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Abstract 
The aim of the study is to determine the usability of waste magnesia powders in the production of paper based 
cellulose material as a fire retardant additive. In experiments, the waste sample, supplied from the electrostatic 
bag house of  magnesia production plant, was used in the paper based cellules formulations as received or 
calcined forms. In ignition tests, the Bunsen burner was used as a flame source and the times for the samples to 
be ignited were recorded for each formulation. According to the test results, it was found that the addition of 
magnesia powder has a beneficial effect on the ignition time of products. Therefore, it can be suggested that the 
magnesia waste could be use as a low cost and environmental friendly material as a fire retardant additive within 
the formulation of cellulosic materials. 
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INTRODUCTION  
In building industry, the thermal insulation plays an 
important role to improve the energy efficiency of 
building as the energy use in the building sector 
accounts for a significant part of the world’s total 
energy use [1]. Thermal insulation is a major 
contributor and generally considered as a first step 
towards achieving energy efficiency.  In this context, 
cellulose is the well-known oldest types of building 
insulation material and many types of cellulosic 
materials have been introduced in the market since 
1970. In current applications, although, fibreglass 
and Rockwool are the more preferred insulation 
materials, the recent reports indicated that researches 
and applications on cellulose insulation have 
progressively increased again because of the 
increased interest in green building. Cellulose has 
the highest recycled content of any insulation 
material, it has less embodied energy compared to 
fibreglass, and other furnace produced mineral 
insulations. Furthermore, cellulose insulation 
provides a green, efficient, non-toxic, affordable 
thermal solution that is worth it is considering for 
building industry [2, 3]. The nature of cellulose 
insulation is flammable and burning in cellulosic 
materials generally occurs in the form of 
smouldering combustion [4]. When it was degraded 
thermally, forms a char. Which is considerably 
richer in carbon content than the original fuel, hence 
its act as the principal heat source in most of the 
self-sustained smoulder processes [5]. Therefore, 

some salt base inorganic additives such as borax, 
boric acid and ammonium sulphate [6-10] are 
mainly used in cellulose mixture composition in 
order to increase the smouldering resistance of 
insulation when these materials exposed with fire. 
Among them, boric acid has long been recognized as 
effective suppressant flame retardant due to the 
capability of preventing the smouldering. It 
decomposes endothermically and releasing water in 
two stages. The first stage is at 130-200oC to form 
HBO2 and at about 265oC, the mixture dissolves in 
its own water of hydration, froths, and fuses to form 
of surface coating. The occurred glassy coating and 
char protect the substrates from oxygen and heats 
[11]. Rather than the usage of boron compounds, 
some mineral filler such as talc, kaolin and calcium 
carbonate, which can undergo endothermic changes 
at elevated temperatures, are often used to reduce the 
flammability of cellulosic materials.  Previous 
reports performed by Bird et al., 1980 and 1983 [12, 
13] showed that necessary fire-resistant 
characteristics of the cellulose materials could be 
obtained with usage of talc in combination with 
boron products. Talc is a naturally occurring 
magnesium silicate. It mainly consists of the oxides 
of magnesium and silicon, which make it good fire 
retardant material especially for the cellulose 
insulation. Additionally, the insolubility and 
hydrophobic nature of finely divided talc also assist 
in forming a limited, water-repellent coating on the 
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cellulose.  Although, the usage of talc alone improve 
the fire resistance of the cellulose insulation, 
especially for the high temperatures involved, which 
causes the cellulose to char and give off combustible 
gases in spite of the presence of talc. Therefore, the 
combined use of it with boron compounds such as 
boric acid, borax or borates was noted that increases 
the fire-resistance of the cellulose products.  
 
