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CHAPTER 1 INTRODUCTION

This report is the compilation of the result of metallurgical tests for the Mining Develop-
ment Plan of the Vale do Ribeira area which was conducted on the basis of the scope of work
concluded between both the Japan International Cooperation Agency (JICA) and the Metal
Mining Agency of Japan (MMAJ) and the Departamc;.nto Nacional da Producio Mineral (DNPM)
of the Federative Republic of Brazil in 1984, ]

The Perau new deposit consists of the ore minerals which are galena, sphalerite, pyrite and
barite and gangue minerals such as quartz and amphibole. The grades are aséumed to be around
4% Pb, 2% Zn, 80 g/t Ag and 18% BaO.

The metallurgical test, in the first, was planned for the both samples of the boring core of
the new deposit and underground of the Perau mine, though, the underground samples which
were collected from same ore horizon of the new deposit were provideﬂ to execute the funda-
mental metallurgical test because of that the drill core have been remained a small amount, after
using for the other various tests, not for enough to execute the test. And the samples of the
boring core were used only for the mineralogical fundamental and confirmative tests,

In the metallurgical test, the investigation of the particle size and flotation method based on
the identification of the composition and occurrence of the minerals were studied to obtain the
effective results of the separation and recovery of the valuable minerals. The properties of miner-

als were also investigated to collect the necessary data for the design of the dressing plant.
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CHAPTER 2, OUTLINE OF METALLURGICAL TEST

2—1  Name of Investigation
The metallurgical investigation for the preliminary study for the mining development plan

of the Vale do Ribeira area in the Federative Republic of Brazil in 1984,

2-2  Purpose of Investigation

The purpose of metallurgical investigation is to establish the proper conditions of revoery
of the valuable minerals for the ore of the silver bearing lead and zinc deposit in the Perau mine
including the new ore deposit which was confirmed by the Japan—Brazil collaborative basic

survey conducted from 1980 to 1983.

2—3  Period of Investigation
{1) Period of Experiment : From December 5, 1984
To  January 25, 1985
(2) Period of Interpretation: From January 26, 1983
To March 9, 1985

2-4  Staffs Engaged in Investigation
Mitsubishi Metal Corporation

Supervisor Chief engineer Naotoshi Nemoto
Engineer Hajime Negishi
" Koji Kisawa
5 " Eitaro Hashimoto
" Tetsuo Nishimoto
” Masaji Usukura
" Toyosaburo Miyazaki

2—5 Place of Investigation
Mitsubishi Metal Corporation Central Research Institnte
297 Kitabuskurocho—1, Omiyashi, Saitama Prcfectqre
2-6 Devices of Investigations
The devices used for various tests are shown in Table 1, and the detailes of devices and tests

works are shown in Photo 1 to Photo 12.



Table 1  Test Devices
Devices Maker Type Remarks
Preparation | Jaw crusher Otsuka Ironworks - 160L x 130W, 1.1 kW
of sample 1 Roll crusher Sato Manufactory - 150W x 200¢/, 250 rpm, 1.5 kW
Disc mill Kasuga Manufactory | BS-230 Preparation of sample
Ro-tap shaker Itoh Manufactory 03-501 290 1pm, stroke 28 mm
Sample grinder Ishikawa Factory AGA Preparation of sampie for -
analysls
Identifica- | Bakelite solidification | Sugimoto Ironworks - Preparation of polished
tion of ore | machine section
minerals Ore polishing machine | Marumoto Industries | Two-axis type *
5627-51
Automatic polishing | Struers DP-U4 T
machine
Polarisation-micro- Leitz POL Identification of minerals
scope
Investigation| W.1. measuring Yoshida Manufactory | — Hardglove method
of physical | machine
properties | petermination of - - Pycnometer method
specific gravity
Measurement of set- - - Measuring cylinder method
tling velocity
Flotation Ball mill Sugimoto Ironworks - 150H x 180W, 0.2 kW
Flotation Machine Denver Equipment D-1 §200 ~ 1500 rpm, 0.2 kW
Analysis EPMA Analyser Japan Electronics JCXA 733 Identification of minerals
and elements
X-ray Diffractometer | Philips PW 1710 Identification of mineral
composition
Atomic absorption Nippon Jarrell Ash PA.782 Microanalysis of efements
spectrophotometer
Double-beam spectro- | Hitachi Ltd. 200-20 Colorimetric analysis
photometer
Inductively Coupled Nippon Jarrell Ash 1ICAP-575 Sequencial-multi systemn
Algon Plasma Emis-
sion Spectrophato-
meter
Fire Assaying
Equipments
- Heavy oil furnace | Osaka Heavy Oif Fur-{ AF-30 For analysis of Auand Ag
nace Manufactory
. Elema electric Toyo Konetsu CH-20 ”
fumace Industries
Sulfur analysis Siliunit High-Tem- TMH-2F For analysis of sulfur
device perature Ind.
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CHAPTER3 METHOD OF METALLURGICAL TEST

