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ENVIRONMENTAL ASPECTS IN RELATION TO THE LIGNITE
COMBUSTION AT THE POWER STATION OF AMYNTAION,
d MACEDONIA, GREECE

P. Megalovasilis

ABSTRACT
Daily lignite samples together with the corresponding flyash and bot-
tom ash were collected from power plants of Amyntaion and analysed for
their trace elements concentrations. Some possible impacts on the envi-
ronment related to the lignite combustion are discussed.

Leaching experiment proved in some extent that trace elements are more
readily leached from flyash than from lignite or shale and thus pointed
out the need for further investigation of the suitability of the waste
disposal site.

NEPIAHVH

O KUplog oxondg 1n¢ Nupoudng cpyad(ag £lvort va HEAETIATEL TNV OVGKOTUVOHN
ey Lxvogtolxelav katd v xolon tou Awyvitn tng OioAspuidac. Hpephoia
Selypata Awryvitn pe tnv oaviigroiyn wntépevn Té@epo Kol Tégpa Sonédou
ourhéynooay andé Tnv ypopun noepayoyhnc tou AHES Apuviaiow. H avéiuon toug pe
nePddouc XRF katédelfr 1o MepLexbduevo 1oUg Of 1XVOOTOLXEia Kol pLa mpoin
neptPorroviik)) extipnon upndpeor va kKataypoaeel. Nelpdpota ondmivong
emipefalwooy 611 1a Lyxvootolxela mio eUkoAx petoaniniouv of udatodiaAutéc
poppéc ond TN OTEPEd KoTdoToon Otav Pplokovial oOInNv LOTAUEVI TEQPpa napd
oto Alyvitn, Bepghidvoviag €101 TNV av@ykn yia nepstaipw épsuva 1ng
KOQTOAANASINIOG TOU xhpou andBeong tng LNTIXPEVNC TEQPOg OTNV NeploXl] POpootd
agtov Kivduvo udiuvong tovu udpopdpou opilovia., TEhNog 1o neplLexduevo de
LxvootoLyxeia koL kUpla TNC LATAUEVNC TE£QEAEG KL TNC TLQEpag Sunédou Kxl TOU
Alyvitn undpece va kataypoaeel o nuephiowx RB&on.

INTRODUCTION

Ptolemais basin constitutes the principal coal fields of Greece. More
than 50% of the total power production of Greece is generated by more than
10 power stations operating in the area.

During lignite combustion the mineral matter of lignite undergoes a
series of physical and chemical changes (e.g., MITCHELL & GLUSKOTER 1976,
HARRIS et al.1979, FILIPPIDIS et al. 1991,1992,1994, KOSTAKIS et al.
1991, UNSWORTH et al. 1991, FILIPPIDIS & GEORGAKOPCULOS 1992, KASSOLI-
FOURNARAKI et al. 1992).

Combustion of lignite for power generation causes redistribution of
trace elements from the lignite in to bottom ash, flyash and stack gases
(e.g. DAVISON et al. 1974, NATUSCH et al. 1974, CCLES et al. 1979,
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f_ﬂ" Fescmsahklt!sﬂesa GEORGAKOPOULOS et al. 1994, THOMAS 1992).

. i tunately, this result in a variety of troublesome environmental

% | l es and very often iindesirable health problems that are associ-
vﬁ.t.h the operatien of coal-fired power plants occur (e.g. PAPASTEFANOU

%’-ACHARALA}IBOUS 1979, THORNTON 1983, GAY % DAVIS 1987, GREY et al. 1988,

MANOLOQPOULOU~1990 - GEORGAKQPOULOS et al., 1992a, GUTHRIE 1992, XASSOLI-

FOURNARAKT et al. 1893). '

Extended lignite /deposits are found in Pteclemais basin in northern
«Greece, ~and more 'than ten pulverised-lignite-fired power plants operate
in the greater area. Samples of lignite from a power station were col-
lected together with the corresponding flyash and bottom ash and trace and

major elements concentrations were de-
termined. Leaching experiments were also
performed for three trace elements (Cu,

Atmospheric Emissions Ni, Cr)

S0 NOx Trace Elements|
Organics. CO. CO2

ENVIRONMENTAL ASPECTS

Cement

ESP Indisy Coal has special problems associated

|u!n,‘!mmwm,, with mining, cleaning, transportation,
utilisation and waste disposal cycle.