Metal hydroxide such as magnesium or aluminium 
hydroxide, are most widely used flame retardant 
additives especially for the polymer based composite 
materials [14-16]. The decomposition reaction of 
magnesium hydroxide is shown in equation 1 
 
Mg(OH)2 (s) → MgO(s) + H2O(g)................................... (1)                                                           
∆H = 328 cal/g 
 
The endothermic decomposition of magnesium 
hydroxide is relied on for its mode of action in fire 
or in the presence of heat, since it undergoes 
decomposition to form a thermally stable inorganic 
residue of magnesium oxide.  Compared to 
Al(OH)3(ATH), it has the advantage that its 
decomposition into magnesium oxide (MgO) and 
water starts at temperatures of 300-320oC, this allow 
to usability of Mg(OH)2 relatively higher 
temperatures [16]. The natural form of magnesium 
hydroxide (brucite) deposits is scarce and often 
contaminated by fibrous minerals. Therefore, it is 
mainly produced by the hydration of magnesia 
(MgO) obtained from a heat treatment of mineral 
magnesite. The earlier studies focused on the 
hydration of magnesia in water [17- 19] showed that 
hydration rate of MgO strongly influenced from the 
applied calcinations step prior to hydration. This 
effect was mainly attributed the increased surface 
area during calcination which leads the higher 
reactivity and better hydration performance during 
hydration process. Both parameters increase with 
increasing calcination temperature up to 900oC. 
 
Consequently, as discussed above, in literature 
number of works that concern the usage of 
magnesium hydroxide on the flammability of 
polymers or boron compounds on the cellulose 
insulation could be found, however very little work 
has been reported for the usability of magnesium 
hydroxide to increase the fire retardancy of the 
cellulose materials. In our previous study [20], it 
was found that the waste magnesia powder could 
rapidly be converted to magnesium hydroxide by 
hydrolyzing in water even at low temperatures, 
especially after then applied calcinations step. 
Although the higher conversion level and surface 
area were obtained with increasing temperature and 
relatively prolonged treatment time, approximately 
45% of conversion can be obtained within the one 
hour of contact time.  
 

Therefore, the aim of the study is to determine the 
usability of waste magnesia powders in paper based 
cellulose material as fire retardant additives.  
 
 
EXPERIMENTAL 
 
2.1. Material 
The waste sample (WM) used in the experiments 
was supplied from the electrostatic bag house of 
MAS Company, Eskişehir-Turkey. MAŞ magnesite 
company one of the biggest sintered magnesia 
producers of Turkey. The company processes 150 
ktones sintered product in a year. The sintered 
magnesia produced by crushing, screening, drying, 
classification, magnetic separation and sintering at 
horizontal rotary furnace. During this route, every 
year, apprx. 20 ktones of waste material is collected 
in the furnace electrofilter.  
 
The chemical composition (determined by XRF) of 
representative sample showed that SiO2 (4.45%) and 
CaO (2.79%) are the main impurities together with 
little amount of Fe2O3 (1.04%) and Al2O3 (0.06%). 
The magnesium oxide content of the sample was 
determined as 49.70% and MgO to MgCO3 ratio 
based on the carbon content of the sample (LECO 
furnace analysis) was calculated as 0.185. The 
particle size distribution of the samples determined 
by wet screening revealed that D80 value’s of sample 
was about 0.130µm. According to XRD analyses, it 
was found that WM consist of mainly raw (MgCO3) 
and sintered magnesite; periclase (MgO) and small 
amount of serpentine (Lizardite) phases.  
 

Table 1: Chemical spesification of talc and boric 
acid 

Oxide BA 
Content 

Oxide Talc 
Content % 

B2O3, % 56,25 MgO 35,21 
H3BO3 % 99,9 SiO2 45,65 
SO4, 
ppm 

300  CaO 2,17 

Cl, ppm 0,77  Fe2O3 0.77 
Fe, ppm 0,5  Al2O3 0,58 
  LOI 15,62 

 
 
Boric acid, used in experiment, was suppied from 
Eti Mine Company, Turkey. According to the 
supplier, the size of the powder varied between 
(+1000mm max.%0.00-0.125 mm 45% min). A 
powder form of talc (D98 42.04µm) samples supplied 
from local company in Eskişehir Turkey. The 
chemical spesification of these samples is given in 
Table 1. 
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2.2 Methods 
The production of cellulose material was performed 
within the modified mixer (Figure 1). In 
experiments, certain amount of shredded cardboard 
waste paper, inorganic additives and tap water 
placed in a steel box and mixed during one hour at 
constant rotation speed of 250 rpm.  The cellulose 
pulp was then subjected to standard laboratory test 
sieve (Retsch, aperture size of 0.149 mm) in order to 
separation of diluted part of the slurry (mainly 
water). The cellulose pulp collected on the upper 
part of the sieve was gently hand pressed to remove 
the rest water and dried in oven at 50oC. 
 

