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1. SUMMARY

A. PURPOSE AND SCOPE

In reiponse to a request by the United Nations Industrial Development
Organization (UNIDO), Arthur D, Little, Inc. (ADL) has completed a pro-
gram of assistance and guidance to Etibank, the minerals development
organization in Turkey, with respect to the modernization of the copper
production facilities (Ergani Copper Works) at Maden, near Elazig, in
Turkey. The modernization included the installation of a fluidized-bed
concentrate roaster, a reverberatory furnace to produce copper matte,
new converters to convert matte to blister copper, and a new sulfuric
acid unit to utilize by-product sulfur dioxide. This installation will
substantially replace the existing water-jacketed blast furnace equip-
ment in producing a major portion of the plant output. The use of the
old equipment is contemplated only for smelting a small quantity of high
grade lump ore.

The program of work for ADL was initially concerned with assistance in
the completion of the construction program and later, after a one-year
interval, with assistance in the initial operations of the modernized
facilities. ADL's program of work concerned the following tasks:

e To identify existing problems with respect to completing
construction work on the new reverberatory furnace, and
outline solutions;

e to review the design of the fluidized bed concentrate
roaster and the reverberatory furnace, particularly with
respect to the incorporation of modern practices, techni-
ques, and procedures for the production of matte and outline
improvements that were not foreseen in the original design;

e to assess the adequacy of the functions and operations of
the concentration and roaster units feeding the reverberatory
furnace and also the units further treating the matte pro-
duced to blister copper;

e to advise and guide the operating staff in utilizing the
roaster and reverberatory furnace equipment to obtain
maximum output and quality of product, consistent with
efficient operations and reasonable operating costs;

e to reviev the production costs being experienced with
the view toward identifying opportunities to reduce them;

e to train local counterparts to the maximum extent prac-
tical while performing the tasks listed above; and
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e in conjunction with Etibank, to develop an action plan
in which the problems identified are outlined, the interim
actions already taken during the course of the work are
reported, the specific actions still needed are recommended,
and a reasonable schedule of implementation is suggested.

B. _ APPROACH

The program of work was accomplished by two visits to the smelter; the
first from January to mid-February 1971, and the second in January 1972.
During the first visit, the plant was nearing the final stages of com-
pletion. At that point i{n time, several major construction tasks had

not been completed such as installation of the waste-heat boiler, electro-

static precipitator, by-pass flue, acid plant, materials handling
facilities and instrumentation. During the second visit, the new plant
was in operation except for the fluid-bed roaster and the sulfuric acid
plant.

During the first vieit to the field, we reviewed the existing problems
with respect to the completion of the smelter. Also, wve reviewed the
design of the overall plant as well as of the individual units, and
suggested several changes which have now been incorporated in the plant.
We undertook the major effort in rraining during the first visit. We
conducted separate lecture sessions over a two week period for the
graduate engineers and for the operating staff. Actual plant demonstra-
tions on the use of equipment were included wherever possible.

In January 1972, during the gsecond trip to the field, we found the
reverberatory furnace on an uncalcined (green) charge. The acid plant
vas almost complete and could have been started up within a month.
Fluid-bed roaster operation had not been started, and the concentrator
operation had not yet been normalized. Accordingly, a major part of
our effort in the second field visit was directed towards assistance
in the start-up and operation of the fluidized bed roaster (a pre-
requisite to providing adequate feed gas to the acid plant) and to the
training of the local staff in this area.

During both our visits to the field, we worked closely with Etibank
staff and a counterpart who had been designated by Etibank as a member
of our project team. As a result, Etibank was kept informed of our
activities and the development of the action plan, and accordingly
gained a continuity of experience that they should find useful in
implementation of our recommendations.

C. _FINDINGS

Our review of overall design of the new plant at Ergani is presented
{n detail in Chapter III. It shows that the design is appropriate to
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the feed-ore characteristics and to the production of blister copper,
and is in keeping with modern practice in most cases. The major
deficiency in the overall plant design, for which corrective action is
no longer practical, is related to the low headroom provided in the
new converter aisle, which 1s a consequence of having installed the
track for the new overhead crane to connect with that for the old
converter aisle.

Several minor deficiencies in the design still exist. The correction

of these would facilitate plant operations in terms of increasing operating
convenience, of increasing copper recovery, and of reducing operating
costs. Certain changes, suggested to the plant management for corrective
action during the two field trips have already been incorporated in the
plant. A potentially serious deficiency lies in the present design of

the slag launders. Access is not convenient and this could lead to a

lack of control of tapping rate.

A major factor that caused the delay in the completion of new plant

was the installation of a waste-heat boiler of incorrect design, and
this required extensive modifications in the field after the boiler

had been erected. Another factor was the omission from the original
design of a flue by-passing the boiler, but which was corrected later

at Etibank's request. The reason for the original omission is not clear.

The new plant is now in operation, except, as of January 1972, for the
fluid-bed roaster and the acid plant. Normal manufacturer's assistance
for roaster startup is not available because the firm concerned is

no longer in business. Acid-plant startup should await the roaster
start-up because this provides a major portion of the S0, gas stream.
Acid plant startup beforehand may be practical, should tﬁis become
desirable because of the presence on the scene of a UNIDO expert.
Successful start-up of the two units in the gshort term is urgent, since
the economy of copper production from the modernized plant is based
largely on the operation of these two units.

Once all units are in continuous and controllable operation, the need
will arise to adjust, or normalize, the operating conditions so that the
equipment performs to its design specifications. The time required for
normalization to occur depends on the situation in a particular smelter.
At Ergani, the operating staff is faced with almost an entirely new
approach to blister copper production, and requires the time to gain the
necessary experience. With management support, a minimum period of six
months is probably required after start-up of the roaster and acid plant
for operation to become normalized.

After normalization, a need should arise to achieve a gradual improve-
ment in the operation of all sections of the plant in order to achieve
easy operation, avoid unnecessary materials losses, and decrease operating
costs. The installation of a metallurgical and cost accounting system
for the entire plant will be the primary management tool to accomplish this
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task. An evaluation of the plant operating experiences at this point
might indicate the desirability of making further changes or equipment
additions to the plant.

The details of the three tasks, i.e. startup of the remaining units,
normalization of operations, and optimization of operations can be
organized into a logical scheduled program of work for implementation,
i.e., into an Action Plan. The accomplishment of such an action plan
in our view is important, if not vital, if Etibank is to realize a
maximum return from the investment in the modernized smelter at Ergani.

D. _THE ACTION PLAN

We recommend that Etibank implement the short-term tasks in the action
plan outlined below in order to achieve acceptable operation of all the
component units of the modernized plant.

On reaching this goal, or possibly even before, we recommend further
that Etibank begin a program of work based on the tasks listed in the
action plan outlined below as intermediate-term tasks.

Finally, on achieving normalized operation, we recommend that Etibank
consider a program of work to optimize the operations based on the tasks
listed in the action plan outlined below as long-term tasks.

1. Short-Term Tasks

a. Roaster: The following alterations or modifications would
be necessary prior to the start-up of the roaster.

® Install an automatic shut-off for main blower, if bed
temperature exceeds 1000°C; or such a temperature that
bed sintering can occur;

o simplify compressed air supply to avoid uses of air
outside the roaster area;

® relocate orifice plate to measure only the fluidizing
air;

® 1install gate valve in series with butterfly valve to
control fluidizing air;

® repair roaster refractory lining to eliminate leakages;
® centralize all operating information in control room
by setting up communications with various levels in the

roaster installation;

® install U-tube manometers to back up pressure gauges;
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C.

o 1install differential pressure manometer;

o install purge lines on all pressure taps;

o 1install flow indicators on purge lines;

o install vibrators and/or air lances on calcine bin; and
o hard-surface the elbow in the Wagstaff gun.

Reverberatory Furnace and Converter:

® Alter slag launder;

o provide instrumentation for sampling and analysis of
reverb off-gases;

o install tight-fitting hoods or aprons near the mouth
of the converters to prevent excessive dilution of the
802 content of the off-gases;

o provide access to clean converter flux charging chute; and
® provide automatic turnout on the converters.

Acid Plant:

We suggest that Etibank should consider starting up the

acid plant using converter gases alone i.e. before

successful roaster operation is achieved, in order to
utilize the assistance of the UNIDO expert.

2. Intermediate-Term Tasks

Concentrator:

At present, the concentrator is performing below par.

The operating parameters in the following areas might be
significant in the performance of the concentrator, and
might be of possible interest to the UNIDO expert currently
available for assistance to Etibank.

e Dust control to the crushing plant;

o frequent equipment failures;

o oxidized copper minerals; add NaZS;

o slimes; deslime prior to rougher flotation;
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e ball mill undercapacity; monitor power consumption,
change maximum ball size;

o insufficient flotation time;
e improper reagents and dosages; and

e avoid shipping dry pyrite concentrates because of fire
hazard.

b. Roaster: Normalization problems in the roaster usually
involve materials handling problems, for example:
o Slurry preparation, handling, pumping; change nostle
location;
e bridging of calcine in cyclones; mechanical vibration,
poks-holes;
e abrasion in cyclones; ceramic lining;
e pressure balancing system inoperable;
e fluoseal clogging; chenge bottom plate; change to rotary
seals; and
o improper diameter of fluid bed drain; change diameter,
air lance.
c. Reverberatory Furnace and Converter: The possible problem

areas in the reverb section would involve:

o Excessive fuel consumptiom;

o charging problems;

o excessive refractory consumption;

o wmagnetite buildup; and

o slagging in the waste-heat boiler.

On the comnverter side, a major problem might be encountered
in retraining the staff and changing previously established
practice to control blowing in response to acid plant

requirements, to improve scheduling, and comtrol flux
additions.

3, Long-Term Tasks

Ultimately the installatiom of a well-enforced metallurgical and
cost accounting system will be vital regardless of the specific

6
Arthur D Little Inc



results of the short- and intermediate-term tasks. We strongly
recommend that planning of such a system begin as soon as
practical. In addition, we suggest giving consideration to the
following to improvs the plant operations:

Automatic sampling in the concentrator;

design larger and deeper moulds for blistsr casting;
install running time meters on converters;
inveetigate possibility of doubling ladle sise;
improve cementation procedures;

coneider the installation of a pyrite roaster for the
acid plent to increase acid production; and

comsider the esconomics of smelting ths high grade ors
ia the new plant versus smelting it in ths old plant.
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I1I. INTRODUCTION

A, PREVIOUS OPERATIONS AT ERGANI

The copper deposit at Ergani is a massive sulfide deposit of the
hydrothermal type. The predominant sulfide minerals are chalcopyrite
(CuFeSy) and pyrite (FeS;). The host rock is a diabase or perido-
tite in the lower sections of the deposit and a serpentine or limonite
in the upper sections. From a processing standpoint, the deposit con-
tains two types of ore; a high-grade pyritic ore which can be smelted
directly, and a low-grade impregnated ore, which requires concentra-
tion. At the end of 1971, the proven reserves were 12.8 million

tons with an average grade of 1.72% Cu. The existence of thir deposit
was known during prehistoric times and evidence has been found of
ancient small-scale mining and smelting activity in the area.

In 1939, a metallurgical plant was constructed at Ergani by a German
firm, which was based on the direct smelting of coarse ore, mixed
with fluxes and coke, in rectangular water-jacketed shaft furnaces.
Initially, the small amount of fine ore available was agglomerated
by sintering and fed to the shaft furnaces with the coarse ore. The
molten discharge from the shaft furnace was separated into a slag
layer and a matte layer in a slag settler; the average grade of
matte obtained being 30-407 copper. The matte was converted to
blister copper in conventional Pierce-Smith converters.

The original plant was based on the ability of the mine to supply
+l-inch ore containing 7% copper. As the ore grade declined with time
and as the percentage of fine ore being fed to the plant increased,

it was found necessary to beneficiate the ore by flotation and to
sinter the concentrates. Accordingly, a 350 tons of ore/day flota-
tion plant was built in 1950. The capacity of this plant was sub-
sequently increased to 750 tons/day in 1955. The flotation plant also
produced a by-product pyrite concentrate which has been stockpiled.
The fine concentrate was mixed with fuel and flux and sintered.

Before the expansion project just completed was undertaken, the
physical plant at Ergani comprised of the 750 tons/day flotation
mill for treating fine low grade ore, a sinter plant for agglomerating
the flotation concentrate, and a smelter containing two water-
jacketed shaft furnaces for smelting sintered agglomerates and coarse
ore, along with slag settlers, slag granulation, auxiliary off-gas
handling facilities, and four Pierce-Smith converters for converting
the matte produced to blister copper. Dust in the gases from the
shaft furnaces was removed in a settling chamber after which the
gases were vented to the atmosphere via a gallery and a flue. Con-
verter gases passed through a balloon flue before mixing with the
shaft furnace off-gases. Cakes of blister copper were cast from
ladle and shipped. A schematic diagram of the plant just before
modernization is shown in Figure 1.
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FIGURE 1

SCHEMATIC FLOWSHEET OF THE PLANT AT ERGANI BEFORE MODERNIZATION
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The decision to modernize the smelter was a result of the declining
grade of ore which led to lower matte grades and decreased copper
production from the existing equipment, and the increasing amount
of low grade ore which has to be beneficiated by flotation and
sintered. The decrease in copper production resulting from these
factors, and in later years from interference by plant modernization
activities, is seen in the production statistics of Table 1.

The decision to modernize the Ergani copper works was taken in about
1956. By about 1961, the mining plan had been modernized and was
capable of supplying the larger concentrator. The final selection
of a processing flowsheet occurred after 1962 when it was decided
to build a conventional reverberatory-type smelter capable of pro-
ducing 18,000 tons/year of blister.

B. THE MODERNIZED OPERATIONS

The present smelter complex comprises the following units and
facilities, shown schematically in Figure 2.

® A new concentrator;
o A fluidized bed roaster for roasting the concentrate;

o A deep bath reverberatory furnace fired with fuel oil which
has the dual capability of being fed with either the
roasted calcines via a Wagstaff gun or with moist con-
centrate via slinger belts;

e A waste heat boiler for recovering waste heat from the
reverberatory furnace gases;

e An electrostatic precipitator for dust removal from the
gases after cooling in the waste-heat boller,

e Two new converters of the Pierce-Smith type; and

® An acid plant for manufacturing sulfuric acid from the
of f—-gases.

