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Effect of Dyes on Surface Area of Zeolites From 
Kaolin 

O. A. Ajayi, B. O. Aderemi, A. S. Ahmed, S. S. Adefila, & Ityokumbul, M. T 
 

Abstract:- Synthesis of zeolite from kaolinite clay is a very promising process, requiring thorough beneficiation and calcinations to obtain purer monomer. 
Kaolinite clay sourced from Kankara, Nigeria is associated with inherent impurities, making its transformation rather challenging. The addition of dye, 
though, assisted in inhibiting the negative effects of impure phases on the desired end products and increases the nucleation growth, but it could also 
affect the specific surface area (s.s.a) of the as-synthesized zeolites, as well as product coloration. Specific surface area results from five types of dyes 
were used in this work, namely: fuchsine, malachite green, toluidine blue, methylene blue and crystal violet were compared with those obtained from 
ageing, alkalinity and crystallization time for the un-dyed materials. XRF, XRD, SEM and BET analytical technique were employed in monomer and 
products characterization. The s.s.a for products obtained investigating aging, crystallization time and alkalinity were 470m2/g, 375m2/g and 275m2/g, 
respectively. The introduced dyes recorded s.s.a of 220m2/g, 340m2/g, 265m2/g, 335m2/g and 520m2/g respectively, for fuchsine, malachite green, 
toluidine blue, methylene blue and crystal violet. The properties of the as-synthesized zeolites (especially s.s.a) were observed to correlate with the 
dyes’ polar surface area (psa) and its bulkiness. The dye with the lowest psa gave product with the highest s.s.a, an indication of its pore penetration 
capability, leading to reduce level of segregation and better crystallinity.  
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1.0 INTRODUCTION 
The classical definition of zeolite is a crystalline, porous 
aluminosilicate. However, some relatively recent 
discoveries of materials virtually identical to the classical 
zeolite, but consisting of oxide structures with elements 
other than silicon and aluminum have stretched the 
definition. Most researchers now include virtually all types 
of porous oxide structures that have well-defined pore 
structures due to a high degree of crystallinity in their 
definition of a zeolite. Zeolites are minerals commonly used 
in processes such as catalysis, molecular sieving, refining 
processes, ion exchange and for environmental protection 
(Bebon et al, 2002, Caballero et al, 2007). The significant 
catalytic activity and selectivity of zeolite materials are 
attributed to the large internal surface area and highly 
distributed active sites that are accessible through uniformly 
arranged pores with regularsize. (Khattaf, 2003) Zeolites 
are traditionally synthesized under hydrothermal condition, 
using soluble salts (Ghobarkar, et al, 2001) kaolin 
(Chandrasekhar and Pramada, 2004; Akolekar, 1997), fly 
ashes (Tanaka et al, 2002; Liu et al, 2003) with/without the 
use of organic templates. The use of structure directing 
agent (SDA) is vital to zeolite synthesis especially zeolite Y, 
since its formation is froth with many challenges.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Organocation template molecule has advanced the studies 
in zeolite science (Davis and Zones, 1997). Application of 
SDA alters the rate at which zeolite is formed and facilitates 
formation of new structures. However, its removal from 
zeolite cavity is often not complete, hence reduced zeolite 
activity leads to poisoning of catalytic sites (Ghobarkar, et 
al, 2001) and even of concern when released into 
environment (Ajayi et al, 2011). Application of dyes in 
zeolite synthesis came as an answer to produce desired 
framework under an environmental friendly manner. 
Whittam (1977) identified dyes that could be useful not only 
in altering the rate of nucleation but also in suppressing and 
inhibiting the formation of specific unwanted zeolite 
phases.The introduction of these basic organic dyes 
containing nitrogen, namely, fuchsine, malachite green, 
toluidine blue, methylene blue and crystal violet, resulted in 
instantaneous synthesis of zeolite in which ageing becomes 
unnecessary and crystallization need not be quiescent. 
Most of these dyes are bulky materials and they can either 
block or reduce the surface area of the as-synthesized 
zeolite. It becomes imperative to understudy the role of 
these dyes in synthesis and the effect of their introduction 
on specific surface area of products obtained. The surface 
areas made available by most solid materials have been 
considered by researchers, to depend on mode of 
syntheses (Ormsby et al, 2006), crystallinity (Dias and 
Chackraburtty, 1971), reaction conditions (Pacuvariu et al, 
2009; Triantafyllidis et al, 2007).It is not known to the author 
if there exists in the literature, information on synthesis of 
zeolite from kaolinite clay using dyes and its effect on 
surface area obtained for the as-synthesized products. 
Accordingly, this paper reports the synthesis of zeolites 
from kaolin, while investigating, the effects of crystallization 
time, ageing, and alkaline concentration, dyeing (fuchsine, 
malachite green, toluidine blue, methylene blue and crystal 
violet) on zeolitization and how the specific surface area 
varies with these parameters. 
 
