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TO :

3—1 MEMORANDUM

June 18th, 1976

Dr. Alexander Sutulov, Executive Director, Centro de Investigacion
Minera y Metalurgica (CIMM)..
FROM - Hiromasa Daiguji, Shuichi Murakami and Tsutomu Watanabe,

members of the Team sent by the Japan International Cooperation
Agency (J ICA).

SUBJECT : P.i'esenfation of Team's note on its visit to Chilean smelters and

1.

refineries.

The long-term rescarch team sent by the JICA for the Chile-Japanese tech-
nical cooperation in copper smelting and refining performed a research trip to
Chilean smelters and refineries and related activities during three months period
(from March 31 st to June 17).

The Team has deemed it convenient to present a note on its visit to the
smelters and refineries. The note consists of two parts: first, schedule and
activities; second, remarks, including the Team's impressions, principal prob-

~ lems observed and suggestions for overcoming them.

The Team owes much to Chilean offizials for the assistance that they provided
us during the project. Directors and those experts who are directly in charge of
specific processes of the smelters and refineries helped the Team by showing it
the plants and supplying data. Directors and experts of the CIMM also provided
all the necessary facilities for the activities of the Team in Chile. The Team is
deeply grateful for their help and kindness. The Team wishes to thank especially
Messrs. J Maldonado and G. Troncoso, whose collaboration made the Team's
activities most effective in all respects.

. 3-2 _A Note of the JICA Team on ifs Visit to Chilean

Smelters and Refiﬂeries

Part 1

Schedule and Activities of the Team

Date . . Place Participants ©  Activities

April 12-15 Caletones H. Schwarze - 1) Visit to the smelter,

G. Vera " 2) Data collection and
discussion.




Activities

Date Place Participants
J. Achurra 3) Hearing of problems of
L. Torres the entire plant in Cal-
F. Pino etones. '
G. Poul
J. Jimenes
April 17 Concepeion D. Ruiz 1) Visit to CAP.
April 20-25 El Salvador M. Acevedo 1) Visit to the mine, con-
and Potrerillos M. Vega centrator, smelter and
A. Lopez refinery.
C. Diez 9) Data collection and dis-
R. Marin cussion. )
G. Darrigrano 3) Hearing of problems of
8. Castillo the gmelter and refinery.
V. Paredes
H. Carranza
O. Aguilar
J. Chavarria
April 26-27 Paipote J. Gonzalez 1) Visit to the smelter.
M. Lira 2) Data collection and
J. Ronda discussion. -
F. Soza 3) Hearing of problems of -
H. Sepulveda the entire plant in Paipote.
D. Goic
May 10 17 Chuquicamata N. Tshishow 1) Visit to the mine, con-
- R. Gasparini centrator, smelter and
H. Salazar " refinery. :
A. Raimann 2) Data collection and dis-
S. Demetrio cussion,
R. Otarola 3) Hearing of problems of
M. Maureira the smelter and refinery.
E. Lueg
May 18-20 Las Ventanas . . J. Gonzalez - -1) Visit to the smelter and
M. Lira refinery.
A. Stingo 2) Data collection and dis-
J. Scheib cussion.
M. Debernardi 3) Explanation of technical
P. Whittle data of smelters and
i refineries in Japan.
June 1st -:ir-ENAMI office J. .Gonzalez

e mees oo~ i) Santiago. -
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. Date ' Place Participants ~ Activities

June 4 Caletones R. Frank 1) Visit to the reverberatory
H. Schwarzc furnace No.3 and cottrells.
G. Vera o 2) Data collection and dis-
A. Uribe cusssion.
May 24- © CIMM 1) Analysis of data collected.
June 17 " 2) Team's note, etc.
Part 1l

The Team's impressions of its visit to the smelters and refineries, principal
problems observed and suggested solutions to overcome these problems are as
follows:

The aforementioned are subject to revision that may be necessary to correct
any misunderst_a.ndings caused by language barriers, ete.

1. General Remarks

(g) The Team concludes that the technological level has been improved in all
smelters and refineries, we visited, in comparison with the situation observed
last year.

(b) The gas leakage and dust generation is considerable in all smelters and
refineries. The accumulation of dusts is observed particulary at the mine-
site smelters. A large-scale campaign of cleaning is recommended. The
campaign should be of an on-going nature and directly headed by top officials.

{e) . It would be very useful to hold periodic meeting for exchange of technical
information among the experts of smelters and refineries in Chile in order to

discuss improvements of equipment and operational methods.

2. . Remarks on individual smelters and refineries

2.1 Calefo;qes Smeiter'

(aj The amount of productmn of copper is expected to reach 262,000 ST this
year, compared with 250,000 ST last year. This is a realizable target.

{b) The amount of cold dope has been dunmmhed to 20,000 ST compared with
/80,000 ST last year. ]

‘(¢)  The fuel consumption per ton charge in the fe\}érﬁei-atory,fufhﬁpgs‘ has
becen reduced to a lower level compared with last year.



The technological level has been considerably improved as observed in
items (a) - (b) - and (c), and various problems have been solved, by méthods
developed by smelter personnel.

(d) ° The _Teain expects good res_ults’ from the operation of the reverberatory
furnace No.3 after its remodelling.

(e) The modifications introduced in the converter uptake, Iadle.s and cranes
have been effective and the Team expects them to be satisfactorily completed.

2.2 _Poirerillo Smelter

(a) The operation of reverberatory furnace is excellent. The uninterrupted
operation of the furnace during 16 years is particularly noteworthy.

(b) The Team suggests that the system of automatic weighing and casting ladle
' for anodes should be introduced as soon as possible. The problems caused by
irregular anodes in the refinery could be easily solved if such system is

introduced.

(c) Most of the problems in the refinery are due not only to the oldness of
equipment but also, to a great extent, to the lack of maintenance and/or
repairs. Among others, cells should be repaired urgently.

(d) The Team suggests the introduction of the starting-sheet preparing
machine. At the same time it seems worthwhile to examine the introduction
of plastic edge blanks.

Paipote Smelter

{a) Equipments for receiving ores, concentrates and fluxes are adequate.
(by Housekeeping of the entire plant is excellent.

(c) As the plant is close to agriculfural areas, sfpecial attention should be
paid to air pollution. At the same tlme the Team believes that workmg con-
ditions should be improved.

(d) The main merit of the Hoboken converter-is its capacity to produce a rich
SO2 converter gas and, consequently, recover efficiently sulphuric acid.
Nevertheless, the plant does not enjoy such merit because of the low capacity
of its acid production. It is hoped that the acid production capacity will be
expanded at the earliest possible opportunity.

2.4 Chuqumamata Smelter and Refinery
(a) An increase in production as well as technical improvements was observed

Jin comparison with the situation prevailing when the Japanese Mlssmn visited
~tha plant-last’ year



(b)  Working conditions and copper recovery ratio could be improved by

preventing the dust generation. Among others, the following areas should be
mentioned:

{c) The relocation of matte launders into the converter aisle has been com-
pletely finished, elirhina.ting the transport of matte by electric train, and
consequently the material handling has been rationalized. The present actual
blowing time ratio (ABTR) of the converters is one of the proofs of this success.

(d) A considerable air leakage is observed in the converter blast air system
where improvements would he necessary.

(e) Electrolytic refining operation is good. But regarding starting sheet
preparation, the following improvements would be necessary :
- Uniform thickness.
- Prevention of nodule formation.

- The infroduction of plastic edge should be examined with care in order
to ease stripping operations, and to prevent excessive starting sheet
serap formation.

2.5 Las Ventanas Smelier and Refinery

(2) The lay-out of the plant is rational and simple and the materials flow is
smooth. An orderly operation is performed in the plant.

) The plant is well cleaned.

(c) In spite of the fact that the plant has a newly-installed stack, the draft of
gas at reverberatory furnace and converters is incomplete. There seems to
be much room for improvement.

(d) Equipment for anode casting is adequate and the anode quality is satisfactory.

{e) The introduction of starting sheet stamping machine in the tankhouse is
desirable.

(£ The design and maintenance of electrolytic cells and underground floor

are excellent. In particular the design and maintenance of the underground
floor of this plant could be studied by the other refineries.
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Santiago, June 23, 1976
GTEC-73

Mr. Takeo Kuroko

Director of Mining & Industrial
Development Cooperation Dept.
Japan International Cooperation
Agency (JICA)

Japan

Ref.: Technical Assistance to be given by JICA to
the Chilean Mining Industry in the Smelting
and Refining of Copper.

Deai’ Mr. Kuroko, . '

Based on the discussions between our plant personnel and the Japanese
.experts, the preliminary Mission who visited Chile during July-August 1975, and
the present Mission, integrated by Messrs. Daiguji, Murakami, and Watanabe,
we are pleased to indicate you the areas for a possible technical assistance program
and inform you of the requests made by our technieal personnel durmg the present
Mission's visits to the installations.

1. Technical assistance to increase the levels of product1v1ty and efificiency
in the existing installations.

Appendix N° 1 is a diagram indicating the subjects to be considered in a
possible technical assistance program and represents a summary of the different
subjects requested by the operators of the Chilean smelters and refineries.

In this diagram the indiecations are: -
" Information is requested.
Japanese expertise is required to fulfill this request.
Operational training in Japanese plants is required to fulfill this request.
Priorities of the subjects in a 1 to 3 scale (N°1 is for first priority, and so on) are

indicated in this diagram as well as the tentative dates on which same are required,
to coincide with the present timetable of the Plan{s projects.

The training of Chilean personnel will be done according to a program agreed
upon by Codelco-Chile and the next JICA Mission. Each training period should have

a duration of 3 to 6 months,

Likewise, the Japanese experts to assist with your country's expertise in the
subjects should be done through a asimilar agreement, and for the same periods of
time. ) )



The schedules for the fraining of the Chilean personnel and the sending of
Japanese experts should be determined after the duration of the agreement has been
defined.

2. Technical Ass istaﬁt:e for future expansion programs of the existing Smelters
and Refineries.

It is recommended that the technical assistance should include:

2.1  Sending Japanese experts to Chile to perform consulting and guidance work
to the engineering staffs on the feasibility studies and investment programs
regarding expansion of Smelters and Refineries.

2.2 Training of Chilean technicians by visiting Japanese smelfers and refineries
which use such processes and equipment similar to the projected for expansion
of the present Chilean installations.

3.  Technical assistance for the Mining and Metallurgical Research Center (CIMM)

"It is proposed that this technical assistance for CIMM includes :

3.1 " Laboratory equipment: Provide CIMM with the equipment listed in
Appendix N°2.

3.2 Japanese technical papers: It is proposed to create a way to obtain, through
JICA, and at CIMM's request, copies of technical information (translated to
English) published by Japanese mstltuhons, regarding subjects being mvest1gated
at CIMM.

3.3 Training of CIMM researchers in applied research centers which belong
either to: the Japanese Government, the Japanese industry or to Japanese
universities. Their training should be received in principle for periods of 3 to
6 months and should include the following areas which have been classified by
priorities : )

3.3.1 Appl_ied_Research Management
" 3.3.2 Hydrome&lllur'gy
3.3.3° Pyrometallurgy
33 4 Anai;rsié and characterization techniques

3 _4,5 - kSendmg of Japanese experts in principle for 3 fo 6 months periods accordmg
(_to the fo]lowmg przorztles

3.4.1 Analysis and characterization techniques.
ot s ;-Instrumental and Conventional Chemical Analysis.

'2_‘¢_;. Aav ;.-..kr--..., WY e

3:472% ~a._.11-1fygiromemllurgy - Solvent Extraction, Recovery of rare metals, etc.

~20=



3.4.3  Pyrometallurgy
3.4.4  Quality Control Statistical Techniques. Experimental Design.

In our opinion, these experts should preferably have enough experience so

they can also assist the operational and engineering personnel at the Smelters
and Refineries on matters of their specialities.

We have also included, as Appendix N°3, a list outlining information requested
to the preliminary JICA Mission, which has not been received at the Plant as of yet.

We have included, for your reference, the minutes of the summary meetings
held by our operational personnel with the present JICA Mission.

We want o express our gratefulness for the effort and dedication shown by
the present Migsion in the accomplishment of their task, and your permanent

interest for the success of this project of technical assistance.

