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ABSTRACT

The effect of the pre-selection of particle sizagea on the treatment of locally-sourced bentoniey drom
logomani, North-Eastern Nigeria using aqueous auid alkali solution has been studied. Character@abf the
clay adsorbents was done via Fourier Transform dréd Spectroscopy (FTIR) and X-ray diffraction asais
(XRD). The acid and alkali modified clay adsorbentse applied in the removal of methylene blue femueous
media. The highest adsorbed amount (51.196mg/gthwhépresents 91.421% for the HCl-treated clay was
obtained with the clay particle size range of < @3freated with 0.5M HCI. While on the other hart towest
adsorbed amount of 24.726mg/g which representss4%l1for the HCl-treated clay was obtained with thay
particle size range of 106-125um treated with 218l. A similar trend was also observed for theSkEy-treated
clay in which case the highest value of(@.636mg/g)which represents 76.137% was obtaivigd particle size
range of < 63um treated with 0.5M,8I0, and the lowest value of, @4.632mg/g) which represents 43.986% with
particle size range of 106-125um treated with 219)Q,. Generally, the values for amount adsorbgddDtained
for the clays treated with alkali solutions werglnér. The optimum adsorptive capacity for the alkalated clay
was 52.190mg/g, which represents 93.196%. This obéained with the clay treated with 0.5M NaOH ahe t
lowest, 43.713mg/g, which represents 78.059% wiviaf obtained with the particle size range of 1064l/@. In
general, the values for amount adsorbed Qt, obthifoe the clay samples for which particle size \pas-selected
prior to treatment were greater than the valuestfar unselected clay.

Keywords. Bentonite, Acid, Alkali, Fourier Transform Infeedd Spetroscopy (FTIR), X-ray Diffraction (XRD),
Methylene blue

INTRODUCTION
Natural clay minerals are well known to mankindhtidfom the dawn of civilization. As a result ofeth low cost,
abundance in many parts of the world, high sorppi@perties and ion exchange ability, clay materéak attractive
candidates as adsorbents [16].

Clays have received considerable attention espyeaiglpotential adsorbents environmental pollutemediation
processes. There is a wide distribution of clayodép in Africa, especially, Nigeria [2, 7, 8, ah?I].

Clays whose basic clay mineral is montmorillonite generally called bentonites [9]. Bentonite igally formed
from weathering of volcanic ash, most often inphesence of water.
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Bentonites may be used as adsorbents both nataadlyafter some physico-chemical treatments usinuga@us
solutions of acid and alkali, ion exchange andihgatn their natural state, bentonites generaltigve mediocre
decolorizing effect, hence the need for some fofrmodification. The most common chemical modifioat of
bentonites, used for both industrial and scientffieposes, are acid and alkali treatment. This istn®f the
treatment of clay with a mineral acid solution, aibuHCI or H,SO,, or with an alkali solution, usually NaOH or
N&COs. The main task is to obtain partly dissolved matef increased specific surface area, porosity surface
acidity or alkalinity as the case may be [13].

Acid treated bentonites are widely used in varifiekls, for example catalysts, catalyst supportshien chemical
industry, and a component of carbonless copyingisags well as detergent in paper industry. In thetimportant
applications of them are purification, decoloripatiand stabilization of vegetable oils in term ofrket

consumption. They are able to remove undesirabltesby decreasing the levels of chlorophyll, canat and other
color bodies, to reduce traces of phospholipids svap and to minimize the increasing of free fattid during

bleaching.

Sodium bentonite is an important product manufacturom natural bentonite by treatment with allsdiution
[28]. Nowadays, the application of Na—bentonite baen developed for extreme chemical processes asich
adsorption, catalytic applications, drilling fluidseramic bodies, and nano-structure polymers.

Most research efforts in the area of chemical tneat of bentonites have focused on the concentraifothe
aqueous solution, temperature and may be pH cfdheion. There is paucity of information in litémae on the role
of particle size prior to treatment on the adsemtiapacity of the modified bentonite.