Although the new smelter is located adjoining to the old smelting
plant, the new plant is essentially self-contained and minimal use
is made of the older facilities. The new plant uses the old flue,
gallery, and chimney for conveying the cleaned reverb off-gases to
the atmosphere. The same installation can also exhaust roaster or
converter gases in case the acid plant is shut down. The new con-
verter aisle is a continuation of the old converter aisle and, if
necessary, cranes installed in the older gection can travel and be
used in the new section. However, the new cranes would be adequate
during normal operations. Figure 3 is a schematic-pictorial diagram

10
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TABLE 1

PRODUCTION STATISTICS FOR THE ERGANI SMELTER

Annual Blister Production

(metric tons)

17,517
15,750
14,000
10,470

9,540

11

1966

1967

1968

1969

1970
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FIGURE 2

SCHEMATIC FLOWSHEET OF THE NEW PLANT AT ERGANI
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that shows relative positions of equipment in the old and new
plant.

We understand that the overall construction program was managed
by Etibank with the help of the Parsons-Jurden Corporation of
New York, who acted in the capacity of a consultant. Furthermore,
Parsons-Jurden was responsible for the overall plant design, pro-
vided detailed specifications for major items of equipment, and
provided assistance in the start-up of certain units such as the
reverberatory furnace. Based on the detailed specifications,
various units in the plant were supplied by subcontractors from
several countries. For example, the concentrator and waste heat
boiler were supplied by Turkish companies, the roaster by a
British firm, and the acid plant by an Italian firm.

14
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I1II. THE SMELTER MODERNIZATION AND EXPANSION PROJECT

A. REVIEW OF DESIGN

In the discussion below, we identify elements in the design of

the plant that generate questions of their appropriateness and
areas where there is still room to incorporate newer developments
(in equipment or in operating practice). For sake of clarity, we
have included a short description of each component unit in order
to frame the prospective problem areas in equipment or in operation
that we identified.

1. Process Plant Component Functions:

a. Crushing Plant and Concentrator

In the crushing plant, the mined ore is crushed dry to a size
where it can be reduced further by wet grinding in the concentrator.
In the concentrator the ore is wet ground to "liberate" (or
separate) the grains of gulfide copper-bearing minerals from the
giliceous host rock (gangue). At Ergani, this liberation occurs
at a nominal grind of minus 65 mesh, when most of the individual
particles are either sulfides or gangue material. The minus 65
mesh discharge from the ball mill-classifier circuit is treated by
bulk sulfide flotation in order to separate and reject the worth-
less gangue in the ore which is then discarded as plant tailings.
The bulk sulfide concentrate thus obtained is ground further to a
nominal minus 200 mesh in order to separate the grains of pyrites
from the grains of chalcopyrite. The resultant pulp is treated
by selective flotation, during which a high pH of about 11.5 is
maintained. This renders the pyrite nonfloatable and separates it
from chalcopyrite, the predominant copper mineral at Ergani. The
chalcopyrite and pyrite concentrates are separately thickened and
filtered. The chalcopyrite concentrate can be fed either directly
to the reverberatory furnace when utilizing green-charge smelting
or to the fluid-bed roaster for partial roasting when using calcine
smelting.

b, Fluidized-Bed Roaster

In the roaster, about 40% of the sulfur in the concentrate is
eliminated by oxidation. This leads to higher matte grades in

the reverberatory furnace. The roaster off-gases provide a steady,
concentrated stream of SO,-rich gas ideally suited for sulfuric
acid manufacture. 1In a fiuidized-bed roaster, particles of silica
flux are fluidized with air into which a slurry of chalcopyrite
concentrates in water is injected. Oxygen in the fluidizing air
reacts with sulfur and iron in the concentrate to form sulfur
dioxide (50;) and magnetite (Feq0 ) respectively, the copper re-
maining as the sulfide. The heat generated by these oxidation

15
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reactions is taken up by the vaporization of the water component
of the slurry so that the roaster operates essentially at a
constant temperature (about 600°C). The bulk of the roasted
concentrate or calcine leaves the reactor with the off-gases and
is recovered in primary and secondary cyclones. The coarse
material in the reactor drains from the bottom. Both are stored
in a calcine bin from which they can be charged intermittently
into the reverberatory furnace as required.

c. Reverberatory Furnace

A reverberatory furnace 1is essentially a rectangular box of
refractory which is heated by burning fuel. The reverberatory
furnace at Ergani is of the deep-bath type and uses residual fuel
o0il as fuel. A deep-bath type furnace contains a large amount of
liquid material at all times in its crucible. The floor of the
crucible is kept cool and '"frozen" by air pipes embedded in it,
while the sides are protected a a series of water jackets that
cool and protect the refractory that is in contact with the
molten charge.

The molten charge in the reverberatory furnace consists of a
mixture of molten sulfides (essentially Cu2S and Fe$ and referred
to as matte), as the lower layer, and a lighter layer of slag.
Slags in copper smelting are typically of the fayalite composition;
that is, 2Fe0'Si02. The off-gases from the reverberatory furnace
are cooled in waste-heat boilers, treated in electrostatic
precipitators for dust removal, and vented to the atmosphere.

A reverberatory furnace performs two functions. First, it melts
the solid charge which then separates to form liquid matte and
slag layers. When using green charge smelting, the charge
normally contains an excess of sulfur. During matte formation,
all the iron in the concentrate reports to the matte which can
lead to the production of low-grade (low percentage of copper)
mattes. When using calcine smelting, there is a deficiency of
gsulfur in the charge and some of the iron will report to the
slag layer thus resulting in a high-grade matte. Second, the
reverberatory furnace treats the viscous, high-magnetite, high-
copper slags produced in the converter for additional copper
recovery.

The reverberatory furnmace slag is tapped intermittently, granu-
lated with water and discarded. Matte from the reverberatory
furnace is tapped intermittently into ladles and then fed into
a converter with the use of an overhead crane.
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d. Converter

A converter transforms matte to iron oxides (which report to the
slag) and to metallic copper. The off-gases can be rich in

SOz and accordingly can be used for sulfuric acid manufacture.

A converter 1s a barrel-shaped vessel with an opening (mouth)
near its top and a row of tuyeres along 1its side. The converter
can be rotated to pour out its contents. Converting is a batch
operation. 1Initially, a converter is charged with several ladles
of matte from the reverberatory furnace. Air flow through the
tuyeres 18 commenced and the converter 1is tilted so that the
tuyeres are submerged by the matte. Oxygen in the air converts
FeS in the matte to FeO while the CuzS remains unaffected. The
oxidation reactions generate sufficient heat to keep the charge
molten so that external heat is not required. Silica is added
to the converter to form a slag with the FeO and to keep the
iron oxide in 1its lower oxidation state. The latter, however,
cannot be achieved completely so that converter slag is always
high in magnetite, Fe304. The blowing of air is continued until
the matte layer is essentially CupS. Then all the slag is
skimmed of f by pouring and charged back into the reverberatory
furnace. This phase of converter operation is referred to as the
"slag blow'.

After several slag blows during which additional matte is charged

and iron is removed in slag, sufficient CujS (or "white metal')
1s accumulated so that it can then be blown to metallic copper
during a "copper blow". The sulfur in CuyS is eliminated at this
stage.

At Ergani, the metallic copper from the converter is poured into
ladles and from which 1t 1is cast directly into (blister) copper
cakes for shipment.

e. Acid Plant

The combined off-gases from the roaster and converter are rich
enough in SO to be treated in the contact acid plant for the
production of sulfuric acid.

2, General Layout

The terrain at Ergani is mountainous and only a limited amount of
level space adjoining the existing water-jacketed furnace in-
stallation was available for the new plant. Considering the level
space constraint we believe that the new plant has been constructed
in the proper location and all material flows, in and out of the
plant, are properly laid out with the exception of the height

of the overhead crane. The overhead crane is responsible for all
material flows in the converter aisle and performs a number of
major functions.
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® Matte from the reverberatory furnace is tapped into
ladles on one side of the converter aisle which are then
carried across the aisle and discharged into the converter.

o The slag from the converter is poured into ladles and
charged back into the reverberatory furnace.

® When converting is complete, copper is poured from the
converters into ladles and taken to the blister casting
area. At Ergani, the facilities for casting blister
cakes are at one end of the converter aisle.

The converter aisle in the new plant is an extension of the
converter aisle in the old plant, and as a result, the track for
the overhead crane in the new section is an extension of the

older track. The height of this track 18 too low when compared

to modern practice, and this results in a number of disadvantageous
consequences.

l ® The low height of the overhead crane limits the capacity
of the ladle that can be used to transfer matte or

l slag. As a result, we found that an unusually small
size of ladle has to be used at Ergani. For example,
the converter operating schedule suggested by Parsons-

' Jurden calls for at least two ladles of matte to be
charged when the converters are turned down to accept
matte, If the overhead crane were higher, one ladle
of twice the capacity could be used once, thereby

l reducing heat losses and the amount of skulls, the frozen
material sticking to the sides of the ladle which has

l to be chipped out in order to be recycled.

® A pit in the floor is necessary in front of each con-
verter to hold the ladle so that the molten charge in
the converter can be poured into it. Modern practice
has evolved away from the installation of pits by
raising both the overhead-crane track elevation and
the level of the converters themselves. Most conver-
ters have an automatic safety mechanism so that in case
of power failure (and stoppage of air supply) the con-
verter can be turned down and emptied or at least turned
down enough to bring the tuyere openings above the
bath to prevent freezing. If the converter charge 1is
thus dumped into a pit, it is much harder, if not im-
possible, to recover especially if the dumped charge is
malleable metallic copper rather than brittle matte,

® Additional avoidable 1ifts can also decrease plant

throughput and the availability of the overhead cranes
for other purposes.
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The obvious remedy here would be to increase the height of the
overhead crane track and also the height of the converters.
Since both these changes are very expensive in terms of cost and
loss of production, we believe that they could not be justified
by the extent of possible improvement in operations. But, since
the new overhead crane is capable of lifting twice the weight

of the current ladles, we suggest that Etibank investigate the
possibility of designing a ladle twice the present size which
could be used within the limited headroom.

3. Receiving and Storage Facilities

The facilities for receiving and storage of materials such as
flue, flux, spare parts and miscellaneous maintenance materials
are adequate. During the start-up of the new plant, spare parts
for certain items, especially those required in the concentrator
(crusher machinery, screens, pumps, etc.), were not available.
But, such problems are to be expected during initial start-up
operations. However, once the plant operation is normalized, we
suggest that careful maintenance and replacement records be kept.
Then, an appropriate maintenance and replacement policy can be
worked out by the plant management, and measures necessary for
maintaining a proper inventory of spare parts can be implemented.
In such a policy formulation, the fact that many parts are im-
ported, and delays in shipments can be beyond the control of
the plant management, should be taken into account.

4. Individual Units

a. Mining

A detailed study of the mining plan, mining equipment and re-
serves was outside the score of this effort. However, based on
detailed discussions with the plant management, we believe that
the mine is capable of supplying the necessary tonnage to the
crushing plant and concentrator.

b. Concentration

The flowsheet selected for the crushing plant and concentrator

is typical of flowsheets used for treating ores of this type. The
crushing plant has three stages of crushing--the primary and
secondary stages being in open circuit, and the tertiary stages

in closed circuit. The crushed ore is stored in fine ore bins.

In the concentrator, the crushed ore is wet ground in one of two
rod mills in open circuit. The rod mill discharge is then ground
by three ball mills in closed circuit. The resultant slurry is
then treated by flotation.

The flotation lines consist of four banks of ''rougher' cells each
containing ten cells. The rougher concentrate is treated by one
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bank of "cleaner" cells, whose concentrate is reground prior to
gelective flotation in order to separate the pyrite from the
chalcopyrite. Selective flotation is achieved by maintaining a
high pH (about 11.5) which depresses the pyrite. The selective
flotation section consists of two parallel lines of cleaning and
recleaning stages and a scavenger stage for decopperizing the
pyrite tails. The copper concentrate and the pyrite concentrate
are thickened separately and filtered.

We believe that the design of the crushing plant and concentrator
is basically sound and we have no major recommendations re-
garding changes in this area. We believe it useful to make
suggestions and observations as follows for consideration by the
UNIDO expert who is now (March 1972) in Turkey with a mission to
advise the Ergani plant on the flotation of the copper concen-
trates, and who 1s expected to complete his mission L December
1972.

e The crushing plant is dustier than is usual in
installations of this type. This dust should be
controlled by water sprays or by properly ventil-
ating the crushing plant. In the meantime, the
personnel in this section of the plant should be
provided with respirators for their protection.

e Based on exploratory calculations, it appears to
us that the three primary ball mills in the grind-
ing plant might be undersized and might not be
able to handle the rated tonnage of the plant and
produce the required mesh of grind. These cal-
culations, however, are based on handbook data
and are quite approximate (perhaps an error of
+ 20%). Therefore, whether or not the primary
ball mills constitute a real bottleneck can be
proven only after operating the concentrator in
a normal fashion over a period of several months.
Should the ball mills prove to be a capacity
bottleneck, some relief can probably be obtained
upstream by crushing the ore to a finer size in
the crushing plant. However, this might require
additional screening equipment.

® In the operation of the ball mills, the total
power drawn by each mill should also be monitored
as a function of the feed rate. This would enable
the operating staff to determine the maximum
capacity of each ball mill and achieve the maximum
throughput through them, should they be found to
be a bottleneck.
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® In the concentrator, the design show.. on the flow-
sheet does not allow for automatic sampling for
metallurgical accounting and for proceas control.
A certain amount of automatic sampling equipment
might (mprove the sampling procedure and hence the
ability of the operating staff to improve the
control of the plant operations.

@ We notice that the plant maintains an inventorv of
steel balls of variocus «iges for ume an make-up.
In an operating ball mill, the ball =iges quicklyv
reach an equilibrium sige distribution and it is
necessary only to replace the largest sized balls
o8 these are worn down. |f only the largest sized
balls are used for make-up, unnecessary supplv and
inventory costas would be eliminated or decreaned.

During our second visit to the plant (in lanuary 1970), the
crushing plant and concentrator were in operation, but the
operatiom had vet to be normaliged. The most obvious problem
at that time was extremely high wear rates on certain equipment
end the lack of spare parts for replacements which led to fre-
quent plaat shutdowna, ac thit the (ircuits rarelv had a chance
to reach equilibrium. MNowe er, even whten allowance in made for
the offects of frequent shutdowns, it appears that copper
recoveries have been lov (a high loas in the tailings) and
selective flotation has not produced (oncentrates of adequatelv

high copper content.

In many inetances, 1t appears that plant performance (1.v.,
cepper recovery) (mproves atgnificantly at low throughputs, which
indicates that one or more of the equipment components mav be
overloaded when the plant operates at its rated throughput. The
plant has been fed vith high grede ore in order to obtain a
ressonable volume of conceatrate but obviouslv, this practice
conmotl be comtinued very long without incurring 4 serious loss

of ore reserves.

