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Abstract

The fly ash samples obtained from Kangal Power Plant were prepared for FAAS analysis by a new approach. The trace elements of th
fly ash samples were leached with appropriate solvents under suitable conditions. The leaching method is known as an effective techniqt
for substances dissolving very hard and refractory materials. The leaching effects of solvents and their mixtures were investigated on fly as
samples that are used largely in analysis of soil and sediment samples.

The fly ashes mainly consist of glassy aluminosilicates. The major components of the samples,ak&6i0Ca0 and Fg0;. Therefore,
decomposition of the silicate lattice of the fly ash is required for liberation of trace elements. The dissolution process can be completed by
using a mineral acid such as concentrated HCI. This technique has an advantage that the fly ash can be dissolved without any oxidation
room temperature.

Maximum element recoveries were obtained by the procedure of 37% HCl leaching after the samples were treated with 2.0 ml of concentrate
HF. It was also observed that maximum mass loss occurred in this procedure. The effect of the four leaching reagents, which arg,HCI, HNO
HCIO, and HNQ + HCIO,, were investigated on fly ash samples that were treated with concentrated HF. An optimum leaching method was
determined based on the confidence of analytical results and element recovery rates.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and very low level trace element concentrations prevent to
reveal an analysis method accepted generally in these ar-
Although many samples come to laboratory as solid state, eas. The chemical treatments for decomposition and dis-
the analytical measurements are generally made in solutionsolution of biological samples, rocks, ores, sludges, glassy
of those samples. Yet, the solid sample must be decomposedubstances etc. are very important and these procedures
totally and then dissolved. could be the most critical stage in overall chemical anal-
The main objective is to develop a dissolving method ysis due to time consumption and confidence of analysis
that will be an alternative to conventional acid and heating results[1-4].
methods for materials hard to dissolve allowing for repro-  The partial dissolving procedures can be used more than a
ducible/representative recovery of analyte. total dissolving procedure for some geological and especially
There is an increasing interest in the information of trace fly ash samples due to low chemical consumption, minimum
element composition of fly ashes as the heavy metal trans-contamination risks and spefs-13].
porters. The impossibility of total dissolution of fly ashes It is expected that concentrated HF as solvent component
will erode the structure of silicate and then the related ele-
* Corresponding author. Tel.: +90 274 2652031; fax: +90 274 2652066, Ments will be leached with other solvent components. There
E-mail addressbdeniz@dumlupinar.edu.tr (D. Bifij. is a growing need to exploit the unique properties of HF to

0039-9140/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.talanta.2004.12.003



D. Bingdl, M. Akcay / Talanta 66 (2005) 600—604 601

dissolve fly ash samples in strong acid medium. The dissolu-loss caused due to splashing when HF is directly added on
tion procedure is relatively fast when HF is used. the sample. Then, the different volumes of concentrated HF
The investigation of solvent systems for effective trace el- were added and stirred on the moistured sample aliquots. The
ements recoveries from fly ash samples and the optimizationbeakers were kept on a hot plate (5668 until they get dry.
of the leaching conditions are aimed in this study. After the samples dried, they were kept at 2@5for 2 h in
an oven. The leaching procedure was applied to HF-eroded
samples with various concentrations of acids.
2. Experimental

2.2.1. Determination of the optimum HF volume
The eroding procedure was performed with varied vol-

umes of HF to determine the optimum HF volume.
The fly ash samples were taken from of Kangal Power 1 concentrations of solutions were compared to each
Plant vacuum line. The mineralogical analysis of the sam- o,

ples was performed by using a Rigaku D-Max Ill C model
microprocessor XRD with K ray (35kV and 15 mA). ] .

Metal concentrations of solutions were determined using 2-2-1.1. Leaching with 1% HCIThe HF-eroded samples
a Perkin Elmer 2380 Model FAAS. The absorption data ob- Were washed with 1% HCI and filtered through a Gooch
tained as the average of four measurements were evaluategrucible with the aid of peristaltic pump. The filtrates were
on the basis of the least square regressed calibration graphscompleted to 100 ml with 1% HCI. The mass losses were de-
The element concentration of fly ash samples was calculated€’mined by drying and weighting the residue. The solutions
by following Eq.(1) considering the leaching procedure: ~ Were analyzed for trace elements through FAAS.