2.0 EXPERIMENTAL 
2.1 Materials 
The kaolinite clay used in this work was mined from 
Kankara village, Katsina State, Nigeria. All the chemicals 
used were of technical grade supplied by BDH. 
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2.2 Methodology 
  2.2.1 Clay upgradement and gel formation: 
The mined clay was subjected to beneficiation, calcination 
and dealumination as reported somewhere else (Ajayi, 
2011). The dealuminated sample was added to NaOH 
solution under vigorous agitation till homogeneity to obtain 
gel with composition 10SiO2.Al2O3.6Na2O.100H2O 

2.2.2 Crystallization reaction and zeolitization 
effects: The resulting gel from Section 2.2.1 was divided 
into various parts depending on the factors to be 
investigated as follows: 

 
2.2.2(a) ageing 

The gel was allowed to age at room temperature under 
quiescent condition for 3,5,7 and 9 days in a specifically 
designated batch reactor. The aged gel was subjected to 
hydrothermal synthesis at 1000C for residence time of 
24hrs.  

2.2.2(b) crystallization time  
The gel left to age for 9 days was subjected to 
crystallization reaction time of 6,12,18,24 and 30hr at 
1000C. 

2.2.2(c) alkaline concentration 
The NaOH composition of the gel formulated in Section 
2.2.1 was modified to vary Na2O/SiO2 molar ratio between 
0.7, 0.8, 0.9 and 1 respectively. The resulting gels were 
aged for 9 days and subjected to hydrothermal synthesis at 
1000C for residence time of 24hrs.  

2.2.2(d) dyeing 
The gel with composition 10SiO2.Al2O3.6Na2O.100H2O 
was retained but the following additions were made with 
respect to the type of dye used 
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The basic dyes employed in this work are fuchsine, 
malachite green, toluidine blue, methylene blue and crystal 
violet. The values of x were varied between 0.005, 0.01 and 
0.015. The as-synthesized products were washed 
thoroughly with deionized water, to neutrality, dried in an 
oven at 500C for 24hrs and properly packaged prior to 
analyses. 
 
2.3 Characterization 
The compositional analysis was determined by x-ray 
fluorescence (Phillips PW2400). X-ray powder diffraction 
(XRD) data were obtained on a Bruker D5005 Ɵ:2Ɵ Bragg-
Brentano diffractometer equipped with a curved graphite 
crystal diffracted beam monochromator and NaI scintillation 
detector using CuKα radiation. Orientation effects were 
suppressed by using finely grounded powder, while the 
XRD data were collected with a step increment of 0.0202 Ɵ 
and a count time of 5s/step. The scanning electron 
microscopes (SEMs) rely on electric fields to create an 
image, hence, the sample was neatly prepared to avoid 
interference with the electron beams. Accordingly, the 
grounded sample was coated in a conductive material like 
gold or platinum. The specific surface area was measured 

using the BET water adsorption method detailed by Adefila 
et al (2002). 
 