This work therefore seeks to investigate the rdlgarticle size of the starting bentonite clay & tthemical
treatment with aqueous acid (HCI andS),) and alkali solutions (NaOH and Mz0Os) as well as optimize both
particle size and concentration of the acid ane lized in the study.

EXPERIMENTAL SECTION

The bentonite clay used throughout this study watained from local mining sites at Logomani in Bor8tate.
Logomani is precisely located at longitude 14° Oafte latitude 12° 11°'N in Dikwa Local GovernmeneAr The
clay was milled with Automatic milling machine astved with the various Endecotts Laboratory téstes on
Omron No 17748 (manual timer) sieve shaker.

Pretreatment of the raw bentonite

The clay sample is dispersed in the deionized wedetained in a 20 liter plastic bucket. The dispdrclay is
stirred vigorously and allowed to settle. The uplagrer which consists of insoluble impurities ardnp particles
are sieved-off. The process of stirring and siewiffgis repeated with the lower layer until it beces free from
suspended particles. The dispersed clay is thewedl to settle for 24 hrs to allow the sedimentafioocess since
different clay particle sizes are present. Theltyer was collected via decantation and the renegimeés washed
with deionized water, allowed to settle for 24 tfos further sedimentation) and decanted to colleettop layer.

All reagents and chemicals used in the study weemalytical grade and were used without furthaifation.

The prepared clay is dried in an oven at 105°C6fws, pulverized and screened into the followindipie size
ranges: 106—-12pm (0.106-0.125mm), 63—1Q6n (0.063-0.106mm) and less than 68 (0.063mm). The prepared
powders were further dried in an oven at 105°Cifois and placed in a dessicator prior to use.

The following procedure was used, based on metliodatenzuela Diaz and Souza Santos [26]. 70 grafrthed
ground clay (dry basis, 106) were placed in a 0.5 litre round bottom flaskted by an electrical mantle; 300ml
(0.5, 1.0, 1.5, 2.0, 2.5M) of mineral acid solusomere added. The dry acid/clay ratio (w/w) werE6Q:300m| of
1M HCI include 3.7g/100ml so, dry acid/clay rati@1=1g / 70g=0.16) 0.48, and 0.8 respectively. Thermometer,
stirrer and reflux condenser were attached to ldekf The temperature was maintained at°@fdr 2hours with
constant stirring. While hot, the clay suspensi@s wansferred to a 2 litre beaker and washed bgrdation with
deionized water until it is acid free (tested witmus paper). The pH was determined by pH metedradjusted to
3.5-4.0. The acid treated clay was filtered in @iBier funnel, dried at 166 at 3 hours and reground 100% below
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38um (0.038mm) mesh using porcelain mortar and péstlavoid contamination of samples and stored in a
dessicator prior to the batch adsorption studies.
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Study map showing area wher e clay samples wer e collected

For the alkali treatment, the above procedure wpeated, this time with following concentrations,a..0, 1.5, 2.0
and 2.5M of NaOH and N&O; respectively.

Methylene blue was used adsorbate for the batcbrpiilsn studies. Strong adsorption onto solids aigh
solubility in water informed the choice of MB. Aosk solution of MB was prepared by dissolving itg in 1000
ml distilled water. The stock solution was dilutaccordingly to obtain solutions of desired concatitns which
were made fresh at the start of each experimehty&l stock solutions were kept in amber-colouretdlés.

The cation exchange capacity of the bentonite vedsrohined by the methylene blue (MB) test. The MBt tis a
method based on the principle of replacing origoalons at the external and internal structurghefclay minerals
by organic molecules. Maximum absorption of methglélue corresponded to complete exchange of tirganic
ions by the organic ions is used to estimate thiert@xchange capacity.

Fourier transform infrared spectroscopic analy$i$IR) was carried-out on treated and untreated tzsmip
determine the chemical bonds and their changesgltine treatment process. The mineralogical arebfstreated
and treated samples was determined by X-ray dtftra¢XRD) analysis.

