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Abstract

This work assesses for the first time the potential of natural Kaolinite as adsorptive material for preconcentration of metal traces. Manganes
is quantitatively retained by 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (5-Br-PADAP) on thermal modified Kaolinite by column method
in pH range of 8.5-10.0 at flow rate of 2mlmi Manganese was removed from column with 5.0 ml 6B, 4 mol I~ and determined
by flame atomic absorption spectrometric at 279.5 nm. In this cageg @ manganese can be concentrated from 800 ml of aqueous sample
(where concentration is as low as 0.325l~?). Detection limit is 4.3ug1~* (35, m~1) and analytical curve is linear in the 0.02-10 my |
in final solution with correlation coefficient 0.9997 and relative standard deviation for eight replicate determinatignafffianganese in
final solution is 0.71%. The interference of a large number of anions and cations has been studied in detail to optimize the conditions anc
method was successfully applied for determination of manganese in complex materials.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction sensitive, selective and economical method for determination
of the trace amounts of mangan¢3e5].

A large number of industries discharge metal-containing ~ The most technique available for preconcentration of met-
effluents into water resources without adequate treatment.als from aqueous sample are solvent extraction and solid-
Contamination of the environment by manganese is currently phase extraction using various adsorbents such as activated
an area of concern. Although, manganese is an essential micarbon[6], adsorption resing7], cellulose[8], microcrys-
cronutrient, over-exposure causes poisonous effects such atalline naphthaleng9—11], Amberlite XAD-2 resing12],
memory impairment, disorientation, hallucinations speech octadecylsilica membrane digk3] and synthetic Zeolites
disturbance, compulsive behavior and acute anXi&1g]. [14]. Some of these adsorbents may be fairly effective for
Manganese is present in many alloys and is found in a num-preconcentration of metal ions, but their methods of precon-
ber of pharmaceutical, biological and environmental samples. centration are lengthy and involve rigid control of conditions
The world health organization study group suggested occu-and they are commonly expensive. Kaolinite is a 1:1 alu-
pational limits of manganese are 0.2 mghand 0.03 mgt?! minosilicate consisting of stacked pairs of tetrahedral silica
in air and water, respective[{]. Very low concentrations of  sheets and octahedral alumina sheets. Each pair of sheet is
manganese are present in various complex samples. Therebound together through common oxygen atoms and succes-
fore, it is important from analytical point of view to develop sive pairs are held together by hydrogen bonding between

Si—OH and AFOH groups. The resulting crystal has a silica
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E-mail addressdarushafzali@yahoo.com (D. Afzali). groups and edges, which carry both-OH and A-OH sites
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[15]. Isomorphism substitution of At for Si*t in the sil- pH was neutralized. Adsorbent was dried at 1CGn an oven
ica layer leaves that face with a small permanent negative and stored in calcium chloride desiccators until used.
charge, while the charge alumina face and on the edges is
pH-dependent. Pure Kaolinite (#8i,0s (OH),) is one of the 2.4. Preparation of column loaded with 5-Br-PADAP
more highly weathered clay minerals. The adsorptive prop-
erties of Kaolinite make its valuable both scientifically and One gram of thermal modified Kaolinite was treated with
commercially. Kaolinite has been utilized in removal of or- an ethanol:sulfuric acid:water (2:1:1) solution overnight, then
ganic and metal ions from wastewa{@6—20]. In present  Kaolinite was washed with distilled water. The Kaolinite was
work, we have investigated for the first time potential of ther- saturated with 5-Br-PADAP reagent by passing 2 ml of 0.02%
mal modified Kaolinite as adsorptive materials for precon- 5-Br-PADAP solution in ethanol at flow rate of 0.5 ml mih
centration of traces manganese. We have found, modifiedAfterward it was washed with water until excess reagent was
Kaolinite has advantages than other sorbents including, largeeliminated from Kaolinite. Passing a buffer solution must
surface area (because kaolinite is porous) and good chemifprecondition before sample load the column. Then column
cal stability in different media. We have developed a flame could be used repeatedly for eight times at least.
atomic absorption spectrometry method for determination of
trace amounts of manganese after adsorption onto thermab 5. Procedure for the sorption of manganese by column
modified Kaolinite loaded with 2-(5-bromo-2-pyridylazo)-5-
diethylaminophenol and subsequent desorption with 5.0ml  An aliquot of the solution containing 0.1-5@ of man-
of 4mol I~ HS0y. The developed method is found to be ganese was taken in a 100 ml beaker and it was added to it
sensitive and selective and has been employed for estimatiors 0 ml of buffer solution with pH 9.0, then diluted to 50 ml
of manganese in various complex samples. with distilled water. This solution was passed through the
column at a flow rate of 2 mlmint. After passing this solu-
tion, the column was washed with 5 ml of distilled water. The
adsorbed manganese on the column was eluted with 5 ml of
2.1. Apparatus 4 mol I-1 sulfuric acid, at a flow rate 1.0 ml mift. The elu-
entwas collected in a 5.0 ml volumetric flask and manganese
A Varian model SpectrAA 220 flame atomic absorption Was determined by flame atomic absorption spectrometry.
spectrometer was used in following conditions: wavelength,
279.5 nm; lamp current, 5.0 mA,; slitwidth, 0.2 nm; acetylene
flow, 1.5 Imin~?; air flow as oxidant, 3.5 Imin.
A Beckman pH meter was employed for pH measurement.
A funnel-tipped glass tube (82 10 mm) was used as col-
umn for preconcentration. All glassware and columns were
washed with mixture of concentrated hydrochloric acid and
concentrated nitric acid (1:1) before use.

