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Operations at New Cornelia Copper Smelter
Of Phelps Dodge Corporation

by James W. Byrkit

Design features and operating methods at the new Ajo smelter are
described in detail. Successful operation of a novel method of handling
and charging wet concentrates to a deep bath type reverberatory furnace
contribute to the daily production of 200 tons of anodes with good results

from the standpoint of both metallurgy and economy.

"TpHE New Cornelia Branch of the Phelps Dodge
L Corp. is located at Ajo, Ariz. Large scale mining
operations were started at Ajo in 1917, when a 5000
ton leaching plant was put in service to treat the
copper carbonate ore that overlaid the sulphide ore-
body. In 1924 a 5000 ton flotation plant was built to
treat the sulphide ore and the leaching operation

(was abandoned a few years later. Changes in prac-
tice and additions to plant facilities have resulted
in a gradual increase in the milling rate which now
approaches 30,000 tons daily.

Prior to the erection of the Ajo smelter, flotation
concentrate was shipped by rail to Douglas, Ariz.,
where it was treated in the Phelps Dodge smelter.
Construction of a one reverberatory furnace smelter
to produce an average of about 200 tons per day of
copper anodes at Ajo was started early in 1949. Initial
heating of the reverberatory furnace was begun on
June 21, 1950. Charging the furnace was started on

jJuly 8, and the first anodes were cast on July 14.
Neither the anode furnace nor the reverberatory
furnace has cooled since the initial firing. Fig. 1is
a photograph of the new smelter.

Built primarily to eliminate the 300 mile haul of
concentrate to the Douglas plant, the new smelter
was designed to treat the Ajo concentrate, with a
minimum of capital investment. A novel, and rela-
tively simple, method of concentrate handling and
furnace charging made unnecessary the installation
and operation of expensive storage facilities and re-
claiming equipment, and obviated the necessity of
holding in storage large quantities of copper-bearing

[ materials. (Patents are pending in the United States
and abroad on the Ajo process.) In the selection and
arrangement of equipment, consideration was given
to the full utilization of all smelting facilities, re-
ducing the amount of idle equipment to a minimum.
The layout of the smelter is shown in Fig. 2. The
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Fig. 1— The new copper smelter, designed to treat the Ajo concen-
trates, eliminated the shipping of flotation concentrates to the
Phelps Dodge Smelter at Douglas, Ariz.

important problem of internal transportation was
minimized by arranging the reverberatory furnace,
converters, and anode furnace in a compact group
and providing storage bins inside the smelter build-
ing, within reach of overhead cranes, for fluxing
materials and other supplies needed in the daily
operation. This can be seen in the sectional view of
the smelter given in Fig. 3. Incorporated in the de-
sign were many innovations in smelting equipment
intended to facilitate operations and effect economies
in maintenance expense and manpower requirements.
Table I gives operating data of the entire plant.

Metallurgy

The metallurgical practice at Ajo is based essen-
tially upon the use of a single, deep bath rever-
beratory furnace for smelting wet concentrate, with-
out concentrate storage facilities. The large reservoir
of slag and matte maintained in the furnace serves
to equalize, to some extent, the day to day variations
in the nature and grade of concentrate and permits
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utilization of converting and refining facilities to the
ibnesl;i Egldxantage. The smelter flowsheet is presented

Concentrate is taken from flotation plant filters
and transported to the smelter on a conveyor belt.
Fine crushed limestone is added to the concentrate
on the conveyor at a predetermined rate. Ordinarily
no other fluxing material is used on the reverbera-
tory furnace charge, which averages 95 pet concen-
trate. All siliceous fluxing material is charged to con-
verters. The bulk of converter flux is tailing from
the old leaching operation. This tailing is about —%
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iron and insoluble material content, depending upon
the grade and nature of the mill feed. Matte grade
varies with the copper content of the concentrate,
i ranging from 25 to 35 pet, averaging about 30 pet.
; Copper content of matte is usually 7.0 to 8.0 units
higher than that of concentrate. Slags are fairly uni-
form in character and composition, copper content
comme varying with matte grade and to some extent in-
T fluenced by iron carried out in slag.

In the absence of intermediate storage, concentrate
is smelted before analyses are available but lack of
analyses before charging to the furnace has not been
a handicap. Minor adjustments in converter fluxing

,are made on the basis of analyses of concentrate
: and final slag for the previous day. When visual ap-
pearance of the bath indicates the need, small addi-
0 tions of limestone or silica are made directly to the
g furnace. Charging of all siliceous flux to converters
1J causes the formation of high-silica slags, but this
practice has not perceptibly affected converter linings
.and has reduced the amount of magnetite returned
to the furnace. Furthermore, smelting in converters
of practically all silica flux used results in increased
furnace capacity for concentrates, which at Ajo is an

important factor.