Furmace A1l the distinct steps of coal utilisa-
:]s.m,,.,,,, tion mentioned above could generate mo-

bilisation of trace elements. As a re-
Wasle dinpos-l site - . s
[iand or sea] sult, primary exposures might contrib-
ute to possible health effects.
The potentially hazardous elements in
Fig. 1: Schematic diagram of path- coal resource development are classi-
ways of trace contaminants fied in five categories of: i. greatest

during lignite combustion. concern (As, B, Cd, Pb, Hg, Mo and Se},

ii. moderate concern, iii. miner con-

cern, iv. radicactive elements, V. concern but with negligible concen-
trations.

Some of the health implications concerning the combustion and disposal
of coal are: respiratory irritation, chronic disease, cancer, decreased
resistance to infection, silicosis, tuberculosis, cardiovascular dis-
ease, bronchitis, nephropathies and subclinical CNS disorders (e.g. KAGEY
& WIXSON 1983, GAY & DAVIS 1987, FEDER et al. 1991, GUTHRIE & MOSSMAN
1993) .

The amounts of pollutants entering the environment as the result of
coal combustion increase with the increasing ccal utilisation. Electric
power generation reguires large tonnage, therefore trace elements present
in coal in very low levels are of environmental importance. Distribution
of trace elements during the combustion of coal is given in figure 1.
Among the others, radicactivity, air pollution and coal by-products (flyash
and bottom ash) must be considered as a first priority when environmental
evaluation is attempted.

It is well known in Greece that the city of Ptolemais faces huge
pollution problems at present. The degradation of the area is due mainly
to open-cast mines and power stations operating arcund the city of Ptolemais.
One of the major problems that concerns the local authorities and can
easily be seen, is the respirable dust spreaded by winds from stock piles.
This of course, affects mainly the mine workers but dust transported in
urban areas (due to transportation with wvehicles or conveyors from coal

Wneiokn BiBAI0Brkn "OedppaocTog” - TuApa Mewloyiag. A.M.O.
46




{.

pxnes to jpower plants) could possibly have adverse health effects for
lothar pasts of the lécal populatior.

Another major problem which needs further study, concerns the accumu-
lation .of trace elements, emitted from the more than ten power stations
operating 4n the area. It is, well-known to the residents of Ptolemais the
presence jof black dust into their 'houses, emitted from the stacks of the
power _ plants,

:Fimally - the flyash waste disposals cycle and the flyash leaching
properties together with the suitability of the disposal site need appro-
priate investigation, something which has not practised yet for Ptolemais
and it has been proved that it is of prime environmental importance.

COLLECTION OF SAMPLES

Amyntaio Power Station has two pulverised lignite-fired boilers. Sam-
ples were collected from appropriate points at the production lines and
include pulverised lignite (PL), flyash (FA) and bottom ash (BA). Lignite
samples (OL), wooden lignite (WL). Rock samples (RA, RB, RC, RD) were also
collected from the stock piles and analysed for the same elements.

As lignite that supplies the power stations varies (even daily), in its
physical and chemical state because is coming from wvariocus coal-fields,
it was decided to take as many samples as it was possible, together with
the corresponding flyash and bottom ash. Dates of collection and sample
names are shown in Table 1.

Portions of 1.5 kg for each sample were collected first, and after
mixing properly, 150-250 gr were selected and were put in plastic contain-
ers with air tight covers.

ANALYTICAL METHODS

X-RAY Fluorescence (XRF) was used for the determination of 10 major and
11 trace elements, in all flyash, bottom ash and rock samples. The
analyses were carried out with the use of PHILIPS PW 1400 X-RAY GENERATOR.
Regarding the lignite samples, because of lack of appropriate standards
the analyses carried out are semiquantitative, however the preparation
and analysis was performed in the same way as that for flyash, bottom ash
and rock samples.

Concerning the flyash and bottom ash, 4 replicates of each sample were
prepared, and analysed for trace elements. Concerning the lignite and
rock samples, 3 and 2 replicates respectively, were prepared and analysed
for trace elements. Bottom ash samples lost in some cases 50-70% of weight
and this possibly caused by the presence of sulphur which is wveolatile and
lignite.

Arsenic and Cadmium were determined using classical chemical methods,
but not for the whole number of samples available. Atomic Absorption
Spectrometry (AAS) was used for the samples listed below: BM, BA, BJ
(sample cobtained from proper mixing of all the Bottom ash samples, col-
lected in various dates in June 1992}. FM, FA and FJ (sample obtained
from proper mixing of all the Flyash samples collected in various dates in
June 1992). LM, LA and LJ (sample obtained from proper mixing of all the
Lignite samples, collected in various dates in June 1992).

