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Coal Workshop Held in April

“NortivaTine ror GREATER Erriciexcy” was
the theme of a workshop for the upper man-
agement levels of the coal industry sponsored
by The Pennsylvania State University and
held March 30 through April 4 at the White
Sulphur Springs Hotel at Mann’s Choice,
Pennsylvania, ncar Bedford. The workshop,
the second annual one to be held for coal
industry management exccutives, was coordi-
nated by R. B. Hewes, professor of Mineral
Industries Extension, and O. . Tribble of
Penn State.

Petroleum Short Course Planned

A SHORT COURSE in petroleum reservoir engi-
neering will be held on the campus May 26
through June 13.

The first part of the course will deal with
the properties of reservoir fluids, porous med-
ia, and fluid flow. This material will serve
as a refresher for practicing petroleum engi-
neers and will provide the necessary back-
ground for those new to the field.

The larger portion of the three-week course
will deal with the actual computations in-
volved in the handling of reservoir problems,
with cmphasis on an understanding of the
methods and their applicability and limita-
tions.

PENNSYLVANIA SILICA BRICK

silica brick roof life. The cost of silica refrac-
tories in steel production is approximately
$2.00 per ton of steel. The useful maximum
temperature of such refractories (3060°F;
1682°C) is within 10-90°F (6-50°C) of their
nmelting  temperature and places an upper
limit on the temperature of the steel-making
process which requires a 2820-2910°F (1549-
1599°C) minimum tapping temperature.” The
cconomic requirements of the steel industry
favor higher temperatures and more vigorous
furnace usage, and consequently there is a
need for stronger, more refractory bricks
which will give a longer roof life. The accom-
panying photograph illustrates a silica brick
failure in a small electric arc furnace showing
that enough spalling and melting has occurred
to contaminate the melt.

Among the factors which determine roof
lite of the brick is the alumina content. Al-
though pure silica melts at 3135°F (1723°C),
the temperature of partial melting drops rap-
idly with even small additions of alumina,
titania, and the alkalies, which in turn makes
roof failure more likely. Conventional silica
brick containing 0.5 per cent Al,Oy fails
under a 25 pound per square inch load at
2975-3025°F (1638-1663°C), while super-
duty brick with 0.3 per cent AlL,O, will with-
stand this load at temperatures to 3060-
3080°F (1682-1693°C). The use of brick
with these strength-temperature character-
istics reduces the cost per product ton of steel;
silica brick specifications, therefore, have
been changed from 1.0 per cent maximum
alumina to less than 0.3 per cent for super-
duty brick.

The Pennsylvania silica brick industry is
represented by a dozen small plants located
near huge deposits of Tuscarora (Medina)
or Chickies quartzite. These large quartzite
deposits have barely been opened so that
very large reserves exist. More recently, areas
of the Oriskany conglomerate containing sil-
ica pebbles of low alumina content have been
cmployed. The pebbles in the Oriskany are
expected to provide brick raw materials for
at least forty years.

The Tuscarora sandstone contains from 0.5
to 5.0 per cent ALO, and the following
analysis is typical;®

INDUSTRY

(Continued from page 1)

The prepared Oriskany pebbles contain about
99 per cent silica, 0.2 per cent alumina, 0.2
per cent iron oxide, and trace amounts of
alkalies, calcia, magnesia, and titania.

The industry has sought to meet the more
stringent requirements in alumina content by
several steps: 1) crushing and grinding have
been augmented by simple washing processes
to reduce liberated surface impurities, thus
providing a raw material near the 1.0 per cent
alumina level; 2) blending of local stone with
transported higher-grade ganister from other
Pennsylvania quarries and pebble deposits or
with high-grade pebbles from Ohio, to yield
a product meeting specifications; and, finally
the current practice, 3) importing all plant
raw materials of high purity. These adjust-
ments increase costs and tend to force Penn-
sylvania plants to relocate in other states. At
least one new plant has already been con-
structed out of state because of this problem.
As a further result, Pennsylvania ganister
quarry operations at Tipton, Port Matilda,
Julian, Mount Union, and Womelsdorf are
now idle. The labor force, although not large,
represents an important economic factor in
a number of Pennsylvania communities.

The increased market for low alumina
silica brick has not yet caused a depletion
of high-quality materials country-wide, but
maintaining a supply of suitable raw mater-
ials within the Commonwealth necessitates
the application of inineral beneficiation pro-
cesses to the problem of reducing the alum-
ina content of local reserves. If Pennsylvania
silica brick makers must import pebbles from
Ohio, the costs of such pebbles are high
enough to offer some encouragement that
mineral beneficiation of local high-silica raw
materials may be cheaper and at least as sat-
isfactory. The cost of purchase and trans-
port of Ohio pebbles to Pennsylvania plants
is $8.71 per ton from Eastern Ohio to Cen-
tral Pennsylvania. The fraction of this amount,
then, chargeable as freight for pebbles from
Ohio to the Pennsylvania plant is the amount
the Pennsylvania silica brick manufacturer
can spend on beneficiation of his local raw
materials.  Although the tonnage used in
making silica brick is large, processes mnot
applicable to massive quantities may be con-
sidered because of the low value applied to

Si0,, 95.67% the original stone.

