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(54) COAL PURIFICATION

(71) We, ALUMINUM COMPANY OF AMERICA, a Corporation organized and
existing under the laws of the State of Pennsylvania, United States of America, of Alcoa
Building, Pittsburgh, State of Pennsylvania, United States of America, do hereby declare
the invention, for which we pray that a patent may be granted to us, and the method by
which it is to be performed, to be particularly described in and by the following statement:-

This invention relates to coal purification and more particularly to a method of purifying
coal for use in carbon electrodes.

In the prior art, carbon electrodes used in aluminum producing cells, for example, a Hall
cell, have been formed from petroleum coke or coke obtained from super-clean coal
because such coke is relatively free of impurities thus requiring little or no purification.
Because of the growing concern over the escalating cost and availability of petroleum coke
and to reduce dependency thereon, considerable effort has been expended in acquiring
alternate sources for electrode carbon. Because of its great abundancy, coal is considered to
be the most logical alternative source. However, because of the impurities present in most
coal, processes for providing such coal in highly purified form suitable for carbon electrodes
have geen virtually non-existent or are sufficiently involved as to be uneconomical for use in
the production of aluminum, for example.

With respect to the level of impurities, Campbell ef al in Bureau of Mines Report of

‘Investigations 5191, on Coal as a Source of Electrode Carbon in Aluminum Production

(Feb. 1956) at page 2, Table 1, indicate that, with respect to aluminum production, the
following levels are applicable: ash max. 1.0%, preferred 0.5%; iron max. 0.06%,
referred 0.02%: silicon max. 0.08%, preferred 0.04%; calcium max. 0.12%, preferred
.12%: sodium max 0.12%; sulfur max. 2.0% preferred 1.0%. As will be apparent to those
skilled in the art these levels are necessary since impurities. such as metallic elements, form
alloys making it difficult to control the aluminum composition. Since coal, such as
bituminous coal, for example, in the unpurified form can have an ash impurity content,
including high levels of alumina, silica and iron oxide, in the neighborhood of 12%, the
difficulty of meeting these stringent requirements can be readily appreciated.

Campbell et al disclose in their article that their most effective leaching reagent is a
mixture of hydrochloric and hydrofluoric acid. They also indicate that the mineral content
of lower rank coals, e.g., lignite, is reduced slightly more using a cuastic leaching stage in
addition to this acid mixture. Also, they indicated that the use of nitric acid provided
slightly lower final ash content than this acid mixture (hydrochloric/hydrofluoric) but that
nitric was considered undesirable because of its destructive action on the coking property of
coal. With respect to the impurity levels referred to above, the Campbell e al article
discloses that only two of the coals leached with the hydrochloric/hydrofluoric acid
combination met the maximum impurity levels even when the starting ash content was not
greater than 2.3%. None of the coals leached using their hydrochloric/hydrofluoric mixture
met all of the preferred impurity levels.

Another example of coal leaching is disclosed in Murphy ez al United States Patent
3,393,978 which teaches that ash-forming impurities in carbonaceous materials such as coal
can be removed by treating such carbonaceous material with a solution of a water soluble
inorganic acid, e.g., HNO3, HF or HC1, and forming water soluble salts of the impurities.

* However, their example shows that coal char so treated had its ash content reduced from

11.2% to only 10%. A caustic treatment prior to the acid treatment resulted in the ash
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being further reduced.

Also, in the prior art, Reggel e al in an article entitled “Preparation of Ash-Free,
Pyrite-Free Coal by Mild Chemical Treatments”, ACS, Division of Fuel Preprints, Volume
17(1), 1972, disclose that the ash content of coal can be reduced to a low level in a two-step
process which includes subjecting the coal to a caustic digest followed by an acid treatment.
Campbell and Murphy, referred to hereinabove, also suggest that it is necessary to use two
ftepf (caustic leach pripr to the acid treatment) to lower the impurities to an acceptable
evel.

