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 Abstract. Raw kaolin was refluxed by sulphuric acid in variable concentrations 
of 2 M, 4 M, 6 M and 8 M. The morphology and elemental compositions of the 
acid-leached kaolin were analyse by Field Scanning Electron Microscopy 
(FESEM) and Energy Dispersive X-ray analysis (EDX) respectively. The 
disintegration and leaching of Al3+ ions of the clay are determined by FESEM 
studies. The acid treatment increases the silicon content and decreases 
aluminium content as revealed by EDX analysis. The leaching of Al3+ ions 
increases with gradual increase in concentration of the acid. Therefore, kaolin 
reflux with acid at lower strength (2 M and 4 M) are more dispersed and more 
industrially useful than that which is treated at higher acid strength. 

Keywords: kaolin; morphology; acid treatment; FESEM, EDX. 

 

INTRODUCTION 

Kaolin is an inorganic aluminosilicate clay min-
eral with natural flaky shape [1].The general 
chemical formula is articulated as Al2Si2O5(OH)4. 
The basal (d001) spacing of kaolin is (7 ˚A). Kaolin 
has a crystal structure composed 1:1 type of a 
two-layer structure established by an angle shar-
ing [SiO4] tetrahedral layer and an edge sharing 
[AlO6] octahedral layer [2, 3]. The water molecule 
separates each of these two layers by a 
monolayer. Kaolin has a versatile range of appli-
cations in industrial sectors; predominantly as 
paper filler, in formulation of medicine, coating 
pigment, cosmetics, main component of ceram-
ics, extender in water based paints and ink, as a 
filler for rubber and other polymeric materi-
als [4]. 

Report from Department of Mineral and Geo-
science, Malaysia; proclaimed that substantial 
reserves of kaolin are discovered throughout Ma-
laysia. Additionally, reports by Joint Meteorologi-
cal Group (JMG), mentioned that the country pos-
sess about 112 million tonnes of kaolin reserves 
found in the states of Perak, Johore, Kelantan, Se-

langor, Pahang and Sarawak. Seventeen other 
active kaolin mines operating during the year 
mostly located in the Bidor/Tapah district in 
Perak. Production of kaolin in 2015 was 261,574 
tonnes value at RM 24.85 million. For the pur-
pose of the means of obtaining hopeful and at-
tractive venture processes; kaolin can be used as 
additives in manufacture of polymer nanocom-
posites [5].  

The surface properties of clay determines their 
industrial application [6]. Numerous techniques 
have been proposed to enhance the surface 
properties of clay materials, comprising interca-
lation [7], chemical activation [8] mechano-
chemical activation [9, 10] and thermo-chemical 
treatment [11]. Equally as the chemical activa-
tion technique has been established, acid treat-
ment is an effective method to develop the func-
tioning of clay minerals [3]. Normally, acid 
treatment causes delamination/disaggregation of 
clay particles, removal of mineral impurities, and 
disintegration of the external layers. When these 
happens, clay minerals structure become dam-
aged, initiated an increase in surface area, BET 
surface area, surface activity and pore volume [6, 
12]. 
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Several research works on the acid treatment of 
kaolin has been carried out. Studies by [13] use 
meta-kaolin to formulate mesoporous catalysts 
through acid treatment. The study of the effect of 
acid and alkaline activation on kaolin was also 
carried out by [14] and established that 6 M HCl 
activated under reflux states for 6 h will elimi-
nate roughly 90 % of the octahedral Al3+ cations, 
followed by amorphous silica with greater sur-
face area [14]. Authors [6] deliberates on the ef-
fect of treatment of kaolin with sulphuric acid on 
its physico-chemical characteristic, advocated 
that acid treatment is a suitable process for 
manufacturing porous and surface active materi-
als with greater surface area. 

In this study, we analytically investigate the ef-
fects of acid treatment of kaolin by sulphuric acid 
on its morphology and elemental composition. 
The effects on the morphology and elemental 
composition of kaolin were appraised by means 
of SEM and EDX analyses. Kaolin crystal struc-
ture was partly destroyed, however, serious 
chemical leaching was improved by acid treat-
ment. 