The As analyses were carried out with a UNICAM B625 UV/VIS Spectrometer,
while the analyses of Cd with VARIAN GTA 96 Graphite Tube Atomiser, using
palladium magnesium nitrate as matrix modifier.

Trace and major elements concentrations determined can be found in
Wneiakr BiBAI0BRKkn "OedppaoTtog” - TuApa Mewhoyiag. A.MN.O.
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SAMPLE COLLECTION ~ REPLICATES DESCRIPTION
DATE ANALYZED
Trace Major
May .92 4 2 Flyash
Aprilig2 4 2 Flyash
4 2 Flyash
4. 2 Flyash
4 2 Flyash
4 2 Flyash
5/06/92 4 2 Flyash
6/06/92 4 2 Flyash
7/06/92 4 2 Flyash
May ‘92 4 2 Bottom ash
April’ 92 4 2 Bottom ash
1/06/92 4 2 Bottom ash
2/06/92 4 2 Bottom ash
3/06/92 4 2 Bottom ash
4/06/92 4 2 Bottom ash
5/06/92 4 2 Bottom ash
6/06/92 4 2 Bottom ash
7/06/92 4 2 Bottom ash
May ‘92 3 To- Pulverized Lignite
PLA April- 92 3 - Pulverized Lignite
PL1 1/06/92 3 - Pulverized Lignite
PL2 2/06/92 3 - Pulverized Lignite
PL3 3/06/92 3 - Pulverized Lignite
PL4 4/06/92 3 - Pulverized Lignite
PLS 5/06/92 3 = Pulverized Lignite
PL6 6/06/92 3 = Pulverized Lignite
oL 8/06/92 2 - Lignite (piles}
oW 8/06/92 2 - Lignite {(woody)
RA 8/06/92 2 2 Rock (Sterile band)
RB 8/06/92 2 2 Rock (Sterile band)
RC 8/06/92 2 2 Rock (Sterile band)
RD B/06/92 2 2 Rock (Sterile band)

Tables 3 4,and 5, for lignite and rock and for flyash and bottom ash
samples, respectively. The reported wvalues of major and the most trace
elements of Amyntaio samples are more or less similar to values reported
for samples from other places in the Ptolemais basin (e.g. FOSCOLOS et al.
1989, FILIPPIDIS % GEORGAKOPOULOS 1992, GEORGAKOPOULOS et al. 1992a,b,
1994, KASSOLI-FOURNARAKI et al. 1993, FILIPPIDIS et al. 1994).

LEACHING TEST

The growth of cecal utilisation for electricity generation has raised
questions about the problem of ash disposal. Although part of the ash
produced 1is used by the construction industries (rocad and concrete) a
certain amount is disposed on land

{Ptolemais), or into the ocean.In Ptolemais area, the flyash by-prod-
uct reaches 11,000 tons on a daily basis and approximately 4 millions
tons annually.
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Flyash may yield leachates under certain conditions that contain trace
clementd (i.e As, B, V, Cd, Cr _and Mn),. which are not acceptable by water-
quality standards: It is apparent that, regarding the waste disposal
arcas; 1f some changes takewplace causing an unacceptable release of
elements at some time in the future, this would be of prime environmental

importance.
Other important factors are the chemigal forms of the leachates, since
chemical forms of Moy W, Vv, Cr, Bbsi.Sb and Se have toxicological

significance. Handling a waste disposal problem one must consider the
short-term effects and the long-term effects with the former to be con-
trolled by contact time, expected dilution and pH.

a.pH Measurements

The ratio: (CaQ+MgO):(S03+00.4A1503), gives an estimation on pH values
of flyash: if <1.2 the leaching is expected to be acidic and if »>2.2 the
leaching is expected to be alkaline. The pH measurements proved the strong
alkalinity of the extracts. The pH was measured in a 1:100 ash:water
{distilled) ratio and after 1 minute and 10 minutes contact time the pH
values obtained wvaried from 12.20 to 12.37.

b. Experimental methods

0.250 grams of each sample diluted in 25 ml of HCl1l 0.5M into a centrifusion
tubes and were placed in a shaking bath. After a time period of 16 hours
the first batch was taken out for centrifusion. The centrifuser used was
the MSE High Speed 25 and the conditions of the actual procedure were:
Temperature = 12 C, Time = 5 min, Rotation per minute = 5000. The
following step was the filtration of the extracts, which was done using
Whatman Membrane Filters - Cellulose Nitrate with diameter 25 mm and pore
size 0.45.

