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Abstract
This study was performed to test combustive properties of medium density fibreboard (MDF) plates treated with piper-

azinomethyl-bis-phosphonic acid (PIPEABP), methylpiperazinomethyl-bis-phosphonic acid (MPIPEABP), and N,N-dimethyle-
thylenediaminomethyl-bis-phosphonic acid (MDEDAP). MDF specimens were painted three times with 15 wt% solution of
the alkylenediaminoalkyl-bis-phosphonic acids at room temperature. After drying specimen treated with chemicals, combustive
properties were examined using the cone calorimeter (ISO 5660-1). As a result, combustion-retardation properties increased
due to the treatment of bare MDF with alkylenediaminoalkyl-bis-phosphonic acid solution. Especially, the specimens treated
with chemicals showed the ignition (TTI) (148 s~ 116 s) was retarded and the flameout (Tf) (633 s~529 s) time increased,
while the total heat release rate (THRR) (61.1~67.0) MJ/m” was lowered than those of using virgin plate by reducing the
burnig rate. Compared with virgin MDF plate, the specimens treated with the alkylenediaminoalkyl-bis-phosphonic acids
showed low combustive properties. However the specimens treated with bis-(dimethylaminomethyl) phosphinic acid (DMDP)
showed the higher peak heat release rate (PHRR) (185.08 kW/m’) than that of the virgin plate.

Keywords: Alkylenediaminoalkyl-bis-phosphonic acids, time to ignition (TTI), total heat released rate (THRR), peak heat
release rate (PHRR)
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Scheme 1. Alkylenediaminoalkyl-bis-phosphonic acid derivatives.
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Scheme 2. Bis-(dialkylaminoalkyl) phosphonic acid (DMDAP).
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Table 1. Specification of MDF Specimens Painted with 15 wt%
Solution of the Alkylenediaminoalkyl-Bis-Phosphonic Acids and
Bis-(Dimethylaminomethyl) Phosphinic Acid at 25 KW/m’ External
Heat Flux, Respectively

Samples MC (%) Mass (g)
Untreated 10.6 49.8
PIPEABP, 1 - 50.9
MPIPEABP, 2 - 50.9
MDEDAP, 3 - 51.5
DMDAP, 4 - 51.8
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Table 2. Combustive Properties of MDF Specimens Painted with 15 wt% Solution of the Alkylenediaminoalkyl-Bis-Phosphonic Acids and
Bis-(Dimethylaminomethyl) Phosphinic Acid at 25 KW/m® Extemnal Heat Flux, Respectively

Samples TTF (s) MLR e (g/5) HRR mean (KW/m®) HRR e (kW/m?)
Untreated 106 0.025 45.72 180.94
PIPEABP 1 254 0.025 36.89 147.62
MPIPEABP 2 235 0.024 36.99 171.75
DMEDABP 3 194 0.025 39.09 157.41
DMDAP 4 263 0.025 39.83 185.08

Samples PHRR Time (s) THRR® (MJ/m’) EHC" (MI/kg) Tf (s)
Untreated 397 83.4 16.18 515
PIPEABP 1 485 61.1 13.00 696
MPIPEABP 2 490 64.1 13.86 717
DMEDABP 3 455 67.0 13.85 686
DMDAP 4 480 65.6 13.66 657

. . .. b d f . . .
*time to ignition; mass loss rate; °mean heat release rate; ‘Peak heat release rate; ‘total heat release rate; effective heat of combustion; *time to flameout
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Figure 1. Heat release rate curves of MDF specimens painted with 15
wt% solution of the alkylenediaminoalkyl-bis-phosphonic acids and
bis-(dimethylaminomethyl) phosphinic acid at 25 KW/m® external heat
flux, respectively.
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Figure 2. Mass loss rate curves of MDF specimens painted with 15
wt% solution of the alkylenediaminoalkyl-bis-phosphonic acids and
bis-(dimethylaminomethyl) phosphinic acid at 25 KW/m’ external heat
flux, respectively.
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Figure 3. Total heat released rate curves of MDF specimens painted
with 15 wt% solution of the alkylenediaminoalkyl-bis-phosphonic acids

and bis-(dimethylaminomethyl) phosphinic acid at 25 KW/m’ exteral
heat flux, respectively.
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Figure 4. Residues after combustion of MDF specimens painted with
15 wt% solution of the alkylenediaminoalkyl-bis-phosphonic acids and
bis-(dimethylaminomethyl) phosphinic acid at 25 KW/m’® external heat
flux, respectively.