3—1 Mineral Identification
Tests were made in mineral identification on the following items for the purpose of obtain-
ing the basic data required for flotation test by clarifying the mineral composition and the occur-
rence of minerals.
(1) Analysis of the components contained
(2) X-ray diffraction
(3) Microscopic observation
(4) EPMA (Electron Probe X-Ray Microanalyser)

3-2 Flotation Tests
Flotation Tests were preliminarily made for No. 1 and No. 2 ores. To select the conditions
of flotation for recovering effectively the valuable minerals, the basic tests of each flotation
process and the confirmative test were carried out on the basis of the result of the mineral identi-
fication tests mentioned above.
The items of the tests are described as follows;
(1) Preliminary test
(2) Basic test
1 Pb Flotatjon
(i)  Comparative tests for performance of various collectors
(ii) Comparative tests for grinding time
(iiiy Comparative tests for determination of pH
(iv) Test of collector in variable quantities ‘
2 Ba* Flotation
(i) Comparative test of pH
(ii) Test of collector in variable quantities
(ii) Test of amount added of Sedium QOleate and Water Glass
3  Zn, Py** Flotation
(i) Comparative test of pH

(i) Test of collector and activator in variable quantitics

* Ba: Abbreviation of Barite or Barium Sulfate

** Py: Abbreviation of Pyrite or Iron Sulfide



4  Test for confirmation

3—3  Test of Physical Properties
The following tests were made to obtain the basic data necessary for design of dressing plant.
(1) Specific gravity of ore minerals
(2) Determination of W. I. (Work Index)
(3) Grinding test
(4) Settling test of flotation tailings

(5) Analysis of waste water

5!
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CHAPTER 4 RESULT OF METALLURGICAL TEST

4—1  Investigation of Characters of Samples
4-1-1 Kinds of Samples

The samples received include three kinds of ores such as the one consisting of the pieces of
boring core, splitted and mixed up by those of the intersections in the hole AG-05 (at the depth
of 355 m, 358 m and 354.65 m) and the hole AG-06 (at the depth of 327.60 ;1 and 327.75 m),
and other two kinds of ores from the Perau mine including the massive ore rich in barite and an-
other massive ore rich in galena, These are hereafter called the Boring core, No. 1 ore and No. 2

ore respectively.

Table 2 Kinds of Tested Samples

Kinds of Samples Form Note

BORING CORE| Splitted core pteces AG-05, AG~06 : 270g
No. I Ore Massive Rich in barite : Ab.50kg
No. 2 Ore Massive Richin galena : ADb.50kg

4-1-2  Analysis of Components Contained

The three kinds of ores were analyzed for each 18 components. Table 3 shows the assay

results.

The values of each sample are as follows.