2. Experimental

3. Results and discussion

3.1. Reaction conditions

The reaction conditions were investigated with pdof
manganese. The sorption of manganese on the column was
foundto be a maximuminthe pHrange of 8.5-1F@(1). In

2.2. Reagents 0.07
All chemical materials were analytical reagent grade. 0.06 |-
Manganese (Il) sulfate monohydrate from Aldrich was dis- — i
solved in double distilled water, diluted to 1000 ml in a stan- -
dard volumetric flask, and standardized by known method 004 -
[21]. Buffer solution with pH 8.5-10.0 was prepared by mix- <
ing an appropriate ratio 0.5 molt ammonia and ammonium 0.03 -
acetate. A 0.02% solution of 5-Br-PADAP in ethanol was i i

prepared. Solution of various metals was used to study the _
interference of ions. Natural Kaolinite was collected from 0.01 -
Rayen area, Kerman region in Iran. r

0 ) . . i )

2.3. Preparation of thermal modified Kaolinite
pH
After purification of Kaolinite, it was heated to 85Q and _ _ N
then was sieved to obtain a particle size 45 (350 mesh). Fig. 1. Effect of pH on adsorr;:ﬁlon of manganese. Conditions: Mnu§;0
. . 1 . flow rate of sample, 2mImin* and eluent solution, 5.0 ml #$0, of
Then, SUI_fu”C QC_Id qun_ was ad_ded to it for rempval 4mol =1 with flow rate 1 mImirr®. Instrumental setting: wavelength,
of the cation exit in Kaolinite, especially manganese ion for ;79 5nm: lamp current, 5.0mA; slit width, 0.2nm; acetylene flow,

24 h, finally Kaolinite was washed with distilled water until  1.5/min"2 and air flow as oxidant, 3.5 | mirt.
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subsequent studies, the pH was maintained at approximatelyrable 1

nine. Effect of diverse salts and metal ions

The flow rate was varied from 0.2—-3 ml mihdid not af- Salt orion Tolerance limit (mg)
fect adsorption. A flow rate of 2 ml mirt was recommended  CH;COON,-3H,0 700
in all experiments. KNO3 730

The volume of the aqueous phase was varied in the rangeN&$20s 180
of 50—1000 ml under optimum conditions, keeping the other EZQ(S\ZIO“ 128
variable constant. It was observed that the absorption wasy,, epTa 0.08
almost constant up to 800 ml. However, for convenience, all cu() 0.07, 3
the experiments were carried out with 50 ml of aqueous phase Mg(ll), Ca(ll) 100

Preliminary observation indicated that manganese was SP(!) 50
desorbed completely with 5ml of 4mol} sulfuric acid. I,It()l()”) ig
Therefore, 5.0 ml of sulfuric acid 4 mott was used in the cd(lny 0.02, 2
present work. Ni(I1) 0.06, #

