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Combustive Characteristics of Pinus Rigida Treated
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ABSTRACT

This study was performed to test the combustive properties of Pinus rigida-based materials by the
treatment of ammonium salts. Pinus rigida plate was soaked in three 20 wt% ammonium salt solu-
tions such as ammonium sulfate (AMSF), monoammonium phosphate (MAPP), and diammonium
phosphate (DAPP), respectively, at the room temperature. After drying specimen treated with chemi-
cals, combustive properties were examined by the cone calorimeter (ISO 5660-1). Comparing with
virgin pinus rigida plate, specimens treated with the ammonium salts had lower combustive properties
and It is supposed that the combustion-retardation properties improved due to the treated ammonium
salts in the virgin Pinus rigida. Also, the specimens with treated ammonium salts showed both the
lower peak heat release rate (PHRR) and lower total heat release (THR) than those of virgin plate.

Key words : Ammonium salts, Combustion properties, Heat release rate (HRR), Total heat released (THR)
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Table 1. Chemical Contents of Pinus rigida Plates Treated
with 20 wt% Ammonium Salt Solutions

Table 2. Combustive Properties of Pinus rigida Plates
Treated with Ammonium Salt Solutions (Part 1)
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Samples Chemical Samples TTI | MLRean | HRRiean | PHRR

(Pinus rigida) Content (g) (Pinus rigida) | (s) (g/s) kW/m?) | (kW/m?)

Untreated - Untreated 15 0.038 66.83 217.18

Ammonium Sulfate [(NH.),SO.] 121 +AMSF | 13 | 0035 | 6195 | 189.59
Monoammonium Phosphate [NH4H,PO,] 1.21

Diammonium Phosphate [(NH4),HPO4] 3.74 t-MAPP 11 0.033 58.97 188.43

t-DAPP 28 0.032 47.22 144.34

t, treated; AMSF, ammonium sulfate; MAPP, monoammonium
phosphate; DAPP, diammonium phosphate; TTI, time to
ignition; MLR, mass loss rate; HRR, heat release rate; PHRR,
peak heat release rate

Table 3. Combustive Properties of Pinus rigida Plates
Treated with Ammonium Salt Solutions (Part 2)

Samples PHRR THR EHC ean | TOC
(Pinus rigida) | Time (s) | MJ/m?) | MJ/kg) | (g
Untreated 290 70.8 153 472
t-AMSF 297 72.8 15.5 48.1
t-MAPP 262 69.4 15.6 46.5
t-DAPP 320 54.9 12.9 37.2

EHC, effective heat of combustion; THR, Total heat release;
TOC, total oxygen consumption
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Figure 1. Heat release rate curves of Pinus rigida Plates
treated with ammonium salt solutions at 50 kW/m?> external
heat flux.
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Figure 2. Oxygen consumption rate curves of Pinus rigida
Plates treated with ammonium salt solutions at 50 kW/m>
external heat flux.
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Figure 3. Total heat released curves of Pinus rigida Plates
treated with ammonium salt solutions at 50 kW/m? external
heat flux.
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Figure 4. Residues after combustion of Pinus rigida Plates
treated with ammonium salt solutions. (a) untreated; (b) t-
ammonium sulfate; (c) t-monoammonioum phosphate; (d)
t-diammonium phosphate.
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Table 4. Flashover Possibility of Pinus rigida Plates Treated with Ammonium Salt Solutions

Samples TTI PHRR FOP THR Classification
(Pinus rigida) (sec) (kW/m?) (x) (MJ/m?) (y) X y
Untreated 15 217.18 144 70.8 H I
t-AMSF 13 189.59 14.5 72.8 H 1
t-MAPP 11 188.43 17.1 69.4 H 1
t-DAPP 28 144.34 5.1 54.9 I I

TTI, Time to ignition; PHRR, peak heat release rate; FOP, Flashover propensity; THR, total heat release.