The extracts from the leaching test were analysed by AAS (flame), using
the Varian Spectr AA-10 available at the department of Earth Science of
Leeds University. Blank samples were treated the same way through-out the
procedure and standards of 0 and 1 ppm were prepared to calibrate the
spectrometer.

Leaching was performed for lignite, flyash, bottom ash and shale (standard

Table 2.
Initial concentration in ppm
Element *Shale Lignite Flyash Bottom ash
Cu (5)** 53 28 7 ) 40
Ni (3) 122 56 170 140
Cr (5} 123 126 150 198

Leaching test Results in % of the initial concentration leached

Element *Shale Lignite Flyash Bottom ash
Cu (5) 20 31 69 21
Ni (3) 11 50 49 32
Cr (5) 13 6 69 <5

* Standard referance material
** Detection limit

Wneiakn BiBAI0Brkn "OedppaocTtog” - TuAua Mewhoyiag. A.MN.O.
49



;eﬁergade ‘material, obtained 'from the X-Ray laboratory), samples. Samples
o _ 1992 {i.e. 1M, FM and and the concentrations deter-
deas The ﬂer@en’tages cxt Cu, Ni and Cr leached deter-
duplicates ‘ofeach sample:

DISCUII!QI ANP CQEC&HEIQQS

The peréentages of all elements leached, were extremely high in flyash
than in all ether samples. Cu and Cr extracts were round &9% of the
gonfentration in the fﬁyash while Ni laﬂched by 49%.

Regarding the bottom ash, leachates were in lower percentages than in
lignite and therefore, elements concentrate in bottom ash are less read-
ily leached than original lignite, fact that implies that bottom ash would
have minimal or no adverse effects on receiving waters,

Comparing the results obtained for flyash and shale we concluded that
Cu, Ni and Cr leached in a percentage cof 300%, 420% and 690%, respec-
tively, more than what happened in shale, and this acqguires environmental
significance, since presumably the inputs of these elements due to rock
weathering would be in a lesser extent than in the case of weathering of
flyash disposal sites.

It should be bear in mind that the experimented leaching test has no
great guantitative importance for each particular element, since was
applied using weak acid, but it gains an attention when comparing all
samples together. In general, it could be stated that, elements concen-
trated in flyash particles during coal combustion, becoming more leachable
than when present in "natural geological materials” like shale and coal.
Atleasrt, this was confirmed for Cu, Ni and Cr.

Health aspects of trace elements in ccal and coal residues are not a
simple matter and it should be not subject to generalisations. Besides
there are many factors contreclling whether or not some trace elements
{i.e. Pb, Hg, and Cd), could produced health implications.

However, the results obtained from the elemental analysis of flyash
from Ptolemais, make possible to indicate some major points of environ-
mental concern. As and Cd levels are high enough to put us in some
consideration regarding their potential impact on the environment and the
local population, either by contamination of the water supplies or by
entering into the food chain in some way. Considering the millions tons of
flyash produced annually, and the existence of more than 10 power plants
operating in Ptolemais the “case” gains much of interest. Particulate,
collected from the stacks, could be very helpful, in determining possible
environmental consequences due to emissions caused by combustion of lig-
nite and a further detailed geochemical study could qualify and quantify
the problems might occcur (or have already) at the flyash disposal sites.

On the other hand, the concentrations of other trace elements like U,
Cu or Zn indicate that further studies (i.e. both epidemiological and
geochemical), need to be carried out, in an effort to define any implica-
tions from coal development on health in the greater area of Prolemais.
Meanwhile the data obtained from elemental analysis and the monitoring
itself gains a lot of interest for further research with many applica-
tions.
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i J Table 3: tﬂkl@-dﬂ.hm:s (in ppm)‘of air-dried lignite and rock samples from Amyntaion

