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From Rock to Metal

GYRATORY CRUSHER
Diesel-electric

trucks are loaded
with copper ore from
the mine's benches

Crushers break
large chunks of ore
into sizes as small as
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e At the smelter. the

The finely ground ore is agitated in WOROALLIML J concentrates are blended
a water and chemical solution and with silica (sand) and dried
pumped as a slurry to the flotation cells in fluid bed drvers before
The solution is then aerated causing a being blown into the flash
froth which carries the copper minerals, !umécv with oxygen
but not the waste rock. The froth is i
skimmed off and filtered to remove the
copper concentrates. The concentrates
are shipped to the Hayden smelter

CONGENTRATE FILTER
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OXYGEN FLASH FURNACE
The concentrates ignite and melt in
the flash furnace producing “matte,"
containing approximately 55 percent
copper, and slag, containing iron and
other impurities. Sulfur is oxidized to

Rod and ball mills in concentrator building. Sulfur dioxide gas.
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Producing Copper
from Oxide Ores

N P e A s Oxide ore is leached to dissolve the copper. Then solvent ’
extraction/electrowinning technology is employed to produce

copper cathodes directly from the leach solution. This method is |
employed at Asarco’s Ray mine.

ELECTROWINNING PLANT

Blister copper is poured from the converter furnace.

=
ANODE CASTING WHEEL
ANODE FURNACE After additional treatment in an
anode furnace, the copper is cast into
750-Ib. anodes and shipped to Asarco’s In the electrolytic s
T Amarillo Copper Refinery in Texas refinery, anodes are sus- CATHODES
Anode copper is about 99.0 percent pended in tanks containing
pure sulfuric acid and copper sulfate
% An electrical current is passed through
the anodes and chemical solution, pro
In a converter furnace more iron ducing cathodes of 99.9 percent pure
and sulfur is removed, producing blister copper. Other impurities (including gold
copper which is about 98.5 percent and silver) settle on the bottom of the tank
copper as sludge



Blasting is necessary to loosen the rock »
and ore.




ission Complex

Mission Complex
includes (from left to
right) the Pima,
Mission, Eisenhower
and San Xavier South
mines, which com-
prise the large open
pit. Not visible is the
San Xavier North pit. »

he Mission Complex is
composed of five open-pit copper
properties. Of these, Mission,
Eisenhower, Pima, and San Xavier
South began as separate mines
but now form one giant pit

The pits are laid out in 40-foot
high "benches” which allow for
seleclive mining and easy
transporting of ore

The ore is fragmented by
blasting and loaded by electric
shovels into 170-ton haulage trucks

which transport the ore to the
Mission mill

At the mill, primary, secondary
and tertiary crushers reduce the
ore from rocks of up to five feet in
size to less than an inch. The ore
1S then combined with water and
ground to the consistency of
powder by a series of rod and
ball mills. The resulting slurry is
transferred to flotation cells where
t i1s combined with biodegradable
additives and aerated. The

additives coat the copper minerals
causing them to cling to the air

bubbles and float to the top where
they are skimmed off. Waste
particles sink to the bottom and
are discaraed

The collected froth is filtered to
remove the copper concentrate
which at this point contains 30
percent copper. The concentrate
is shipped to a smelter. Seventy
percent of the water used in the
process is recycled and reclaimed




he Ray Unit consists of an
open-pit mine containing both
copper sulfide and copper oxide
ores, a mill to produce concen-
trates from the sulfide ores, and a
leaching and solvent extraction
electrowinning plant to produce
refined copper cathodes from both
the oxide ore and low-grade
sulfide/oxide ore dumps. The
sulfide ore mined at Ray is

processed in the same manner
as at the Mission Complex.

The Ray Unit also includes a
modern copper smelter capable of
processing 400,000 tons per year
of copper concentrates, but which
is on standby. Ray concentrates
are smelted at Asarco's nearby
Hayden Plant.