=

Z3lod Table 49 YERAATE. Petrella®] A QH2]
g 7t AdiAse] &

S0kW/m?e] BANE ZAAM dRFHS A5

& I A xF =& SEEH), yF T8 A=
DY ZHA LYW 7S YER Y. diammonium
phosphateE 2|3t AlFHL x y7F 2+ = 5
H0)E YeRSlt Wl diammonium phosphateZ
A2 gk AlgHe] Hlawd ok daoA VseR &
Ao 7HsAge] A e Aoz o EEh
121} ammonium sulfate, monoammonium phosphate
2 A AlgH] A e AP A &2 AE
A 2L 557 £ YeERI oY, AR Figure 4(a)
o FA TS AlFHL Aot did BEHE B F
B2 ZHALH 7 dESS AL o] Tl
THOE dEFar)ol= FE5g o] vt AdE

[o

)

=
N
rh

Badoz sk A7e g7t A Al
5 AFL SO 5660-1 F=ol w
L3l st on, o 7+

fo i oo
4
i)

o fu
)
=)
)
it
o

) HHEWEELS ammonium sulfate, monoam-
monium phosphate, diammonium phosphateZ 2|3+ A]
FH] tiste] Zzb 189.59%kW/m?,  188.43kW/nm?,
144 34kW/m2S. 2 UFERITH o] AL AglalA] 9o A]
HHY HRRpey, 217.18kW/m*e} B8} HRR.u 7t
2 o 2A dgde £ AHSE QT ALYA
EHF A vErES € < ok
2) Diammonium phosphateZ 2]7]t} Aol A2
F 73S FHEEF] SAMIM L2 AEFDS A
3HA] ke ZAIFH (70.8MI/mA) Tt YAl et
A& A&t vke} 7+o] diammonium phosphate®] &

eI A ]

AL =X A4 A5TE, 20109

[e]
A% FspIge] 2s2A FRFEL Hels o
o

3 %
& FARRASHRG 7 e, o|Ae AEd
AzolA| FTe} e o= AyH,

4) ® AFE F3lo] HRR 32> MLRI} EHCS}H)
ol tiate] HE#A7E ASE FRlskaitt.

5) Petrella®] S}A|918 /3% 7} o1&l w2} dimonoam-
monium phosphate®. *] 2] g+ A|gHo] T2 3}t
2 A AFARY A8 AAETE FES
Ao 2 VERTH

f

D
o

il

1. E. Baysal, M. Altinok, M. Colak, S.K. Ozaki
and H. Toker, “Fire Resistance of Douglas fir
(Psedotsuga menzieesi) Treated with Borates and
Natural Extractives”, Bioresour. Technol., Vol.98,
pp-1101-1105(2007).

2. 0. Grexa, “Falme Retardant Treated Plyood”,
Polym. Degrad. Stab., Vol.64, pp.529-533(1999).

3. AEY A43z AlAH A 61z, “AFES] WFwA]
57(2004).

4. 27129 A2z AlYE A20x, YAtdEEF 3
W45 7157(2005).

5. PW. Lee and J.H. Kwon, “Effects of the Treated
Chemicals on Fire Retardancy of Fire Retardant
Treated Particleboards”, Mogjae-Gonghak, Vol.11,
No.5, pp.16-22(1983).

6. T.S. Mcknight, “The Hygroscopicity of Wood Treated
with Fire-retarding Compounds”, Fore. Prod. Res.
Branch, Dep. of Forestry, Canada. Report No.190
(1962).

7. S.M. Draganov and F.T. Winters, Jr. “An Evaluation
of Borates and other Inorganic Salts as Fire Retardants
for Wood Products”, Fore. Prod. J., Vol.15, No.12,




10.

11.

12.

13.

URFHOE A2E 2o 7o) A5y

pp.463-467(1965).

. LS. Goldstein and W.A. Dreher, “A. Non-hygroscopic

Fire Retardant Treatment for Wood”, Froe. Prod. J.,
Vol.11, No.5, pp.235-237(1961).

. R. Kozlowski and M. Hewig, “Ist Int Conf. Progress

in Flame Retardancy and Flammability Testing”,
Pozman, Poland, Institute of Natural Fibres(1995).
R. Stevens, S.E. Daan, R. Bezemer and A.
Kranenbarg, “The Strucure-activity Relationship of
Retardant Phosphorus Compounds in Wood”, Polym.
Degrad. Stab., Vol.91, pp.832-841(2006).

M.L. Hardy, “Regulatory Status and Environmental
Properties of Brominated Flame Retardants Undergoing
Risk Assessment in the EU: DBDPO, OBDPO,
PeBDPOand HBCD”, Polym. Degrad. Stab., Vol.64,
pp.545-555(1999).