Crushing Plant and Flux Storage

The smelter crushing plant was designed to pre-
pare fluxing materials for converters and reverbera-
:tory furnace and to crush reverts and other mate-
rials used in the smelter operation. Coarse materials,
jsuch as barren quartz and custom ores, are received
"in either side or bottom dump railroad cars and are
dumped into a 75-ton capacity bottom discharge
concrete receiving bin. Materials are fed from the
bin by pan feeder and belt conveyor into a 36x48 in.
ly 67 pet silici jaw crusher, the 3-in. product of which is conveyed
i alocal quarrj to a 4x8 ft mechanically vibrated screen. The screen
to maintain i oversize falls into a 4 ft standard cone crusher set
Custom ship- at about !4 in. and remains in closed circuit until
inor portion d reduced to screen undersize. The screen undersize is
are resmeltec transported by conveyor and bucket elevator to
storage bins.

present mainlj  The leached tailing siliceous flux is loaded by
and occasional shovel from the dump, which is about one mile from
/e copper. The the smelter, into railroad cars and is passed through
to day, over athe plant without crushing. The desired blending of
ng changes inconverter flux is accomplished by adding crushed
barren quartz in the correct proportion. Limestone,
received from an outside source as screened product,
likewise requires no crushing. An auxiliary screen is
provided inside the smelter building, over which
barren quartz is passed, the oversize being used for
converter flux, while the 6-mesh undersize is stored

for use as furnace patching material.
Storage bins for both reverberatory and converter
fluxes are so located in the smelter building that
materials may be withdrawn through chutes into

ill utilization of

Table I. Operating Data Total Plant

Actual
Average Production Power
per Mo. Pet. Average Used
Tons Copper M onth Kw-Hr
N.M.B.M.* Input, Salable Per Ton,
Treated N.M.B.M. Copper N.M.B.M.
1950 (6 mos.) 15,810 28.89 8,692,161 .
1951 21,384 25.21 10,541,756 5’.;?.
1952 (6 mos.) 22,822 24.89 11,133,730 11.44

| transportation

one, 15 ton.
return launder.
; slinger. 14—

*New metal-bearing material.

Fig. 4— The processing of the concentrate from the filter plant is
diagrammed in the smelter flowsheet. The only fluxing material
added to the reverberatory charge is limestone; all siliceous flux
is charged to converters.

boats or containers for handling with overhead
cranes.

Reverberatory Furnace

Design and Construction: The design and con-
struction of the reverberatory furnace embodies sev-
eral unusual features. The furnace, 100 ft long and
30 ft wide inside the brick walls, is mounted on a
heavily reinforced monolithic concrete foundation
which rests on a slab of concrete 5 ft thick. The
walls of the foundation are 4y2 ft thick, with foot-
ings 8% ft wide that extend 2 ft below plant floor
level. The top of the foundation is 11 ft above floor
level. The foundation, as well as the furnace itself,
is isolated on all sides, thereby avoiding transmission
of expansion forces to the smelter structure that
surrounds it.

The construction of a 10 ft subbase for the furnace
hearth was accomplished by tamping in 3-in. layers
of crushed diorite rock from the open pit, mixed with
20 pet mill tailings to fill voids. Above the subbase
a 412 ft layer of granular magnetite, a product re-
moved from the tailing of a New Mexico copper con-
centrator by magnetic separation, was tamped to
dense compaction, followed by an 8 in. layer of
material composed of 90 pet crushed magnetite slag
and 10 pet granular magnetite. A 4 in. veneer of fire
clay brick was laid on a corbel inside the foundation
wall, for protection of the upper 30 in. of concrete
against furnace heat.

The details of sidewall and furnace arch brick
work are shown in Fig. 5 The basic crucible was
tamped in 10-ft sections, using a mixture of granular
periclase with minor amounts of ground periclase
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Fig. 5-Sidewall and furnace arch brickwork details, as well as the novel method of buckstay retention, are shown in this composite

cross section of the reverberatory furnace.

and fire clay, wetted with a controlled amount of
sulphuric acid. Immediately above the crucible a
row of copper water jackets, 20 in. high, replaces
silica brick in the sidewalls extending as far as the
skimming bay on one side and through the last matte
tap hole on the tapping side. The 20-in. silica brick
sprung arch has a span of 31% ft between skew-
backs. The 15-in. ribs, spaced alternately 4 and 6 ft
apart, permit installation of a relieving arch through
two-thirds of the furnace length, if needed. Above
the verb arch, uptake walls are of silica tile section-
ally supﬁorted construction, and the suspended up-
take arch is silica tile.

Furnace binding is of unusually heavy construc-
tion. Lateral buckstays are heavy H-beams, resting
on an offset in the concrete foundation at the bottom
and joined at the top to the opposite buckstay with
a 2*4 in. square tie rod, threaded on both ends. Bot-
tom thrust is taken by a heavy channel and angle
box beam, running the length of the furnace, which
is retained by spring loaded 2-in. tie rods extending
diagonally through the furnace subbase to the bot-
tom of the concrete foundation on the opposite side.
This novel and effective method of buckstay reten-
tion is shown in Fig. 5 End binding is retained by
heavy buckstays at each corner, which are tied at
the bottom by 3%-in. rods anchored in the concrete
foundation and at the top by 3%-in. tie rods running
the length of the furnace, all of which are heavily
spring loaded.

The magnetite bottom was fused in with an oil
fire by regulating the admission of secondary air
along the furnace walls and increasing the fuel until

Furnace binding is of unusually heavy construction.

which was at the desired final bottom level, abou
11 in. below the center line of the matte tap holes
Firing was reduced and the magnetite bottom wa
allowed to solidify. At this point, molten convertei
slag, prepared by melting and converting concentrati
in converters, was charged through converter slaj
launders and spread over the chilled bottom. Charg-
ing of concentrate was started at once.