W understand that representatives of the sub-contractor to
Etidanh, who (nstalled the (oncentrator, vere unable to suggest
changes to bring the performance of the (voncentrator up to
roquirements. As noted above, 2 'MIN expert in mineval bene-
ficiation ia in Turkey until De.omber 1972 to ansist Etibank

with ita .oncentrator vperations and we would expect that
considorable attention (s now focus sed on this problem. We would
suggeet that the first step tn improving concentrator performance
chould be the (dentification of the specifi. problem areas. The
procodure ve suggested to the plant msanagement should still be
applicable. 1t is based on our suspicions that the specific
preblom arveas are ome of Bore of the following:
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A high frequency of mechanical failures in the equipment
which leads to frequent shutdowns;

o The presence of oxidized ore which would require the
addition of sodium sulfide to improve flotation
recoveries;

o The presence of slimes which would require desliming
cyclones prior to rougher flotation;

o Ball mill under-capacity which may result in
inadequate grinding;

¢ An inadequate retention time in flotation cells,
which does not permit thorough separation; and

o A non-optimum choice of flotation reagents and
pH regimes for bulk sulfide flotation and
selective chalcopyrite flotation.

The procedure we suggested was to take two identical samples

of mill pulp, subject one to the standard flotation treatment
in the laboratory flotation cell at Ergani (the "control"
sample) and subject the other sample of pulp to a specific
treatment program involving desliming, sodium sulfide treatment,
additional grinding, etc., in order to identify the significant
variables affecting the copper recovery in the flotation plant.

c. Fluid Bed Roaster

The fluidized bed roaster is a critical part of the physical
plant at Ergani, because the concentrate grade is normally fairly
lov and a certain degree of sulfur elimination is necessary in
order to produce a high-grade matte. Also, partial roasting
produces a steady, concentrated stream of sulfur dioxide which

is ideally suited to sulfuric acid manufacture.

Figure 4 is a schematic-pictorial diagram of the important
components of the roaster installation at Ergani. It con-
sists of a reactor vessel in which minus 28-mesh silica (£flux)
is fluidized by injecting low pressure air from the windbox
below via tuyeres. When properly fluidized, the sand acts very
much like a boiling liquid and is characterized by "liquid"
properties such as possessing a hydrostatic pressure.

The concentrate filter-cake is reslurried in water, mixed with
about 10% by-weight of coarse silica flux and the slurry is in-
jected into the fluidized bed reactor. Within the reactor, the
oxygen in the fluidizing air reacts with sulfur in the concentrate
to form 802, and iron is oxidized to Fej0,. Both these reactions
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release heat which is absorbed by the evaporation of the water
component of the slurry. Hence, the reactor operates at a
constant temperature-—at around 600°C.

The fine roasted concentrates are carried with the fluidizing
gases out of the top of the reactor, and are separated from the
gas stream by two stages of cyclone separators which recover
almost 95% of the solids in the stream. The remaining solids
are recovered in the scrubbing system ahead of the acid plant
and recycled to the slurry tank.

Silica, which comprises the fluidized bed material, drains from
the bottom and is combined with the cyclone discharge in the
calcine bin. The hot calcines in the calcine bin are fed to
the reverberatory furnace on an intermittent basis through a
Wagstaff gun, which is essentially a hollow tube with a water
cooled end.

At the time of our visit in January 1972, the roaster at Ergani
had not yet been operated successfully. We understand that the
subcontractor, who supplied the roaster equipment, became bank-
rupt before the roaster installation was completed and now
cannot be relied upon for assistance in starting and commission-
ing the unit.

In general, the major problems encountered in operating fluidized-
bed roasters are related to breakdowns or to bottlenecks in
the materials handling facilities on the input or the output
side. The plant management, prior to our arrival in the field
in January 1972, had made the first attempt to commission the
roaster. During our stay, we assisted the plant management in
the second attempt. The discussion below is based on these
experiences and on an inspection of the design drawing and the
equipment installation itself. We cover first potential or
real inadequacies in design that might require alterations of
equipment after initial operating experience is available. We
then discuss the specific recommendations we made to the plant
management during our second visit to the field.

The inadequacies in design and equipment are:

e Preparation of Slurry Although the slurry
preparation and handling system appears to be

adequate, the slurry is supposed to contain
approximately 79% solids and this might con-
ceivably cause problems in pumping. On the other
hand, based on observations of slurry pump
operation at the plant, we would tend to dis-
count potential pump problems, but not potential
problems involving clogging in stagnation-prone
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areas (i.e., bliud spots) in piping or high
wear at elbows., Our examination of the piping
does not reveal any obvious blind spots, and
erosion wear data would only become available
after the roaster has been in operation for
several months,

S The nozzles which inject
the slurry into the fluidized bed are 1located
below the nominal level of the bed and might
consequently suffer from abrasion and/or over-
heating. If nozzle location proves to be a
source of a problem, we would recommend that they
be moved so that the slurry is injected almost
horizontally between a level in line with the
top of the fluidized bed (this would normally
be the level where the tapering bottom section
of the reaction ends and the reactor reaches
its maximum inside diameter) and a level a
few inches above.

Cyclones The primary and secondary cyclones
are not lined with refractory. We checked with
several U.S. manufacturers of such equipment and
found that when cyclones operate up to around
600°C, a refractory lining is not normally
used, but 1is definitely used above such a
temperature. Since the operating temperature at
Ergani would be on the border 1line, it 1is possible
that the cyclone life could be shortened sig-
nificantly by heat damage and erosion. If
opersting experience shows that considerable
abrasion occurs, the cylcones can be lined with
a castable abrasion resistant refractory, for
example, ''Aludur" abrasion resistant ceramic

as manufactured by Norton Refractories in the
U.S.A.

There 18 a possibility of dust bridging and
accumulating at the apex of the cyclone above
the seals. This could be overcome by in-
stalling mechanical vibrators, by banging

the cyclones from the outside manually, and/or
providing poke holes for cleaning near the apex
of the cyclone.

The supplier of the equipment has installed a
rather elaborate automatic pressure balancing
device for controlling cyclone performance.
We are skeptical about its ability to perform
successfully on a continuing basis, and
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suggest that pressure balancing be done manually
during start-up and the early phases of operation.
Then the performance of the equipment on an
automatic pressure balance basis can be verified.

Each cyclone is provided with a "fluo-seal' at
the bottom of its leg. Fluoseals are basically
U-tubes whose legs contain calcine fluidized with
air. In operation, the U-tube maintains a gas
pressure seal 1ike a manometer. The roaster
calcine discharging onto the top of one leg
creates a hydrostatic head causing solids to
overflow from the other. The fluidizing air
sweeps the SOp gas entraining the discharging
calcines back into the roaster; hence, SO2 does
not escape from the bottom of the cyclone along
with the calcines. In the operation of the
fluo-seals, minimum air should be used for
fluidization so a8 to avoid additional oxidation
of the calcine and consequent overheating and
sintering.

The fluo-seals were supplied as pre-assembled
units by the subcontractor who used a ceramic
porous plate for distribution of the fluidizing
air. We found that these plates were badly
cracked, perhaps during shipment, and these were
replaced with an iron plate perforated with small
dismeter holes that we helped the plant engineers
design. This design will have to be verified by
its performance during operation. Moreover,
fluo-seal valves are conventionally used for
handling calcine coarser than that resulting from
the Ergani concentrate. Mechanical-type valves,
for example, rotary vane feeders or flap valves,
are used for fine-sized calcine. Hence, there

{s a possibility that the fluo-seals will not
work properly, especially those installed for the
secondary cyclones, and may have to be replaced
by a mechanical device.

The coarse solids are discharged
from the bed through a bottom drain flush with
the bottom-plate tuyeres. Such a design might
not adequately control the bed height, in which
case the installation of a bed overflow pipe
would become necessary. Other possible
operating problems with such a drain can arise
from an improper diameter for the drain.
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This can lead to either excessive or insufficient
removal of coarse bed material and bridging and
hanging at the elbow in the drain may occur.
After sufficient operating experience has been
accumulated, the drain diameter could be changed,
if necessary. If there are excessive problems
with hanging at the elbow, an air lance would
have to be provided.

Our recommendations to the plant management for changes in
equipment prior to the next attempt to start-up the fluid bed

unit are:

Input Air Systems The roaster unit has three
sources of compressed air. Low-pressure air
is provided by the blower which provides the
fluidizing air. High pressure air 1is provided
by two compressors. These compressors are not
sufficient for all process air requirements and
hence additional high or medium pressure air
has to be obtained from other parts of the plant.
At the present time, these three supply systems
have been interconnected at many points, and
are used for purposes other than roaster operation.
These interconnections should be eliminated

so that the entire compressed air distribution
system is simplified and specifically used as
a process unit for supplying all of the roaster
requirements. We discussed several alternative
approaches to achieve this with the plant
management. The discontinuation of the second
start-up trial before achieving fluidization
resulted from the failure of the slurry pumps
to operate and it appears that this failure
was directly related to problems in compressed-
air supply.

Other changes in the input air systems are:

- Relocate the orifice plate so that the
air entering the fluidized bed roaster
is measured. At its present location,
the orifice plate measures the total
air handled by the blower, some of which
is diverted to the oil burner (secondary
air) during start-up.

- 1Install a gate valve to stop air flow into

the bottom of the fluidized bed when this
is necessary. At present there is a
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butterfly valve for this purpose which does
not close properly. The butterfly valve,
however, should not be removed.

During the second start-up trial, the blower
motor overloaded several times. The
reason for this should be investigated.

Flux Leakage There are several holes in the
refractory lining of the roaster through which
fine particles of flux leaked out during start-
up. These should be plugged with castable
refractory.

Instrumentation Although the roaster in-
stallation is elaborately instrumented,

it 18 not adequate for several reasons. The
utility of some of the instrumentation (for
example, the automatic system for control of
cyclones mentioned above) is open to question.
Information is not available centrally in the
control room but at four different levels in
the roaster irstallation. This information
must be channeled to a central point so that
quick operating decisions can be made, especially

during start-up. We discussed a simple system
based on bells and lights, for communicating
with these levels using prearranged codes.

The Ergani smelter does not have adequate
facilities or trained personnel for servicing
much of the sophisticated instrumentation in-
stalled in the control room at the roaster. Be-
cause the acid plant also has sophisticated in-
strumentation, we believe that the full-time
services of a properly equipped instrumentation
engineer is justified, and will be required once
both the units start operations. In the meantime,
we suggested using U-tube manometers to back up
and verify all pressure measurements.

During the second start-up trial, a differential
pressure manometer was installed to measure

the pressure difference between two points under
the level of the fluidized bed. Observation of
the character of the variations in this dif-
ferential pressure are a reliable indication of
fluidization and readings can also be used to
{indicate the density of the fluidized bed.
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Purge lines were installed on all pressure taps
to prevent condensation and accumulation of fine
dust in the line. It will be necessary to install
flow indicators in each line so that an excessive
flow of purge air does not mask the pressure
measurement.

Calcine Bin The calcine bin is potentially a
serious bottleneck, since when smelting calcine

all the solid charge enters the reverberatory
furnace from this one source. The capacity of

the calcine bin is twelve tons which means that
vhen the roaster is operating normally, the

empty bin would be filled in about 40 minutes.

The normal charging rate into the reverb furnace
would be about 18 tons per hour, or 9 tons per

half hour when charging is done every half hour.
Thus, the bin already contains 9 tons when anv prob-
lems in bin discharging are detected and only 10
minutes are available for achieving discharge before
the bin is full and the roaster has to be shut down.

There are two potential areas where such problems
can occur. The calcine bin does not have
mechanical vibrators and considerable difficulty
might be encountered as a result of hanging at
the apex of the bin. We strongly recommend the
immediate installation of one or two pneumatic
vibrators. The second potential problem area

is at the elbow where the vertically descending
solids change direction and travel down the
sloping Wagstaff gun. Hard surfacing the elbow at
this point with a very hard abrasion resistant
material plus perhaps provision of air lances
would overcome wear and sticking problems in this
area, Careful maintenance of the Wagstaff gun
equipment is indicated.

Automatic Shutoff Under normal operating conditions,

the roaster feed contains sulfur in excess of that
required to combine with the oxygen in the
fluidizing air from the point of view of calcine
composition. Hence, all the oxygen in the input
air is used up and the roaster off-gases contain
little or no free oxygen. The easiest method for
controlling the fluid-bed temperature after a
steady-state operation has been achieved is to
increagse the slurry feed rate slightly to cool
the bed and decrease the feed rate slightly to
increase the bed temperature.
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The roaster also has an automatic temperature
controller which actuates water sprays in the
roof of the roaster in order to cool the
fluidized bed. This arrangement should be
adequate for controlling normal temperature
excursions. However, we strongly recommended
that in addition to this, an automatic device
be installed that shuts off the main blower

any time the fluidized bed temperature reaches
1000-1050°C. This would prevent sintering or
melting of the bed material in case there is a
temperature excursion which for some reason is
not controlled by activating the water sprays in
the roof of the roaster. With certain concen-
trates, sticking and defluidization problems can
also occur at temperatures around 700°C. These
usually relate to the thermal decomposition of
pyrite to FeS and elemental sulfur.

d. Reverberatory Furnace and Accessories

As noted earlier, the reverberatory furnace melts the charge
which separates into two layers, matte and slag. Converter slag
is also charged into the reverb in order to recover its copper
content. Molten matte is tapped and converted to produce blister
copper, while the slag is discarded. We have comments on certain
components of the reverberatory furnace.

The reverberatory furnace at Ergani is of conventional design.

An unusual aspect of the design is the fact that it has a dual
capability with provisions for both calcine charging and green-
feed charging; and this leads to cramped handling facilities,
especially in the vicinity of the Wagstaff gun, and results in a
certain degree of redundancy. Although dual capacity has been
used by Phelps Dodge at Morenci (Arizona) for charging dry hearth-
type reverberatory furnaces, this resulted from changes in
operating practice at the smelter and was not part of the original

design concept. Dual capability is rarely provided in modern
reverb design.

