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I.     SUMMARY 

A.      PURPOSE AHD SCOPE 

r»r»   U.«UUi«"(Er »1 Co'pper Work.) et Med.>n   «er U«U, Ij 

.ubstantially replace the existing water-Jacketed blast furnace equip 

grade lump ore. 

«_ „# „nrk for ADL was initially concerned with assistance in The program of work for ADL was mi"« 7 ^m^.mr    after a one-year 

s^ra: s.£.r ìTS rizzi, ««-" ^'¿.»i* 
u"SÍÍ«    ÜB?. p"gr- of «ork concerned the follet«, teeks: 

.    To Identify exlettng proble-e »1th respect to completing 
cônetruction «ork on the n« reverberatory furnace, end 
outline solutions; 

• to review the design of the fluidized bed concentrate 
roaster and the reverberatory furnace, particularly^with 
resoect to the incorporation of modern practices,  techni- 
îueï! aniprocedures'for the production of matte and ou line 
improvements that were not foreseen in the original design, 

• to assess the adequacy of  the functions and operations of 
• he crCntr.tionq«idyro«ter unit, feeding the reverbera ory 

furnace and also the units further treating the matte pro- 
duced to blister copper; 

• 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; 

• to review the production costs being experienced with 
the view toward identifying opportunities to reduce them, 

• to train local counterpart, to the maximum extent prac- 
tical while performing the tasks listed above; and 
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in conjunction with Etibank,  to develop an action Pjan 

in which the problem, identified are outlined, th«i«t«i- 
actions already taken during the course of the work are 
reported,  the specific action, 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 «-«luir:  the 
first from January to mid-February 1971, and the second in January 1972. 
During t£e rîrTvi.it, the plant was ne.ring the final stag«.of com- 
pï.îîon.    At that point in time, several major «^»^«^ ^'ctro- 
not been completed such as installation of the was ""heat boiler,  electro 
static precipitator, by-pass flue,  acid plant, materials handling 
acíutieí and instrumentation.    During the second visit,  the new plant 

wîî in operation except for the fluid-bed roaster and the sulfuric acid 

plant. 

During the first visit to the field, we reviewed the existing probU» 
£* respect to the completion of  the smelter.    Also   we "viewed the 
aesign of the overall plant a. well as of the individual »«*"•»* 
suggested several changes which have now been incorporated in the plant, 
¡ï inoertook the major effort in -aining 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 second trip to the field, we found the 
rîverîerÎïoîy furnace on an uncalcined («"en) charge     The acid plent 
was almost complete and could have been started up within a month. 
îSiîïS roasïer operation had not been started, and the concentrator 
ooeration had not yet been normalized.    Accordingly, a major part or 
o« .   oït in the second field visit was direct ed towards ass istance 
in the start-up and operation of the fluidized bed roaster  (a pre- 
Squisite ïo pïovidinj 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 
£.« 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, £* a"£"n*n

y 

gained a continuity of experience that they should find useful in 
implementation of our recommendation«. 

C.      FINDINGS 

Our review of overall design of the new plant at Ergani is Pr"«"ed 
Z dttoll in Chapter III.   It show, 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 is 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 operatng 
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 
thi. required extensive modifications  in the field after the boiltr 
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 SO, 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 short 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 
normalisation 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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tMk.   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, 
normalisation 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 baaed 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 

••    Ro«ater:    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; 

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

• relocate orifice plate to measure only the fluidizing 
air; 

• install 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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• instali differential pressure manometer; 

• install purge lines on all preesure taps; 

• Install flow indicators on purge lines; 

• install vibrators and/or air lances on calcine bin; and 

• hard-surface the elbow in the Wags taf f gun. 

b. Reverberatory Furnace and Converter; 

• Alter slag launder; 

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

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

• provide access to clean converter flux charging chute; and 

• provide automatic turnout on the converters. 

c. 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 
utilise the assistance of the UNIDO expert. 

2.    Intermediate-Term Tasks 

a.    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. 

• Dust control to the crushing plant; 

• frequent equipment failures; 

• oxidised copper minerals; add Na-S; 

• slimes; deelime prior to rougher flotation; 
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• ball «ill undercapacity; monitor power consumption, 
chant« «aximum ball sica; 

a   inaufflciant flotation time; 

• improper reagente and doeagaa; and 

• avoid »hipping <**y pyrit« concantrataa b«caua« of fira 
hasard. 

b.    Roaatar:    Normalisation problema in the roaetar usually 
involve material« handling problama, for example: 

0   Slurry preparation, handling, pumping; changa noasle 
location; 

0   bridging of calcine in cyclones; mechanical vibration, 
poke-holes ; 

0   abraaion in cyclonea; ceramic lining; 

a   presaure balancing ayatern inoperable; 

a   fluoeeal clogging; change bottom plata; chas«« to rotary 
aeala; and 

0    improper diameter of fluid bed drain; change diameter, 
air lance. 

c.    leverberatorv Furnace and Converter:    The poeelble problem 
areas in th« reverb section would involve: 

0 Exceaaive fuel consumption; 

0 charging problema; 

0 excessive refractory conaumption; 

0 magnetite buildup; and 

a alagging in the waste-heat boiler. 

On the converter side, a major problem might be encountered 
in retraining the ataff and changing prevloualy established 
practice to control blowing in reaponse to add plant 
requirements, to Improve scheduling, and control flux 
addltlona. 

3.    Lona-Tsrm Tasks 

Ultimately th« installation of a w«ii-enforced metallurgical and 
coat accounting system will be vital regardless of th« specific 

6 
Arthur D Urte he 



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 improve the plant operations: 

t Automatic sampling in the concentrator; 

• deelgn larger and deeper moulds for blister casting; 

t Install running time meters on converters; 

• Investigate possibility of doubling ladle sise; 

• improve cémentation procedures; 

• cone 1 der the installation of a pyrite roaster for the 
add plant to Increase acid production; and 

§   eoe« leer the economics of smelting the high grade ore 
in the new plant versus smelting It in ths old plant. 
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II.     INTRODUCTION 

A.    PREVIOUS  OPERATIONS  AT ERGANI 

The copper deposit at Ergani is a massive sulfide deposi 
hydrothermal type. The predominant sulfide minerals are 
(CuFeS2) and pyrite (FeS2). The host rock is a diabase 
tite in the lower sections of the deposit and a serpenti 
in the upper sections. From a processing standpoint, th 
tains two types of ore; a high-grade pyritic ore which c 
directly, and a low-grade impregnated ore, which require 
tion. At the end of 1971, the proven reserves were 12.8 
tons with an average grade of 1.72% Cu. The existence o 
was known during prehistoric times and evidence has been 
ancient  small-scale mining and smelting activity  in the 

t of the 
chalcopyrit-e 

or perido- 

ne or limonite 
e deposit con- 
an be smelted 
s concentra- 
million 

f thir deposit 
found of 

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 30-40% 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 
•haft 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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I FIGURE  1 

THEMATIC FLOWSHEET  OF THE PLAUT 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. 

I 

• A new concentrator; 

• A fluidized bed roaster for roasting the  concentrate; 

• 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; 

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

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

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

• An  acid plant for manufacturing sulfuric acid from the 
off-gases. 

Although the new smelter is located adjoining to the old smelting 
plant, the new plant is essentially self-contained and minimal use 
la 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 
neceasary,  cranes installed in the older section 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 

Year 

1966 

1967 

1968 

1969 

1970 
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I 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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TT T.    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 sulfide copper-bearing minerals  from the 
siliceous 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 S02-rich gas ideally suited for sulfuric 
acid manufacture.     In a fluidized-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 (SO,) and magnetite (Fe30.)  respectively, the copper re- 
maining as the sulfide.    The heat generated by these oxidation 
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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  is 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 
oil 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 FeS 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    2FeO«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 
sulfur 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 furnace 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 
alag) and  to  metallic copper.    The off-gases can be rich  in 
SO2 and accordingly can be used for sulfuric acid manufacture. 
A converter   is a barrel-shaped vessel with an opening  (mouth) 
near its  top   and a row of tuyeres along  its side.    The converter 
can be rotated to pour  out its contents.     Converting is  a batch 
operation.      Initially,   a converter is  charged with several   ladles 
of matte  from  the reverberatory furnace.     Air flow through  the 
tuyeres is   commenced and the converter  is  tilted so that  the 
tuyeres are   submerged by the matte.    Oxygen in the air converts 
FeS in the matte to FeO while the Cu2S  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   its 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 Cu2S.     Then all the slag is 
skimmed off  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  Cu2S  (or "white metal") 
is accumulated so that  it can then be blown to metallic copper 
during a "copper blow".     The sulfur in Cu2S  is eliminated at  this 
stage. 

