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THE JAPANESE CONSULTATION TEAM ON THE TECHNICAL COOPERATION .

FOR THE TEGHNICAL DEVELOPMENT OF COPPER SMELTING AND
REFINING IN CHILE ’

Talking Paper————

Preliminary Session
A,

Objectives

The Japanese Consultation Team sent by the Japan International
Cooperation Agency ( hereinafter referred to as "JICAM ) is expected
to accomplish the following scope of work asgigned, by exchanging views
with the Chilean authorities concerned, so as to make sure of the

better arrangement for the successful implementation of +the Project:

1. To clarify the subject of Research and Development on Copper
Smelting and Refining;”

2. To consult about Technical Advice and Guidance t0 CIMM for the Studies
related with the Existing Facilities of Copper Industries;

3. To consult about incidental facilities;

4. To survey supplier of necessary consumption goods such as reagent,
glassware and others;

5. To consult about the training of Chilean counterpart personnel;

6. To consult about the program of assignment and activities of
Japanese experts;

T. To consult about the cost estimates and budgeting for the Project;

Members of the Japanese side

Dr, Akinori Yoshizawa Researcher Associate Professor,
Department of Metallurgy,
Faculty of Engineering,
The University of Tokyo

Hr. Hideo Yasuki Coordinator Teputy Head,
Technical Cooperation Division,
Department of Mining and
Industrial Development
Cooperation,
JICA
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D‘

Members of the Chilean side i
The Japanese Consultation Team sent by JICA expects to meet the following

gtaff

Executive Director and Staff of Centro de Investigacion Minera y

Metallurgica ( hereinafter referred to as "CIMM" )

Tentative schedule of the Japanesé Consultation Team in Chile

Dates

Oct,

Nov.

25 Tue.
26 Hed,
27 Thur.

28 Fri.
29 Sat.
30 Sun,
31 Mon.

1 Tue.
2 Wed.
3 Thur.
4 Fri,
5 Sat.
6 Sun,

T ¥on.

Schedule

Lv. Tokyo
Ar, Santiago

Meeting with Embassy of Japan
Courtesy Call : CONYCYT, Ministry of Foreign
Affairs and CIMH '

Meeting with CIMH

do
Meeting within Japanese Team
Meeting with CIMM

do
do
do
do
Lv. Santiago

Ar. Tokyo

S —-28-



II. Discussion Session
( % refer to "Table A" )
A. Promotion of Research and Development

1. Pyrometallurgy and Electrometallurgy: Preliminary Proposal of
Research Subjects from Japanese Side

1) Spontaneous heating of copper sulfide concentrates
a) equipment

oxygenmeter, bath with thermostat, gas circulating and pressure
regulating devices

b) method

measurement of oxygen consumption by copper concentrates in a
closed system under consiant pressure and temperature

2) Treatment of Chilean low grade oxidized copper ores
a) eguipment

tubular electric furnace ( Kanthal ), temperature controller,
slide transformer, laboratory-sized rotary kiln, pelletizer and
AMA

b) method

segregation process

3) Mechanism of copper less in smelter slags
a) equipment

tubular electric furnace { SiC ) with automatic power controller,
gas-flowmeter, gas purification apparatus and XMA

b) method
i) characterization of copper and magnetite in commercial slags

ii)  experiment with synthesized materials

4) Behavior of impurities in fire-refining of copper

a) egquipment
tublar electric furnace ( SiC } with automatic power controller,
oxygen potential meter, automatic oxygen determinator and atomic

absorption

b) method
analysis of impurities ( 0, S, 4s, Sb, Bi, Se, Te, Mo, Re, Au,
Ag, Ni, Fe, Zn, Cd )

5) Electrolyte purification in refining of copper
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2. Fundamental Techniques Relating to the Proposed Subjects
1) Experimental works

a) electronic circuiting

b} glass works

2) Electric furnace techniques
a} heater
,ub) refractories

¢) furnace design & fabrication

3) Temperature control techniques
" a) thermocouple
b} controller

4) Atomosphere control techniques
a) purification of gasses

b) ‘gas ‘flowmeter -
5} Synthesis of slags, mattes and metals “
6) Chemical equilibrium measurement
7) Oxygen potential measurement

8) Reaction rate measurement
a) ,thermogravimetry
b) differential thermal analysis

3. fnalysis and Characterization Technology
1) Instrumental analysis
a) electron probe X-ray microanalyzer ( XMA )
b) other instrumental analysis
2) Chemical analysis
¢ . -. :a) ordinary chemical analysis

B) atomic absorption analysis

AT KL ERRILTT, YT e . o, I OTRY

‘ 4. Quality conirol Techniques: CIMM will act as the Center of Q. C. Technigues
d 1) Quality control technigues
} 2) Experimental design technigues

a
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B. Technical Advice and Guidance to CIMM for the Studies Related with

Existing Facilities of Copper Industries
1. Improvement of Operations

2. Analysis of Future Expansions

C. Incidental Facilities
1. Incidental Facilities and Utilities
1) Water supply
2) Draught and drainesge
3) Electric power supply
4) Fuel supply

5) Balance
( chemical, magnetic and thermal )

6) Sample preparation equipment

mechanical mortar, vibrating ball mill, press and mold for tablet
preparation ( for X-ray fluorescence analysis )

7) Mineral processing equipment

jaw-crusher, sample grinder, ball mill, laboratory flotation machine,
magnetic peparator and testing-sieve shaker

8) Books and literatures
( * refer to "Table B" )

9) Typewriting and copy service

2, Workshop and Supply Deposits
1) Glass work
2) Wood and plastic work
3) Metal work
4} Electronic work
digital multimeter and synchroscope
5) Supply deposits

D. Consumption Goods

1. Reagent
( * refer to "Table C" )

1) Necessary reagent and standard sample
2) Purchasing and delivery

2. Small Experimental Items

3. Crude and Stzndard gases

PR ( 90% Ar + 10% CHe- ): N, ,0, ,CH, ,Ar, He, N,0, 50, , CO, CO,,
and mixed standard gas

-31-
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4. Others

E. Training of Chilean Counterpart Personnel
( *# refer to "Table D" }

1« In the Fiscal Year 1977
1) Number of counterpart personnel
2) Field of training
3) Training program
4) A2 and A3 form

2, 1In the Fiscal Year 1978 and 1979
1) Rumber of counterpart personnel
2) Field of training
3} Training program

F. Japanese Expertis

1. Assignment of Japanese Expertis
( * refer to #"Table E" )

2. MNecessary Measures to be provided for Japanese Experts

1} Each office room

2) Housing
a) place
b) space

¢) incidental facilities

d) furniture

G. Cost Estimates and Budgeting for the Project
1. Chilean Side

2. Japanese Side
( * refer to "Table F" )
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1. List of databook and handbook

1) D.R. Stull and H.Prophet, JAWAF Thermochemical Tables,
2nd ed., US National Bureau of Standards, 1971

2) D.D.Vagman et al, Selected Values of Chemical.Thermodynamic
Properties, IBS liote 270, Part 1 -~ 6, Washingbon,
National Bureau of Standards, 1965 -~ 1971

3) O.Kubaschewski, E.L.Evans, and C.B.Alcock, Hetallurgical
Thernochemistry (4#th ed.), New York, Pergamon, 1967

4) W.M.Latimer, The Oxidation States of the Elements and
Their Potentials in Aqueous Solutions (2nd ed.), Engle~
wood Cliffs, Prentice~Hall, 1952

5) L.G.,8illén and A.E.Hartell, Stability Constants of Hetalion
Complexes, London, The Chemical Society, 1964

6) t.Pourbaix, Atlas of Zlectrochemical Equilibria in Aqueous
Seolutions, Pergamon Press, 1966

7) M.Hansen, Constitution of Binary Alloys, 1958
R.P.elliott, st Supplement, 1965
P.A.Bhunlk, 2nd Supplement, 1959

8) E.M.Levin, H.T.McHurdie, and ¥,P.Hall, Phase Diagrams for
Ceranists, Am. Ceram. Soc., Colombus, Ohio, 19556

9) A.luan and F.E.Osborn, Phase Equilibria among Oxides in
Steelmaking, Reading, Mass., Addison-Yesley, 1965

10} J.H.Perry, Chemical Engineers' Handboolk, McGraw-Hill
11) CRC, Handbook of Chemistry and Physics

12) IRCRA Series on Hetallurgy of Copper




1)

2)

3)
1)
5)
6)
7)
8)
9)
10)
11)
12)
13)

14)

2, Tist of standard textbooks

L.8.Darken and R..Gurry, Physical Chemistry of Hetals, Hew
York, llcGraw-Hill, 1953