We do not expect operating problems to result from dual capability,
and once the fluid-bed roaster and acid plant start operating,

the green charging capability will no longer be required on a
regular basis. Rather, this capability would only be reactivated
if the roaster is down for repairs and possibly also for handling
reverts (i.e., copper containing residues).
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The furnace roof is made of suspended basic refractory. The
specifications for this roof called for panelized construction

so that if an area of refractory needed replacement, an entire
panel could be lifted out of place by an overhead crane and
replaced with a new panel. Many recent reverberatory furnaces
utilize suspended roofs with panelized construction. We find
that the construction at Ergani is such that although groups of
refractory bricks are in fact suspended as panels, the clearances
provided for in the structural steel design of the panel supports
does not permit refractory to be lifted or replaced as panels.
Because of this, any roof repairs and brick replacement would
have to be done on the more tedious brick-by-brick basis.

We understand that the burner specification called for the
burners to be recessed away from the firing wall so that the
burners could aspirate in a certain amount of tertiary air. At
present, (January 1972), the burners have been installed flush
with the wall, but appear to operate so far without any problems.
Should it be determined in the future that burners suffer from
overheating and excessive coking of the fuel oil stream, it
might be necessary to move them 6-8 inches (15-20 cm) behind the
firing end wall surface, to permit the inspiration of additional
air by the furnace draft.

We understand that the original design did not incorporate a
flue bypassing the waste-heat boiler, which would have enabled
the plant to keep the reverb hot and minimize refractory damage
while the waste heat boiler was down for repairs and isolated
from the system. Such a bypass flue was subsequently designed
at Etibank's request, and the additional time to install it
contributed towards the delay in starting up the new plant.

Inadequate attention to the waste-heat boiler design was a major
reason for the delay in starting up the plant. In general, waste-
heat boilers in metallurgical-furnace service are subjected to
much heavier dust loadings than is the case in other applications
of this equipment, or even is the case for conventional coal

fired boilers. In addition, inlet gas temperatures may be higher
and the entrained particles may be at the point of fusion, or
molten. Thus, metallurgical-service waste heat boilers require
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a more open spacing in the convection sections and in the
screen sections. The tube arrangement in these sections should
provide easy access for cleaning tube surfaces such as by
rather elaborate soot-blowing apparatus. Adequate provision
should be made for removing accumulations of solids loosened by
the soot blowers,

The initial type of waste-heat boiler installed did not suit
such requirements so that major time-consuming alterations had to
be undertaken in the field.

The waste-heat boiler as now installed utilizes ''bayonet-type"
tubes; that is, water tubes in which cold water descends
through a tube centered within the boiler tube proper, and then
is heated as it ascends the annulus formed by the two tubes.
The disadvantage of this type of construction as compared to
the more usual U-tube construction is that the annulus where
mineral deposits might accumulate cannot be cleaned by pulling
through a reamer. Therefore, the boiler feed water should be
of extremely high purity (essentially 100% condensate).

The proper 'burning-in" of the floor (or crucible) of a re-
verberatory furnace is important if continued, trouble-free
operations are to be achieved. At Etibank's request, we submitted
a detailed procedure for the burning-in process in time for
implementation and this is presented here as Appendix B. We

do not know the details of the procedure actually used, but we
understand it differed slightly from that given in Appendix B.

As a result of our initial visit to the field in January 1971,
we recommended the following changes for implementation before
commissioning the furnace. Most of these have been incor-
porated.

® Alteration of matte and slag launders in order
to permit easy access to the tap holes;

® Installation of a fuel return line on burner oil
supply to avoid dead ends and freezing of the oil;

® Instrumentation for monitoring and recording of
furnace draft;

® Compressed air outlets near the roof of the
reverberatory furnace for roof cleaning with air
lances; and

o Holes in roof refractory for measuring slag and
matte levels with a dip stick.
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In operating a deep-bath type of furnace, the molten charge in

the reverberatory furnace acts as a thermal flywheel to regulate
temperature by providing a large reservolr of heat. Hence, 1t

is important to maintain adequate depth of matte and slag at

all times. When the depth of matte is adequate, magnetite
accumulations on the bottom of the furnace are minimal, especially
when matte grade is above 30%, which permits the magnetite to
float between the slag and the matte layers. In general,
magnetite accumulation is less of a problem with deep-bath type
furnaces than with other types (e.g., dry hearth). But eventually
the magnetite will adhere to the furnace bottom especially when
too much matte is tapped and the matte layer is thin.

The side walls should be protected from deterioration by fettling*
with coarse flux charged via the slinger belts.

With certain types of calcines, foaming of the slag (serious
enough sometimes to fill the furnace volume) can occur after

the calcines have been charged from the Wagstaff gun. The
foaming is a result of gas evolution during the reduction of mag-
netite in the calcine by reaction with the matte:

3Fe304 + FeS = 10Fe0 + 502
The exact caunes of foaming are not well understood, but plant
experience indicates that viscous, highly siliceous slags are
more susceptible to foaming.

e. Converters

Because the old smelter at Erganl included converters of identical
size and design, this is one section of the new plant with which
the operating staff is familiar. However, there are several
aspects of operating converters in association with reverberatory
smelting and with acid production which will require the operating
staff to "unlearn" old habits and to learn new ones.

o The hoods on the new converters do not fit
sufficiently tight. Accordingly, we expect
that, unless properly fitting hoods or aprons
are provided, the converter gases will be
considerably diluted unnecessarily by an influx
of cold air through the gap between converter and
hood. This i{s a major shortcoming in the
converter section, and it should be corrected
prior to the start-up of the acid plant.

¢ The new converters have provisions for feeding
silica flux continuously via a belt conveyor and
a discharge chute while the converter is on the

® The addition of coaree material such as ore or flux to protect
eidevalls from the heat
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slag blow. The chute {s located inside the hood
area and we expect that a problem might be en-
countered during operations as a result of metal
accretions on this chute that tmpede the flow of
flux. A platform for a laborer should be provided
at the chute level, so the metal accretions and
other blockages can be chipped out.

Converters almost always have emergency-power
systems that rotate the converters in case of
power failure to prevent metal freezing in the
tuyeres. In most casec this is done automatically.
We understand that in both the old and the new
sections of the converter aisle at Ergani, emergencv
converter turnout is actuated bv a switch which
requires operator intervention. Furthermore,
because of the limited current output of storage-
battery system used at Ergani, only one converter
can be turned out at a time. Wwe believe this to
be a potentially dangerous situation, and
accordingly recommend that the converter turnout
system be made completelv automatic, and that
additional storage batterv capacitv be added to
permit all the converters to be turned out at the
same time.

On the other hand, because¢ we have noticed that the
number of operating labor in the converter aisle
wvho can be exposed to a real hazard during an
automatic turnout is unusually high, the automati.
turnout system should be designed to bring only the
tuyeres above the liquid level, since the matte or
slag backflowing into the tuyeres could freeze
almost inetantaneouslv. The final emptving « the
converters could be done manuallv. The operating
lsbor should be trained to conduct their work
vithout intruding into the converter atsle vxcept
when absolutely necessary.

Converting by its verv nature {s a batch vperation,
vhereas an acid plant operates best when {ts input
consiats of a constant volume of gasx of more or

less constant chemical composition. In order to
achieve such a constancy, the converter staff

vill have to schedule converter blows and to con-
trol blowing rates, a requirement which thev are not
ueed to observing. This requirement could require
considerable retraining of staff and direct super-
vision of thelr activities for a time. (ooperatiom
between converter section staff and acid plant staff
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te nininise vartations in 1 .¢ gas stream in
vitally laportant

The presence f enceanive magnetite in the converter
slag s usually a2 meanure of improper converter
eperation. Magnetite in .onverter alag is much
aote dotrimental 1o plant operation wvhen the con-
verter slag is charged int~ a reverheratory furnece,
than when 1 1+ elag i« (harpged inte a settler ot
covled, rushed and . harged back {nte the water-
Yacheted hlant furnace. Thus ., the reverb ia less
fergiviag ~f had (onverter practice than {s the
blast furnace. Although magnetite accumulations
ate leas of a problew in deep-bath reverbheratory
omelting than in other types of furnaces, Rag-
aetite con end w11l invariebly accumulate on the
betton of 4 reverberatory furnace. This will
docreane the matte eturvage (apacity and (n(resse
the frequen:y ! tapping

We understend that tn the old plant, the converter
slags were not snalveed for magnetite. In the

aov plant, the magnetite .ontent of converter
slage should be dotermined v»n 4 regular hanis,

tn sddition ' the  opper analvees (required for
proper materiai balances around the reverberatory
furnace), s that the enpertine f individual
opetratore in teths of mintmizing magnetite in
comvetter slags : an he esseaned and vhecked on a
day -to-day basis The opetat lng parameter to
ashieve sweh o shiill is the amount of flux charged.
1t appears that pra tice for the converters in

the old plant ves based on using the minimum flux.
Por goed tevers converter aperations, the converter
elag should be an high In etlica as posaible,
(30-01). tc obtatn this, largey flux additions
will be tegquited Alsu, sllica should be vharged
a0 2e0e oo the matte tomperatufe permita {ts
@siting v that its presen.e suppiesses er.ensive
sagnetite formatinn.

e now plent at Frgeni has ample converter .ap-
acity encept when wsing green ‘harge smelting with
lov-grade cuientiaten, vhich an result In matte
grades .ovnsidetably belov 20% (opper. !f the acid
plant s operating vn gae produced under these
candgitions, It (s wasential that all the matte
procossed In the emeiter be converted in the new
converter alsle, to produce a manimum SO, supply
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gince the converter off-pases from the older
section of the converter aisle are not fed to
the acid plant, but are vented directly to the
atmosphere via the stack. Therefore, the matte
volumes will be unusually high, and it will
become important to operate the new converters
for a maximum time on blow. A good way of
evaluating the efficiency of converter blowing
to maximize time on blow is to connect elapsed
time, or running time, meters which are actuated
by air pressure. Thus, the meters measure the
fraction of time during each shift that the con-
verter was actually blowing. A good target for
effective converter aisle operation would be to
utilize the converters in blow 757% of the time.

f. Blister Cake Casting

' When the copper blow is complete, the molten copper is poured
from the converter into a ladle. Cakes of blister copper are
' cast directly from this ladle and, after cooling and removal from
the molds, they are stored prior to shipping. We believe that
with the present system of blister cake casting, metal losses
' are needlessly high because the operation is inefficient as noted
below. |

e The presently used molds are small and shallow.
As a result, each blister cake is formed with a
considerable amount of fin area which is broken
off during handling both in the plant and almost
certainly during shipment. This is a source of
copper loss.

e The blister cakes from such molds are light enough
to be carried by a single person, and this can
lead to losses by theft and by pilferage. Most
refineries around the world, which purchase

blister cake, will accept cakes up to as much as
3,000 kg each.

e There is a lot of splashing and spillage under
present casting procedure which requires more
labor and remelting of spillages which could be
avoided by improving the casting procedure.

We suggest that the blister cake size be increased to the extent
Etibank's marketing position permits, but at least to the extent

that the size can no longer be carried by one person. Twice
or three times (say 1,000 Kg.) its present volume of cake would
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meet this criteria. We also suggest that new molds be designed
8o that the necessary cake size can be obtained by filling the
mold cavity only a part of the way. For example, anodes are
cast on an anode wheel by such a method in order to obtain sharp
clean edges. A deeper mold will require a properly prepared
mold wash so that the blister cakes can be removed easily from
the molds. A thick slurry of finely ground silica such as is
normally used as mold wash in casting of anodes from blister
copper may be a candidate mold wash.

g, Sulfuric Acid Plant

A detailed study of the sulfuric acid plant was outside the scope
of the present effort. We find, however, that the acid plant is
adequate and is oversized as is normal when the plant has to
handle varying volumes and concentrations of gas produced by a
converter. The plant is adequately instrumented. Etibank is
concerned that the acid plant can only perform below its rated
capacity because there is not sufficient sulfur in the feed, and
requested that we check this. Our calculations, presented in
Appendix C, support their concern. If the sulfuric acid shortage
in Turkey demands the operation of the Ergani acid plant at full
capacity, an additional source of SO, will have to be utilized,
such could be provided technically by a pyrite roaster or an
elemental sulfur burner. Since pyrite concentrate is produced

at the smelter concentrator, this seems to be the appropriate
source of additional sulfur units.

5. Shipping Facilities

When the new plant achieves normal operation, both blister

copper and sulfuric acid will be shipped by rail to the market.
In addition, the pyrite concentrate will be shipped by rail to
the market. In addition, the pyrite concentrate will be shipped
by rail to another sulfuric acid plant in a fertilizer complex
some distance from the Ergani smelter. During our first visit

to the field we were asked by the plant management to examine the
shipping facilities to decide whether they were adequate to
handle the increased volume of material coming from Ergani because
of the modernized smelter. Because detailed data on material
handling capacities, loading/unloading rates and especially rail-
road perforamnce were not available, a responsive reply to this
request was not practical. But, our cursory examination shows
that there is adequate storage capacity for all three items at
the plant, and the bottleneck, if any, would have to do with the
availability and reliability of railroad services.

During our first visit to the field, it was mentioned that the
pyrite concentrates would be dried prior to shipment. We
strongly recommend against this approach because dry concentrates
are highly susceptible to spontaneous combustion. This
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phenomenon cannot be entirely avoided even with wet concentrates
at times. Furthermore, considerable dusting and loss of material
would occur if moisture content were below about 6.5%. We
recommend the concentrates be shipped in their wet non-aerated
state to the acid plant, and the pyrites be dried just prior to
roasting.

6. Maintenance Facilities

We find the maintenance facilities at Ergani to be quite extensive
as is usual with a plant location as remote as is Maden.

The machine shop and foundry are extensive. The staff is re-
sourceful and capable of quality work as was proven during the
second startup trial on the fluid bed roaster when an urgent need
for a perforated steel plate arose.

The deficiency in the maintenance area appears to lie in the area

l of spare parts availability and inventory control. These problems
are aggravated during periods of plant start-up. Therefore, it
is essential that careful maintenance and replacement records be

' kept so that an adequate maintenance and replacement policy can be
worked out and implemented. We understand that purchasing of
spare parts is performed by Etibank's head office in Ankara.

l The procedure should be reviewed to determine that no unncessary
delays are introduced, and to enable the plant management to
exercise appropriate inventory control, if this does not now

l exist.

7. Others

The plant at Ergani recovers a small quantity of cement copper
from various aqueous streams by precipitation with scrap iron.