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

e.     Acid Plant 

The combined   off-gases  from the roaster and converter are rich 
enough in S02   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 
•pace 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. 

• 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 is  too  low when compared 
to modern practice,  and this results in a number of disadvantageous 
consequences. 

• The low height of  the overhead crane  limits the capacity 
of  the ladle that  can be used to transfer matte or 
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 
reducing heat losses and the amount  of skulls,  the  frozen 
material sticking  to the sides of the  ladle which has 
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 is 
thus dumped into a pit,   it is much harder,  if not im- 

I possible,  to recover especially if the dumped charge  is 
malleable metallic copper rather than brittle matte. 

I 
I 

Additional avoidable lifts 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 scope 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 
selective 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 
ia basically sound and we have no major recommendations re- 
garding changes in this area. We believe it useful to make 
•ugge.tions 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- 
trate», and who is expected to complete his mission l- December 

1972. 

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

• 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 
t  20X).  Therefore, whether or not the primarv 
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 probablv be obtained 
upstream by crushing the ore to a finer s lie 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 
a« 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  conc.ntr.tor,   the  design  ihmr,, on  th*   flow- 
sheet  do»«  not   allow   for   automat ir   sampling  for 
metallurgical   account In» and   for   prof»»  control. 
A certain  amount   of   automat l.   «ampltn* equipment 
might   improve  th*-  sampling  pro« edur*  and  hence   th« 
ability   of   th*  operatine staff   to   improve  th* 
control   of   thr  plant   operation*. 

• We  notice  that   th*  plant   maintain»   <m   inventory   of 
llMl  palla  of   varioua   *li*»a   for   us*  *«  mak*-up. 
In  M operating ball   «111.   th*  hall   «lies qulcklv 
reach  an equilibrium  ali» distribution  and  tt   ia 
necessary  onlv   to  replac*  th*   largest   »tied balls 
M  than«   ar*  worn  down.      If  onlv   th*   l«r**st   sited 
balla  ar*  uaed   for   make-up,   unnecessary  «upplv   and 
Ineentory  coat«  would  h*  eliminated  or  decreased. 

DM ria« omr   aetond  viait   to   th*   plant    (in    Unuarv   l»72),   the 
crushing  slant   and  concentrator  were   in operation,  hut   th* 
operatic  h*d  vat   to  be  nor»*! Had.      Th*  «oat   obvious  pre*la» 
at  that   UW  *•*  entremelv   hii»'  «»•'   rataa  on   certain equipment 
•M th«   lack  of  spar*  P«'»«   ,OT   replacement*  which   ltd to   fre- 
ikamt   plaeU   ehetdewtis,   an th.t   th*   .inulte   rarrlv  had a  chance 
to  rsech  equilibrium,     how*  er,   even w* #n  «11.wane*   is «ad*   for 
tha affaci,  of   frequent   shutdowns,   it   appears   that   copper 
r acovar I aa  haw been   low   ta high   loaa   In  the   tailing»)  and 
•elective  flotation ha» not   proeuv.d   concantratea  of  adequately 

alfh copper   contant 

la «any   laetancee,   it   appear*   that   plant   performane*   (J.*., 
camper   recovery)   improve,  altnl f tv ant Iv   at   low  throughput a.  which 
ladt cat aa   that   one or  «or*  of   thr   equipment   eomponenta msv  be 
overleeeed «A« the  plant   cerate,  at   it.   rated  throughput.     The 
plamt  he*  •••«  fed with high  grade  or*   in order   to obtain  a 
rmotarlr  volarne  of   concentrât*  but   obviounlv,   tht.  practice 
casatot   ha  continued  very   long without   incurring «i «erloue   loaa 

of or«  reaervee. 

Mi  undaratamd  that   représentât i vea   of   th*  sum-contractor  to 
Itlhamm,   who   installed  the  » on* ent ralor ,   were   unable  to  .uggeat 
chamgea   to bring  the  performant*   of   the  . .meant rat;.:   up  to 
rsiMttSMsata       aa  noted  above,   *   "HUM» eapert    in  »Inetal   béné- 
ficiât le*   ia   la Turbev  until  tie. emmer   Wl  to  aaalat   ïtibank 
«tth  ila  vomeantrator operetioma  and w* would  espect   that 
came leer ahi. atlanti«!  i. now   focused .*  thta  problem.    We would 

(Mtaaaet   that  the  firat  .tap  in   improving come ant rator performance 
ammmld me  the   ideal ification of   the spec ifU   problem areaa.      Tha 
arrederà we  »uajeeted to  the  plant  aanagement   ahould at i 11  ha 

«•fUcatl«.      It   U   »*•«*'   °» «**T   •*••***«••   thtt   %h*  »»•itfil 

gravis« area» are orne .if more of   the fol lowing s I 
I il 
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• A high frequency of mechanical failures in the equipment 
which leads to frequent shutdowns; 

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

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

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

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

• 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" 
•ample) 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 
low 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 SO», and iron is oxidized to Fe304.  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: 

•   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.,  bli.id spots) In piping  or high 
wear at   elbows.    Our examination  of   the piping 
does not   reveal any obvious blind  spots,  and 
•rosion wear data would only become   available 
after  the   roaster has been in operation  for 
several  months. 

Inlsction   of  Slurry     The nozzles  which  inject 
the slurry   into the fluidiied bed  are   located 
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 
6Q0*C,   a   refractory lining is not  normally 
used,  but   is definitely used above   such a 
temperature.     Since the operating  temperature at 
Ergani would be on the border  line,   it   is possible 
that  the   cyclone life could be  shortened sig- 
nificantly   by heat damage and erosion.     If 
operating   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  is  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  fluidired with 
•ir.     In operation,   the U-tube maintains   a  gas 
pressure seal   like  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 S02  gas  entraining the discharging 
calcines back   into   the roaster; hence,   S02  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 
fluidixation so as   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 
porou. plate   for distribution of the fluidizing 
«ir.    We found that  these plates were badly 
cracked, perhaps during shipment,   and these were 
replaced with  an  iron plate perforated with small 
diameter 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 
is 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. 

•    led Difcharae      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 
fro« 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 recommandations to the plant management   for changes  in 
aquipaant  prior  to the next attempt  to start-up the  fluid bed 
unit ara: 

a    Input Air Systems      The roaster unit has three 
aources of compressed air.     Low-pressure air 
la provided by  the blower which provides  the 
fluidizing air.     High pressure air   is 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. 

- Install  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 is 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  installation.     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 
fluidi zation 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 
duit 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 
when 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 any 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. 

I 
II 
1 

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 
increase 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 
1000-1050PC.    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, 
•specially 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 Morene! (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 
•creen 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 

• Holes in roof refractory for measuring slag and 
matte level« with a dip stick. 
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In operating a deep-bath type of furnace, the molten charge in 
th« reverberatory furnace acts as a thermal flywheel to regulate 
temperature by providing a large reservoir of heat. Hence, It 
le 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 »ide 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 »ometimee 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: 

3Fe,0. + FeS 
3 4 

lOFeO + SO, 

The exact caunes of foaming are not well understood, but plant 
experience  indicates that viscous,  highly  siliceous slags are 
•ore susceptible to foaming. 

e.    Converters 

lecauee the old »melter at Ergani included  converter« of  identical 
else 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 
•teff to  "unlearn" old habits  and to  learn new ones. 