Yours faithfully,

Orlanddo Urbina Herrera
President and Chief Executive Officer



SUMMARY OF TECHNICAL ASSISTANCE AND/OR INFORMATION REQUESTED ]_;.Y THE PLANTS FERSONNEL

Assistance applicable to ¢ (X propoged by) APPENDIX N*1
1
Item Priority Codo Subject Deseription Chuqui, Calelones | Dotreriilos Paipote Ventana Chuqui. Potrerill Ventana e Iﬁfg; d
Smolter Smelter Smelter Smeltor Smeller Refinery | Refinery | Refinery o:‘:’r bof
»W/ 7 : ' 1.1 TImprovement of working condltions < » w "% %
1 1 i Alr Pollution 1.2 Operation of Electrostatic Precipltators o ® ® I ® %
1.3 Deleterious effect on Ecology ' ® ®
7
2.1 Instrumentation for Oxy-Fucl burners ® Aug. 76
2 1 Use of Oxygen 2.2  Probloms of dew with Oxy-Fuel burners ® x
, / 2.3 Uso of Oxy-Fuel burners @ ® ® @ @ Nov. 76
7
3 1 2 Preheated alr to reverbs @ X P
e
4 1 Improvements to the filier cake quality X ® b
5 2 iIIIIIIItIIW : Process control instrumentation {o determine the metallurglcal balances ® ® ® ®
6 2 ””””"V////// Reverts formation control and prc\}ention » x * ® X x x
7
7.1  Up-take accretion
7 2 d- X
Build-up formations in reverbs 7.2 Bottom bufld-up " « N
Iz
8 3 M Refractory masonry x ® x * ® X x x
9 1 [NIliNZZZ Melting of copper cement in converters (5] x Aug. 76
10 1 7 Automation and/or mechanization 10.1 Anode casting ® ® x Sep. 16
1 10.2 Starting sheet preparation @ ® €3] Aug. 76
7
2 % 10.3 Washing and handling of anode scrap & cath. x b ®
2 ///{ 10.4  Blank treatment stripping & care x % )
o
L
11 2 % Dust handling & Pncumatic conveying systems ® ® x ®
12 1 iz Quality control procedures and Japancse standards {JIS) x ® Aug. 76
% 2
: - 13.1 Conventional 280-300 A/m’ ® ® ® Nov. 76
13 2 // ” Use of high current densities 3.2 PRC 300-500 A/m2 & & ® Sep. 76
7
7 -* |
14.1 Impurity elimination x @
14 3 T / Electrolyte purification 14.2  Suspended particles ® ® ®
7 -
15 3 /// Centraljzed short circuit detection ) ® ®
16 1 %’///% Revise the Potrerillos Revamping Program ® Sep. 76
’
17 3 17.1 Concentrate Bin design to prevent sticking ®
2 ! 17.2 Sketch of water jacket for mate taphole ®
1 17.3 Scrubber to eliminate dust & fumes of Op Plant Air intake (€3] Sug. 76
3 ) 17.4 Crane Weightometers ®
2 i Information 17.5 Dwg's or sketch of ladles & bails to eliminate crane chaser ®
3 17.6 Distance between pouring spout & mold in anode casting @ X
1 17.7 Converter dimensions & geometry ®
2 17.8 Use of reverberatory slags. ® Aug. 76
1 [l 17.9 Lower Cu content in reverb slags % @
x
CODE: % Operational training on Japanese Plants is required to fulfill request

ﬂ]m[l Information on the subject fs being requested
Y Jap:meée expertise on the subject is required to fulfill request
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APPENDIX N°2

LIST OF LABORATORY EQUIPMENT REQUIRED 'BY CIMM

'~ PROPOSED BY: MUNEO USUI, UNIDO EXPERT
REVISED BY : PETE CADWELL, UNIDO PROJECT MANAGER

PRIORITY AND

ITEM N° QUANTITY

1 . 1 System to improve the pure water supply to
the Center; e.g.: Ion Exchanger unit, -
demineralizer, or similar.

2 1 Equipment to determine the conductivity of
electrolytic copper. If should include :
a. Induction furnace
b. 8pike molds
¢. Laboratory roller
d. Drawing bench
e. Wheatstone bridge

3 As many as Multiple-pen recorders for laboratory

possible work provided with strip-chart type record,
4 1 Electronic mieroscope with scanning devices.

It is required with a micro-analyzer.
Could be used for mineral research as well
as mefal testing.



APPENDIX N°3

ADDITIONAL INFORMATION REQUESTED BY -

THE EXL SALVADOR DIVISION TO THE PRELIMINARY JICA

MISSION

]

1. CONCENTRATOR AUTOMATION
1.1 Continuous size analyzer
1.2 Continuous pulp density analyzer

1.3 Continuous copper content analyzer in pulps

2. INFORMATION ON COPPER OXIDES FLOTATION
2.1  Flotation of brochantite
2.2 Flotation of chrysocolla
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5-1 Caletones Smelter ( #518)

MINUTE OF MEETING

Date: April 15, 1976
Place: Caletones Smelter
Conference Room

ATTENDANCE: El Teniente:

Hermann Schwarze, Smelter General Superintendent

Galvarino Vera, Assistant Smelter General Superintendent
. Mario Miranda, Production Superintendent

Fernando Pino, Plants Superintendent

Juan Achurra, Smelfer Metallurgist

J.I.C.A:

Hiromasa Daiguji
Tsutomu Watanabe
Schuichi Murakami

DIRECCION DE INVESTIGACION Y DESARROLIO,
CODELCO:

Glauro Troncoso

CENTRO INVESTIGACION MINERA Y METALURGICA-
CIMM :

Roger Altman
Ricardo Godoy

SUBJECT: Review of Caletones Smelter Problems as presented by the
Smelter Executive Staff

Mr.Schwarze opens the meeting saying that a better review of the present
problems, solutions underway, and future of the Calefones Smelter will be prepared
for a second visit of the Mission. This meeting will be a preliminary review of the
present conditions at the Smelter.

1. SMELTER GENERAL {Review by H. Schwarze)

1.1 The solution for the smelting problems of the Caletones Smelter in the
future could be chosen, at this time, from two alternatives:



a. Installfltion of a second green-feed reverb depending on the results
obtained with the improvements and modifications done to reverb N°3. In this

case, reverb N°1 will be provided with a conveyor belt feeding system and its
gas flue connected to the new stack,

b: - .Installation of a continuous reactor for the smelting of copper concentrates.

This could be an industrially proved process, such as NORANDA, Mitsubishi
or anything similar to either one,

1.2 Air pollution

‘ J.apanese expertise on the subject might prove extremelly helpful. Improved
working conditions, better dust recoveries and sulphuric acid production are
among the most obvious by-products to be obtained. '

1.3 Supervisory and highly skilled persomnel exodus has been a consequence of

present economic recession. Training programs in progress are unable to cope
with the problem.

1.4 Oversaturated converter aisle is the main bottleneck of the Plant.

1.5  Excessive manpower is necessary to overcome inadequate lay~out and material
handling problems.

1.6 Since the installed capacities of mine and concentrator are much greater
than the Smelter's, to work under constant production pressure forces to operate
improperly.

2. _FILTER PLANT & CONCENTRATE RECEPTION (Reviewed by Fernando
Pino) . ’

2.1 Vacuum capacity has to be improved to reach the Expansion Program farget
of 3.000 tons of copper concentrates to be treated daily. -

2.2  High humidity cake (16 - 18% H20) is obtained mainly because of ;
a. Very {ine grinding to cbtain the moly, 90% - 325#

b.. - Concentrate is hydrophilic rather than hydrophobic. Japanese experience
will be most welcome on this area. . - :

2.3 : Inadequate vacuum system; suspended particles shorten the life of the vacuum
equipment and lower its performance. S

2.4  Building up at the transfer chutes forces fo have two operators per conveyor
instead of the single person, considered in original design, for the whole_gection.

—99--
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3. DRYERS

3.1 Frequent repairs on the combustion chamber resulted in a madified installa-
tion by replacing the conventional design with a suspended roof; N°2 dryer has
operated for six months with no problems .

4, MATERIAL HANDLING

4.1 Bin capacity is greatly diminished because of hang ups and sticking of con-
centrate to the bin walls. Best results have been obtained with stainless steel
lining. Japanese experience might have a more convenient solution to problem.

4.2  Incomplete dosifying of the reverb charges. Cold dope additions are not
controlled, at present, due to lack of weightmeters.

4.3 Cottrell efficiency is low and dust handling is troublesome. Efficiency
measured between inlet and outlet plenums is only 60%; nonetheless, dust build-
up in flues and stack is negligible ; as for the dust handling, the originally designed
pneumatic system never worked properly. Japanese experience on the subject
could ba most helpful.

5., _OXYGEN PILANT

5.1 Dry gas and dust scrubber system for the plant air intake needs to be imple-
mented. . Corrosion and abrasion problems created on air side of heat exchangers
and rotary equipment (compressors), has been experienced.

6. _REVERBS (Review done by Mr. Juan Achurra)

6.1 Bottom build.-th. Production pressure forces to work irregularly with the
matte layer thickness, furnaces are ofien dried of matte, with peak demands
from converters. : :

6.2 . Reverb capacity is comparable to local smelters; Japanese levels of opera-
tion and performance are present targets of achievement.

6.3 High copper content of reverb slag. These losses are even greater in the
calcine furnaces. )

6.4 Lack of instrumentation and control of the oxy—fuél burner system.

. -
L ?

6.5 Higﬁ corrosion of the brick hanger increases the refractory consumption
unnecessarily. Dust removal from top of arch might be inadequate. Reverb
compaigns are too small compared to other smelters.



7. _CONVERTERS | (Review by Mr. Galvarino Vera)
7.1  Excessive converter crane demand will be lightened by :
a.  Flux addition through vibrating feeder instead of Garr-gun.
b, Col‘d.dope ac'ldif';ior; will be performed in the same way as in 7.1.a.
c. Enlerged capacity ef liquid slag and matte handling ladles.

As a further consequence, the lower demand on the blast air will permit
a more uniform supply at the tuyere line.

7.2 Temperature control should be more reliable and continuous; this will
partially make-up for the exodus of experienced operators.

7.3 Irregular operation of the converters prevents any programming. Its main
causes are:

a. Low quality of cold dope available. Slag skimming to avoid foaming during
the copper blow has reached a noticeable frequency.

b. . Design of blast air header and piping does not correct differences in
converter design: 50 tuyeres in new ones, 41 tuyeres in the old ones.

c. Irregular blast supply is also produced by discontinuous pneumatic
punching.

As a consequence, the acid plant production is highly irregular and insufficient
for the Concentrator's demand. Sulphuric acid has to be purchased from outside.

7.4 Structural strength of converter building limits the converter crane capacity.

7.5 ' 4B5 punchers designed by Kennecotf need excessive maintenance. Japanese
experience with Gaspe might be implemented if converter platform is
from falling build-ups from the uptakes. --

7.6 Japanese experience on refractory handlmg and masonry might prove very
useful. :

7.7 Air'tightness of gas flue duct for an improved draft control and better quality
S0y gas for H2S804 production is most needed.

7.8 Improvements on working conditions and pollution control is a2 known Japanese
experience which can be very valdable throughout the pla.nt.'

A T

Mr Schwarze and collaborators thank the presence of the Mission and expect
them for a second round of discussions. .

Meeting adjourns
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5-2 Caletones Smeltes (526 )

MINUTES OF MEETING

Place: Caletones Smelter
Conference Room
Date: June 4, 1976

ATTENDANCE: EL TENIENTE

Robert Frank, Operations Mgr. (part time)
"Herman Schwarze, Smelter Gral. Supt't {part time)
Galvarino Vera, Assistant Smelter Gral. Supt't
Alejandro Uribe, Metallurgist

J! Il C‘ A'

H. Daiguji
.S. Murakami
T. Watanabe

DIRECCION DE INVESTIGACION Y DESARROLLO - CODELCO
dlauro Troncoso

SUBJECT: Data Collecting. Completlon and summary of the Caletones
- problems.

The new Operations Manager, Mr. Frank, is introduced to the Mission by the
Smelter Superintendent.

The Mission's request as o have a dynamic program of the Smelter for one week
operation has been deleted after Mr. Schwarze reports that the Plant has not reached
a steady state of production yet, the last daily production report shows a total of
- 1.846t of wet charge smelted in Reverb N°3 with an oil consumptlon of 75 lts/t of
-dry-charge.

The immediate future plans for the Smelter include :

1, Use of oxy-fuel burners in Reverb N°3 exclusively and reach the present target
of 1900-2000 t/d of wet charge with 400 t/d of 95% Og through 14 oxyfuel burners.
This is the present Concentrator's capacity.

In the future, as the érade ‘of the concentrate start to diminish, 2400 t/d of
wet charge can be smelted with one conventional burner plus 14 oxy-—fuel burners.

5 "-P'w (n.
‘lg"'

Reverb N® 1 w111 probably be transformed to a green-charge reverb.

=32~
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2.

Old Morgan Cranes N°1 and N°2, are being replaced by new ones. This

replacement program will part in J uly'76 and be completed by June'77.

3.

4B5 pneumatic punchers 'will probably be réplhced by Gaspe type punchers.

.As a result the roas‘éirig operation has been finally stopped and its manpower

has alveady been relocated.

Mission requests information on the electrostatic precipitators of Reverb and

Converters and the hot cottrell treating the gases to the sulfuric Acid Plant. In the
rest of the smelters Mission has been requested data on these units.

The summaryno‘f subjects for tqchni(;g.l assistance includes :

Instrumentation for oxy-fuel burners m reverbs.

Air Pollution. Improvement of working conditions and Plant environment.
Filter cake improvements.

Concentrate sticking and hang-up in bins,

Japanese experience on refractory masonry.

.- Process control instrumentation.

Flue dust handling and pneumatic conveying system for same.
This insfallation has never worked properly in Caletones.

.« Information is again requested on weightmeters for the Converter aisle

cranes.

Mr. Daiguji informs the meeting that a brochure with all the information

requested by the Plant last year was sent to CODELCO through Mr. Kurocko.
Mr. Schwarze, as other Smelter Superintendents, requests a more expedite way of
obtaining the information sent by JICA.

Troncoso thanks the cooperation obtained from the Smelter Staff on the accom-

plishments of the present JIQA Mission.

Meeting adjourns.
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5-3 El Salvador ' o

MINUTE OF MEETING
Date: April 25, 1976

Place: El Salvadér Operations
Manager's Office

ATTENDANCE: EL SALVADOR:
* Manuel Acevedo, General Manager
Mario Vega, Operations Manager

Bruno Behn, Plant & Mine General Superintendent
Roberto Marin, Refinery Superintendent

J.I.C.A.:

Shuichi Murakami

Tsutomu Watanaba

Hiromasa Daiguji

DIRECCION INVESTIGACION Y DESARROLLO, CODELCO:

Glauro ‘Troncoso

CENTRO INVESTIGACION MINERA Y. METALURGICA-
CIVIM: ;

Roger Altman
Ricardo Godoy

SUBJECT: Preliminary review of the Potrerillos Operations aé collected
by the J.I.C.A. Mission.

Troncoso explains to the El Salvador Management, that this is a preliminary
summary and a more elaborate review will be done by the Mission in Santiago, and

-will be forwarded to them in the near future. The present summary might suffer
slight changes when all the data collected has been processed.

1. SMELTER

1.1 Filters, Dryers

a, Old and obsolete installations.

Alternative chosen to solve this condition should be determined by the 1ift
expectancy of the Poirerillos Plant.
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b.  Inadequate lay-out of present installations. Project should consider the

best alternative of solution.

