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Abstract

Aim of study: The purpose of this study were determined the effect of ammonium polyphosphate
(APP) and boric acid (BA) as surface coating materials on combustion resistance of MDF panels.

Area of study: To ensure the retardation of combustion properties of wood based panels

Material and Methods: Surface coating mixture consists of calcite, glue, fire retardant (FR) and water.
The amount of glue (10%), APP and BA (1%, 3% and 5%) in the mixture was determined by the oven
dry weight of calcite. Combustion tests of Medium Density Fiberboard (MDF) test specimens coated with
0.25 mm thickness of this mixture were carried out according to ASTM E 69 standards. Temperature, O,
CO and NO contents of samples were measured with Testo 340 M gas analyzer while weight loss was
measured with digital scales. For each test, 20 measurements were recorded at intervals of 30 seconds.

Main results: According to the obtained results, besides calcite coating, the increase of FR addition
rate increased the resistance of combustion. It was found that the weight loss of the samples treated with
APP 5% was the lowest (66,7%).

Research highlights: The coating of the surfaces of wood-based boards and the addition of FR
chemistry and mineral to this coating delays the burning properties

Keywords: MDF, Ammonium polyphosphate, combustion, weight loss

Yiizey kaplamasina eklenen amonyum fosfat ve borik asidin yanma

direnci iizerine etkisinin arastirilmasi

Ozet

Calismanin amaci: Bu ¢aligmanin amaci, yiizey kaplamasina eklenen amonyum polifosfat (APP) ve
borik asidin (BA) yanma direnci {izerine etkisini belirlemek olacaktir.

Calisma alani: Ahsap esasli levhalarda, yanmazlik 6zelliginin geciktirilmesini saglamak

Materyal ve Yontem: Yizey kaplama karigimi kalsit, tutkal, yanmay1 geciktirici kimyasallar ve su
karisimindan olusmaktadir. Karigim igindeki tutkal (%10), BA ve APP (%1, %3 ve %5) orani, kalsitin
tam kuru agirhigma gore belirlenmistir. Yiizeyi 0.25 mm kalinliktaki karisim ile kaplanmig MDF test
orneklerinin yanma testleri ASTM E 69 standartlarma gore yapimistir. Orneklerin agirlik kaybi
miktarlar1 dijital terazi ile belirlenirken, sicaklik, O,, CO ve NO degerleri Testo 340 M gaz analizorii ile
Olciilmiistiir. Her test icin 30 saniye araliklar ile 20 l¢iim yapilmustur.

Sonuglar: Elde edilen sonuglara gore; kalsit ile kaplamanmn yani sira yanmayi geciktirici (FR)
kimyasal eklenmesi yanma direncini artirmustir. En diisiik agirlik kaybr APP %5 ile muamele edilmis
orneklerde bulunmustur.

Aragtirma vurgulari: Ahsap esasli levhalarin yiizeylerinin kaplanmasi ve bu kaplama igerisine FR
kimyasali ve mineral eklenmesi yanma 6zelliklerini geciktirmektedir

Anahtar kelimeler: MDF, amonyum fosfat, yanma, agirlik kayb1

Introduction well as physical and mechanical properties
Medium density fiberboard (MDF) and are good and cost is low. MDF boards are
particleboard have a wide range of uses. also damaged when exposed to physical,
Among the most used sectors are furniture, mechanical, combustion, biologic hazards
construction, transport and home decoration such as solid wood (Roger, 2005). One of the
sectors. It has many usage advantages. important factors that adversely affect the

Because its thickness, density is adjustable as ~ usage area of MDF is its easy flammability
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feature. Therefore, its combustion resistance
must be improved. It is necessary to use
flame retardants for this purpose.

The most important FR chemicals used
against combustion are ammonium and
boron compounds. Inorganic salts such as
ammonium  compounds  and boron
compounds such as borax, boric acid and
zinc borate are the most important FR
chemicals used to protect wood and plastic
from combustion (Altuntas et. al, 2016). The
usage of inorganic salts has some
disadvantages such as causing corrosion due
to its hygroscopic property. It can also cause
swelling on the surface of the wood, which
can adversely affect painting and appearance
(Hashim, 1994).