• 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  is  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 
sldewalls from the heat 
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•lag blow.     The chute is  located   Infide  the hood 
area and we  expect  that a problem might   be en- 
countered during operations  as   a   result   of metal 
accretion«  on  this  chute  that   impede   the  flow of 
flux.     A platform  for a laborer   should  be provided 
at the  chute   level,   so the  metal   accretions   and 
other  blockage« 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  casei; this   is   done  automaticallv. 
We understand that   in both  the  old and  the new 
section« of   the converter  aisle   at  Ergani,  emergency 
converter turnout  is actuated bv   a  «witch which 
require« operator  intervention.      Furthermore, 
because of   the limited current   output   of storage- 
battery «ystem used at Ergani,   onlv  one converter 
can be   turned out  at  a time.     We   believe  this   tu 
be a potentially dangerous  situation,   and 
accordingly   recommend that   the   converter turnout 
system be made completelv  automatic,   and that 
additional   storage batterv  capacity  be  added  to 
permit  all   the converters  to be   turned  out   at   the 
•ame time. 

On th«  other  hand,  because we   have  noticed  that  the 
number of  operating labor   in  the   converter  aislt 
who can be  exposed to a real  haaard  during an 
automatic   turnout   IH unu.uallv   high,   the  automati, 
turnout  «ystem should be  designed to   bring onlv the 
tuyere« above the  liquid   level,   «ince   the matt* or 
• lag backflowing  into the   tuyere»  could freete 
almost   instantaneoualv.    The  final  ewnlvlng <     the 
converter«   could b*  done manual Iv.     The operating 
labor  «hould be trained  to  conduct   their work 
without   intruding  into the  converter   alele rxcept 
when absolutely necessary. 

Converting  bv   It«  verv nature   la  <*  batch operation, 
whereas an  acid plant operate«   beat   when  it«   Input 
consists of  a constant volume  of  ga**  of more or 
less  constant  chemical  co«f»o«l t ion.      In order to 
achieve auch a constancy,   the   converter «taff 
will have  to schedul* converter   blow»  and to con- 
trol blowing rates, a requires*«*«! which they *re nal 
used to observing.    Thl«  requirement   could  require 
considerable retraining of  staff  and  direct   «user- 
vision of  their activities  for   a time,    looperatinn 
bstvoon converter section staff  and  acid plant «taff 
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I*.  ala latía  variation*   in   t  •*"  »*•  «tr«**«   i» 
vtlallv   important 

Tlw »raaan,»  of  aa.aaatv* magnatila   In  tha lonvartar 
• la«  I« **a«allv  a *»a«ure of   taajropar  < nnvartar 
••»rati«*«       Hatnattt*   in  .«twrttf   »1«»   t»  ««ch 

Mir» aatrlaamtal   t<>  plant   operation whan  tha con- 
*»ftar  »laf  la  <harpad   int-  m   ravarharatorv   funnc», 
*h*n  w**an   t   l#   «Uf   <*   - i»«r»fd    into   «   «attlt-r  or 
tm»lad,     »«»had   and     harfad   bai*   into   t ha  watar- 
tarltatad M*«H   fumata       rb«a .   tha  ravarh   ia   laa» 
f<*r|ivtn«  <**   h**  iiwvfflH   pra«-tli»   than   i»   tha 
»laat   '»ma« a.      Mthowfh  »M*i«#t ita  *< » yarn la t Ion* 
ara   laaa  of   a  prn^la»   in  4aap-hath   ravarharatorv 
MMlllKI  than   in  o|ha»   tvpa»   of   fumata»,  aap- 
«•tita   «a*  and  will    invariable   ai.uawlatt   on  the 
tet»tt«»   »f   «   ravarharatorv   f urna» a        Thin   will 
év«raa»a  tha  »atta   •!.«rat»   <a»atltv   and   In«rwaaa 
Ilia  f taajuam« *   of   tappine 

M»   unJTT-1 —*   lh*t   In   tha  "U   plant,   t ha  . onvartar 
a laaa  waf»  twt   ««»alvtad   fot   »aa.»atlta.      In  tha 
mm>  plant,   th*   «atnattta     ontant   of   mnvartar 
alaga  afcmtld  h»   éatanMnad  o*   a   tagular  haala, 
la  aétfttiati  '     t»*a     oppat   anaiva»«   iraqulrad   for 
»rapar »»tarlai   b*lw  aro«»d  tha     ravarharatorv 
fwraana   .   •«   that   tha  aapartta»     f   t-Mtlvldual 
«•»telar»   tn  tara»   off   »tn»»l«ln§  mainatila   tn 
«a»«artat   »laaa   «an   Na   »••«••ad  and   .hachad  on  a 
4a*-|a-4av  aaal»        H»a  «.patat In*  paraaatar  to 
•a h i ava  a»» h  i  «kill   l«   tha   aa*<u*t   of   flu«  charged. 
It   »ppaar.  that   pra- th*   fnt   tha  .onvartar»   In 
IM  »Id  plani   »a»   haaad   on   uatng   tha   «tini*»**  flu*. 
fat ta*4 r»aaf»-r«a»*artar  itparation«,   tha convartar 
a lag  a*«»«»*  *•  •»  ht§*   »«  "iÜ1* *•   P<*aaihla, 
(jt-»t>       tc aatatn  ihla.   tartar   flu»  addition« 
«Ul  »a   raaulrad       AUu.   illh«  »htmId  ha  chargad 
M %#mm  m  i»%«  Mttr   taaparaturv  parwtt«   it* 
•attlag  •»  thai   tta   ftmrnmn, m   .upptaaaaa a»vaaaiva 

Ulla  t«r»»tl«*ti 

rk. M«  ptaat   at   irgaal  ha.   *m?l* avariar cap- 
•ttlt  aacapt  a**«* «•»*• g*»«*»  'torga  awaiting wtth 
i»w~gff«4a  >«**M.a*ttat»a, trfMvh  * a«  raault   in »atta 
«Hin   ktMMtéataalv   »ai«**'  ¿*3*   ' uppar.     If  thr acid 
piasi   i« afjataita« *»• §••  pr**^«*«^ ^««t  th*"B# 

»«Millau,   il   ta   »aaanttal   that   alt   tha »atta 
pta«aaa#«1  t»  tha  aawttai   ha   lunvartad   in tha na* 
uaaiaartai   alata,   t*»  prwéuca   a »aai»«» %o ': •upplv 
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since the converter off-f.ases from the older 
.ection 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 75% of the time. 

f. Bli.ter Cake Casting 

When the copp.r blow is complete, the molten copper is poured 
fro« the converter into a ladle. Cakes of blister copper are 
c..t directly from this ladle and, after cooling and removal rom 
tí. «old., they are stored prior to shipping. We believe that 
with the present system of blister cake casting, metal losses 
».n.edl...ly high because the operation is inefficient as noted 

below. 

• The presently used molds are small and shallow. 
A. 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. 

9  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. 

•  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. 

W. lutlMt that the blister cake size be increased to the extent 
Etib."'. marketing position permits, but at least to the extent 
t-h.t th« alz. c»n no longer be carried by one person. Twice 
5th«. tta'.Ts.y 1,0<¿ Kg.) its present vo!ume of cake would 
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meet  this criteria.     We also suggest  that  new molds be designed 
so 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 S02 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 time».    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 
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. 
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 
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 injected at a high velocity into the pile of scrap iron. This 
construction will have to be of stainless steel. 
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|t iff COKSTRUCIIQW PROCtW* 

We understand that the construction program to modernise the 
Ergani smelter was managed by Etibank utiliiing de.ign and con- 
sulting services provided by the Parson«-Jurden Corporation. 
Basad 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 bo er by 
the sub-contractor which then had to undergo extensive modi f ca- 
tions in the field.  The second was the delay incurred by a late 
decision to install the by-pass flue.  lv using a by-pass flue, 
the reverberatory furnace can continue operations (usually on a 
curtailed basis) when the waste heat boiler 1« shut d-TI for 
repairs. 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 tine periods required to alter the waste 
heat boiler Installation and to install the by-pass flue 
overlapped. Hence, the total delav was not a» serious an it 
might have been, had each delay occurred separately. 