Fe(lll) 23

3.2. Sorption capacity of modified Kaolinite for érr‘((l'l'l)) 3'25* &
manganese Hg (Il 3

. . - . Conditions: Mn, 5.Gug; flow rate of sample, 2 ml mirt and eluent solution,
The sorption capacity of modified Kaolinite for man- 5.0 ml ;SO of 4 mol I~ with flow rate 1 ml mirL. Instrumental setting:

ganese was evaluated. In this case, the column containingyavelength, 279.5 nm: lamp current, 5.0 mA; slit width, 0.2 nm; acetylene
1.0 g of modified Kaolinite was used and different volume of flow, 1.5 min~* and air flow as oxidant, 3.5 | mirf.

100 mg 1 manganese solution was passed through the col- 2 After masked with 5ml of 0.1 molT* sodium oxalate.

umn. Each time, the solution of after passing the column, was ~ After masked with 3ml of 0.01 mott: sodium cyanide.

determined manganese until the solution showed the man-

ganese. The modified Kaolinite has a sorption capacity of 3-4. Effect of diverse ions

1.83 mg manganese per gram modified Kaolinite.
Various salts and metal ions were added individually to

3.3. Analytical curve and sensitivity a solution containing of 5.ig manganese and the general
procedure was applied. The tolerance limit was set, as the

It is possible to retain 0.g of manganese from 800m|  diverse ion amount require causitig% error in the deter-
of solution passing through the column where concentra- mination of manganese. The r_esults obtained are given in
tion is as 0.12fg -1 in aqueous solution. Detection limitis ~ Table 1. Among the anion examined, most could be tolerated

4.3pg1~1 and analytical curve is linear in the 0.02-10 m§ | up to gram or milligram levels except EDTA, obviously the
in final solution with correlation factor of 0.9997 (Fig. 2). Stability constant of Mn-EDTA complex must be near that of
Eight replicate determination of 5,0y of manganese in fi-  the Mn-5-Br-PADAP complex. Most of the metal ions exam-
nal solution gave a mean absorbance of 0.067 with a relativein€d did not interference up to milligram level except of cad-
standard deviation of 0.71%. Sensitivity for 1% absorbance Mium, nickel, copper and zinc ions. Copper, nickel and zinc

was 51ug L. ions were masked with 5ml of 0.1 mot} sodium oxalate
and cadmium ion with 3 ml of 0.01 mott sodium cyanide.
08 r y = 0.0669x + 0.001 Thus, the proposed method is selective and can be used for
; R® = 0.9997 determination of manganese in complex samples without any
07 t prior separation.
06
05 f 3.5. Analysis of manganese in standard alloys
<04 ¢ The method was applied to the determination of man-
03 F ganese in Nippon Keikinzoku Kogyo (NKK) CRM No. 916
and No. 920 Aluminum alloy, NKK No. 1021 Al, Si, Ca, Zn
02t alloy, NIST SRM 629 Zinc alloy, NIST SRM 627 Zn-base
01 F alloy CE and Japanese Standards of Iron and Steel (JSS)
0 ¥ L , o, 157-3 stainless steel. A 0.1g sample of the standard alloy or
0 2 4 6 8 10 steel was completely dissolved in 10 ml of hydrochloric acid

(1:1) by heating on a water-bath and then 3 ml of 0.1 mbl|
sodium oxalate was added to it to reduce the manganese ions

Fig. 2. Analytical curve for manganese. Conditions and instrumental setting {0 manganese(ll). The solution was filtered and diluted to
were same as Fig. 1. 100 ml with distilled water in a standard flask. An aliquot of
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Table 2

Analysis of manganese in standard alloys

Sample Composition (%) Found

NKK CRM No. 916 Si, 0.41; Fe, 0.54; Mg, 0.10; 0. Cr, 0.05; 0.114+0.006
Aluminum Alloy Zn, 0.030; Ti, 0.10; Sn, 0.05; P, 0.04;

Sbh, 0.01; B, 0.006; Zr, 0.05; Bi, 0.03;
Co, 0.03; Ni, 0.06; V, 0.02; Cu, 0.27;