 
Fig. 1: Experimental set-up 

 
In order to increase the hydration behavior of WA, 
the calcination of WM  was also concerrned. It was 
carried out in electrical furnace at 900oC for  two 
hours. Scanning electron microscope (SEM) analysis 
of samples was investigated by using a high vacuum 
electron microscope ZEISS SUPRA VP 50. In order 
to prevent the charging, samples were firstly coated 
with sputter coater using Au-Pd target. The e-beam 
used for analysis was 20 keV and working distance 
was 12.7 mm. 
 
In ignition tests, the Bunsen burner was used as a 
flame source. In each test, the samples held 
vertically above from the flame and the times for the 
samples to be ignited were recorded. The distance 
between samples to flame was kept as 34 cm for 
each test.  
 
In experimental design, usage of talc as alone was 
concerned as standard composition. In order to 
observe the effect of waste powders on the 
flammability of the mixture, representative cellulose 

formulations were prepared by progressive additions 
of boric acid (BA) and waste powders as received 
(WM) and calcined (CWM) forms in standard 
composition. 
 
 
 
The incorporation of them in place of talc with 
different substitution amounts (33, 23 and 13 g) was 
also concerned. Their designation can be seen in 
Table 2. 
 
 
 

Table 2: Composition of investigated formulations 
and their designations 

 
Designati
on 

 
Formulation 

 St BA WM CWM 

Waste 
paper, g 

66 66 66 66 

Talc, g 33 33 33 33 

Additives, 
g 

- 10/15/20 10/15/2
0 

10/15/2
0 

Water, mL 750 750 750 750 

     

Waste 
paper, g 

66 66 66 66 

Talc, g 33 -/10/20 -/10/20 -/10/20 

Additives, 
g 

- 33/23/13 10/15/2
0 

33/23/1
3 

Water, mL 750 750 750 750 

 
 
 
RESULTS AND DISCUSSION  
 
3.1 Boric acid and waste powders addition on 
standard composition.  
The recorded ignition times according to additive 
types is given in Fig. 2. It was found that ignition 
time gradually increases with increasing additive 
amounts for all concerning additives. Although, the 



Kurama           146 

highest ignitions times obtained for boric acid, 
relatively close values obtained for calcined samples 
suggested that waste material could also be used in 
the mixture composition in place of boric acid as a 
fire smouldering additives. For the addition amounts 
of 20 %, it was found that the ignition times of 
cellulose mixture increases approx 85%, 78% and 
45% for BA, CWM and WM compared to standard 
formulation respectively.  
 
 

 
 
Fig. 2: Ignition times of mixture according to 
addition amounts and additive type, boric acid (a), 
waste sample (b) and calcined waste sample (c). 
 
3.2 Boric acid and waste powders substation on 
standard composition 
Fig. 3 illustrates the smouldering resistance of 
cellulose compositions obtained by incorporation of 
waste samples and boric acid in place of talc with 
different substations amounts. It can be seen from 
Figure 3, increase on the substitution amounts 
resultant with gradually increases on the resistance 
of mixtures for BA and CWM. It was found that 
CWM33 has a highest resistant time among all 
concerning mixture designs. On the other hand, for 
the samples of WM, it was found that the resistant 

time was slight increases or almost keeping of their 
values independent from the additive amounts. This 
can be attributed to the difference on the sample 
compositions and its effect on the flame retardancy 
performance of mixture.  The WA powder consists 
of mainly raw magnesite, little amounts of sintered 
magnesia and impurities. Therefore the lower 
surface area and the lower content of MgO 
remarkably limited the hydration tendency of it in 
water compared to calcined form. 
 
 

 
Fig. 3: Variation of ignition times according to 
addition amounts and additive type, boric acid (a), 
waste sample (b) and calcined waste sample (c) 
On the other hand, the increase on the surface area 
by calcinations prior the hydration step, leads to 
higher conversion rates as reported in previous 
report [20]. It was found that the surface area of the 
hydrated product increased from 5.04 to18.32 m2/g 
(40oC hydration temperature) for the calcined 
samples, however for that of the uncalcined samples 
was determined as 6.34 m2/g. Hence, a higher 
hydration rate that could be obtained for calcined 
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samples leads to higher smouldering resistance of 
samples as observed in ignition tests.  
 