We noticed launders for contacting the dilute streams with scrap
in three locations. At all three locations, the solution flow
rate through the launders appeared to be very low. This type of
contacting leads to excessively high iron consumption, as high

as ten times the stoichiometric amount. The iron consumption
could be decreased by increasing the rate of solution flow. The
easiest way of doing this with the present launders would be to
install pipes in the bottom of the launders provided with nozzles,
or orifices, at selected locations so that the copper solution

is in{ected at a high velocity into the pile of scrap iron. This
construction will have to be of stainless steel.
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B THE CONSTRUCTION PROGRAM

We understand that the construction program to modernize the
Ergani smelter was managed by Etibank utilizing deaign and con-
sulting services provided by the Parsons-Jurden Corporation.
Baaad on our first field trip, (January - February 1971), we .
believe that the completion of the plant was affected by over-
lapping delays in two critical areas, both of which postponed

the start-up date for the reverberatory furnace. The first area
involved the installation of a wrong type of waste-heat boiler bv
the sub-contractor which then had to undergo extensive modifica-
tions in the field. The second was the delav incurred by a late
decision to install the by-pass flue. By using a bv-pass flue,
the reverberatory furnace can continue operations (usuallv on a
curtailed basis) when the waste heat boiler is shut d-m for
rapairs. We understand that the initial design of the plant did
not include a by-pass flue, and that this was designed later at
Etibank's request. The time periods required to alter the waste
heat boiler installation and to install the bv-pass flue
overlapped. Hence, the total delav was not as serious as it
might have been, had each delay occurred separatelv.

. OPEBATIONS

During our first visit to the field, before the plant conmtruction
was complete, we undertook an intensive program to train the

ataff to operate the new smelter. The details of this program
are presentad in Appendix A.

During our second visit (January 1972) the plant was in operatfon
but oparstions were far from normal, especiallv with respect to
the fluid-bad roaster, which after one attempt had not vet
operated satisfactorily. Our efforts concentrated on providing
assistance in starting up the roaater. we helped conduct a
second start-up trial which was discont inued because of the
slurry punp fatlure. But, we developed detailed instructions for
the anginear-in-charge for use in the next trial. The procedure
ve suggested for roaster start-up {s summarized in Appendix ?.

Aftar the roaster and tie Bd plant are opebating 1u o2 normal
fashion and the concentrator efficiency has been improved, we enpecl
that the nead for additional instrumentation or failities will
become claar to enable proper sampling for procens control.  Alse,
at that time we strongly recommend that an adequate metallurgical
account ing system be installed to assess the opevation of the
smelter in tarms of copper losmes, overall and by Jepartments

and to measure the effects of changes in operat fonal practiies
undertaken by the staff to improve the vperations.
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IV. PRODUCTION COSTS

A, OPERATING COST FACTORS IN NORMALIZED PRODUCTION

The new plant at Ergani is still in the starting-up stages and
at the time of our visit in January 1972 had not yet reached
normalized production. For example, the concentrator was still
performing below its design basis, both in terms of copper re-
covery and in the grade of concentrate produced. The fluidized-
bed roaster system had not operated as yet, although start-up
trials had been conducted. The reverberatory furnace was in
operation but appeared to consume excessively high quantities
of fuel. Start-up trials on the acid plant had yet to commence.

Under such conditions, a scrutiny and analysis of the components
of the actual operating costs incurred (a part of our original
work plan) can be misleading. Because of this, we present below
a discussion of typical raw material and energy consumptions
encountered in smelting operations. Depending on specific condi-
tions at any plant location, these unit consumptions might vary
by 10-20% from the values stated in this section. The values
are, therefore, presented to serve as a target to be approached,
achieved or surpassed after the plant start-up problems have been
successfully overcome and normal production has been achieved.

We have retained the customary English units in this section in
order to emphasize the fact that the numerical values presented
belov are "rules-of-thumb" by which any smelting operation is

gavuged.

1, Fyel 01l

In a reverberatory furnace, the quantity of fuel consumed is
evaluated on the basis of heat input per ton of solid charge
(green concentrate + flux or calcine + flux). Typical values
are & to 8 million Btu per metric ton of charge in green feed
smelting and 2.5 to 5 million Btu per metric ton of charge in
calcine smelting. An efficient waste-heat boiler will recover
around 45-50% of the heat content in the reverberatory furnace-
off-gases.

42 Flux consumption
The silica flux and limestone requirements are largely dictated
by the impurities {n the concentrate. Silica combines with iron
to form iron silicates, typically fayalite (2Fe0:S107) and
limsstone is added for yiscosity control. A typical reverberatory
furnace slag will contain 30-40% silica and 3-10% Ca0. The total
silica requirement is calculated on the basis of a preselected
“eilicate degree" for the slag. The silicate degree (sum of
veight of oxygen in acidic oxides such as §i07 divided by
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weight in consistent units of oxygen in basic oxides such as
Ca0, FeO) ranges in reverb slags from 1.5 to 2 with 1.7 as a
typical value. Thus, the total silica requirement can be cal-
culated on the basis of the weight of the slag ("slag volume").
Slags high in alumina (contributed by the gangue components of
the ore and siliceous flux) usually require higher amounts of
Ca0. Some examples that illustrate such variations are:

Si0 Ca0 Al,0

' 273
Range cited above 30~-40 3~-10 -
El Paso, Texas 40.1 10.1 6.8
Tsumeb, Southwest
Africa 27.2 17.5 4
Noranda, Quebec 36-39 10-20 6.0-8.8

3. Refractory Consumption

Consumption of refractory in the reverberatory furnace can be
highly variable, and low consumption is achieved only when the
reverberatory furnace can be operated for extended periods of
time, under very steady conditions, and by minimizing thermal
shock to the refractory. Average values for refractory con-
sumption can range from 1 to 5 1b. per metric ton of charge.
Much of the consumption occurs in the roof. A typical value
for refractory consumption for reverb roof alone would be
0.75 1b/metric ton of solid charge.

Converter refractory consumption is a measure of the skill of
individual converter operators. In several smelters around the
world, the converter refractory is coated with a layer of
magnetite produced by blowing a charge of matte without the
addition of flux. The utility of this approach in extending the
life of basic converter refractory is still being debated. A
copy of a detailed written discussion on refractory consumption
in converters at various plants around the world (*) was pre-
sented to the plant management during the field trip. Re-
fractory consumption in the converter with good operating practice
averages from 5 to 9 1b. per metric ton of blister.

4, WVater

Water consumption is basically a function of the specific flow-
sheet of the smelter and the allowances made in the flowsheet
for water recycle and reuse. For example, smelters (and

*F.F. Lathe and L. Hodnett, "Data Regarding Converting Practice
in Various Countries", Trans. Met. Soc. AIME, 212, 603-17 (1958).
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concentrators) in the Western United States and other arid
regions operate on almost 100% recycle on plant water. Total
recycle is not necessary in other parts of the world. Water
consumption in smelting averages at approximately 4000 gallons
per metric ton of copper. In acid plants, about 8000 gallons
are required per metric ton of 987 H2504.

5. Labor

The unit costs of labor, i.e., direct operating labor, super-
vision and administration, can vary widely in different parts of
the world. Generally, less labor quantity is used in countries
where unit cost of labor is high than in countries where the
unit cost of labor is low. As a rule, however, the fraction of
the total direct operating costs contributed by the total cost
of labor is less variable when comparing smelters throughout the
world. Thus, smelter and acid plant labor should contribute
about 25-35% of the total direct operating cost in copper
smelting. This labor cost component would include the cost of
social benefits.

B. _ OPPORTUNITIES FOR COST REDUCTION

The management at the smelter has two basic tasks. The first is
to overcome start-up problems, and evaluate the operation of the
plant to learn rapidly the idiosyncracies of equipment in the
new plant, thereby shortening the time required to normalize
production. The second is to reduce the expenses involved in
the operation of the plant systematically after normalized
operation has been achieved. We suggest a procedure for accom-
plishing these two tasks in the Action Plan, which 1is presented
in detail in Chapter V.

An invaluable and essential tool for evaluating the operation
of a plant is to enforce a system of metallurgical accounting
(or the production of detailed material balances indicating
the position or final disposition of all plant inputs), and
to use the results to compare and evaluate differences de-
tected in the plant performance with the guidelines and the
factors discussed so far in this chapter.

Metallurgical accounting (and, consequently, cost accounting)
is practiced in the copper industry much more rigorously by the
custom smelters*, than by captive smelters such as Ergani,
which process only its own concentrates.

*Smelters that smelt concentrates from various different sources
owned by others for a fee, frequently returning the copper and
associated precious metals to the owner of the concentrates.
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Custom smeiters are extremely cost conscious since profit derives
from the sale of services rather than the products.

Nevertheless, a metallurgical accounting system is fairly in-
expensive to enforce and can, in our opinion, provide high returns
in terms of improving plant performance to reduce costs and

in terms of keeping a check on the plant losses. A typical
metallurgical accounting system is operated in two parts:

e Sampling slags, matte and blister copper by shift and
by day and compiling the weights of key charge material
flowing to various units; and

e Compiling the appropriate results of such sampling
monthly and yearly in terms of the data normally used
by the accounting department for their cost reports,
historic production data, and for cost accounting

A useful tool, also, is to keep a record of plant delays to pin-
point the causes ot lost time for production. Methods for proper
sampling and for estimating material balances in the concentrator
are discussed widely in the literature and the plant management
is aware of these publications. Systems for estimating material
balances, or metallurgical accounting systems, in smelters are
usually unpublicized. Because of this, in the discussion below
we place primary emphasis on metallurgical accounting in the
smelter.

At Ergani, the material inputs to the reverb can be obtained
from the belt conveyor scales. The data from this source can

be complemented by taking volumetric measurements (e.g., the
number of buckets of green charge charged into the furance) when
a weight measurement is not possible. As a rule, volumetric
measurements lead to a greater margin of error. Similarly, the
quantity of silica or other flux used in the reverberatory or
converters can also be measured. There is also the circulating
slag load to the reverberatory furnace from the converter that
has to be taken into account.

At several smelters, a magnetite balance is performed around the
reverb especially when using calcine charges in order to monitor
the extent of reduction of magnetite by the matte and/or to
estimate the accumulatimof the magnetite on the furnace bottom.
The results of careful maintenance of magnetite balance records
around the furnace can frequently indicate magnetite accumulation.

The data thus collected are used to monitor the losses of copper
in various handling operations and to assess the efficiency of
the operation. Two measures of reverberatory furnace
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efficiency are the fuel oil used per ton of solid charge and the
steam produced per unit of fuel oil. Slag composition control
is of primary importance since the loss of copper in smelting
occurs mainly via the reverberatory furnace slag.

After the inputs into the process have been measured in the manner
noted above, the outputs must also be measured and calculated.

The primary outputs are copper as blister, slag from the rever-
beratory furnace, and flue dust lost up the chimney. The loss

of copper, the valuable material being recovered by the smelter,
is a primary concern in a materials balance.

A critical examination of losses and unit consumptions of raw
materials, product and excessive inventories, can then be
conducted by converting these results to the equivalent cash
value. This procedure is a cost-accounting function and iden-
tifies the critical areas that need improvement in order to
reduce costs, and the justification for new capital expenditures
when these are involved.

The procedure does have some difficulties, however,that can
reduce the accuracy of the results. Since it is difficult to
weight molten products, it is difficult to obtain an accurate
measure of reverberatory slag. A good basis for estimating
quantity can be calculation from the inputs of solid materials
to the reverb and converter, and from the analysis of slag. An
iron and silica balance would be made from such data.
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V, THE ACTION PLAN

The discussion in the preceding chapters indicates that a number
of tasks need to be accomplished at Ergani in order to achieve
efficient copper production, and that these tasks should be
arranged by priority to accomplish. The ghort-term tasks that
require immediate attention are the start-up of the fluidized-
bed roaster and the acid plant. In the intermediate-term, after
the start-up has been successfully accomplished, the overall
plant operation will have to be normalized so that the equip-
ment components perform to their design specifications. In the

long-term gradual improvement in all sections of the operating

plant will have to be achieved in order to improve copper
recovery and reduce the operating costs. We developed in con-
junction with Etibank, a number of suggestions in detail for
achieving the short, intermediate and long-term goals, and these
are presented below. In general, short-term objectives should
be achieved before considering intermediate term objectives, and
these before considering the long-term objectives. Achieving
objectives in such a sequence is necessary because the results
in the short term affect the work plan in the achieving the
intermediate-term objectives, and similarly for achieving the
long-term objectives.

A. SHORT-TERM TASKS

The short-term tasks comprise roaster and acid plant start-up.

1. Roaster

During our field work in January 1972, we assisted in altering
details of the roaster installation as follows:

e Install U-tube manometers to verify pressure gauges
and a differential pressure manometer to measure the
differential pressure between LWO points below the
level of the fluidized bed.

e Install purge lines on all pressure taps.

We believe that the following alterations in the installation
are necessary:

® Install automatic mechanism to shut off main blower
if the fluid bed temperature exceeds about 1000°C.
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Eliminata interconnections in the various sources
of compressed air and assure adequate supply to all
units.

Relocate orifice plate to measure the actual air
used for fluidization.

Install a gate valve in series with the butterfly
valve to obtain positive control of fluidizing air.

Patch up holes in roaster brickwork.

Centralize all information in the control room by
installing channels for communication with various
levels in the roaster installation.

Install flow indicators on all the purge lines.
® Install vibrators on the calcine bin.
@ Handsurface the elbow in the Wagstaff gun.

On complstion of these alterations, the roaster should be started
up using the guidelines presented in Appendix E, and details

thet may be found in the literature*. No doubt new and unan-
ticipeted problems can arise in a new start-up trial and the
operetors should be prepared for these. We are confident that the
plant enginesrs now have adequate technical background to

identify them and to plan and exscute corrective actions.

2. The Acid Plant

We understand from the UNIDO expert assisting Etibank on acid-
plant operetions, whom we met in January 1972, that the acid
plant could ba started up within a month after roastsr start-up.
Should successful roastsr start-up be delayed, we would suggest
that Etibank considsr starting up the acid plent using only the
converter of f-gasss to take advantage of the UNIDO expert's
services in overcoming usual start-up problems.

Severel acid plants around the world do operate onlv on con-
verter off-gasss; for example, the ASARCO smelters in Tacoma
(Washington) and Hayden (Ariszona). However, the acid plant at
Lrgani vill diffar in that it would then be operating on a
smaller quentity of more dilute gas than it i{s designed for

and under these conditions supplemental heat input might be
necessary. Tha ability or inability to supply the supplementel

#J.C. Blair, "Fluoaolide Roesting of Copper Comcentratee at
Copperhill', J. Metals, March 1966.
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heat might well decide whether or not the acid plant can be
started up without utilizing the roaster gases. Another prob-
lem might erise {f strong sulfuric scid purchase and storege
{a required for starting up the absorption section in the acid
plant.

