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ABSTRACT: Coal with low ash content has an important role in the coal and
steel industry. There are different methods to measure the ash content. The
conventional method which is used in wmost coal mines of iran, is to bumn the
coal and measure the remaining ash. A new method has been recently developed
at Nuclear Research Center (NRC) of Iran, which works on the basis of the
absorption of the dual energy y-ray by coal In this paper we present the results
obtained from coal mine "Zirab, Central Alborz, Iran" to which we have applied
this method, and compared the results with those obtained by the conventional
method. In addition, the chemical components of the coal samples from six layers
of this mine was obtained by X-ray fluorescence (XRF). We have found that for
Si0, , Al,Oy, TiO,, Na,O and K,O there exists a linear relationship between
these components and the ash content, but such a relationship was not obtained
for Fe,(,, CaQ, SO, and MgO.
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INTRODUCTION
The Zirab coal mine is situated in the basin of coals have been measured by using dual energy y-ray
the Alborz range in the northern part of Iran. The and x-ray fluorescence methods [1-3]. In the former
coal of this mine is of Clarodurite type and their ash method, ' Am and *’Cs are used as sources of low

contents vary from 1 to 37%. The ash content in these and high energy y-rays (60 Kev, 7.4 Gbq and 660
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Kev, 0.1 Ghq respectively}. These sources are placed
in the same container. The source container is
positioned below the conveyor belt carrying the coal
and an Nal detector is placed above it. Figs. 1-1 and
1-2 show the geometry of the coal analyzer device
and typical spectrum of the Nal detector for 2 Am
and '*'Cs. Theoretically, the intensity of y-rays
transmitted through the sample of thickness x is

given by:
Ip = Iy exp(—uy . p X) + Ly, (1
I = Iy exp(—ptp . p X) + Ly (2)

where I, , Ij; and I, , I, , are the initial and final
intensities, I;, , I, are the background intensities,
with g, , 15 being the mass absorption coefficients,
and px is the mass per unit area of the coal. Since
Liy<<ly and 1, <<I,, by dividing equations (1) and
{2), one obtains

#1 = py Ln(L /Ty Yn(I,/Tg;) 3

For %! Am which emits low energy y-rays, the absorp-
tion depends both on the ash content and the mass
per unit area of the coal, while for *’Cs which emits
high energy y-rays, the absorption depends only on
the mass per unit area of the coal and is indepen-
dent of the ash content, therefore u, is constant. By
measuring I, , I, , Iy, and I, one can find 4, in terms
of 4, which is a constant. It is known that there exist
the following relationship between the mass absorp-
tion coefficient, 12 , and the ash content, Al [2,3]:

Al=a+bu (4)

where a and b are constants which depend on the
mine being considered. The vatues of ¢ for each sam-
ple are measured using a device specially developed
in the Nuclear Research Center for this purpose and
the values of A? are measured using the conventional
method described in references [4-6]. By fitting a line
through the values of A? and u , using the least squa-
res method, a and b are found. These values of a and
b as well as other parameter, when given to the NRC
device, will yields the ash content of an unknown
sample. A typical chart of the measurements by com-
puter is shown in Fig. 2 and the histogram of the
measurements of a sample by the NRC device is
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Fig. I-1: Schematic diagram of the coal analyzer.
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Fig. 1-2: Typical spectrum of Nal detector for *m and
3¢

. S
shown in Fig. 3. Furthermore, the ash content of
different layers are analyzed using the XRF method.
A relationship between the ash content and the
chemical constituents of the ash in various layers of

the mine were also found. In section “experimental
method and results', the experimental results are
presented and it is shown how the ash content of an
unknown sample can be obtained. In section "enaly-
sis of chemical components of ash content by XRF", il is
shown that a linear relationship can be found bet-
ween some of the chemical constituents of the ash
and the ash content in different layers of Zirab coal
mine. These relationships can be helpful in determin-
ing the chemical composition in different layers of
mines and in geological research.