L

c. Insufficient material control and instrumentation. This condition is
repeated throughout the Plant, )

1.2 Reverbs
e Operation ?vise, in ‘thc‘a Migsion's opinion, the reverb oléeration is 6}1tstanding.
b.. Ga‘s and dust collécting gsystem isiobsoletc\a and inad’equate.
mtrc;ductibr; of oxy-fuel burners could be the answer to this problem; as a
result, the smelting capacity would be raised; J.1.C.A. Mission shares

Mr. Diez's opinion on this subject.

c.  Lack of instrumentation throughout the section. As a result, the combustion
and draft confrols are primitive and inadequate.

d.  Waste heat boiler usage is closer to'non-existent. Its replacement should
. .be carefully considered. Installation of a separate boiler to provide all steam
necessary for the Smelter and the Refinery could be a better alternafive.

'1 .3 . Converters

a. Working conditions are very poor.

Present project to improve the canverter uptakes will make working condi-
tions more tolerable. Formation of accretions with thus be prevented.
Mr. Vega informs the meeting that this project should be completed by 1977.

b. Reinforcement of converter aisle structure and replacement of crane rails.

- Such project is urgently needed, a crash program should be implemented
soonest. Roofing and siding of building should be installed in the near future
to prevent interruption of operations during inclement weather and thus make
working conditions more tolerable. - :

c. Low pressure air supply is insufficient. -

The completion of present project considers the installation of new blower
and piping system. This new installations should consider the necessary
insfrumentation and proper design to ‘prevent pressure losses.

d. ~ Converter gas chambér will handle hotter gases when 1.3 a is implemented.

Unless steel structure is highly corroded and original brick work is not
sound, no further work would be necessary. R -

. Mr. Vega iniorms the meeting that an expertise stli_dy showed that the )
‘structure is corroded and the brick work damaged, in several places as result
of seismic activities. ’



...........

1.4  Anode Casting o "

a. Automatic weighing and casting ladle should be installed at earliest con-
venience.

Problems caused by irregular anode in the Refinery can thus be easily
overcome. ) ’

Installation of an Outokumpu type weighing ladle demands the complete
relocation of the anode furnace. The J.1.C.A. Mission is requested to take
this problem to their engineering teams and ask for a solution to prevent thig
relocation. A preliminary study made at COBRESAT has shown that this
relocation's cost is similar to the cost of the weighing system. A general
arrangement drawing showing the main distances and heights will be provided
by El Salvador to the Mission.

b.  Surface characteristics of anode need urgent improvements in the operations
of cooling and casting.

1.5 General Smelter

a.. Lack of instrumentation all throughout the smelter. Control of materials is
inadequate or non-existent.

b. Installations are old and obsolete. Most of this Plant problems are inherent
to such condition: excessive manpower to operate and maintain is needed.

c. If the Plant is ‘expected to operate for 5 years or more, an emergency
program to improve working condifions should be implemented.

Mr. Vega informs the meeting that the Potrerillos installations will survive,
at least, for the next 15 years. -

2. REFINERY

2.1 Most of the Refinery's problems come from a lack of maintenance and/or
repair rather than from old installations. -

Present installations are amenable to mechanization depending on the life
expectancy of the Refinery.

2.2 Replaéement of cell lining material : - - -

Even though lead antlmony might prove to be one of the best solutions, is also
the most expensive. Its complete replacement should be studied from the technical
as.well as the economical points. of view. Mr. R. Marin will request quotations
from the FRP manufacturers. :

2.3 ‘Anode mprovement should decrea.se short-cu:cmtmg and damage caused by

‘the*falls 6f andde scrap; gwmg "as result less need of mspectlon manpowe r and
increase of treating capacity.

;:3(5?
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2.4 S’cart'ing-sheet breparation

: T.he 'mtroduction of a starting-sheet preparing machine is recommended by
the Mission; a better starting-sheet will also improve 2.3.

2.5 . Centralized short-circuit detection

" Installation of a centralized short-circuit detection computerized station is
not recommended by Mission. Implementation of 2.3 and 2.4 will result in a
remarkable decrease of short-circuits.

2.6 Starting-sheet improvement

Mission recommends introduction of plastic edge to blank to improve starting
sheet and decrease serap formation.

2.7  Nickel recovery

Nickel recovery is not advisable to the Potrerillos conditions. Nickel content
is too low to make economical recovery.

2.8 Formation of the Quality Control Department in Potrerillos

With the permission of their superiors and upon request to J.1.C.A. officials,
Mission would provide information on Quality Control procedures and Japanese
standards.

A complete revamping program for the Potrerillos Plant is being prepared by
the El Salvador executive and engineering staffs. Mr. Acevedo request the Mission
to revise this program upon completion and recommend the priorities according to
the Japanese experience. Mr. Diaguji says that this request is being taken to the
J.1.C.A. officials consideration and if assigned to do it, the present Mission will
be most willing to help.

Messrs. Acevedo and Vega thank the presence of the Japanese Mission and
_expect the most successful results for their commitments. ’



5-4 Paipote

MINUTE OF MEETING

Date: April 27, 1976
‘Place: Paipote's Administrator
Office
ATTENDANCE: PAIPOTE:
Enrique Soza, Paipote's Administrator
Marcelo Lira, Expansion Program Manager
Humberto Sepulveda, Production Superintendent
Dragomir Goie, Operations Superinfendent
J.I.C.A.:
Hiromasa Daiguji
Shuichi Murakami
Tsutomu Watanabe

DIRECCION DE INVESTIGACION Y DESARROLLO,
CODELCO: ' ;

Glauro Troncoso

CENTRO INVESTIGACION MINERA Y METALURGICA-
CIMM:

Roger Altman
Ricardo Godoy

1. _MINERAL RECEPTION AND CHARGE PREPARATION

It is of the Mission's interest to know why the automatic unloading and crushing
system is being operated manually.

Smelter answers that the equipment was not specified heavy duty: continuous
breakdowns and lack of spare parts for the control elements made the automation
unworkable. ) 7

The bedding preparation of the charge is explained in detail by the Production
Superintendent. - .

2. REVERBS

2.1 Mission inquires the reasons to install two Balcke burners in Ventanas and
Paipote for the reverb furnice.
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) 'Ith 1_3alcke burners are designed to operate either with diesel oil, kerosene
- or heated up Bunker C; they permit a close control of the flame's shape and size,

' a.nd are capable of operating over a wide range of fuel oil flowrate (500-2000
litros/hora). : .o o -

The ‘pre‘senfs consumption of the reverb furnace is:

- Diesel consumption " 154.82 lt/t“ of total chargé
- Bunker C equivalent 137.00 kg/t of total charge
- Bunker C equivalent 157.7 kg/t of NMBM*

* NMBM : New metal bearing material

2.2 - Prevention of bottom build-up

Paipote prevents the bottom build-up by introduction of pig iron and piping of
compressed air. Furnace bottom is kept under constant surveillace after the
1970 runaway. '

3., CONVERTERS

3.1  Mission requests the typical timetable for the converter operation. The ABTR
. for 1970 and 1976 are determined to be 82.9 and 81.6 %, respectively, and the -
blister copper yield has increased from 22 tons/charge to 27-29 tons/charge.

3.2 Refractory life and consumption

The Hoboken converter has had an average campaign of 170 charges to produce
4.000 tons of blister, with a maximum of 253 charges to produce 55.000 tons of
blister; the Pierce Smith converter blasts an average of 280 charges to produce
6.000 tons of blister copper and its performance shows 2 campaign of 598 charges
which yielded 13.700 tons of blister copper. - .

The refractory consumption of both converters are . i
" - Hoboken ) 6.0 - 6.2 kg/ton of blister
- Pierce Smith 4.9 - 5.0 kg/ton of blister

Paipote admits to have a high refractory consumption and every effort is
being done trying to improve these figures.

- The Hoboken converter needs more maintenaﬁce than the conventional Pierce
Smith. Furthermore, the gas intake needs refractory repair twice as often as
the tuyere line. '

4,  MESSRS. LIRA AND SOZA OUTLINE THE FOLLOWING GENERAL
PROBIL.EMS FOR THE PAIPOTE SMELTER:

4.1 Paipote's need of automation and/or mechanization



4.2 In order to control and reduce the copper losses, a good metallurgxcal
balance 'is needed. Implementatmn of a measuring and material control system
‘should be done; copper recoveries of over 100% are not unusual in Pa.lpote as
result of the present condition. ’

4.3 The air pollution control is most needed in Paipote fo prevent damage fo the -
agriculture. The acid production capacity of Paipote should be 1ncrea.sed, at
least, to cpe with the gas volume produced by two converters blowing The pre-
sent capacity is enough for 1.2 converters only.

4.4  Smelting of the cement copper in converters to save fuel.
4.5 Messrs. Soza and Sepulveda requeet specially some assistance to decrease
the copper content of the reverb slag (0.85% Cu).
Mr. Soza asks for the Mission's opinion and recommendations for the Paipote's

works.

Mr. Daiguji, on behalf of the Mission, replies that it is too short a visit to
give a formal opinion, however, some general observations can be given:

1. Concentrate, mineral and fluxes reception are adequate, buf need some main-
tenance to keep them auiomated. o

2.  Housekeeping of the Plant is better than Smelters already visited.

3.  Alr pollution in an agricultural area should be prevented at the same time,
the working conditions at the Plant should be improved.

4, The main merit of the Hoboken converter, which is to produce a rich SO9
converter gas, is partially used. Mission hopes that the present cond1t10n is

improved in the near future.

5. Daily stoppage of acid plant is too long and unnecessary. Converter program-
ming should be carefully considered {o prevent corrosion of the acid plant.

Meeting adjourns.

ia
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5-5  Chuquicamata (1 &)

§

MINUTE OF MEETING

Place: Smelter Metallurgical
Laboratory Chuquicamata
Date: May 12, 1976

ATTENDANCE: CHUQUICAMATA:

Humberto Salazar, Smelter Superintendent
Gilberto Reimann, Smelter Metallurgist
Sergio Demetrio, Junior Metallurgist
Ricard Otarola, Junior Metalturgist

J.I.C.A.:

Hiromasa Daiguji
Shuichi Murakami
Tsutomu Watanabe

DIRECCION DE INVESTIGACION Y DESARRCLLO-
CODELCO

Glauro Troncoso

CENTRO INVESTIGACION MINERA Y METALURGICA-
CIMM

Ricardo Godoy

OBJECTIVE: Summary meeting with Smelter staff

Mr. Salazar is requested to make a review of all existing smelter problems,
bottlenecks, and measures taken or in study, aimed to solve them:

1. Present casting capacity is the present bottleneck of the Plant. Any repair on
one of the two casting wheels affects badly the present production rate.

Installation of a new casting wheel (3 rd) and anode furnace (5 th) is being con-
sidered at present, together with the installation of a 7th converter. All these
projects are strongly supported by the present smelter staff.

2. Air pollution by fumes and dus‘t, specially for the crane operators, is'an
important problem at the Chuqui's smelter. '

3. Reliable weightometers are most needed throughout the plant. Metallurgical
and material balances are made by trial-and-error, at present.



B

4.  Waste heat boilers in reverbs are limiting the furnace melting capacity.
Installation of new boilers (4) will improve the present candition.

5. Slag skimming can easily be improved by adding one or two more pots per
convoy. The existing locomot1ves are capable of handling a six pot convoy with
no problem.

6. The reverb furnace bottom is maintained low by adding pig iron ingots, iron
scrap and blowing air through pipes.

7.  Reverb melting capacity will be greatly improved with the use of oxy-fuel
burners, which could be installed in two to three years time.

8.  The converter hood and uptake have a very poor design. Smelter has requested
an engineering company to solve this problem.

9.  Excessive splashing through the month is being solved by reducing the initial
amount of matte charged, and changing the geometry of the furnace: Lowering
the position of the tuyere line and keeping.the same blowing angle {mouth axis
with the vertical).

10. Converter campaign with the Gaspe punching is 30% shorter than with manual
punching. Statistical study of present modifications are affected by irregular
quality of refractories produced locally (60 -70% of the bricks are NUCON 50
produced by RECSA).

11. A converter revamping program to replace deformed units is being needed.
N°4 converter is badly out of shape, specially the shell.

Mr. Salazar requests the Mission's opinion on the Plant as compared to last
year's level of operation; Mr. Daiguji, on behalf of the Mission, deletes the answer
till after the summary of all data collected and promises to have a summary to be
presented in the meeting with Chuqui's management on Monday, May 17. )
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© 7 ¢ 556 Chuquicamata (12 B)

MINUTE OF MEETING

Place: Refinery Conference
o ) Room
o ] _ Date;* May 14, 1876

-

ATTENDANCE: CHUQUICAMATA:

Mariano Maureira (part time), Refineries General
Superiniendent
Enrique Lueg, Electrolytic Refinery Superintendent

J.I.C.A,:

Hiromasa Daiguji
Shuichi Murakami
Tsutomu Watanabe

DIRECCION DE INVESTIGACION Y DESARROLLO-
CODELCO

Glauro Troncoso

CENTRO DE INVESTIGACION MINERA Y METALURGICA-
CIMM

Ricardo Godoy

OBJECTIVE: Summary meeting with Refinery Staff

No general problems are presented on this ocassion. Mr. Lueg outlines the
following problems for which some recommendations are requested.

1. Plugging of the heat exchangers tubes and the PVC electrolyte distribution
pipes. Chuqui requests a method to clean these pipes or a recommendation to
change the present system; at present, a heat exchanger has to be removed and
cleaned every 6 -8 months and a 6" PVC pipe has to be replaced every 4 years.

2. Starting sheet brittleness is sometimes observed. Stripping of this starting
sheet is rather difficult. A method to analyze continuously the concentration of
additives in the electrolyte is requested. In the Japanese refineries the continuous
control of the quality of deposit is done, addition of glue is changed accordingly;
there is a method to defermine continuously the concentration of thyourea, but
it is not recommended by Mission.
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3. Cathode quality has diminished with increasing current density. Raising the
additives has not solved the problem. Mr Lueg requests information on ﬁltermg
devices for the electrolyte.