In order to observe the morphological changes on 
the WM sample during hydration, 10 g of sample as 
received form was added in to the 250 cm3 glass 
beaker containing 100 cm3 of aqueous solution. The 
temperature of the aqueous solution was previously 
adjusted to 40oC, and kept constant during the 2 hrs 
of hydration. In general, the crystalline Mg(OH)2 
belongs to the hexagonal system and is characterized 
by platelet-like crystals arrangement. However, the 
SEM image of the sample WM given in Figure 4, 
confirms the ignition test results. The 
cryptocrystalline form of magnetite crystals shown 
in figures indicated that hydrated sample still 
conserves the previous form. 
 
 

 
(a) 

 

 
(b)  

Fig. 4: The SEM images of hydrated WM with 
different magnifications 

 
 
The flame retarding effect of metallic hydroxides is 
performed by releasing a significant amount of water 
at high temperatures and hence diluting the amount 
of fuel available to sustain the combustion. 
Nevertheless which is not only properties that can 
considering for smouldering, in addition, the 
occurrence of metal oxide coating on the surface of 

composite, that can act as an insulating layer to 
prevent the spreading of fire and hazardous 
combustion gases, is also accepted important benefit 
of them during combustion [21, 22]. Therefore, 
relatively higher fire retarding effect, determined by 
ignition test for the sample WM, can be attributed 
the occurrence of   metal oxide on the surface of the 
composite materials during mixing stage.  
 
In Industrial applications, compared to ATH, the use 
of Mg(OH)2 as flame retardant filler is more 
expensive. The high purity of magnesium hydroxide 
together with the costs associated with the 
optimisation of its particle size and shape in order to 
improve its effectiveness in polymeric matrices is 
the main factors responsible for its high price.  
However, a recent study performed by Formosa et 
al., 2011 showed that low-grade magnesium 
hydroxide could be used with very promising results 
as flame retardant filler in polymeric materials and 
as aggregate in the formulation of mortars for 
passive fire protection, combining an economic and 
sustainable solution [23, 24].  
 
In this study, the obtained test results illustrated that 
the fire-suppressant characteristics of cellulosic 
materials can be improved by the combined use of 
talc and WM compounds. Although a relatively 
lower ignition times were recorded for the un-
calcined WM, as discusses above, cellulose 
insulation mainly consist of recycled waste paper, 
this makes it a high added value product. Therefore, 
the usage of waste magnesia powder together with 
waste paper even at relatively lower suppressing 
properties can be evaluated to increasing of national 
energy efficiency and recycling targets of nations. 
Furthermore, in cellulose industry, the usage of 
powdered boric acid and powdered borax 
(Na2B407.5H20) considered as a main flame 
retardants, nevertheless, relative higher cost of them 
is limited their usage in current applications. Boric 
acid alone is able to pass the critical radiant flux, and 
smoulder tests, but being acidic it fails the corrosion 
test and, when used alone it is an expensive 
approach. Borax alone is able to pass the critical 
radiant flux and corrosion tests and is cheaper than 
boric acid, but it does not pass the smoulder test 
because its alkalinity, due to the content of sodium, 
actually enhances smouldering. Therefore, in 
literature, several patents and research papers 
concerning the usage of alternative materials, mainly 
silicate minerals such as clays, alkaline alumina 
silicates and magnesium silicates, as filler or 
replacement materials have been released in order to 
overcome these problems. 
 
 
CONCLUSION 
In this study, the recyclability of magnesia waste as 
a alternative fire suppresant material was 
investigated. According to basic ignition test results 
it can be concluded that  WM could be evaluated in 
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the formulation of cellulose insulation  materials. 
The ignition tests results concerning the boric acid 
and waste powders addition on standard composition 
showed that the highest ignitions times obtained for 
boric acid usage, however, relatively close values 
obtained for calcined samples suggests the similar 
flame retardant behaviour of waste material. It was 
also found that increases on the substitution amounts 
of BA and CWM in mixture formulation resultant 
with gradually increase on the smoldering resistance 
of composite materials.  Although, CWM33 has a 
highest resistant time among all concerning mixture 
designs, slight increases were also obtained for the 
WM samples. 
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