D.R.Gaskell, Introduction to Fetallurgical Thermodynamics,
liew Yorl:, HcGraw-Hill 1973

F.Habashi, Pr@nc@ples of Extractive Metallurgy, vol. 1,
General Principles, Hew York, Gordon and Breach, 1969

r.Habashi, Principles of Extractive lMetallurgy, vol. 2,
Hydrometallurgy, New York, Gordon and Breach, 1970

F.D: Richardson, Physical Chemistry of Helts in HMetallurgy,
2 vols., London, Acadenmic Press, 1974

A.K.Biswas and W.G.Davenport, Extractive Hetallurgy of
Copper, Pergamon Press, 1976

C.B.Alcock, Principles of Pyrometallurzy, London, Acadenmic
Press, 1976

T.Rosenquist,. Principles of Extractive Hetallurgy, New York,
MeGraw-Hill, 1974

R.D Pehlke, Unit Processes of Extractive Metallurgy, Hew
York, American Elsevier, 1975

R.V. Ruddle, The Physical Chenistry of Copper Smelting,
London, Inst. iiin, Het., 1953

G.D. Van Arsdele, Hydrometallurgyof Base Metals, Ilew York,
MeGraw-Hill, 1953

A.R.Burkin, The Chemistry of Eydrometallurgycal Processes,
London, Z. & F.H.Spon, 1956

J.Szexely and H.Jd.Thenelis, Rate Phenomena in Process
HMetallurgy, John ¥Wiley, 1971

B.B.Bird,V.E.Stevart, and Z.l.Tightfoot, Trensport Phenonena,
liley and Sons, 1950



1

2)

3)

4)
5)

6)

?)

8)

9)

10)

11)

12)

3. IList of purchased proceedings

Institution of Mining and Hetallurgy, The Physical Chemlstry
of Melts, London, Inst. lMin. Met., 19535

P.Queneau(ed.), Exbractive Hetallurgy of Copper, Nickel, and
Cobalt, lew York, Interscience- 1961

G.R.St.Pierre(ed.), Physical Chenistry of Process Hetallurgy,
2 vols., New York, Interscience, 19671

M.E.Vadsworth and T.T.Davisc(eds.), Unit Processes in Hydro-
metallurgy, New York, Gordon and Breach, 1964

J.N.Anderson and P.E.Quencau(eds.), Pyrometallurgical Proces-
ses in Monferrous Hetallurgy, New York, Gordon and Breach,

1967

Institution of Mining and Hetallurgy, fdvances in Extractive
Metallurgy, Amsterdam,.Elsevier, 1968

H.J.Jones(ed.), Advances in Extractive Heta11urgy and Reflnlng,
London, Imst. Min. Het., 1972

D.J.I.Evans and R.S.Shoemaker(eds.), Tnternational Symposium
on Hyrdometallurgy, Chicago 1973, Hew York, AINE, 1975

J.H.E.Jeffes and R.J. Tait(eds.), Physical Chemistry of Process
Metallurgy: the Richardson Conference, London, Inst, ilin.
Met., 1974

AR Burkin(ed.), Jeachlng and Reduction in Hydrometalluvgy,
London, Inst. Hin. Met., 1975

M.J.Jdones{ed.), Copper Hetallurgy: Practice and Theory, London,
Illst. I.Lln. Ileta’ 197

Jd.C.Yannopoulos and J.C.Agarwal(eds.), Exbractive letallurgy -

of Copper, 2vols.,International Symposium on Copper Extrac-—
tion end Refining (Yas Vegas 1976), New York, ATllS, 1976
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4.  Books of Analyticel Chemistry

1) N.H.Furman : Scott's Standard Methods of Chemical Analysis

2) kE.S.08andell :

Colorimetric Determination of Traces of Metals
(Chemical Analysis; Vol. I1II)

3) F.D.Snell & C.7.Snell : Colorimetric Ilethods. of Analysis

4) G.H.Morrison & H.Freiser : Solvent Extraction in Analytical Chemistry

5) I.M.Kolthoff & P.J.Elving : Treatise on inalytical Chemistry
(Pert I Vol.I - Pert I1I )

6) AS3TM : I975 Annval Eook of ASTH Standards (Pert 12) Chemical
Analysis of kelols: Sampling & Analysis of hetal Bearing Ores

7) VW.Slavin : Atomic Absorption Spectroscopy
8) L.H.Adhrens & 5.R.Tayler : Spectrochemical Analysis

9) H.A.Liebhafsky et al : X-ray Absorption and Emiseion in Analyticel
Chemistry - Spectrochemical inalysis with X-rays

10) A.d.Perkins et al : Developments in Apvlied Spectroscopy (Vol 1-- )
11) L.S.Birks(editor) : Advances in X-ray Analysis (Vol. 1 --- )}

12) H.P.Klug & L.E.Alexander : X-ray Diffrzetion Procedures for Poly-
crystalline and Amorphous liaterials
13) JCPDS : Powder Diffraction File Search Manual - Hanawalt Iethod

Inorganic -



Table C

Reagents and Standard Samples

reagent

usable unusable possible :

Hydrochlorlc Acid !

s s e a et e e ——— -

" (free from Arsenlc)
‘Nitric Acid h

I r e = w—— - . —— o wmn s mewe ween

Sulfurlc Acid
Hydrofluorlc Ac1d
Phosphoric Acid !

— - — A - I -

t Boric Acid g
Hydrobromic Ac;d 1
perchloric Acid (70% H0104)

poes = —om - - —_——

’Hydrogen Perox1de (30%)

e e m——— = = = —_ . ———

wan mmees 4 e aa —— e P — - —

Acetlc Acid . '

o - — aw o . ﬁ!,, B Y -

thric Acld ‘

e

Sodlum Hydroxlde

_mmonin Wauer (28ﬁ) -

1

8 = et 2 ——— A 4 Al md dei s b = m o ma  mm o ia s

| Ammonium Chloride =
Ammonlum Carbonate
Ammonium holybdate

Ammonlum 1hlocyanate

pu— .....l....-.-— N e £

t
| stock ! purchase
|
i

— = G- S S - . v e d

‘impossible

Ferrous Ammonlum Sulfate

Pot3531um lodide

Pota831um Ibrmanganate

Pota331um Periodate

Potassxum chhromate-“

Ibta331um Cyanate

Sodlum Cltrate

Sodlum Thlosulfate a

!
Sodium Bicarbonate i
i

Sodium Oxalate (Standard)

Pbtasqlum Pyroaulfate ) _ -

~38—



reagent

stock

purchase

1
usable unusable

' Lanthanum Iu't;ra't;e

Stannous Chlor:.de

e

H_ydrorylamlne Hydrochloride
Carbon Disulfide L
F_orbon Tetrachloride

Aceton = S
—Ben‘zene T o ’ 1 o T
Chloroform N -

| Formalin A
in-Hexane I ) )
'Pyridine I

'I”i;éilyl 1so-Buthyl Ketone i ;

'iso Pr0pyl Alcohol

Adfiendelio hesd i 1

‘Dithizone I | .

io-Phenanthroline |

Cuofgf_ron - - . ! S
Dlphenylcarba21de . ) ' ‘

Eod:.]ﬁ:& Dmeth_:yldlth-n._ooarbamate' - — P i )

'EDTA _ SRR I
Arsenaz:o III o L -F_ . _ i !
'Clncl_l_on:.ne . . L_ D l
i4 4 —D:Lant:.pyrylmethane | 1 :
{ Ammonium Pyrrolidinedithio- I

i carbamate (APDC)

| e L ] ]
JArgon o _
Heliwm b
N0 Gas S
PR Gas

possible | impossible |

-y
L]

= {

1

-

'

i

- -

i

.