Kinds of Samples | Pb Zn *T-S BaO Ag
BORING CORE 4.4 % 3.1% 10.5% 36.3% 108 gft
No. 1 ore . 5.5 0.5 7.9 29.1 33
No. 2 ore 20.7 0.4 11.6 0.21 204

*T-S : Total sulphur
No. 1 is low in Zn grade, No. 2 is high in Pb grade except in Zn and BaO grade.

4—-1—3 Mineral Composition
(1) X-Ray Diffraction
X-ray diffraction test was made for each ore kinds, and the results are compiled in Tabie 4,

and are shown in Appendix Fig. 1 to Fig. 3. While some difference of content can be seen among



Table 3 Assay of Samples

ELEMENT BORING CORE No. 1 ORE No. 2 ORE.
Au (g/t) 0.03 0.50 0.83
Ag (g/t) 108 53 204

Cu (%) 0.03 0.17 0.45
Pb (%) 4,39 545 20.73
Zn (%) 3.13 0.50 0.35
Fe (%) 247 1.93 8.22
Cd (ppm) 70 23 10

Cl (ppm) 0 0 0

Bi {ppm) 0 0

As (ppm) 30 40 209

Sb (ppm) 34 51 163
T-8 (%) 10.49 7.90 11.63
AL, O; (%) 1.20 0.81 4.55
BaO (%} 36.33 29.13 0.2
P,0;5 (%) 0.00 0.00 0.00
Ca0 (%) 5.96 10,93 4.40
MgO (%) 345 7.31 4.24
Si0, (%) ~12.00 6.88 31.26




Table 4 X-Ray Diffraction

MlNl';'RAL | FORMULA BORING CORE | No.1ORE | No.2ORE
Amphibole | (Mg, Fe?),(Si x Oy)(OH), y O
Barite BaSO, © © ©
Calcite CaCo, . . ©
Chlorite Mg, Al x (Si0,; 0, 4 )J(OH), ')
Dolomite CaMg (CO;), . © Fay
Galena PbS © © ©
Mica KAl, (AlSi; 0, 4)(OH), . . ©
Pyrite FeS, ©
Quartz Si0, . FAN o)
Sphalerite Zns © © '®)
Zeolite (Na)m (Al x SiyOz)-nH,0 . . .
©  Many detected A Little detected
O Usual detected * Less detected
Table 5 Mineral Composition of Samples
MINERAL BORING CORE | No.10ORE | No,20RE

Chalcopytite (CuFeS,) 0.09% 049 % 1.30%
Galena (PbS) 5.07 6.29 23.94
Sphaicrite (ZnS) 4.67 0.75 0.52
Pyrite (FeS,) 1.18 1.03 14.50
Barite (BaSQy) 55.32 44.36 0.32

TOTAL 66.33 5292 40.58




the ores from the result of X-ray diffraction, the main valuable minerals consist of barite and
galena, and sphalerite and pyrite were identified in addition. The main gangue minerals in-

clude quartz and dolomite, accompanied by calcite, chlorite, mica, amphibole and zeolite,

Calculation of the mineral compositions of the chalcopyrite, pyrite, sphalerite and barite as

those containing Cu, Pb, Zn Fe and Ba was made on the basis of the grades of Table 3, and the re-
sults of the calculation are shown in Table 5.

(2) Microscopic Observation
The samples shown in Table 6 were observed under the microscope to investigate the size

and occurrence of minerals,

Table 6  Samples Observed under the Microscope

BORING CORE No. | ore No. 2 ore
Core pieces Flotation feed Flotation feed
Pb concentrate Pb concentrate
Zn concentrate Zn concentrate
Py concentrate Py concentrate
Barite concentrate Barite concentrate
Tailing Tailing

Notes: The objects for microscopic observation include the products of the flotation test
No. 3 in regard to the No. 1 ore, and those of the flotation test No, 4 in regard to the No. 2 ore.
The state of mineral particles in microscopic observation is shown in Photo 13 to Photo 50

in the collection of test data.
In the ore of the Boring core, galena is relatively coarse-grained and forms the middling

with chalcopyrite, pyrite and sphalerite. The gangue minerals are irregular in shape. Spotty chal-
copyrite is contained in some part. Pyrite shows paragenetic occurrence with ga;lgue minerals
forming middling.

