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Abstract

This work involves the impregnation of urea, boand ammonium chloride solutions prepared in varying
concentrations into strips of cellulosic ceilingaod. A formulated solution was also made of eqoakentration
of urea and borax solution and impregnated infipswof cellulosic ceiling board. The treated ananldd samples
were dried and investigated for ignitability, flarpeopagation and afterglow time. Urea was foundjii@ a
good effect for ignitability after 28.00sec tharrdsg ammonium chloride and blank after 26.00sed)@&c and
16.80sec respectively. Urea gave a better effectfiame propagation of 0.13xF6m/sec than borax,
ammonium chloride and blank which has 0.245%@/sec, 0.28xI€cm/sec and 1.95x1@m/sec respectively
and also urea has afterglow time of 0.22%s#8 than borax (0.60 x3d®c), ammonium chloride (0.70Xs@c)
and blank (2.25 x¥8ec). The formulated solution drastically improvkd ignitability from 16.80sec (blank) to
34.00sec and zero flame propagation and aftergloe was recorded. With this result, urea was faiongive a
better retarding effect, hence could be incorparatecellulosic ceiling board during production.
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1. Intruduction

Cellulosic ceiling boards, although made to prowstielter, beauty and comfort, could however poseeiaas
they could be flammable and thus be a fire haaétolod products (cellulose) are the most attackefirbyFire

is a rapid but persistent chemical reaction accameglaby the emission of light and heat. The reactioself-
sustaining unless extinguished to the extent thadrtinues until the fuel concentration falls bela minimum
value. Most commonly, it results from rapid exoth&r combustion of combustible materials with oxygen
However, fire is very important for man’s evolutiand development but is also very destructive to’snife
and property. For instance, Bauchi/Gombe statecalathin ten years had 2925 fire incidents in whiét lives
and property worth millions of naira were lost (Aaymnous 1998). This record revealed that about 30%e
fire ignited from the roofs and furniture. The fisgatistics in the United Kingdom has shown thasnfoe
hazards that occurs in buildings results from the dccidents in which furniture and the roofs loé buildings
are usually the first point of attack by the firghich is then followed by falling of the flamed rfotw the
remaining properties in the building (Anonymous 19

The defense against destructive fire has becomenttie preoccupation of man since the discoveryirefdnd
its uses. Several means of controlling fire havenbgsed in the past which includes fire fightinghgdifferent
materials like water, blankets and fire extinguistiRecently more technological approach, whichlieen used,
includes the use of chemical substances, whiclcapable of reducing part of the available ingredimeeded
for the fire to be self-sustaining; these chemicate known as fire retardants (Lyons 1970; Garbd an
Maduckwe 1997; Parker 1997 and Salaudeen 1999)

Fire retardants are chemicals compounds or mixdticempounds which when added or incorporate irenes
will suppress the ease of ignitibility, flame prgpgion and the spread rate and also make the @atetie self
extinguishing after the igniting condition has beemoved (Eboatu et al. 1992).

Fire and flame retardant have been known sinceeantimes. Bhat (1980) described fire retardanmnaserial
that resists brining when exposed to a relativégf flenergy ignition source. A flame retardant makederial to
withstand burning when subjected to a low energytiign source. Fire though is known to be importanian,
many lives and properties have been lost due toninmled and destructive fire. Fire safety regolatfor
consumer and other types of goods have caused manwyfacturers to make their goods with flame retatrd
properties. In effort to comply with these reguwas many manufacturer apply fire retardant chemical
composition to their goods unfortunately, many fregardant chemical composition are known to contai
ingredient that may be toxic to human and the emvirent (Griem 2007).

Lyons (1970) described the different methods usethodify the burning properties polymers. Somehgfse
methods are; by incorporating halogenated into gblymer matrix, incorporating nitrogen and phospisor
compounds and by adding sodium tetraborate decateytly the polymer.

