Demineralization of Sor-Range Coal with HNO3 and The Determination of Trace Ele-
ments in the Acid Extracts
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Summary:Sor-Range coal was demineralized with HNO3 and trace elements were determined in
the acid extracts by atomic absorption spectrophotometer. Effect of time and concentration of
acid on the extraction of trace elements were studied. .

Introduction

Demineralization of Sor-Range coal with
water [1] and HCI [2] revealed a significant dif-
ference in the amount of extraction of various trace
elements. Time and concentration of HCl were

- found to have noticeable effects on the extraction of
trace elements. However amounts of trace elements
extracted with even the concentrated HCI, were not
comparable to their respective amounts in the coal
ash, and significant amounts of trace elements
remain in the coal after extraction with HCI.

Demineralization with HNO3 of Makarwal [3]
and Shahrigh [4] coals showed that considerable in-
crease occured in the extraction of Fe compared to
its respective extraction with HCl [5,6]. High ex-
traction of Fe with HNO3 was thought to be due to
the extraction of pyritic iron. Pyritic iron is extrac-
table with HNO3 but not with HCI [7]. It was also
apparent from these studies that whereas extraction
of other trace elements with HNO3 were com-
parable to their respective values with HCl, extrac-
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tion of Ca was quite low with HNO3 compared to
that with HCI especially in case of Shahrigh coal
sample.

The present work has been undertaken to
study the extraction of trace elements from Sor-
Range coal with HNO3 and to compare its affec-
tiveness with that of water [1] and HCI [2]
extraction from the same coal.

Experimental

Coal sample obtained from Sor-Range coal
fields was ground in a clean pistle and mortar and
passed through a 120 mesh screen as described ear-
lier [1]. Demineralization of coal with HNO3 was
performed by taking one gram portions of 120 mesh
coal samples dried at 105°C, in quickfit conical
flasks. In one set of of experiments 50 cm> of 1M
HNO3 solution was added to each flask and the
flasks were allowed to stand for different duration
of time with occasional hand shaking. In an other
set of experiments 50 cm® of HNO3 solutions of
varying concentrations were added to each flasks
containing one gram portions of dried coal and the
flasks were allowed to stand for one day with oc-
casional shaking. The slurries of coal in both set of
experiments were filtered through Whatman No
540 filter paper. The coal residues were washed
repeatedly with hot distilled water, dried at 105°C
and weighed, from which the loss in weight and thus
the total mineral matter extracted was determined.
The filtrates from both set of experiments were
used for trace metal analysis using atomic absorp-
tion spectrophotometer [5].

Results and Discussion

The effect of time on the extraction of total
mineral matter with 1IM HNO3 is given in Fig. 1.
No noticeable increase in the amounts of extract
can be observed, when the time of extraction was
extended from 1 to 5 days. Similar effect of time on
the extraction of total mineral matter was also ob-
served with HCI from the same coal [2].

The effect of time on the extraction of trace
elements with 1M HNO3 is shown in Figs. 2,3 and
Table-1. A slight increase in the values of most of
the elements can be noticed with increase in the
duration of time, which is quite pronounced in case
of Fe and Ca. The extractions of most of the ele-
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ments with 1M HNO3 are comparable to their
respective values with 1M HCI from the same coal
with exception to Fe and Ca [2]. The amounts of
various trace elements for example with IM HNO3

Table-1: Amount of Ca and Mg Extracted by 1M
HNOj3 from Sor-Range Coal within 3 and 5 Days

(ug/g).

Time 3 Days 5 Days
(Days)
Element
Calcium 6210 11850
Magnesium 21.6 4.6
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Fig.1: Total Mineral Matter Extracted by 1M HNO3
from Sor-Range Coal within Different Duration of Time.
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Fig.2: Trace Elements Extracted by 1M HNO3 from Sor-
Range Coal within Different Dusation of time.
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Fig.3: Fe Extracted by 1M HNO3 from Sor-Range Coal
within Different Duration of Time.

within 5 days are Ca (11850 ug/g), Fe (2076 ug/g),
Na (80 xg/g), Ni (27 ug/g), Mg (24ug/g), Cu (13
ug/g), Zn (9 ug/e), K2 ug/g) and Mn(0.2 ug/g)

where as their respective values with 1M HCI-

within the same duration of time are Ca (12720

ug/g), Fe(1773 ug/g), Na(171 ug/g), Ni(21 uglg),

Mg (21 ug/g), Cu(16 ug/g), Zn(16 ug/g), K(4 ug/e)
and Mn(0.2 ug/g). This shows that Ca and Mn are

present respectively in highest and lowest amounts
in both the 1M HNO3 and 1M HCI extracts.
Moreover, it can also be noticed that the amount of
Ca in 1M HNO3 extract is lower compared to its
amount in the IM HCI extract, whereas the amount
of Fe is higher in the 1M HNOj extract compared
to its value in the 1M HCI extract. The amounts of
these elements extracted with water within 5 days
from the same coal are Ca (620 ug/g), Fe(17 ug/g),
Na(43 ug/g), Ni(14 ug/g), Mg(10 xg/g), Cu(8 ug/g),
Zn (4 ug/g), K(1 ug/g), and Mn (not detected) [2]
which shows that the amounts of these elements in
the IM HNOj3 extracts are high compared to their
respective amounts in the water extracts, which is
quite pronounced in case of Fe and Ca and less sig-
nificant in case of other elements. The amounts of
the various trace elements in the coal ash are Ca