C. 0H1AH0KS 

During our first visit   to  the  field,  before the  plant   construction 
was complete, we undertook  an   intensive program  to  train  the 
staff to operate the new «Miter.    The details of  this  progre» 
are presented in Appendix A. 

During our second visit   (January   1*72)   the plant   wa»   in  operation 
but operations were  far   fro« normal,  especial iv  with   respect   to 
the fluid-bed roaster, which after  one attest   had not   vet 
operated satisfactorily.     iHir efforts concentrated on  providing 
assistance  in starting up  the  roaster.    We helped  <onduit   - 
second start-up trial which waa  discontinued b.cauee  of   the 
.lurry punp  failure.     lut.   we  developed detailed   instruit ion.   for 
the englne.r-in-ch.rge  for  u.e  in  the neat   trUl       The  procedure 
v« suggested  for ro..t»r   -tart-up   i»  »ummarHed   in  Spendi»  ». 

Aft.r   the   roaster   ¿nd   t »r   an.1   plant   4M    ..pel 4t ir»,   i-   *   »»'•-» 
f..h ion  and  the  concentrator  efficiency  has  been   Improved,  we   .see. I 
that  the need for additional   instrumentât Ion or   fallut*, wtl 
beco*» clear to enable proper  .««1)11»«  for   pro* r«.  , mit rol.     Also. 
at th.t  time we stronglv   recommend th4t   m adequate met at lurgl. al 
accounting system be   installed  to  eases»  the operation     f   the 
MMlt.r  In terms of  copper   losses,  overall  and  bv   ¿.périment» 
Mid to measure the effect,  of  change»   in op.rati.mal   ptattt.«. 
undertaken by the etaff  to  Improve the operat ton« 
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IV.    PRODUCTION  COSTS 

A.     OPERATING  COST FACTORS  IN NORMALIZED PRODUCTION 

Th« new plant   at  Ergani   Is still   in  the starting-up stages  and 
at  tht time  of  our visit  in January   1972 had not yet  reached 
nomaliaed 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 roaatar  ayetem had not operated  as yet,  although start-up 
trial« had b««n 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 auch 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 diacuaaion of typical raw material  and energy consumptions 
encountered   in smelting operations.     Depending on specific  condi- 
tion« at  any  plant  location,   these  unit  consumptions might  vary 
by  10-20%  fro«  the values stated   in   this  section.     The  values 
are,  therefore,  presented to  serve   as  a target to be  approached, 
achieved or  aurpa«sed after  the  plant  start-up problems  have been 
«ueceeefully   overeo«« and nomai  production has been achieved. 
We have retained the cuetomary English units in this section in 
order to eephaaii« th« fact  that   the numerical values presented 
below are  "rules-of-thumb" by which  any smelting operation  is 

gauged. 

IT     F\rft  O** 

la a reverberatory furnace,  the quantity of fuel consumed  is 
evaluated on  the bail« of heat  input  per ton of solid charge 
(green concentrate • flux or calcine • flux).    Typical  values 
are 4 to t million Btu per metric   ton of charge in green   feed 
•meltlng and  2.5 to 5 million  Btu per metric ton of charge  in 
calcine en»ltlng.    An efficient waate-heat boiler will  recover 
around 45-50% of the heat  content   in the   reverberatory  furnace- 
of f-gaaea. 

The «Ulta   flux and Untatone  requirements are largely  dictated 
by the  Inemrltie« in the concentrate.     Silica combines with iron 
to for«  Iron  Bilicate«, typically   fayalite  (2FeO.S102)  and 
lineatone  la  added for yiecoalty  control.    A typical  reverberatory 
furnace  alag will contain  30-40%  «ilica and 3-10% CaO.     The total 

(•Ulta  requirement  1« calculated on  the basi« of a preselected 
•'alllcate énnree" for the alag.     The «ilicate degree  (sum of 
weight  of  onygen In acidic  oxldea  euch a« Si02 divided by 
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weight  in consistent units of  oxygen in basic oxides such as 
CaO,  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 
CaO.     Some examples that illustrate such variations  are: 

Range cited above 

El Paso, Texas 

Tsumeb, Southwest 
Africa 

Noranda, Quebec 

sio2 CaO A12°3 

30-40 3-10 - 

40.1 10.1 6.8 

27.2 17.5 4 

36-39 10-20 6.0-8.8 

I 
I 

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  lb.  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 lb/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 lb.  per metric ton of blister. 

it üai£i_ 

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.E.  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 98% H2SO4. 

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. 

I 
I 
I 

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 idiosyncracles 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 is 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 smelters 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: 

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

• 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 accumulation of 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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•fficiency are the fuel oil used per ton of solid charge and  the 
• team 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 

». dl.cu..lon in the precedi &<^» ^^¿M« ' 
0, t..k. need to be ^pUshed t Er anl^ln    ^ be 
efficient copper production, ana tnat tMks that 

plant operation will have to D        gpecification8. In the 
ant components perform to their design p operating 
]nn,.t.m eradual improvement in all section» ui     r 
long-term^ gm«««"  r  . . . . <„ nrfipr to improve copper plant will have to be achieved in order   imp     J   cQn_ 
recovery and reduce the operating costs, ^develop 
ictiol with Etibank, a number of suggJ^J;n ¡^ % the8e 
achieving the short, intermediate «^^"¡"ivi. should 
are presented below. In general, »h«';"• £¿électives, and 
be achieved before considering *»"•d£"c£•.°Tchieving 

long-term objectives. 

^  SHORT-TERM TASKS 

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

1. Roaster 

During our field work in January 1972, we assisted in altering 
deïaÏÏ. of the roaster in.tallation as follows: 

• Install U-tube manometers to verify pressure gauge. 
• and a differential pressure manometer to measur«, the 

differential pressure between two point, below the 

level of the fluidized bed. 

• Install purge lines on all pressure taps. 

W. believe that the following alterations in the installation 

are necessary: 

.      Install automatic mechanism to shut off -*« «£»r 

if the fluid bed temperature exceeds about 1000 C. 
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• Eliminât« 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 fluidlzation. 

• 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 hv 
installing channels  for communication with various 
levels in the roaster  Installation. 

• Install flow indicators on all   ttie purge  lines. 

• Install vibrators  on the calcine  bin. 

• Hani surface the elbow  in the Wagstaff  gun. 

On completion of these alterations,  the   roaster  should be started 
us using the guidelines presented  in Appendix  E,  and details 
that «ay be  found in the   literature*.     No doubt  new and unan- 
ticipated problems can arise  in a new start-up  trial   and the 
operators should be prepared  for these.     We are confident  that   the 
plant engineers now have  adequate technical  background to 
identify them and to plan  and execute corrective action». 

2.    The Acid Plant 

We understand from the UNIDO expert assisting Etibank on acid- 
plant operations, whom we met  in January   1972,   that  the acid 
plant could be started up within a month after  roaster start-up. 
Should successful roaster  start-up be delayed,  we would suggest 
that  Etibank consider starting up the acid plant  using onlv  the 
converter off-gases  to take advantage of   the  UNIDO expert's 
services in overcoming usual start-up problems. 

Several acid plants around the world do  operate onlv on con- 
verter off-gases;   for example,   the ASAP.CO smelters   in Taco« 
(Washington)  and Hayden   (Ariiona).    However,  the acid plant  at 
Erganl will differ  in that   it would then be operating on a 
smaller quantity of more dilute gas than  it   la designed for 
and under  these condition*  supplemental  heat   input might  be 
neceesary.    The ability or  inability to supply the supplemental 

*J.C.  Hair,  "Fluosollds Roasting of Copper Concentrate« at 
Copperhi11", J. Metals, March It**. 
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heat might wall  decide whether or not   the  acid  plant   can  be 
started up without  utilising the roaeter  gaees.     Another  prob- 
lem might arlaa  If «trema, aulfuric acid purchaae  and «torage 
la  required  for starting up  the absorption  aectton   in tha «cid 
slant. 