Reverberatory Operations: Concentrate is receive;
continuously during operating periods from the mil
filter plant over a 24-in. conveyor belt, to which ;
predetermined amount of crushed limestone is added
Mixed concentrate and limestone are discharged intc
containers, called cans, resting on a platform scalf
by means of which the can and contents are weigheo
and the weights tape recorded. The can resembles a
concrete bucket, with heavy lifting bails and sloping
inner walls, at the bottom of which are double, air
operated arc gates. The capacity of a can is approxi-
mately 10 tons of charge, as-received. When the cai
has been filled, it is removed from the scale platforn
by a 20-ton overhead crane, and either set asidf
until needed, or transported at once to one of thj
six charging stations. When the charge can is in
place over the charging station the bottom gates arJ
opened and the charge fills the small hopper immedi
ately below. A 1200-ton surge bin inside the smelte
building is used to equalize mill production agains
smelter consumption. Concentrate delivered to thi
surge storage is reclaimed as needed with clamshel
and overhead crane.

When the operator is ready to charge the furnace
he raises the door covering the charge port in th<
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the entire surface had become liquid. Additional mag-
netite tailing was then charged through the sidewalls
until a liquid pool had been formed, the surface of

furnace sidewall and starts the short feeder conveyoi rg. ~
under the charge hopper. Concentrate from the feedei verb a
falls into the feed hopper of the charging machine a trail
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locally called the slinger. This machine is a short,
high-speed portable belt conveyor pivoted on a ver-
i tical shaft that permits lateral swinging. The con-

j centrate falls through the feed hopper onto the

i rapidly moving belt and, as it moves over the head

j pulley, is discharged into the furnace. This is illus-
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mtrated in Fig. 6. The trajectory of the concentrate
I stream may be varied by elevating or depressing the
head pulley, by means of an adjusting device, or by
regulating the speed of the belt which is driven by
a variable speed dc motor. The average charging rate
is about 1 ton per min and the usual charge is 2 to 4
tons. Selection of charging station and timing of the
charging period is largely a matter of judgment on
the part of the operator, who attempts to keep the
1surface of the bath covered with a thin layer of un-
smelted material. When visual appearance of the
bath indicates the necessity, either limestone or silica
fluxing material is charged to the furnace directly
from cans used for that purpose. As the result of this
method of charging small amounts of wet concen-
trate at frequent intervals, explosions caused by
contact of wet charge with molten matte are com-
pletely avoided.

The normal liquid bath depth is about 42 in., with
24 to 28 in. of matte. Matte is tapped as required by
converters into 175 cu ft ladles resting on electric
motored trucks that are energized through the rails
with 32 v dc. During the tapping period matte ladles
are enclosed in cubicles located under the tap holes
below the furnace operating floor which are provided
with air-operated hinged doors. Two exhaust fans,
one connected to the cubicle and the other to an
enclosure around and above the matte launder, effec-
tively remove all fumes from the tapping area, vent-
ing the gas to atmosphere outside the smelter build-
ing. Matte fall amounts to about 83 pet of concen-
trates charged.

Slag is skimmed through the furnace sidewall
near the verb arch and is laundered into 225 cu ft
pots. Fig. 7, a view of the reverberatory from the
skimming end, shows the closing of the skimming
hole. The usual practice is to skim a train load, con-
sisting of three pots, in succession. Slag is hauled to
the dump, about one half mile distant, with 25-ton
diesel-electric locomotives. The slag dump is graded
with bulldozers and new alignment is made with
track shifters. Slag fall amounts to about 75 pet of
concentrates smelted.
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Fig. 7— After slag is skimmed through the furnace sidewall near the
verb arch, the skimming hole is closed. Usually three 225 cu ft pots,
0 train load, are skimmed in succession.

KHMH

F<} 6— Concentrate, in 2 to 4 ton charges, falls through a
hopper onto a rapidly moving belt and is discharged into the
reverb at a rate of about 1 ton per min. The operator regu-
lates charging times and aims at keeping the surface of the
bath covered with a thin layer of unsmelted material.

Converter slag is returned to the furnace through
duplicate launders in the sidewall near the firing
end. Slag inlet ports are formed by heavy, cast cop-
per water jackets set in the brick furnace wall and
are equipped with air-operated cast steel gates.

The reverberatory furnace is fired with natural
gas. The original installation consisted of multiple
jet burners, which functioned well except when a
high firing rate was necessary. They were replaced
with high pressure, locally made, barrel-type burners.
Seven of the barrel-type burners spaced across the
burner wall normally burn 185,000 cu ft per hr with
good combustion. A view of the furnace from the
burner end is shown in Fig. 8. Natural gas is received
from New Mexico fields at 300 psi at the plant and