Regarding the No. 1 and No. 2 ores, the result of microscopic observation of flotation feed
and various flotation products is shown collectively in Table 7. ;
(3) EPMA Test

The tests were made on the Boring core, the Pb concentrate of No. 1 ore and the Pb con-

centrate of No. 2 ore for the silver minerals which could not be identified by microscopic observ-

— 10—



jenowe jews 19
euaped *ayuid Ajuew ‘g51 opyIng

%08 ~0,L  S1Nf1o pue zpend) paned-suy A19a ‘0 pAd Ajuiew 9550 Sujpel,
=% 001 %S ayo[ED payeiaql Aisopy [ apyns ‘%6 > ajoqrdwie g5 > 91R01 ‘%0T ~ 01
%0£~0T ajueg 9MIEQ ‘Y0Z ~ 01 d12ed *%40L (Judspag) zuen))
yunowre jjews Laa  AUsfeLdS
‘eud(ed ‘ayuid Aqumew 1 opryng
— g 001 807~ 01  $1910 pue 23end) P Ad Apuiew ‘poupad-auty ‘g4 > apyng | auod ey
% 08 e % 001 yaus %09 ~ 0§ ajaLed
% 0% ~ 0F aleg %08 ~ OF apeg
yaea 90T ~ 01 g .
3119[Td 2,08 ~ Of SpuIquIoy
‘(audspyag) zuenb :s[eieun anducn s10130 pue 2y1enb ‘g4 o)Eq ‘ouoa &g
s[esauw Junowre [[ews A194  ajuAdodeyd ‘wuaeydg A ' ‘%506 ML sjeisujeonduey |
angued Luew g4 06 ~ 08 ‘o5 TUIED ‘g AtIAY — 9001 | wnowe ews Laa %¢g apajeyds < ayrdd Kugegy |
spetoutws anfued
JUROLE [[Elus A1aA pue ey ds ‘2466 junotue jjews 124 pusjed ‘ayAdoofey) .
suoreyds ‘euaped ‘addosqey | sperounu andued 9%sY NG Ul bz
{251°0 Swippit) %4001 %56 kg pue ayuid ‘%66 194 oyaedg
junoune [ews £1o4  jpuog junowe (oS A1aa 7 auy|[as0) 4
T ~1 oea % 1°0 apAdooey) ,
s{esauIL aun|{asoa ‘attra(eyds ‘ainddadey) o | kg | ‘ouoa qq
andued ‘cuaes ‘ege % 0E  AULY tuaed ‘st dd ‘9408 %% apaeyds
a1u4d *aruarends ‘%66 %09 Tuaed [dpdetds A ‘%66 %0L ~09  eudEn
JUROWIE J[Eelus A19A 91U10Y ‘aunjjaac) s[erauw andued st ugpwal a1y,
g, 1 > yoea ujeyds ‘addose) tunowe fjews 194 ‘NuAdooeyy | -
[etoutur anSued ‘eua(es 9408 % 0z ~ S1 kg anAd oea ¢4 1°Q Muefeyds "aIfrAyg paag
[eraupur anfued ‘ajuAd 9408 9507 ~ S[ suden | sjersun sndued ‘9 66 o, | euaen " opaay
. duypptws Juyppiu i

JO S[eIauuUI IaY10 ay)
‘uonjesaqyy jo aaxdaq

S|elauniu JuanIIsuo)

JO S|TIRUH 10 AR
‘uoneiaq jo aadaqg

SJEIML JUdIMIPISUCD)