Installation of tight-fitting hoods or aprons on the new con-
verters will be even more necessarv in such an event in order

to minimige dilution of the gpases. Moreover, the converter
operations would have to be carefullv controlled and svnchronized
in order to produce (ae far as practicable) a steadv volume of
gases of more or less constant S0; content.

4 Jeverberatory Furnace

The following changee, suggested to Etibank during our firet
field trip i{n January 1971, have been implemented before the
comstruction program was completed.

@ Alter matte launders

@ lImstall return line for burner fuel otl

o Install inetrumentation for measuring furnace draft
@ Provide compreased air tor root . leaning

@ Provide holes in the root fuor dipeticks

It remaine only to provide instrumentation for sampling and
analysing the furnace off-gases, such as bv the Orsat technique.

We would like at this point to reiterste our recommendation to
alter the slag launder to provide a more convenient access by
the operators during the tapping operations. Apparently, the
plent menagement, sfter our vieit in lanuary 1971, dedided
ageinet the alteration. There is & possibility that at sowe
time a high slagor a high matte loevel condition can exint, and
the flov through the slag taphole vwill be uncontrollable. Wigh
alag flow would be dengerous encugh, but (f matte flows into the
gramulating bosh, serious enplostons tould vccur with severe
injury to nen and squipment .

4, Lumverter
o Install autumatic emsrgency tufnuut equipment tu raise

the tuyeres above the level of the molten bath in case
of power tailurve.

Arthwsr Dtk ba




A, _ANIKMWRIAZL- TR IABRS

A substantial period ahould be allowed froe the time that all
equipment unite of the smelter have been atarted up until the
time they cen be operated conaistentiv and comtrollably at thely
denign performance The length of this pericd doponds o the
particular sttwation.

In a new plant such ae Frgani, the opetratineg ataflf does not have
an enperienced bachground in the hey equipment items. i.e

the deep-bath reverberatory furnace, the fluld-ted roaeter, wnd
acid plent. Thus, the period ~f timw required to schieve
normalised operation will be a function of their abiltty 1o aaln
eaperience (n the dav to-dav operations -t the plant and to uee
such emperience to correct indiiated doficion tos in design

A period sbout three to ain months from the tims all individual
wnits are in operation aight be constdered “normal’ frr the
aoraalisation of smelter operations, but ot Frgani, in view of
the foregoing, at leant sin monthe efteor euc iounful roanter
start -up and perhaps as mach a8 2 vear e probekly wore
realistic.

During the noraaligation pericd, the p lant sansgement should
continue to evaluwate and moasur: the rate of impervement in

the eperstion of individual units end dotorwine the toasons for
the deficlencies in equipment that sav be indl: ated thon, thev
would be in o positios to anti. ipate wajor asnagetisl prtoblems
in echieving normal.sation ond to at to enlve thes aurh an by
procuring the ne-ossary en@ istenic, oithet within the £t iband
ovganisat ion of from outside

A already noted, nornalisatios problems ote J1EFi it 1o amt i ipate
wtil the roester end o td plant vill have eterted wo ews soanfully
Boveve:, we .8n prosent bolow ¢ List of poesibie prebles ateas
that sight be oncounteored during acrmalitetion of produ tion.

A \GRSSRLLSARS

™he probiem here is to tdontify the resssns fot pout » L ant
performance. As already noted, the follawing phenaienae &ight
be significant in finding the prtoper svietian.

o Troquenl squipaent fallures In Lhe  rushing plamt

o The presemcs of cuidised .oppet sinstale In the ste
roquiring N, b additione

o The presence of elimes In ihe toughet Tlotatien . ireult
requiring deslimiag v lonee .
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@ vndereised ball »ilile The iuatallationof (netrumentation
te sneoure the pawer drawm by o ball mill a8 o function
af food input sight helr te (ncreane ball mtll throughput.
Alee, ‘hanges in maninue ball eige might be tried.

O ™e retontion time in flotation might he insufficient

@ Chenges in reagents, rveagent doaages and pi regimen In
fintatton sight be  onsidered

do Bnaning

Mo sovunl icet i prodions hore veuld involve . hanges in materials
Nandling cither wn the wpetroas ond v on the dwastream end,
rothor than hengee in the speration of the roaster iteelf. The
fell wiag erean aight be signifi. ent

@ Prebioms in elurry handling end pumping requiring
changee ocueh o in elutry compoaition, in slurrv-pump
location, and in negels iavatlom

O Qamg w prebloms in v. lanes r1equifing avchanical
HUtet iom 29 pobe holee tr - lear pasaasges (o1 proper
famet Loning

0 MMgh Wieeism retee in the v.lomes, rfequiring the installa-
tiem 7 o+ eradic sbrenion resistant lining.

@ Pooliloms s spetating the sululatl. pressure balancing
yelten

0 Wwoamiotiap ' cetes nateriasl in the !luneeals
toguitlag ltiementiing for leening, enionsaive onidation
of the o). ine frue se.oee osval fluldising air; need to
Dange frem flusssale t- s Gnchanical discharge weal.

0 luprepes diamwies o1 fluld bed drein, hanglng ia the

olham of the dsein soquiring the Lnetaliation af mech-
Wbami 2ibset Ll the ooe =f olt LaBee

& Inashasshats. (ethens

e peibie ptbion sisen st
0 hasglag révbloms losding '~ fuamiag, tv toe-f roquent

sponing < dwie les .witeciive Eadulos, ad  onsequent lv,
e sleounies Wt Fogul teaPnle
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Slagging problems fouling the waste-heat boiler tubing.
Refractory replacement problems.

Magnetite build-up problems, requiring cast-iron additions
to the bath, or air or steam lancing.

4, Converters

The problem areas here might be related to producing suitable
feed gas for the acid plant, and would involve training the staff
to control blowing rates in response to acid-plant requirements
and to schedule the converter blows.

C,_LONG-TERM TASKS

The major task for reducing operating costs is the installation
of a metllaurgical and cost accounting system which 1is des-
cribed in detail in Chapter IV. We strongly recommend the
installation of such a system at the appropriate time.

Other tasks might be the addition to the physical plant of
epecific facilities for improving plant efficiency and reducing
coets. Examples are

e The design and use of larger and deeper moulds for blister
casting.

The installation of instrumentation for automatic
sampling in the concentrator.

The installation of running-time meters on the new
converters.

The investigation of the possibility of doubling ladle
size.

Alteration of cementation procedures to reduce iron
consumption.

Consideration of the need for a pyrite roaster.

Consideration of the economics of smelting high grade
ores directly in the new plant (added to the reverb for
fettling or added to the converter as flux) instead of
utilizing the old plant. This would avoid maintenance
costs on the water-jacketed furnaces.
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VI, ADVICE AND GUIDANCE IN RELATED OPERATIONS

During our first visit to the field (January - February 1971),
the plant management requested us to address ourselves to cer-
tain specific problems that were of immediate concern to them
that bore some relation to the scope of our work. We complied
with this request and as a result prepared a series of memoranda
responsive to the specific problems identified. Most of these
were submitted in draft form to the plant management while we
were still in the field. Our formal response to these questions
are included here as a series of appendices. Pertinent con-
clusions and recommendations are summarized below.

A, PROCEDURE FOR COMMISSIONING THE REVERBERATORY FURNACE

The detailed procedure for burning-in the bottom (or crucible)
of the reverberatory furnace is presented in Appendix B.

B, PLANT CHIMNEY CAPACITY CALCULATIONS

The plant management was concerned that the existing chimney
system would not permit simultaneous operation of the new plant
and the old water-jacketed furnaces. Calculations presented

in Appendix C indicate that when the reverberatory furnace is
operating on green feed smelting, the controlling case,
adequate draft exists for the simultaneous operation of one and
perhaps both water-jacketed furnaces.

C. SULFURIC ACID PRODUCTION

The sulfuric acid plant is rated at 110,000 tons per year of
acid. Acid plants are oversized when they are required to treat
variable volumes of gases of variable composition, such as are
produced during converting. The calculations in Appendix D

show that there is insufficient sulfur in the plant feed materials
for the full acid plant capacity to be utilized (assuming
converting operations can be controlled to produce a high quality
off-gas). If the national acid demand requires the operation of
the acid plant at the rated capacity, a supplemental source of
802, such as an elemental sulfur burner or a pyrites roaster

will have to be provided.
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D, U TION OF COPPER-RICH DUST FROM WATER- F

Approximately 50,000 tons of dust have been collected from the
dust chambers of the water-jacketed furnaces and stockpiled.

The calculations presented in Appendix F show that any reasonable
amount of this dust (up to 607 of the total charge in green feed
smelting and up to 85% of the total charge in calcine smelting)
could be charged into the reverberatory furnace via the calcine
bin and Wagstaff gun without a loss of blister production.

The calculations in Appendix F, however, have no production cost
inputs and it is possible that it might be less costly to con-
centrate the copper in the dust by flotation if this can be
shown to be technically feasible.

E. T - L

Appendix G presents procedures for repairing matte and slag
tap-holes.
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APPENDI X A

™ TRAINING OF THE STAFF FOR THE NEW SMELTER

[. INTROPUCTION AND OBJECTIVES

™e now copper emelting uperations at the Frgani smelter {nvolse tech-
nelogy and operating practices that will be new experiences for the opera-
tione staff Accordingly, the program of tratining, formulated during the
firot fleld trip in Tenuary 1971, had the following objectives:

® e provide the opportunity for the staff to acquire an
sdoquate understending of the new technology, perceive
(he areas where the old plant practices either no longer
pply ot can b improved, and perceive the areas where
efficiency . an be incteaned;

te provide en pportunity for the personnel directly con-
cormed with peration to become familtar with new equip-
WAt (tews, | .¢., those not previously used in the smelter;
ond

te provide (n outline form the elements of the operating
prtactii-e fae the now emelter,

O complotion f the prugtem, the «taft could then be In a position to
capand the wmtiine ~f the weorating prectice developed during the program,
e ptoduie s omprtohenaive plant uperating manual that ultimately could
b ewod 1o emsiet In attaining high perating efficiencles.

HH B MR ACCPTLISMPRNT

™e tetel off rt ven tganised tv traln o number uf staff categories.
Me compueition of the lame In sech category was selected by the plant
amage: e . stegetioe eslsitod and the nombership vere the following:

O Dehhwiugicel Primiglen: M™e coesivna In this category
wwis sitonded by representolives . f the supervisory staff
iy, oll +f Whim wots gradustie sagineers.

% tyﬁggﬁ,‘ fhe sssstome in this calegory were
ot by the cams topTecentat tves ol the supervisory
ctolfl, wnd By Ihe tochnt.one oad ohift foremen.

[} “ie e seceluas 1a this (ategory wvere

e by the came technicians and ohift foremen, and
Sy e ittt worhete end IMsvenled supervisory siaff,

A-|
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Because the plant at the time was under constructionm, the emphasis was
placed on classroom discussions. The training program was conducted over
a period of two weeks. Technological Principles were presented in ten
morning sessions averaging two to three hours each. The participants
were assigned homework problems in order to assess their understanding

of the classroom presentations. Operating Practices required eight after-
noon sessions of two to three hours each, and Demonstrations required two
afternoon sessions of the same duration.

The Technological Principles emphasized the physico-chemical principles
involved in the operation of the new smelter and were presented at the

level of a graduate course in Extractive Metallurgy. Operating Practices
were presented on a practical level in terms of :

- what is the best practice for accomplishing a particular
operating goal

- why is such the best practice
- what problems can be encountered in applying such practice,

and how can these problems be overcome.

II1. TECHNICAL CONTENT

The technical content in each category was the following:

a. Technological Principles

1., Fluidization

The fluidized state; properties of fluid beds; their advantages
and disadvantages; use of fluid peds as chemical reactors; basic
fluid bed calculations; methods of feeding and removing solids.

2. Roasting of Sulfides

Basic methods: multiple-hearth; fluid-bed; flash (or pneumatic);

integrated roaster-smelters; thermodynamic and kinetic principles;
formulation of heat balances. Process control. Problem on design
of pyrites roaster.

3. Smelting of Mattes

History of reverberatory smelting and converting applications in
copper extraction; types of reverberatory furnaces; radiant heat
transfer in a reverb.
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——

Chemical reactions in the reverb; Cu-Fe-S equilibria, FeS-CuZS.
FeS-CuZS-FeO systems,

Matte-slag equilibria in the reverb--FeO-SiOz, Ca0-Fe0-S10,,
FeO-Fe 04-310 ; importance of Py, and temperature in reduction
of mag%etite accretions. Copper“losses in reverb slag.

Matte-slag equilibria in the converter—-FeO-Feaoa-S102, CuZS-Cu.
magnetite control.

Methods for calculating matte-fall and flux requirements. Problems
on charge calculations.

4, Process Control

Sampling of process input and output streams; metallurgical and
cost accounting; instrumentation for maintaining high efficiency;
draft control.

Operating Practices

1. Fluo-Solids Roaster

Start-up procedure; normal operating practice; operating problems
and remedies; instrumentation.

2. Reverberatory Furnace

Similarities and differences between Ergani and Murgul reverbs.

Start-up procedure--burning in of the bottom.

Normal operations -
Combustion control--burners, draft; charging method, green
feed, calcine, regularity, speed, charge mixing, slag removal,
care of granulating, sampling, care of bay and launder, man-

ipulation to fit with converter operation.

Matte removal--tap hole care, plugging, opening, expeditious
work, cooperation of crane and converters, lining of ladles.

Refractory maintenance -

Collection and disposition of dust; ancillary equipment:
waste-heat boiler, precipitator, flues, scrubbers.

Preventive maintenance--operating problems and remedies; mag-
netite control; emergency and non-emergency shut-off procedures.

A-3
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3. Converters

Charging; slag blow; silica addition; skimming; copper blow.

4. Casting
Moulds; trimming; sampling; handling.

Demonstrations

1. Roasting (Simulated)

Start-up; combustion and temperature control during operation.

2. Reverberatory Furnace (Simulated)

Charging methods; slag and matte removal; roof repair.

A-é
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APPENDIX B

COMMISSIONING PROCEDURE FOR
REVERBERATORY ~FURNACE /WASTE-HEAT-BOILER/
ELECTROSTATIC-PRECIPITATOR UNIT

I. INTRODUCTION

The reverberatory equipment involved in the new smelter at Ergani repre-
sents a distinct departure from water-jacketed equipment used in the
smelting practices followed previously. One should particularly note
the following:

¢ The water-jacketed furnace depends on the coke in the charge
for fuel which must be carefully prepared and proportioned
in the charge. The reverberatory gets its fuel separately
from the charge and no chemical reactions occur before the
charge i1s melted. Instead, fuel is burned by itself, at as
high an efficiency as possible, to melt the charge which then
reacts chemically to form slag and matte. These are very
much like the slag and matte formed in the water-jacketed
furnace and are handled much the same way., Combustion con-
trol in the reverberatory furnace is very important for good
results.