3.0 RESULTS AND DISCUSSIONS 
3.1 Beneficiation, calcination and dealumination 
The raw kaolin was observed to be of relatively good quality 
judging from the silica-alumnia ratio estimated from XRF 
analysis, presented in Table 1. This observation was further 
confirmed from the XRD pattern (Figure 1(a)) where all the 
necessary and important peaks for kaolinite clay were 
identified. The SEM in Figure 2(a) also points to the plate-
like silica- alumina layer structure, with some impurities 
whose XRD peaks were identified in Figure 1(a).  The 
effects of beneficiation and calcination were noticed in 
Table 1 and strongly supported by the XRD and SEM 
findings. Though the compositional changes were not 
significant but phase transitions were acknowledged by the 
XRD patterns. With calcination phases like nepheline, 
quartz and anatase were observed to persist despite the 
thermal treatment at elevated temperature, but with the 
disappearance of part of the kaolinite structure. The SEM 
image for the calcined sample (Figure 2(c)) shows that 
some kaolinite structure survived the thermal treatment. 
The dealumination process was effective as the silica-
alumina ratio was noticed to increase from two (2) to ten 
(10), only after reaction time of five minutes, leading to 
formation of agglomerated flaky-like materials (Figure 2(d)) 
and mineral phases rich in SiIV needed for better 
depolymerization (Figure 1(d)). Interestingly, the XRD 
showed the emergence of numerous phases that were not 
observed from the starting materials. Phases like kalsite, 
microcline, hydrogen aluminosilicate, etc, were believed to 
be responsible, not only for the flaky nature of the 
dealuminated samples but also, for it’s readiness to 
degrade under alkaline attack. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Elemental composition of the samples 

Sample ID RKK BKK MKK DMK  

Al2O3 33.2 34.7 38 13.6 

CaO 0.35 0.3 0.24 0.18 

Fe2O3 12.56 7.24 5.94 1.87 

K2O 0.47 0.68 0.6 0.35 

MgO 1.4 1.36 1.13 0.3 

MnO 0.29 0.11 0.06 0.06 

Na2O 0.07 0.03 0.09 0.19 

SiO2 41 40.2 43.46 80.3 

TiO2 1.2 0.61 0.65 0.85 

SO3 Nd 0.03 0.06 1.66 

Si/Al 2.099 1.969 1.944 10.038 

Legend 

RKK Raw Kankara kaolin 

BKK Beneficitaed Kankara kaolin 

MKK Metakaolin 

DMK Dealuminated Metakaolin  
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Figure 1: XRD patterns for  kaolin (a) raw (b) beneficiated (c) calcined and (d) dealuminated 

 

 

Figure 2: SEM micrographs for  kaolin (a) raw (b) beneficiated (c) calcined and (d) dealuminated 
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3.2 Effect of Crystallization Time 
During hydrothermal treatment conducted between 
temperatures of 333-573K, the aluminosilicate salts 
crystallized as various zeolitic materials. Faujasite (type X 
and Y zeolite) nucleated and crystallized at lower 
temperature than those having relatively more complicated 
structure. Breck (1974) had stated that at 373K faujasite 
crystallizes at a reasonable rate with well-developed 
crystals. This was the basis of the choice of crystallization 
temperature at 373K used in this work. The surface area 
was found to depend on crystallization time as depicted in 
Figure 3a&b. The surface area increased with hydrothermal 
reaction time, pointing to successive transformation of 

dealuminated gel (CTO) to product formed after 30h 
(Chandrasekar & Pramada, 2004). The s.s.a was observed 
to reduce after gelation, which was attributed to blockage 
resulting from the introduction of NaOH (Belver et al, 2002). 
The pattern for s.s.a increase was observed to conform to 
that suggested by Nugteren et al (1995) and Tator and 
Drzaj (1985) respectively. There is an astronomical 
increase from CT24 to CT30 which could be attributed to 
either silica amorphization or almost complete consumption 
of alumina in the system. The XRD pattern and SEM for 
CT30 gave an almost crystalline phase of zeolite Y shown 
in Figure 3c & 3d respectively. 

 

 

Figure 3. Crystallization time effect: (a) Specific surface area, (b) Adsorption Isotherm for CT30(c): XRD patternsfor CT30, (d) 
SEM for CT30. (Legend: CTx- crystalliztion time at period x) 

3.3 Ageing Effect 
Ageing, is related to the development of crystal nuclei, 
since it favours the formation of skeletal structure, particle 
size and dielectric properties of the unit cell in the colloid. 
The s.s.a for as-synthesized zeolite was noticed to increase 
progressively with days of ageing (Figure 4a & b). This 
could only point to enhanced depolymerisation of the 
silicate and aluminate and formation of zeolite and 
development of crystalline materials, as ageing period 
increased. Ageing was terminated at 9 days to avoid 
agglomeration of gel particles and re-crystallization / 
breakdown of already clustered structures (Liu et al, 2003 & 
Chandrasekar, 2009). The XRD and SEM for the product 
formed from 9 days ageing included characteristic peaks for 
zeolite Y and its corresponding morphology depicted in 
Figure 4c & 4d. Increase in crystallinity is expected to result 
in decreased s.s.a, but in this case the s.s.a was observed 
to increase with ageing. 
 