Quite surprisingly, there has now been discovered a highly economical one-step leaching
method for purifying high impurity coal. In a preferred embodiment, the method employs
the use of a gaseous oxidant in an aqueous solution of nitric and hydrofluoric acid. This
method provides a purified coal with a very low ash, iron and silicon content which is highly
suitable for use in carbon electrodes.

Advantages of concern in this invention are to provide an economical method for
purifying coal, and to provide an economical method for purifying coal char.

These and other advantages will become apparent from the description, drawing and
claims appended hereto.

According to the invention there is provided a method of removing impurities from coal,
which may have been calcined or carbonized, comprising:

(a) providing an aqueous leaching solution containing at least one oxidizing agent
consisting of HNO;, H,O, or Fe;(SO,), and 0.5 to 10 wt. % hydrofluoric acid or 0.5 to 15
wt. % hydrofluoric acid when said oxidizing agent is H,O, or HNO;z and H,0,, the
remainder being essentially water;

(b) contacting said coal with said solution to form a slurry having a solution to coal ratio
by volume of solution in milliliters to weight of dry coal in grams, in the range of 5:1 to 20:1,
said contacting time being for a period in the range of 15 to 120 minutes at a temperature in
the range of 20 to 100°C;

(c) mixing said slurry with use of a gaseous medium;

(d) separating said coal from said solution; and

(e) washing said coal with water to provide purified coal.

A particular embodiment is a process for providing high purity coal which comprises
forming an aqueous leaching solution containing nitric and hydrofluoric acid, contacting
impure coal with this solution to form a slurry, and during the contacting, bubbling a
gaseous oxidant therethrough to enhance leaching and to provide mixing action within the
slurry. Thereafter, the acid is removed and the coal washed with water.

In"the description below, reference is made to the sole figure of the accompanying
drawing which is a flow chart illustrating a method of purifying coal in accordance with the
present invention.

In the drawing there is provided a schematic of a method for providing purified coal
suitable for use in carbon electrodes. In its broadest aspects, coal containing impurities to
be removed is contacted with an aqueous leaching solution containing hydrofluoric acid and
at least one oxidizing agent consisting of HNO;, H,0O, or Fe;(SO,); to form a slurry. A
gaseous oxidant such as air or oxygen can be bubbled through the slurry to provide mixing
of the slurry and to provide additional oxidizing material. After a suitable contacting period
the solution is removed and the coal is washed with water. Preferably, the coal, prior to
subjection to the chemical treatment step. is subjected to initial beneficiation or mechanical
separation such as by a flotation process or magnetic separation such as is well known to
those skilled in the art to reduce the impurities in the coal down to about 5% ash content.

A source of coal suitable for use in the present invention is anthracite, bituminous, lignite
or brown coal. Such coal, even with a high impurity level, e.g., 12% ash, offers no problems
in the process of the present invention. The impurities of such coal can be lowered well
below the level specified hereinabove for use in electrodes. Preferably, such coal to be
treated in accordance with this invention has a particle size not greater than 8 mesh (Tyler
Series), more preferably, the size is not greater than 14 mesh (Tyler Series) and most
preferably, not greater than 48 mesh (Tyler Series).

The aqueous leaching solution preferably contains nitric and hydrofluoric acid. The
solution can contain 2 to 25 wt. % nitric acid with a preferred amount being 6 to 20 wt. %.
The amount of hydrofluoric acid in the solution is 0.5 to 10 wt. % with 2 to 7 wt. % being
preferred. With these amounts of hydrofluoric acid, the solution can contain 2 to 25 wt. %
ferric sulfate [Fe,(SO,)s} instead of the nitric acid.

