
1. INTRODUCTION
Fire hazards are common occurrences in homes, 
offices and commercial buildings. The losses of lives 
and properties to fire incidents every year is a perennial 
problem that has led to a wide field of research into fire 
ralated materials including fire-retardant materials, 
fire-stops, and a host of others. These serve to contain 
the fire and buy time for the occupants to make their 
escapes before the arrival of the fire-fighting team. The 
use of fire-retardant materials is not common-spread in 
Nigeria and other African countries. First, because of 
the relative novelty of the technology and second 
because most of the products are imported, therefore 
expensive. There is, therefore, a pressing need to 
explore the local contents as alternative raw materials 
in the production of locally-made fire retardant 
materials. The present work in response to this need 
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examines two locally sourced kaolin, one from 
Kankara in North-West geopolitical zone of Nigeria 
and the other from Darazo in North-East geopolitical 
zone of Nigeria.
Kaolin clay has a wide range of properties and uses 
depending on its location and age. This is due to the 
fact that the parent feldspars are a group of rock-
forming silicate minerals having potassium as in 
orthoclase (KAlSi3O8), sodium as in albite 
(NaAlSi3O8), calcium as in anorthite (CaAl2Si2O8) 
or a combination of any two of these primary forming 
elements as may be found in the plagioclase feldspar 
(oligoclase, andesine, labradorite and bytownite); the 
alkali feldspars (anorthoclase, sanidine and 
orthoclase-microcline) or the less common barium, 
rubidium, strontium or iron feldspars (Jongs, Jock, 
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Ekanem, & Jauro, 2018; Kumari & Mohan, 2021; 
Valen�ni & Mascarin, 2021). Kaolin may have other 
ancillary minerals including mica and quartz, and 
auxiliary minerals like illite, montmorillonite, 
ilmenite, anatase, haematite, bauxite, graphite and 
halloysite among others. This varied composition is 
responsible for a wide range of properties 
necessitating the careful characterization of each 
deposit for optimal utilization (Kumari & Mohan, 
2021; Olafadehan, Okolie, & Kehinde, 2018).. 
Kaolin clay, when not colored by impurities such as 
iron oxides and hydroxides has a white to white-
pinkish coloration and find popular use in the paper 
and paint industries as a pigment and filler, its 
softness adding to the smoothness and gloss of high 
quality paper sheets (Raji & Bouhfid, 2020; Sanz, 
Tomasa, Sidki-Rius, & Sidki-Rius, 2022; Tamar-Agha, 
Mustafa, & Ibrahim, 2020). Kaolin clay, due to its 
good refractory properties was for centuries the 
traditional material for the production of high-quality 
porcelain and fired clays. Though kaolinite is not 
absorbent due to its tightly packed sheet structure, its 
large surface area makes it a good adsorbent which 
has found wide usage as membrane material in recent 
times (Marino, Russo, Rezzouk, Bouzid, & Figoli, 
2017; Mustapha et al., 2019; Yu et al., 2020).
A less common use of kaolin is its application as a fire 
retardant. Kaolinite (Al2O3(SiO2)2.2H2O) may 
have up to four molecules of interstitial water which 
is released between 300-570oC or between 400oC – 
700oC in a dehydroxylation reaction as steam, 
depending on the nature of individual deposits (Daou 
et al., 2020; Izadifar et al., 2020; Tamar-Agha et al., 
2020).. The released steam absorbs heat from its 
immediate surroundings, creating a heat sink that 
retards the growth of flame, while the resulting heat- 
resistant alumina-silicate improves the thermal 
stability of the host system, thereby slowing down 
thermal degradation. Several researches have looked 
into the incorporation of kaolin clay as fire retardant 
filler, either as a supplement for the more common 
alumina or as an additional filler in intumescing 
paints, fire-rated plastics, textiles and other flame-
treated combustible materials (Ou et al., 2021; Tang et 
al., 2022; Ullah, Ahmad, Shariff, & Bustam, 2014).
For fire-rated plastics, flame retardancy may be 
improved by incorporating modified kaolin into the 
polymer matrix. To improve the flame retardancy of 
low-density polyethylene (LDPE), Ou et al (2020) 
incorporated 3% urea-intercalated kaolin into LDPE. 
Loss on ignition (LOI) was found to increase from 
24.1% to 27.2%. Tang et al (2022) introduced 1.5 
wt% glycerine-intercalated kaolin into an 
intumescent fire-retardant (IFR) formulation, 23.5 
wt% of the IFR into polypropylene (PP) was found to 