jpower plant stations

j_ir SAMPLE NAME mean
ELEMENT PLA PLM PL1 PL2 PL3 PL4 PL5 PL6 PL1-6 OL WL
Pb (5) %] g 8 8 6 7 T 7 5 7 <5 <5
zZn (3) 31 26 28 25 25 27 25 24 26 11 14
cu (5) ks 28 02 22 25 g9 24 21 23 21 19
i A (T) 177 169 146 149 156 188 146 147 150 91 58
1 er (5) 137 126 170 147 130 145 124 136 142 64 75
co (3) 18 18 18 20 15 18 19 17 18 17 17
Ni (3) 67 56 75 64 60 68 54 56 63 gk 18
v (5) 96 89 90 91 80 82 94 52 88 70 269
u (3) 4 4 5 6 6 5 6 5 5 5 <3
Th (3) 8 ) 5 6 B 8 6 7 7 4 3
Rb (2) 23 21 19 19 19 22 18 19 19 14 <2
sr (2) 130 127 127 111 126 126 116 114 120 106 52
Y (3) 10 9 ] 8 7 9 8 8 8 5 4
Nb (2) 5 4 4 4 4 4 4 4 4 4 <2
zr (5) 36 35 33 34 33 36 33 33 34 32 <5
sc (5) 14 12 15 13 13 15 14 12 14 8 12
As (1) 3 2 3
cd(o.1) 0,4 0,3 0,5
Rock Samples Major Elements Analysis
ELEMENT RA RE RC RD RA RB RC ED
BPb (5)* <5 35 <5 <5 5102 2,66 58,51 57,29 15,94
Zn (3) 14 166 16 31 Tio2 0,05 1,35 1,30 0,28
Cu (5) <5 40 <5 13 al1203 1,02 23,26 22,76 5,05
Ba (7) 137 543 40 114  Fe203 1,08 5,35 5,21 3,89
cr (5) <5 298 18 98  Mno 0,05 0,07 0,07 0,11
Co (3) 3 40 3 8  MgO 4,46 2,51 2,49 6,24
Ni (3) 4 169 20 109 ca0 89,49 3,28 3,20 66,13
v (5) <5 184 8 20 Naz20 1,80 2,11 1,96 0,69
U (3) <3 <3 <3 <3 K20 0,22 2,72 2,65 0,50
Th (3) 4 18 5 7 P205 0.18 0,20 0,21 0,09
Rb (2) 4 123 7 21
sr (2) 263 212 98 262 Total 100,95 99,40 99,70 98,99
Y (3) <3 40 4 5
Nb (2) <2 21 <2 2
zr (5) <5 244 & 16
Sc (5) 17 20 21 20

* Detection limit
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Table 43 Trace élement/Resulrs in Flyash and Bottom ash from Amyntaio power plant

stations«
SAMPLE MNAME mean

ELEMENT FA FM F1l F2 F3 Fd F5 Fé6 F7 F1-7
Pb_(5)* 23 21 21 21 19 18 18 16 14 19
{Zn 0 (3} i L4 91 85 61 67 65 66 60 Ti
Cu (5) T Tl 66 70 56 62 69 68 54 64
Biru (7) 463 469 429 460 441 438 461 445 405 440
Cr (5) 158 150 240 189 144 141 186 198 103 171
Co (3) 20 20 22 24 19 1% 23 21 16 20
Ni (3) 175 170 262 214 16l 173 198 206 123 191
v (5) 114 107 107 118 104 104 121 122 88 109
U (3) 14 14 14 17 19 18 17 17 16 17
Th (3) 15 14 14 15 15 14 15 14 15 14
Rb (2) 61 63 63 70 59 58 67 71 57 63
Sr (2) 331 342 330 332 336 346 330 326 326 332
Y  (3) 27 26 28 27 24 25 28 28 22 26
Nb (2) 13 13 13 15 13 12 15 15 12 13
Zr (5) 97 100 110 111 106 100 118 119 92 108
8c (5) 17 18 18 17 17 18 17 18 13 5T
As (1) 16 15 - - - - - - - 10
cd(0.1) 0,7 1.0 - - - B - - - 2
mean

BA BM B1l B2 B3 B4 BS E6 B7 Bl1-7

Pb (5)* 10 7 7 <5 6 <5 5 <5 <5 5
Zn (3) 51 43 43 30 30 24 29 24 24 29
Cu (5) 51 40 19 12 8 <5 14 <5 <5 8
Ba (7) 344 319 188 186 168 95 129 98 107 138
cr (5) 222 198 300 216 193 227 255 237 166 228
Co (3) 28 27 30 28 25 g 26 25 25 26
Ni (3) 125 118 144 90 T3 64 83 67 53 83
L - 169 148 159 172 163 251 255 218 1932 201
U (3) 9 7 7 9 8 11 12 7 g8 9
Th (3) 13 324 8 9 8 8 5 6 5 [ 7
Rb (2) 46 44 36 31 24 19 £ 19 20 25
Sr (2) 183 191 128 1:3:9 132 81 100 83 89 107
Y (3) 22 19 18 14 12 9 14 11 11 13
Nb (2) 10 9 8 7 5 4 5 4 4 5
Zx (5) 70 66 60 48 41 30 40 30 30 40
8c (5) 17 15 14 16 17 14 5 e Tl 14 14
As (1) 3 5 - - - - - - - 5
cd(0.1) 0,4 0.4 - - = - = = - 2

*detection limit

Chemical studies of stack fly from a coal-firedpower plant. Environ.
Sci. Technol,. 13, 455-459.