Y. Tanaka, “Epoxy Resin Chemistry and Technology”,
Marcel Dekker, New York(1988).

M.M. Hirschler, “Fire Hazard and Toxic Potency of
the Smoke from Burning Materias”, Advances in
Combustion Toxicology, Vol.2, pp.229-247(1990).

14.V. Babrauskas, “New Technology to Reduce Fire

15.

16.

17.

18.

19.

Losses and Costs”, eds. S.J. Grayson, D.A. Smith,
Elsevier Appied Science Publisher, London, UK
(1986).

M.M. Hirschler, “Thermal Decomposition and
Chemical Composition”, 239, American Chemical
Society Symposium Series 797(2001).

ISO 5660-1, “Reaction-to-Fire Tests - Heat Release,
Smoke Production and Mass Loss Rate - Part 1:
Heat Release Rate (Cone Calorimeter Method)”,
Genever(2002).

0. Grexa, E. Horvathova, O. Besinova and P.
Lehocky, “Flame Retardant Treated Plywood”,
Polym. Degrad. Stab., 64, pp.529-533(1999).

K. Tonsuaadu, M. Borissova, V. Bender and J. Pelt,
“Thermal Reactions in Synthetic Apattie-ammonium
Sulfate Mixture”, Phosphorus, Sulfur, and Silicon
and the Related Elements, 179, pp.2395-2407
(2004).

W.T. Simpso, “Drying and Control of Moisture
Content and Dimensional Changes”, Chap. 12, pp.1-
21, Wood Handbook-Wood as an Engineering

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

121

Material, Forest Product Laboratory U.S.D.A.,
Forest Service Madison, Wisconsin, U.S.A.(1987).
M.J. Spearpoint, “Predicting the Ignition and Burning
Rate of Wood in the Cone Calorimeter using an
Intergral Model”, pp.30-46. NIST GCR 99-775,
U.S.A.(1999).

F.M. Pearce, Y.P. Khanna and D. Raucher, “Thermal
Analysis in Polymer Flammability”, Chap. 8,
Thermal Characterization of Polymeric Materials,
Academic Press, New York, U.S.A.(1981).

J.D. DeHaan, “Kirks’s Fire Investigation”, pp.84-
112. fifth edition, Prentice Hall.(2002).

V. Babrauskas, “Development of Cone Calorimeter-
A Bench-scale Heat Release Rate Apparatus Based
on Oxygen Consumption”, Fire and Materials, Vol.8,
No.2, pp.81-95(1984). doi: 1002/fam.810080206.
V. Babrauskas and S.J. Grayson, “Heat Release in
Fires”, pp. 644, E & FN Spon (Chapman and Hall),
London, UK(1992).

V. Babrauskas, “Heat Release Rate”, Section 3, The
SFPE Handbook of Fire Protection Engineering,
Fourth ed., National Fire Protection Association,
Massatusetts, U.S.A.(2008).

M. Windholz, “The Merck Index of Chemicals,
Drugs, and Biologicals”, Tenth edition, Merck &
CO., Inc. N.J., U.S.A.(1983).

M. Delichatsios, B. Paroz and A. Bhargava,
“Flammability Properties for Charring Materials”,
Fire Safety Journal, Vol.38, pp.219-228(2003).
M.J. Spearpoint and GJ. Quintiere, “Predicting the
Burning of Wood Using an Integral Model”,
Combustion and Flame, Vol.123, pp.308-324(2000).
J.G. Quintire, “Principles of Fire Behavior”, Chap.
5, Cengage Learning, Delmar, U.S.A.(1998).

M. Risholm-Sundman, M. Lundgren, E. Vestin and
P. Herder, “Emissions of Acetic Acid and other
Volatile Organic Compounds from Different Species
of Solid Wood”, Holz alas Rohund Werkstoff,
Vol.56, No.2, pp.125-129(1998).

R.V. Petrella, “The Assesment of Full-scale Fire
Hazards from Cone Calorimeter Data”, J. of Fire
Sciences, Vol.12, pp.14-43(1994).

J. of Korean Institute of Fire Sci. & Eng., Vol. 24, No. 5, 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