decrease the peak heat/ smoke release rate.  In a 
similar experiment, Yuan et al (2022) modified the 
surface of ammonium polyphosphate with kaolinite. 
Addition of this to PP led to increased thermal 
stability and char residue. Thus, modification of 
kaolin either by intercalation or grafting with a 
polymer moiety is found to improve the thermal 
stability of the fire-retardant system due to the more 
uniform dispersion of the kaolinite in the polymer 
matrix. 
For non-plastic materials, fire retardant components 
are usually incorporated via chemical impregnation 
or intumescing coating. Intumescing paints are 
passive firefighting materials which when used as 
surface coating create a physical thermal barrier to the 
underlying material on exposure to high temperature 
or flame. Intumescent formulations consists of a char 
forming compound, usually pentaerythritol or any of 
the char forming starch; an acid-based compound, 
most commonly ammonium poly-phosphate, which 
triggers the charring reaction; and  a fuming agent, 
which releases gas into the molten char to create an 
expanded, insulative mass (Hu et al., 2020; Lucherini 
& Maluk, 2019). Clays, metal oxides and hydroxides 
such as kaolin are often added as reinforcing filler and 
as synergistic additives to improve the strength and 
insulative efficiency of the resulting char (Aqlibous, 
Tretsiakova-McNally, & Fateh, 2020; Ribeiro et al., 
2020)..
Xu et al (2021) grafted a phosphate ester on kaolinite 
surface and blended this into amino resin to prepare a 
transparent coating which was applied to plywood 
board. The coating was found to exhibit a 64.9% 
reduction in flame spread and 45% reduction in 
smoke density. Hansen-Bruhn et al (2022) in a 
comparative study reported that unmodified kaolin 
exhibited a very low expansion factor of 7, compared 
to barite at 75 and titania at 60. On the other hand, 
Ulusoy et al (2022) found a blend of kaolin, 
metakaolin, flyash and calcium carbonate coating to 
perform better than a commercial coating due to the 
higher proportion of macro pores displayed by the 
kaolin-based coating.
Nigerian kaolin from different deposits have been 
widely studied and characterized for various 
applications. Mokwa et al (2019) and Labiran et al 
(2022) characterized some Nigerian kolinite clays for 
refractory bricks and fireclays; Maciver et al (2020) 
and Eze et al (2021) characterized some deposits for 
zeolites and ceramic filters; while Ofunne and Bassey 
(2019); Okafor et al (2020) characterized others for 
paints and pharmaceuticals. Though, most have 
promising properties for commercial applications, 
blending or modification of the clay structures have 
been reported to significantly improve the clay 
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properties (Labiran, Ezea, Igba, & Akinyele, 2022; 
Olugbenga Oludolapo, Amu Igigba, Ehizemhen, 
Oluyemi-Ayibiowu, & Dorcas, 2022).. However, the 
idea of flame-retardant formulation is still relatively 
novel in the African region and no study to the best of 
our knowledge has been carried out on the suitability 
of Nigerian kaolin clay as flame retardant material 
despite its wide abundance. The aim of this study 
therefore was to determine the suitability of two 
Nigerian kaolin as alternative fillers in fire retardant 
coatings. To this end:
Ÿ Material characterization of the clay samples were 

carried out to determine their crystallinity and 
thermal stability. This was used to explain the 
behavior of the flame-retardant systems at elevated 
temperature. 

Ÿ To determine the effects of clay additives on fire-
retardant paint, clay-incorporated coated wooden 
samples were subjected to flame test and their back 
side temperature recorded and compared to that of 
the unfilled, controlled sample. Samples of the 
different coatings were also subjected to 
thermogravimetric analysis and their residual 
masses at 800oC compared.

Ÿ A blend of the clay samples was prepared and the 
effect of clay blending on the performance of the 
fire-retardant coating was investigated. 

2. MATERIALS AND METHODS

2.1 Materials

Two 6 kg samples of Kankara kaolin and Darazo 
kaolin were purchased from the Department of 
Chemical Engineering, Ahmadu Bello University, 
Zaria in Nigeria. The kaolin were used as received 
without further processing. The fire-retardant reagents 
were of laboratory grade. They were sourced from 
Aldrich Ltd, Germany. They included pentaerythritol 
and boric acid, epoxy resin and its curing agent. 

2.2 Characterization of Clay Samples
The kaolin samples were characterized for mineral 
composition using X-ray diffraction analysis (XRD), 
chemical composition using X-ray florescence 
ana lys i s  (XRF) ,  thermal  behaviour  us ing 
Thermogravimetric analysis (TGA), microstructural 
analysis using Scanning Electron Microscopy (SEM) 
and chemical groups using Fourier Transform Infra-
Red Spectroscopy (FTIR). 