 

MATERIALS AND METHODS 

Powdered form of kaolin used for this study was 
obtained from Kaolin (Malaysia) Sdn. Bhd. The 
raw kaolin was sieved to particle size of 45 µm. 
Sigma Aldrich supplied the sulphuric acid used; a 
Colourless viscous liquid with formula weight 
98.08 g/mol and purity 99.999 %. Before acid 
activation, kaolin powder was dried in an oven 
for 24 hrs at 65 °C and subsequently sieved to 45 
micron size. Activation was carried out by adding 
10 g of kaolin sample to 100 ml of sulphuric acid 
in a 250 ml dry beaker [15]. The resulting solu-
tion was heated with vigorous magnetic stirring 
and refluxing on hot plate at temperatures 80 °C. 
Variable acid concentrations of 2 M, 4 M, 6 M and 
8 mol/dm3 sulphuric acid was used to repeat the 
activation process. The acid and kaolin were 
separated from the residual slurry by use of 
beaker and funnel. The neutral point was 
achieved with pH indicator after washing the re-
sidual kaolin with distilled water. Drying of the 
kaolin residues was carried out for 4 hrs in an 
oven at 80 °C [5, 16]. To obtain the initial size of 
45 microns; dried samples were grounded and 
sieved. Samples were designated N-0, N-2, N-4, 
N-6 and N-8, where the numbers represents the 
acid concentrations. 

 

RESULTS AND DISCUSSIONS 
 

FESEM Analysis 

Figure 1 shows the micrographs of kaolin parti-
cles by FESEM and EDX studies. Additive materi-
als are more appropriately analysed on the 
nanometer scale by FESEM. In order to detect the 
elements present in the samples, Energy Disper-
sive X-ray analysis (EDX) was also carried out on 
the samples. The scanning electron micrographs 
of kaolin samples are presented in Figure 1.  

Figure 1 (a) below shows particles of the layered 
silicate of untreated kaolin in form of books. This 
indicates that the particles are not fully dispersed 
into individual layers. The particles on acid 
treatment partially appeared as slices of paper 
with many sizes. In sample N-2, stacks of kaolin 
particles are quiet establish with slight distribu-
tion. N-4 has slight dispersion of the particles 
into filament, or plate-like fragments. Likewise, 
both N-6 and N-8 comprise of kaolin particle col-
lected in form of agglomerates. Therefore N-6 
and N-8 samples possibly will not be appropriate 
for dispersion into polymers. This report is in 
similar to the studies by [4].  

 

EDX Analysis 

Figure 1 represents EDX images before and after 
acid treatment on kaolin and their corresponding 
spectra of five peaks. The major elements that 
are detected in kaolin are silicon and aluminium 
and little magnesium; as demonstrated in Ta-
ble 1. The EDX peaks of the kaolin samples indi-
cated that kaolin simply contain five elements 
namely Mg, Al, Si, K, Fe and the contents are 
1.06 %, 36.11 %, 50.37 %, 8.49 %, 3.97 % respec-
tively. The EDX analysis result shows de-
alumination; hence as silicon content continued 
to increase correspondently with greater acid 
concentration, the aluminium content decreases. 
However, aluminium content continues to de-
cline proportionally to acid content; except for 
sample N-4 which could not correlate with de-
alumination activity of the kaolin leaching. This 
report is in agreement with [17]. The summary of 
EDX result is represented in Table 1. 

 



Traektoriâ Nauki = Path of Science. 2017. Vol. 3, No 9  ISSN 2413-9009 

Section “Chemistry”   4003 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 – FESEM and EDX of untreated and treated kaolin at different H2SO4 concentrations 

Notes: (a) N-0; (b) N-2; (c) N-4; (d) N-6; (e) N-8. 
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Table 1 – EDX of kaolin samples before and after 
acid treatment 
Sample Composition (W/%) 

Mg, K Al, K Si, K K, K Ca, K Fe, K 
N-0 1.06 40.05 50.37 8.49 - 3.97 
N-2 0.17 36.11 57.53 1.51 0.14 1.40 
N-4 3.98 39.25 50.52 7.84 - - 
N-6 - 38.51 58.98 1.91 0.52 0.08 
N-8 0.13 17.66 59.78 1.36 0.32 2.15 

 

CONCLUSION 

In this research, changes in morphological and 
elemental composition due to effect of acid 
treatment on kaolin has been determined. The 
leaching and fragmentation of the kaolin layers 

through acidification at various acid concentra-
tion has been revealed by FESEM studies. In-
crease in acid strength leads to increase in disin-
tegration of clay sheets. However, higher concen-
tration leads to agglomeration of the kaolin par-
ticles. Silicon and Aluminium are the two major 
elements identified by EDX analysis. EDX also 
indicated that, as the acid strength increases, sili-
con content increases progressively while alu-
minium content decreases.  
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