Combustion curves of a—1/tos of four bamboo gtrip types at different

temperatures
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Table 2 Combustion reaction rate constants of four bamboo strip

types at different temperatures

B TR/ C K(T)/s LEPSE 4
B2 610 0.000 88 0.992 9
Bl 0.000 79 0.993 6
A2 0.000 39 0.995 0
Al 0.000 31 0.993 1
B2 681 0.001 02 0.993 7
Bl 0.000 93 0.994 1
A2 0.000 45 0.989 2
Al 0.000 43 0.993 6
B2 735 0.001 09 0.993 5
Bl 0.001 01 0.993 7
A2 0.000 50 0.989 9
Al 0.000 52 0.994 5
B2 796 0.001 18 0.990 9
Bl 0.001 10 0.992 7
A2 0.000 54 0.994 3
Al 0.000 63 0.994 4
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78 Table 3 Pre-exponential factor A and average activation energy E,
— of four bamboo strip types at different temperatures
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Figure 2 Curves of —InK(T) — 1 0007 of different BSFM

K4 FRTLREMBRERNAOUENNFETRE

Table 4 Reacting kinetic equation of four bamboo strip types
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Figure 3 Mass loss rate a(1), heat release rate(2), total heat released(3), total smoke released(4), CO yield (5), and CO, yield(6)
of four bamboo strip types
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