4
.
H
H
i
t
f




NBS Standard Sample stock i p.lfic_l.l,a.si.,_._..._
N lusable unusable . possible impossible
! NBS SRM 330 i
| _Copper, millheads ! . R S

NBS SRM 331 l :

_ __C_og_p-e_:_r_,_ nilliails !
NBS SRu 332 (
_ __ﬁop_pe_r, c_:c_mcen:cr_ate
NBS SRM 333 ; ’
Molybd enum, concentrat e, B i

=40~
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BARICHTZIFVMaLL b 5
COMENTARIOS A MISION DE CONSULTA

Cooperacidn en Fusion y Refinacion

a)

Autocombustion concentrados cobre

Este estudio estd en una etapa bastante avanzada. La primera etapa termina en Noviembre

de 1977. Solo podrian asesorarnos ¢n una 2a. etapa en la cual se estudiardn los perfiles de
temperatura de una pila en distintas condiciones ambientales.

b)

c)

Procesamiento dxido de Cu de baja ley

No es prioritario su estudio.
Mecanismo de pérdida de Cu en escorias

Serfa conveniente ademds de estudiar el mecanismo, analizar los problemas pricticos al

respecto. Es de interds de CIMM construir hornos eléetricos pilotos para este propdsito.
La misidn japonesa podria ayudar en el disefio y construccion.

d)

Refinacién a fuego

Al respecto se proponen los siguientes temas :

Uso de agentes reductores distintos al cucaliptus (gas natural, amonio, etc.)
Control de oxigeno en el bafio para la refinacidn y mol deo de dnodos y wire-bars
Eliminacion - recuperacion de As y Sb de concentrados con alto contenido
Refinacion de dnodos de Cu

Estudijo sobre el electrolito

No es prioritario su estudio
Ensefianza de técnicas bdsicas de refinacién a fuego

De acuerdo.
Ensefianza de las téenicas de andlisis de diferentes clases

De acuerde. En especial estudios sobre :

Economias de energia

Analisis de gases

Manejo de materiales

Métodos estadisticos para el control de calidad

Aplicaciones del computador en procesos pirometalirgicos (balances metaligicos, simulacién
de procesos, etc.)

Ademds de los estudios anteriores, nos interesan los siguientes topicos

Control de combustion en hornos metaliirgicos.
Evaluacidn de proyectos de Investigacidn

Instalaciones anexas al edificio y materiales de consumo

Para implementar los programas de investigacidn son necesarios los siguientes equipos :

Destilador de mercurio

Termobalanza

Sistema de purificacion de gases
Precipitador electrostatico (1m? /min)
Generador de corriente continua
Fuente potencioestdtica

Mdquina soldadora de PVC

‘Bombas (qu:mlcas y microbombas)

Polarografo .

Materlal cerdmico (cnsoles vamas para tcrmocop!as etc)
Matenal de v:dno - .

Matenal de goma (tapones, mangueras etc.)

- Herramlentas .

'I'ubos deé acero 1nox1dable desde 1" hasta 3",

Intercambiador idnico para electrohsns
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TEI HBHEEMER(524658)

List of equipment for the second year

Item Quantity Description Aprox. Price USS$
1 1 Small compressor 220V,

50Hz, 30 Lt/min, 2 atm. 700
2 1 Thermal balance with

differential thermal
analyzer. Automatic
regulation and recording.
Sampleweight 2 grs. with

accesories §£.000
3 2 Rectifier, automatic

amperage control.

220v, 50Hz, 100A, 30Volts 2.000
4 1 Selenion selective ion

diffuser with electrolytic
tank test apparatus, diaphragm
elcctrodes, laboratory pump
and accessories without

.Tectifier 2.000
5 1 Electronic continuous CO,

€o,, s0,, 0, analyzer and

reCcordér. Without vacuum

pump and filter 4.000
6 1 Small rapid filter for

laboratory testing electrolitic

tank.

100 1t/min, 5 Kg/cm? mix.
With filter aid and pumps.
Material should be: stainless

steel, teflon or neoprene 2.000
7 1 Orsat gas analyzer.
With accessories 600



Item Quantity Description Aprox. Price :US$

8 Beckmann thermometers: 200
2 10°C span seale
2 3°C span seale

9 1 Multipoint temperature

recorder with thermistor
Thermistor length: 1.5m
Max. temperature: 100°C
Min. temperature: -20°C
8 point recorder with

accessories 220V, SOHz 3.000
10 3 Teflon chemical pumps

10 1t/min., 15m water 1.600
1 1 High resistance measurement

equipment, without recorder.
Recording terminals; 100 nV
Measuring range: 10

220V, S50Hz 1.500
12 1 Vagvum pump, with motor

10 'mm Hg, 2 lt/min.

220V, 50 Hz 2.000
13 1 Multipurpose ion analyzer

with electrodes and accesso-

ries for current titration
photometric and polarograpﬁic
analysis, pH and conductivity
measurement 3.000

Total USS 30,000



R4 DRMERAER

CHECK LIST I...UTILITY

1.Electricity - especially in pyrometallurgy laboratory

a) A.C.
*phase ( 2, 3, both )
*cycle { 50, 60 )}
*voltage 2-phase ( s W
3-phase ( s W
*typical voltage fluctuation (% Y4
*maximum amperage  2-phase { A
3-phase ( JA
*overnight operation ( possible, impossible )
b) D.C. ( available, not available )
if available, voltage and amperage ( A, V)
*overnight operation ( possible, impossible )
2.Hater supply
*pressure at tap ( )Kg/cm2
*maximum flow rate per tap ( )1/min
*quality ( data are available, must be checked )
3.Fuel gas
*town gas ( available, not available )

if available, made from { LPG, coal )

fuel value ( )kca]/m3

€0 content ( )%

if not available, LPG is ( available, not available )

and its purchasing and delivery is ( easy, moderate, difficult )



CHECK LIST II...WORKSHOP

T.Metallic works

a) 1ist of machine tools

item No. spec. open-shop use
*drilling machine ( yes, no )
*lathe ( yes, no }
*shaper ( yes, no )
*fraise { yes, no }
*shearing cutter ( yes, no )}
*mechanical saw ( yes, no‘)
*tool grinder { yes, no )
*gas welder ( yes, no }
*glectric welder { yes, no )

b) capability of workshop
*number of craftsman { )
*their field and years of experience

craftsman A:

craftsman B:

craftsman C:

*capability is ( almost any requirement from researcher will be met,
larger items can not be fabricated,
delicate and precise fabrications are awkward,
simpie works only }



2. YWood and plastic works

a) 1ist of machine tools for woodwork

item No. spec. open-shop use
*dri11ing machine ( yes, no )
*disc saw ( yes, no )
*jig saw { yes, no )
*power planer ( yes, no )

*other machine tools

b) special blades for plastic works can be obtained (easily,hardly)
3. Glass works

*yworkshop ( exists, does not exist )

*{ every, some, almost no ) researcher can do glass-work

*special burners { exist, do not exist but obtainable )

*cutter with diamond blade ( exist, do not exist )
4. Electronic works

a) Tist of testing devices

item Ho. spec. open-shop use
*synchroscope { yes, no )
*0scilloscope { yes, no )
*digital multimeter ( yes, no )

*multi-purpose tester

*oscillator ( yes, no )

b) researcher's capability

( every, many, some, few ) researchers can construct electronic circuit.
their capability is roughly the order of ( audio-range amplifier,
passive filter, automatic measurement device including sensor and logic,

micro computer )



CHECK LIST III...INCIDENTAL FACILITIES

1. Draught

*installed rooms are

*they are working

*they have sand-bath

*they have hot plate

2. Dark room

*open-shop use is
3. Balance

a) chemical balance

type

b) magnetic balance
{e.g. SATMAGAN)

type

C} high precision electronic balance

type

(>

] 3 ] 2 )

(we11 well well well well well well)
poor poor poor poor poor poor poor

( yes yes
no  no
( yes yes
no no

yes yes yes yes
no no  no no
yes yes yes yes
R0 no no  no

yes
no )

yes)
no

( pogsib]e, impossible )

No.

No.

No.

spec.

room No.

{ exists, not exists )

spec.

spec.

room No.

( exists, not exists )

room No.



4. Electric furnace ,
with/without

type No. spec. room No, controller
5. Sample preparation equipments

a) for kg-order sample
*crusher

type No. spec. room No.
*grinder '

type No. spec. room No.
*ball-mill

type No. spec. room Ho.
*flotator

type No. spec. room Ho.
*magnetic separator

type No. spec, room No.
*vibratory sieve .

type No. spec. room No.
b} for analysis
*automatic mortar

type Ho. spec. room Ho.

*yibratory bail-miil with special 1inings (e.g. tungsten carbide etc.}
type No. spec. room No.

*hydraulic press pelletizer ( for X-ray fluorescense )
type No. spec. room Ho.



6. Measuring instruments for lighter elements in metal

*for sulfur
type No. spec. room No.

its condition is ( good, poor )

*for oxygen
type No. spec., room No.

its condition is ( good, poor )

*for other elements

7. Particle size measurement equipments

type No. spec. room No.

8. Other inexpensive but indispensable instruments

type No. spec. room No.



CHECK LIST 1IV...STOCK & CONSUMPTION GOODS
1. Stockyard for consumption goods ( exists, not exists )

if exists, describe the furnishing system and the 1ist of stock.