3.4 Alkaline Effect 
Higher alkalinity increases the solubility of the silica and 
alumina sources, decreases the induction and nucleation 
periods while it enhances the crystallization of zeolites. The 
alkaline effect on the s.s.a of as-synthesized zeolite was 
investigated and reported in Figure 5a with a selected 
isotherm in Figure 5b. Initial increase of NaOH coefficient 
from 0.6 to 0.8 does not give any considerable change in 
the s.s.a but rather a decrease at 0.9, which later 
increased. This observation only suggests that NaOH 
coefficient of 0.6 to 0.8 slightly depolymerised the silico-
alumina component in the gel, while at 1 amorphization of 
silica was attained. From this work Na2O/SiO2 = 0.9, was 
established to be optimal. This conclusion was reached 
since higher crystallinity led to lower s.s.a. The XRD and 
SEM for sample NS9 are depicted in Figure 5c & 5d 
respectively.
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Figure 4. Effect of ageing period: (a) Specific surface area, (b) Adsorption Isotherm for aging 9D, (c): XRD patterns for aging 
9D, (d) SEM for aging 9D  

 

 

Figure 5. Effect of alkalineeffect: (a) Specific surface area, (b) Adsorption Isotherm for Na2O/SiO2=0.9 (NS9), (c) XRD patterns 
for Na2O/SiO2=0.9, (d) SEM for Na2O/SiO2=0.9.(Legend: NSx- alkaline concentration at Na2O/SiO2 ratio of x) 
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3.5 Effect of dye in zeolitization 
3.5.1: The addition of dye to the gel was observed not only 
to change the various zeolitic phases formed but also 
reduced the s.s.a, depicted in Figures 6a & 6b. A matrix of 
zeolite phases was observed, namely NaZ21, gmelinite and 
ferritite. These were noticed to increase in intensity with 

increasing quantity of dye added, which was corroborated 
with the XRD analysis in Figure 6c. The reduction in s.s.a 
recorded testifies to the XRD finding for formation of more 
crystalline phases. The SEM shown in Figure 6d points to 
zeolite phases formation but enveloped by the unconverted 
or excess NaOH and dye. 

 
 

 

Figure 6. Role of fushcine: (a) Specific surface area, (b) Adsorption Isotherm for F05, (c): XRD patternsfor F05, (d) SEM for 
F05.(Legend: F0x- fushcine concentration at ratio of x) 

3.5.2 Malachite green (M.G) 
The introduction of malachite green led to increase in the 
s.s.a initially which later dropped continuously, with 
increase in the dye concentration, seen in Figure 7a & b. 
The zeolite formed was identified to be zeolite W and ITQ’s 
family, which later decomposes probably under the 
influence of increased M.G concentration. The ITQ zeolite 
family are highly siliceous in nature, hence the recorded 
lower s.s.a could only point to its crystalline state, as 
depicted in Figure 7c having a cubical and trapezoid 
shapes as in Figure 7d. 
 
3.5.3 Toluidene blue 
Increase in added toluidine blue concentration does not 
seems to have any significant effect on the s.s.a, as shown 
in Figure 8a & b. A highly crystalline matrix of zeolitic 
phases was observed in the XRD spectra shown in Figure 
8c with an irregular shaped material having glassy 
background (Figure 8d). This glassy plate like materials 
were suspected to be toluidine blue left in the system. The 
product with the smallest quantity of added toluidine blue 
was observed to give highest s.s.a and a spike peak 
attributed to zeolite Y was noticed in Figure 8a. The product 
resulting from this treatment tend to have more amorphous 
materials compared with its contemporary, this might point 

to its ability to serve as catalyst in silica and alumina 
depolymerization, but not necessarily assisting in co-
polymerization. 
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Figure 7. Effect of malachite green: (a) Specific surface area, (b) Adsorption Isotherm for MG1, (c): XRD patterns for MG1, (d) 
SEM for MG1. (Legend: MGx- malachite green at concentration x) 

3.5.4 Methylene blue (M.B) 
Addition of M.B to the gel was found to be responsible for 
the drop in the s.s.a (Figure 9a &b) which could be blamed 
on its molecular size. The s.s.a was noticed to increase with 
M.B concentration, pointing to its rapid decomposition and 

probable formation of more amorphous material or probably 
highly siliceous zeolites. This speculation was confirmed by 
the XRD results shown in Figure 9c with an inconclusive 
morphology, depicted in Figure 9d. 