X-ray diffraction analysis was performed on a Rigaku 
D/Max-lllC X-ray diffractometer. Diffractions of 

pelletized clay samples were collected at scanning 
rate of 2o/min in the 2 to 50o range at room 
temperature with a CuKα radiation set at 40 kV and 
20 mA. The diffraction data (d value and relative 
intensity) obtained was compared to that of the 
standard data of minerals from the mineral powder 
diffraction file, ICDD which contained and included 
the standard data of more than 3000 minerals. 

X-ray fluorescence analysis of pelletized clay 
samples was carried out on a Philip PW 1210 
Diffractometer. The fluorescence rays were generated 
by bombarding the samples with X-rays emitted from 
a Cu anode electrode at a wavelength of 1.550Å. The 
X-rays were produced by passing a stream of 
electrons generated at 25mA from a heated filament 
and accelerated at a high voltage of 40kV towards the 
target electrode. The fluorescence rays were collected 
in a semi-conductor detector and analyzed in a multi-
channel spectrum analyzer.

Microstructural analysis of pelletized clay samples 
was carried out on a JEOL JSM 7600 scanning 
electron microscope at an accelerating voltage of 
15kV and a walking distance of 12 mm to 18 mm at 
magnifications of 8000, 9000 and 10000 respectively.
For the TGA analysis, clay samples were used 
without prior preparation. 18.7 g of each powdered 
clay sample was put in a platinum crucible and fired in 
a closed furnace attached to the TGA 55 – TA 
Instrument from room temperature to 1000oC at a 
heating rate of 10oC/ min using nitrogen as inert gas.
 
2.3 Preparation of Coatings
The two clay samples were incorporated into an 
epoxy matrix as an additive to the main fire retardant 
ingredients (FRI) of ammonium polyphosphate, 
melamine and pentaerythriol. The powder clay 
samples and the FRI were blended together to achieve 
homogeinety before addition of the epoxy. Shear 
mixing of the coating slurry was carried out for 20 
minutes at 40 rpm before the addition of the curing 
agent. Shear mixing continued for additional 10 
minutes to assist the dispersion of the particles in the 
resin matrix.  The formulation of Yew at al (2015)  in 
which a blend of fire retarding fillers was used was 
adopted for this study. The control, B1 was without a 
clay additive, the hybrid sample, B2 had 5.5 wt% 
each of both clays, B3 had 11 wt% Darazo content 
while B4 had 11 wt% Kankara content. The paints 
were applied using a wooden spatula on one face and 
all edges of 10 cm x 10 cm x 3 cm unlaminated 
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Table 1: Chemical Formulations of Darazo and 
Kankara Intumescing Paints

Runs KADZ  
(wt%)

 

KAKK  
(wt%)
 

APP 
(wt%)

 

MEL  
(wt%)

 

PER  
(wt%)

 

EPOXY
(wt%)

 

BINDER
(wt%)

B1 0 0
 

18
 

9
 

9
 

35.33
 

17.67

B2 5.5

 

5.5

 

18

 

9

 

9

 

35.33

 

17.67

B3 11 0

 

18

 

9

 

9

 

35.33

 

17.67

B4 0 11.0 18 9 9 35.33 17.67

2.4 Fire Performance Testing
The heat shielding ability of the clay-filled coatings 
were tested using the Bunsen burner test as shown in 
Figure 1. The bunsen burner test is a bench scale fire 
test adapted to ASTME119 for comparing the heat 
shielding ability of coated samples. 

Figure 1: Bench-scale fire test set-up
This was done by impacting flame from a butane gas 
burner on the coated surface and measuring backside 
temperature of the wood by taking the average 
readings of three thermocouples attached to the 
uncoated surface. The thermal stability of the clay-
filled coatings were evaluated by obtaining residual 
masses of the coated film samples on a TGA 55 – TA 
machine.