TAO T "ON

40 170N

$310) ¢ “ON pue | *ON Jo s1onpoid Jo uoneasosqo oidodsoniy L qel,

-11 =



ation. The results are shown in Photo 51 to Photo 79.
The result of the test leads to the assumption that, regarding the Boring core, Ag mineral of

the Ag-Sb-S system exists in pyrite as andorite (Pb Ag Sby Ss). The Pb concgntfate of the No. 1
ore was determined at two places: the one (A) seems to be stromeyerite (Ag Cu 8) of Cu—S5 sys-
tem showing a spotty occurrence in galena which forms middling with cha{goﬁ}ﬁte! and the
other (B) filling the crack between galena and chalcopyrite. In the Pb concentrate of the No, 2

ore, Ag mineral is assumed as Ag-tetrahedrite of the Cu—S system in chalcopyrite.

4—2  Preliminary Flotation Test (Test No. 1 to No. 4)

Preliminary flotation tests were conducted for the No. | ore and the No, 2 ore to estimate
the behavior of lead, zinc, pyrite and barite in each flotation process.

The tests were made on the conditions such as 10 minutes of grinding time, 19° to 22°C at
the pulp temperature and 20 % of pulp density.

The result of the tests is shown in Appendix Table 1 and 2. These results led to the assump-
tion in the following.
(1) For the No. 1 ORE

(i) Since the grade of copper in the feed and Pb concentrate are low, it is difficult to rec-
cover copper concentrate.

(i) Since the grade of zinc in the feed is low, it will be difficult to recover zinc concen-
trate,

(it} It is necessary to use NaCN and ZnSO, at the same time to depress zinc and iron in
fead concentrate.

(iv) Because of low recovery of lead in lead concentrate, selection of collector will be
required.

(v) Because of insufficient separation of barite, selection and proper amount added of
collector will be necessary investigated. =
(2) Forthe No. 2 ORE

(i) Since the copper grade in the feed and the lead concentrate is low, it is difficult to re-
cover copper concentrate.

(ii} Because of high grade of lead in the feed;lead concentrate was obtained in a high re-
covery. - ) _

(ﬁi) Because of low grade of zinc in the feed, zinc tends to migrate to lead concentrate,
'Iherefore it will be difficult to recover zinc concetnrate

e

(w) Because the contents of BaSO., ‘both i in the fecd and the bante concentratc are low, it

—12-



will be difficult to recover barite concentrate,
4-3 ., Flotation Test of No. 1 ORE

The following tests were conducted to obtain the proper conditions of which are lead
flotation, zinc flotation, pyrite flotation and barite fiotation on the basis of the results of mineral

identification and preliminary tests,

4-3—1 Flotation Test of Lead
(1) Comparative Tests of Various Collectors (Test No. 5 to No, 7—3)

In order to s;:lect the proper collector for lead flotation, the flotation test was carried out
using the collectors such as [PX*, NaEX* + AP#404*, NaEX, AP#404 and AP7208%.

The result of the test is shown in Appendix Table 3 and Fig. 1.

(i) In the case of using IPX, the best recovery of lead of 88 % in lead concentrate was
obtained. However, the rates of distribution of zinc and iron were 54 % and 16 % respectively,
showing an insufficient depression of zinc.

(i} In the case of using NaEX, the quantity of 20 g/t resulted in to fail in obtaining good
flotation froth, and it was increased to 1.5 to three times. However, the recovery showed the
figures such as 80 to 82 % in lead, 37 to 47 % in zinc and 5 to 16 % in iron, being low in lead
as compared with IPX.

(iii) In the case of AP#404, the recoveries were 79 % in lead, 12 %in zinc and 2 % in iron,
showing lower recovery of lead than in the case of IPX,

(iv) In the case 40 g/t of the blende of NaEX and AP#404 at the ratio of 1:1 was used, the
recoveries were 85 % in lead, 56 % in zinc and 21 % in iron, showing the lower selectivity than
IPX.