 

 
 

Figure 8. Effect of toluidine blue (a) Specific surface area, (b) Adsorption Isotherm for sample TB1, (c): XRD patternsfor sample 
TB1, (d) SEM for sample TB1. 
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3.5.5 Crystal violet (C.V) 
The added C.V was noticed to increase the s.s.a attaining a 
value greater than that recorded for 9 days ageing. This 
high s.s.a and its corresponding isotherm, shown in Figure 
10a and b, only points to formation of highly amorphous 
material or enhances silica amorphoursization leading to 

formation of zeolites rich in silica content. The XRD patterns 
in Figure 10c gave peaks attributed to mainly SSZ and ITQ 
family of zeolite, known to be highly siliceous, with 
crystalline seeds shape shown in the morphology of Figure 
10d.

 
 

 

Figure 9. Effect of methylene blue (a) Specific surface area, (b) Adsorption Isotherm for MB3, (c): XRD patterns for MB3, (d) 
SEM for MB3. (Legend: MBx- methylene blue at concentration x) 

 

  

Figure 10. Effect of crystal violet (a) Specific surface area, (b) Adsorption Isotherm for CV3, (c): XRD patterns for CV3, (d) SEM 
for CV3. (Legend: CVx- crystal violet at concentration x) 

d 
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3.6 Polar Surface Area Investigations 
Polar surface area (PSA) of a molecule is defined as the 
surface sum over all polar atoms, primarily oxygen and 
nitrogen, also including their attached hydrogens. PSA is a 
commonly used medicinal chemistry metric for the 
optimization of a drug’s ability to permeate cells. Molecules 
with a PSA of greater than 140Ǻ2 tend to be poor at 
permeating cell membranes, while those with less than 
60Ǻ2is usually preferred. The dyes employed in this work 
are nitrogen based organic materials, hence the basis for 
analogical comparison. As depicted in Figure 11, the 
specific surface area for the as-synthesized zeolite, at the 

optimal point for each dye used were observed to increase 
with increase in the dye’s polar surface area. This suggests 
that at lower PSA, the mass transfer coefficient was 
enhanced, which resulted into increased rate of permeation 
and reduce level of segregation. All these led to better 
conversion and good product distribution and formation of 
crystalline and relatively pure products. It could be deduced 
from Figure 11, that, dye with high PSA produces zeolitic 
materials with low surface area. As PSA reduces the s.s.a 
was noticed to increase astronomically as seen with crystal 
violet. 

 

Figure 11: Polar Surface Area of dyes versus Specific Surface Area of zeolites formed 

 
4.0 CONCLUSION 
The transformation process of kaolin to zeolite was 
observed to be successful, leading to the formation of 
various types of zeolites depending basically on the 
condition of hydrothermal treatments. Ageing for 9 days 
gave zeolite Y predominantly, though with the presence of 
other phases, attributable to the inherent property of the 
starting material, having s.s.a 470m2/g. Same type of 
zeolite was also noticed when crystallization time effect was 
investigated, but with increased crystallinity as time 
progresses, with optimal s.s.a 270m2/g. High alkalinity also 
favoured the formation of zeolite type Y, with the optimal 
point at Na2O/SiO2 ratio of 0.9 having s.s.a 390m2/g, 
increase in alkalinity tends to destroy the zeolite Y 
framework. The addition of various dyes to the gel was 
observed to reduce the s.s.a partially due to the bulkiness 
of the dyeing agent, with the exceptions of malachite green 
and toluidine blue. Crystal violet recorded the highest s.s.a 
probably due its structure having better orientation for the 
purpose of blanking and disposition to decomposition and 
rate of nucleation enhancement. 
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