3 RESULTS AND DISCUSSION
3.1 Mineral Composition

The XRD graphs of the clay samples are presented in 

Figure 2. Both the Kankara kaolin clay and the Darazo 

kaolin clay showed several peaks for kaolinite, 

anatase, quartz, hematite and illite. However, Darazo 

clay shows highly prominent peaks for kaolinite, the 

desired mineral, while the peaks are less clearly 

defined in Kankara clay except the peak at 28 2θ. This 

indicates that Darazo is populated by highly 

crystalline kaolinite while Kankara is populated by 

poorly crystalline kaolinites. Li et al (2019) and 

Belmokhtar et al (2018) have reported in earlier works 

that the physicochemical properties of kaolin-group 

minerals  are  s t rongly dependent  on their 

crystallinity(; ). Poorly crystalline aluminosilicates 

are known to be characterized by small particle sizes, 

high specific surface area and excellent ion exchange 

rates while crystalline aluminosilicates have 

relatively bigger particles and are more electronically 

stable (; )

Figure 2: Comparison of the mineralogy of Darazo 

clay and Kankara clay

Christian et al (2018) recently reported the high 

specific surface area and excellent ion exchange rates 

of Kankara clay as a promising adsorbent in the local 

pharmaceutical industry(). The high ion exchange 

rate of Kankara clay will ease the incorporation of 

polymer ions in synthesizing organoclays necessary 

for the production of high performing intumescent 

paints. Other works have also shown that 

intercalation of ions its easier in more crystalline 

kaolinite (). Again, both clay types may still play heat 

shielding roles by migration of the particles to the 

surface of the intumescing char to create a physical 

barrier and reinforce the char strength (; ). Thus, each 

clay type may have its own unique mechanism for 

improving fire retardation based on their overriding 

properties.
3.2 Chemical Composition

The elemental compositions of both clays are 

presented in Table 2. The chemical oxide 

components analyzed for each sample were silica 

(SiO ), alumina (Al O ), iron oxide (Fe O ), titanium 2 2 3 2 3

oxide (TiO ), calcite (CaO), potassium oxide (K O), 2 2

sodium oxide (Na O), magnesium oxide (MgO) and 2

manganese oxide (MnO).  
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Table 2: Chemical compositions of the Darazo and 

Kankara Clays (wt%)
Sample ID

 
SiO2

 
Al2O3

 
Fe2O3

 
TiO2 CaO K2O Na2O MgO MnO

Sample DZ 49.53 33.50 0.15 0.09 0.25 1.60 0.21 0.75 0.01
Sample KK 49.71 34.80 0.72 0.66 0.09 1.21 0.06 0.21 0.01

Silica was found to be the most abundant oxide in both 
clays with almost 50% weight content in both clays. 
Alumina had a percent composition of about 33-35% 
in both clays with Kankara clay having slightly more 
alumina content than Darazo clay. All other 
components existed as trace elements with 
compositions between 1.6 to 0.01%. Kankara showed 
greater content of iron oxide impurity than Darazo, 
implying Darazo may be better suited for paper 
production as less bleaching will be needed.  Kankara 
clay also possessed slightly higher content of titanate 
than Darazo while the Darazo clay shows greater 
percent of the alkali oxides. This analysis confirms 
both clays to be aluminum –silicate minerals with 
trace impurities. Many works, including those of Xu et 
al (2022) and Laoutid et al (2021) have reported that 
metal oxides such as titanium oxide, iron oxide and 
calcite as found in both clay types offer additional 
flame diluting effects as a result of their non-
combustibility and high thermal stability. 

3.3 Microstructural Analysis
The micrographs of Kankara and Darazo clay samples 
are presented in Figure 3. The micrographs of both 
clay samples reveal sheet-like structures characteristic 
of layered aluminum-silicate minerals. The Kankara 
micrographs reveal flaky sheets with more rounded 
edges while the Darazo micrograph reveal crystal 
platelets with sharper outlines. Both clay particles 
showed high degree of agglomeration.  The particle 
size from the micrographs could be estimated to be in 
the range of 50 μm to 200 μm for both clay types. 
Generally, clays act in the condensed phase by 
migrating to the polymer surface at high temperature 
to provide additional viscosity which reduces the 
release of free radicals to the flame front and 
encourages the thickening and strengthening of the 
char bulk. The Kankara clay again because of the 
greater surface area provided by the flaky structure 
may provide greater barrier and labyrinth effect, than 
the Darazo platelets, leading to greater delay in 
material decomposition and smoke generation, and 
inhibition of heat and mass transfer (Chen et al 2019; 
Liu et al 2020). 

Figure 3: (a) Micrograph of Kankara clay @ 9000x 

(b) Micrograph of Darazo clay @ 9000x

3.4  Functional Group Analysis

The FTIR graphs of the two clays are presented in 

Figure 4. Both Kankara and Darazo clays show 

very identical peaks, however Darazo shows lower 

transmittance for all the functional groups 

considered, this is in keeping with its more 

crystalline nature which absorbed more of the 

waves compared to Kankara. Characteristics peaks 
-1 

of silicate minerals at around 920 to 980 cm are 

very prominent in both minerals. Also, the O-H 
-1

hydroxide peaks around 3600 cm  reported by 

Agbendeh et al (2021) and Mgbemere et al (2018) 

are quite prominent in both clays. The H-O-H 
-1bending of water around 1637 cm  earlier reported 

by Ayeni et al (2019) is observed to have much 

greater absorbance for water molecules in Darazo 

than Kankara, implying stronger water bonds in 

Darazo than in Kankara. The aluminum peaks at 
-1around 650 cm  are also identified. These results 

are in tandem with the other analyses and confirm 

these clays as aluminum silicate-based materials or 

aluminum-silicate hydroxide minerals with varying 

degree of crystallinity.

