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Influence of Wood Sample Forms on CONE Calorimeter Results

Yuan Liping Huang Zizhi Hu Yunchu
(College of Materials Science and Engineering, Central South University of Forestry & Technology —Changsha 410004 )

Abstract: [Objective ] Cone calorimeter sample shape and size affect its experimental results. In order to clarify
whether the powder samples are appropriate for CONE tests or not, seven different forms of wood samples were investigated
by cone calorimeter. Study on the influence of sample shape and size on cone heat release parameters have important
significance on selecting heat release parameters, evaluating combustion process and researching flame retardant
mechanism. [Method ]Seven different processing methods and forms of wood samples were investigated by cone calorimeter
under a heat flux of 50 kW +m >. The PHRR (peak of heat release rate) , HRR (heat release rate) , THR (total heat
release) ; EHC (effective heat combustion) results were measured. [Result]1Through analyzing the arithmetical mean error
(AX) , relative error (E ) and standard deviation (S) of the cone calorimeter results from seven types of wood samples, it
was found that the error estimate of MEHC (mean of effective heat combustion) was the minimum and the error estimate of
PHRR was the maximum in PHRR, MHRR, THR, MEHC four thermal parameters determination results. And the above—
mentioned four heat release parameters of powder samples had low error estimates, far less than those of the plate samples.

Such as two powdery samples of PP and FPP, their S, respectively are 1.2 and 1.1 kWem ~* respectively, which was
about 1/8 of PPB and far lower than values of five plate samples. [Conclusion] The experimental results show that MEHC
is mainly influenced by the combustion process, while the PHRR is influenced by the combustion state, sample itself and
the external factors. Furthermore, the precision of the powdery samples is better than that of the plate samples, being with
good reproducibility and high reliability. Therefore, powdery samples is suitable to be used in laboratory test and materials
selection in scientific research, which can save the materials and time prepare the standard samples, and provide scientific

basis to simplify the experimental sample of cone processing technology.
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Tab.1 The experimental data of the heat release rate from different forms of wood samples

K FE Samples

HRR/ (kWe+m 2)

1 2 3 4 5 6 7 8 9 10
PHRR 234.5 233.6 231.3 235.2 228.7 215.8 214.5 221.0 227.9 220.9
P MHRR 54.3 53.4 55.3 53.5 54.3 53.5 54.3 54.7 52.8 50.9
. PHRR 144.6 147.0 141. 1 142.8 146.0 140.0 139.8 154.6 141.1 146. 1
e MHRR 38.5 37.8 38.9 37.7 35.9 35.8 37.1 38.5 38.6 37.3
PPB PHRR 654.2 637.0 723.2 573.5 717. 4 647.8 598.8 692. 6 675. 4 720.5
MHRR 152.9 156.0 173.9 161.6 167.2 144. 4 147.8 166. 1 159.7 168.3
) PHRR 193.5 201.5 193.0 191.6 131. 4 187.9 168. 4 206. 6 196.5 195.3
Feep MHRR 56.4 82.3 70.7 76.0 73.1 79.7 69.9 80.1 71.8 76. 4
B PHRR 246.8 256. 1 261.6 293.0 326.4 285.8 290. 8 263.7 265.2 280.5
MHRR 112. 4 104.2 117.9 115.4 117.7 113.8 114.4 115.9 120.5 116.9
) PHRR 296.9 288.3 318.9 318.8 351.4 371.8 385.5 361.6 399.5 343.7
v MHRR 109. 1 132.0 115. 4 124. 6 110. 4 112.3 124.2 118.0 126.2 133.2
B PHRR 341.7 361.3 377.0 450. 6 332.7 294.0 370.8 353.7 343.6 425.1
MHRR 128.4 111.2 131.2 128.8 121. 4 124. 1 124. 1 138.7 129.8 131.2

R2 FABSAMAHFABRRERXEENREGE

Tab. 2 The error estimation of the heat release rate of experimental data from different forms of wood samples