Batch Adsorption Study

Adsorption experiments were carried out batch wisepecific amount of adsorbent (10mg) was addedatdk
amber glass bottles of 120 mL capacity coimagi 70 mL of 8mg/dthMB solution. The bottles were
subsequently capped and placed on a mechanicas{@iiffin, UK) and shaken for 60 minutes. Aftatsarption,
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the solution was centrifuged at 2500 rpm for 5mésutThe residual dye concentrations of each solutiere
determined by measuring their characteristic atssmb using UV-Vis spectrophotometer (Jenway, 65153
wavelength of maximum absorbance (660 nm). The r@bsge is then converted to concentration using the
calibration curve. The amount of adsorbed MB at timg, Q (mg/g), was calculated using Eq. 1; and the removal
efficiency by Eq. 2.

G&G-Q
Q = - x V MG/ 1
m
GC-Q
Re = --mmmmmm- x 100 % 2
G

Where,

C, = initial concentration, mg/ din

C, = concentration at time t, mg/ dm
V =volume of adsorbate solution, dm
m = mass of adsorbent, g

R. = removal efficiency, %

Q: = amount adsorbed, mg/g

RESULTSAND DISCUSSION

XRF Characterization

XRF analysis was performed to ascertain the chdroarapositions of the minerals present in the dlample. The
data given in Table 1 below show that the alumind silica oxide are present in major quantitieshvgiercentage
content of 21.268% and 62.687% respectively, wbileer minerals are present in trace amounts; tbofirming
that the original clay sample is an aluminosilica¢so, the values obtained for alumina and silicéde are in
agreement with those obtained by other workersbéortonitic clays; 14% and 68.20% [28], 15.12% abd®4%
[27] and 14.41% and 65.13% [11] for alumina anitaibxide respectively in each case. According tarrisly [15],
the theoretical composition without the interlayeaterial is SiQ, 66.7% and AlO3;, 28.3%. The results from the
XRF analysis also show a pa content of 0.159% and CaO content of 1.727%. Aigber percentage of Ca as
compared to Na confirms that the sample is a caldentonite.

Table 1: Chemical composition of the original clay sample

Element | Content, %
NaO 0.159
MgO 1.480
Al,O3 21.268
Sio, 62.687
P,Os 0.071

SO; 0.216
Cl 0.009
K,0 1.101
CaO 1.727
TiO, 1.613
Cr,03 0.018
Mn,03 0.124
Fe,0s 0.949
ZnO 0.010
SrO 0.025

XRD Characterization
The low angle XRD pattern of the clay sample showdatoad peak appearing at approximatély=23° which is
characteristic of montmorillonites and a basal BEpod(001) value of 11.176A characteristic of caiui
montmorillonites [27].
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The occurrence of a peak befol=210 ° is representative of the basal distangg)(tbr smectite clays. This peak
tends to be intense, which enables their deteetiem in small quantities [5, 21, 25, and 27].
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Table 1: Amount absor bed by the various adsor bents
HCI H,SO NaOH NaCO;
Q. Mg/g Q mg/g Q mg/g Q mg/g
cone. | < 63 63-106 106-125 <63 63-106 106-125 <63 63-106 106-125 <63 63-106 106-125
) pm pm pm pm pm pm pm pm pm pm pm pm
0.5M | 51.196 45.908 41.982 42.636 38.92p 32.333 2318 52.190 50.337 51.058 50.331 48.33
1.0M | 47.229 41.75 34.609 41.206 30.902 27.538 49.30 49.833 48.648 49.11D 48.482 46.794
1.5M | 44.668 34.173 28.489 40.101 28.558 25.529 3835 48.907 47.691 47.691L 47.446 45.731
2.0M | 40.32( 30.90: 26.81: 37.14¢ 28.51: 26.34¢ 46.64. 47.69: 46.71: 47.01: 46.22 44.81¢
2.5M | 38.40: 28.55¢ 24.72¢ 33.431 27.37: 24.63: 45.45¢ 46.61¢ 45.36¢ 46.80" 45.36¢ 43.71%
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Calibration Curve
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Figure 1: Calibration curve of methylene blue
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Figure 2: Removal efficiency-concentration plotsfor HCI-treated bentonite clay for the various particle sizes