2.1. Reagents and material

(ng/mi) x 100ml _ iGetement (1) 2.2.1.2. Leaching with 37% HCIThe eroded samples were
Ysample weight Ysample washed in a total 6.0 ml of (three times with 2.0 ml) 37% HCI
The analytical-grade reagents were used in all experimentsand filtrated as (_jescribed abpve. The resic_jue was washed with

and the solutions prepared with double distilled water. Suit- Water, and the filtered material was combined and completed

able blanks for each stage of the leaching process were def0 100 ml with water. The mass losses were determined by
signed and all data were corrected from the blanks results. weighting the residue and the filtrates were analyzed for trace

Not only the physical properties, such as density, solid e_Iements by using FAAS. This procedure was repeated nine
content, ignition loss and sieve analysis of fly ash, were times for the precision tests.

determined, but also the major components (5SiRO3

—Fe03 + Al,03— and CaO) of the fly ash were determined

gravimetrically. The pH measurements were done by using Table 1

HANNA 8521 pH-meter. The determination of the pH value Physical properties of fly ash studied

of ash was made by mixing water and ash at the ratio of properties (units) Values
1:100 an(_Jl measu_ring the pH of mixture after Wait_ing for 1 Density (g/crf) 292
and 10 min. If pH is greater than 10 after 1-min wait, then it Solid content (%) 99.62
is said that the ash is basic. If pH is less than 7 after 10 min The loss of ignition (1000C), solid matter % 2.47
then it is said that the ash is acidic. If pH lies between 7 and The loss of ignition (1450C), solid matter % 3.52

10 after 10 min then it is said that the ash is nett4]. Van PH 1111

der Sloot et al. indicated that ash pH can be determined by

using the following Eq(2): Table 2

Sieve analysis results of fly ash
(CaO + MgO) : (SG; + 0.04A1205) 2) Particle size (um) X (%)
On the basis of this ratio, ashes were classified as follows: ‘Z‘ég‘igg 1058 6
basic: ratio of >2.2; acidic: ratio of <1.1; neutral: ratio of 180-250 90.43
11-2.2. 125-180 82.18
106-125 70.52
2.2. Leaching procedures 75-106 64.74
53-75 48.68
, 30-53 29.21
Fly ash samples were dried at 1G5 for 2 h before leach- 20-30 11.13
ing. The plastic beakers of 50 ml were used in leaching tests 10-20 7.86
and these beakers were dried at the same temperature. A 5-10 3.67
2.36

1.000g of fly ash was put into these plastic beakers and <5
moistured with 2ml of water in order to prevent the mass ? X, passing size.
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Table 3
Results of XRF of fly ash
Component
CaO SiQ Al»,03 Fe,O3 MgO K20 TiOy Nap,O P,O5 MnO
% 20.87 41.73 15.36 5.35 2.82 1.32 0.58 0.42 0.22 0.03
Element
Sr Ba Cr Zn Pb Ni Zr Rb Cu Co Y Ga Th Nb

na/g 689.1 669.3 239.4 211.1 198.8 146.7 135.5 58.0 35.7 18.5 16.2 14.8 8.7 8.0

Table 4
FAAS results of the fly ash prepared by total digestion method
Acidic dissolving Element concentrations (ng/g)
Cu Ni Co Mn Pb Zn Cr
aConfidence limits 553 342+12 75+ 3 138+3 52+5 412+ 35 176+ 13

2 Average of 17 experiments with 95% confidence interval.

2.2.2. Leaching with various acids

The procedure stated in the previous section was repeate! g A Ay [Ca 5o,
with concentrated HCIQ) concentrated HN@and mixture An E’mﬁf;iw(f%)?s,a.o,
(3 ml+3ml) of the two, instead of 37% HCI. The mass loss '
and trace element concentrations of the solutions were deter __
mined for each test. 3

_,CIC_J, An Lm
2.3. Total digestion method - ap Jom
QAtf\b An Lm

Approximately 0.2000 or 0.5000g fly ash aliquots

were weighted in Teflon beakers, the mixture of
o

LR R A A A L A B LA MM S SR KA LALLM AL

HNO3 + HF + HCIO; was added to the samples, and the
beakers were placed on a hot plate and evaporated. The trea
ment was repeated to get a spongeous mass. Then, the mass
was dissolved in 1% (w/w) HCI and diluted to 100 ml with Fig. 1. X-ray diffractogram of fly ash.
the same solverji.5].