4.  Refinery requests information on refinery floors, specially fOIj tbe pasement.
Mr Watanzibe recommends an increase on the washing frequency of the floor
and advises to prevent electrolyte spillage. Furthermore, he translates the floor
specks for their refinery as designed by their Civil Engineering Department.
5.  Cathode washing at Chuqui's refinery needs improvement, on Mr. Lueg's

opinion. Mission recommends to use warm water jets (60°C) at 90 p.s.i.g.
pointed in all directions on both surfaces of the cathodes.

T4




5-7  Chuguiczmata (#f; 3 E)

MINUTE OF MEETING

Place: Smelter Superintendent's
Office
Date: May 15, 1976

ATTENDANCE: CHUQUICAMATA:

Gilberto Reimann, Smelier Metallurgist

Sergio Demetrio, Junior Metallurgist

Cartagena, Technical Agsistance Sr. Engineer
Elizabeth McPherson, Technical Assistance Engineer
Ivonne Martinez, Technical Assistance Engincer

J.1.C.A.:
Hiromasa Daiguji

Shuichi Murakami
Tsutomu Watanahe

DIRECCION DE INVESTIGACION Y DESARROLLO-
CODELCO:

Glauro Troncoso

CENTRO DE INVESTIGACION MINERA Y METALURGICA-
CIMM:

Ricardo Godoy

OBJECTIVE: Define the work to be done by COBRECHUQUI to submit a rough
dynamic program of the Smelter and its equipment.

Mission has requested a Gantt chart of an actual week performance of the
Chuquicamata Smelfer.

This program will be selected for an cperation of 4 reverbs and 5 converters
and should be so selected as to leave the week-end in between. If should include the
operation of all production units and material destination, and also the crane avail-
ability.

The work is to be completed by June 1, 1976, and will be coordinated through
Mr. Salazar.

Mission is requested, by the Technical Assistance Department representative,
information on dewpoint of reverb gases. The installation of more effective waste



-

heat boilers and introduction of oxy-fuel burners, which will diminish the combustion
gases volume might provoke problems of dew in the gas flues. ‘ .

The following information is required by Mr. Murakami to be taken to Japan
to fulfill this request:

- Expected gas composition

- Gas temperature at inlet and ouflet

- Temperature of superheaters

- Composition of superheater tube material

- Gas temperature at the Balloon Flue and at the stack

- Description of fabrication materials of flue and stack refractory lining

Technical Assistance Department will provide information as soon as it is
available.

_’4 6—



5-8  Chuquicamata (4 @)

MINUTE OF MEETING

Place: Chuquicamata Division
General Manager's Office
Date: May 17, 1976

ATTENDANCE: CHUQUICAMATA :

Nicolas Tschischow, Chugquicamata's General Manager
Renzo Gasparini, Acting Production Assistance Manager

J. 1. C. A, :

Hiromasa Daiguji
Shuichi Murakami
Tsutomu Watanabe

DIRECCION DE INVESTIGACION Y DESARROLLO-
.CODELCO:

Glauro Troncoso

CENTRO DE INVESTIGACION MINERA Y METALURGICA-
CIMM:

Ricardo Godoy
OBJECTIVE: Summary meeting with the Chuguicamata Management
Troncoso informs the General Manager the objectives of the present Mission,
the state of accomplishments of them in Chuquicamata, and that this summary is
only a preliminary report. A more complete review will be done in Santiago and

an unofficial report will be submitted by the Mission before leaving Chile.

Mr. Daiguji, on behalf of the Mission, reads the summary: |

MISSION's OPINION ON THE CHUQUICAMATA WORKS:

1. Chugquicamata ranks among the biggest copper smelters and refineries, pro-
ducing the copper metal from primary sources.

Generally speaking, good production results are being obtained with the present
equipment.

2. An increase in production, as well as some technical advances, have been
detected by the Mission from comparison with data collected last year.
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3.  Working condi_tiohs and copper recovery could be improved by preventing the
dust generation. The following spots could easily be pointed out :

3.1 Ore feed conveyor to Concentrator at its*dis‘charging point.

3.2  Concentrate bedding building surroundings.

4, Matte tapping towards the aisle has certainly proved an operational improve-
ment worth mentioning; present actual blowing time ratios (ABTR) of the converters

are among the first signs of success.

5. ' Operation of anode furnaces and automatic anode casting is acceptable ;
improvement should include prevention of fin formation. :

6. Electrolytic refining operation is good. Some improvements should be intro-
duced in the starting sheet preparation, such as:

6.1 Uniform deposit.
6.2 Prevent nodule formation.
6.3 Introduction of plastic edge to ease stripping operation and to eliminate

excessive starting sheet serap formation, should be carefully considered.

7. Efforts to increase production during the past year have shown positive results;
however, some conditions in each section need further improvement, e.g.:

7.1 Concentrate spillage at the dryer feed end.

7.2 Converf:er hood design

7.3 Worﬁng condition of the converter crane operator.

7.4 anverter blast air piping lay out.

7.5 - EXcessive l;ak;ée of air in })la'.st a'ir header and bustle pipe. _
7.6 SI-JiiliI;g of-conv;ﬂ;rtef sili‘ca“t:ll;x: \

Troncoso thanks the Chuquicamata management for the treatment received,
specially Mr. Gasparini's feam interest and co-operation. The Mission's stay in
Chuquicamata has been most pleasant and rewarding. ) )

Meeting adjourns.
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ATTENDANCE:

SUBJECT

S Venlanas

MINUTE OF MEETING

Place: Ventanas Smelter
) Conference Room
Date: May 19 and May 20, 1976

VENTANAS

Armando Stingo, Ventanas Administrator (Part time)
dJuan Scheib, Production Superintendent

. Manlio Debernardi, Smelter Superintendent (Part iime)

Renato Whittle, Refinery Superintendent (Part time)

J. L. C. A.:
H. Daiguji
S. Murakami
T. Watanabe

DIRECCION DE INVESTIGACION Y DESARROLLO-~
CODELCO

Glauro Troncoso

CENTRO DE INVESTIGACION MINERA Y METALURGICA-~
CIMM

Ricardo Godoy

Summary of problems of the Ventanas works, preliminary
observations and recommendations.

SMELTER RPOBLEMS

1. Pollution

This problem is general throughout the Plant and common to 211 Chilean
.. .Smelters. Working conditions on some areas of the Smelter are hardly tolerable.

2.  Draft

Converter uptake design and operation habits of the reverb waste heat boilers
allows the entrance of excessive cold air to the system. As a result, a lower
draft is obtained; low temperature of gases (as low as 160° C when workmg with
one converter) Imght result in problems of suifuric acid dew.



Smelfer's idea of putting a damper just before the Stack is not shared by
Mission. A suitable damper in every converter uptake should be a better solution.

3. Electrolytic copper casting -

Mr. Scheib shows interest in knowing Mission's opinion on posslbxlity of
casting billets and other forms continuously. Mr. Murakami’ describes the
Osaka works where billets are praluced continuously, in most places the Asarco
vertical furnace is used. Information can be made available if proper requests
are made to Mission.

4. Oxygen Usage

As a way to increase smelting capacity in Ventanas, Mr. Scheib and Debernardi
request information on the usage of oxyfuel burners and oxygen enrichment for -
reverb combustion gases. They are referred, by Mr. Murakami, to the informa-
tion shown in the Las Vegas Symposium and the reasons why Onahama selected
the oxyfuel burner rather than O2 enrichment.

Less refractory consumption, less dust losses, lower fuel consumption, and
increase smelting capacity are among the advantages to be achieved by its intro-
duction. )

5.  Reverb uptake build-up

Mr. Debernardi describes the problem of build-up in the reverb uptake due to
the low humidity (5.5 % H20) of the charge.

Mr. Murekaﬁli recomends:
5.1 Work with proper hueﬁdity (8%)
5.2 . . Work with lon'ger flame
5.3 Have better contrel of the drﬁt

If oxygen is introduced to the reverb furnace, less volume of gases will - -
decrease the dust carry-over.

6. Smeltings of Copper cement

Smelter reguests assistance on means to charge copper cement to converters.
_ Japanese experience on the subject is most valuable; whether it is charged as
briquettes or as pellets.’

Y 4Refinery Problems -

R W BT - - ’ o )
v.. 4 ON \'Ir.x Schelb's opinion, installation of startmg sheet preparmg machine 1s
Justlﬁed information on the- sub]ect is requested to Mlssmn.
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B. Inl:,roduction of an electrolyte filtering stage is inquired by Refinery personnel.

Present scaling in heat exchangers will thus be diminished. Information on
- subject is requested to Mission.

9.  Anode quality regarding its shapé could be .improved, many bent anodes and
lugs are not unfrequent.
10. - {Nire-bar casting -

[

Mechanization of the W. B. casting operation is requested by Refinery person-
nel, specially regarding inspection and handling.

The Mission objectives are outlined once again by Mr. Daiguji; at present,
and upon official request, Mission will convey Plant personnel inquiries fo Japan.

Meeting adjourns.
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ATTENDANCE:

SUBJECT:

., 5-10  Epami - . SRS

MINUTES OF MEETING .

Place: ENAMI's Engineering
- Department Con.ference
Room. -
Date: June 1, 1976

ENAMI

Joselin Gonzalez (part time) Eng'g Mgr.
Jorge Ronda (part time), Ass't Eng'g Mgr.
Marcelo Lira, Expansion  Program Manager .
Jl I. CI AI :

H. Daiguji

S. Murakami

T. Watanabe

X. Fukuda (Interpreter)

DIRECCION DE INVESTIGACION Y DESARROLLO -
CODELCO

Glauro Troncoso

ENAMI's problems and assistance requirements review.

Mr. Lira requests the meeting to change the order of the agenda to have
Mr. Gonzalez present when the Plant inquires are being reviewed. Mr. Daiguji
asks to have Mr. Scheib's inquires further clarified:

1.  How much mechanizing of Las Ventanas W. B. casting operation is intended

in the future ?

Mr. Lira describes an installation in Olen (Belgium) where bassically the
human effort is eliminated. The turning of the bar for its visual inspection is
done mechanically; the bundle formation is done by means of a special crane.

- The faulty bar is rejected mechanically at the last stage of inspection.

In Mr. Lira's opinion this degrée of automation is the maximum targef for the
Ventanas works at present, Mr. Scheib was probably thinking on description of
some Japanese operations and catalogs of their equipment, if any.

Electfolyte, Purification

* “Mi7Scheib's request on this subject refers to:

s
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2.1 Japanese practices on elimination of arsenic, antimony and other impurities.
Levels of content of purified electrolyte.

2.2 Usage of contimuous filtering devices for ehminatlon of suspended partmles
in the electrolyte. . . .o : ,

. -Mission will take request to Japan as a possible assistance item, refineries of
Chuguicamata and Potrerillos have shown special interest in 2.2.

3. Mr. Lira reflds a review of the problems as presented by Paipote, Ventanas
and the Engineering Department. .

3.1 Metallurgical Balances. At present, only the initial and final stages of
production are being controlled; the intermediate stages are seldom measured
and/or analyzed. As a result, a better control to improve the metal recovery
might thus be achieved.

3.2 Alr Pollution. This refers to:

3.2.1 502 control: Improvement of the working conditions as well as on the
ecology of the environment.

3.2.2 Dust recovery, use of the electrostatic precipitator.

3.2.3 Dust handling. Pneumatic conveying systems and possible recovery
of by-products from the dust.

The followmg dust analyms was obtained in 1972 in Las Ventanas Smelter :

cCu 37% Mgo 0.1%
S 11.5% Ph 2.19%
Fe(asFeO) 11 1% Zn 1.04%
Si0s 18.0% Az . 0.35°
Alg03 5.1% Sb 0.05
Ca0 1.1

3.3 Paipote requested recommendation on possible uses for the reverb slags,
Japanese experience on-mineral wool fabrication, concrete.aggregate, etc.
could be most useful on the subject.

- 3.4 Smelting of the copper cement in the converters by previous brigquetting or
_ pelletizing. Mr. Ronda requests possibility of usage of special furnace, if any.

3.5 Las Ventanas and the Santiago Office request recommendations on operatlonal
improvements to prevent reverb build-up formation in: - .



3.5.1 ‘Reverberatory furnace bottom
3.5.2 Uptake accretions

3.6 Japanese assistance is requested for réverts control (Refer to N*3:1) -

3.7 Information on high current density usage is requested, Japan's criteria is 7
to obtain a cathode containing 99.99 % Cu to be smelted directly into the ASARCO
furnace. Las Ventanas's fourth circuit is designed with thyristors that can provide
either high density currents (280-300 A/m2) or PRC (300-500 A/m2) and the

Japanese recommendations are most valuable.

3.8 Las Ventana's request regarding assistance on their draft problems is
deleted by the Engineering staff. It should be solved by their own specialists.

3.9 Oxygen usage on all pyrometallurgical processes. These include :
3.9.1 Use of oxy-fuel burners in reverbs or Og enriched air for combustion.
3.9.2 Og enriched air in converters .
3.9.3 Use of oxygen in refining furnaces : Anode and W. B.

3.10 Automation program for the Electrolytic refinery

A first step to mechanize the operation in the tankhouse is considered the
introduction of the starting sheet preparing machine. Quotations for this equip-
ment will be requested in the near future.

The tankhouse automation program also includes :
3.10.1  Anode scrap and cathode washing and handling.

3.10.2  Blank treatment (stripping and care of blank). Introduction of plastic
edge and blank surface polishing.

3.11 Las Ventanas requested assistance on electrolyte purification (see item
N°2 of these minufes of meeting).

3.12 Las Ventanas requested assistance on improvements of the castmg quality of
their anodes.

3.13 _.Las;Ventanas requires assistance on the automation of the handling and
mspectmn system of the W. B. casting operation (see item 1 of these minutes).

. sMr. jGonzalez requests an explanatmn for the future development of the
a551sta.nce program.

The present Mlssmn will complete an unofficial progress report in Santiago
before the1r .departure from Chile, their final report will be submitted to the JICA
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officials in Japan and the next official Mission will sign the assistance agreement
with the Chilean government (September, 1976, approximately).