Mn, 0.11
NKK CRM No. 920 Si, 0.78; Fe, 0.72; Mg, 0.46; Cr, 0.27,; 0.197+0.006
Aluminum Alloy Zn, 0.80; Ti, 0.15; Bi, 0.06; Ga, 0.05;

Ca, 0.03; Co, 0.10; Ni, 0.29; V, 0.15;
Cu, 0.71; Mn, 0.20

NKK CRM No. 1021 Cr, 0.03; Zn, 1.76; Ti, 0.04; Sn, 0.10; 0.209+ 0.004
Al, Si, Cu, Zn Alloy Pb, 0.18; Sbh, 0.01; Zr, 0.01; Bi, 0.01;

V, 0.007; Ca, 0.004; Ni, 0.14; Cu,

2.72; Mn, 0.21
NIST SRM 629 Zinc Fe, 0.017; Cu, 1.5; Al, 5.15; Mg, 0.0018+0.0001
Alloy 0.094; Sn, 0.012; Cr, 0.0008; Cd,

0.0155; Ni, 0.0075; Pb, 0.0135; Si,
0.078; Mn, 0.0017

JSS 157-3 Stainless Steel C,0.21; S, 0.025; Al, 0.017; Si, 0.21; 0.61640.008
Ni, 0.11; Cr, 0.10; P, 0.020; Cu, 0.10;
Mn, 0.61

Conditions and instrumental setting were sam&adse 1.
@ Mean of five determinationt standard deviation.

this sample was taken and procedure was applied. The results The method was applied to the determination of man-
obtained are given ifiable 2. These results are in agreement ganese in the air. The manganese in the air was trapped in
with certified values. 20 ml concentrated HNgby a Rotary Vane Vacuum Pump
MLW type DS; with Saugvermogen 1#h~1. Then general
3.6. Analysis of manganese in human hair, water and air pro<_:edure was applied after neutr_alizing the acid and adding
samples sodium oxalate. The results are giverTable 3.
To determine manganese in human hair, 10.0 g of sample,
The method has been employed for determination of man- &fter washed with acetone, was decomposed with 30 ml con-
ganese in well water, river water and drinking water of several Centrated nitric acid and 6 ml of 50% perchloric acid, and then
cities. A 50 ml of water sample was adjusted to pH 1 with the solutlpn was heated _untll dried. The_d|5t|l!ed water was
nitric acid and 10 ml of 0.1 moH? of sodium oxalate added  @dded to it, filtered and diluted to 250 ml in calibration flask.
to it, filtered and analyzed by general procedure. The resultsAn @liquot of this solution was taken through the general pro-
are given inTable 3. cedure after adding sodium oxalate. The results obtained are
given inTable 3.

Table 3

Analysis of manganese in waters, air and human hair .
y 9 4. Conclusion

Sample Manganese fourfd

River water (Rayen, Kerman) 3.8+0.1° Many methods have reported for preconcentration and
Well water (Kerman) 24.3+0.4 determination of manganese. The main advantage of this
Rayne drinking water 134+ 0.2 procedure are: (1) natural Kaolinite is very cheap; (Il) dur-
Kerman drinking water 18.3+ 0.2 . . .
Sirjan drinking water 16.84 0.2 ing manganese desorption the 5-Br-PADAP reagent remain
Air (Shahid Bahonar University) 0.243+ 0.003 in the Kaolinite, what allows using column for several
Air (Analytical Laboratory, times; (Ill) a good preconcentration factor (160) can be
Shahid Bahonar University) 0.3280.005 achieved; (IV) the preparation of the extractor system is
:ng EZ:: Ef”;?ge) ;Zgi 8:1 simple and fast. The procedure used for measurement of

—_ _ , manganese in standard alloy show a good accuracy. The
Conditions and instrumental setting were sam@atse 1. roposed procedure has been applied for the determina-
a Mean of five determinationt standard deviation. p P P ; pp
b g1, tion of manganese in complex samples. The 5-Br-PADAP
¢ mgm3. is fairly sensitive and selective for manganese but with the
4 uggt preconcentration step and the use of atomic absorption spec-
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trometry, its sensitivity and selectivity have been further [11] M.A. Taher, Talanta 52 (2000) 181.

improved.
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