4. 4

on, T P2 AES Ik

1) ZSARES FHEA el 313t A7FA”] PIPEABP, MPIPEABP,
DMEDAP, DMDAPE A€ 7<% TTI #to] Z}2F 194 s~263 sZH
28] A1FEE] TTIS) %106 s)Hk 88 s~157 s&] vl 71 A]7ko.
2 Z7}313it). &= PIPEABP, MPIPEABP, DMEDAP, DMDAPE 3]
g¥ AFHL BEAHEATI0] 657 s~717 sEA T AFHY Tf
9] K515 s)ETk 142 s~202 s&] w9 21 AJE 5t AAsiet o3
2 AEHA Ax A Lol AN A EAZAS A8k
J&= P-N-N-P % N-P-N9| BEA}7-%0] o3t daolA] aztg Ang
=3
5181 %4 7}4)(PIPEABP, MPIPEABP, DMEDAP)E A #]¥ A3#
Fo] HRRpeaw> 147.62 kW/m® ~ 171,75 kW/m’ S 2 F-3]2] A8
HRRpea = 180.94 kW/m? (at 397 s)°ll ®I8te] WA Vehge). o]
£2] Aol o3t AxdA el 23] HRRpew©] ROF A2
A€t 2L} DMDAP (185.08 kW/m™ at 430 s)&= 23]2] T
Al YeRgTh o] A w2 £22] AAJOE 13 AFZ(back effect)
22} AL R o]o]A WA HRRAEZ} HOIZ Fofxl Z10F o]
Elki=3

3) PIPEABP, MIPEABP, DMEDAP, DMDAPZ |3l A|3#H 9]
FEALGS ZH7) 13.00 MIkg~13.86 MIkg=ZH T2 AlgH
(16.18 MI/kg)=.th Stotth o)7L 2 st ulel o] HPO 2| A
Aol o3t EEH | F2l(glass)d2] VS o] Fo] F7] T2 Aks
(0) AFETE 19 AAGA Gyt yepdoz deet

Hr3or
3o [

o

2)
of i

o)
KeR
e

A

ol

o | RO AR

2 Aeld FUsATEe JdAEA 485
z Ab
B AT 204dE AUty AYng 71 EATH] X QAE
2 FYEHFUTE

10.

11.

12.

13.

14.

15.

16.

17.

References

. 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, Technol., 98,
1101-1105 (2007).

. O. Grexa, E. Horvathova, O. Besinova, and P. Lehocky, Falme
Retardant Treated Plyood, Polym. Degrad. Stab., 64, 529-533
(1999).

. Y. J. Chung, Comparison of Combustion Proprties of Native Wood
Species Used for Fire Pots in Korea, J. Ind. Eng. Chem., 16, 15-19
(2010).

. Article 43 of Building Code, Article 61 of Enforcement Ordinance,
The Internal Finish Material of the Building (2004).

. Article 12 of Firefighting Basic Law, Article 20 of Decree, The
Subject Merchandise Flame and Flame Performance Standard
(2005).

. P. W. Lee and J. H. Kwon, Effects of the Treated Chemicals on
Fire Retardancy of Fire Retardant Treated Particleboards,
Mogjae-Gonghak, 11, 16-22 (1983).

. T. S. Mcknight, The hygroscopicity of Wood Treated With
Fire-Retarding Compounds, Fore. Prod. Res. Branch, Dep. of
Forestry, Canada. Report No. 190 (1962).

. J. C. Middleton, S. M. Dragoner, and F. T. Winters, Jr. An evalua-
tion of borates and other inorganic salts as fire retardants for wood
products, Fore. Prod. J., 15, 463-467 (1965).

.S. L. Levan and J. E. Winandy, Effects of Fire Retardant

Treatments on Wood Strength: A Review, Wood Fiber Sci., 22,

113-131 (1990).

C. A. Holmes, Effect of Fire-Retardant Treatments on Performance

Properties of Wood, Wood Technology: Chemical Aspects, ACS

(1970).

R. Kozlowski and M. Hewig, Ist Int Conf. Progress in Flame

Retardancy and Flammability Testing, Institute of Natural Fibres,

Pozman, Poland (1995).

R. Stevens, S. E. Daan, R. Bezemer, and A. Kranenbarg, The

Strucure-Activity Relationship of Retardant Phosphorus Compounds

in Wood, Polym. Degrad. Stab., 91, 832-841 (2006).