In a variation of the leaching solution, hydrogen peroxide can be used instead of the nitric
acid or it can be used in addition to the nitric acid. When hydrogen peroxide is used instead
of nitric acid, the aqueous solution can contain 1.0 to 25.0 wt. % H,0» and 0.5 to 15.0 wt.
% HF, the remainder essentially water. Preferably, the concentration of H,O, is 10.0 to
20.0 wt. % and HF is 3.0 to 8.0 wt. %. When the solution contains HNO3, H,O, and HF,
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the HNO, concentration can be in the range of 1.0 to 25.0 wt. %, H,0, 1.0 to 25.0 wt. %
and HF 0.5 to 15.0 wt. %), the remainder water. Preferably, the HNO; is in a range of 4.0 to
18.0 wt. %, H,0, 8.0 to 18.0 wt. % and HF 2.0 to 8.0 wt. %.

In the practice of the present invention, the ratio of volume of leaching solution in
milliliters to the weight of dry coal in grams is from 5:1 to 20:1. Preferably, this ratio should
be in the range of 10:1 to 15:1 in order to have efficient leaching of impurities;

With respect to time and temperature of contacting the coal with the solution, the time
ranges from 15 to 120 minutes in a temperature range of 20 to 100°C. Preferably, the
gntactingcpriod is in a range of 45 to 90 minutes at a preferred temperature in the range of

to 95°C. '

Within the above concentration, time, temperature and ratio boundaries for contacting
the coal with leaching solution , there are processing features which can be important in
order to provide a high purity carbonaceous material. For example, it is necessary to
provide mixing action to aid the leaching of impurities from the coal. The mixing action is
ﬁrovided by means of a gaseous medium. While the nitric-hydrofluoric solution can leach

igh impurity coal (12%) to a purity level well below that required for electrodes, for
example, it has been found that leaching of impurities can be facilitated by use of a gaseous
oxidant material in addition to the nitric acid. Thus, it has been found that reduction of the
impurity level can be greatly enhanced by bubbling a source of oxygen through the slurry of
leaching solution and coal to provide additional oxidant and also to provide mixing or
blending of the slurry. A highly suitable source of additional oxidant material is air,
however, oxygen gas has a highly beneficial effect also. With respect to the mixing aspect,
inert gases such as N can have a beneficial effect but as will be seen hereinafter, they are
not as effective as air or oxygen or other gaseous oxidant. In addition to these gases,
vaporized liquids, such as steam can be useful. Such steam can be that autogenously
produced during leaching.

After these treatments, the coal is separated from the leaching solution by filtering, for
example, and then subjected to a water wash. In view of the limitation on iron and silicon
and also calcium and the like as noted hereinabove. preferably the wash water is
substantially free of these materials. Thus, it can be beneficial to wash with deionized
water. Also, distilled or demineralized water can be suitable. Normally, room temperature
water can be used; however, water at temperatures higher than room can be more
advantageous although the temperature, in most cases, need not be greater than 100°C.

To remove volatile matter, the leached coal is normally calcined at a temperature in the
range of 500 to 1300°C for a period of 1/2 to 20 hours. Normally, for electrode applications,
for example, cleaned or purified coal should be carbonized at a rate slow enough to provide
dense carbon particles. Fast heating rates may promote the expansion of the coal particles
making an undesirable product having lower density than that normally desirable for
electrodes.

While it has been indicated that the coal can be subjected to the purification process of
the present invention prior to carbonizing or calcining as mentioned, it is within the purview
of this invention to purify a coal which has been calcined or carbonized first. That is, the
purification system of the present invention is suitable for removing impurities from coal
which has been calcined or carbonized, as noted hereinabove for example, to remove
volatile matter. The degree of calcining or carbonizing prior to purification by the present
invention can be controlled depending largly on the amount of volatile matter to be
removed. Thus, while in certain cases it may be desirable to only partially calcine or
carbonise the coal prior to purification, it may be completely calcined or carbonized to
provide a char or coke product.