Installation  of   tight-fitting  hood«  or  apron»  on   the  new  lon- 
vertera will  ba «van mor«  neceaaarv   in auch  an event   iti  ordar 
to minimita dilution of   tha  gasee.     Moreover,   tha  converter 
osa rat lona would hava   to  ba  carefullv  controlled  and synchronised 
in ordar to produca   (aa   far  aa practicable)   a  ateadv  volume of 
gaaaa of mora or   las«  conetant   SO^  content. 

1.     fcavarbaratorv   furnace 

Tha following changea, auggeatad to it lean» during our flrat 
flald trip In lanuarv 1971, have bean Implemented before the 
construction  program waa   completad. 

Altar matte   laundera 

Install   return   line   for burner  fuel   oil 

Install   tnatrumentat Ion  for meaauring  furnace draft 

Provide  lumpreaaed   <»lr   tor   roo»   . leaning 

Provide  hole«   in   the  roof   for   dipati«ka 

It   rmmslna onlv  to provide   inatrumentat ton  for  sampling and 
analysing the  furnace off-gaaes,  auch êm  bv   the Orsst   technique. 

Ws vould Una  at  thia  point   to reiterate  our   recommandât ton to 
alter the alag  iaunaer   to  provide a more  convenient   accana bv 
tha operatore during  the  tapp ini opérât lona      Apparentlv,  the 
plant  managamant,  after  our  vlait   in   lanuarv   1*71,  da« lead 
mfalmst   tha alteration.     There  la  a poealbllltv   that   at   »orne 
tima s high a lag, or   a high matte  level  condition can ealat,  and 
tas  flew through the  alsg  tanno le will  be  uncontrollable.     Nigh 
slag 'i** would be danger oua enough,  but   if  matte  flows   into  tha 
granulai ing  bosh,  aeri oua  esplosione  tould occur  with  severe 
ln)urv  to man  and equipment . 

•      Install  automata   émargent*  turnout  equipment   tw rais« 
tha  tuyere«  amove  the  level of   the molten bath   In ci 
of   Power   failure. 
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Mil  «111«       P»   lr.M»lUtinwof Instrumentât Ion 
t*  mniri  tit* wmmt 4tmm liv  « I>«11  wtll  •• <• function 
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§    Slagging problems  fouling the waste-heat boiler tubing, 

t    Refractory replacement problems. 

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

4. Converter» 

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 netllaurgical and cost accounting system which  is des- 
cribed in detail in Chapter IV.    We strongly  recommend the 
installation of such a system at the appropriate time. 

Other taaka might be the addition to the physical plant of 
•pacific  facilities for improving plant efficiency and reducing 
coats.    Examples are 

• 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 
•Ite. 

• 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 
SO2, such as an elemental sulfur burner or a pyrites roaster 
will have to be provided. 
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D.     UTILIZATION OF COPPER-RICH DUST FROM WATER-JACKETED FURNACES 

Approximately 50,000 tons of dust have been collected from the 
dust chambers of the water-jacketed furnaces and stockpiled. 
Th« calculations presented in Appendix F show that any  reasonable 
«mount of  this  dust  (up  to 60% 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.    TAP-HOLE REPAIRS 

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

fût   TRAINlW   or WI  STAFF FO* THE NEW SHELTER 

I.   umwpwTio* Ano oijiaivss 

fna  M»  coasvr  «Mr 11 in«  operation*   at   the  Frgani  smelter  involve   tech- 
*elo«v  «Ml  oaerat In«   practice«   that   will   be   new experiences   for   the   opera- 
ti««*)  staff       A< < oriln«! v,   the   pro«ra* of   training,   formulated during  the 
fir»»   fiel*   trip   in   leftttarv   1971,   had   the   following  objectives: 

• I« provi«*   the   »pportunltv   for   the  staff   to  acquire  an 
«*HMI»   »ma1er«t andina  of   the  nev   technology,   perceive 
Ite«   afeas  w***re   th«    uà   plant   practice«  either  no  longer 
êfflv  nr   i«  W   Improve«',   and  perceive   the  areas where 
efflilen<v   «an  be   ImrrMtd; 

• te previa*   an     pporl unt t v   for   th*   personnel   directly   con- 
fer»««'  vit*    if>#r*ttt>fi  to  be« urne   familiar with  new equip- 

tl   U»«.    I.e..   thos»   not   previously   un ed   in  the smelter; 

•    le pfovt«*   In   «I UM   f.>r»  the  elements   of   the  operating 
•ravtt»*   f»»t   tli»   new *m«tt»r. 

I» 

leti.»*   >f   IH»   protra*,   th*  «taft   could   than be   in a position  to 
the.   MtitiMP   >"•!   the.    «>er*tin«  pra«ttte   «levelled during  the   program, 

• e   •  < aats>f**MM»a lv»  plant   opérât In« ««miai   that  ultimately   could 
«•«xi  f   es«t«t    In   «t talnin«  high   »««ratina,  efficiencies. 

I) mi ssUs)   mtm   MjtgXÊÊÊÊL 1 IJBsKMt 

fa*  • ••at »tl'ti   «a«   *r««*l«e«  u  trata  « nummi r of  staff  categorías. 
FW   .^•«•tu*  «•!   th»   .lasts   la »ach  tat »for v  WM ««lei ted  by  th«   plant 

>#       tSm     «*•«•• ft»«   «•!•. i»a  «n4  tli« «*a«Wr«Htp were th«  following: 

I 
I 
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I 

• tittle»W§ital   Ft lü* If If» »     fbe   »a««li»4»»   In  thU  category 
«afe   «tl«w»eW  b*   f*pf*s««t «tie»«   of   in«   «upervtsorv  staff 
«If,   «ti    •*   •*>*•»  »at«   «faénate   wagtas>«r«. 

• imiM r'»'ttt>       *"*•  .«asióme   la   ih|i  category war« 
•Hemes'IIwr   li*  • «•*>  ta»r«»aat«t lew«  ot   the  supervisory 

»te*f,   «»i   »v   the   t«.h*ttaste   «awl   «Sill    forestan. 

*    mPomstU*^**!*       '*•   •»••l^a»   la   lb|«   t«t«gory  «Hire 
ell «'•«Vii»   «•>«   •«*»   i«.iwtt tana   and  antft   foreman,   and 
by  IH»  «alti   *s*f*mf»  «mil   iat«reata4  «mp«rvl*ory  «taft. 
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Because the plant at the time was under construction,  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. 

III.    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 beds 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-Cu2S, 
FeS-Cu-S-FeO systems. 

Matte-slag equilibria in the reverb--FeO-SiO-, CaO-FeO-SiC^, 
FeO-Fe.O,-Si02;  importance of P0    and  temperature in reduction 
of magnetite accretions.    Copper losses  in reverb slag. 

Matte-slag equilibria in the converter—FeO-Fe^-SiC^,  Cu2S-Cu, 
magnetite control. 

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

A.    Process Control 

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

b.    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. 
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3.    Converters 

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

A.    Casting 

Moulds;  trimming;  sampling; handling. 

c.    Demonstrations 

1. Roasting (Simulated) 

Start-up; combustion and temperature control during operation. 

2. Reverberatory Furnace (Simulated) 

Charging methods; slag and matte removal;  roof repair. 
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APPENDIX B 

COMMISSIONING PROCEDURE FOR 

REVERBERATORY-FURNACE/WAS TE-HEAT-BOILER/ 

ELECTROSTATTC-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  is 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. 

t    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 is also sheet iron in each joint.    The iron 
malts and penetrates  the refractory, and,  as it  oxidises, 
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 completed 
as part of the commissioning of the furnace. Previously, 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 commissioning 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. 