2. Photographic materials and their acquisition

*film 35mm ASA specialty

b6x6
*sensitive paper specialty
*photographic reagents develop stop fix

3. Computer supplies and their acquisition
*naper size spec.
*cards
*ribbon(carbon)

4. Standard samples and their acquisition

5. Gases and their acquisition
a) reactant or purge gases
*nitrogen crude high purity
*axygen
*hydrogen
*argon
*helium
*gylfur dioxide
*carbon dioxide

*carbon mongoxide



5. gases and their acquisition {cont.)
b) for atomic absorption
*acetylene
*nitrogen suboxide (N,0)

c) mixed standard gases
’fCO—CO2

*air-SO2
*PR—gas(QO%Ar+10%CH4)
*other mixed gases

d) 1ab. utility
*compressed air
*vacuum Tine

*steam

6. Sotvents and their acquisition
*benzine
*chlorothene
*acetone
*aethanotl
*methanol
*chlorofeorm
*methyl isobutyl ketone (MIBK)
*benzene
*other solvents

7. Chemical reagents { see attached lists )



8. Goods for furnace and their acquisition
a} heating elements
*SiC bar
*Kanthal wire
*nichrome wire
*ribbon heaters
b) thermocouple
*Pt-Rh wire
*Alume1-Chrome] wire
*compensating wire
*approved thermocouple (with sheath)
*terminal joints
c) ceramic tube
*alumina (NC,HB,SSA)
*silica (opaque)
*zirconia
d) ceramic boat and crucible
*aiumina
*silica
*others ( graphite, 1ime, zirconia, boron nitride etc. )
e) refractory and insulator
*brick Isolite (high temp., low temp )
*ashbesto ( hard, soft )
*ywooven ceramic fibers (e.g.Kaowool)

*3lumina cement
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9, Other consumption goods
a) glass materials
*tubing
*heaker
*pthers
b} elastic materials
*rubber tubing ( synthetic high-duty )
*s5ilicone rubber plug
c) plastic materials
*acrylic glass { plate f
*poly-vynil-chloride { plate, tube, tube fittings )
d) paste-like materials
*greases(silicone,teflon)

*adhesives



CHECK LIST V...LIBRARY AND SECRETARY ST

1. List of periodicals
if any, please give it to us,
2. List of databook and handbook

*¥-ray diffraction file (ASTH,JCPDS)
*standards (ASTM,ISO0,DIN,JIS)

List of purchased proceedings

=Y [#%)
. .

List of standard textbooks

(32

. Copy service { always available, rather awkward }

6. Typewriting service { available, do-it-yourself if you please ) '
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(RLEDER)

QUESTIONNATIRE FOR THE PRELIMINARY SURVEY IN THE FIELD OF
QUALITY CONTROL

(by the request of Prof. Kaoru Ishikawa).

I. To the personnels concerned in CIMM, ENAMI and CODELCO-CHILE.

Q.1 How do you define '"Quality Control Technique' ?

Q.2

Q.3

- level 1: Test of quality and method of inspection

- level 2: Process analysis and control
- level 3: Development of new product

What is your standard for

a) blister i)
ii)
b) anode i)
ii)

c) wire-bar i)

ii)

in
in
in
in
in

in

your company
your country
your company
‘your country
your company
your country

3 3 ) +0

1f there are standards, give us their copies.

Inform us the percentage of your products which passed

your inspection

a) of quality through these five years.

b) of dimension

c) of weight

Also show us the standards of your inspection.
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Q.4

Q.4

Q.4

ZI-

-a) Have you any operation standards and/or engineering

standards for your plant operation ?
If your have, please give us the copy.

-b) Have you any other standards, instructions and rules
in your plants ? I{ your have, inform us their names

and contents.

-c) How are the levels of practice of your standards
in your plants ?

-a) Tell us about the training and education in the fieid
of statiscal quality control and total quality control.

-b) How about the general level of knowledge to s.q.c.
and t.q.c. in your company ?

-a) To the manager-class personnels :
b) To the executive-class personnels
c) To the quality control staffs

¥Where, when, how long and to what extent have you learned
about quality control.

Check your level of knowledge and experiance to the
following items.

- level A : I know it well.

I make it frequently.
I use it almost daily.



- level B : I know it,

I have some experiance to make it.

I have some experiance to use it.

- level C : I do not know it,

I never made it.
I never used it.

check list for Q.7

N ITEM know make use
1 Histogram
2 Parato Graph
3 Stratification
4 Cause and Effect Diagram
5 Shewhart's Control Charts
6 Sampling Inspection
7 Sampling Inspection (105 D)
8 Scatter Diagram
9 Statistical Test
10 Statistical Estimation
11 Analysis of Variance
12 Design of Experiments
13 Correlation Analysis
14 Repression Analysis
15 Multivariable Analysis
16 Linear Programming
17 Operations Research
18 Process Capability
19 Normal Distribution
20 Poisson Distribution
21 Binomial Distribution
22 Chi-square (XZ) Distribution
23 t Distribution
24 F Distribution
25 Normal Distribution Probability Paper
26 B inominal




Q.8

Q.9

Q.10

Q.1

To make an effective transfer of Q.C. techniques,it is
necessary to give lessons and exercises at plant side.
1f our cooperation is limited only to give lectures in
CIMM and/or to CIMM researchers, it will be in a fruit-

- 1

less result.

Is it able to provide an organization in ENAMI and
CODELCO-CHILE to make this transfer feasible ?

In case of lessons at plant side, there may be some -
language barrier,

a) Is it possible to use English ?

b) If difficulty arises in using English, can-we find
a2 Japanesse-Spanish interpreter (who must- know
something about Q.C.) ?

Please ask to several personnels in CIMM, ‘ENAMI and -
CODELCO-CHILE to make report on the present status of
Q.C. in their institute or plants. i

Concerning to your quality control or total quality
control, what is your problem ?

a) Check five points in your Q.C.

b) Check five points in your total Q.C.



Q.12 What are the main problems in your country to get better
in the international race of producing and selling
copper products ?

a) Check three points in quality.

b}  Check three points in cost of production.

c) Check three points in production quantity and time
of delivery.

I1, To all over Chile :

Q.1 By what organization are the national standards decided
and how are they discussed in it ?

Q.2 What about COPAN ?

Q.3 Which division of ministry is promoting the statiscal
Q.C. and total Q.C. nationally ?

Q.4 1Is there "Chilean Society of Q.C." ?

Who is the responsible person of this society 7

Q.5 If you have some committes for Q.C.; inform us about
those.

Q.6 What is the national policy of Q.C. promotion ?
Q.7 1In Japan, we have so-called "JIS-mark” system. Any
goods which passed Japanese Industrial Standard ins-

pection are permitted to have JIS-marked label on them.

Do you have this kind of system in Chile ?



: Q.8 : If you have original chilean.publications and/or

standards in any field, we are very much obliged
to have your help to send us them.
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ANSWER TO THE QUESTIONAIRE IN THE FIELD OF
NUALITY CONTROL

Dr. Werner Schlein, Assistant Director Research Services

The answers to this questionaire are written under a very personal
point of view. It has to be remembered that CIMM is not a copper
Company but only a Research Center.

ANSWERS

1. It is a test of quality and a method of inspection.

2. They are no national standards for quality of blister, anode or
wirebar of copper. Each Company Chuquicamata, Salvador, Tenien
te and ENAMI have their own standard for each product. *-

3. No official data is available regarding the percentage of rejec
tion based on quality, dimension and weight.

4. CIMM understands that each of the Companies has its own standards,

instructions, rules and good level of working conditions in the
field of quality control.
5. a) Personnel is trained in each of the working sites, by engi -
neers of their own Company.

b) At CIMM the level of s.q.c. and t.q.c. is elementary and basic

6. Personal knowledge of quality control has been learnt from expe-

rience and reading.
7. "I think I have a basic knowledge", I handle about 507 of -the .

items of the list Q.7
8. I think it could be possible but very dlfflcult

9, It is possible to use English.
10. We will.



11. Some of the problems could be :

i

ii .

iii.

iv .

. Sampling

Measurement of Physical properties in metallic copper

a. Conductivity

b. Spring elongation

Correlation between physical and chemical properties com-
position

Special analytical problems (Se, Te, 0, etc.)

12, It is difficult to answer this point because it is mainly rela
ted with plant production and selling of products.

13. Q.1
0.2

Q.3
Q.4
Q.5

Q.6
Q.7

Q.8

Each Company has its own standards

Chile is a member of COPAN and many of their standards
have been accepted, specially in the copper alloy indus-~
try.

The Office in charge is INN (Instituto Nacional de Norma
lizacién)

No

Mo

It is in a developing stage.