- Meeting adjourns.
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6 RAEOFROLR, WPHEHEC BHIHBNACED, ABRTRE LTS, RELD
TR E TR eoMfz 9 2 {BRLL Ko
6~1-~A— 14 54K

(1) A% ©  Colon 2000 dry t./d
Hfr (%)
Cu Fe S Si0, Ca0 As Sb
1976418 | 390 | 204 3L5 4.7 0.3 0062 | 0.0087
28 | 385 | 200 | 316 4.1 0.6 0.067 {00091
2 #rvyq4>r © 1976528 HAT (%)
Cu T.Fe S Fe;04 As Sb
357 203 192 8.0 0047 00115
3} % : 1976428 1200~1300 TPD
(%)
Cu T.Fe S As Sb Fe, 0y
My B9 iE 517 222 251 0.020 | 00105 3.8
1.2 " 55.9 185 247 0029 | 00108 2.4
133 n 196 23.7 26.7 0022 | 00115 3.2

g 1) FIBEHFRZ? -3 — 2044 v #ER
2) a2 r @Ry F— haddrER
3) 2AR25BRMELTCEERLCA- o



(4 RHF 197642 A
BT (%)
1t BSHF 1.2 B KIRRPE
Cu - 0.89 1.0 4 0.97 -
T.Fe 3550 3840 30.40
Fes0y 6.20 6.6 0 4.80
S 0.6 0 0.40 045
Si0; 3240 33.20 3220
Ca0 4.80 . 410 910
Al20; 4.30 5.40 9.10 -
_.4; 0.0180 0.0250 00150
Sb 0.0050 0.0055 00077 . |
MIRSFE R 1100~1200 t/d
19764 2 AR
£ 2 RHIF 572 t/d
M3 493 t/d
5) &=FHEH 197645 2A8
N o Cu” | As ~ Sb
(%) 9950 0.0212 00056 00179 ‘
670 t/d (4R128B2TO4A%H)
1) g 1976428 . 416 t7d
"7 G T.Fe Fe3 Oy Si0; A1,0s S
(%) 260 4930 1830 2540 280 1.20
7 ERHANS
Cu As Sh Oxygen S Fe
(%) 9992 0.0026 00016 00450 00016 00040
6—1—A—15 A B
() BEF
4 Foigsa 8FoB/E
y7F #=x 1X3{v7+) 1X3(v7F)
R K 1%x3 1%X3
FARV -2 — 4X3 8% 3
ek (9x3) Jlbxs)-
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1FoRe T BfFoRE
320 - o xe(rrr) 11 x3{v7t)
BB~ 2—Hroprrdvp—tC) 2% 1 : 3X1
- B T-stofiFAN) 2 %1 3xXt
1Y 4 - X1 ' 1% 1
+ 173 ZHE
12 R4pE

Brtqy -3% il 7Y -z

YZ2F 74T wr 1

YZb K=
D . 1
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Bhara—7
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BEA 1A 7RED 1
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T—F A7V — 6
{HE BBOZ)
6—1—B Caletones HEHF (2 KWK )
‘ A ACHELAE BESHTILLENELTIVwADT, FELTCWATTORGFR
HENRT Licth, 648, 2Fh 2L DO Caletones HEFH % hnnko
PBHEAFE LTHROATFR D0 UHEHEHEL Tnike
(1) EHE, BBPOF41FI 2 Forsa
(2 =+ vroHERR
() ZRAGEYAFLLINT
) MH3IRBFORES—F TOHEERD
:G—J—B—l EHF, BFO0F43 32 Tuasrsa
| RERCAHTHEY THRBORENEO L) K% DR T DA ERBCRTHALOT
!ﬁﬁﬁéﬁ,éﬁ4%ﬁ%;%éélbmﬁmo#ﬁaﬂr.moxﬁaﬁﬁ&ﬁmbf<n
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BLobohLBLERFELCTH VR,

Wb, LHFCoOWTEAL, woRBAEATR, BKEEA, EORFIKEAIN, B
BHINTHIEILBF - B SOBRENNEARETH 2, BFIFAKICEFHNOYA 21
ERLADOT, Thick yRHE, GFloHRoBBwRAs v~ OB ESE, —BTH
b, BEBEBERO<FYTr ~v )y A oREOMENEMD, BEE LTREGNO
HWEBPFEED D20 ESDLUMLE 9L £ L Tk , '

L2 L, Caletones T, 5B 2R L ham3mpFomkeiL, 1FOH2T1600 ~
1800 t wet charge/d O B & iAW L, WiL1900~2000 t wet charge/d DB £
D> THEZHIT o b, MEAESRECELLEOT, F4F33 92 Tarsapfe
o lWnidaike
_6-—-1--B--2 24V

PF, B2 bvr it sor, BFFYARUAGIEHPHIA2AEBL, ER~HNY
TAH2L30 HRLBAT sy bvar BT a0, BEFYA0 ) bHRTB~KE+ 4 + 3 o
PVl ThA,

EFasbva FRIBEo s bva
#x HH
scfm {wet ) 830000 6,000
& B °C 350 250
#2EB (%) SO 5.5 4
W, +80; 2.5
H:0 120
Faxb &
ADF= & g/ 13 6
£ K (%) Cu 39.4 ' 26.7
8i0: ' ~
. [ 231 130 -
HOsx=rfi — .
i B
F I —F 4 2
LY a SFLT S~ 6
H = HE £t/ min ) 294
HLEE % : 9 8 (5794 >)
£AMOEDHL : - 40k¢s, 24Hrs




"HEfFET s P MRIBA= 2 b v
iIhom =
247 F =}
2 84/Fx v 8=
¥4 9/x 30’
73 18 #— 3
¥, F 10”
" H AT 4 =N
BRR&E
£47 74
# 1008/ F = v -
# " AF 4=t —5H]—RF 4 — Cr—steel
% X £ 109'%3274”
E = Ibs 16
¥ i BER)
# 8
" E v 53500 zammﬁﬁ%%ﬁégﬁi%
Ixbta—n £247 K4+ 47

B B, ERE, KT —2XaehoBATH 5,

() 7v—tr PHEB~OFL A} OAFHRACAMLAPESBRR LT B EZLS G bah

2 fto
(3 &F 7+ va

Koppers T 1970 £R%, #ARHP LA BORER P -oTH 6T, RICRLADO

RREMfTS 50

L1 o

E
mﬁ*} w2

matied
=l

ey
—t

F57 b RELZNHFERCE X202 ) —=2 S 2fTE S0
HOEOWER, 3t7vavTI~2%%, ELBBFLEZNHTD Do

(3) FEEmIMBRstPIsbvey

Lurgi 8T 195 TERF 7V -t HBHOLYD, LELEREL 5o RBREE2 L

.....75‘_




TIAERBELL Vo
6—1—B—3 ZAHBBYRT A

Expansion program { 1 9704F ) THRBA LA, 592 { wh¥, AL CwE Vv &Fa»
busr FabEBFF AL E 38T RBY Y %D ¥ AT L TDoke ZAEHSIbs in’
HTT.fﬂb@ﬁ#b%ﬁﬂﬁf%ﬂ%&C6ﬁ¢5ﬂko

HE, BFzs b £LRAO=2—-vF 497 ayYdMELTDD, P77 HE
o Tnde B Ar—vEHOFORFMEIT O I RAINA 22 TH Do Schwarze K
i, RLE, wHALTo S 550 T, TRbeHEETrENN, f3%, 74 THTE
BrRrobH Led, Alejudro Kk, FIELMERATIEEDZVWZLEERYIL (o
6—~1—=B~4 MmMIRHFFHRFK -+t

19764£ 5828 L3IRBFRFHEEBELZORELREL, RPOBEHE1600~1800
t wet_charge/d * 2B L., AE( 6H 48 )1900~2000 t wet charge/dDHECH-»
THHEEZHETL T B ¥4 71> HIHAETHD. RETITORRKEATT 1846 twet
charge/d TH %o

() BRF~ -7

FRoXrS14dELHL, D4y #“—F3XRIEAL TRV, BPTOMREE
HETE3IERT 27 psig TH o o

(20 BREHER
1700~1800 t wet charge/d TERFE 400 t/@f@ﬁ% (6 A4 HtToO#H 1 HEM)

DEEOBBHERE 75~ 80kg— o0is,drg t charge TH 5,
{3) @%*‘—3‘ 14FC A4y A—F1EZEHFRATHLE 2400 t wet charge,/d OFRHEHE]

ETHbo
(4] 2BEMlI IrHA v F v —CREEFeARIEHFOY Sy ) —vF2x - ZEEL,

B2Hrd 42 F o —9 REFRBET S FRE.

i




(5} W7 -2

(197646 A1 A~6H4R8)

l/

6818 682R 6A3H 6848
il = w oA 08:20 09:00 08:15 07:50
b7zt }Ifm?n%ﬁ%) 1778 1.270 1.524 1270
BEA-745H 14 14 14 14
RAEMEMM  (Nm'min) 18908 1953 191.2 2039
Ew#EBE (&/mn) 88 . 80 84 93
FE7 7>t % b0Oz(Nm’/min ) 18908 1953 1912 2039
R EE N (kg em®) 211 217 207. 2.21
FRF77 + @ (mmH:0} 0.254 0.254 0.000
) " 0.762 0.508 0.254
n @ ” 1,270 1,270 - 0.762
FHREE © (°C) 1460 1,420 1,460 1,430
" ® 1,480 1450 1,470 1,450
y @ 4 1,405 1,390 1,380 1,385
E R YR E
{°C) L110 1,100 1,120 1120—1115
rr 1,280~1,325 L,290 1,305 1,320
474 (F) 1,100 1,085 L110 1,115
H o AHER (%) .
€Oz + S0 39.2 485 41.0 3 5.6
0. 6.3 3.0 1.2 4.2
co 1.8 2.2 10 2.5
SO: 511 7.09 575 432
CO2 3409 4141 35.25 31.28

W ST EbPAABERH1220°




6—2 Potrerillos
6 —2—A Potrerillos 2&EFR

6—2-A—1 MBEOZAL n
4BE, 138, 20BN (8—100/B, 24~27H/d)ICLY x5 Y —HE
i I

6—2—A—2 FBE
4.3mgx3TmLoAY s—7 qrsp—s5Edh, M1ELHAE LTS,
FRB N sl Y-V
Ar7BE KA25~30%
=B 3 0m |
FRBLEES D 04n7 ( solid ) RuBMFTHLROL LY, ERMOFILLRT
BERABRKEZ 2TV A,
351,/491wh=0.71 t/®h

0,17 rpm

Potrerillos
## R B
A NE—r—%DKSF 14~15%
BANOVAK S, —+ DAAABLOTREWALEMLAL LS, BEERLBATON
Mo —2KHRENLE OBRBAE TN,
FiB{EEEH ( PC 93 Hoechst, it 83~v XKy, 1975498 )%600~700 £/t wet
BEOMICL ) r—%kS120~125%% TETFT 2, '
6—2—A—3

84t,/55mh =015

FZ4Y
oA4 AT 9.6 41 dry conc
oRBFOKSY 7.5~8%

. =8

6 —2—A—4 K&
1) R4FEAD (t,dry 19764 )
18 2A 3R
- §54%% El Salvador + Llanta 16,243 15478 15754
#  Chuqui 1,895 2216 2424
Cleaning conc, Salvador 353 82 277(9_"}1?%8
Cotd dope ( BFBEARL) . 2869 2148 4475(95?%)
n (Zzv—rrRIBEE) ‘ 461
. BKRA 1,309 1,271 1,563
EA 83 - 15
Fofa($7n, £RFEH) — 63 3as
5t 22,752 22258 (24230
=P 6,816 6,694 6356



(2)

(3)

(4)

R 434 .4t
. 15
EH (&FAL) 17,392
v (1/d.m) 3.07
Fuel oil(4/10tal.s.charge) 147.21
i kBHELE (K » » ) 292
.k 1960 ELIE R (Ke) 3548668
BEH#FE (1) 9,683
% Ofth O
1A
HEaEIHER 324.82
(KWH/t 7/—F)
IS8 fuel oil W4 476.9
(L/t77/—F)
g—Entd et ** 23.05
(&/t7/—F)
¥ T g4 NF—,
*x BT LUMHEY—Frni
K aFE#m%
i) A

2R
17,089
222
14768
0.57
3570826
8,071

2A
303414

4785

20.80

(t 19764F)
38
15467

3.38
13433

0.33

11,981

3A
31075

45969

2103

Fo4x, R4F, &F, MEAFLSARAERERXE

ARE800t/d T, chel 2BLHGT TS, 1IELVEAREE Tt THE,

Tt 2o TETEZVWRIEEAT %,
iy f—7F—

e F—x1 2K DH 1 0REFHLTNWS, <vy3—C44 %2 2 gal/min #RE
TETWnD, 1 RERA(RECLELELERO40%)E7 7> THED, BYG60RIE~<—
+AEDSEARHRTRWRAL AL 5,

CDR—F—F o TRV —=2 v FHEBHEOTERLTWS, (2Bl ) —=>7
13% 95 )
iy a3
HUFHRROL S TH D,
1 7 e 4
i Th B BE
—RELKEDS
FHRF77 b
FRBE



FHES7 b B~ Y k—r ORARIC L 558 ¥HEELS (TRICL DEHNOHH
BERAANECED. PO P ENATES Y L D — 0010 water inch KAWL TV BE

& —HERXEAETDH 5,
FRBERRH 0 GG ICH T 7 radiomatic pyrometeriCk YHELTWHD 1260 ~

1370 T b4, B 1 B3EHH AFHF 21T Tn 5o

4714
Co, + 80, 0, co
(%) 14.6~16 0~1,5 0~10
V) 2o 7

FMEE3 > (ABEBM2 ) D=y bh—atdd, ARHENOR—AZHNTNH S,
Fl—F—na% 8BIIEAT 2, <o b h—a Rt BA0K, TOV—Fy 7EELIEHAWT

Wb,

/ Xuxg 700

NN

KiF Cogltow bt

/-—-"‘"i'-v bl 2

INNNNN
T g5, (31748)
EZ ~y b k- BiE

= v b2y 7EE 1EBF
= o biE 11~12v—¥Fa/%k, 20t/ v—Fa
BCErBATRZCEND D, COBRHORKs > 7 LBAET 5,