There are many methods for using FR.
The addition of FR chemicals between the
fibers to the fibers before the MDF boards
are produced reduces the mechanical
properties due to the absence of bonding of
the FR chemistries. Treatment of FR
chemicals with fibers as a solution will
increase the effect of combustion resistance.
The surface coating method is also one of the
methods used to prevent combustion (Sparks,
1993). Surface coating serves as a barrier to
heat to enter the combustible material and to
prevent the environment from reaching the
combustion temperature. The effect of fire
retardants on MDF boards has been
investigated in a number of studies (Akbulut
et al. 2004; Ayrilmig, 2007; Ustadmer, 2008).
FR chemistry has significantly improved fire
resistance of wood and wood based boards.
In this study, the effect of the APP and BA
chemicals used in surface coating on the
combustion  resistance of MDF was
investigated.

Material and Method

Chemical substances and ratios used in
surface coating are shown in Table 1.
Ammonuim polyphosphate (APP), boric acid
(BA), and melamine formaldehyde (MF)
amount were determined according to oven-
dry weight of calcite. MDF sheets with a
density of 680 g cm™ were obtained from
Kastamonu Integrated wood Company, in
Adana, Turkey. Boric acid and APP were
obtained from Tekkim Company, Izmir,
Turkey.
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The surface coating material consisting of
calcite, water, boric acid, and app was mixed
with a blender until homogeneous. During
the mixture, the pH value and viscosity of
coating materials were set between 8-10 and
100-150 cP, respectively. The mixture was
applied to the surfaces of the MDF boards
with the help of a roll at a rate of 140 g m=.
The surface coating thickness for each
sample was set to 0.25 mm.

Table 1. The ratios of chemicals used in
surface coating.

Materials Ratio (%)
Calcite 100

MF 20

Boric acid 1 3 5
APP 3 5

Combustion Test

Combustion tests were made by adhering
to ASTM E 69 standard tests. The
combustion test was carried out for the first
four minutes with a flame source for the next
6 minutes without a flame source for a total
of 10 minutes. The measurements were
recorded every 30 seconds. Test specimens
consist of control, calcite-coated and calcite-
FR containing specimens. The specimens
measured at dimensions of 1016x19x9.5 mm
before combustion was air-conditioned at
23+2 °C degrees and 65+%5 relative
humidity for 2 weeks (Sweet et al. 1996).
Combustion test apparatus and Testo 340 M
gas analyzer are shown in Fig. 1. The
measurement of temperature, 02, CO and NO
gas output was performed every 30 seconds
with the help of the testo 340 M gas monitor
while the weight loss of the test samples
during combustion was recorded with a
digital scale. For each test sample, the
experiment was repeated 6 times.
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Figure 1. Combustion test instrument (a) and
gas measurement analyzer (b)

Results and Discussion

Weight Loss

Control, calcite-coated and calcite-FR
coated samples, the measured weight loss
values during combustion are given in Fig 2.
At the end of the test, the weight loss values
were 92% and 85% for the control sample
and calcite-coated samples, respectively. The
weight loss values of the samples coated with
boric acid and APP were found to be lower
(66.7-75.2%). According to the control
example, the reduction in weight loss in
calcite and FR-calcite coated specimens