Yes. Each Company has its own mark

CCC belongs to Chuquicamata quality

ENAMI to EHNAML

*%% to Tenjente

Eacih mark reveals a definite quality

They are included and related to point 2.

* REFERENCES
1. Sutulov A., "El Cobre Chileno". Ed. Corporacién del Cobre,1975.
2. Schlein ¥W., "Calidad del Cobre-Chileno”. Revista Chilena de
Educaci6én Quimica, Vol.2 (&) Sept., 1977.
3. Corporacién del Cobre "Memoria Anual Gran Mineria del Cobre,
Chile, 1975.

WS/abv.
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THE MINUTE

This minute contains the conclusions attained during the
detailed discussions held by the Japanese Consultation Team and
the Chilean Counterparts of CIMM (Centro de Investigaci6én Mine-
Ta y MetalGrgica) about the Project {The Technical Cooperation

of Copper Smelting and Refining in Chile between Japan and the
Republic of Chile).

The matters which were agreed by both sides are the
scope of the Project, so the contents and schedule
for the implementatios of the Project depend on
laws and regulations in force in Japan and in the
Republic of Chile.

The program of research and development formulated
as listed in Annex 1 by the Team of JICA and CIMM
is the agreement that has been discussed carefully
about the proposals made by both s%des.

The 1list of materials and equipment necessary in im
plementing the formulated research program are as
listed in Annex 2.

For the execution of the research program as well as
the provision of materials and equipment, both sides
will try within their budget limitations, to make
their best efforts to assure the implementation of
the program.

Santiago, November 7, 1977,



ANNEX 1. BRI

PROMOTION OF RESEARCH AND DEVELOPMENT AGREED
BETWEEN CIMM AND JICA REPRESENTATIVES

1. PYROMETALLURGY AND ELECTROMETALLURGY :

D)

2}

3)

Spontaneous heating of copper sulfide concentrates..

a) Equipment

Oxygenmeter, bath with thermostat, gas circulating
and pressure regulating devices.

b) Method
i) Measurement of oxygen consumption by copper con-
centrates in a closed system under constant
pressure and temperature,

ii) Measurement of temperature profile in a fixed
bed.

Treatment of Chilean low grade oxidized copper ores.

a) Equipment
Tubular electric furnace (Kanthal), temperature
controller, slide transformer, laboratory-sized
totary-kiln, pelletizer and XMA.

b} Method
Segregation process

Mechanism of copper loss in smelter slags

a) Equipment |
Tubular electric furnace (SiC) with automatic power

controller, gas-fiowmeter, gas purification.apparatus
and XMA.
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4)

5)

6)

b) Method

i) Characterization of copper and magnetite_in
commercial slags.

ii) Experiment with synthesized materials.

1ii) Study of the mechanism of copper losses in slag,
and its practical interpretation,

Behaviour of impurities in fire-refining of copper.
a) Equipment

Tubular electric furnace (SiC) with automatic power
controller, oxygen potential meter, automatic oxygen
determinator and atomic absorption.

b} Mecthod

i) Analysis of impurities (0, S, As, Sb, Bi, Te,
Mo, Re, Au, Ag, Ni, Zn, Cd).

ii) Study of various reducing agents (natural gas,
ammonia, etc.).

iii) Oxygen control in the molten bath during re-
fining and casting.

Analysis of eclectrolysis operation and study of electro
winning processes.

Elimination and recovery of As and Sb from concentrates
with high content of these elements.
i) Preliminary study for the elimination/recovery
during : Roasting
Melting
Converting
Refining



ii) Final Testing for the elimination/recovery of As
and Sb during the most suitable stage found in the

preliminary study.

FUNDAMENTAL TECHNIQUES RELATING TQO TIHE PROPOSED SUBJECTS :

1)

2)

3)

4)

3)
6)
7)
8)

Experimental work

a) Electronic circuiting

b) Glass works

Electric Furnace Techniques

a) Heater

b) Refractories

¢} Furnace design § fabrication
Temperature Control Techniques
a) Thermocouple |

b} Controller

Atomophere Control Techniques

a) Purification of gases

b) Gas flowmeter

c) Analysis of gas composition
Synthesis of slags, mattes and metals
Chemical equilibrium measurement
Oxygen potential measurement

Reaction rate measurement

a) Thermogravimetry

b) Differential thermal analysis
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ANALYSIS AND -CHARACTERIZATION TECHNOLOGY :

1) Instrumental Analysis
a) Electron probe X;ray microanalyzer {(XMA)
b) Other instrumental analysis

2) Chemical Analysis e et
a) Ordinary chemical analysis
b) Atomic absorption analysis ve g

QUALITY CONTROL TECHNIQUES : CIMM WILL ACT AS THE CENTER OF
Q.C. TECHNIQUES :

1} Quality control techniques : ;

2) Experimental design-techniques D

-7 55—



TECHNICAL ADVICE AND GUIDANCE TO CIMM FOR THE
STUDIES RELATED WITH EXISTING FACILITIES OF.
COPPER INDUSTRIES

1. Improvement of Operations at Plants through CIMM
2. Analysis of Future Expansions through CIMM
3. Suggestion to the CIMM researchers concerning to :
Combustion Control
Energy Economy
Computer application to process analysis

Evaluation of research projects, from practical viewpoint,

=7.6-
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. page 1.
o " ANNEX 2 B

i
Equipment to be provided for the Project :

ﬁheme Priority Quantity Items and specifications
1 1 10 thermistor and linearizing preamplifier
3 1 laboratory sized rotary kiln
3 1 1 gas purification system, hydrogen purification
through palladium foil first, others later.
3 1 1 electric furnace (SiC heating element) with
) thyristor power controller
? 3 -parts needed to assemble Girod type fummace (30 kg of slag/charge) -
) 1 1 A.C. power supply, 10 to 50 V, 5 voltage taps, 2000 A
1 S0 carbon electrode, 2" diameter, 1 m length with nipple
’ 1 1 ton magnesia clinker for stamping .
1 1 ton carbon cement for lining
i 1 ton castable cement
3 i electrode holder controller, semi-automatic
L 3,4 -¢rucibles -
: 2 10 30 kg capacity, carbon
‘ 2 - 10 10 kg capacity, carbon
2 25 5 kg capacity, carbon
2 20 5 kg capacity, magnesia
"3,4 -items related to furnace - .
: 2 1 crucible furnace with blower and heavy 0il burner
) ) crucible capacity 10 20kg.
-1 1 power supply, silicone diodes and low pass filter
D.C. 50 V and 100 A ]
-3 1 ton. brick, magnesia-chromia 2.5 x 4.5" x 9'
3 1 ton brick, alumina (porous)
) 3 1 ton brick, silicone carbide
3 2 blade for cutting bricks. -

B L T
(3
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Theme  Priority ' Quantity. Items and specifications
4 1 1 set oxygen potential determinator (Zirconia-Lime)
1 equipment and 50 of cell
4 1 30 kg amnonia cracking catalyst, nickel oxide
4 3 1 oil/gas cracking apparatus for studying the reduction
of copper metls. i
5 2 1 polarograph with dropping mercury electrode and ro-
tating platimum electrode, having the function of
differential measurement
1 1 set constant feed micropump, 1 to 100 and/hr
3 1 potentiostatic electrolytic scanning apparatus with
x-y recorder.
5 2 1 "“SELEMION"' ion-exchanging membrane apparatus for
electrolyte purification
5 -items related to electrolysis -
1 10 electrodes for multi-purpose ion analyzer
3 1 multi-purpose ion analyzer
1 gold electrode for oxydation-reduction potential
measurcment
3 I small rapid filter
1 20 titanium plate, 10 cm x 10 am.
2 3 teflon chemical pump
5 -items related to solvent extraction-
3 2 centrifugal-contact solvent extraction tester
(HITAGIT)
basic 3 thermal balance; automatic reading and recording with
controlled atmosphere
basic 1 1 set vacuum rotary pump and diffusion pump
basic 1 2 mercury distillator
basic 1 2 high input impedence digital multimeter must have
range of 100 to 0.1 mA
i 1 oil-water separator, lab-size, 10 ppm order of sepa-
ration
basic -items related to awmmosphere control -

1 1
2 1

portable Orsat gas analyzer

gas meter (TOA DEMPA) for determining concentration
of oxygen, sulfur dioxide, carbon monoxide, carbon
dioxide, chlorine, nitrogen, hydrogen and ammonia.
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Theme Priority Quantity

3.'

Items and specifications .