It can be seen from Figure 2 that as the concémtraf the acid solution increased from 0.5 to 2,5Mere was a
decrease in the removal efficiency of the adsorb&isb, the removal efficiency decreases as thectsdl particle
size range prior to treatment with the HCl increlafem <63, to 106-125um. The highest value of duksth amount
(@), 51.196mg/g (see Table 1) for the HCl-treated elas obtained with the clay particle size range &3um
treated with 0.5M HCI. While, the lowest adsorbetbant, Q, of 24.726mg/g for the HClI-treated clay was olgdin
with the clay particle size range of 106-125umtedavith 2.5M HCI.

A similar trend is observed on treatment of they dample with aqueous,80, solution. It can be seen from Figure
3 that as the concentration of the acid solutiamréased from 0.5 to 2.5M, there was a decreaskeimemoval
efficiency of the adsorbent. Also, the removal @éfinicy decreases as the selected particle sizee rprigr to
treatment with the 80O, increased from <63, to 106-125um. The highestevafiladsorbed amount,@2.636mg/g
(Table 1) was obtained with particle size range<d@3um treated with 0.5M 130, and the lowest value of.Q
(24.632mg/g) with particle size range of 106-125peated with 2.5M ES0,.
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Figure 3: Removal efficiency-concentration plotsfor H,SO,-treated bentonite clay for the various particle sizes
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Figure 4: Removal efficiency-concentration plotsfor acid-treated bentonite clay for unselected particle sizes

From Figure 4, it can be seen that the trend oleskiv the acid-treated clays as observed in Figrasd 3 was
maintained. As the concentration of the aqueous salution increased from 0.5 to 2.5M, there wakeerease in
the removal efficiency of the adsorbent. Also ibisserved that the values of removal efficiencyaoted using the
HCl-treated clay was higher than those obtainedgutie HSO;-treated clay as was the case with the acid treated
clay for which particle size range was selectedrpio treatment. For the HCl-treated clay (partsitee range not
selected), the highest amount removed was 24.726witfi the 0.5M HCI, while the lowest was 34.104mg/ith
2.5M HCI. For the HSOs-treated clay (particle size range not selecteldg, highest amount removed was
34.40mg/g with the 0.5M $$0,, while the lowest was 25.66mg/g with 2.5M3D;.

It can be seen from Figure 5 that as the concémtraf the alkali solution increased from 0.5 t6M, there was a
decrease in the removal efficiency of the adsorb&isb, the removal efficiency decreased as thecsetl particle
size range prior to treatment with the NaOH inceglafom <63, to 106-125um. The highest value ofoedukd
amount (@, 52.190mg/g (Table 1) for the NaOH-treated claswbtained with the clay particle size range of 63

643



Nwokem C. O. et al J. Chem. Pharm. Res,, 2014, 6(4):637-647

106pm treated with 0.5M NaOH. While, the lowestaatded amount, Qof 45.365mg/g for the NaOH-treated clay
was obtained with the clay particle size rangeQff-125um treated with 2.5M NaOH.
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Figure5: Removal efficiency-concentration plotsfor NaOH-treated bentonite clay for the various particle sizes
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Figure 6: Removal efficiency-concentration plotsfor Na,COs-treated bentonite clay for thevarious particle sizes

It can be seen from Figure 6 that as the concémtraf the alkali solution increased from 0.5 t6M, there was a
decrease in the removal efficiency of the adsorb&lsb, the removal efficiency decreased as thecsetl particle
size range prior to treatment with the,N6; increased from <63, to 106-125um. The highestevaluadsorbed
amount (Q, 52.058mg/g (Table 1) for the M2Os-treated clay was obtained with the clay partidie sange of
<63um treated with 0.5M N&Os;. While, the lowest adsorbed amount, f 43.713mg/g for the NE&Os-treated
clay was obtained with the clay particle size raofj06-125um treated with 2.5M pEO:s.