VY B Fo7

Jo.6°"

PRS- & 0 SV V)
437

78.2
RIISARS Y 4 v F—EIE

= X FR-LTAY

ﬁdﬂkcb§4yr-okﬁibi4~smmmﬁ?an

vi) Bottom— up %K
ZZ 1 0FMEZBELT>TED, Bottom~up 32 Do TV, KO 20N

—80—




HreLotna,

A TERE A1 ORAY A 5
2) BZBA LKA
Vi) %4 5 —
 EAED 50~60 91" ()
RAagER 10t/h, 5, 68x4 5—
B ER&E (1) 1A 2 A 38 (19764)
7,162 5029 4013

ACRIEHRAS—~, £2 b, 54— CHfi LAr 2 Pt FOfRE100~300
L/mThH2a,

6—-2—A—5 & 48
(N #HWMAFAMC 197648, 1)

18 2R 34
mE & () 17403 17,052 16,079
EERAaw (1) 4,762 3,651 3,790
Cotd dope ** (1) 2,596 2,534 2231
7Y xe—FEWmE (1) 9,805 3,971 9,938
BEAREH (1 #1) 0.274 0.214 0.236
Cold dope ( 1/ #1 ) 0.149 0.149 0.139
TY)xE—( 1/ H1) 0.563 0.526 0.618
FaEz (BEd) 6.42 6.45 6.97
#2HE ZASH(hE) 273 269 260
rmE o« (7 ) 445 4.37 410
- RAZEBRENZE (ABTR) (%) 64.0 4 63.23 64.81
Ry H=CAAr (L/TY)25—1) 5.0 5.1 5.0
B k2 5% (k/ 7 ) 217 217 217 ***
F g 320 T
RBREER(w/7)28—1) 4329 4233 4,251

* BEEsERfTcold dope¥ 530 : 5 0EALALOTERPBCALE
ex  FadsiT cold dope TIESBHEAE

sex 1971 B ORE

sxxe [@ _k



(2) =4 1 EREH

Bt B |Cold dope| Instack | Qutstack
(v=ra)|(v—Fr)] (1) (1) (min). | {(min)
3% A 3 7 45~70
i in it L 1~1.5 5~10
% A 1 7 40~45
1 #oow L 1.0 5
BOAMoE A 3.5 15~20 5
/74 it L 0.5 5
a iv] 16~15
. Cold dope 8~9 5
# iy 15} 3 240~270
N EPES 1 S 10
wi? Y77 (10~15)
# ¥ A & 20~180
3 7op—
Bk 7 e p— 15000 c{ /BX 38
HFoeg— 30,000 cf/BX 18

B7a7—05b1&8EStand—by THb, ThRIVEFIXE(AZLIAOBOLE
92%27T), 7/ FFI1E(FAZE) AT L2HESXERANTET S 5, BEFI0O
BEEME LT3 6K T, S bHFTII6ARE, G<hbt 2 BAMMALE L,

FOHHK 28%Cr ASTM446 Steel, 1 172” dia,
fcFH 7o 7 —BREAPTEE AHCBREEORATD 3,

(4) & &
o RRABRENER~/ 2—2—
o FHEBEHEAER radiomatic temp, indicator, K#H 0¥ 1 7~ FH LB EPORE
ZRELTHD, RFIEBLTWA,

B Eofb

o RH#7—-VHAFEE TEHOHT, LERA—7(FT1xwn)

¢ HAEFyri—, Sarzi—2BECEREB (s rrzl)

O FArIASyFe—EL

o EFEAMATINTFR»—v2v—CLbEATS

© =R ZAyL¥%air cooling LTWABEHAHNDS

o F44¥42r3MATHEN




6=2—A~6 T,/

A1) B 19764)

. 1 8. 2A 3R
B BEALL () 317 603 701
o (1) 83889 8,654 9489
BRED (1) 8265 8047 8817 (4WA%E
JUE T O reject HE (%) 7.02 7.02 7.09
PiseEE (Bl/d ) 1.84 1.93 197
Cycle duration™ (h) 1541 1937 1803
RALBEN  (h//) 3.28 355 3.61
#/xT »  (WAE) 1.34 112 1.37
s » (h/ED 503 4.96 490
Fa—¥r(BER) (LNT7—F) 587 496 515
1 (Smelter total)($A.7/—F) 1877 1701 1712 (EURE
A H—CH (L 1. T/—F) 20.65 3250 30.37
7B (1L/h) 310 3114 3173
Mold wash (K/t.7/—F) 0965 0984 0952z (Kigselah-
T/ — Fifafa = — v v 2~ 8 (Ky) 190 194
{ﬂﬁfﬁ(m 221 228

* from first charge to end of casting
I E#HRFELEVOF»— it 180~ 210 1 TH 5,
2) =&
10.7mg, 26—n VHHEABLEBTH D, 17B26~30%—» FEXBET I, €
—A F1HKMD300~345 1 DT/ —FEBELTKWD,
(8) 7/ —FrFHE )
o T/ —FFEO54=2r273470881ET, FEREEAT/ —VREENATRELRZS
oT, holding FefEvn7 I 22— CHBELTHETT 50
o T/ —FFETRBELBEERMU IELDEEABRET 5, LOADHT/ —FFOR
2y 2B hIREN,
) SHEFE
o BEERBHZ(, T/—FERAS7%H22DKEn HIERLTVERER
200 ke iCt L3 0Kl Y FRDBLEROS T b7,
BHTERB7T /- VR, FHCEwiokfHETs0oTREL, 2—¥T—7»20
FEFA2EBECEW OXBUH LT ERW TR S,



Moid wash Ik Kieselghur & 5 B, ft2 EOBELLAL OEBNTNG,
PP EARET BB RKRHCRA LT D, T—r FECHE D EHHLTWR, T
O mold wash B THRTHBEDOA,r —ABEORBELE2TNAE L 5 THEHREAM
ZODTHWTW3, ‘
6—-2—~A—7 A A~

(1} EHF
per shift per day
General foreman 1/3 1
Foreman 1 3
Engineer (train &% ) 1 3
Charger 2 3
Loco (helper) 1 6
Matte tappers 4 3
Miscell ops (air blow, roof cleaning, 3 ~ 4
Fe addition 4 )
fbic ¥4 3  operator 5
# . 36 ~ 37
(2) 74 »&—
Section foreman (shift boss) 1 3
Lime stone crush 13
Silica and cold dope crush 4
1Rotary kiln  (lime stone) 5
Cone, unloading 3 9
Thickener operator 1 3
Filter op. 1 3
Conveyer watchman 1 3
Samplhg ‘ 4
Miscell 10
&t 58

LS
A,
* P TN - -~ = - -t
R P . TIa, t e R
NS T L R
Y Ml

yet 4
PRI o O

N . v . -
‘L Sy - Jme e
X Ea IR «

T o w




@) ¥i4¥-

Foreman

1 3
Operator 2 6
it 9
(4) &P
per shift per day
General shift foreman 1/3 1
Shift boss 1 3
Converter op. 3 9 EFIC
Puncher }IOp_
6 18 2 Puncher
Crane op. 2 6 A2
Crane chaser ( E#) 3 9
Blower operator 3 9
Cold dope crusher 3
Miscell. 2~3
&t
60 ~61

6—-2—-A—-8 H5¥HE
) RHEFEAD(I976EF1 A, %)
Cu Fe S S5i02 AZ203 Ca0 Mg0 As  FeaOs
14 El Salvador 452 170 291 36 226 0.05 007 0281 -

# Llanta 1775 171 173 268 107 015 011 0122 -
7 Chuqui 408 163 306 58 176 015 029 0664 -
BKA 082 112 - 11.10 146 4600 0.14 - -

Reverts 418 293 120 104 171 046 021-0173 136
&E(%Jgf;e”s 1890- 181 599 481 380 021 018 0079 88

[=]

(2) ¥mFE (19764F %)

1A 2A 3A
Cu 525 524 54.5
Fe 20.2 203 193
S 210 238 21.5
Fe3 04 310 3.1 31
As 0.101 0107 101 - - .



3) EmfF (19764 %)

1A 2 A 3R
Cu 0.59 0.6 6 ’ 0.6 6
FeO 450 454 472
S 0.6 7 0.44 0.44
Si02 3360 33.7 315
AL203 7.4 4 8.07 7.0 2
Fea O4 52 52 6.8
As 0.068 0.087 0.029
Ca0 6.53 6.9 4 6.8 0

(4) EFR(197646F %)

1A 2A 3 A
Cu 353 3.4 3 4.86
FeO 622 620 626
S 0.71 . 0.60 0.8 2
Si0z 26.0 26.1 24.2
Als04 284 293 280
Ca0 0.50 0.55 0.56
Fe30s 229 229 2810
MgO 0.07 0.0 4 0.07
As 0032 0.040 0.029

B) 7-—F(19764£18 %) _
Cu S 0 As Sb Fe Ni Pb Bi Zn Ag Au
99,776 0.003 0185 004 110PP™ 15 g5 5 21 6 3.8102' 0.195
6 EF7r—s2t (Frrs—Hf, 1976538 %)
Cu Fe 8- 8i0z A£203 Ca0 FesOs Mg0 As
681 631 132 56 117 0.23 36 014 017
(' 7./ — FMold wash ( Kiesel ghur, 14} %)
Si02 Fe203 AZz03 Cal MgO Naz0 K20 Ig.loss size
80 22 60 16 06 10 07 g7 —100%100%
6—2—A—9 HHFHEHATLHEEA
Smelter Superintendent Diez EOER
(1) 7422-TBEFr74%
) BEXECIER TS %,




CRLORME Llanta KIEY 4 bhBETHY; ZOFBMTE Y v 2 F—, F5
1%, 8&, Unloading, vy 5, v r%8a02 8 ATTH TS5, HADOR 27 1 — i
%orhaﬁ,%ﬂﬂbbrmamo

H)mﬁWDV479ru$ﬁET&6oﬁ%&%&okbkﬁ(alﬁ%%brhéo

. @) R4HF

1) Ay Hh3n, (HHEfi1207) :

1) B Lefo@ns, ar<THEEINII v, REF~OLABENEET ¥ 5,
i) MAMPE> 27 ARTRETH2, THEHKE LTHHBERRT S5,

V) HALZX2 OBy 257 adBRTREELTH 5,

V) #45—@REAEEBNTE L,

V) RES—FOBARLD, #RL£A ARy 2T 2 OEYBRT A2 LB TELT
559,

Vi) Frzbavte—rdbobll, pORSMTEE, 29 b vAREN,

3 &= F

1) BB ORIFT v 77— 7 ORBEEHBREACTITDS 0, T » 77— 2 OKE
iy by bA_aDREXHLETATDS 9,

1) Qaspe > # v~ MM LHEALEFTF TH5, CARL D ZLIREAY F v 7N
TEBHTHD 5,

i) FLVEEF a7 — (N 30000 [/min) K6 B2 TRERTABTHS 5,

V) BEFRBRSAECYyYHEARELTHD, KOL 9 2N EHEYFS TS, HECELAN
BA—2—ELENHORERXZL TS,

V) EFEREMBRENG Ts5 5 ( reinforce ) -

c O 2 V_..,@-g»,-g_ b g;Aiava;hofﬁ&%ATﬁb, BFET»75—2

OHRAHELCHELETLLOTD A,
| N - ' S
. O

B { i
6§%ﬁ

BY g
} -

_87_* -



W) To75—2 OB LVGEFF ¢ v ~—CHF WA ABERLERTETES 50 F
o A—EHBEINDETHD 5, ‘ : | :
Vi) EEFR 29 2 NI Td 5,

REIFE= £ v 7 PR O emergency 70 ¥ 2 FTh o
M)memm;mwmmo—oaL1¢v_yo&ﬁo&mmmemMthm@nmﬁ
Ao Morgan RBEMAD D7 v—r 2 BELASH TS 20 7
M)Mrsz&ﬂcol%oﬁbbw,mﬁmﬁlaﬁfgact&mArmao

) 7/—VIFESE

1) HERME Y 2NETHD,

1) B TR I A LT T d, ZRRT/ — FORML(BETHRTEC, H]
K E 3T HR) HACHET L 0TH 5,

i) BN EORERe— 2V FPOEILIRKTEILOTH S,

V) BFRECHIEBRBMEMEL, ABOav 32 2—0bvh, 7537 ARV
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1A M L000 40 10
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6—4—A—3 H # .