2 1 high voltage transformer for laboratory Cottrel
10,000 V. :
basic -others items -
1 z oscilloscope, cheap but tough one
1 2 sets Beckman thermometer
1 1 PVC welder
1 2 sets do-it-yoursell kit for woodwork
1 2 sets tool set for general-use and electric/electronic works
1 metal/mother alloy ingots
Cd, Te, Sb, Bi, As, Ca-Pb (99 to 99.9% purity)
1 stainless steel pipe, 1/2" to 3" diameter
basic -items without priority- (sce separate lists)
list A glass pipe and glass lab-items, teflon beakers
B rubber plugs and tubes, silicone rubber tube, special
adhesives |
C ceramic and refractory materials
D electronic parts {(highest necessity felt in Chile)



ANNEX 2

LIST A: GLASS PIPE AND GLASS LAB-ITEMS, TEFLON BEAKERS

Similar or equivalent to:

Quanty N°Catalog Especifications Total Quant

I. GLASS MATERIAL (Corning Catalog)

2 cases 422420 Beaker, Clectrolytic 192
i0 v 440180 Bottle, Gas washing, Tall Form with
fritted Disc Stopper 30
s v 415150  Stopper for bottle 30
16 " 406181 Buret Dispensing, 250ml Teflon Stopcock 30
10 ® 406182  Buret Dispensing, 500ml Teflon Stopcock 20
0" 400046  Buret Automatic Zero, 50ml with Stopcock 20
0 ¢ 400045 Buret Automatic Zero, 25ml with Stopcock 20
10 443930 Distilling Apparatus, Ammonia 40
T 400224  Flask, Boiling round bottom, short neck
Joint, 200ml 6
4 Shelf
package405590 Id as above but 3.000ml 4
4 " 407750 1d as above, but 5.000ml 4
2 cases 408030 Distilling column, Vigreux 8
2 " 414220 Condenser, Allihn, Drip Tip Joint and outer
joint 500mm 12
1 " 414200 I1d as above, but 300mm 6
1 " 408390 Tube, Adapter, Reducing Joint 6
1 " 405620 Tube, connecting 75°two way 12
i " 413440  Tube Adapter 105° 12
2 " 410025 Tube distilling three joints 12
10 " 410086 Thermometer holder, Rubber 10
1" 401580 Test tube 3ml 720
1 " 401590 Test tube 9ml 720
1 " 401600 Test tube 14ml 720
1 " 401610 Test tube, 20ml 576
1 " 401960 Test tube, 34ml 576
2 " 401630 Test tube, 50ml 834
6 boxes 406830 Funnel, buchner with perforated plate,
size 55 36
4 " 4006850 Funnel, buchner with perforated plate,
size 90 12
2 " 440256 Flask filtering heavy wall with repla-
ceable tubulations, 500ml capacity 36
i " 440257 Id as above, but 1.000ml capacity 12
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Quanty N°Catalog Especifications TotaI#Quant

II. VARIOUS (Cole Parmer Catalog)

4 units 3205-20 Flowmeter 30-1900 ml/min -4
4§ v 3203-20 Flowmeter 3-290 ml/min 4
4 " 3235 Micrometric capillary Valve 4
1 pkg 3235-10 Viton replacement 0-ring 6
1" 3235-20 Teflon replacement O-ring ) 6
6 units 8056-10 Apparatus positiomer, open height 4 1/2" -4
4 v 8056-20 Id as above, but 2 7/8" 4
4 " 8056-30 Id as above, but 18 1/2" 4
30 " 6765-20 Eye wash safecty station 30
30 6765 Eye wash bottle 30
o " 9395-40 (Glinder Bench Bracket 10
100 " 6391-10 Insert for tube fittings 100
50 o 6380-10 Tube fittings 50
25 6388-10 Tee tube fitting 25
48 " 8548 Magnetic stirring bar 1/2" : 48
48 " §550 Magnetic stirring bar 1" 48
12 " 4612-30 Magnetic stirring bar 3" 12
8 " 4655 Magnetic stirrer with light but for 220V 8
2 " 1394-02 Advanced slide rule Calculator, 220V with
Adaptor recharger 2
2 " 4500-22 Mixer for 220V ) 2
4 " 3160-61 Heating jackets, 2 1 capacity 4
1 " 8123-20 Dial thermometers 0-200°C 1.
1 " 8123-30 Dial thermometers 100-400°C 1

Japanese or other standard samples for copper ores, COpper CORCen-
trates and tailings, and others that could be available.

ITIT TEFLON GLASS WARE

30 units Beakers and covers, 400ml
30 " Beackers and covers, 250 ml




ANEX 2

LISI'B:HJBHERPLUGSAND'IUBE, SILIOONE RUBBER TUBE, SPECIAL AIHESIVES

RUBBER STOPPERS

@ bottom inch (Quant, Near

3,0 5

2.5 5

2,0 15

1.5 10

1.0 10
RUBBER TURES Quant., /Year
@ inside inch
7mm 1/32" 30 mts
5mm 1/50" 30 mts
3m 1/85" 30 mts

SILICONE RUBBER TUBES

@ inside inch
3m 1/85" 20 mts
1.5 mm 1/170" 20 mts



SPECIAL ACHESIVES

ARAIDITE
Low Contact time Cement

TEFLON BEAKERS

11t
2 1ts
10 1ts

Quant., fYear
1 Kg.

10 tubes of 10 grs.

Quant, /Year
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ANNEX 2

LIST C : CERAMIC AND REFRACTORY MATERIALS
MATERTAL LIST
I PRIORTTY DIMENSIHS

No Hay Insulators (Alumina, Quarz, Woor, ete.) 3
No Hay Reactien Boats (Alundna, Quarz, Vycor, etc) 3 2-3"
No Hay Fod, windows, ete. (gquarz)
Ho Hay Industrial Thermcoouples (Pt/Pt Fh, Cromel-

Alurel) 1
No Hay Gas Requlating Valves 3
No Hay Needle Valves 2
No Hay Bubble Alumina Insulation 3
No Hay Wax, epoxyputty, Teflon 3
No Hay Silicon Carbide Crucibles 1 A-10, A-15
No Hay Stainless Steel Tubes 2 1"g, 12" g, 2" ¢
No Hay Laboratory Mekano k!
Mo Hay Teflon Gas Sarmpling Bags 1 1/2 - 1 1ts,
Alguos  Ceramic Reaction Tubes (Alumina, Quarz, Weor,

ete,) 3 2 1/2" ¢ 1m length

Alques  Crucibles (Alumina, Quarz, Vycor, etc.) 1 100-300 cm®
Alqunos Pyrex Glassware 3
Alquros 0" Ring Seals 2 Standard Set
Hay Pefractory Cement 2
Hay Asbestos 3 )
Hay Kanthal Beating Wire 2 1mg
Hay S{licon Grease 2
Hay Tygon and Silicon Tubes 3
Hay Carpensator Wire 3
Hay Flexible Heating Tapes 2 17 width



ANNEX 2

LIST D : ELECTRONIC PARTS

1. RESISTORS :
1.1 Resistor sets, standard values, 5 % tolerance, 1/2 Watt
1 "
3 n
1.2 Potentiometers, different values, single and precision multi-turn
1.3 Resistor decade boxes
1.4 Photocells

2. CAPRCTTORS :

2.1 Electrolytics

2.1.1 Different capacity ratings and working voltages
2,2 Ceramic capacitors, idem 2.1.1

2.3 Film capacitors, idem 2.1.1

2.4 Capacitor decade boxes

3. SEMIQONDUCTOR DIODES

3.1 Signal diodes, different characteristics and powers

3.2 Voltage requlator diodes, reference voltages from 1 to 50 volts, power
dissipation from 0.5 to 10 Watts.

3.3 Fectifier dicdes, maximm reverse voltage frem 300 to 1000 volts,
maximm average forward current from 5 to 50 Anps,

3.4 Thyristors and triacs, maximm reverse woltage 200 and 400 volts,
maximm average on-state current frem 5 to 50 Amps.

3.5 Licht emitting diodes




4.

4.1
4.2
4.3
4.4
4.5
4.6

5.