{(v) In the case of AP#208, the recoveries were 55 % in lead, 11 %in zinc and 1 % in iron.
it was proved that this reagent was improper for lead flotation, although the distribution of zinc
and iron had been depressed.

It is judged, therefore, that the independent use of IPX or the use in combination with AP#

404 would lead to a higher recovery for lead flotation.

Notes: * IPX........... [so propyl xanthate

NqE_}‘( ferraeaas Sodium ethyl xanthate
- AP7404,208 ... Aero Promoter,"ACC Brand

T4
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(2) Grinding Time Variation Test (Test No. 8 to 10)
The distribution pattern of lead, zinc and iron in lead concentrate with variation of grind-

ing time was investigated on the basis of varying time such as seven minutes, 10 minutes and 15 °

minutes. ‘
The results of the test are shown in Appendix Table 4 and Fig. 2. These results led to make

clear the matters in the following;

(i) While the distribution of lead in lead concentrate at the grinding time of seven minutes,
10 minutes and 15 minutes were 88 %, 89 % and 87 %, showing almost the same level, the grade
was raised to the figures such as 60 %, 63 % and 68 % respectively with increasing of the grinding
time.

(i) The distribution of zinc was shown to be 54 %, 34 % and 20 %, and those of iron were
16 %, 9 % and 5 %, showing that the distribution of zinc in lead concentrate was decreased with
increasing of the grinding time, and that the liberation between lead and zinc, andlor iron became
better.

Above-mentioned, it is assumed that the higher degree of liberation with the grinding time
of about 15 minutes will result in to prevent adulteration of lead concentrate by zinc and iron.
However, since excessive grinding time tends to lower the separability by over grinding.

(3) pH Variation Test (Test No. 11 to No. 13)

It was investigated the variations of the lead, zinc and iron in lead concentrate with the
change of pH. The values of pH were selected to be 6, 8.4, 10 and 11 and the flotation froth
could not be recovered in condition of pH 12.

Sulphuric acid (H, SO, ) for the acid side and lime for the alkaline side were used to control,

pH. The resuits of the test are shown in Appendix Table 5 and Fig. 3.

The result in the above make clear the following matters.

(i) The lead distribution in the lead concentrate showed the percentaées such as 89; 89,
86 and 85 corresponding to the pH values such as 6, 8.4, 10 and 11 respectively, showing that a
little higher values in around the neutral.

(ii) The zinc distribution in the lead concentrate showed the percentages such as 90, 34,
27 and 48, and the iron distribution 12, 9, 4 and 3 fespectively, showing that Zn and Fe were
depressed on alkaline side of pH 8.4 and pH 10.

As the above-mentioned, it is considered that flotation in pH 6 should be avoided because of
adulteration of lead concentrate by zincas high as 90 %; and that pH value of 8.4 is suitable
because the lead distribution at this pH value is better, although the result of flotation at Ph 8.4

— 14—
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and pH-10 are almost the same.
(4) Depressant Variation Test (Test No, 9, No. 14 to No. 16)

Since it was clarified that the depressant of NaCN in combination with ZnSO, depress zinc
and iron and give a favorable effect to flotation, the distribution of lead, zinc and iron in the lead
concentrate was investigated by varying the quantity of the depressants with the ratio of 1:4.
The quantities of NaCN and ZnSO, were used as 10:40, 25:100 and 50:200 g/t.

The results of tests are shown in Appendix Table 6 and Fig. 4. These results led to make
clear the following facts,

(i) ‘The distribution of lead in the Iead concentrate was improved in such as way from 85
to 89, and to 95 % with the increase of depressants of NaCN and ZnSQ, in quantities such as
10:40, 25:100 and 50:200 g/t respectively.

(it) The distribution of zinc and iron were lowered in such way as 53, 34 and 27 % and 5, 9
and 3 % respectively, becoming better in separability among lead, zinc and iron. '

As the above-mentioned, it can be considered that the suitable quantity of NaCN and
ZnS0, as depressors would be about 50 and 200 g/t.