demonstrates that the combustion properties
of the MDF boards improve. Calcite surface
coating and FR chemicals had a positive
effect on combustion resistance of MDF
panels. When the ratio of APP and BA were
increased, weight loss of MDF panels was
decreased. Weight loss values were 75.2%,
70.3% and 67.7% for BA 1%, 3% and 5%
respectively, and 71%, 68% and 66.7% for
APP respectively. Although the BA (%67.7)
and APP (66.7%) are close to each other, the
most effective chemical and ratio on weight
loss was APP 5%. The BA is known to have
the feature of reducing flame and increasing
carbonization. However, APP is more
effective than BA on combustion resistance
(Tomak et al. 2012). The FR absorbs heat
during combustion, causing a decrease in the
combustion temperature and increases the
amount of residue. Similar results were
found in previous studies on MDF for
determining  combustion  characteristics
(Ozdemir and Tutus, 2013, Istek et al.2013,
Ozcifci and Okgu, 2008). There was a
significant increase in the combustion
resistance properties of MDF boards
(Hashim et al. 2009). The results show that
surface coating and FRs prevent oxygen from
entering the combustion process during
combustion and are barrier effect (Wan
Hanafi and Hornsby, 1993). Boron
compounds and other FRs are widely used in
wood and wood based materials (Temiz et al.
2008).
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Figure 2. Weight Loss Values



Kastamonu Uni., Orman Fakiiltesi Dergisi, 2017, 17 (2): 290-297

Kastamonu Univ., Journal of Forestry Faculty

Ozdemir and Ayaz

Temperature Change
Temperature changes exhibited by the test
specimens during the combustion are shown

in Fig 3. In the flame source, the highest
temperature value (354 ° C) was found in the
control sample.
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Figure 3. Temperature change value

In calcite-coated samples, the temperature
was found to be 311. The calcite coating
affected the combustion temperature 12.1%
positively. In the test samples added with BA
and APP, the temperature values were found
to be close to each other. The changes in
combustion temperatures were 296, 287 and
278 °C for BA 1%, 3% and 5%, respectively,

and 308, 297 and 280 °C for APP,
respectively. As the rate of use of FR
increased, the amount of temperature

decreased. Baysal (2003) found similar

Amount of Oxygen (%)

The changes in the amount of oxygen in
the test samples are shown in Figure 4. In
flame sources combustion, O, amount
control sample and calcite coated samples
were found to be 16.1 and 17.6, respectively.
At addition rates of 1%, 3% and 5%, the
amount of oxygen was found to be 20.0%,
20.4% and 20.2% and 16.0%, 18.2% and
15.8% for BA and APP respectively. As the
rate of addition and addition of FRs
increases, it has been determined that the
combustion and flame characteristics
together with the combustion rate are

293

results in a study. The lowest temperature
value was obtained in 5% of BA samples
whereas the highest temperature value was
found in APP 1% samples. Since FRs
increase carbonization during combustion,
they have a negative effect on heat transfer
and therefore thermal insulation increases
and the temperature value is reduced
(Kolmann  and  Cote, 1968). The
improvement of thermal insulation also
reduces the emission of flammable gases
(Ozdemir and Tutus, 2013).
reduced. The amount of oxygen in the
atmosphere is normally 21% but varies
depending on the type and addition rate of
FRs during combustion (Yapici et al. 2011).
The amount of oxygen must be high for the
combustion of wood or wood-based boards
(Asley and Rothon, 1991). Due to the surface
coating of MDF boards and the addition of
FRs, the oxygen required for combustion is
reduced and the combustion rate is lower.
But, if there is a flame, the flame increases
the combustion temperature and the required
oxygen is obtained from the thermally
generated heat.
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Figure 4. Oxygen value

CO emissions

In flame sources combustion, the highest
CO emission in all samples was found in the
control sample (934 ppm) and in the calcite-
coated sample (675 ppm). The CO emission
values of the test samples are given in Figure
5. It has been observed that the coating with
calcite of the MDF surface affects the CO
emission positively. This effect has improved
with the addition of FR. The CO emission

285ppm, respectively. The CO emissions of
BA and APP were lower than the control
sample. The reason for this is that the FRS
has reduced the combustion effect by the
delayed combustion effect. FR addition
reduces CO emission value. With the
beginning of decompression of materials,
combustion gas products begin to be
released. The amount of gas products is
affected by combustion temperature, the

measurements for BA 1%, 3% and 5% were amount of oxygen and  chemical
615, 566 and 501 ppm, respectively, while compositions (Mouritz et al. 2006).
for APP 1%, 3% and 5% 363,329 and
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Figure 5. CO emissions values
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Although the CO wvalues increased
initially with flame sources combustion, the
combustion rate and smoke release gradually
decreased with the FR effect. When
compared to the control samples, FR-added
specimens were found to be more prone to
lower temperature and smoke release. The
amount of CO is very important for both