Y. J. Chung, Y. H. Kim, and S. B. Kim, Flame Retardant

Properties of Polyurethane Produced by the Addition of

Phosphorous Containing Polyurethane Oligomers (II), J. Ind. Eng.,

15, 888-893 (2009).

Y. J. Chung, Flame Retardancy of Veneers Treated by Ammonium

Salts, J. Korean Ind. Eng. Chem., 18, 251-255 (2007).

M. L. Hardy, Regulatory Status and Environmental Properties of

Brominated Flame Retardants Undergoing Risk Assessment in the

EU: DBDPO, OBDPO, PeBDPO and HBCD, Polym. Degrad.

Stab., 64, 545-556 (1999).

Y. Tanaka, Epoxy Resin Chemistry and Technology, Marcel

Dekker, New York (1988).

V. Babrauskas, New Technology to Reduce Fire Losses and Costs,

In: S. J. Grayson and D. A. Smith (eds.), Elsevier Appied Science

Bioresour.

Appl. Chem. Eng., Vol. 25, No. 5, 2014



486

18.

19.

20.

21.

22.

23.

24.

25.

e

Publisher, London, UK. (1986).

M. M. Hirschler, Thermal Decomposition and Chemical Composition,
239, American Chemical Society Symposium Series 797 (2001).
SO  5660-1, Tests - Heat Release, Smoke
Production and Mass Loss Rate-Part 1: Heat Release Rate (Cone
Calorimeter Method), Genever (2002).

C. H. Lee, C. W. Lee, and J. W. Kim, Organic Phosphorus-Nitrogen
Compounds, Manufacturing Method and Compositions of Flame
Retardants Containing Organic Phosphorus-Nitrogen Compounds,
Korean Patent 10-2011-0034978 (2011).

Y. J. Chung and E. Jin, Synthesis of Alkylenediaminoalkyl-Bis-
Phosphonic Acid Derivatives, J. of Korean Oil Chemist’s Soc., 30,
1-8 (2013).

Y. J. Chung and E. Jin, Synthesis of Dialkylaminoalkyl Phosphonic
Acid and Bis (dialkylaminoalkyl) Phosphinic Acid Derivatives,
Appl. Chem. Eng., 23, 383-387 (2012).

Cischem Com, Flame Retardants, Chischem. Com. CO., Ltd,
(2009).

E. Jin and Y. J. Chung, Combustive Characteristics of Pinus
Rigida Treated With Bis-(dialkylaminoalkyl) Phosphinic Acid
Derivatives, Appl. Chem. Eng, 24, 633-638 (2013).

W. T. Simpso, Drying and Control of Moisture Content and
Dimensional Changes, Chap. 12, Wood Handbook-Wood as an
Engineering Material, 1-21, Forest Product Laboratory U.S.D.A.,
Forest Service Madison, Wisconsin, U.S.A. (1987).

Reaction-to-Fire

Sslst M 253 ® 5=, 2014

fol

- 3971

26.

27.

28.

29.

30.

31.

32.

33.

M. J. Spearpoint, Predicting the Ignition and Burning Rate of
Wood in the Cone Calorimeter Using an Intergral Model, NIST
GCR 99-775, 30-46. National Institute of Standards
Technology, Gaithersburg, U.S.A. (1999).

J. D. DeHaan, Kirks's Fire Investigation, st ed., 84-112, Prentice
Hall (2002).

V. Babrauskas, Development of Cone Calorimeter-A Bench-Scale

and

Heat Release Rate Apparatus Based on Oxygen Consumption, Fire
and Materials, 8, 81-95 (1984). doi:1002/fam.810080206.

V. Babrauskas and S. J. Grayson, Heat release in Fires, E & FN
Spon (Chapman and Hall), London, UK. (1992).

V. Babrauskas, Heat Release Rate, Section 3, The SFPE Handbook
of Fire Protection Engineering, 4™ ed., National Fire Protection
Association, Massatusetts, U.S.A. (2008).

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, 56, 125-129 (1998).

M. J. Spearpoint and G. J. Quintiere, Predicting the Burning of
Wood Using an Integral Model, Combust. Flame, 123, 308-324
(2000).

M. Hagen, J. Hereid, M. A. Delichtsios, J. Zhang, and D.
Bakirtzis, Flammability Assesment of Fire-Retarded Nordic Spruce
Wood Using Thermogravimetric Analyses and Cone Calorimettry,
Fire Safety J., 44, 1053-1069 (2009).