Figure 4: Comparing the FTIR Spectra of Kankara 

and Darazo Clays
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3.4 Thermal Analysis

The TGA graphs of both clays are presented in Figure 

5. The thermal analysis which was run from approx. 
o o

20 C to 1000 C show a weight loss of about 6.5 % for 
o oDarazo clay occurring between 450 C and 650 C due 

to the dehydroxylation of the minerals in the clay as 

shown in Figure 5a. Figure 5b show that Kankara clay 

has a total mass loss of 8.9 % at around the same range 

due to dehydroxylation and initial loss of water of 
ocrystallization at 200 C. The ability of Kankara to lose 

water faster is already evident in the weaker H-O-H 

bonds of Kankara as observed in the IR peaks of 

Figure 4. While Darazo appear to be more thermally 

stable, Kankara has the potential of a better hydrant 
o

due to about 2.5% water released around 200 C. This 

may contribute to delaying ignition time of the treated 

wood material. Both clays are shown to be 

endothermic in their reaction absorbing between 14 

W/g to 18 W/g of heat at the elevated temperature of 
o o

about 400 C to 950 C. This endothermic reaction will 

help draw heat away from the coated substrate 

creating a cooling effect that will reduce flame spread. 

Figure 5a: Thermal decomposition curve of Darazo 
showing one step dehydroxylation process.

Figure 5b: Thermal decomposition curve of Kankara 
showing two-step dehydroxylation process.

Equally important also is the residual mass of 
the clays. Both clays are able to maintain high 
residual masses at the elevated temperature of 

o1000 C, with Kankara having a residual mass of 
about 90% and Darazo, a residual mass of about 
93%. This is very important, since these non-
combustible residues reduce the total amount of 
volatile elements available to the flame front, 
thereby thermally stabilizing the wood bulk long 
after the flame retardants components have 
degraded. Darazo slightly greater residual mass 
is as a result of its greater crystallinity which has 
already observed above conferred on its greater 
thermal stability than Kankara clay. 

3.6 Fire Performance of Test Samples
3.6.1 Heat Shielding Ability
The results of the fire tests for the four coated samples 
without any clay additives (B1), with 5.5 wt% of 
each clay type (B2), with 11 wt% of Darazo (B3) and 
Kankara (B4) respectively are presented in Figure 6. 

Figure 6: Comparing the heat curves for the wood 
samples without any clay additive, B1; 5.5 wt% of 
each clay type, B2; with 11 wt% Darazo, B3; and 11 
wt% Kankara B4 when exposed to a Bunsen flame at 

o o
750 C ±50 C for 12 minutes.

At the start of the experiment, all sample 
temperatures rose rapidly from room temperature to 

oabout 68 C in 2 minutes, except for B4 (containing 
semi-crystalline kaolinite) which reached a higher 

o
temperature of 79 C as less crystalline surface water 
was released as steam. Thereafter, B4 was able to 

o
maintain a thermal plateau of 80 ± 2 C as the 
endothermic reaction continuously drew heat away 
from the wood surface. It may be observed that the 
rate of degradation of each sample correlates with the 
thermal stability of the clay additive as reported in 
the TGA analysis. Therefore, B3 which contained 
more thermally stable Darazo clay gradually rose to 

o
80 C in 7 minutes, while B2 which is a hybrid of B3 
and B4 displayed delayed, but greater endothermic 
reaction due to the combined effect of the semi and 
fully crystalline water molecules. Thus, the 

otemperature was seen to rapidly rise to around 85 C 
rd o

in the 3  minute and then drop to around 73 C in the 
th6  minute. The control sample, B1 maintained the 

oinitial temperature rise of 68 C for a longer time 
implying the immediate setting in of intumescing 

thaction.  Beyond the 6  minutes, all samples showed 
varying increase in temperature. The filled coated 
samples showed slower temperature increase 
probably due to the diluting effect of the non-
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combustible residual masses. The hybrid sample, B2 
o th

showed the lowest temperature of 102 C at the 10  
ominute followed by B4 with 110.9 C and B3 with 

o
118.5 C. The control sample had the highest 

o
temperature increase of 128.4 C after 10 minutes of 
flame contact. Thus, incorporation of either clay led to 
an improvement in the fire retardancy of the 
intumescing paint. 11 wt% addition of Kankara gave a 
greater reduction of 13.6% compared to 11 wt% 
addition of Darazo at 7.7% reduction. The combined 
effect of both clays gave the highest cooling effect at 
20.56% reduction compared to the unfilled paint.