(18100 ug/g), Fe(5100 ug/g), Na(200 ug/g), Ni(35
pg/g), Mg (22 4ig/g), Cu (20 uglg), Zn(1458 pug/g), K
(295 ug/g), and Mn(0.5 ug/g), which shows that the
values of elements like Ca, Fe, Zn, Na and K are
quite low in the 1M HNO3 extract compared to
their respective values in the coal ash, whereas the
amounts, of Ni, Mg, Cu and Mn are comparable to
their respective amounts in the coal ash.
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Figd: Trace Elements Extracted by Different Molar
HNO3 from Sor- Range Coat within 1 Day.
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Fig.5: Fe Extracted by Different Molar HNO3 from Sor-
Range Coal within 1 Day.

The values of most of the elements in the 1M
HNO3 extracts of Sor-Range coal are comparable
to their respective amounts in the 1M HNO3 ex-
tracts from Makarwal [3] and Shahrigh {4] coal
samples. The values of various trace elements ex-
tracted for example with 1M HNQ3 within 5 days
from Makarwal coal sample are Ca(8702 ug/g),
Fe(1855 ug/g), Na(15 ug/g), Mg(17 ug/g), Cu(54

1g/g), Zn (29 pug/g), K(2 ug/g), and Mn(0.1 ug/g),
whereas that from Shahrigh coal sample are

Ca(8400 ug/g), Fe(26743 ug/g), Na(39 ug/g), Ni(71
ug/g), Mg (13ug/g), Cu(34 ug/g), Zn(22 ug/g), K(4
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ug/g), and Mn (2 ug/g). This shows that the amount
of Ca is quite high in the 1M HNO3 extract of Sor-
Range coal compared to its respective values in
Makarwal and Shahrigh coal samples. The amount
of Fe in the 1M HNOj3 extract of Sor-Range coal is
comparable to its respective value in case of
Makarwal coal, however it is significantly lower
compared to that in Shahrigh coal. Shahrigh coal
has been found to contain the highest amount of Fe
compared to Makarwal and Sor-Range coals as is
evident from ash analysis of these coals {1].

The effect of concentration of HNO3 on the
amounts of extraction or various trace elements
within a duration of one day is shown in rings. 4,5
and Table-2. A slight increase can be see n in the
values of most of the trace elements, which is sig-
nificant only in case of Fe and Ca. The amount of
Fe extracted with SM HNQOj3 within one day is quite
higher compared to that extracted with 1M HNO3
within five days. The value of Ca, however in the
one day SM HNO3 extract is lower compared to
that in the five days, IM HNO3 extract.

Table-2: Amount of Ca and Mg Extracted by 3M
and 5M HNO3 from Sor- Range Coal within 1 Day

(ug/g).

Molarity 3M HNO3 SM HNO3
Element

Calcivm 6250 9300
Magnesium 242 274

The effect of time and concentration of
HNO3 on the percentextractabilities of various
trace elments are shown in Table-3 and 4 respec-
tively. It can be seen that time and concentration
have positive effects on percent extractabilities of
most of the trace elements. Zinc and K have quite
low percent extractabilities. Calcium which is
present in highest amount in Sor-Range coal, has
quite high percent extractabilities with IM HNO3
within five days, than with SM HNOj3 within on day.
Iron which is the seond most abundant element
present in coal shows quite high percent extrac-
tability with SM HNO3 within one day, than with
IM HNO3 within five days. The percent extrac-
tability of Fe with HNO3 especially with can.acid is
quite high compared to that with HCI(2), whereas
that of Ca is relatively low with HNO3 compared to
that with HCIl. Zinc which ‘is the third most abun-
dant element with Sor-range coal has quite low per-
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Table-3: Percentage Extraction of Trace Elements with
1M HNO3 from Sor-Range Coal within Different Duration
of Time

Element

Time Cu Ni Zn Fe Mn Na K G Mg
(Days)

1 383 457 03 285 285 322 04

2 450 54.3 04 288 273 337 04

3 500 629 04 327 273 3SS 04 518 800
4 $6.7 696 04 375 278 377 06

H 65 7.1 06 407 309 400 06 988 9.1

Table-4: Percentage Extraction of Trace Elements with
HNO;3 of Different Conceuntrations from Sor-Range Coal
within 1 Day.

Eemeat Cu Ni Zn Fe Mn Ns K C Mg
Molarity

1 383 457 03 285 255 222 03

2 500 S14 04 449 200 25 06

3 600 571 05 449 255 236 08 521 896
4 700 628 05 743 309 48 08

s 145 743 06 769 400 334 09 778 1018

cent extractability with HNO3, lower ever than with
HCl (2). Sodium has low extractability with HNO3
compared to that with HCI the amount of most of
the other elements with HNO3 are comparable to
their respective values with HCI.

The percent extractabilities of K and Zn with
HNO3 are comparable to that with water (1). Most
of the other elements have quite high percent ex-
tractabilities with HNO3 compared to that with
water, which is more pronounced in case of Fe and
Ca. Iron is only 0.3 percent extractable with water
compared to about 77 percent with Con. HNO3,
whereas the percentage extraction of Ca has in-
creased from 5.2 percent with water to about 99%
with HNOs.
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