5.1
5.2
5.3
5.4
5.5
5.6

6.1
6.2

6.3
6.4
6.5
6.6
6.7
6.8

7.1
7.2
7.3

TRANSISTORS

Iow frequency transistors
Power transistors
Switching transistors
Fhototransistors
Opto-isolators

FETs

LINEAR INTEGPATED CIRCUITS
Operational amplifiers
Voltage requlators

Timers

Switches

Phase locked locps

Line drivers

DIGITAL INTEGRATED CIRCUITS

TTL series 7400 digital gates

Analeg to digital and digital to analog converters, + 10 wolts,
8 bits at least,

Displays and drivers

Microprocessors

Memories RAM and PROM

PRM programer

Interfaces for microprocessors (FPI, USART, and. sO on)
1 Teletype, with full controls and interfaces

ACCESORIES

Integrated circuit and transistors sockets

Microswitches (up to 220 VAC)

Relays, contact ratings up to 220 VAC, coil wvoltage 12 VDC and 220 VAC



Lmmi s 8w

s,
r

4

7.4  Printed circuit boards -
7.5  Flat bonded, round-conductor cable, with up to 30 conductors and
proper connectors to PC boards, C .
7.6 Pilot lights L.
7.8 Switches A
7.9 Adapters, terminal strips, jurpers, test leads, binding post,
banana plugs, jacks, coaxial, barrier blocks, printed circult commectors.
ECOTPMENT
1 Digital miltimeter
2 Semiconductor tester
3 Capacitor tester
4 Precision woltage source, accuracy better than 0.005 &
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CIMM'S PERSONNEL

PTROMETALLURGY DEPARTMENT

Name Age Position

Rodrige Quintana 31 Head of the Depart,
Alfonso Otero 26 Assitant Researcher
Ivonne Martinez 33 " "
Gabriel Riveros 31 “ "
Fernando Reyes 27 " "
Antonio Grez 2R " "

ELECTROMETALLURGY AREA

Gabriel Z&rate 27 Assitant Researcher

Oscar Aguilar 28 " H

WORK SHOP DEPARTMENT

Luis Macher 56 Shoos Head
Fidelicio Pino 28 Electrician
Rivera Juan 29 Welder

CLASSICAL ANALYSIS DEPARTEMNT

Alberto Tello 26 Assitant ResSearcher
Magaly Campos 26 " "
Héctor Leiva 28  Head of Department
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Name

Age

Position Years

MICROSCOPIC ANALYSIS DEPARTMENT

Franco Brabagelata
Fernando Greene
Bassi Lempert
John Burley

Sergio Cabrera

35
34
28
31
25

Head of Department 12
Assitant Regearcher

" "

& 0 -3

Sample Preparing Assist.



“(Aruyay fravpws) ¢

(Anaugioy rnyppwig) -

|

OAILDTHIC OFASNOD

(LL61 190 J0 SE) IWWNID Jo uopezmedip

AT 4 - - R A SN IO O
. ' = — 5 > [ S S
i : N . - - " - , ' . N _‘ s A . N 1 L U H
v . _ VIOUIVLARONIS - RS S ‘]
. : - - . r = ~ |
|I_ , L VIMANTN N A zﬂ.u TR 4 - S} - uedepwrpavuoesipg ~o -1
STAATIVL 'OLJAC | - ANTT 2LU0a | | . - uea() o oy ‘g i
. o . “SNVHL0OINT:A "OLIzA : . ' A e NG N
| voazoriin -otata : sosmooddad | R o unoy Jo Sulpel] ) e
S - VIINAONG OLIAG [ ) — somodueyy jo Suer) )y |
. || TviNasnuisw 1 -
SISKTVNY "OLIAd VIgURTvVLIRoNait i J . _
:
0215V'1) VIDUNTVUININ - suosundxgy "
] SISATVNV "OLadda "OLLIT {lf\L a1y jo sisfeuy "¢ m
swotteradg \
. SVNIIN 14 o juswaansdurg -
VIIO2SOUINN "0LdA0 NOVLO IS T OLiad OLOTN SVINVIA ....fj._)i.rj . Joy 3_:2_?___ |
_ Jaddo) jo SOPITIae.
NODRDVHLSINIKAY ammwmwﬂ.wmmﬁum NOIDVOLLSTIANI TJupistxg Yila porayf
HOLOIAI0ONS HOLIAUIAUNS SVLNTIA A $21pMIS 21N Joy WNED O} u
TOUINGD A —T NOIDONOHA "0daa[™ Y4 ADURPING 3 9APY (e L ) |
¥ » OCALLODACH |
avariaviNed YOLARIAanS
i _woﬂ_:um:_ QLA “ : .
T
HOGVULSININGY QTTOHUVSIA A :
SHNVRLLIMIaNns Y sonbymyaa g (011U07 Sineny .
Tl JANEnD p
f Adojoutpaa ], i
‘G N N'd = ; oavooiy UOLIEZLID) DRI sisAipuy
OLNAIGY HOLomuiq HOALADIR HOLOIIA ORIVIAUIAS Ellrlmﬂw?“mwﬁzr‘ V6

TN Er T i

R Y1 HA E T R R

(IIN1D) eaBanietafy £ eraupy uotaednisoau] ap onua)

T T usukdoppaag
3 42183503 JO UDNOWINI °)

i
{A1autyoy rozuEwu

(A30

WINID 3o satpiqede) pue uonoun,y funisixy a1 Jo uipriddn 1 yaslog 1 Jo ung

BEMeZAdLR I RO

NNTDO

}

uyayl f1a)owg)



e,

# £ 8 Reagents and Standard Samples
stock purchase
reagent usibie unusable possible | impossible

Hydrochloric Acid [5 Lts/weakly (focally)i -~

n  {free from Arsenic) 44 Its. 150 Its.
Nitric Acid 34 Its 60 Its.
Sulfuric Acid 48 Its. 60 Its,
Hydrofluoric Acid 26 Its. 20 Its.
Phosphoric Acid 40 Its. 160 Its.
Boric Acid 4 Kgs. 3 Kg.
Hydrobromic Acid 2 lts, 2 Its,
Perchloric Acid (70% HC10,) 30 l1s, 100 Its,
Hydrogen Peroxide (30%) 24 lts. 51ts,
Acetic Acid 21 lts. 20 its.
Citric Acid 4 Kgs. -
Sodium Hydroxide 26 Kgs. 25 Kgs.
Ammonia Water (28%) 42 Ilts. 100 Its.
Ammonium Chloride 16 Kgs. 15 Kgs.
Ammonium Carbonate - 3 Ke.
Ammonium Molybdate 3 Kg. 3 Kgs.
Ammeonium Thiocyanate 14 Kgs. 10 Kgs.
Ferrous Ammonium Sulfate 1 Kg. 5 Kgs.
Potassium Jodide P.A. 12 Kgs. 15 Kgs.
Potassium Permanganate 259 Kgs, 1 Kg.
Potassium Periodate 129Ky, 239K gs,
Potassium Dichromate 3 Kgs. ! Kgs.
Potassium Cyanate 7 Kgs. 5 Kgs.
Potassium Pyrosulfate 9 Kgs. 5 Kgs.
Sodium Citrate
Sodium Thicsulfate 60 Kgs. 12 Kgs.
Sodium Bicarbonate 15 Kgs. -
Sodium 0xalatp (S?andard) 2 Kgs. -
Lanthanum Nitrate 400 gs. 22 Kgs,
Stannous Chloride " 200 gr. 320 Kgs,




reagent stock purchase
usable unusable possible | impossible
Hydroxylamine Hydrochloride 8 Kgs 8 Kags.
Carbon Disulfide 13 Its. —
Carbon Tetrachioride 28 Its. 10 1ts.
Accton 301ts. 20 1ts,
Benzene 24 its. 201ts,
Chloroform 29 1ts. 20 lts.
Formalin - -
n-Hexane b1t -
Pyridine 22 Its. 3ts.
Methy! iso-Buthyl Ketone 2 Its, 10 Its,
iso-Propyl Alcohol - 10 Its.
1-Mandelio Acid - -
Dithizone 35 gs. ~
o-Phenanthroline 10 gs. -
Cupferron 150 gs. -~
Diphenylcarbazide 75 gs. -
Sodium Dirmethyldithiocarbamate 150 gs. -
EDTA
Arsenazo i1l - 500 gs.
Cinchaonine 25 gs. -
4, 4’'— Diantipyrylmethane - - No.
Ammonium Pyrrolidinedithio- ~ _ No.
carbamate (APDC)
Argon 6 cyl.
Helium 6 cyl.
N, 0 Gas 3cyl
PR Gas 5cyl
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“NBS Standard Sample

stock

purchase

usable

unusable

" possible

impossible

NBS SRM 330 Copper, miltheads

NBS SRM 331 Copper, milltails

NBS SRM 332 Copper, concentrate

NBS SRM 333 Molybdenum, concentrate

: NBS copper concentrate.

C.R. moly concentrate

-9 —~
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LISTA DE REACTIVOS

Cantidad Descripcién J.Colomer  Merck Promex

hcetato de etilo p.a.

Acetono p.a.

Ac. Acético glacial 96% p.a.
Ac., L (+} ascérbico p.a.

Ac. Bbrico crist. p.a.