II.     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 installation of  the filters, protective scream, gauges,   and 
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control..    R«»-ln .11  f-n.  to aa.ur. th.t   th.v  are "*<h-ni;*"v 

.otad .nd will  operate troubl.-fr.e;  and   that   tbev r.« 4.1 Wr 
th« «ir quantities   at   the pressura*  r.quired. 

Check .11 water   jacket«  «id water  suppiv   iviM for   cleanli*..., 
flow ratas,   and  leaka-e. 

6.    HMC«-lto«t  Bo 11» 

-•rfor. a complete  pr.-op.r.tlon  check   of   th. wa.te~h.at   holler 
in accordance with   the -.anuf.ctur.r'-   Instruction-, 

7.    Elactro.t.Ux JLrsOjitatu r 

F.rform a  copíete  pre-operatlon  ch.ck   of   the  .1.. t ro-talil*   pia- 
ciolftor   in   accordance with th« manufacturer  •  In.t ru, 11„- 

|.    Powtst-•.#_/!>*! Sj[*.t«w 

Chack  inducad-draft  fan  and associated  ductwork, -a*«.-.   *»* 
im—f  for   propar   Installation.     »««-In  fan  <<•        Li  ?L 
irii.chanlc.lly  sound and will  operate   tra-tU-f'«•;   ***  *«** 
the w.tar-cooled  baarlng  syst.«   U aaW^uatelv   Installed 

t,    rurnac« ,8Uri-jjp_lJ"iii»'l*it1¿* 

K.va aauipaeant   .v.lUble   for «epurimi   furnace  teaip#r.t«r. j   - 
tin-r^tïr   for   low fperatura.  and  a  p*r»~tei  lot   the   M,h.r 

iratur.a. 

10.    Cosy let Ion of .iMtSiti• 

Whan aatl.fl*«! that .11  of  the .*»»*•  •*•   1» **»*!•*• .»•*••.   »*» 

Mlt  Is  r.»dy  for  firing. 

1.    rifluì Pcgcgfto 

through  tha burner  r.§li 
e«. b#   a4Juatad to give tha 4eelr»4 dr.tt 

J      A4 tua t   lira,  so te»p.rsiur«  ta f«tn*^ «11»  •»••  *»   «"*  '#l* 
of .*n.t a«c pat hour     imiully.  — * •*•*•«•-*•• J*»1 

•yroawter whan tha  taajparatwre b.c«M»  hit* -*» 
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K *•»«**  Ut   ri»4»   I r»».*#»fM Iv ,   iwit   «mlv   iw   tK#   «»»p«   «<•   f«r 
tut   • ••<•  »«  th»  • !•••  lo   f»ll<»* *»»»r#   fMrnftr*   t »«•»<» r*t*ir*> 
LhiWUii   .*crwf.     «Iftci»»   «ff   mit«   H   »h#v   %p**«r   »••   ***•   <»*•» 
l»««V4.     A  «tr»i*  i*«**   i*   * i«««'«*  »i#wl«*í   *<•»»   *»»»*>»rtn*   t»*# 
lm«4)       l»«f   r»o«r«*    »f   «mut   • !•*•_ »««4    •»   tt»*t»«*4. 

twytriurt  H*»  r»** *%•*  *h,>Mt   1«WM» I .   *   i**#i    •* 

l**tt«* lu «lin«»r >» ha**» •*»«<*»! Iw§ ***»* *N*« **»*»* 
«lll»é, « ••crtMl i«r#f «»#* h» «44*4. wit* « «t#*lil) i 
lut  »r«»y«»rtla*   *f   *«•»•* **•       ****  »r»"»4*»r»   *«   »•»•»* 
Mtll    th»    l»*»l    «*f    »h»   ttotto»   I«   »*»«   wit*    »H»   h.»«»,»» 
!•«*•«   (MU*   t«?   H" l* Initial»*,    th*   M|B»Mlf ni» 
tu«   •lltwf»   ••».<« 14   h#   1©-J«*t        At    th»   »«4,    *h#   •*«»•* t 
tftHt    «h-ml«   h»   m»   Iff***»    thftft   AÔ-V**.        t»»ri»«    lH#    *M| 

«f   th«   NHt«»,   n    i«   l«f*fl«»l   »•'  *NMt»U#   «*f«»tit»- 
r«*«ftt»t»«t   witfc   *«tnt«tftt*t   fUMHï    *•»   »»»»   «t«Nf»   t 
INM   Mtll**l»lv   th»   !!•*»»»   »*H   fe»   l»v»l        f*w     •'"'» '' 
reí*  «I  »umt H»   •Min««««  t«   * **tt»>»    •»   i«*a»»»«t 

>r i»«, • 

th» 
*l    hft« 
n< r»a» 
#4 

**ft 

II »   » 

*    ÍH» 

4    •« 

«ftt    • 

Ih» * 

t» «*• 

).     Ifhir   lh»   I»»» l     «   th»   » l •*•»  H*<   tw**t*mé   il»*    !•»»;      *   »h*   ¡ ** 
*•>»»,  m>   ft*?th»t   «Mltl.mw   •»•   «*4»   «M4   ••*•   i*«t#n 

14   ih»«   h*   Wirf   •I»MN   t •»   «**-><*!   *l#»l   *••*»•        B*»lm 
Nllté  «f    >f   IH*   M <»»»,    «   »no»»»!»»!   »«*       '      N»   ll«|   th» 
|    «f   th»   f t«M*t    U   M    tlHHIm   »   «I»»!    I*M*   Ihr»«»*   IN 
I*   m*   #»   »tt   l«t«ll>M        fW   •*•»   »••*»»<•»    • «*  h» 
Ultt   «wrtft»    •f*r»M*H»   I»   «•>•»*»•   th»    »•*•!•      I   •!«• 

«Mi   «Mil«.    «Mi   • *•>»   *h»   *4HJIHP*tl*    fc«U4   w^>     .«•    |h*    It H>« 
fili«   pmtl<i    .1   •••«•*   ••«>••««•*#*   i«     mmmiém*m4   m    »    '*»4ftl<«i 
P9f imét 

«If   «M   «It   fwtiMN**   «•**»•»•   >>•*•»'<   «»   ti«** I*   ••   r-««t»i* 
Ala».   •«   la* »uà  -I   IM«   -»-««fclaii1  f»ti^.   *»*  •<•#•*»•  *«•»•• 
•I   ilw   •«••» W«»   kwilat    i»»»t    i«   «»•«••4.   «tik    «w   lkw(MM»t 
Tmat~lTn   !•  *#•#•§!<••  »• alalM*)   . «»»Iiaaj   ti*»   t»f*#«i«t'r 
«Uli*   ti«  «aMjwf   i«  »»la«)   liaa»»«4       fa«   f«t«i«*««   i«   *>w* 
•it««j»4 i-   <•»!,  »iia*»«»i   Ht»,   «»«M   ia«  »*..»t   »»i*»«!**-» 

I 

All«   ta«   ft*«i   !#»•*   •*   «a»  !»#•*>•   »i — »   »«  ***<*i   t*M»*«tt»4. 
ia* »«»*•*• «tu   **U,HM   «i   i»«»i   ih«   i»i»*i •*»  #-»i«a»  «PM< 

l«Ma»t«l«*»   i»  ih«  •«•••  h*««   w.u.»        IW   *i«r««4  «i«»   «««i i 
aft»   i«iua*ti'ii   •»   ih«   ft*«!   imm*   *••» a«   •  i-   i»  ê«f«,   ** 
i «•)*)» I »Jlfti • ,    «h»    i»èll*I    .*•»*»•« I «•>»«§     •»    »h«    *«•!«   a»«« 
a»>ll##    m h»  .*«ft««i  «t   i* #>• m~*4m< « »lia  ta»   xnwl*» »<»#»• 

,!•••  *»*ia«  «a« hi»«*i«« t*   *t   ta«   M«,»      *»•!*§ 
>t«t r»»*-»    •i«»#  ta»  ^««h«  <i i «   t«    t-«M»,   «a» 

hwllftt   .«ti h» ••••••*«  t»*   i— ftiJM   *aw   »h»   .i»4»   ti«»   i*«»« 
•«•Ma»««««*  «4» a»   ift*t«tfc*4 
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*•<*•   toHiifi'tl,   *wt   <»«*M   *••»,••   •««   H«w    *»««M   *«•   '• 
iti Iflil   f tr»«   »«Mi *r**t ir   • »*• '«"****   »••«»•r*» ••*?*   «i   « 
M4i«* mi».   •*•**» aiMut pr.*f#»   !»•»«• *"   4-  »h*   "*   ' "** 
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APPENDIX  C 

PLANT CHIMNEY CAPACITY CALCULATIONS 

I.    INTRODUCTION 

Th« new «««Iter at Ergani will utilize  the existing underground gallery 
and chimney   installation  for venting  the  reverberatory   furnace gases 
to th« atmosphere.    When the  acid plant  is not in operation,  the  roaster 
and new  converter offgases  can also  be  vented via   this   flue  system as 
shown in Figure   3. 