Fe,O, 0.59 Since, as has been shown, alumina con-

Al,O, 0.92 tent exerts a profound control on service life,

CaO 2.24 it is fortunate that techniques can be de-

MgO 0.27 veloped which will permit a considerable

TABLE 1|
Ganister Production*®
UNITED STATES PENNSYLVANIA
% OF NET VALUE

YEAR ToNs Tons Torar U. S. ($/Ton)
1916 859,956 675,424 79 0.61
1920 1,095,390 761,750 70 1.48
1925 756,630 579,950 77 1.21
1930 718,370 483,160 67 1.24
1935 525,000 318,140 61 1.26
1941 1,236,370 697,520 56 1.75
1945 1,480,740 1,024,030 G9 1.82
1950 1,102,280 607,030 53 3.96
1951 1,223,299 723,102 58 4.78
1952 e 676,885 4.72
1953 1,152,912 588,583 51 5.91
1954 496,848 4.53

#U. S. Bureau of Mines Mincrals Yearbooks
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Chemical Beneficiation
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cleaning. At present there are about 15 coal
flotation plants in operation in this country.
The extent to which flotation is used to clean
coal, however, is quite small; less than 1%
of the total coal being prepared is cleaned
hy flotation.

LeacHiNGg ®*?

Leaching operations are probably as old
as the first wet chemical procedures. Leach-
ing reagents can be acids, bases, or salts.
These reagents are pulped with the finely
ground ore, after which the insoluble material
is removed from the solution and discarded
by thickeners or cyclones. The pregnant solu-
tion, or leach solution containing the ionized
constituents, is then subjected to one of three
procedures: (1) direct chemical precipitation
using standard reagents, (2) removal of the
desired ions by solvent extraction methods,
or (3) removal of the desired ions by ion
exchange resins.

The use of direct chemical precipitation
methods is rapidly becoming obsolete. The
principal failing in this method is that the
precipitating reagents are usually unselective,
and the resulting precipitate must undergo
costly and often complicated purification steps.
In this type of leaching large cylindrical pre-
cipitating thickeners are used in which the
pregnant solution is mixed with a suitable re-
agent. The resulting precipitate is moved by
nicchanical rakes to the center of the thick-
ener, from which it is discharged by dia-
phragm pumps. The solid-fluid separation is
then achieved in a filter press. At present
this type of leaching is being used to bene-
ficiate copper ores. The leach solutions are
cither sulfuric acid or acid mine water.

Solvent extraction methods involve the use
of certain organic liquids into which the preg-
nant solution is introduced. By thoroughly
mixing the pregnant solution with the sol-
vent, the desired valuable ions report with
the organic phase. These organic liquids are
generally soluble in carriers such as kerosene
and, after mixing with the aqueous solution,
form on top of the barren leach solution.
Next, a liquid-liquid separation is made in
which the immiscible organic phase is de-
canted from the barren solution. The immis-
¢ible organic liquid containing the valuable
constituent is then stripped, or freed, from
the valuable constituents by one of the fol-
lowing methods: (1) evaporation, (2) change
of pH, or (3) chemical solutions. The method
in use industrially involves chemical solu-
tions in which the loaded organic liquid comes
in contact with an aqueous solution that re-
moves the desired component from the or-
ganic phase. This step serves a dual purpose.
It yiclds an aqueous solution containing the
valued constituents and rejuvenates the sol-
vent for re-use. The whole process of solvent
extraction is one of transferring valued con-
stituents from a pregnant leach solution to a
solvent, separating the solvent from the leach
solution by mechanical methods, and finally
transferring the valuable materials from the
solvent to a stripping solution.

Today, solvent extraction processes provide
about 8% of the uranium produced in this
country. Plants are in operation successfully
separating hafnium, zirconium, tantalum, and
columbium, and recently much attention has
been given to improving the recovery of nickel
and cobalt from ammonia leaching of the
Cuban laterites.

Industrially, solvent extraction does not ap-
pear to be as cheap as columnar ion exchange
for low-grade ores because of solvent losses;
however, it becomes competitive when high-
grade ores are used. Other disadvantages are
the fire hazard, emulsion formation, solvent
poisoning, and mechanical leakagc.

Ton exchange resins are the principal means
of beneficiating uranium ores. This method
accounts for about 61% of the uranium pro-
duced in this country. Ion exchange resins
arc insoluble, solid, hydrocarbon polymers
that appear to have an inexhaustible service
life. The life of a resin may be expected to
be from 20 to 50 years, and about the only
factor likely to modify this figure is physical
degradation. The functioning of the ion ex-
change column is relatively simple. The resins
are placed in a vertical cylinder or column,
and the pregnant uranium-bearing leach solu-
tion in relatively large volume is passed
througli the resin. The resin absorbs the
uranium until saturated, at which time the
flow of pregnant solution is discontinued.
The resins are then washed and exposed to a
small volume of “cluant” solution. This frees
the uranium from the resins, after which the
resins are prepared for another cycle of oper-
ation. For continuous operation, a number
of columns are used—some on stream and
some under rejuvenation. Perhaps the only
disadvantages of ion exchange columns are
the lack of continuity and the requirement
that clear liquors be used, necessitating high
investments in filters and clarifying equipment.