DAVISON, R.L., NATUSCH, D.F.S, WALLACE,J.R. and EVANS, C.A. (1974) .
Trace elements in fly ash : Dependence of concentration on particle
size. Environ. Sci. Technol., 8, 1107-1113.

FEDER, G.L., RADOVANOVIC, 2Z. and FINKELMAN, R.B. (1991). Relationship
between weathered coal deposit and the aetiology of Balcan endemic

WYnoeiakn BiBAIoBAkn "OedppacTog” - Tuua MewAoyiag. A.M.0.




‘Table erhﬂﬁi‘c’al results for major elements in Flyash and Bottom ash samples in % wt.

i

FA M F1 F2 F3 Fd F5 F6 F7
1102 F4.810 35, T3S B8 35,07 33,59 31,02 37,58 37,98 28,34
s pio2 6,72 0,70 0,70 0,72 0,67 0,64 0,78 0,78 0,60
LAL26 Y 185 1L AR A TR 14,21 13,46 12,55 15,28 15,47 11,89
Fe203 6,79 6,50 6,50 6,89 6,35 6,54 6,87 6,87 5,72
MnO . 0,07 0 OF 0,07 0,06 0,06 0,06 0,06 0,06 0,06
Mg0 4,07 3,95 5,04 4,46 W9 3,96 4,23 4,44 3,38
Cao 325,32 3151 Bl 00 30,95 35,09 37,20 29,52 28,71 40,85
Na20 1,54 1,92 233 1,237 0,86 1,35 1,92 1.9 1,18
K20 1,16 1,20 1,18 1,26 1,14 1,10 1,31 1,30 1,09
P205 0,26 0,25 0,22 0,24 0,28 0,27 0,26 0,24 0,23
L.o I. 4,05 e B v 2,44 3,88 5,55 2::7Y 5,83 5,29 6,10
Total 95,57 95,38 96,00 95,21 95,29 94,66 97,00 97,00 93,34
BA BM Bl B2 B3 B4 B5 Bé6 B7
8io2 44,56 44,44 44,98 40,90 40,15 37,82 37,96 40,73 37,55
Tio2 0,B8 0,83 0,86 0,80 0,65 0,81 1,31 0,78 0,95
Al203 16,41 15,38 15,87 15,32 12,50 12,99 14,18 14,03 14,57
Fe203 8,55 8,39 8,56 8,93 8,72 10,65 8,57 9,41 9,81
MnoO 0,06 0,08 0,07 0,07 0,07 0,08 0,06 0,07 0,08
MgO 3,72 3,69 4,99 3,97 3,30 3,40 3,42 3;81 3,39
Ca0 19,61 25T 18.1% 2215 25,b5 26,07 19,39 19,01 25,81
Na20 0,76 0,58 3 S 027 0,89 0,63 0,68 0,93 0,72
K20 L35 1,30 1. 30 1,34 1,14 1,22 1,15 1,17 1,27
P205 0,25 0,23 Q0,19 0,25 0,25 0,25 0,22 0,21 0,24
L.o.I 38,34 37,51 52 ;15 57,64 57,66 74,88 66,91 72,68 71,90
Total 96,16 96,88 95,70 94,49 92,61 94,60 86,96 90,36 94,20
Table 6: Final characterization of Flyash
Major Elements (%) wt, in flyash Trace Elements (ppm) in Flyash
MIN MAX MEAN
Pb 19
sio2 28,3 38,0 34.5 Zn T
Tio2 0,6 0,8 0,7 Cu 64
Al203 11,9 15,5 13,7 Ba 440
Fe203 5.7 6,9 6,6 Cr 172
Mno 0,1 0.1 0,1 Co 2 i
Mgo 3,4 5,0 4,1 Ni 191
Cao 28,7 40,8 32,9 v 109
Naz20 0,9 2ieD 1,6 U 17
K20 2 S 3 1,3 142 Th 14
P205 0,2 0,3 0,2 Rb 63
Sr 332
Y 26
Nb 13
Zr 108
Sc 17
As 10
cd 1,5
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