5. 10. 15. 20. 25. 30. 35. 40. 45. 50. 55 60. 65.
26

3. Results and discussion

) ) Table 5
3.1. Physical properties of fly ash The major components of fly ash determined by XRF and gravimetrical
methods
The physical properties of fly ash sample studied are given method SO, (%) R.03 (%) Cao0 (%)
in Table 1. XRF 41.73 20.71 20.87
The pH value was calculated to be 4.18 from the results gravimetrical 38.94 27.00 23.60

of XRF (X-Ray Flouresance Spectrometer), which indicates

Table 6
The mass loss of the samples and FAAS results of 1% HCI leaching after treating various volumes of HF
Sample no. Volume HF (ml) Mass loss (%) Element concentrations (p.g/g)

Cu Ni Co Mn Pb Zn Cr
Al 2 56.04 235 216 38.8 113 24.3 401 80.0
A2 4 42.10 24.9 238 26.9 116 20.0 307 75.0
A3 6 38.19 30.7 243 26.9 116 15.7 312 85.0
A4 8 48.58 30.7 254 34.8 112 20.0 405 95.0
A5 10 41.98 22.0 243 30.8 108 15.7 395 85.0
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Table 7
The mass loss of the samples and FAAS results of 37% HCI leaching after treating various volumes of HF
Sample no. Volume HF (ml) Mass loss (%) Element concentrations (.g/g)
Cu Ni Co Mn Pb Zn Cr
B1 2 65.96 33.6 318 44.2 121 80.9 303 108
B2 4 53.64 41.8 292 38.8 114 54.2 296 167
B3 6 58.46 43.7 286 44.2 116 34.2 292 154
B4 8 57.84 38.0 310 48.2 113 54.2 299 180
B5 10 56.04 36.5 310 44.2 108 54.2 298 173
Table 8
The mass loss of the samples and FAAS results the sample leaching with other concentrated acids and mixtures
Mass loss (%) Element concentrations (nglg)(zs/«/N)2
Cu Ni Co Mn Pb Zn Cr
HCIO4 37+3 271+3 253+8 36+5 106+ 3 59+7 258+ 4 97+ 10
HNO3 44+ 4 3B+l 267+8 53t4 109+ 3 58+8 293+ 51 99+ 11
HNO3 + HCIO4 52+3 31+3 272+ 2 41+ 5 105+ 7 68+9 267+ 12 85+ 19
HCI 59+7 41+3 302+9 49+ 6 109+ 4 776 294+ 8 152+ 14

a At HCI, average of nine experiments with 95% confidence interval. At other acids, average of five experiments with 95% confidence interval.

basicity according to Van der Sloot et |l4] as given below. Itis clear that fly ash contains mainly quartz, lime, anhy-
2087+ 2.82 dride and albite mineral owing to this diffractogram. The Si
. - =418 in fly ash is in the form of quartz and albite, Ca is in the form

5.05+(0.04 x 15.36) of anhydrite, albit and lime, and Al is in the form of albite

(> 2.2, therefore the fly ash is basic) mineral.
The results of sieve analysis for fly ash are also given in _ 1he major components of fly ash were $j®,03 and
Table 2. CaO and their concentrations were found gravimetrically and

their XRF results are outlined comparativelyTiable 5.

3.2. Chemical properties of fly ash
3.3. Results of the leaching experiments
X-ray diffractogram of fly ash is shown iRig. 1, and
the results of XRF and results of FAAS are given in The mass loss and FAAS results of the samples after treat-
Tables 3 and 4, respectively. ing with different volumes of concentrated HF leached with

Table 9
Significance tests between the methods

HCI-HCIO4 HCI-HNO3 HCI-(HNGs + HCIO4) HCIO4—HNO; HCIO4—(HNO3 + HCIOg4) HNO3—(HNO;3 + HCIOg)

Ni

+ + + + + o
Cu + + . + . °
Pb + + . . ° +
Zn + ° + ° ° +
Mn . . . ° . .
Cr + + + ° ° °
Co + + + . + +

(+) If average of experimental > average of statistical, there is significant difference between the mejtibageage of experimental < average of statistical,
no significance.