In providing electrodes for an aluminum producing cell, the purified calcined coal
product may be combined with a suitable binder such as pitch, which thereafter may be
heated in a mold to the desired configuration. In a preferred embodiment, the purified
product of the present invention can be blended with a source of carbonaceous material
having a particle size greater than that of the purified product. For example, if the purified
product has a particle size not greater than 14 mesh (Tyler Series) then the carbonaceous
material should have a particle size larger than 14 mesh and preferably. the particle size of
such carbonaceous material is greater than 48 mesh (Tyler Series).

A suitable blend of materials for electrode use can have 25 to 45 wt. % carbonaceous
material, e.g., petroleum coke, and 55 to 75 wt. % purified calcined coal of the invention.
This blend can be made into electrodes by forming a mix of the blend and pitch wherein the
mix contains 10 to 30 wt. % pitch. The electrode can be formed by heating the mix in a
suitable mold and thereafter conditioned for use by heating in a ring furnace, for example.

The following Examples are still further illustrative of the invention.
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Example 1

A sample of Indiana No. 6 coal, previously beneficiated to an impurity level measured by
an ash content of about 4.3%, was ground to -48 mesh (Tyler Series) and leached for 60
minutes in a solution at 80°C. containing 18 wt. % nitric acid and 7 wt. % hydrofluoric acid,
the remainder deionized water. The ratio of solution in milliliters to dry coal in grams was
15:1. During the leaching period, air was bubbled through the slurry. Thereafter, the
leached coal was filtered, washed with room temperature deionized water and dried. The
resultant purified coal was analyzed for mineral content and found to have 0.012 wt. %
iron, 0.002 wt. % silicon, 0.018 wt. % calcium and 0.01 wt. % sodium. In addition, the
3luminum content was reduced to 0.013 wt. %. The ash content of the coal was found to be

17 wt. %.

Example 2

A sample of Indiana No. 6 coal was previously beneficiated to an impurity level of 2.6 wt.
% ash and then treated as in Example 1 except the leaching solution contained 18 wt. %
hydrogen peroxide and 6 wt. % hydrofluoric acid, the remainder deionized water. The
resultant purified coal was analyzed for mineral content and found to have 0.017 wt. % iron
and 0.004 wt. % silicon. The ash content of the coal was found to be 0.22 wt. %.

Example 3

Four samples of Indiana No. 6 coal, previously beneficiated to an impurity level of 2.6 wt.
% ash and ground to a -48 mesh (Tyler Series), were leached for 45 minutes in a solution at
55°C. containing 18 wt. % hydrogen peroxide and 6 wt. % hydrofluoric acid, the remainder
deionized water. The ratio of leaching solution in milliliters to coal in grams was 15:1.
During the leaching, oxygen was bubbled through a first sample, air through the second and
nitrogen through the third. No gases were bubbled through the fourth sample. Thereafter,
the leached coal samples were filtered, washed in room temperature deionized water and
dried. Analysis of the resultant purified coal from these tests for ash, iron and silicon was as
tabulated below.

Ash Iron Silicon
Gas (wt. %) (wt. %) wt. %)
Oxygen 0.31 0.027 0.019
Air 0.32 0.034 0.034
Nitrogen 0.47 0.055 0.034
None 0.51 0.057 0.042

While the results of the tests have been shown mostly with respect to the level of ash, iron
and silicon, it should be understood that the level of other impurities, such as sulfur,
calcium, sodium, magnesium, titanium and aluminum are effectively reduced to permit
wide use of the purified product.

From these tests it can be seen that one of the most effective leaching solutions contains
the combination of nitric and hydrofluoric acid. Also, it can be seen that hydrogen peroxide
and hydrofluoric acid provide efficient leaching of impurities and that mixing with oxygen,
air and nitrogen is effective in further lowering the impurity levels.