¢ Essentially, the reverb is a big box. The roof, walls and
bottom are constructed of suitable refractory material in
such a way as to receive the charge; to contain the oil
fire; to contain the liquid material; and to conduct away
the waste gases. Suitable arrangements are made to allow
for the dimensional expansion of the construction materials,
especially those subjected to high temperatures. The furnace
construction provides for means of measuring and control-
ling draft, sampling waste gases, and controlling the flows
of the slag and matte.

® The reverb furnace at Ergani is of modern construction. The
inner walls have been built of sections of chrome-mag brick
provided with about 4 mm, combustible material in the joints
per 300 mm., as expansion allowance. The roof is the same
except that there {8 also sheet iron in each joint. The {iron
melts and penetrates the refractory, and, as it oxidizes,
makes a bond to hold the brick together and make the roof
airtight.

The installation of the floor of the furnace is to be made and cowpletead

as part of the commissioning of the furnace. Previou=ly, the bottom had
been partially built up of materials that could be placed cold in layers.
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The bottom layer consists of 2.26 meters (7.5 feet) of clay, placed in
15 cm. (6-inch) layers, each tamped firmly. A 30 cm. (12-inch) layer of
crushed magnetite has been placed on top of the clay; and a 91 cm. (3.0
foot) layer of ground chromite ore placed on the magnetite. The upper
two layers have been placed in a similar fashion as the clay.

The remaining topmost floor layer will be placed at high temperatures as
a part of the comissioning operations. The proper placement of this
remaining layer is essential, if the floor is to have a long and trouble-
free life. It will comprise successive placements of slag and magnetite,
built up to the level of the lowest tap hole.

I1. COMMISSIONING PROCEDURE

Because of the urgency to resume blister copper production at the time we
were asked to set down the procedure, the details depend on commissioning
the reverberatory furnace before the flue bypassing the waste-heat boiler
is completed. This lack does not affect the procedure for reverb start-
up, but does introduce a risk should the waste-heat boiler fail for any
reason before the bypass flue is installed.

A. Pre-Operation Inspection

1. Brickwork

Check all brickwork to assure proper installation especially
brick adjacent to the skewback, closures around tap holes, doors
and other openings; and to assure that no obvious leakage paths
exist.

2. Tie-Rods

Plan the means whereby the tie-rods can be loosened (if neces-
sary) to accommodate the expansion of the brickwork.

3. Fuel System

Check fuel-supply system, pipeline steam-tracing, purge lines,
valves, heaters, and burners for proper operation in accordance
with the manufacturer's instructions. Run-in all pumps to assure
that they are mechanically sound and will operate trouble-free;
and that the fuel pumps can deliver the quantities at the pres-
sures required.

4. Combustion Air Supply

Check duct system for proper installation; for freedom from leaks
and foreign materials; for operable valves and dampers and for
the instsllation of the filters, protective screens, gauges, and

B-2
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controls. Run-in all fans to assure that they are mechanically
sound and will operate trouble-free; and that thev can deliver
the air quantities at the pressures required.

5. Furnace Water Cooling

Check all water jackets and water supply svstem for « leanl iness,
flov rates, and leakage.

6. Waste-Heat Boiler

Perform a complete pre-operation check of the waste-heat boiler
in sccordance with the manufacturer's instructions.

7. Electrostatic Precipitator

Perform a complete pre-vperation check of the electrontatic pre-
cipitator in accordance with the manufacturer's instructions.

§. Downstream Flue System

Check induced-draft fan and ansociated ductwork, pauges. and

dempers for proper installation. Run-in fan (o assufe that it
{s mechanically sound and vill operate trouble-free; and that
the water-cooled bearing syatem is sdequately installed.

9. Furnace Start-Up Instrumentatiom

——

Have equipment available for measuring furnece temperatute | a
thermometer for low temperatures and a pyrometer for the highet
temperatures.

10. _Completion of laspection

When satisfied that all of the above are In worhing crder, the
uwait is ready for firing.

Tiring Procedure

1. With the flue damper wide open start small five un one o1 twe
burners, keeping vthers protected from heat (n o cordance vith
the manufacturer's imetructions, ve by cont inusws purging !
the nossle with steam and by maintaining o atnime flew ol olt
through the burner registers. After lighting up, the danper
can be adjuated to give the desired dvaft.

1. Mjust fires so temperature in turaace will tise at the tets
of sbout 6°C per hour. lmittally, wee o thormucunples well

at the uptake end, mounted through the rout. Usse » vadiativn
pyrometer vhen the tompsrature becames high snawgh

B-3
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Enamine tie rods frequently, mnot only in the eteps oo far
but alsc in the stepe to faliow where furnace temperature
changes cccur. Slachen of f nute if thev appear - he over
loaded. A ctrain gauge ic 4 good device for wsasuring the
loed Reep recrd I amount elackened 1 tightened.

When temperature has reahed shout 107 | 2 laver 't shout
"te B m of elag-magnet ite sin showld he apread cver the
bottam by slinger 7 hand eshoveling. When thie material has
wited, + cernd laver may be added, with o steadily in ToRs
ing prapertion f sagnetite T™his procedure ic repeated
watil the level of the bottom is even with the bottus of the
loweoat natte tap hele Initially, the sagnetite ontent of
the ainture chould he 1008 At the end, the sagnetits on
tont ehould e ne greater them #0-WY During the bulld-wp
of the bottam. it is lmpertant ' naninige magnetite eddition
compistont with sainteining Tluidity in the =isturs 1 arsule
that ultisately the flooer will ke lovel fhe ontr | f the
tete of angnotite additione ic 4 matter f judgment hesed 'n
onpetionce

WMen the jow) f the (Lot has reached the level f the | w
ot tap Mle, w further sdditions srte aade end the lempers
tete oheuld thes b e id sleady for obout eight houte Daet i ng
the bulld wp f the flonyr, s conveniont vev I e hing the
lovel of the flewr 1o By inmerting » stosl tod through the
twaf (n sme 21 Gnte losatiome he same to.-hnique an bs
wweod later duting Pefet lune 1o wwaswts the levele | clag
od eatles. and cven the cagnet ite build wp 'n the Fious

Nie petiod f stoady tompoetetuts iec sneiduted s :+ osoabing
ot iad”

At the beginning ! the evabing retind, the Tites ofs ohut
aff ami oll furtamce ponings pi - Lightls s poneibdie
Alov ., ot the sl =f thie “voading petiod. the piabe danpet
ot the vante bont Bwiied inlet 1o Joned, with e Sutte?
remalianing 16 Perteticon to aininise - ouling the tofrectary
Mile the Janpet ic Wing laweod The Tutnaes (s then
aligwed 1t wul, withewt flis, ambil She fol sofratoty
oo totute iseches Bont 430 e

Wile the Tinal Laves f by fTutuace Flans is hoimg inetalled,
the Butnete will Miivet ot ioent the iatnd gas il ond
‘ompu tateie v the cante heat W iles he slqoesd tiee il
e tastallistion +f the flael Loves ad e % i 0 daye, ¢
longet Goacs. the isitie]l camPplecioniag ' the venie Mool
Bilet o M .atiind met ih Guotdamee wilh the Gauloc buivé o
FOLUBOadal Lote Jeslig the uining ie +f the Flaus et tag

e coablag retled oftos ihe @i ahs dampes e loesd, e
Dediet g S shtetsd Tot LABPeciion il the oclogh Line iBbed
«Ammpxtlon of Ou iswtel led
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] At the ond ~f the coclimg period, the foarmace kottom will
have sclidified, and enme cracks mav have wowed in it
Relight fires and bring up the furmace temperatare at 3
andiue rate, maintaining proper tenai n in the tis ¥ s
When (rache have lased, '™ furna. s ie vemir ¥ o 3t avt
meliting Regular havrge =av he sdded 2t this 3t ege

0 Should the pertd of time ¢ inepe § the = iicr wmd intey

ronnect the steam line seceed the peri ot of riwe me |
the furnace, wndesitabic Further i ivgg F the Ffurme s
will "ceut therebhy fo tessing the ol ismte yefrg 2t v, iife

10 During the previcus pereti ne, Al harging squipment chayld
have hoern ~he-led ut. wd  hatge amterisl veodied f v o0

L. rgATivee

A oumbet f proc et lome ohould he tohen o -t hat eaffy bemt Flesibiiid:
oninte in ediumt ing the Tirving st ime v in newting seevgen: PN
ot f one

A ia ainiag faor o Tutmacs [ lawt that torgine atehi s swsr LEx smiilE
ares wndet the seranl wpersting comndl ek ome, 3 Righ tempetalets
INoughoul the futhace io a8 oacaty P.ving ths Butning o :f 1be
fles?r T™ie say Be HIFfL o1t 1 ahisve ot 'he cak et sod f the
f uinare Showld 1t prove thet flome langtt omd ::oe et e
senipulated ts give o Sigh tempetst e 1n thic seghom, 1t eowld
be doaiteble tu Rave in FRIefve 1M sabili gy Fiving af¢ amgoaent
INat -an bo inttodheced (0 the smbist sad o Rl the temper el ets
in that afee

0. A0 ¢ sefety ptocamiion, obhonid Fioma * ¢ o%r toga mm g et Gl
off o)) oil oupply wnd putge the fufs o wieh Temar gbs Far fiftpen
olfutos bol 0o ettoapling 1 ¢elight he Ti.es

3 ™he togniect ing Jongus o8 'he wanie be ot Bt bmr gae cwtlek ehowid
be edjustod 2 that the futmecs Ied: ombdet the at.h at the o
1ahe ond ic saistoimmd o8 [ 0 v L T e (ot 1 Y imceet webes
gage tMhie geeutes s susssnghls [ sir ioghags eb . he P wtn
v ot the sevidancs f » preitive prtoassuts wrwhare i Lhe
totance thet owid hate potemmel ¢ banage the shiucbavs o9 of
o Jun tamat e oiomid e sttompisd mic ohea the st mace Sieta ofe
slaned, thet ieo dusing potids Sstvann Resging the fetwas wilh
siifisonifols

P Wenid ¢ fTollete o« wé in the omic hoet boilss Beting the busaing
in af the Tlams swech Lhot the Boiles st Su shet bagh iGpedietely,
he Tuiacs shuwld Bs ohut byl Wy wiiiag the fise Lmpmpdletolr,
by <poning the Builst brpese JuPete . ot By Vioming ‘he gwills
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APPENDIX C

PLANT CHIMNEY CAPACITY CALCULATIONS

1. INTRODUCTION

The new smelter at Ergani will utilize the existing underground gallery
and chimney installation for venting the reverberatory furnace gases

to the atmosphere. When the acid plant is not in operation, the roaster
and new converter offgases can also be vented via this flue system as
show in Figure 3.

11. PURPOSE

The plant management was concerned that the flue svstem might not be
able to handle the gases from the old and the new plant simultaneouslv.
The cld plant mav be operated several months in a vear on high-grade
lump ore. We were asked to calculate whether or not simul taneous
operations of the two plants could be carried out using the existing
flue and chimnev svystem.

111, CONCLUS JUNS

The calculattion indicate that the tlue svstem will not be overloaded
under normal operations of maximum tlue gas production through green-
feed reverberatory amelting and cimultaneous operation of one water-
facheted furnace.

IV, DETALLED CALCULATIONS

™e dotalils of the gallerv-chimney svatem atter the various gas streams
have boen (ombined (as shown (n tigure 1) are shown in elevation in
Figurs ¢ - 1. Detalls for the dimenstons of ductwork in the new tacilt-
ties uned In the raliulations were taken trom appropriate conntruction
drovings s needed.

™e dee: riptiton, date, and  aliulations 1o Tullow apply o estimating
whethet the eninting himney and galicry and new and old ductwork, an
cgpott the sperations sapec ted undet the denign condittons, tal.ulatione
ate shown butlk in the aptric and Ingllish system of measurements. lhree
canen fot caleulation of chimnev-gallety (apa ity wete  onsidered an
follows

Vithuor 10l ik b
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Case Description
1 Reverberatory furnace operates

on green charge. The new « on-
verter gases vented tv the flue.
One old water-jacket furnace
operates.

2 Reverberatoryv furnace operate-
on calcined charge. (onverter
gaser ment to acid plant.  One
old water-jacket turnace perates.

3 Reverberatory turnace operats -
on green charge. (onverter pases
ment to acid plant. One 1 d water

jacket furnace operates.

Table C-1 contains a summary of the phvaical dimensions and derived
cross-sectional areas of the Chimnev-tallery svstem.

Table C-2 contains the calculations of equivalent length ! the vari o us
gas paasages involved in the avatem. Part A contains the empirical
formulae and the definttfons of the terma. Fart B are the actual - al
culations.

Table C-1 shows the calculation of ashient atmospheri. pfessute  at
Maden, Turkev, at the di flerent elevations above sra lewl o the be-
locationa in the chimnev -gallery svates.

The eatimation of total gas flow to the entrance of the galiery 1o st wn
in Table C-4 for each of the three uperating (ases (onsideted Alei,

in Toble (-9 the molecular weight f the gas te (aliulated tor ear

of the three operating cases.

8o far, the physical charactertatics of the himney gallerr svaten and
the flov chavacterintices of gasen prodwed th tnrer opeteling  ene s
have boon entabliohed. The ment step heromes the estimplin f the they
mal characterintice.

In Table ( -6 the epocifiec hoat 1o alculatod for sah f the gae . cmmporel
tions produced in the haai: operating Watlis, samety the tevefbe rat ¢
furnace on greoen chatge ., the cams W al: 1ned . harge, ond he gosw= TE.
the vater-jechot furagcos. The specific heat of the aew . Avefliel gae
is cotingtod ot the bogtmning ! Table ¢ -8, fus (ane |, slnce thie 1o the
only oporet ing cane VRO Fe AU AVSIIST SPe et i 6 te cumtisted

N obuas 101 0k b
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11.

12.