3.6.2 Resistance to Flame Propagation
Flame spread may be described as the extent of travel 
of the flame point over the surface of the solid 
combustible. The area of the uncharred, coated wood 
samples could be taken as a measure of the coating 
resistance to flame spread. Measured with a scale ruler 
to the nearest millimeter, the length of the uncharred 
region in B2 representing the hybrid formulation was 
found to be 12 mm while that of the control, B1 was 
found to be 5 mm.  B3 had an uncharred length of 8 
mm while B4 had an uncharred length of 10 mm. This 
is seen to correlate with the heat shielding ability of the 
systems, where the highest temperature reduction is 
observed in the hybrid sample. These are shown in 
Figure 8. No intumescence was observed in either the 
control sample or the filled samples. This lack of 
intumescence may be due to several factors including 
agglomeration of the fillers, and the presence of other 
non-intumescing minerals such as quartz and illinite 
within the clay samples. The presence of these 
minerals is however not detrimental to the fire-
retardant ability as they increase the non-combustible 
component of the system. Nevertheless, further work 
will be needed to modify the clay surface for uniform 
dispersion within the resin matrix for enhanced 
performance. 

Figure 7: Test samples after fire test showing extent 

of flame propagation

3.6.3 Percent Mass Loss
The weights of the samples taken before and after the 
fire test were used to compute the percent mass loss 
during burning. This is presented in Table 3. 

Table: Percent mass loss during fire test.
Samples

 
Mass before fire test (g)

 
Mass after fire test (g) Mass loss (%)

B0

 
104.73

 
71.68 31.55

B1

 

118.62

 

90.54 23.67
B2 118.54 90.84 23.36
B3 118.50 93.45 21.14
B4 118.24 92.81 21.51

From the Table, B0 represents the uncoated wood, 
B1, the coated wood without filler, B2, the coated 
wood with hybrid filler; B3, Darazo clay-filled 
coating and B4, Kankara clay-filled coating. The 
uncoated wood had the highest mass loss of 31.55 %, 
confirming that the fire-retardant paints improved the 
fire-resistance of the wooden material. The clay-
filled samples both had a mass loss of approximately 
21%, the hybrid formulation had a slightly higher 
mass loss of 23.36%, while the unfilled sample B1 
had a mass loss of 23.67%. From this, it can be seen 
that incorporation of the kaolin clay slowed down 
thermal degradation of the coated wood.

4. CONCLUSION
This work investigate the suitability of two of the 
numerous Nigerian kaolin deposits as fillers in fire 
retardant paints. 

· It was found that Kankara clay consisted of 

semi crystalline kaolinite while Darazo clay 

contained fully crystalline kaolinite. 

· K a n k a r a  c l a y  d i s p l a y e d  a  2 - s t e p 

dehydroxylation process with the first 

endothermic reaction occurring at around 
o200 C and the second one beginning at 

oaround 450 C. Darazo clay had a single 

dehydroxylation stage starting around 
o

400 C. Thus, Darazo clay exhibited greater 

thermal stability while Kankara clay showed 

greater tendency to decompose and release 

more water of dehydroxylation. 

· The material properties of each clay type 

affected the overall performance of the paint 

when the clay was incorporated as additive. 

The performance of the Kankara-filled paint 

appeared to depend mainly on thermal 

cooling as the endothermic reaction drew 

heat away from the wood surface creating a 
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thermal plateau on the wood surface. For the 

Darazo-filled paint, performance appeared to 

depend more on the thermal stability created 

by the bulk effect of the filler itself, therefore 

the temperature had a slower, but steadier rise. 

· The addition of either clay led to improvement 

in the heat shielding ability, flame propagation 

and thermal degradation of the coated wood, 

while the combined effect created even greater 

synergy. The high percentage of non-

combustible residual masses found in both 

clays added to the thermal stability of the 

system. 

4. ACKNOWLEDGEMENT
The authors are thankful to the University 
Research Council, University of Abuja, and 
Tertiary Education Trust Fund (TETFUND), 
Nigeria for the financial assistance awarded 
through the Institutional Based Research Grant 
with grant number: 
TETFUND/DESS/UNI/ABUJA/RG/ 2016.