Fig. 8— Seven barrel type burners, firing 185,000 cu ft of natural
gas per hr, can be seen in this view of the reverberatory furnace.
Standby oil burning equipment is available for emergencies.
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Table Il. Reverberatory Furnace Data (Dry Ton Basis)
1950, 1952,
6 Mos. 1951 6 Mos.
Concentrate 91,057 212,298 112,584
Lim erock 6,550 12,742 4,987
Silica Flux 5,722 5,387 694
Pla_nt Cleanup 3,085 2,364 960
Solid Charge, total 106,414 232,791 119,225
Furnace Days 175 339 170
Solid Charge per Furnace Day (dry) 608 687 701
Btu per Ton Charge X 1,000,000 6.878 6.674 6.421
Btu per Ton Net X 1,900,000 3.223 3.171 3.002
Converter Slag 51,702 135,103 78,478
Reverberatory Slag 68,857 169,401 89,822
Reverberatory M atte 70,610 168,416 92,140
Steam per ton Concentrate, Ib 3,851 3,515 3,422
Waste Heat Recovery, pet 53.14 52.49 53.25

is reduced to 42 psi at the burners. The gas contains
about 1100 Btu per cu ft. Standby oil burning equip-
ment is provided for use during periods when the
natural gas supply is interrupted. Low pressure oil
burners are constructed to fit inside the barrel-type
gas burners. Firing can be changed from gas to fuel
oil in about 20 min. Furnace combustion is checked
frequently by Orsat analysis and a recently installed
continuous oxygen analyzer indicates the oxygen
content of furnace gases at all times. Effective use of
the oxygen analyzer was made possible by the de-
velopment of a successful method of sampling and
cleaning furnace combustion gases by Leonard Klein,
research metallurgist. Furnace draft is controlled
automatically through dampers in back of each waste
heat boiler. An automatically operated butterfly
damper was installed in the converter balloon flue
to regulate distribution of draft between converter
and reverberatory operations. A curtain damper
across the furnace at a distance of 10 ft from the verb
arch, extends from the furnace roof to about 36 in.
above the normal surface of the bath. The damper is
constructed of 16 water-cooled panels joined together
and covered with silica slurry. The damper serves
to stabilize furnace draft, checks flow of dust into
boilers, and tends to box in furnace heat.

Furnace sidewalls and arch are maintained by
patching with silica slurry, a method developed at
Phelps Dodge Corp.’s United Verde branch. Silica is
ground and slurried to 65 pet density in a modified
Hardinge ball mill and the mill discharge is con-
veyed through a high pressure blow tank and piping
system to an agitator-storage tank located above the
furnace operating floor. During patching operations
slurry is withdrawn from storage tank into 10 cu ft
pressure tanks, to which compressed air is applied,
forcing the slurry through hose and pipeline to a
nozzle suitable for spraying arch or sidewall. Meas-

Table Ill. Analyses of Reverberatory Operations (Pet)

. Oxygen
Cu Si0s Al203 Fe CaO S H20 Ratio FesOi

Reverberatory Solid Charge
1950 (6 mos.) 26.57 123 2.7 22.8 3.6 262 662
1951 28.02 102 2.6 233 3.0 27.8 762
1952 (6 mos.) 28.78 7.6 2.2 254 25 293 750

Concentrate Smelted
1950 (6 mos.) 30.27 8.0 2. 257 05 303
1951 30.41 8.5 2.6 253 03 304
1952 (6 mos.) 30.21 7.2 2.2 26.8 0.2 31.8
Reverberatory Slag
1950 (6 mos.) 0.469 37.3 75 43.0 5.2 1.0 211
1951 0.478 37.8 7.7 429 438 0.5 2.17
0.7

1952 (6 mos.)  0.466 37.5 7.0 44.7 4.1 2.08
Reverberatory M atte

1950 (6 mos.) 38.21 33.1 25.2 8.8

1951 38.10 32.4 25.7 7.4

1952 (6 mos.) 37.31 333 25.9 6.3

urements of arch thickness made twice weekly
through 11 measuring holes furnish information as |
to location in need of patching.

Reverberatory furnace operating data are shown -
in Tables Il and IlI.

N

Converters

The general arrangement of the converter aisle is
shown in Fig. 2, and a view of the converter aisle is k
given in Fig. 9. The aisle is 396\2 ft long and 63 ft |
wide. Two cranes, each equipped with a 60-ton main ¢
hoist and two 20-ton auxiliary hoists, have a span \
of 60 ft with crane rails 55 ft above the floor of the
aisle. Main hoist dc motors are 135 hp and auxiliary c
hoist motors are 75 hp. All hoist drives are equipped c
with two magnetic brakes, one on the armature shaft v
extension and one on the motor pinion shaft exten- v
fi

b

sion. All hoisting ropes are 1 in. preformed plow-
steel, with independent wire rope center construe-
tion. Crane repair platforms are provided at each n
end of the aisle, above which are mounted 5-ton o
repair cranes. N
Two 13x30 ft Peirce-Smith converters were moved
from the Clarkdale smelter to Ajo over Arizona fi

Table IV. Converter Data (Dry Ton Basis)

1950, 0 Mos. 1951 1952, 6 Mos.
M atte n
N s 70,610 168,416 92,140
9,707 24,735
Barren Qua_rl_z 0 6,707 12828 P
Leached Tailing 18,721 431285 22110 V!
Other Flux 1,717 1,603 2,094
Net Sland_DayS 161.75 312.60 161.60
Tons Bullion per Stand Day 164.54 202.90 207.34 cl

highways by motor truck. These converters are °
spaced on 60-ft centers and are opposite the rever-
beratory matte tapping area. The converter shells fj
are iy4-in. plate, welded in 10-ft sections. Welded g
joints are reinforced with heavy butt straps welded j
to the shell on both sides. The 1-in. end plates are f(
each stiffened with four I-beams and are retained
in place with bolts and springs. Riding rings are
mounted at the ends, clear of the tuyere section, and
are riveted to the shell. Details of brick lining are
shown in Fig. 10. Full insulation of converter shell
and ends is believed to result in the retention of
sufficient heat to resmelt all reverts and relatively
large amounts of siliceous material in converters.
Converters are driven by 75-hp ac motors, direct
connected to speed reducers and intermediate gears
with a heavy pinion engaging a large gear bolted
to one of the riding rings. Drive motors are equipped