From Figure 7, it can be seen that the trend oleskiv the acid-treated clays as observed in Fighrasd 6 was

maintained. As the concentration of the aqueoualiadllution increased from 0.5 to 2.5M, there \wadecrease in
the removal efficiency of the adsorbent. Also ibisserved that the values of removal efficiencyaoted using the
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NaOH-treated clay was higher than those obtain@agutie NaCOs-treated clay as was the case with the acid
treated clay for which particle size range wasaelb prior to treatment. For the NaOH-treated ¢[zarticle size
range not selected), the highest amount removed A¥as3mg/g with the 0.5M NaOH, while the lowest was
38.403mg/g with 2.5M NaOH. For the )}&Ds-treated clay (particle size range not selectdd,Highest amount
removed was 34.173mg/g with the 0.5M,N&;, while the lowest was 24.36mg/g with 2.5M,8&s.

90 ~
o ‘\‘\0\.\‘
70

60 -
50
40 -
30 A
20
10 ~

0 T T T T T 1
0 0.5 1 15 2 2.5 3

=——NaOH
=i—Na2C03

Removal Efficiency (%)

Concentration, mol/L

Figure 7: Removal efficiency-concentration plotsfor alkali-treated bentonite clay for unselected particle sizes

Effect of Acid treatment

This gradual decrease in adsorptive capacity witheiasing particle size range as can also be seeigures 2— 4,
can be explained by the fact that the smaller thg garticle size for a given mass of the clay, tiwre surface area
is available for attack by aqueous solution usedriatment leading to the production of modifie$a@rbent with
greater surface area (binding sites) and as a quesee the greater the number binding sites availabthe
adsorbate molecules.

In the same vein, the gradual decrease in adserptipacity observed with increasing acid conceotratan be

ascribed to increased attack on clay structuresiooad by the higher acid concentrations. Genertily surface
area of acid treated bentonite increases with @&sgrén acid concentration until a maximum surfaea & reached
after which it gradually decreases [20]. The aoédtiment of clays is a two-step procedure in whighsplitting of

particles within the octahedral sheet takes plat¢he first step the exchangeable cations areacegl by protons
(H"). The second step involves the leaching of octatiazhtions such as & Mg?* and F&" from the octahedral
and the tetrahedral sheets [22].

However, higher concentrations of acid solutiomgsi about excessive leaching of ‘Awhich results in rupture of
the lattice structure [4] and decrease in the serfarea of the clay [26]. Optimum adsorptive capaid not
necessarily associated with maximum surface arkat i due to the fact that removal efficiency & merely a
physical adsorption process and other propertiel as cation exchange capacity, as well as aciticcatalytic
properties must be taken into account [6]. With eratk treatment conditions, especially acid comaéoh, only
25-30% of octahedral cations are removed, at sanme surface area and clay acidity increases [3].

Also, the lower values of (@dbtained for the clay treated with, 0, as compared to those obtained for the clay
treated with HCI is likely due to greater attack H¥SO,. Some workers (Hradil et al., 2002) reported it
dissolution rate (leaching) of kaolinite clay irbM sulphuric acid at 25°C was approximately 3 tirh&ggher than in
HCI of equivalent concentration.
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The increase of adsorption capacity is usually @uthe replacement of Al or Fé" ions of bentonite by Hion
after HCI or HSQ, acidification [24].

Acid activation affects mainly chemical compositioithe octahedral layer, while the tetrahedraétag less prone
to it because of strong bonds among silicon andjemxyons [1].

Increasing of specific surface area arises fromdéty@etion of the cations from the interlayer amthbedral sheets
of the smectite mineral, as well as dissolutionsofuble impurities such as calcite and gypsum duieid
treatment. It is also possible that a part of thec#ic surface area is associated with the amarplsilica phase
formed by the slight destruction of the smectité][1Acid treatment changes the pore size distrisuin that it
brings about an increase in micropores, however pttre size and number of micropores is indepenaieatid
concentration [19].