EXPERIMENTAL METHOD AND RESULTS

In this method, the ash content of a coal sample
is measured using a conventional method. The sam-
ple is initially powdered. Then one gram of it is
burnt at 850°C for three hours. The resuiting ash is
weighed and the percentage of the ash is obtained.
The mass absorption coefficients of the samples were
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Fig. 2: 4 typical chart showing the computer read oul.

/No. Year-mm:dd hhimm  A(%) S(A)% Km gk (cm%g) m(g/em?) M(t/h)\
253 1999-04:20 09:56 439 0.25 10.0 0.2370 71 70.68
254 1999-04:20 10:00 22.0 034 10.0 0.1829 6.2 62.23
255 1999-04:20 10:02 20.9 0.31 10.0 0.1816 63 62.58
256 1999-04:20 10:04 224 0.34 10.0 0.1334 6.4 63.91
257 1999-04:20 10:06 227 0.32 10.0 0.1838 6.4 63.65
258  1999-04:20 10:08 222 035 10.0 0.1831 63 63.02
259  1999-04:20 10:09 22.5 0.34 10.0 0.1835 6.3 62.88
260 1999-04:20 10:12 17.9 0.32 10.0 0.1780 6.5 65.22
261 1999-04:20 10:13 18.1 0.31 10.0 0.1783 6.5 65.03
262 1999-04:20 10:15 204 0.32 10.0 0.1810 6.3 62.95
263 1999-04:20 10:17 20.3 0.33 10.0 0.1809 6.3 63.01
264 1999-04:20 10:19 14.8 0.32 10.0 0.1744 6.3 62.59
265 1999.04:20 10:21 14.8 0.32 10.0 0.1744 6.3 62.56
266 1999-04:20 10:24 13.7 035 10.0 0.1731 5.6 55.55
267 1999-04:20 10:26 133 0.34 10.0 0.1726 5.6 55.74
268  1999-04:20 10:28 15.4 0.32 10.0 0.1751 6.3 62.69
269 1999-04:20 10:29 15.2 0.32 10.0 0.1748 6.3 62.68
270 1999-04:20 10:32 15.4 0.32 10.0 0.1752 6.2 62.01
- /
ol - 2; <o relationship is obtain:
3y - 8788 Al = —132.8534 + 847.2307 u
] o = S8 with a correlation coefficient of 0.9974 and a stan-
™ o - o2 dard deviation of 0.4927. This line which we call the
wl . E; E% calibration curve, is shown in Fig. 4.
ny = 48 The values obtained for a and b are calibration
e constants for each mine. These constants along with
| avor = 897 other relevant parameters are fed into the NRC
| T device. The device is then ready to measure the ash
0 D 4 _J J ‘ o = a2 content of unknown samples.

A, a, a; a, 85 Ag A, ag To check the accuracy of the measurements, the

[|1 n, n3 o, I]S l]6 n;
Fig. 3: A typical histogram of measurements on a sample by

the NRC device.

also measured using a device developed in the Nuc-
lear Research Center of Iran (NRC device). The results
for twenty four samples, all extracted from the same
mine, are presented in Table 1.

Considering A’ and g values in Table 1, it is
seen that there exists a linear relation between these
two values. Using a least squares method, the following

74

ash content of sixteen unknown samples were
measured using the NRC device and the conventio-
nal method. The results are shown in Table 2.
The following relation is obtained between Al
and A .