Table V. Analyses of Converter Operations (Pet) re
tic

Cu Si0o  A1203 Fe S CaO Fe30i
lin

Converter Slag

1950 (6 mos.) 4.42 22.3 4.5 47.1 1.8 0.7 31.7

1951 4.74 26.6 4.9 43.5 1.7 0.8 20.4

1952 (6 mos.) 4.76 29.8 4.7 41.9 1.6 0.6 14.8
Leached Tailing for Converter Flux

1950 (6 mos.) 66.7 13.9 . 0.8 0.9

1951 67.1 14.7 4.2 0.9 1.4

1952 (6 mos.) 67.2 14.5 4.1 0.9 1.3
Barren Quartz for Converter Flux

1951 94.1 2.7 1.3 0.9 0.4

1952 (6 mos.) 94.8 1.7 1.3 0.7 0.3

Mixed Converter Flux

1950 (6 mos.) 68.0  13.2 40 08 0.9

1951 70.8 126 37 01 10

1952 (6 mos.) 73.4 11.6 3.4 — 0.9
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twice weekly . :
- with magnetic brakes and are controlled from the
nformation & operatinggJ platform.
Each converter is equipped with 52 ball valve
Lt are shown tuyeres, with 2-in. pipes rolled into the seat. The
middle 16 tuyere pipes are reduced in diameter by
seating a iy2-in. pipe inside the 2-in. tuyere pipe.
.. Converter air is supplied by two 30,000 cu ft steam-
verter aisle is griven turboblowers, located in the plant power
verter aisle is hoyse, Air is delivered at converters at a normal
ang and 63 ft pressure of 13 psi, which may be varied by a system
I 60-ton main of controls on the converter operating platform. A
have a span warning signal is sounded when pressure drops be-
te floor of te o\ normal, giving the operator time to turn the
and auxiliary converter out of stack if it is blowing. Air volume to
are equipped converter will average about 25,000 cu ft per min
(mmature shaft \yith 30,000 cu ft per min maximum. Main blast
shaft exten- yalve is pneumatically operated and is controlled
ormed plow- from the skimming platform. Air volume is indicated
ter construe- phy a flow meter near the punchers platform and is
ided at each recorded continuously on a meter in the converter
ounted 5-ton office. Blowing time for each converter is recorded
by a timing device in the office.
3were moved "~ converter hoods are of welded steel with cast iron
aver Arizona |iners. A sliding apron, covering the hood while the
converter is blowing, is operated through an air
cylinder and heavy wire ropes. A cast steel bell
damper in each converter uptake just ahead of the
balloon flue is raised and lowered by a motor-driven
wire rope hoist. Adjustable punchers platforms are
92 140 raised and lowered with a hydraulic lift. Punchers
1550 platforms and operators platforms for both con-
20095  verters are connected by hand-railed walkways.
(20 Tuyere blocks are 18 in., four piece, hard-burned
207.34  chrome-magnesite. Tuyere line campaigns will aver-
age about five months, finishing 12,000 to 15,000 tons
of copper per set. When tuyere repair is made, brick

isis)

1952, 6 Mos.

nverters are
;e the rever-
verter shells
ions. Welded
traps welded
id plates are

immediately above and below tuyere line is renewed
and brick is replaced in arches around the mouth, in
the ends, and in the converter bottom when neces-
sary. Steel work around the mouth is overhauled

during repair periods and necessary repairs are made .

to silica feeders, stack, and tuyeres. Cast steel pour-

are retained
ig rings are
section, and
'k lining are
iverter shell
retention of
id relatively
onverters.

Lotors, direct
ediate gears
gear bolted
Ire eqmpped FIREBRICK SPLITS
Fig. 10— Sufficient heat is
retained by the full insula-
tion of converter shell and
ends, as shown in the de-
tailed drawing of the brick
lining, to resmelt all reverts.
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Fig. 9— Two 13x30 ft Peirce-Smith converters, finishing four charges
of blister copper daily, are located in the converter aisle.

ing lips are covered with several layers of hard
facing and usually last through two or three cam-
paigns.

Normally, converters are charged with four 15-
ton ladles of matte which is fluxed, blown, and
skimmed, and sufficient additional matte is added to
make up a charge of approximately 50 tons of blister
copper. Four charges of blister copper are finished
daily. Both converters are operated on the day shift
and one converter only is blown on the afternoon
and night shifts. Converter operating data are given
in Tables IV and V.