H.    PURPOSE 

The plant  management was  concerned  that  the   flue  system might not  be 
able to  handle   the gases   from  the  old and  the new  plant   simultaneously. 
Th« old plant   mav be  operated  several  months   In a  vear  on   high-grade 
lump ore.     We  were asked  to  calculate whether or  not  simultaneous 
of« rat Ions  of   the  two  plants   could  be   carried out   using   the  existing 
flu» and  chimnev  «vstem. 

Ul.     CCMCLUSIONS 

Th«  calculation   indicate   that   the   flue   system will   not   ht-   overloaded 
wader normal  operations of  maximum   »lue gas  production  through green- 
feed rewrfceretorv  smelting  and «simultaneous  operation  of   one water- 
taefcsted   furnace. 

fh« dateli*  of   th« §aUerv-chi*ne\   system  after  tht   vari«'u* its*  streams 
haw seen  «'«**»! ned (as  shown   In  Mgure   \)   sre  sh.tvn   in elevation   In 
rt|ttr*  «    1        HetalU   for   th«    dimension»    >t   ductwork   In   thr   new   t,»>i!i 
ties «••   In   Ih*   fabulations wer*   tasen   tro»  appropriar   « on*t rm 11 on 
drawl »§•  *•   «Mt«é>d. 

flw des* Hpt tum,   dala,   end   »sl.ulati •«»   i.    t..Un*   .*ppl\   t>    r-»t imaim»? 
*fc»|h»r   the   ««tati»«   , M»nr>   and gmllvts   arni   new   and  old   ilu>tw.>rk,   . *r> 
•«•«ori   the    »e*ratl»t»s  «sme«1*4 \m4*t   th*   tieslan   ..mdltlcii».     i <*!. ul.tt t>'ns 
ars tlunra »*»lfc   ts the metri*   «*d »ngluh   .v»iw ot   >•*• 4• u» ••»•>«• ut »       thrrr 
«ase»  í"f   teU*»Ìeil«>« «»»   « hlmnev -gai letv   >«f>«*ltv   w#ir   . *.n»i.lrrrd <»» 
fulldW* 
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Cava 

1 Reverberatorv   furnace   >pprat**- 
on  a re en charge.    The nt»w  ( .in- 
verter gaaea  vented t«>  th«v   * 1 <» . 
On«  old water-larket   íurnín 
operates. 

Mf verbe ratorv furnace oper-it *•*- 
on calcinad charte. <onvert*«r 
gane* aent to at 1 <i plant. *>m 
old  water- lacket   turna««     >p« -rmt*" 

3 Reverheratorv   turna«»    <prr«t»- 
on   |HHB  tharge.     (inverter    ti ***•- 
aent   to   acid  plant      '*ne       I «1   watrr 
lacket    furnace   .»prtate». 

Tabic C-l  contain« a staaaaarv  of  the phv»tcal   dl«en<ii »n«  »t\ú .k-ttvi-.i 
croaa-aactional araaa of   th« Chtanev-<al let \   *v*tew. 

Tabi« C-2  contain«  the   calculation«  of equivalent   length    f   «he   vari ••**» 
gaa paaaagea   Involved  In   the   avute».    Part   A tontaina   the et*firi<*l 
formila« and)  th« definì t ton«  of  the  ten».     Part   » are  the «<tual      *\ 
culatlona. 

Table C-l «how«*  the calculation «>t   ««Meni   ataoonher t.   t<te«i«»r«    ti 
Maden, Turkey, at   the  different  elevation«   »h^v*  «tea   lew I    f   tu    k «- 
location«   in   th« thl«nav-gal lerv  avatea. 

Th« «atlaatlon uf  total   «a«  flow  t«»  the rntrimr of   the taller*   t •   «H -w*n 
la Tabi« 04   for »ach of   the   three   «gratina »««#•  »«*n«i«ier»«i       *!•« . 
1« Tab it (>%   the aoUcular weight   >>f  the   •«•   !•   . al«»*lat».i > >r   ##»*> 
of   the three  oaerating   ram 

•o  far,  tha  ahv»ual  chaira» ter i »t 1« »    f   th»   i-Maaev  «all"    •*«i*a«   **».! 
the   flaw cHarai terni It •   of  gaae«  i»r •>«•»• ed   l«  thttt  .»t»*t«ti««]   -«*«•« 
haw« baaa eatabttahed.      The neat   «taf (•«•««•*•   the  ««tiMii'«   •'   1 He   » H* » 
«al í harat terUt u» 

ta Tabla » -*   th« eee« 1 f 14  heat   l«   < ähnlet»«» r»«i   •<*••    •'   IH*  g*.   ..*»**.•< 
ti «KM a rodaje«>d in the  batad   '«aerating «tait«,  »awl«       i'«  r«**fa»t«t ••• 
faraa«« «*a tree« «¡barf* .   the  »aaa   «a»   al. inani .Mrg«<   «•* tK*  «*•**   ' • * 
Iba »#a*«f «!•**•*  fatane»»     Tb» «a>e>*irit   Maat    t it*«  ae% ,*<•<*• ti«t   *** 
la eattaatad at lb« baatnaSat «•! t«»i« »   •.   »*»« * •**   ».  •••*•  ihim   «•  •*• 
taaty apara* tag «aa« «*•*• aaa  tt*a«art«t «afaatati«* »•  » «a» 1 «ta t# 4 
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TABLE C-2 - PART B 

CALCULATION OF EQUIVALENT LENGTHS 

1. A, ft* 

2. P, ft 

3. «, 2.10/5.13 

4. K'jdQ10 

5 L.-!t 

2 
6. A, ft 

7. T, ft 

I. «. 

». K»«10l° 

10. Lf-fc 

11. Stralfht L**«th |j 

12. MulvaiMt Str«i|ftt L*«|th |^ 

Entry 2 
Tabi« C-1 

Entry 4 
Tabi« C-1 

Down«tr«am 
(U«« Upitrea» Section) 

118 - 

47.5 - 

0.408 - 

22.1 - 

64.6 
212 

- 

Up«tr«a« 
(U«« Up«tr«a« S«c .tlon) 

123 134 

28.5 48.0 

1.0 4.20/3.17 -  1.32 

22.1 22.1 

7 M 
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lì), 2 
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TAILE C-3 

C^CIILATIOM Of mTEHT ATlffSPMEIC PMSSUIB 
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Ahova »aa U*tl o 
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TAILE C-4 

iSTmàTion or TOTAL CAS FLOW TO CALLSRY 
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for Old Perc«nt 
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D.    POSSIBLE SULFUR RECOVERY IF THE MATTE FROM THE WATER-JACKET 
FURNACE IS CONVERTED IN THE NEW CONVERTERS  (assume 80% recovery) : 

i c  nnn tons ore       ..  »,  _                38.5 S in cone. 15,000   x 0.06 Copper x     
year 

• 4,160 tons H2SO.   per year. 