Ac. Bromhfdrico min. 47% p.a.
Ac. Clorhidrico min., 32% p.a.
Ac. Clorhfdrico 1N Titrisol
Ac. Fluorhfdrico min. 40% p.a.
Ac. Nftrico min. 65% p.a.

Ac. Nitrico 1N Titrisol

Ac. Ortofosfbrico B5% p.a.

Ac. Perclérico 70% p.a.

Ac. Sulfdricc 95-97% p.a.

Ac. Sulfdrico fumante min. 30%
50, p.a.

Ac. Suifﬁrico 1N Titrisol
Almidén® soluble p.a.’

Amonface solucién 25% p.a.
amonio hidrégeno difluoruro
Aluminio en cinta p.a.

Amonio cloruro p.a.

Amonio cromato p.a.

Amonio fluoruro p.a.

Amonio heptamolibdato p.a.
Amonio nitrato p.a.

-Amonio peroxodisulfato p.a.
Amonio monovanadato p.a.
Amonio tiocianato p.a.

Amonio sulfate puris.

Amonio y hierro (II) sulfato p.a.
Amonio y hierro (III) ° "
Antimonio p.a.

Antimonic {(III} 6xido p.a.
Aluminio solucifn patrén
Amonio carbamato p.a.
Arsénico solucién patrén
Di~-Arsénico tribxido resubl.p.a.
Bencano p.a.



Cantidad

Descripcibn Colomer Merck

Vs
Promex

Bario cloruro p.a.

Bismuto (III) nitrato bdsico
p.a.

Bismuto puris.excento de As

Bromo p.a.

Cadmio polvo p.a.

Calcio carbonato precip.p.a.

Calcio carbonato precip.p.a.

Calcioc cloruro 2 hidrato crist.
p.a. )

Cerio (IV) sulfato p.a.

Cobalto (IXI) nitrato p.a.

Cinc polvo grueso p.a. Vv para

cargar reductores

Cinc granulado p.a.

Cloroformo p.a.

Cobre (II) 6xido polvo p.a.

Cobre (II) sulfato 5 hidrato p.a.

Calcio solucién patrén

Cobre solucién patrén

Etanol (alcochol etflico)absoluto

pP.a.
Etil metil cetona (2 Butanona)

p.a.

Estano granulado p.a.

Estafio (II)} cloruro p.a.

Estroncio nitrato anhidro p.a.

Hidroxilamonio cloruro p.a.

Hidroxilamonio sulfato p.a.

Hierro obtenido por reduccién p.a.

Hierro (III} cloruro p.a.

Hidracina sulfato p.a.

Hierro solucibn patr6én

Iscbutil metil cetona

Magnesio cloruro p.a.

Magnesio sulfato p.a.

Manganeso{(II) cloruro p.a.

Manganeso(IV) 6xido 85-90% polvo
p.a.

Mercurio p.a. y para polarografia

Mercurio (I) cloruro p.a.

Mercurio (IX)clorurec p.a.



Cantidad

Descripecién Colomer Merck

Promex

Mercurio {(II) nitrato p.a.
Metanol p.a.
Molibdeno (VI) 6xido p.a.
Niquel {II) nitrato p.a.
Manganeso solucibn patrén
Mercurio solucién patrén
Perhidrol 30% |-(zo2
Piridina p.a.
Plata nitrato p.a.
Plomo en hojas p.a.
Plomo (II) 6xido p.a.
Potasio bromato p.a.
Potasio bromuro p.a.
Potasloc carbonato p.a.
Potasio cianuro p.a.
Potasio cianuro crist.y6-98%
Potasio clorato p.a.
Potasio cloruro p.a.
Potasio dicromato p.a.
Potasio disulfato p.a.
Potasio hexacianoferrato (II}p.a.
Potaslio hexacianoferrato (III}"
Potasio hidrégenocarbonato en
forma de arena p.a.
Potasio sulfato p.a.
Potasio hidr6xido en lentejas "
Potasio nitrato p.a.
Potasio perclorato p.a.
Potasio permanganato (Mdx.0,005% -
S0, p.a.)
Potasig tiocianato p.a.
Potaslo yodato p.a.
Potasio yoduro neutro p.a.
Potasio y sodio carbonato p.a.
Potasio permanganato en solucibn
0,1IN Titrisol
Potasio dicromato en solucibn
0,1N Titrisol
Potasio hidr6xido en solucibn
1¥ Titrisol
2-Propanol min. 99%
Sodio hidrogenocarbonato p.a.
Sodioc flueruro p.a.
Sodio hidréxido en lentejas p.a.



Cantidad

Pescripcién Colomer Merck

femfa b gy oy,

Promex

Sodio nitrato p.a.
Sodio peréxido granulado p.a.
Sodio carbonato anhidro p.a.
Sodio bismutato p.a.
Di-Sodic hidrogenofosfato
2=-hidrato
Sodio dihidrogenofosfato
i-hidrato
Sodio sulfite anhidro p.a.
Sodio monovanadato anhidro p.a.
Sodio sulfate crist. puris.
Di~-Sodio tetraborato 10 hidrato
Sodio nitrito crist, p.a.
Sodio hidrogenosulfato l-hidra- i .
to p.a. ,
Sodio wolframato p.a.
Silicio solucién patrén
Sodio tiosulfato en solucién
0,1N Titrisol
Sodio arsenito en solucibn
0,13 Titrisol
Solucién de Clerici .
1,1,2,2, tetrabromo etano
1,1,2,2, tetracloro etano
Tetracloruro de carbono
Tetracloruro de carbono p.a.
Tolueno p.a.
Tiosulfato de sodio S hidrato
p.ab
Torio nitrato p.a.
Urea p.f.bicq.
Vanadio penté6xido
Xileno (LaB)
Yodo. resublimado p.a.
Di-yodo metano
bi-n-butilftalato
Bromoformo

- ey



Cantidad

Descripcién J.Colomer Merck

Promex

Tri-n-octilfosfina 6xido p.a.
Arsenazo III p.a.

Ac. AmidosulfGrico o 4c, sulfédmico
Titriplex IV (Ac. 1,2 ciclohexilen-
dinitrilo-tetraacético)

Ac. Cloro acético

Uranio nitrato

Uranilo sulfato

Aluminio 6xido p.a.

Ac. Hipofosforoso 507 p.a.

Potasio piro sulfato, p.a.
Manganeso en polvo, LAB

Mercurlio 6xido rojo, p.a.

Sodio polifosfato (sal de Graham)
Sodio peréxido granulado, p.a.
Sodio hidr6xido, 0.1N Titrisol
Lantano nitrato

Lantano 6xido (LAB)

Cadmio acetato puro

1-Butanol



Cantidad e Descripcién : Colomer Merck Promex

INDICADORES ACIDO - BASE

Azul de bromofengl
Verde de bromodesol
Pdrpura de bromocresol
Rojo de clorofenol
Azul de timol

Rojo de cresol

pdrpura de metacresol
Carmfn fndigo
Hel{antina

Xilene cianol FF

Azul de metileno
Fenolftaleina
a-naftolftalefna

Rojo de metilo

Azul de bromotimol
Timelftalefna

Rojo neutro

Rojo de fenol
Difenil-amina p a.
Cloramina T

Cinconinio cloruro, p.a.
Eosina amarillenta
Eriocromocianina, p.a,
Fluoresceina Erg B6
1,10 Fenantreolina, p.a,
Fenantrolino cloruro, p.a
Metilo yoduro
1-HJaftolftaleina
0-Cresol



EQUIPOS EXISTENTES

1 Osciloscopio Tektronix 465, 100MHz, impedancia de entrada de
1 M ohm, 2 canales verticales, base retardada de tiempo.

1 Fuente de poder Systrom-Donner TL8-30 OVE, salidas: 0 a + 8 V,
3 Amp.; 0 a +32 V, 1 Amp; 0 a-32 V, 1 Amp.; regulacién: .0.2%

1 Generador de funciones Systrom-Domer 410, rango de frecuencia
hasta 2 MHz; formas de onda senoidales, cuadrada y triangular;
amplitud mdx. de salida: 40 Vpp.; potencia mdx. de salida: 2
Watts; impedancia de salida: 50 a 600 Ohm; generador de barrido;
modulador y demodulador de AM y FM.

1 Véltmetro electrénico Phillips PM2404; impedancia de entrada
10 M Ohm; escalas: 0,1 a 1000 Volts AC y DC; resistencia: de
1 Ohm a 10 M Ohm.

1 Multitester YEW 3201, impedancia de entrada: 100 K ohm(Volt DC,
10 X Ohm/Volt AC.

—-101—
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