BEP~BHHLRE 70000t/d TCu BT 20~ 1L5%TH 3, Cut Off Grade i
0.5~0.4%Cu<, Ore to Waste Ratiol 1 : 3 T 5, ML OB+ 5 » 7 T Waste
ORBE T  — LA BBEAEEE ST E,
6—-4—A—4 B &«

12000t/dDs4v%62db, EHELTHT2000/d TH5, fEDILETMo, Cu
DAn278—7—Ya»®fT20n, Mok BLbolMoBERKE LN D, HFHAEER40
~45%CuThb,

-6—4—A—5 Mo B&iH :

COREBR2rAM( 197643 8 ) WHFELELHAL, 1,000t/d OMo M EE L T
nb, Mo Ik 5 5%, Cuftd0.2%TH 5,
6—4—A—6 Fi4x— _

60" X10' gL 100 X13' 8 Oe—2Y—24T7OFF4x—H2%DD, Th¥hoL
BERX40t/h, RS0 t/hTdd, KF16~18%2566RUTRERLTWD,
Ghd-A;7“ﬁ%ﬁch_7T?“V) ‘ :

30" W X 120" Lewre- 33k
35’ W X 1147 Locereese 13 _
AFRRT10.28001. CHB) XBHE LTV B, 1-Shift 4EEA,




B—F—REFTFYA TR 2K B WA T VDB, BEL OXMEHALTN S, Bunker O
Ol ZRMF 1FX b 4,000K/h THREL T, RE(C 1977 ) a3, dRHFEH1 7
—EDKA I~ CE T BB —F sy EREA—F RRATBFETH B0 YR
WLRB50%T HCu HPHOBRThb, HEOHEFRER~OBRRFTTETL, &
OBML LBMBR LAY = FYVTAAYFY) ¥ 7T o8 Y LTnE, BHEOI > P a—
MELTWEWZ ERVEFERC L Y EHF<—Fn L Y BAnBELEEHLTED, ~—F0@
WORREBOBRNEF L bbb oThit, BEOEA—F o h b BNEHT 20 BE L
6~4—A—-8 REFxAS
HARERAMEBELFA L5, KAEN @ 400psi ( 28K/ ) TRER 750 °F
(100C) T2, RABBERTHO3#£0 s~ L735°F THbh, 8HOKXA 57—
# b OERT 14million KHWmOREYZ LTWwa, £0% b O 8 million KHW M R
HT6million KV/md Bt o THEMBIN TV,
6~4—~A—9 EMSPHEEERL
¥ 137K/t of dry charge
Nel~M3 RHEEF H140K 1
. Na 4 B4giF #1208/t
6—4—A—10 &
() 6& HH4X~5% 13 g x 35
Ao 5 2%
[2) Qaspe »*¥F 4 — 4 3%
sz TrlivFrsy 2%
FAOMIdmEL b Fo v r-v—ryEERLTVS,
(3) E&=AFEER 2201 Anode/d-fF
max (250 " )
) x= B 15psi ( L.05K /o) I REEOEDN
AHEHN 20psi
Chuqicamata ©E 7= 55 0 anHg
4,500 #/mt Cu

ﬁuﬁﬂ%ﬁmﬁ 3009F(=150t) _ )

%A 30000~ 35mmfﬁ/mntxﬁﬁn&»,%ﬁmﬁﬂmﬁm
5, N6F%RBAL2 200001t /min T-7%,
EHiX15~16 psig

By F=27— 56

zaooorﬁ/hm><5=13a000fﬁ/mm
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AFREQL R, ENM10~15psigT30~35x10°%(1°/minT, 54FKs
DEERENTO0~11psigT 20000 M3/ minfFeoztTdb, BFEAOETOXRA
FoHFETRA NS N,
® vVAZSezR .

Si0: GLX 7 0%LTF, vV #7357 2EARK310K/t of Cu
N BFEH4 270

25420 /de

1¥4 2200 HX6~Tv—VFrANnd, IWBEGE V—Far,

Ladle capacity : 25~28 t of Matte
Ladle volume @ ( E»b3 0mllTo&f)
L Fi3251t3 (g2m)

A:2541t° (71.2m)
JAv—Fri20~23EHETnS,

BFY4 20
el 7592 2|Cold Pope| 33 HEREEN | thRERH |TBARAS
(v—Frg)| (t) (1)  [(o—rr#) (min) | (min) (1)
& Al2+141 5 20
Cold Dope 12
= B 60
& 1 b 1 2 3
% ok 115
4 b i 5
| % A 2 5 6 10
TR+ 7Tyl 5 : 75
71 b 1 5
| % R 2.2 67
8 b 0.75 “ 5
b- A ¢ - - 55
9 b 0.5 o 5
$1 Cold Dope 5
g/l A 60
#5{ Cold Dope 5+86 - 60 3
SBE S+ POKIL+ #iE . 50

B8 *yv—r347 .
Gaspe <> F v — (EMF (4%): 15000~ 160001 of Ou
e=a7»k>fyy £ (22&): 22000t of Cu
-%tvﬂ—y%ﬂﬁfkviifi¢=:?+%¢%5@ﬁbf,5@%E$k¢rhén

06




NEEF THHTORO 2AR7 50 s B3R Tk, ChdEpy <—> OBMCH %
ERTFRLLTPoTnELEDC L THoT, . 9
9 Bk
c EBIPL 2~4K,/my of Cu
YUHF U Ct 8~ 9K /m1 of Cu
A0 Rz ve—s 4 3 ( Morgan Crane )
E F 0 100s1(911¢)
i 8 2x221
SER 1 (E—48)mue
Iv—rv~HllomaE: 1 8m
AV r21m
i) &Fonok:a, DEFADOME
BORIFOBXROF— s BREN, HRCBIVIICACELD LB L Do
6-d4—A—11, T/—FfF
) 7/—¥F 200mt{140~230)/ chargeX44F
13"gx 25" (396mg X 7.62m )
() REF .7/ —FFLE-ER: 1P
EFHBEY —HEMAELTT/  — FFRARLTW %,
3) SEH: 2%
1258mg, 26@(=—n F)
HLEFEE 401/h (35~461/h)

Outokumpu X TH 32~39 L, hC~==.72ATH40~46 L ho  BER7/—FiX
Outokumpu X O A TEELTnD, 12 Ovtokumpu X, f21XF#, Outckumpu FL BT
IZT7/—FEROIKCEDAF 72 +3KREE-TnDY, EECH:1 28 3E
TEEL %,

) BRERF 4 —¥r4 1 +BRTCToTwaESE, FE, 2~37Ak79 » ¥#—9 >

5 7/—F
Ig—Y T —F 360K
9' sl }hl
11866mL % 83.8:::71“’)((_]:11—6, T11—6 s E:-l4 > T
HiEH7/,—-¥F 375k

12050L % 857Wx (£ RE, F15,, 1+ ) T
Ts-roRITEEATE, ETHLEI2EZLTYwaESE, HEORTHAE (25
LT ETHB, CHAEBTORTH LORAKERBIHELTWHOTHREWEDL L

- =107—



THb, METHLE - TOHAE 397, 334mT6 3moEdD, ~ -
6) Mold wash ' o '
Potrerillos & Mk Kieselghur $ifl, 7 8~80% SiO2 _
- FEBAMTIE-TH Y, =—n» FHHIX1,500mt anodefone mold T3,
M 7/— rEER v
1,000t/d, 197644 A 1,067 1,7d THBEMIX1031/d, BID3 6 /AT
—¥RI 5y TN THE, T/ —FR2 5 » 7RBBINORBF TRFERAELTW B,
8 T/—FFE¥r4s0* '

FREFL HEORA
Oxidation 3 Oﬁ}(ﬁlzﬁﬂﬂ)
Skim 104 (#1860 )
Oxidation(bath~3& D4 F7%EA, 7%) 308(0~404)
# T . ' 120 4 ( # 4 M )

( wood poling )

8 04 ( diesel oil +steang )
# & A~5BFMC#H5~TEN)
(9) HEMHEE

3 4/t of Cueee 0.1% 8 in diesel oil D& ¥
4.5 £/t of Cu e 0.5% 8 in diesel oil DL %

6—4—A—12 HJEBA
1975 FER 362 BHECLABGRATREOmM TtH 5,

EHEFEAR 777,292 14d
ST ER 651,000 7
R55F & % 384000
& # 562000
&° % # 233,000
T/—F 286000 7
BF75922 85100 »
< *é&(6E8H)r%%ov49»ﬁ%§ﬂ&ak,—%xm&+%rt1maaa

:.. < }r , _",_> “ﬁlﬁi% L,k ( ) oﬁ%ﬂ‘%%@j‘ ."t - = _.,__ :3':'—.,‘ I -ﬁ -




6—4~A—13 S4H
1975 L QAR TROML T2,

ang | ZHT gy x |(&FR |8 @|7/-F| B &
Ou 732471 avo | osa | so2 | 1,5 170657 (%8565 | *
Fe 38 | ‘a8 1:;"?.%47.0 25ils f§8~61.8(7;;;214) (ll;?nz) (p?:m)
8 *hax | 2355 | 187 | %38z | %8s |085% | %000s| #
8i02 2| YPea | 233 %001 | Pea ' »
Ca0 0.4 1.; 1.6 2:; 38 6:5 0.3 03- 0.5 1.'-2- %
FeaO4 NA | NG ST 3T T TS ®
a0s | Mgl T 8205 | %0e7 | %529 %
s | 0| 0955 | 00| “as | 08k |°0%5z | %oniT| *
Oxygen - %070 | “%azs | ®
Se 03015 | %0015 | 7
sv 10950 | 1152 | wem
Ni 20~31 | 21~58| ppm
Pb 3~11 3~12| ppm
Bi 2~6 3~10 ppm
Te 2~20 2~24 ppm
Zn 1~7 <1~5 ppm
Sn 1~3 | <1~1 ppm
Cd 10~76 | 1~76{ ppm
Ag 28o1s 2358 |
Au 0.45"]-:1 0.5 IS 21

E NA A¥FfEEL

6—4-A—14 MHEK

Smelter Superintendent @ Salazar KL hinoBEHBEYE T, (197645 /51 2 H)

@ REOCEBxMERASHEENOTETS L,
@ s olEE R a—¥Yag¥yThHbh, #AF 7 a—2aT? V—rFdR— 22— OHEERE

HEMREN.

@ RHF#47OENTR, ¥4 74 ¥ EFOFEo

®

ML ERRTE S, :
® FRBREALI(ERHLTVER, BMBRERSATAT P23 —CLbfEbN

—109—

v Fr s RBRORBNAT 220 TRAFBRERRITAS TS, 1~ 28




gt

Twnid, - ¢
® Bmmmmma—wmmmuﬂ47§yzwxawﬁaa,z;@ydﬁmﬁkkﬁm
LTwa, - o T ' R
@ &ﬁ?-b&?;?r4?@r¥4x#l(&hoCOM@%%Oﬁ,&%I//—T
U/fé&%?ﬁ4/%ﬁﬁbfh%o |
® Eﬁoxfy;zzfﬁgmooma@m%mamwtfaoxrrxzxfuﬁﬁm
ORDOEMERSE LT L, RUPDOBES LORILMT L L hHRIADD
B2, (M6 EA) “ S
@ -:::;'J’JW"/:‘!‘Vﬁ’&ﬁz’\'**‘/?"’-\-—’ﬁ:fﬁiﬁiﬂ‘%-éE’03O%Jél.l:CDGanpaign
life DE#H DB, ' .
® 60~70%0F VRV ARMALTHI, (HREA)
IV\%-‘}I’-’E"}&%C&%@:"LH, 10,000t of blister/campaign@t&%éaou
@ m4&ﬁox;»ﬁ?%#ﬁ%br@ﬁermao
@ &%»—%o&mt%ELTmaq%9&nw§ﬂ¢b»$;9ﬁﬁﬁmabof Na
7&@@&@%7?7;L1m60
@ As OBHBAFMLTLT / — FIC Lo TREMTRERMT / — F 5% LT B,
© HMMFreBL(REAILE+RBF 1), N3 RERORBLHELTY,
6-4—A—15 FO4fb
() MESETERRMECOWTLENTH3PA LS, SEHETEIRNTCO T
f, BE—F ORRSE b TECEROE LMY 2 hofk, £hdiTReEoMSH
LDAEOBRER R Dol hkBTH b,
@ BEEAAO1H(EHBFHAR) 197645
#ME A EEFH GLES1m(200°)
A RE 298 m ux - -
B B 205%
£ 8741/, 0.6 gr»
4+ 4 X mesh(y+ 43 -209 242 -175 121. 94 ~9.4
% 856 740 1235 1308 754 278 4829.

# = HHHE -
Cu Fe S8 Si02 Ca0 A#Os As Pb Zn
% 2453 881 1550 440. .80 = L02 1703 002. ~57
Se .0 Mg -Au Ag - R R b
ppm192 009 008 160 20832 PRI

3oy - a " et Foe m o

o - St R
PSR R I T T



# 254l S0: COoz CO 02
_ % 207 225 054 1488
3) MW7 f» 2~
1) WX EH  Dorr Otiver
62 AWHA 34
Stand—by 2 -3
2) iE H 600~1000dry.t/d, 3
3y <F & 381mg
1) BEE 5~7 rpm
5) FBGEM  $AEF, Aerosol GPOEF A LAZEDD
6) KASAE 4 W 40%(C60solid%)
r—% 16%
7) WFH4X  +200mesh 5%
8) JTHE 38—43cm HY

R 7t 438 ¢ Dove Oliver rotary vacuum pump )T 33&# A, 13 stand —by

9) ¥ 7

Cotten cloth ( Synthetic material 7 * I} # )

6 ~4—B—2 ¥xagE

M2 {(3) M1 (1B)
3wy n H & refining winning
T/—F 504 49 48 73
ho— ¥ 50 48 .49 72
€y 7 4%'(114”},;) 45 EEd 37 (76)
T % B 211A/™ 184 215 108
ok 24,500A 20,500 24500 18,000
547 T/—F 248 28 23 -
h—=F 12 - llor 12 -
WA R 60 50 . 60 2?%4”%5
WP L 224 4/min-Cell n n 90m/h/section
HmmAl B 30 g/; 150 30 -
_BT1-110 15 - - 15 —
R - 25 - -

—111~




6 —4—DB Chugicamata IR
6—4=-B—1 V4 T} : wenning Bo pead Tank

Nt R BR (B
. .. F elecz‘ralytec refinning

feed Pipe
777777777 At
#8437 C'Efa; 7 q #2 Moy /]
7% AON 7 v ]
13 ‘4 Section x5 Cells(/ 4 A 8 section v -
%‘7' D /yzcamE mrels|  Acelsl ]
rd Z]
77777F, 7 AT Aianing (3
KOV [ A r2Seclion [ r2sclion fy o y .
LA A LT AP T e c‘:“"; #la ;{é‘cz"a“
137 Colls|, 26y, YA i {Asxrmumea, N
. 1 Mbu H A la x/D*‘:
{23\'/6 Colls U co3xrscetlsle & /;/‘,1 VY IRYY
3 . 3 7 ,’/ #JH /]
8 xcetts 122 x aus, Y / ot Culls
1~ [ y
22 # ; & Seclion » 18 Gl
Sunl 2. s | ¢ Saction 13 winding ~~SlectrolytictTRER
: 48 7700 770 |1
relura pipe AB Hex VA8 | 49
g{ %R 1/ Aen] 740 R
’ﬂ 3. :4'31"
w2 & O g | o)
| A8 electrlytic refinning 2 XR®
#/3 moaa:l L #2200 Colls| 820 socutts] =
17
H ¥ Azt | = ’g & boilors
l - = e 22.000"%% 1| cvew )
) £ vy we!
A R T e
Catha A 1 )
;zz.wftg =3 ol”? PPN ol rz ﬂ
Acne [Fr7l __ Stemafan T2 __olimlant g
N4 2wcats 4 #/2 200 Cell's & ctlg O
\ 7
& E A | &
| {1 =
I
o PO Clls /7 Slelcon |
- .l : - '
o WiT1HHE2E | s . ok
o 7r-5 13 VATEAR 7.9~1213 Meod Tank ﬁ'}? ’
s 7713 woler Tank for Gthode washing macAine 73k
Coading yard
ST s T T ottt s - farmt'/iob'e‘xmp