While the invention has been described with reference to providing purified coal or
carbonaceous material suitable for use in the production of aluminum, for example, as
anodes, it should be understood that the application of such coal is not necessarily limited
thereto. For example, purified coal of the invention can find use in the electric arc furnace
electrodes for the production of steel. Also. because of the high level of purity obtained,
purified coal of the present invention can be used for most applications where petroleum

derived coke, carbon and graphite are normally used. Other uses will be apparent to those -

skilled in the art.

WHAT WE CLAIM IS:-

1. A method of removing impurities from coal, which may have been calcined or
carbonized, comprising:

(a) providing an aqueous leaching solution containing at least one oxidizing agent
consisting of HNO3, H,q, or Fe;(SO,)s, and 0.5 to 10 wt. % hydrofluoric acid or 0.5 to 15
wt. % hydroftuoric acid when said oxidizing agent is H,O, or HNO; and H,O,. the
remainder being essentially water;

(b) contacting said coal with said solution to form a slurry having a solution to coal ratio
by volume of solution in milliliters to weight of dry coal in grams, in the range of 5:1 to 20:1,
said contacting time being for a period in the range of 15 to 120 minutes at a temperature in
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¢) mixing said slurry with use of a gaseous medium;
d; separating said coal from said solution; and
e) washing said coal with water to provide purified coal.

2. A method according to claim 1, wherein said oxidizing agents are nitric acid and
hydrogen peroxide.

3. A method according to claim 1, wherein said oxidizing agent is nitric acid.

4. A method according to claim 3, wherein said solution contains 6 to 20 wt. % of nitric
acid and 2 to 7 wt. % hydrofluoric acid.

5. A method according to claim 1, wherein said oxidizing agent is hydrogen peroxide.

6. A method according to any one of the preceding claims, wherein said gaseous
medium consists of air, oxygen or nitrogen.

7. A method according to claim 6, wherein said gaseous mixing medium is air.

8. A method according to any one of the preceding claims, wherein said contacting is
for a period in the range of 45 to 90 minutes.

9. A method according to any one of the preceding claims, wherein the ratio is in the
range of 10:1 to 15:1.

10. A method according to any one of the preceding claims, wherein said washing of
said coal is performed with demineralized water.

11. A method according to any one of the preceding claims, wherein said coal to be
contac)ted with said leaching solution has a particle size not greater than 14 mesh (Tyler
Series).

12. A method according to any one of the preceding claims, wherein said coal is
calcined prior to said contacting.

13. A method according to claim 1 of removing impurities from coal, substantially as
hereinbefore described with reference to the Examples.

14. A method of forming carbon electrodes from coal purified by the method according
to any one of the preceding claims, which comprises calcining said purified coal to remove
volatile matter therefrom, blending said calcined coal with a carbonaceous material having
a particle size larger than said coal, mixing said blend of calcined coal and carbonaceous
material with pitch to provide a mix, and shaping said mix to an electrode configuration by
heating in a mold.

15. A method according to claim 14, wherein said blend contains 25 to 45 wt. %
carbonaceous material and 55 to 75 wt. % purified coal.

16. A method according to claim 15, wherein said carbonaceous material is petroleum
coke.

17. A method according to any one of claims 14 to 16, wherein said mix contains 10 to
30 wt. % pitch.

18. A method according to any one of claims 14 to 17, wherein the purified coal is
calcined at a temperature of 500 to 1300°C. for a period of 1/2 to 20 hours.

19. Purified coal, whenever produced by the method according to any one of claims 1 to
13.

20. A carbon electrode, whenever produced by the method according to any one of
claims 14 to 18.

LANGNER PARRY,
Chartered Patent Agents,
59/62 High Holborn,
London WC1V 6EJ.
Agent for the Applicants.

Printed for Her Majesty's Stationery Office, by Croydon Printing Company Limited, Croydon, Surrey, 1980.
Published by The Patent Office. 25 Southampton Buildings, London, WC2A 1AY,from
which copies may be obtained.
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This drawing Is a reproduction of
1 SHEET the Original on a reduced scale
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