Bhat (1980) described an inorganic compositiorufse as a fire and flame retardant additive, themnsallation.
Among the best known inorganic chemicals used andl retardant in all sort of cellulosic product #re
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borates. Materials treated with borax, boric agidnixtures of these two include timbers, wood, difproduct
paper product and cotton product. According to B&80) borate promote char formation, which inteiti
combustion and also help to protect the substmaten fourning by isolating oxygen and heat from thel f
supply. Boric acid additionally possesses the ptgseafterglow suppression, low water absorptiod good
resistance to fungal growth. It provides fire atadrfe retardant and smoke suppression values witkidimit
prescribed by Federal Specification. The compasiisoalso effective in mold inhibition and has telaly low
density.

The effect of fire retardant on cotton cellulosiatarials worn by fire men has been studied by Alpahd Biri
(1999). They used borax alum ammonium sulphatedéandmonium orthophospahte and combination of these.
All the reagents retarded flame significantly bgueing flame propagation rate, after glow time ahdr length.
Borax formed a glassy film and retarded flame leyliarrier theory.

The objective of this work is aimed at improvinge tfire retarding property of cellulosic ceiling ldaby
incorporating fire retarding substance in it, knogvithat this cellulosic material because of itygital and
mechanical properties, it is used commerciallycasing material and for furnishing in buildings.isttherefore
of optimum important to source out for fire retantdéhat could be incorporated into it in order &aluce the
burning rate in the case of fire outbreak in bunighi.

2. Material And Methods
2.1 Materials
Celluosic ceiling board was obtained from Muda LhWarket in Bauchi, Nigeria. Urea, borax, ammonium
chloride and distilled water used were of genetappse and laboratory reagent grade. The apparataswere
100ml volumetric flask, beakers, weighing balarstep watch, retort stand, desiccators and lighter.
2.2 Methods
The ceiling board was cut into strips of 5cm by leith a saw blade. Different solutions of urea,adoand
ammonium chloride was prepared in varying conegioin of 5, 10, 15, 20 and 25% respectively. The
formulated solution was prepared where 59 eachred and borax was dissolved in 100ml volumetriskiland
made up to mark with distilled water.
Numerous methods have been proposed for flameipgpoéllulosic materials. One of the most commargegd
is impregnation with various soluble salts (ParkéB7). In this research work the impregnation methas
employed.
Equal numbers of prepared strips of cellulosiciegiboard were immersed in equal quantity of sohsi of
varying concentration of fire retardant for 1 hotlihe strips were then withdrawn and dried undeoratory
conditions. The dried impregnated strips were tstened in a dessicator after which flame test wawlacted
on each of the samples treated with different detats. The procedure was repeated for the fornulikkition.
2.2.1 Flame Test
Each of the treated samples was held in positioa tong which was clamped to a retort stand anideidgrusing
a lighter at the base and at the same time a sédghwvas activated. The following parameters weeagured:
ease of ignitability, the distance traveled by flaene to flame out, afterglow time and also theatise traveled
by the char front were recorded according to Ebeatl. (1992).
The following expressions were employed for tegdnination of:
i. Ignitability = time taken to ignite
ii. Flame propagation rate = Distance traveled by frbat
Time
iii. Afterglow time = Time between flame out and tastlflicker of light
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3. RESULTSAND DISCUSSION
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Fig. 1 Effect of Urea, Borax and Ammon ium Chloride on the Ignitibility of Cellulosic Ceiling Board

4. Fig 1 shows the effect of concentration of ureaakaand ammonium chloride on the ignitability of
cellulosic ceiling board. The figure 1 shows thatfae concentration of the retardants increase tiser
increase in the ignitability time of the samplebalis to say as the concentration increase, é@stak
longer time before the treated sample will ignite.