Mixed converter flux is drawn from storage bins
into cans similar to those used for handling rever-
beratory charge. The cans are transported by over-
head crane to a platform above the converters where
a charging station is located at either end of each

INSULATION | 1/4"

INSULATION | WT



Fig. 11  Blister copper is overblown in this oxidizing and holding
vessel, a remodeled 12 ft Great Falls converter. Blowing copper
high in this vessel, it is believed, results in longer brick life in the
large converters.

converter. The flux flows through the can bottom
discharge gates into a hopper which feeds Garr guns
at each end of the converter. Additional storage bins
make available fluxing materials with high silica
content when needed. This method of handling con-
verter flux has been entirely satisfactory and affords
considerable flexibility in regulating this phase of
the operation.

Converter aisle cleanup is accomplished to a large
extent with a small bulldozer. The bulldozer operator
cleans the aisle itself and the area under the con-
verters before the start of the day shift, pushing
the accumulated slop and spill into a pile at one
end of the aisle. Ladle shells are loosened on a cop-
per bumping block, dumped on the revert pile, and
broken up with a drop ball. The entire accumulation
is loaded into 10-ton boats by crane-operated clam-
shell and charged to converters as needed. Dust from
converter hoppers and from the converter balloon
flue is drawn into a dump truck, dumped into a large
boat, and charged to converters as operating condi-
tions permit.

Oxidizing Furnace

A departure from conventional converter practice
was made at Ajo, sometime after the smelter was
started, by overblowing blister copper in a separate
oxidizing and holding vessel. An old 12-ft Great
Falls converter was slightly remodeled and installed
for this purpose, equipped with a close fitting swing-
ing hood and a stack vented to atmosphere, as shown
in Fig. 11. The converter is lined with 9-in. chrome-
magnesite brick and all but four of the sixteen 2-in.
tuyeres are blocked off. The opening in the converter
cap was reduced in size and, to make a closer fit
with the hood, the normal position of the cap on the
shell was reversed. An opening was made on one side
of the cap through which a gas burner is inserted for
heating the vessel and the copper charge.

When a copper charge is blown to light blister it |
one of the Peirce-Smith converters, the final slag i
dammed off with cold reverts to permit the coppg f
to be withdrawn clean into ladles and transferred 1
the oxidizing furnace. The charge is blown with con
verter air at about 13 psi under a fairly heavy ga
fire. Complete sulphur elimination in a 50-ton charg,
is reached in about 30 min. No slag is formed in th
oxidizing operation and the overblown copper car t
ries an average of about 5 pet cuprous oxide. Furthe;
blowing in the anode furnace is not necessary.

It is believed that blowing copper high in a sp- |
arate vessel results in longer brick life in the largi I
converters, as it generally has been felt that condi- ¢
tions reached during the overblowing period wen
destructive to converter lining. The elimination o
oxide slag in converter operation is a distinct advan. A
tage, as this material is dangerous to handle amr
slows down the operation while being skimmed am s
returned to converters. When needed as such, thi “
vessel also may be used as a holding furnace, thereb;
permitting greater flexibility in the operation af
closely designed converting and refining equipment y

Anode Plant It

The anode plant is located in and adjacent to thi
converter aisle, with the single anode furnace in lim ?
equipment used in both the refining and the castini :
operations included many innovations which havi 1
contributed largely to the effective performance am *
economical operation of the anode plant. Anodi (
operating data are given in Table VI. 1

The anode furnace, shown in Fig. 12, is 30 ft lonj c
and 13 ft diam. The shell is 1%-in. plate, weldet ¢
construction. The heads are dished %-in. plate witl
a heavily reinforced ring around the circumferenci J
11 in. wide, making a slip fit inside the shell. Thi c
heads are fastened to the riding rings with eigh s
spring-mounted bolts to accommodate expansion, 1s
4-ft round opening in the shell near one end serve c
as a charging port for copper and as an outlet fa c
combustion gas; the copper pouring spout is locate! ~
about 90° below the charging port near the oppositi 8
end of the furnace. Unlike most rotating anode fur- E
naces, which have a common opening for poling ani 8
release of combustion gas, the poling door of the A< 1
furnace is in one end, about 3% ft above the centei ©
line of the furnace. The 30-in. opening is provider e
with a heavy steel ring bolted to the head, for tre e
protection of brick lining during the poling opera™ 1
tion. A hinged door is closed except during the tin< ¢
the furnace is being poled. Small ports in either enc
of the furnace serve for blowing with high pressun v
air when necessary, or for gas burners. The anode {]
furnace drive is similar to converter drives, excepi a
that direct current is used. b

The anode furnace is equipped with a swinging d
hood that covers the charge opening during the pol- tl
ing operation and is elevated when copper isa

Table VI. Anode Copper Data

Anode Plant pC
Data Per
Ton Anode Copper

Poles, Fuel, Mil* Op
Cu, Pet S, Pet Oo, Pet Lb lion Btu
Ai
1950 (6 mos.) 99.77 0.01 0.156 69.9 1.686 th
1951 99.75 0.01 0.129 64.3 ’
1952 (6 mos.) 99.69 0.01 0.130 73.0 1.179 45'
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light blister it charged. The hood is connected to a steel stack
he final slag j which vents combustion gas to atmosphere through
mit the coppei the roof of the building. The furnace is lined with
transferred ti chrome-magnesite brick with a 2y2-in. layer of in-
own with con sulating material between the brick lining and the
irly heavy gg steel shell and ends. Retention of heat in the anode
150-ton chargi vessel by complete insulation results in better fuel
formed m thi economy as well as improved working conditions on
m copper car. the furnace operating floor.
oxide. Furthe: ~ As sulphur is completely eliminated from the cop-
necessary. per charge during the blow in the oxidizing furnace,
Ign in a sep. blowing in the anode furnace is limited to cleaning
lal$ up the charge and skimming off a minor amount of
elt that oSl I%g just before the charge i poled.
gl period weri Oak poles are unloaded from cars into a pole crib
elimination 0 4t the poling end of the furnace. Poles are raised to
Is “nct aclvan. the operating floor with an air-operated derrick as
.0 andie am needed and are manipulated in the furnace with a
summed am sman air hoist. A heavy concrete pier immediately
as such,”thi below the poling door is provided with rings holding