Al = 00118 + 0.9859 A’
€Y. con.

with a correlation coefficient +0.9969, and a stan-
dard deviation of 0.4424. It is seen that the slope of
the line is very close to unity, indicating that the
NRC device gives agreeable results, Fig. 5.
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Table I: Determination of mass absorption coefficient and the ash content of the coal using the NRC device
and the conventional method respectively

@ Computer u Aim_ No. Computer I A:Dn
code (cm¥gry  (W1%) code (cm%gr)  (W1%)
1 466 0.1631 6 13 628 0179 206
2 467 0.1784 19 14 629 0.1825 22
3 468 0.1687 11 15 630 01821 217
4 469 0.1658 7.1 16 631 0.1773 18.2
5 470 0.1636 63 17 633 0.1667 8.2
6 472 0.1763 173 18 635 0.1646 6.8
7 474 0.1721 138 19 638 0.1629 5.8
8 480 0.1802 21 20 640 0.1625 5
9 486 0.1726 142 21 642 0.1681 10.2
10 621 0.1843 232 22 643 0.1807 212
11 622 0.1835 223 23 645 0.1671 9.1
\ 12 623 0.1852 24 24 647 0.1674 99 J
Table 2: The results of the measurement of the ash content using the NRC device, A|_ and the conventional
method, A:on.
/Computer P AL Al Computer P Al A;D
code  (ecmYgr) (Wi%) (W1%) code  (cm¥gr) (Wi%) (Wi%)
258 0.1831 222  22.88 274 01736  14.1 14.8
260 01780 179  17.54 276 01733 139 1454
262 0.1810 204 20.9 278 0.1758 16 15.67
264 01744 148 1548 280 0.1655 7.2 7.41
266 01731 137 1337 282 0.1639 59 5.5%
268 0.1751 154 1518 284 0.1613 3.7 4.34
270 0.1752 154  15.66 286 0.1618 4.1 426
\_ 272 01718 126 1227 288 0.1755  15.7 Iy,
z
] ¢ g 21
. -0
I 2 5 ;
B g 15t ?
E&15 z _ ’
g% | 28
2 "1
104 3 I 91

0.160 0.168 0.176 0.184

Mass absorption coefficient

(cmzlgr)

Fig. 4: Relationship between ash content and mass absorption

coefficient
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3 9
Ash content by conventional method
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Fig. 5: Comparison between meusurement of ash by conventio-
nal and the NRC method
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Table 3: The chemical concentration of various componenis of the ash.

@o. Com.* Con’ (wit%) No. Com. Con. (wt%) No. Com. Con. (wt%)\
1 sio, 5421 14 Cr 00655 27  Au 00146
2 Tio, 1.29 15 Zn 00516 28 Ga  0.0145
3 ALO, 2935 16 Y 0.0317 29 la 0.0131
4 Fe,0, 314 17 Nb 00293 30 Th 0.0098
5 MgO 232 18 sn 0003 31 Hg 00094
6 CaO 1.15 19 Cu 0042 32 Ta 0.0083
7 R,0° 500 20 Rb 00398 33 U 0.0027
8 SO, 0.03 21 Mn 00334 34  Ge 00026
9 PO 2.35 22 Ni 00308 35  Ag  0.0009
10 Sr 0.21 23 Ce 00308 36  Sb 0.0009
1 zr 0.15 24 Pb 0.0211
12 Ba 0.13 25 sc 0.0201
bz. v 0.12 26  Co 00187 .

a) component , b) concenrration , ¢) R,0=Na,0 + KO

Table 4: The chemical concentration of the main oxides of the ash from different layers of the Zirab coal mine.

: No. Sio, Al,O;  Fe, 0,  TIO, CaO MgO SO, R,O Depth(m)\
(laver) (wt%) (wi%) (Wi%) (Wi%) (wi%) (wi%) (wi%) (Wi%)

1 54.21 29.3 3.14 1.29 1.15 232 0.03 5.00 100

2 52.97 28.99 2.34 1.35 1.75 3.39 0.57 4.93 160

3 50.86 28.00 7.92 1.29 1.14 231 0.22 4.82 200

4 50.98 25.64 4.74 1.21 2.53 549 2.24 4.68 300

5 56.57 24.30 5.18 1.27 2.23 4.94 0.46 4.98 380
\_°6 47.34 25.37 11.1 1.05 1.92 373 1.93 4,13 430 J

Table 5: The ash content and the chemical components of the coal from different layers of the Zirab coal mine.