REFERENCES
Aqlibous, A., Tretsiakova-McNally, S., & Fateh, T. 
(2020). Waterborne intumescent coatings containing 
industrial and bio-fillers for fire protection of timber 
materials. Polymers, 12(4), 757. 
Arogundade, A. I., Megat-Yussof, P. S., & Afolabi, L. 

O. (2021). Evaluation of compression 
strength of intumescent char using ASTM 
1162 00. Journal of Coatings Technology and 
Research, 18(3), 935-943. 

Belmokhtar, N., El Ayadi, H., Ammari, M., & Allal, L. 
B. (2018). Eflect of structural and textural 
properties of a ceramic industrial sludge and 
kaolin on the hardened geopolymer 
properties. Applied Clay Science, 162, 1-9. 

Castellano, M., Turturro, A., Riani, P., Montanari, T., 
Finocchio, E., Ramis, G., & Busca, G. (2010). 
Bulk and surface properties of commercial 
kaolins. Applied Clay Science, 48(3), 446-
454. 

Chen, H., Wang, T., Wen, Y., Wen, X., Gao, D., Yu, R., . 
. . Tang, T. (2019). Expanded graphite 
assistant construction of gradient-structured 
char layer in PBS/Mg (OH) 2 composites for 
improving flame retardancy, thermal stability 

Christian, Z., John, A., & Shehu, Z. (2018). Chemical 
investigation of kankara kaolin for its 
pharmaceutical applications. Open Access 
Journal of Translational Medicine and 
Research, 2(1), 2-4. 

Dang, L., Li, H., Ding, M., Li, Y., Su, H., Yang, K., . . . 
Xue, B. Effect of Crystallinity of Kaolinite 
on Urea Intercalation and Layer Expansion. 
Available at SSRN 4100220. 

Daou, I., Lecomte-Nana, G. L., Tessier-Doyen, N., 
P e y r a t o u t ,  C . ,  G o n o n ,  M .  F. ,  & 
Guinebretiere, R. (2020). Probing the 
dehydroxylation of kaolinite and halloysite 
by in situ high temperature x-ray diffraction. 
Minerals, 10(5), 480. 

Du, J., Morris, G., Pushkarova, R. A., & St. C. Smart, 
R. (2010). Effect of surface structure of 
kaolinite on aggregation, settling rate, and 
bed density. Langmuir, 26(16), 13227-
13235. 

Hu, C., Bourbigot, S., Delaunay, T., Collinet, M., 
Marcille, S., & Fontaine, G. (2020). Poly 
(isosorbide carbonate): A 'green'char 
forming agent in polybutylene succinate 
intumescent formulation. Composites Part 
B: Engineering, 184, 107675. 

Izadifar, M., Thissen, P., Steudel, A., Kleeberg, R., 
Kaufhold, S., Kaltenbach, J., . . . Emmerich, 
K. (2020). Comprehensive examination of 
dehydroxylation of kaolinite, disordered 
kaolinite, and dickite: experimental studies 
and Density Functional Theory. Clays and 
Clay Minerals, 68(4), 319-333. 

Jongs, L. S., Jock, A. A., Ekanem, O. E., & Jauro, A. 
(2018). Investigating the Industrial 
Potentials of Some Selected Nigerian Clay 
Deposits. Journal of Minerals and Materials 
Characterization and Engineering, 6, 569-
586. 

Kumari, N., & Mohan, C. (2021). Basics of clay 
minerals and their characteristic properties. 
Clay Clay Miner, 24, 1-29. 

Labiran, J., Ezea, B., Igba, U., & Akinyele, J. (2022). 
Fire performance of metakolin concrete and 
mortar blends using Nigerian kaolinite clays 
Current Perspectives and New Directions in 
Mechanics, Modelling and Design of 
Structural Systems (pp. 1621-1625): CRC 
Press.

Li, J., Zuo, X., Zhao, X., Ouyang, J., & Yang, H. 
( 2019 ) .  I n s igh t  i n to  t he  effec t  o f 
crystallographic structure on thermal 

153 Technoscience Journal for Community Development in Africa



conductivity of kaolinite nanoclay. Applied 
Clay Science, 173, 12-18. 

Liu, S., Wang, C., Hu, Q., Huo, S., Zhang, Q., & Liu, 
Z. (2020). Intumescent fire retardant coating 
with recycled powder from industrial effluent 
o p t i m i z e d  u s i n g  r e s p o n s e  s u r f a c e 
methodology. Progress in Organic Coatings, 
140, 105494. 