~nnpr’ p 616 1a heavy chain which passes over the pole and takes

rs? pnummpnl the strain exerted by the hoist, thereby protecting
p the poling door and brick lining from damage during

the poling operation.

djacent to thi  The 700 Ib anodes are cast on a 22-mold gear and
ffrnace in lim pinion driven wheel. Copper from the furnace pour-
instruction o ing spout is received in a hydraulically operated
nd the castini spoon and poured from it into molds at a normal
s which havi rate  ah°ut 40 tons per hr, as can be seen in Fig.
formance am 13‘ The two dc motors driving the casting wheel are
plant. Anodi controlled on the Ward-Leonard principle, receiving
power from a special dc generator. The armatures
1 is 30 ft lonj of the two 115-v motors are connected in series
plate weldet acl'oss the generator terminals.-
mn plate witl  Control of the casting wheel is semiautomatic,
nrcumferenci Started by push button, the wheel stops automati-
ze shell. Thi catly when the next mold is in position under the
% with eigh' sP°on. The start of motion and acceleration is
expansion. 1 smooth enough that the wheel can be moved imme-
ne end serve diately when the mold is filled and cooling of liquid
an outlet foi copper with an air blast is not necessary. Cooling
out is locatei water is applied through a series of sprays starting
r the oppositi after the surface of an anode has chilled. Lifting
Ig anode fur- Pins to raise the top of the anode from the mold are
or poling ani actuated by a lever and roller arrangement that
>or of the Aj( moves over an inclined track under the wheel,
ve the centei Anodes are lifted from molds by pneumatically op-
g is provide! crated tongs and dropped into one of two bosh tanks,
head, for thf each of which holds 44 anodes. Cooled anodes are
joling opera- lifted from the bosh tanks by a 15-ton overhead
ring the timi crane.
in either enc  Because of the smooth operation of the casting
ligh pressun wheel, rolled edges are seldom formed and little
s. The anode trimming is required. Anodes are carefully inspected
rives, except and loaded on railroad cars with vertical-lift storage
battery trucks. The concrete floor adjacent to the
i a swinging casting wheel, armored with cast iron grids cast into
ring the pol the concrete, affords ample floor space for inspection

| copper and loading and an adjoining large concrete plat-
form is available for anode storage when copper

shipments are interrupted.
Copper pouring spoons are relined after each
Anode Plant  POUr with a sand-cement mixture and pouring lips
Data Per are renewed. The newly lined spoon is cured sev-

>n Anode Copper i
eral days under a gas flame and is warmed up to

Fuel, Mil- operating temperature before being put into service.
Anode molds, weighing about 5000 Ib, are cast on

1ess the wheel as required, usually before the start of a

0856 regular pour. The average life of a mold is about

' 450 tons of anodes. During the copper pour, molds
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Fig. 12— The rotating anode furnace, located in and adjacent to
the converter aisle, has separate openings for poling and release
of combustion gas. Blowing in this furnace is limited to cleaning
up the charge and skimming off some slag before poling, as all
sulphur is eliminated in the oxidizing furnace.

are sprayed while hot with a silica wash to prevent
anodes from sticking to the molds.

The operation of the anode plant has been satis-
factory in all respects. Repairs to refining and cast-
ing equipment have been light and production of
high quality anodes has been consistent. Rejection
of imperfect anodes has been negligible.

Waste Heat Boilers

Combustion gases from the reverberatory furnace
pass through two waste heat boilers, the inlets to
which are provided with water-cooled cut off damp-
ers, making it possible to isolate completely either
boiler for inspection or repairs. The boilers are not
baffled and operate with a draft loss of 0.10 in. of
water from inlet to outlet. Design pressure of the
boilers is 950 p5|% Wlth superheater outlet conditions
at 800 psig and 750°

Water walls in the furnace section have a heating
area of 3730 sq ft per boiler and the boiler section
11,200 sq ft, making a total of 14,930 sq ft of heating
area. Normal evaporation is 50,000 Ib of water per
hr per boiler, with a heat recovery representing 53.0
pet of total fuel used in the reverberatory furnace.
Boiler feed water temperature is maintained at 325°F
and enters the boiler at 1000 psig.

Fig. 13— Copper is cast at a rate of about 40 tons per hr into 700
Ib anodes on this 22 mold anode casting wheel. Anode molds are
cast on the wheel as required, and have a life of about 450 tons
of anodes.