20.4 Cu in cone. 
98 

x 0.80 x — 
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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 should 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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{FLUIDI ZATIO: 

Istart air through bottom! 

i         HNO FLUIDIZATIONl 

1. Start slurry 
2. Readjust purge air 
3. Adjust slurry rate -4— 

so that T-l increases 
4. Oil burner off when 

T-l at 550-600°C 
5. Cooling water spray 

on manual control 
6. Monitor cyclones and 

fluoseal8 continuously 
7. Adjust slurry rate so 

that T-l levels off at 
600 °C 

Ï 

1. Stop air after  2-3 
minutes 

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

2 minutes of   (3). 

IFLUIDIZATIONl 

1 

W- 

INO FLUíPIZATIONJ 

Stop slurry after 
2-3 minutes 

2.  Stop air 
3. 

1. 
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APPENDIX F 

mTr^• n„ rnPPER-RTCH DUST  FROM WftTFF-TACKF.TED  FURNACES 

T.     PURPOSE 

^«.n• nf the water-lacketed furnaces,  the off-gases 

LM.Ph.re     Over th. year,    the du^ae^:dtlnathut  ^ ^ ^ 

been stockpiled and this »"^"^ n lmt MnagOTe„t  is anxious 

£   rcov:rrco P^ccnfennr    is nus    s. .cuesten «H. to 
assess the various methods for utilizing this dust. 

TT.    APPROACH 

W. med« approxl-te reverberator,  f»•°« f H^TaryingTropor- 
«-h» h*«lB that the dust would be charged to it in varying v    v 
tîon. during^lther green-charge siting or calcine suiting. 

Til.     SUMMARY AND CONCLUSIONS 

A.     CALCINE SMELTING 

The calculations indicate: 

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

.    In order to maintain a daily blister production of  «^ut M 

ïons/day,  the amount of dust  in a mixed dust-calcine  feed 

could not exceed about 85%. 

R.     GREEN-r-HARGE SMELTING 

The calculations indicate: 

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

• 
in order to maintain a daily blister production of «bout 
60 tons/day,  the amount of dust in a dust-green charge 
mixture could not exceed 60%. 

F-l 
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C.     CONCLUSIONS 

Wh«n 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 Wags taf f gun. 

IV.     DETAILED CALCULATIONS 

The approximate analyses of the raw materials are: 

Dust Calcine Concentrate 

Cu 8.OX 22.2% 21.0% 

Fe 34.0% 36.4 31.6 

S 12.8 18.0 37.6 
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I Case A;    Calcine Smelting 

1.     Grade of matte produced if only the dust  is smelted: 

Basis;     100 kg.  dust I 
I 

I 
I 
I 
I 

32 
S to form Cu2S:    8 x .jr - 2 kg. 

Cu,S formed:     2+8 -    10      kg. 

• S remaining:     12.8 - 2 - 10.8 kg. 

I 
FeS formed:       10.8 x ^ -    29.7 kg. 

Fe for FeS:    10.8 x || - 18.9 

excess Fe:      34 - 18.9 - 15.1 

Total matte: «    39.7 kg. 
g 

Matte tenor: -rr-r - 20.1% Cu 

2.  Copper production when dust is smelted at maximum smelting rate: 

Maximum fuel input into furnace is 105 x 10 Btu/hour. 

(Source: Parsons-Jurden Specifications 2.02) 

Assuming the fuel requirements are 3.5 x 10 Btu/ton of charge for 

smelting: 

T          e A    »         i- AIA          105 x 10        ,.       720 _ Tons of dust smelted/day:     ¡r x 24 • -r^jr tons 
3.5 x  10 

Lass 10% 2 612  tons 

Tons of  20% matte/day -      612
0
x

2°'08    - 245 tons 

Equivalent copper production:    49  tons copper 

Thus,   the smelting of dry dust alone results in a decrease in 

blister production. 

F-3 

Arthur I) Little Ine 



I 
I 
i 3.    Grade of matte if only the calcine is smelted: 

Basis:    100 kg.  calcine 

§ S  to Cu2S:      22.2 x  Jf    - 5.5 kg. 

I 
I 
I 
I 
I 

I 

I 
I 

I 
I 
I 

2" 

Cu2S formed: 22.2 + 5.5 " 27,7 kg' 

S remaining: 18 - 5.5 - 12.5 kg. 

FeS formed:    12.5 x |§ * 34,4 kg" 

Fe for FeS:     12.5 x -jj   • 21«9 

Total matte: 

Matte tenor:    —-j- - 35.8% Cu 

-  62.1 kg. 

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-l. 

| 4.     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 

for calcine smelting;    105 X 10\ x 24 - 720 less 15% - 612 tons 
3.5 x 10° 

calcine per day. 

I 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: 

I Basis:    100 kg.   (dry basis) green feed 
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FIGURE F-l 

X  Cu in Matte 
(Tenor) 

Tons Cu Per 
Day at Maxi- 
mum Smelting 
Rate 

0      20      40       60      80      100 

% Duat in Calcine-Duat Mixture 

FIGURE F-2 

150 

0      20      40      60      80     100 

X Duat in Calcine Duat Mixture 
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„ e 01  160 - 26.2 kg. 
Cu2S:   21 x Y28 

S to Cu2S: 21 x X28 - 5.2 kg. 

FeS formed: 31.6 x |£ -49.7 kg. 

32 
S to FeS:       31.6 x -^ - 18.1 

Total S in matte: 23.3 

Excess S:       37.6 - 23.3 - 14.3 kg. 

Total matte: " 75,9 kg" 

Matte tenor: jy-ç - 27.7% Cu 

2. Grade of matte when smelting green charge and dust: 

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

dust: 14.3 - 1.4 - 12.9 kg. S x ff - 22.6 kg. Fe required. 

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

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

feed will combine with: 

|~ x 100 - 150 kg. dust 

or dust to green feed ratio is 150/100 - 1.5 

or l
5^ . 60% dust in a dust-green charge mixture. 

250 
3.    Matte when 150 kg.  dust and 100 kg.  green feed is smelted: 

Cu2S formed:    1.5 x 10 + 26.2 -    41«2 k«' 

Cu in Cu2S:       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. 

Matte tenor:    ^7079 " 19,3X Cu 

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

only the dust is smelted   (see paragraph A-l above).    Hence, 
F-6 
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increasing the amount of dust beyond 60% will not affect  the 

matte grade.    The variation in matte grade with different dust- 

green charge mixtures  is shown in Figure F-3. 

4. Copper production when only green feed is smelted at  the maximum 

•melting rate: 

If the heat requirement in green feed smelting is 6 x 10    Btu/ton 

of charge,  the amount of green feed smelted is: 

105 x 10    x 24 x 0.75 - 315 tons dry concentrate per day. 
6 x 106 

Equivalent copper production «66.1 tons/day. 

5. 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: 

when X - 1.5 Y,  i.e.   60% dust 

Y  <3'^ *B
1,5 + T—T)  -  105 x 24 

0.85 0.75' 

v      105 x 24      105 x 24        7ft Y "(6.19 + 8) ÏÏ7T " 178 t0M 

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 
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FIGURE F-3 

% Cu in Matt« 2C • 
(Tenor) 

id- 

I   I   L        ' 

0  20  40  60  80  100 

% Dust in Dust-Green Feed Mixture 
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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 is 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 removs the old block,   repair  the 
refractory,  and place a new block while the  furnace is still operating, 
Briefly,   the procedure  is as  follows: 

1. 

2. 

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 magnesite, the bond can be destroyed 
and the brick shapes disintegrated. 

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 is 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-l. 

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  is  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. 

I 
G-2 

ArthurDlittkliK 



e  T).. ~> 

MATTE 

v'.-.     • J. 

vi'-     *• 

/:•: 

*\ 

CLAY 

REFRACTORY  GROUTING IS PLACEO 
AROUNO THE  COPPER   BLOCK  AND 
WALL   JOINT 

THE REFRACTORY BLOCK IS  BEDDED 
BY  CASTING   THE COPPER  AROUND IT 

CROSS  SECTION OF A TYPICAL MATTE TAP 

FIGURE G-l 
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