No. Al Si0, AlLO, Fe,0, TiO, CaO  MgO SO, R,O Depm(@
(Layer) (Wi%) (Wit%) (Wi%) (Wi%) (Wi%) (W%) (w%) (w1%) (Wi%)

1 3662 1985 1075 115 0.47 0.42 0.85 0.01 1.83 100

2 2914 1543 845 0.68 0.39 0.51 1.01 0.17 1.45 160

3 3423 1741 958 271 0.44 0.39 0.79 0.08 1.65 200

4 3315 1690 850 1.57 0.4 0.84 1.82 0.74 1.55 300

5 2510 1420 610 1.30 0.32 0.56 1.24 0.11 1.25 380
\_ 6 1044 494 2.65 1.20 0.11 0.20 0.39 0.20 0.43 430 )

Analysis of chemical components of ash content by XRF
In each coal mine, the ash content and the chem-
ical components change from one layer to another.
To determined the amount of these constituents, coal

70

was collected from six different layers and their ash
contents were measured. Then the concentration of
various chemical components of the samples were
measured by XRF. Table 3, shows the results of the
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measurement by XRF of a sample for the first layer
of Zirab coal mine.

As can be seen from Table 3, thirty six different
chemical constituents were found in the ash, in which
some of them have a very low concentration and can
be easily ignored. Table 4, shows the chemical con-
centration of the main oxides which are obtained by
XRF and Table 5, shows the amounts of the ash con-
tent and the chemical components of the coal from
all six layers.

Using Table 5, and the least square method the
following linear relationships were found between
the amount of the various chemical components and
the ash content. Linear relationships were also found
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Vol 19, No. 2, 2000

between the chemical components themselves. The
results of these relationships are shown in Table 6.

CONCLUSIONS

The method presented here for measuring the ash
of coal is very quick, inexpensive and easy to do. The
results show that the precision of the method
depends on the accuracy of the calibration curves. A
high accuracy can be achieved by preparing appro-
priate samples, increasing the number of samples and
the number of measurements on each sample. The
results obtained by XRF show that linear relation-
ships exist between SiO, , Al,Oy , TiQ; and R,O with
the ash content, Fig. 6-1. Such linear relationships

Table 6: The relationship between the chemical components with the ash, and between the components.

/No. Relationship Correlation Standarq
coefficient  deviation
1 Si0, = -03373 + 0.5380 A° 0.9917 0.7468
2 ALO;= -0.7026 + 02979 A° 0.9821 0.6107
3 TiO, = -0.0256 + 0.0135 A’ 0.9938 0.0162
4 R,0 =-00891 + 00515 A 0.9958 0.0507
S ALO; = -0.3661 + 0.5435 SiO,  0.9722 0.7590
6 TiO, = -0.0134 + 0.02449 Si0,  0.9921 0.0183
7 RO =-00477 + 00952 Si0,  0.9977 0.0378
8 TiO, = 00149 + 0.0443 ALO, 09868 0.0236
9 RO = 00714 + 0.1680 Al,O, 0.9841 0.0982
10 R,0 = 00140 + 37916 TiO,  0.9980 0.0350
\ 1l MgO = -00839 + 2.2614 CaO 0.9967 0.0437
o 37
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Fig. 6-1: Relationship between Si0, , 44,0, Ti0, and R,0
and the ash content,

Ash (wt%)

Fig. 6-2: Relationship between Fey0, , Ca0, MgO and S0,
and the ash content.
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Fig. 6-3: Relationship between ALyO5 , Ti0, and R,0 and Si0; .
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Fig. 6-5: Relationship between R0 and TiO,.

were not found between Fe,O, , CaO, SO, and MgO
with the ash content, Fig. 6-2. Linear relationships
between Al O, , TiO, and R,0 with Si0O, - TiO, and
R,0 with Al,0, -R,0 with TiO, and MgO with CaO
were also found, Figs. 6-3 to 6-6.
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