The technology of producing
copper by leaching of ore with
dilute sulfuric acid and precipitat-
ing out the dissolved copper by

galvanic action on scrap cans has
existed for many years. This
method has been used on oxide
ore at Asarco's Silver Bell mine
since 1960. The precipitate is sent
to a smelter

In recent years, however, a
superior method of recovering the
copper from the leaching solution
has been perfected called solvent
extraction. In this method, the
dilute acid copper solution from
the leaching operation is agitated

<4 The entire Ray mine facility is visible in this aerial

including the heap leaching field (1), solution storage
area (2), solvent extraction unit (3), electrowinning plant
(4), sulfide leaching area (5), mine administration and
shop buildings (6), and the open pit (7), also shown in
inset. The pit and dumps occupy an area 3 miles by

1'2 miles wide and the pit is 1,000 feet deep.

A front-end loader with a 17-cubic-yard bucket loads
¥ ore from stockpiles into a 170-ton truck.




vigorously with a solvent contain-
ing chemical additives which
attract copper ions. Since the
solvent, like oil, i1s lighter than water
and does not mix with water, it rises
to the top carrying the copper with
it and is skimmed off. The solvent is
then agitated with a relatively
strong acid solution which releases
the copper from the solvent

The resulting strong acid
copper solution is then transferred
to electrowinning tanks where the
copper is plated out on cathodes
just as in electrolytic refining. Thus
the solvent extraction/electrowin-
ning process (SX/EW) produces
copper cathodes ready for sale
without any milling, concentrating

smelting and refining of the ore.

In 1987, the SX/EW plant at the
Ray mine was modified to increase
its capacity by one-third to 40,000
tons per year of electrowon
cathodes. Solutions from the
leaching of both newly mined
oxide ore and low-grade ore
dumps can now be processed
by the SX/EW plant. Previously
the dump solutions had been
processed at a precipitation plant

A Sprinklers spray solution onto oxide ore in the heap leaching

process.

Copper cathodes are produced in Ray's electrowinning plant and

¥ shipped directly to the consumer.

IN SITU MINING

Elsewhere in Arizona, Asarco,
in conjunction with the U.S. Bureau
of Mines, is researching a new
extractive technique called in situ
mining. Dilute acid solutions are
injected into previously undis-
turbed copper oxide deposits to
dissolve the copper. The solution is
then pumped to the surface and
treated to remove the copper. If
successful, in situ mining could
recover copper from numerous
oxide deposits in Arizona which
are not economical to mine by
conventional means
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A Copper in leaching

an oil and reagent

extraction process.

Leaching dissolves

4 mine.

solution is captured by

solution in the solvent

remaining copper from
previously mined low-
grade ore at Silver Bell




< Hayden Plant's 1,000-foot stack
dominates the 200-acre site in this
aerial overview.

750-1b. anodes containing 99.0 percent
copper are cast in molds and cooled for
¥ shipment to the refinery.

A A state-of-the-art oxygen flash smelting
furnace is housed in this 11-story structure.

Plant operations are monitored in the
central computer room. P>




ayden Plant

ince its initial construction

in 1912, the Hayden Plant has been
enlarged and improved repeatedly
A major modernization was com-
pleted in 1983 at a cost of $132
million. Major components of the
project included an oxygen flash
smelting furnace to replace the
roasters and reverberatory
furnaces previously used, an
oxygen plant to produce oxygen
for the new furnace, a second
sulfuric acid plant to recover the
sulfur dioxide produced during
smelting, and a water treatment
plant to recover process water
from the acid plant for reuse. Upon
completion of the project, the
Hayden Plant met all federal and
state regulations governing
emissions of sulfur dioxide and
dust particles, and was once again
able to operate at rated capacity
without the need to curtail opera-
tions for environmental reasons

Copper concentrates arrive at
the smelter by rail and samples are
assayed for metallurgical value
The concentrates are unloaded
and blended with fluxes, then

At Hayden, as well as all other Asarco
properties, numerous health and safety
practices are observed during all phases
of production. »

transferred by conveyor to the fluid
bed dryers where they are dried
and stored before being intro-
duced into the flash furnace

The “flashing” process produces
“matte” which is then transferred to
the converter furnaces where iron
and sulfur are removed, leaving
blister copper which is 98.5
percent pure. The blister copper
then goes to the anode furnaces
for additional treatment. The
resulting anode copper, which is
99.0 percent pure, is cast into 750-
Ib. anodes. These anodes are then
shipped to Asarco’s refinery al
Amarillo, Texas, to be refined into
99.9 percent pure copper.