Effect of Alkali treatment

Generally, the values for amount adsorbedo®tained for the clays (pre-selected particle sange) treated with
alkali solutions are higher, the lowest being 43mig/g for the NgCOs-treated clay which was obtained with the
clay particle size range of 106-125um treated ®Ri5M NgCO;; while the lowest value of Qor the acid treated
clay, 24.632mg/g which was obtained with 2.556).

This clearly shows that the alkali-treated claysehbetter adsorptive abilities as compared to ttid-meated.
Usually under alkali treatment, the dissolution gasses affect mineral structures to a lesser exteatigh
formation of new mineral phases is a frequent phesron [23].

The decrease in adsorptive/removal capacity witlteiasing particle size range and increasing carate@n of
alkali solution is lower as compared to that obedrin the case of acid treatment. This is cledrbys in the data
in Table 1 as well as the steepness of the renadfieiency plots in Figures 5 and 6.

The optimum adsorptive capacity for the alkali-tegbclay was 52.190mg/g. This was obtained withcthg treated
with 0.5M NaOH. This result is in close agreemeithwhe report by a group of workers [17]. Theyrd-out an
investigation into the treatment of bentonite cleiyh varying concentrations of NaOH (1, 2, 3, arid)4They
reported a continuous drop in adsorptive activiycancentration of alkali used increases, with I NaOH-
treated giving optimum adsorptive activity.

For the alkali-treated clay (particle size rangé selected), the highest amount removed was 47 &Bmigh the
0.5M NaOH, while the lowest was 24.416mg/g with\2 Ba,COs.

The difference in adsorptive abilities betweendhil- and alkali-treated clays can be explainethkyfact that acid
treatment leads to a preponderance bidrs on the clay thereby reducing the adsorptites @vailable to the dye
cations, thereby leading to a decrease in the atrafuilye cations that are eventually taken up. Meethe blue, a
cationic dye gives positively charged ions whersaliged in water [18]. Treatment of the clay withidasolution
leads to electrostatic repulsion between the dys &nd the edge groups with positive charge (St:pbh the
surface as follows:

-SiOH + H — -SIOH" + OH

However, upon treatment of the clay with alkalimduson, there is an increase in the negative drsapresent on
the clay surface, due to the deprotonation of tiréase hydroxyl site (M-OH), such as alumina aritai(Al-OH
and SiOH). Therefore number of ionizable sitess@aption sites) on clay surface increases. In tise the
mechanism can be shown as follows:

-SiOH + OH™ -Si0™ + H,0O

-SiOH + Dyé — —-Si-O-Dyé

The alkaline treatment of the clay increases thmber of hydroxyl groups thus, increasing the numobkr
negatively charge sites and enhancing the eleatiosgtttraction between dye and adsorbent surface.
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CONCLUSION

The values for amount adsorbed Qt, obtained forcthg samples for which particle size was pre-gelbprior to
treatment were greater than the values for thelectsel clay.

Generally, the values for amount adsorbedd®tained for the clays treated with alkali salng are higher. The
optimum adsorptive capacity for the alkali-treatddy was 52.190mg/g. This was obtained with the ¢teated
with 0.5M NaOH. Whereas the lowest amount adsothethe alkali-treated clay was 43.713mg/g, the kiwalue
of Q for the acid treated clay was 24.632mg/g. Thesadly shows that the alkali-treated clays haveebett
adsorptive abilities as compared to the acid-tcea&milar results were obtained with clay for whithe particle
size range was not pre-selected before treatmenthea alkali-treated samples had better adsorpgtbiities as
compared to the acid-treated.

Therefore, alkali-treated clays have better ads@bilities for the removal of methylene blue dy@m aqueous
solution than the acid-treated, whether the parcte range of the clay was selected prior tdrireat or not.
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