Lucherini, A., & Maluk, C. (2019). Intumescent 
coatings used for the fire-safe design of steel 
s t r u c t u r e s :  A r e v i e w.  J o u r n a l  o f 
Constructional Steel Research, 162, 105712. 

Marino, T., Russo, F., Rezzouk, L., Bouzid, A., & 
Figoli, A. (2017). PES-kaolin mixed matrix 
membranes for arsenic removal from water. 
Membranes, 7(4), 57. 

Mustapha, S., Ndamitso, M., Abdulkareem, A., Tijani, 
J., Mohammed, A., & Shuaib, D. (2019). 
Potential of using kaolin as a natural 
adsorbent for the removal of pollutants from 
tannery wastewater. Heliyon, 5(11), e02923. 

Olafadehan, O., Okolie, I., & Kehinde, A. (2018). 
Preparat ion and character izat ion of 
metakaolin from Nigeria Okpella kaolin for 
zeolite synthesis. Journal of Engineering 
Research, 23(1), 100-111. 

Olugbenga Oludolapo, Amu Igigba, Ehizemhen, C., 
Oluyemi-Ayibiowu, & Dorcas, B. (2022). 
Effect of California Bearing Ratio and 
Unconfined Compressive Strength Analysis 
on Mechanical Strength and Microstructure 
of  Kaol in  Clay Powder  Blend SSA 
Geopolymer, and Its Behaviour at Different 
Percentages. energy, 5(1). 

Ou, H., Xu, J., Liu, B., Xue, H., Weng, Y., Jiang, J., & 
Xu, G. (2021). Study on synergistic 
expansion and flame retardancy of modified 
kaolin to low density polyethylene. Polymer, 
221, 123586. 

Raji, M., & Bouhfid, R. (2020). Effects of bleaching 
and functionalization of kaolinite on the 
mechanical and thermal properties of 
po lyamide  6  nanocompos i tes .  RSC 
Advances, 10(9), 4916-4926. 

Ribeiro, S. P. d. S., Martins, R. C., Barbosa, G. M., 
Rocha, M. A. d. F., Landesmann, A., 
Nascimento, M. A. C., & Nascimento, R. S. V. 
(2020). Influence of the zeolite acidity on its 
synergistic action with a flame-retarding 
polymeric intumescent formulation. Journal 
of materials science, 55(2), 619-630. 

Sanz, J., Tomasa, O., Sidki-Rius, N., & Sidki-Rius, 
N. (2022). Kaolinite Elements and Mineral 
Resources (pp. 359-361). Cham: Springer 
International Publishing.

Tamar-Agha, M. Y., Mustafa, M. M., & Ibrahim, A. 
A. (2020). Characterization and Potential 
Industrial Utilization of Permian Kaolin 
Clay Deposits, Ga'ara Area, Western Iraq. 
Iraqi Bulletin of Geology and Mining, 16(1), 
105-126. 

Tang, W., Song, L., Liu, F., Dessie, W., Qin, Z., 
Zhang, S., & Gu, X. (2022). Improving the 
flame retardancy and thermal stability of 
polypropylene composites via introducing 
glycine intercalated kaolinite compounds. 
Applied Clay Science, 217, 106411. 

Ullah, S., Ahmad, F., Shariff, A., & Bustam, M. 
(2014). Synergistic effects of kaolin clay on 
in tumescent  fire  re ta rdant  coa t ing 
composition for fire protection of structural 
steel substrate. Polymer Degradation and 
Stability, 110, 91-103. 

Valentini, L., & Mascarin, L. (2021). Assessing the 
dimensional stability of alkali-activated 
calcined clays in the fresh state: A time-lapse 
X-ray imaging approach. Materials and 
Structures, 54(1), 1-13. 

Yu, M., Huang, Y., Xia, W., Zhu, Z., Fan, C., Liu, C., . 
. . Zha, J. (2020). PbCl2 capture by kaolin 
and metakaolin under different influencing 
factors of thermal treatment. Energy & 
Fuels, 34(2), 2284-2292. 

Zhang, J., Fernández-Blázquez, J. P., Li, X.-L., 
Wang, R., Zhang, X., & Wang, D.-Y. (2022). 
A Facile Technique to Investigate the Char 
Strength and Fire Retardant Performance 
t o w a r d s  I n t u m e s c e n t  E p o x y 
Nanocomposites Containing Different 
Synergists. Polymer Degradation and 
Stability, 110000. 

154Investigation of Nigerian Kaolinite Clays as Additives in Fire Retardant Formulations / Adiat I. Arogundade at. al.