TABLE C-2 - PART B

CALCULATION OF EQUIVALENT LENGTHS

A, ftz

P, £t
s, 2.10/5.13

K' xlow

"k

8,

x'uo“’

Wk

Straight Leagth ,;
Equivaleat Straight Leagth t

Entry 2
Table C-1

Downstream
(Use Upstream Section)

118
47.5
0.408

22.1

64.6
212

Upstresm
(Use Upstream Section)

12}
28.5

1'0

et

C-¢

Entry &
Table C-1

134
48.0

4.20/3.17 = 1.2

£rg:

Arthus 1)l nth s




Elesvation
Above Ses level
Yoot Meters
4310 1313.65

1256.70
4110 1256.02
1152.%0
370 1150.68

TION

(1) Log %-
0

0.0711

0.0679

0.0622

(1) ;— o (5.41 x 1073 n

°

TABLE C-3

LENT ATMOSPHERIC PRESSU

E
P
)

0.049

0.859

0.067

vherve! h ia msters shbove sea level

Atwmospheric
Pressure
JT2Y ) ate:
12.5 0.849
12.7 0.8%
12.8 0.067

!. sotnel cea level pressure 14.7 peie

P pressure st elevation peis

c- !

Apthust 111 dth Bo



TABLE C-4

ESTINATI F TOTAL TO GALLERY

3
Gas Flow E-!——[!—i-‘l from

Total sCM
for old Percent
ngo Conponent overb. Converter _Totsl (Vol.)
Ne n Na /min
[ ] sCM *
, i} 67.6
1. 0 *skl rﬁ% 7400 h.d
3 1153
", ot wit v R

7.1

44 ' it '
0, it 44
s

2) )

i’:
>
>

1)

o 0

(1) O or ,,
() I,O 4 %“ L ':° y

¢ 8

st
* T FTEEET |

# £ EFTEZ

s ¢

Nrtbuss | 1) sk e




Total Ges MNow m ‘fﬁtu

for old Percent

)}
Note: 0 mseswred at 0°C and | oo
0CT snesured ot 33°7 and 4. peta.

(22 ]
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D, POSSIBLE SULFUR RECOVERY IF THE MATTE FROM THE WATER-JACKET

FURNACE 1S CONVERTED IN THE NEW CONVERTERS (assume 807 recovery):

38.5 S in conc. x 0.80 x 98
20.4 Cu in conc. * 32

tons ore

15,000
year

x 0.06 Copper x

= 4,160 tons HyS0, per year.

D-5
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APPENDIX E

GUIDELINES IN STARTING UP THE FLUIDIZED BED ROASTER

I. INTRODUCTION

Since the supplier of the fluidized-bed roaster now installed at

the Ergani smelter is no longer in business, the operating staff
does not have access to assistance customarily supplied by equipment
suppliers during start-up. Because the installation at Ergani is
the first fluidized bed roaster in Turkey, the engineers and staff
do not have alternative sources of background and experiences for

a trouble-free start-up. On the other hand, we found the engineering
staff to be quite capable, and accordingly we allocated a major por-
tion of our effort during the second trip to the field to assisting
and training them to develop an appropriate start-up procedure.

The procedure presented below is a condensed and abbreviated version
of our detailed discussions with the engineers. Because of the
imponderable factors involved in all plant start-ups, it should not
be considered as a "cook-book" approach that can be followed without
modification. Judgment based on experience chould be applied to
modify it as the need is identified.

II. PROCEDURE

A. PRE-START-UP

1. Mix six to eight tons of dry 28-mesh silica flux with
one to two tons of dry concentrate and charge into the
roaster,

2. Inspect all instrumentation, pressure taps, adjust
purge flows.

3. Start the oil-fired burner and heat the freeboard
space in the roaster. Make sure that blower air does
not enter the bottom of the reactor. Continue heating
until the freeboard temperature is about 600°C.
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fFLUIDIZATION

[étart air through bottoml

Start slurry
Readjust purge air

Adjust slurry rate
so that T-1 increases
011 burner off when

T-1 at 550-600°C
Cooling water spray

on manual control
Monitor cyclones and
fluoseals continuously
Adjust slurry rate so
that T-1 levels off at
600°C

<

"‘EQ FLU IDIZATION|
1. Stop air after 2-3
minutes

~ 2. Wait 15-30 minutes
3. Start air thru bottom
4, Start slurry within

TF'LUIDI!ATIO

E-2

L',\ 2 milnutes of (3).
-r

%
[NO FLUIDIZATION]

1. Stop slurry after
! 2-3 minutes
i 2. Stop air

le— 3.

Arthur D Little Inc
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APPENDIX F

UTILIZATION OF COPPER-RICH DUST FROM WATER-JACKETED FURNACES

1. PURPOSE

During the operation of the water-jacketed furnaces, the off-gases
pass through a dust settling chamber before being vented to the
atmosphere. Over the years, the dust deposited in the chambers has
been stockpiled and this stockpile now amounts to about 50,000 tons
of dust containing about 8% copper. The plant management is anxious
to recover the copper content of this dust and requested ADL to
assess the various methods for utilizing this dust.

11. APPROACH

We made approximate reverberatory furnace charee caculations on
the basis that the dust would be charged to it in varying propor-
tions during either green—-charge smelting or calcine smelting.

1I11. SUMMARY AND CONCLUSIONS

A. CALCINE SMELTING
The calculations indicate:

e The grade of the matte will vary from about 20% Cu when using
only dust to about 36% Cu when using only calcine.

e In order to maintain a daily blister production of about 60
tons/day, the amount of dust in a mixed dust-calcine feed
could not exceed about 85%.

B. GREEN-CHARGE SMELTING
The calculations indicate:

e The grade of the matte will vary from about 27% Cu when
using only a green charge to about 20% Cu when using 60%
dust in a dust-green charge mixture.

e In order to maintain a daily blister production of about
60 tons/day, the amount of dust in a dust-green charge
mixture could not exceed 60%.
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C.  CONCLUSIONS

When using either calcine or green-charge smelting, up to 85% or
60%, respectively, of dust could be added to the reverberatory
furnace without decreasing blister output. In practical terms, this
means that any reasonable amount of dust could be fed to the furnace
within the limitations imposed by materials handling equipment.
Because the dust is reportedly dry, the most appropriate way to
introduce it into the furnace would be via the calcine bin and
through the Wagstaff gun.

IV, DETAILED CALCULATIONS

The approximate analyses of the raw materials are:

Dust Calcine Concentrate
Cu 8.0% 22.2% 21.07%
Fe 34.0% 36.4 31.6
S 12.8 18.0 37.6
F-2
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Case A: Calcine Smelting

1.

Grade of matte produced if only the dust is smelted:

Basis: 100 kg. dust

3
2 128
Cuzs formed: 2 + 8 = 10 kg.

S to form Cu,S: 8 x -l-Zkg.

S remaining: 12.8 - 2 = 10.8 kg.

FeS formed: 10.8 x %g = 29,7 kg.

Fe for FeS: 10.8 x % = 18.9

excess Fe: 34 - 18.9 = 15,1
Total matte: = 39.7 kg.
Matte tenor: —3-%—7 = 20.1% Cu
Copper production when dust is smelted at maximum smelting rate:
Maximum fuel input into furnace is 105 x 106 Btu/hour.

(Source: Parsons-Jurden Specifications 2.02)

Assuming the fuel requirements are 3.5 x 106 Btu/ton of charge for

smelting:
6
Tons of dust smelted/day: 105 x 10 X 24 = 720 tons
6 108
3.5 x 10
Less 10% »~ 612 tons
Tons of 20% matte/day = _6_1L0x20_08 = 245 tons

Equivalent copper production: 49 tons copper
Thus, the smelting of dry dust alone results in a decrease in

blister production.
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Grade of matte if only the calcine is smelted:

Bagis: 100 kg. calcine

. —3-2- -
S to Cuzs. 22.2 x 128 5.5 kg.
Cuzs formed: 22.2 + 5.5 = 27.7 kg.
S remaining: 18 - 5.5 = 12.5 kg.
FeS formed: 12.5 x %—g— = 34,4 kg.
Fe for FeS: 12.5 x 26 21.9
32
Total matte: = 62.1 kg.
22,2
Matte temor: 5~ = 35.8% Cu

Because both the dust and calcine are deficient in sulfur, the

matte grade could be obtained by linear interpolation when a mixture
of dust and calcine is charged into the reverb as shown in Figure F-1.
Copper production when only calcine is smelted at the maximum
smelting rate:

Assuming the fuel requirements are 3.5 x 106 Btu/ton of charge

105 x 10°

3.5 x 10°

for calcine smelting; X 24 » 720 less 15% = 612 tons
calcine per day.

Equivalent copper production = 135 tons/day.

The variation in blister production with varying ratios of dust

and calcine in the charge is shown in Figure F-2.

Case B: Green Charge Smelting

1,

Grade of matte produced when only green feed is smelted:

Basis: 100 kg. (dry basis) green feed

Arthur D Little Inc



FIGURE F-1
L0k
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2.

160
CuZS. 21 x 128 = 26.2 kg.
32
S to Cuzs. 21 x 128 = 5.2 kg.
FeS formed: 31.6 x~%% = 49.7 kg.
32
S to FeS: 31.6 x 56 " 18.1
Total S in matte: 23.3
Excess S: 37.6 - 23.3 = 14.3 kg.
Total matte: = 75,9 kg.
21
Matte tenor: 359 © 27.7% Cu

Grade of matte when smelting green charge and dust:

If 10% of excess S is lost and the rest combines with Fe irn the

dust: 14,3 - 1.4 = 12.9 kg. S x %% = 22.6 kg. Fe required.

Each 100 kg. of dust has 15.1 kg. excess Fe (See paragraph A-1 above).

For the lowest possible matte grade, every 100 kg. of dry green

feed will combine with:

%—'—‘1’- x 100 = 150 kg. dust
or dust to green feed ratio is 150/100 = 1.5
150

o 350 60% dust in a dust-green charge mixture.

Matte when 150 kg. dust and 100 kg. green feed is smelted:
Cuzs formed: 1.5 x 10 + 26.2 = 41.2 kg.
Cu in CuZS: 1.5 x 8 + 21 = 33 kg.

FeS formed: 1.5 x 29.7 + 49.7 + (1.5 x 15.1 + 12.9)

- 44.5 + 49.7 + 22,6 + 12.9 = 129.7 kg.
Total matte: = 170.9 kg.
33
Matte tenor: 130.9 = 19,3% Cu

This is sufficiently close to the matte grade (20.1% Cu) when

only the dust is smelted (see paragraph A-1 above). Hence,
F-6
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increasing the amount of dust bevond 60% will not affect the
matte grade. The variation in matte grade with different dust-
green charge mixtures is shown in Figure F-3.

Copper production when only green feed is smelted at the maximum
smelting rate:

If the heat requirement in green feed smelting is 6 x 106 Btu/ton
of charge, the amount of green feed smelted is:

105 x 10°

6 x 10°

Equivalent copper production = 66.1 tons/day.

x 24 x 0,75 = 315 tons dry concentrate per day.

Copper production when smelting dust-green charge mixtures as the
maximum smelting rate:
For a mixture of X tons of dust and Y tons of concentrate, the

equation is:

3.5 x 10° 6 x 10°

0.85 ***70.75
when X = 1.5 Y, i.e. 60% dust

3.5 x 1.5 . 6
Y (G55 to.gs) T 105x24
105 x 26 105 x 24

619 %8 _ 14,2 - 178 tons

x ¥ =105 x 10° x 24

Y

X = 267 tons

Copper produced/day under these conditions (assuming converter

capacity is adequate) = 178 x 0.21 + 267 x 0.08 = 38.4 + 21.4 = 59.8 tons

Arthur D Little Inc
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APPENDIX G

PROCEDURE FOR REPAIRING TAP HOLES

A. PROCEDURE FOR REPAIRING MATTE TAP HOLES

Matte can be tapped from the reverberatory furnace via one of three
tap holes situated at different levels along the side of the furnace.
The lowest tap hole is normally not used except when the complete
draining of matte is required. The tap hole is lined with refrac-
tory brick along most of its length, except the outermost portion.
The outermost section of the hole consists of a refractory block,
embedded in a massive copper insert, which extends beyond and around
the block so as to form a latch that prevents the refractory block
from coming out, and at the same time 1is protection against chipping
when bars are used. During operation, the tap hole is closed with
moist clay to contain the matte. When matte is to be withdrawn from
the furnace, the clay plug (which is mostly within the tap hole) is
hammered out with a bar, or burned out with an oxygen lance. A new
tapping block has a 35 mm diameter opening and is usually discarded
when the opening reaches about 70 mm, or becomes difficult to close.

The tap block changing procedure is based on freezing the matte in

its vicinity so that one can then remowe the old block, repair the ]
refractory, and place a new block while the furnace is still operating.

Briefly, the procedure is as follows: |

1. The old copper block is first cooled with compressed air
or with an air/water mist. This can be applied either
directly to the old block or by placing a circular copper
form in contact with the block and then cooling the copper
form. A fine air/water mist can be used for cooling but a
direct water spray should never be used because of the |
danger of explosion. This procedure is continued for about
24 hours and longer if necessary, to freeze the matte in
the tap hole. While the air-water mist is effective, it
should be used carefully and experience concentrated on
a few operators, because should steam penetrate the re-
fractory, especially ragnesite, the bond can be destroyed
and the brick shapes disintegrated. |

2. The block is removed slowly from the wall. This is a
critical step, since there is danger of matte pouring out
if the freezing has been inadequate. This can be gauged
by the temperature of the metallic insert and by the appear-
ance of redness in the adjoining refractory after the
nozzle has been removed., If any redness shows, the re-

fractory should be cooled with compressed air or air/water
mist,
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3. After the block 1s removed, the brick work can be inspected,
repaired if necessary and smoothed in order to receive the
new block. The new block may be wrapped in asbestos
paper and pushed or hammered into place. Alternately, pow-
dered magnetite can be used to seal the gaps between the new
block and the brick work. See Figure G-1.

B. PROCEDURE FOR REPAIRING SLAG TAP HOLE

Because the slag notch is cooled with a water jacket, the water

jacket and its adjoining area is cool and suffers minimum thermal
damage. Usually, damage can occur to the refractory behind the slag
notch which is exposed to the furnace heat and the hot slag. Briefly,
the procedure for replacing this damaged refractory is as follows:

1. All the slag is tapped or skimmed from the furnace, after
which most of the matte 1s tapped.

2. The burners are shut off. It is not necessary, however, to
let the furance cool down before starting these repairs.

3. A protective wall of clay is built inside the furnace around
the slag notch. This can be done by throwing blobs of clay
from the roof. The wall has to be high enough for the brick-
layer to work on the repairs without being exposed to ex-
cessive amounts of radiant heat from the furnace cavity.

4. Once the clay pile is complete, the old brick can be hammered
out and replaced with n=w brick.

5. The temporary clay wall is demolished and the clay is removed
via the slag notch before resuming normal furnace operations.
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