NO emissions

As it is shown in Fig. 6, The NO emission
amount increased rapidly in all samples
during flame-sources combustion, but began
to decrease during without flame-sources
combustion. NO emissions were found in the
highest control samples (467 ppm) and

environmental and hur_nan health and safet_y. calcite-coated samples (444 ppm).
So the use of potential smoke hazards in
living areas should be considered.
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Figure 6. NO emissions values

The 1%, 3% and 5% NO emissions for
BA were 243, 327 and 331 ppm. APP NO
emission values were slightly higher than
BA. APP 1%, 3% and 5% NO emissions
were found to be 351,412, and 356,
respectively. Coating of MDF sheets with
calcite and the use of FR positively affected
the reduction of NO emissions. The mixture
applied to the MDF surface prevented the
release of volatile gases and increased
carbonization. The samples treated with FR
had lower smoke and heat release (Winandy
et al. 2008).

Conclusion

The amount of weight loss was positively
affected by the addition of FR and the calcite
coating process of MDF board surfaces.
Because the surface is covered with calcite, it
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has retarded the combustion and provided
thermal stability. With the increase in FR
addition rate, this feature has improved
further. The most weight loss amount was in
uncoated specimens, while the least weight
loss was at APP 5% (66.7%).

The most effective FR on the reduction of
temperature is the rate of 5% of BA (278
OC) within the FR chemical ratios. The
amount of oxygen during flame source
combustion increased with the use of FR.
The reason for the reduction of CO emissions
in the FR treated samples compared to the
control sample is that the chemical
decomposition is less. NO emission was
found high in uncoated test samples and
tended to decrease with increasing FR
addition rate.



Kastamonu Uni., Orman Fakiiltesi Dergisi, 2017, 17 (2): 290-297

Kastamonu Univ., Journal of Forestry Faculty

Ozdemir and Ayaz

Acknowledgement

This study was supported by the project
of 2015 / 2-9YLS by Kahramanmaras Siitcii
Imam  University, Scientific Research
Projects Coordination Unit.

References

Akbulut T., Kartal S.N., Green, F. (2004).
Fiberboards treated with N’-N-(1, 8-
Naphthalyl) hydroxylamine (NHA-Na),
borax, and boric acid, Forest Prod. J. 54
(10), 59-64

Altuntas E., Tufan S., Alma, M.H. (2016).
Farkli bor bilesik kullanilarak mdf-aype
odun plastik kompozitlerin yangina
dayanikliliginin arastirilmasi.
Kahramanmaras Sutcu Imam University
Journal of Engineering Sciences 19 (3),
19-23.

Ashley, R. J., Rothon, R. N. (1991). Use of

inorganic  fillers to  reduce the
flammability of polimers, Plastic Rubber
and  Composites  Processing  and

Aplications, 15 (1), 19-21.

ASTM E-69, (2007). Standart test method for
combustible properties of treated wood by
the fire-tube apparatus, American Society
for Testing Materials, Philadelphia

Ayrilmis, N. (2007). Effect of fire retardants
on 1nternal bond strength and bond
durability of structural fiberboard,
Building and Environment, Elsevier
Volume 42, Issue 3, March, Pages 1200-
1206. Roger R.M. (2005). Handbook of
wood chemistry and wood composites, p
383.

Baysal, E. (2003). Fire properties of beech
wood impregnated with fire retardants
and naturel extractives, Firat University,
Journal of Science and Engineering, 15,
pp 163-174.

Hashim R., Murphy R.J., Dickinson D.J.,
Dinwoodie J.M. (1994). The mecanical
properties of boards treated with vapor
boron, Forest Products Journal 44,73-79.