112742 °



Water wall and slag screen tubes are cleaned with
24 soot blowers, while superheater elements and
boiler tubes are equipped with 9 soot blowers in
each boiler. Soot blowers are operated automatically
from the boiler control panel, using superheated
steam at 500 psig. Little hand lancing of boilers is
required. Dust trapped in boilers is collected in gated
hoppers and is dropped to the ground below where
it iIs moistened with water and loaded into dump
trucks. Reclaimed dust is mixed with converter flux
in the crushing plant receiving bin and is resmelted
in converters.

Flue System, Cottrell and Stack

Converter and reverberatory gases are discharged
into separate steel balloon flues, 11,% ft in diameter.
The two flues enter a common junction box at the
Cottrell inlet, where a baffle system mixes the gases
before entering the precipitation chamber. Heavy
dust that settles to the bottom of the flues is removed
by drag chains, reverberatory dust being discharged
to the Cottrell blow tank system, while the converter
dust is collected in a hopper from which it is re-
moved by dump truck and returned to the converter
aisle for resmelting. Stack and Cottrell temperatures
have not as yet indicated the necessity for insulating
either of the balloon flues.

Cottrell precipitation consists of six units of pipe
treaters, each unit containing 120 12-in. vertical
pipes 16 ft long. All units are parallel and down
draft. The discharge electrode is a small chain sus-
pended in the center of the 12-in. pipe. All units are
hand rapped. Exit gases pass upward around the
pipes and then laterally to and through the outlet
flue into the chimney. A bypass flue, closed by a jug
damper, may be used to pass gases directly into the
treater outlet flue uptake, if necessary. Treater walls
are acid-proof brick laid with acid-proof mortar.

Power to the treaters is furnished by two mechan-
ical disk rectifiers, each of which is coupled to a
25-kva motor generator set, driven by a 40-hp motor.
A third rectifier unit is available as a spare. An
exciter furnishes the field for the generator. Two of
the four leads from rectifier stationary shoes are
connected to terminals of high voltage transformers
which have taps ranging from 50,000 to 100 000 v
Normally the 62,500-v tap is used.

Converter gases entering the Cottrell treater vary
over a fairly wide range, because of intermittent
operation, having an average of 475°F. Reverbera-
tory gas temperature is fairly uniform at about
495°F. Temperature of Cottrell outlet gas averages
430 °F. Under present operating conditions, the vol-
ume of gas treated is approximately 340,000 cu ft
pei min, somewhat higher than the normal capacity
of the precipitator. However treater efficiency is sat-
isfactory, stack testing showing consistently a loss
of less than % of 1 pet of total plant copper input.

Cottrell dust is collected in hoppers, one under
each treater unit. The dust is periodically dropped
into McLeod blow tanks located under the hoppers
and is pneumatically transported from one tank to
another in series until it reaches the sixth tank.
From the last tank in the series the dust is trans-
ported with high pressure air several hundred feet
to a cyclone collector, which is equipped with wool
filter bags, and is stored in a small bin. Once each
shift the dust is withdrawn from the bin, moistened
with spray water, put through a horizontal pug mill
and delivered to the conveyor belt carrying con-
centrate into the smelter. Average dust recovery is
about 6 tons per day.

The chimney is of tapered reinforced concrete con
struction, lined with acid-resisting brick laid in acid
pi oof mortar, and has 2 in. of fiber glass insulatioi
between the concrete and the brick lining. The stac
is 360 ft high, 24 ft ID at the bottom and 15 ft at th
top. It is protected by lightning rods with coppe
cables to ground. A testing station is located 127\
from the ground. At 425°F stack inlet temperatur
and 60°F outside temperature, total stack draft i
1.70 in. of water. Draft drop through the Cottrel
plant is 1.10 in., and the remainder is divided be
tween reverberatory and converter operation B
automatically regulating the butterfly damper in th
converter balloon flue.

Smelter Organization and Maintenance

Smelter operation is under the control of the gen
eral smelter foreman. The reverberatory, convertei
and anode departments each have a general foremac
with shift foremen on each of the operating shift'
The crushing plant, mason crew, and Cottrell plan
each have a day shift foreman. Testing work is car
ried on by the smelter engineer.

The reverberatory furnace floor is flushed wit!
water each shift. Grated drainage openings connec
with a launder system which discharges all floo
cleanings into a concrete sump. A motor-drivei
pump, actuated by a float switch, delivers the accu
mulated washings to a concentrate storage tank fron
whence it is pumped periodically to the mill filte
building and joined with current concentrates fo
return to the smelter. The concrete anode operatic
and trimming floor, the copper loading dock, and th
area behind converters is swept daily with a powe
sweeper. The area under converters and the con
verter aisle is cleaned daily with a small bulldozer

A small repair crew is maintained to take care a
running repairs and minor alterations. Major repair,
and alterations are handled by the general plan
shops which also take care of mine and mill heav;
maintenance work.

Summary

After more than two years of entirely successfu
operation, performance of the Ajo smelter, both fron
ametallurgical and an economical standpoint, clearl;
demonstrates that the original objectives have beer
satisfactorily achieved. Day to day smelting of con-
centrator output has resulted in a straight flow a
copper-bearing material from the mine to finisher
anodes. Attainment of a relatively high smelting rati
through the single reverberatory furnace and a higl
rate of copper production per man-shift has resultec
in an overall cost of producing anodes from con-
centrates that is favorably comparable with costi
achieved in the Corporation’s multifurnace copper
smelters.
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