RBE Samples AXpyge / E, purr Spunn / AXypgr / B, vurr Synrr /
(kWem~2) (%) (kWem~2) (kWem~2) (%) (kWem~2)
ppP 7.0 3.1 7.7 0.93 1.7 1.2
FPP 3.5 2.4 4.5 0.92 2.4 1.1
PPB 44 6.6 52 8.0 5.0 9.5
FPPB 16 8.3 22 5.5 7.5 7.4
PB 19 7.0 23 3.1 2.7 4.4
PW 32 9.3 37 7.9 6.6 8.7
FB 34 9.4 45 5.6 4.4 7.3

2 2 AT 40, Wk FPP ) PHRR {56 {8 (1) T A5
P ZEA SIS T Bl [ T 25 AR MR FE v B /N1, S
W HE PPARFE o 1M 5256 = s ) (1) PPB ) 55 AR S 1) i

%%ﬂ*&?ﬁ{ﬁ%ﬂ%j{, jﬁﬁx:%/ﬁ\: SPllHK%J‘i 52 kW
m~ 7,40 % FPP fl PP [ 11.6,6.75 f%. A4k, 4
Foft BSCR AR 10 15 2 i S50 AU A v » A0 A VEE O 221710 55
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Tab.3 The experimental data of total heat release from different forms of wood samples

THR/(MJ*m ~?)

K FE Samples

1 2 3 4 5 6 7 8 9 10
PP 20. 1 19.5 18.9 19.5 19.3 18.7 19.8 20.5 18. 8 18.3
FPP 8. 14 7.78 8. 18 7.96 8.37 8.27 8.08 8.33 7.89 7.69
PPB 52.0 56.2 55.7 56.7 54.3 52.7 50.3 54. 1 50.6 56.0
FPPB 32.5 31. 4 30.5 29.0 29.7 28.1 32.6 33.2 31.7 27.9
PB 54.0 48. 4 54.9 50.2 52.4 49.0 52.1 54.5 52.4 52.0
PW 46. 4 52.2 47.4 50.5 48.6 52.3 53.4 51.3 53 56.6
FB 63.6 57.9 63.7 67.0 66. 2 68.9 72.0 72.2 72.1 72.8
R4 FTREBESAMRENEFERRRERRLE
Tab.4 The experimental data of mean effective heat combustion from different forms of wood samples
N MEHC/ (MJ+kg™")
BUHF Samples 1 2 3 4 5 6 7 8 9 10
ppP 13.8 14.0 13.7 14.0 13.9 14. 1 14. 1 14.0 13.7 13.8
FPP 7.67 7.46 7.54 7.78 7.60 7.57 7.73 7.84 7.91 7.83
PPB 14.2 13.6 14.3 14.2 12.9 13.0 12.9 13.7 12. 4 13.4
FPPB 9.67 8. 87 9.09 8.55 9.21 9.79 9.13 8.69 8.94 9.56
PB 12.5 12.3 12.2 12.2 12. 8 12.0 12. 1 12.6 12. 1 12.2
PW 11.5 11.6 11.5 11.9 11.6 13.0 12.2 12.6 12.9 12.9
FB 11.2 11.1 10.9 9. 66 10. 8 11.5 11.9 12.0 12.0 12.0

RS TRABESAMEAHMZIABRKMENTHERIAERARBENREGE

Tab.5 The error estimation of THR and MEHC of experimental data from different forms of wood samples

W APE Samples AXpyg / E, g Stur / AXygne / E venc Swenc /
(kWem™2) (%) (MJem~?) (kWem™?) (%) (MJ*kg™")

PP 0.57 2.9 0. 68 0.13 0.96 0.15

FPP 0.20 2.5 0.23 0.13 1.7 0.15
PPB 2.1 3.8 2.4 0.58 4.3 0. 66
FPPB 1.7 5.6 1.9 0.34 3.8 0.41

PB 1.8 3.4 2.2 0.24 1.8 0.27

PW 2.5 4.8 3.1 0.56 4.6 0. 60

FB 4.2 6.2 4.9 0.62 5.5 0.76
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Fig.1 Poplar powder sample and the digital photographs of the residue chars after CONE tests
A. ¥ KKK Poplar powder sample; B: PP,C: FPP,D: PB,E: PPB,F: FPPB,G: PW,H: FB.
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