In the flash furnace and
converter processes, sulfur dioxide
(SO.) is produced. Hayden's acid
plant processes the gas into
sulfuric acid. This co-product of
copper smelting is then sold and
used for numerous applications,
including the production of fertilizer
and the leaching of copper ore.

Other air pollution controls,
including hooding and ventilating
systems, baghouses and electro-
static precipitators (Cottrells),
remove solid dust particles

produced in the smelting process
before emissions are released into
the atmosphere through a 1,000-
foot stack.

A central process control
computer controls flash turnace
feed, acid plant gas flow, oxygen
production, sulfur dioxide
emissions and other processes.

A water treatment plant
recycles water from the acid plant
Approximately 95 percent of the
water received from the acid plant
is recovered and reused

Additional facilities located on
the 200-acre site are: a power-
house, maintenance and repair
shops, a warehouse, an acid
storage and loading facility, a
business office, a safety and
personnel office, employee change
facilities and a medical clinic




Hayden Plant

Oxygen Flash Furnace

he heart of Hayden's state-
of-the-art smelting system is the
oxygen flash furnace. Copper
concentrates from the fluid bed
dryers are fed into the furnace
through four dry-feed storage
units. Oxygen of 95 percent purity
is simultaneously introduced,

Wet Copper
Concentrate

At 6%

FLUID BED DRYER

DRY FEED
STORAGE

causing instantaneous ignition or
“flashing.” A molten rain is
produced and the sulfur in the
concentrates burns in the oxygen
providing heat to keep the process
going. Off-gases are collected and
sent to the acid plant.

Meanwhile, the molten
concentrate in the bottom of the
furnace has separated into two

—  Exhaust

R . .

BAG HOUSE |

layers. The lop layer, “slag”
(composed of iron, silica and
limestone), is tapped off and
discarded. The remaining layer,
matte, containing 55 percent
copper plus iron and sulfur is
lapped into 20-ton matte ladles. It
is then transferred to the convert-
ers for further processing

‘ Wet Copper
Concentrate

FLASH FURNACE

DRY FEED
STORAGE




Revegetation and
reclamation at
Asarco's Silver Bell
mine restored the
area to a state
suitable for
recreational uses. P

rizona is world-famous for
bright blue skies, clean air and
panoramic views. If there was a
way to mine and smelt copper
without disturbing its magnificent
landscape, Asarco would most
certainly do so. Unfortunately, the
earth doesn't give up its treasures
easily. Penetrating the earth’s
surface, separating the copper
from other metallic compounds,
protecling the environment—doing
it all simultaneously is a difficult
task. But it is one Asarco has
undertaken voluntarily from the
very beginning

DUST CONTROL

Dust, even in areas not mined,
IS as normal to Arizona as sand is
to beaches! Automatic sprinkler
systems, water trucks plus a series
of both wet and dry dust collectors
are used at Asarco's open-pit
mines to protect the environment

—

WATER CONSERVATION

‘ Just as too much dust is a
constant concern in Arizona, So is

| too little water! Believing strongly in
the conservation and recycling of

| the Southwest's limited water
resources, Asarco recycles and

| reclaims 70 percent of the water

used in its Arizona mines. The

remainder is lost to evaporation. As

mining progresses deeper into the

pits, ground water appears

providing another source of

process water
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REVEGETATION

AIR AND WATER

Asarco's goal is to revegetate
mining-disturbed areas with
species that will survive and
flourish on natural rainfall. Since no
two mining sites are exactly alike,
no one reclamation system works
for all. There are problems of soils,
climate, plant materials, topog-
raphy and wildlife. At one site,
just as desert grasses and plants
became established, jackrabbits
returned and ate the fresh growth.
Soon, however, coyotes came
back as well! Today, there is a
relative natural balance among
plant life, rabbits and coyotes on
that particular mine site. Results at
other reclaimed mines have been
different, but equally gratifying.

Asarco has invested millions
of dollars in environmental
protection measures. As a result,
Asarco’s mines and its operating
smelter in Arizona are ranked
among the best in the world!

PHOTO LEFT:
Sulfur dioxide is converted into sulfuric
acid in Hayden's new acid plant.

RIGHT TOP:
An Asarco agronomist tests the soilin a
reclaimed area.

RIGHT BOTTOM:
Livestock herds can now take advantage
of Asarco's revegetated areas.