A o

il G

H Y — ¥k

T/=F(a=—wvyn)

6—4—-B-3 HAMHM

ILEE « PEH

T/—F

{n

FIF=¥Ye A LLIBEXWB3EXT( 140, F33) 360Ky M
1,205xX 757x (kL 72, F40) 375 o«
L1,219xW0o14 5. 5 Kg /4%
rw—
—7gh-
7 S o
SOEPMIKF
3
\
w
e 938 —| ~ -
( 44O typical data)
30,0001,/m
25000 » iR, No1 9000, Na2 16000t /m

winning REt 2\, (#1,000t,/m)

T/—Fr2%97  20001/m
) (HMERX2 529 7DR L v 2 HEVOT, 35001t/m
HBRLTWwA, 7.000~8,000t,/m
TaAR g4 ¥4—~ 15000t1/m
& i 10,000 #
winningZE 1,000 L/AR eI v ~<—~, BLAFEE 27 7r—¢&
LTyt
T/—~Fx744 15K
fd, FRAE (19758 )R TBRBEER 18000,/ m T %,
2 B &
M2 (%) M1 (IB)
AT—Y N i 3 refinning winuing
iz 94~95% — 92~93 80
WEE 200~230mv“cell 300 200~230 2 v/cell
ALy THR 17~18% 25 17~18 —
M EE AL 220~24 0KWH1 . 300 220~240 2200
Z & HOBMIH Oy —EATRBDTT— 2% L

—113—-



6 -4—-B—4 M

(1) TR
Ty i M - winning

Cu 43~45g/% 39~40 20 —+ 18~185

Hz2 S04 190~200 180 35~36—40

As 2~4 ECIL5 iy -

Fe 0.3 " 3
(2) WAm

Refining winning

Cu 9995~0096% Cu 9977%

3 IOppm‘ Ag 6 ppm S 160ppm Ag 3.5

As 3 Sb 2~3 As 1 Sb 5

Fe 3~4 Se 0.4 Fe 28 Se 0.6

N: <1 Bi <1 Ni 1 Bi <1

Pb <1 Sn <1 Pb 32 Sn <1

Te <1 Cd <1 Te <1 Cd <1

O 80~100 O 1140 Zn 10
3 7/—¥F=z4a4
Au Ag Ctu, Pb Se As Sb Si
y—F27# 05K/t 166K/t 25% 0.5 5 2~5 2~5 o~1190Y
Y—F>7fk 09 350 # 37 05 10 2~3 4~6 10~12 »

Fvisza 05% 985%
Eik= 3 7 #18%
6§—4—-B~-5 T/=F 234 L0BTE

[Dore metal plaﬂ'

reached sime FALFyrri—]

| ee ] HFrH R, FAL
2Do-le fce ‘ Py

" Dole metal = X3
! BiL=5 71 el |
S Serich(#18%) Smelten~ X2
i (X&)

CIMM TSRS




from Refinery Mo, 7. 2

2 Uickner oldg;g
A
: Felter press
] Refinery
Slearm —> ;
o —m "gﬂ;”f a0% N
Hed01 %504 rerlitos
0 ¥ dk Jéime
' X el || \/
eperaler ! { _r !
el 7€ X
Flter press orecioslalor
| IO

|
teacked stime

l

Deré metal plant
snBBIAREI, AF7Mai3 478 FES,

6—4—-B-6 # [i:3
Fc@fFEzL THWEATPOAs BB 2/ 5 (5g/2)wining ~& 5o

1,5007/m ( Re{A@» 200~3007/d &5 )
winning O AR ZROUERHBL, 2V —F > 7TET, residue ®
H~HT S (residue CHEZDAZHEEL T ) O Twinning OEFC As
HBHELTRENWEE 9,
LAREFPOCu BEORBTHE Refinery TEEBKBEREY1T% 9.

6 —4—-B—-7 &E HEAL

(1} WmEBEH
N1 (lH) winning 650Cells BE62~80 Cells 02 EE

(EXOTICAtkst o/ )
EXOTICAZBEH L TW B 5O Cu BE
% 6,78 circalt . 25~27 g/1
# 2 22~25 »
* 1 15~16 »

refinning 480Cells P 16Cells it winning & b EH

—115— -



N2 (F) a=—>4pa 800 Cells

fli A 160 Cells  #150004/d £
HN80oCells ik 24 ABINHK )

10 » = R e A

FRERYICL 20X W 4/x D6/ (6,100 X 1,220 X 1,830)

(2) EElids
3 z7v—vr
(4) BRIz

N1 28000AX33%

M2 26000AX27 FT<—vyn
23000A%27 FI W
Nl 10~12stx9%  £FI3, MM
M 2 25s51X60  £F3, Mokt d X4y 2 a0 METM
Nl #H—H>yZmy2 247 6 3
MNa 2 ” 167

B} fl H NOREZL, HBOMHIOL2D, RIAWLAEILTWEZ Y,

8 #

# E

£

Culf, B¥4 F7r—7H(EB=yvEL)

L@ (HREMSE) 2R EIL TN S,

A=A RRoR L BEH, THAPDEOTEHEL > TE N,
PVCOBB VA L AT CRBATEFRWL Z Do fcbkio

HAE S SRAT TSI _

Ty 2Ok%E BHE~CEN( BETARHERCEN) ok, FIBREAIEE
CRELDEREZRMD TV, '
A=—FrEHOBRIL 700 /h #

| @8RG |y onyt|r]o =5 <]~ BF 5~ Lol looping T3 L K77

(6) ERB

-7 —@dfifiz o TCRKLTRECL2 Y, LB DVHEROEAER T4
T %\,

RERBZE 148 H, 124 H, 1EFH

Bxotica 583 5 & 2 ~ 3 i
BROFAZHEBI 0%, 252, BERTOI» ' 5% EHEEH15%

Nl fEOZENTK+ERTEE AN THRER,
N2 B2, BARN RERAFITANTIASDOH Y — Fri—iifi{,

Rt A TEVWEE T,

X, BREE*X211~215A/2CupL%A0T, BEEORTERE (ko BY
RMBLABRRCZ D Z v, BREOFBICIKYESTW 2,

| 1165



RSP THE S 2 4 OH, Cutting Machine ( Botrerillos% b3 o T & ) €L
7ot (BFEW), Tortopsy, Eitc LTHH,
N T/—¥Fz25,7
‘.ML OZMATK+HA TR ANTHEA
Mo 2 AT w " G TR
MLummoﬁ#&H&mfﬁmxﬁﬁhlof,d&ﬁmﬂwoﬁ%ubﬁw(z
'54Aﬁmkii)o%%1éﬁﬁ#y7fmmo7/~F,mﬁaﬁﬁaaﬁmf
% Ao | , |
N 2T/ — FABIEICHR, 275 » 7 OFRASR, 2~3 K cell Brcell @
SHEDL Y,
B8 A&—n
PR, BE~O2r—n (ERAESIO)OHNRREL, Bk 6~ 8 7 AGKHE
6 RERAFERCHIBL D, 2o b 2 ) —F—dEABMATFEZOLZ Lo
O WHMs4=rr - “
Pb—SbHUBABTAZLE 2, KETHEET 22rihz hBERINTWNE, T
BAABEOKERENRD ZNETDHS 5, fios4 = 7L LT, #5754 F—%—HE
HO164EM), #3734 3-CEBELAWRRAD 557K,
0 #ER
4) % #  Hz2S804, Cu, Cl, Fe # A 3 hfFICHREAAH S
As 2B %bﬁﬁtwﬂ—«
Ni, So, Te, Bi, Sb, Si0z 1584
o) BEAG thl HIAGo#GH~<~=-7T~r
M2 BEZREICLYEBBHTELSE, AH
») BH~oBHEEXEI M1 Delectrolytic re‘Iin;ﬁng B~y PRy Z2HBLH T
B HOBEEBBEL TN S,
w 7/-—-F
HEHE» L F— 2y THERE 40%
- =T MEEEE
MRIB,r - EHF~=7 ~»HEE
vzsfmo7/—ruﬁﬁﬂév#ﬁxé<,#95%?&&%%#%(Cuumww
cel #AEC (BHAETATEVEESTWE), Bk v <—THniab, BECHL

}GO%T&D

b LTHLTWA,
s ik v eRA—t2¥7 £3~4kK
=2 TN 20K (o2t 2002 0hbhbanETY)

-17— .



) BMMEAERCES, T/ — FOBE, #/— FA—REHERT 55,

?ﬁ%
NO. / ’ VI)-AFLY
RIS No.2

T -FARFIBIE ELT LA,
I‘—I;?.\\\_\ .-/,EIP 1 / : o /ﬂ
/////// { //////1 ////’ ——y - (I r Sl | ,
B0 |

BT/ — FOEMOERRTECRwAD, Casting OfEmold 5 b OERGFNEL,

B b2 LB, o '
03 winning ©—%#8, V—F v /¢ OUBBEFCRREARETREBINTW S,
6—-4—-B—-8 A- A

A/SHIFT AA
winning 8
N 1 inspector 18
copper crew 22
operator 2 7
OB 55
inspector 28
copper crew 36
starting sheets
o 38
N 2 stripping v
preparation of s.s 18
loading yard (2SBIFT) 12
shear machine ) 7 10
operator 7
M OE 149
i 204
dore metal ) 5 17
replace 20
B . 241
L LR - -




6—5 Las Ventanas

6 —5—A Las Ventanas S48l
6—5—A~1] B8P L pras

HTCETAREORN S LUMRRROL 9 Td b,

(| #
t/m Cu %
SRR EL 15000 34
W5 1,500 70
% & 300 12
W2 23y 7 300 98
7N AE~ 2,500 99
ERIZA DG
. Chuguicamata 7,000
Mgl 8000
Andina B A& AR
7Y A s—Rbi
El Teniente 2,200
Paipote 300~400
2 #® &
P4%—— 9,200 1/m
gistc] 300
TRE 70~100Kg/m
BAA 3000
vy 1,000
Hires 12~141/m
BEt=vrn 9
6 —5—A—2 BSERMELWE
(1} FEEF
iy ®Z=Am
1/m Cu
ol EIS 15000 34
wEs| . - 1,500
BRI (ARG ) . 1,000 -
(bR LI - . .2000 .-

—119—

70. -

28, .

ENda1/m



i) Ameen T
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FUNDICION DE CONCENTRADO:: . .. . .. . ‘. Junio 4, 1976

I.M.T. 35/76

MEMORANDUM A : Sr. Glauro Troncoso
Centro de Investigaciones
Minero Metalurgico.

REFERENCIA : Diagrama Dinamico de la Fundicion
de 12 semana del 22 al 28 de Abril
de 1976,

Le adjuniamos el Diagrama Dinamico de la Fundicifon solicitado por los
technicos japoneses del JICA.

Este trabajo fue realizado por el Deptd . de Asistencia Tecnica de CODELCO,
Division Chuguicamata, en base a datos suministrados por los reportes diarios
de nuestra Fundicion y comprende la semana del 22 al 28 de Abril del presente ano.

No fue posible determinade Convertidor, debido a que frecuentemente se
sangra 3 o 4 Reverberos mientras se carga simultaneamente mas de un Convert.
Esta informacion solo se puede deducir en forma aproximada a partir del diagrama
adjunto.

Atentamente,

Gilberto Raimann S.
Metalurgista Jefe

- “V'an‘

Humber to Salazar O.
Supte..Division Fundicion

—-131~—



Canta Gantt de Operacion de la Fundicion de Concentrados -
CApril, 1976.

NOMENCLATURA
@  Dryer
Dryer
No charge
Heating up

)

No program break-down
Programmed maintenance

Rastras

Working

Waliting

Minor repairs
Programmed maintenance

Reverberatories

théfgi.ng
Operating -
Maite {apping

Slag skimming

Converters

Reaming of tuyeres
Mouth cleaning
Hitting the uptake
Hard tuyere reaming
Matte charging

Slag blow
Copper blow
Slag skimming

Cleaning under converter
Emptying

22 -28

NMEA

LI T I Y

NIEL

%
O]
[

(underneath is indicated the number
of ladles tapped)

(underneath is indicated the number
of ladles skimmed)

(over is indicated the number of
ladles charged and the reverb they
are coming from, e.g. : 2R1 means
two ladles coming from reverb No.1)}

{underneath is-indicated the number
of ladles skimmed and the reverb to
which they go, e.g. : 1IR3 means one
ladle going to reverb No.3.

Same way it is indicated where slag
is returned to converters, so 1C5
means one ladle goes to converter
No.5.)



© Waiting for air
Waiting for crane
Waiting for empty
Transfering
Miner repairs

Casting

Reaming tuyeres and preparing
pouring spout and mouth

Transferring

Charging directly from
converter

Slag skimming

Oxidizing

Reducing

Openning pouring mouth
Casting

Waiting for crane
Operational waiting
Changing casting ladle
Minor break down

Crane

Operating
Maintenance

a0

N[

EA
EG
EV
T

il

R
T

SREIIN

waH
a
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{over or under the T is indicated the
destination of the copper, e.g. :
CA4 means that it is being trans-
ferred to casting No 4.)

(underneath is indicated the number
of ladles and the converter they are
coming from.)

(underneath is indicated the number
of ladles skimmed)
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