5. At 0% concentration, the time of ignitability wa6.80sec and as the concentration of urea, borax and
ammonium chloride increases to 25% the time takeigrite also increase to 28.00%, 26.00sec and
25.00sec respectively. Out of the three retardastd they all gave good result in reducing the
ignitability of the treated ceiling boards. Howeythis study suggests that urea showed a bettelt res
than borax and ammonium chloride. This result confoto the results obtained in various works
carried out by some researchers (Akpabio and Ali9Q9; Akpabio and Biri 1999 and Boryo et al.
2010).
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3.2 Effect of retardants on flame propagation rate;
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Fig 2 Effect of Concentration of Urea, Borax and Ammonium Chloride on Flame Propagation
Rate of Cellulosic Ceilling Board

With reference to Figure 2, the rate of flame pgaieon decreases as the concentration of retardam=ases.
However, the extend depends on the type of retandsed, it can be observed that there was a relalsofadl or
drop in flame propagation rate for urea from 1.950%cm/sec to 0.13 x IDcm/sec as concentration increases
from 0 to 25%. As for borax, it was a decrease dte rfrom 1.95x 18cm/sec to 0.24 x Iftm/sec as
concentration increases from 0 to 25% while ammunéhloride recorded a decrease from 1.95 kcht/sec to
0.28 x 10° cm/sec as concentration increases from 0 to 25%.

Urea gave a better retarding effect on the ratftaofe propagation compared to borax and ammoniuoride.
This is because urea on heating decomposes tagineonia and carbon dioxide as a by products whicha
support combustion, it forms a coating around tlaemal and exclude oxygen thereby reducing thé gfathe
necessary ingredient (air) needed for fire to bessistaining (Garba and Maduekwe 1997; Salaud&&9 and
Boryo et al, 2010). While on the other hand boraxheating decomposes and release water of crystiadin
which dilutes the effective concentration of vdattombustible pyrolysate in the optimum pyrolysakygen
concentration necessary for ignition and sustairohdpurning (Lyons 1970; Garba and Maduekwe 1997and
Boryo et al. 2010). The ammonium chloride on heatiacomposes and gives ammonia and hydrochloricaaci
by products, which does not support combustionfdwrhs a coating or blanket around the material thedeby
reduce or prevent oxygen from taking part in thensital reaction involved in fire. The reactions tbe
combustion of the various retardants used are sthaw8cheme 1 ( Boryo et al. 2010)

> (HzN)zC:O Hea NH + CQ
—

> NHCl __Hea | NH; + HC

> NaBO,10H0 _ H€& | NaBO,5H,0 + 5HO

> NaBO,.5H,0  Hee NaBO, +5H0
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Scheme 1: Equation for combustion of retardants
3.3 Effects of retardants on after glow time:
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Fig 3. E ffect of Concentration of Urea, Borax and Ammonium Chionde on Afterglow Time of
Cellulosic Ceilling Board

Results in fig 3 showed that any increase in cotnagan of retardants (urea, borax and ammoniurarate)
yields decrease in afterglow time. Urea also shgwimore considerable improvement on the aftergime
than borax and ammonium chloride. At concentrafi#the afterglow time recorded was 2.25%E¢ and as
the concentration increases to 25% there was deem@aafterglow time in the following order for ardorax
and ammonium chloride respectively 0.223HE, 0.60x1%ec and 0.70x8ec which is accompanied by the
formation of a solid char.

3.4 Effects of proposed for mulation:

Table 1: Effects of formulated solution (Urea aratdk) on the ignitability, flame Propagation afiigtaglow
time of cellulosic ceiling board

Concentration Ignitability Flame prop#gn Afterglow
(%) (sec) (x Tom/sec) (x 1Bec)

0 16.80 1.96 2.25
Surea + 5borax 34.00 0.00 0.00

The effect of the formulated solution on the treatellulosic ceiling board was observed to igriite $ample
after 34sec of exposure to flame and as the flaoma the lighter was withdrawn the flame on theingiboard
went off completely without propagating and ther@swo afterglow. This may be as a result of contbeféects
of water of crystallization released by borax amel ¢arbon dioxide and ammonia released by ureaeTlne
products collectively act as blanket and oxygenaean needed for sustainable combustion (Boryo.&Gil0).

4. CONCLUSION

All the three retardants (urea, borax and ammorghtaride) gave remarkable improvement on the ibitity,
flame propagation rate and afterglow time. Urea feamd to give a better effect than borax and amoman
chloride. A fantastic improvement was recordedtfier proposed formulation.

It is therefore, recommended that urea or/and tlopgsed formulation be incorporated in cellulosiling
board during production. This will greatly improthe quality in terms of fire outbreak.
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