Table 10
Summary of standard errors of compared methods (g/g)

HCI-HCIO4 HCI-HNO3 HCI-(HNGOs + HCIO4) HCIO4—HNOs (N=10) HCIO—(HNO3 +HCIOs)  HNOz—(HNOs + HCIO4)

(N=14) (N=14) (N=14) (N=10) (N=10)
Ni 101 0.2 11.0 6.4 81 83
Cu 33 30 105 20 26 20
Pb 69 73 7.6 6.1 66 71
Zn 89 5.3 10.4 2.2 73 18
Mn 43 44 27.4 24 43 44
cr 156 5.6 17.1 838 124 12.8

Co 6.3 62 6.3 34 37 34
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Table 11 . . was obtained after the samples (1.0000 g) were eroded with

The element recoveries by the leaching method 2.0ml of concentrated HF and leached with a total 6.0 ml
Element of (three times with 2.0ml) 37% HCI. This procedure is
cu N Co Mn Pb Zn  Cr accepted as an optimum method. The results of optimum

leaching method are given ifable 8with confidence lim-

its. The best result was judged on the basis of the highest

. ) . analytical value and good reliability. The precision (repro-

1% HCl are given imable 6and those leached with 37% HCI  qycipility) of the applied leaching method is comparable to

are given infable 7. _ . _ total digestion method and the application of this approach
According to the results iiables 6 and 7, maximumssili- s 55 easy as the classical method. The leaching procedure

cate destructions arise from 2.0 ml of concentrated HF treat- 55 important advantages over the total digestion method
ments, and therefore this volume of HF was used in the sub-j, terms of the solvent consumptions and environmental

sequent experiments. The reason for the highest silicate deffects.
struction by using the least HF volume was not investigated Analyte can be taken from solid samples in a represen-

in this study. tative and reproducible manner by means of contemporary

The elements, except Cu, could be recovered at high technologies and can be analyzed correctly, reproducibly and
rates from the eroding samples by using 37% HCI as leach sensitively with valid analytical methods.

reagents. The maximum mass loss was also observed with
this solvent.

The mass losses of the samples after treating with 2.0 ml
of HF and leaching with various acids, and FAAS results
are _glven in the way O_f confidence mt_ervaITabIe 8. 1tis . [1] L.G. Hargis, Analytical Chemistry (Principles and Techniques),
obvious that 37% HCl is a better leaching reagent according Prentice-Hall, New Jersey, 1988,
to the results given iifable 8. [2] W.F. Pickering, Fundamental Principles of Chemical Analysis, Else-

The fly ash samples were also prepared by total digestion  vier Publishing Company, Amsterdam, 1966.
method to test the validity of the proposed sample preparing [3] B-W. Woodget, D. Copper, Samples and Standards, Sampling,

; ; ; ACOL, London, 1987.
?Oe;tx])gt;%rdcgfergﬁ/aelna%igzsli The resuilts of the total dlges [4] A. Elik, Bazi Dogal Sediment ve Filizlerin Analize Hazirlanmasinda

R, . Cozundrlestirme Tekniklerinin Optimizasyonu, iksek Lisans Tezi,
The “Student significance tests” were carried out to see Sivas, Turkey, 1990.

the differences in the various leaching procedures. The re- [5] S.E. Church, E.L. Mosier, J.M. Motooka, J. Geochem. Explor. 29
sults and pooled standard deviations of the experiments are - }(41927) §0|7- Chem. Erde 39 (1980) 276
H : . Stendal, em. erae .
pre_?ﬁ ntle d ":;ablesﬁg and flo’ _:jespectlve_.\(ljy. found to be 7] C-3- Warren, M.J. Dudas, Sci. Total Environ. 76 (1988) 229.
_ The leaching effect of oxidative acids was found 10 D€ g b sjlperman, G.L. Fisher, Anal. Chim. Acta 106 (1979)

different from that of nonoxidatives (Table 10). 299.

The usability of leaching procedure instead of total diges- [9] E.C. Teixeira, J.C. Samama, A. Brun, Environ. Technol. 13 (1992)
tion was investigated as sample preparation technique on fly ~ 1187. _
ash samples. The element leaching recoveries were define§] E:C. Teixeira, J.C. Samama, A. Brun, Environ. Technol. 13 (1992)

o ) ; 995.
as division of the element concentration obtained from the [11] S.H. Eisenberger, M.E. Titlebaum, H.C. Eaton, M.M. Soroczak, J.

Recovery (%) 753 883 652 789 1473 714 864
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