Leaching processes are also conducted using
gases in moving bed reactors. Chlorine gas
passed through a bed of dry finely ground
particles, resulting in the formation of volatile
metal chlorides, is of considerable current
interest. Chlorination techniques are now used
in the well-known Kroll process for the pro-
duction of titanium and zirconium. The chlori-
nation process may be applicable also to the
production of cblorides of many other re-
active elements such as tungsten, molybde-
num, vanadium, columbium, and silicon.

After purification, chlorides may be re-
duced by reaction with sodium or magnesium
to produce pure metals free from oxygen or
nitrogen.

With the exception of iron chloride, leach
chlorides are usually distilled from the ore
rather than being leached with water. This
is neccssary because chlorides of the more
reactive metals are hydrolized in the presence
of water to form insoluble oxides.

FLroccurATION®

Another chemical beneficiation process de-
pendent upon surface chemical reactions is
flocculation. In this process a chemical re-
agent is added to a pulp containing very
finely ground particles, and the reagent makes
it possible for the particles to get together
to form a floc. This is very beneficial in the
removal or the separation of particles from
suspension in water and makes it possible to
thicken the pulp before filtration. In certain
cascs when different minerals are present in
the samc pulp, it is possible to add a partic-
ular reagent which will selectively floc a given
mineral and thus cause it to drop or to be
removed from the suspension, thereby separat-
ing it from the other minerals.

Flocculation is generally accomplished by
the addition of an electrolyte. In dealing with
negatively charged particles, the cation or
positive portion of the electrolyte is the more
important, and, conversely, in dealing with

positively charged particles, the anion is the
more important.

It has been known for a great many years
that trivalent cations arc more effective floc-
culating agents than divalents which in turn
are more effective than monovalents. Recent-
ly, however, complex polyelectrolytes made by
the polymerization of organic products have
been investigated for this purpose, proved to
be technically sound, and in some cases
economically feasible.

One of the major flocculating problems in
this country is in the Florida phosphate min-
ing area. After removal of the overburden
sand by dragline, the phosphate rock is mined
by high-pressure hydraulic sluicing, and the
resulting pulp is pumped into the preparation
plant for processing. About one third of this
material is smaller than 200 mesh or 74 mi-
crons, and in this fine stage it cannot be proc-
cssed, filtered, or flocculated. To dispose of
this material, it is pumped to a settling pond,
but even then much of the material refuses
to settle out of suspension. Many diffcrent
flocculating agents have been used, but to
date none have been found that could be
considered entirely satisfactory.

MisceLLaNEOUS CHEMICAL PROCESSES™ "

Two processes worth mentioning involve
the beneficiation of gold ores and have been
in use for many years—cyanidation and amal-
gamation. Gold does not tarnish at ordinary
temperatures, nor is it soluble in sulfuric, ni-
tric, or hydrochloric acids. It does dissolve
in aqua regia, in some chlorine and bromine
compounds, and in mercury with which it
unites to form an amalgam. However, the
main chemical property of commercial inter-
est is the solubility of gold in dilute cyanide
solutions. The basis of the cyanide process is
that weak solutions of sodium or potassium
cyanide have a preferential dissolving action
on small particles of metallic gold and silver
over other minerals usually found in gold
ores.

Elmers’ equation is generally accepted as
expressing the action of gold in dilute cyanide
solutions:
4Au+-8KCN+0O,+2H,0———>

4KAu(CN),+4KOII

Thus, when fresh surfaces of gold are ex-
posed to the action of cyanide in an aqueous
solution containing free oxygen, a gold cyan-
ide compound will be formed together with
a hydroxide. Temperature of the reaction is
an important factor, and frequently solutions
are heated to about 70°F. Below this tempera-
ture incomplete recovery may result, while
at much higher temperatures loss of cyanide
by decomposition becomes a serious factor.

After the solution has been clarified im-
mediately preceding precipitation, it is ncces-
sary to remove the dissolved oxygen from the
solution by a deaeration process. The gold
is then removed from the solution by precipi-
tation with zinc dust according to the follow-
ing reaction:
2KAu(CN),+4KCN+-2H,04-2Zn ——>

2K,Zn(CN ) ;4 2KOH-Hy-+ 2Au° |
A\

Amalgamation is a process for separating
liberated metallic gold or silver from an ore
by use of mercury. In this method the ore
is ground to liberation and pulped in water.
The pulp is then permitted to flow across
a film of mercury which is anchored to a
metallic surface. The separation is made when
the gold or silver is wetted by the mercury

(Continued on page 8)