Hashim R., Sulaiman O., Kumar R. N,
Tamyez P. F., Murphy R. J., Ali Z
(2009).  Physical and  mechanical
properties of flame retardant urea
formaldehyde medium density fiberboard,
Journal  of  Materials  Processing
Techonology, 209 (2), 635-640.

296

Istek A., Aydemir D., Eroglu H. (2013).

Combustion properties of medium-density
fiberboards coated by a mixture of calcite
and wvarious fire retardants. Turkish
Journal of Agriculture and Forestry 37

(5), 642-648.

Kolmann F. F., Cote Jr. W. A. (1968).
Principles of Wood Science and
Techonology Vol. 1. Solid Wood.

Springer-Verlag.

Mouritz, A. P., Mathys, Z., Gibson A. G.
(2006). Heat release of polymer
composites in fire, Composites Part A:
Applied science and manufacturing, 37
(7), 1040-1054.

Ozcifgi A.,, Okcu O. (2008). Impacts of
some chemicals on combustion properties
of impregnated laminated veneer lumber
(LVL), Journal of materials processing
technology, 199 (1), 1-9.

Ozdemir, F.,Tutus, A. (2013). Effects of fire
retardants on the combustion behavior of
high-density fiberboard. BioResources 8
(2), 1665-1674.

Ozdemir F., Tutus A. (2016). Effects of
coating with calcite togetter with various
fire retardants of on the fire properties of
particleboard, BioResources, 11 (3),
6407-6415.

Sparkes T. (1993). Substrate selection for
end use applications,” Koln, Germany:
European Plastic Laminates Forum, p.
27-31.

Sweet M.S., LeVan S.L., White R.H., Tran
H.C., Degroot R. (1996). Fire
performance of wood treated with
combined fire-retardant and preservative
systems, Research Paper FPL-RP-545.
US Dept. Agriculture, Forest Service,
Forest Products Laboratory, Madison, WI.

Temiz A., Gezer E. D, Yildiz, U. C., Yildiz,
S. (2008). Combustion properties of alder
(Alnus glutinosa L.) Gaertn.subsp.
barbata (CA Mey) Yalt. and southern pine
(Pinus sylvestris L.) wood treated with
boron compounds,  Construction and
Building Materials, 22 (11), 2165-2169.

Tomak E. D., Baysal E., Peker H. (2012).
The effect of some wood preservatives on
the thermal degradation of Scots pine,
Thermochimica Acta, 547, 76-82.

Ustaomer, D. (2008). Odun ve odun esasl
levhalar i¢in yanma o&zellikleri, yanmayi


http://linkinghub.elsevier.com/retrieve/pii/S0360132305004907
http://linkinghub.elsevier.com/retrieve/pii/S0360132305004907
http://linkinghub.elsevier.com/retrieve/pii/S0360132305004907
http://www.sciencedirect.com/science/journal/03601323
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235691%232007%23999579996%23638083%23FLA%23&_cdi=5691&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=bf9a76c77019a268cb744c4f9dbaafe6

Kastamonu Uni., Orman Fakiiltesi Dergisi, 2017, 17 (2): 290-297 Ozdemir and Ayaz
Kastamonu Univ., Journal of Forestry Faculty

geciktirici kimyasal maddeler ve bu
maddelerin etkileri. Diizce University
Faculty of Forestry, VI. The National
Student Council of Forestry Faculty, 418-
425 pp.

Wan Hanafi, W.Z.A., Hornsby P.R. 1993.
Smoke suppression and fire retardancy in
unsaturated polyesters hydrated fillers,
Plastics, Rubber Compos. Process. Appl.
19 (3), 175-184.

Winandy, J. E., Wang, Q., White, R. H.
(2008). Fire-retardant-treated strandboard:
properties and fire performance,” Wood
and fiber sci. 40 (1), 62-71.

Yapici, F., Uysal, B., Kurt, S., Esen, R.,
Ozcan, C. (2011). Impacts of
impregnation chemicals on finishing
process and combustion properties of
oriental beech (Fagus Orientalis L.)
wood, BioResources, 6 (4), 3933-3943.

297