Because of the increasing of NaCN added leads to the elution of gold and silver will have an

unfavorable effect on control of water pollution, excessive quantity of NaCN should be avoided.

4--3-2 Barite Flotation Test

The tests were made on pH variation, and comparison and amount variation of a variety of
- collectors for the sinks after separation of lead, zinc and iron, for the purpose of selecting the
proper conditions of recovering the barite concentrate.

(1) Comparative Test of pH (Test No. 17 to No. 19)

Flotation tests were conducted using AP#825 and AP#845 as collectors, and water glass as
selectivity assisting agent, ea;:h 50, 25 and 200 g/t, varying pH in a range of five to seven. Flota-
tion was tested in weak acid to neutral circuit since adulteration by gangue minerals was antici-
pated in alkaline circuit. '

The result of the test is shown in Appendix Table 7 and Fig. 5. The following facts were
made clear from the result above-mentioned.

(i} . _The grade and distribution of BaSO, are 56 to 13 % at pH 5,59t0 28 % at pH 6
" and 58 to 43 % at pH 7 respectively, showing a more favorable r.esult obtained on neutral side
than acid side. --- .- .

: (i) Variation Test of Collectors {Test No. 20 to 23)

l‘?Iotatiofn beh:;viqr of barite was investigated using collectors such as AP#S.’ZS and AP#845,

2



and water glass as selectivity assisting agent, varying the amount of collectors. Flotation pH was
kept at 7 which showed a favorable result iq the previous test.’

The result is shown in Appendix Table 8 and Fig. 6.

Fig. 6 shows the following facts,

(i) The collectors such as AP#SZS aﬁd AP#845 showed no slectivity against barite, and a
large quantity of the amount of collectors resuited in to lower the grade.

(ii) Increase of amount of water glass showed some improvement in the grade without
lowering the distribution of barite.

Although the coliectors such as AP# 825 and AI’#845 were used to recover barife, but
effective separation of barite have not been obtained, therefore it is necessary to investigate other
collectors.

(3) Variation Test of Sodium Oleate and Liquid Glass (Test No. 24 and No. 25)

On the basis of the knowledge obtained in the preceding clause, the variation tests were
made using sodium oleate (hereafter abbreviated as NaQl) as collectar and water glass as selec-
tivity assisting agent in a ratio of amount of 2 : 3, and kerosene as frother was used as requiréd.

Appendix Table 9 and Fig. 7 show the resuit of the test. The resuit of the Test No. 21 was
also added in Fig. 7, in which barite concentrate of relatively high grade was obtained by using
AP¥ 825 and AP¥845.

The following facts were made clear from the result above-mentioned.

(i) Increase of NaOl and water glass from 400 : 600 g/t to 800 : 1200 g/t resulted in to
raise the grade and distribution of the concentrate from 76 and 30 % to 86 and 65 %.

(ii) NaOl shows more selectivity for barite than AP#BZS and AP#845.

Based on these, it is necessary to use a considerably large quantity of NaO] and water glass
and to repeat cleaning at least five to six times.

Although the test was commenced with pH 7 taking care of the effect of gangue minerals
and calcium, but finally pH rised up to 7.8. This fact suggests that a scope remains for investiga-

tion of flotation in alkaline circuit.

4-3-3 Flotation Test of Zinc and Pyrite

It was assumed as the result of the preliminary test that it was difficult to recover separately
the zinc and pyrite concentrates because of low grade of zinc and pyrite in the crude ore. How-
ever, the following tests were conducted with a conception that the concentrates might be
recovered even though in a small quantity, if the flotation is made on a condition suitable for re-

covery of the concentrates. - - ST T et e e e T Lt ot
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The pulp density was kept, in the test, to be 30 % for the recovery of these concentrate,
because of low grade of zinc and iron in the feed.

(1) Comparative Tests of pH (Test No. 26 and No, 27)

Flotation behavior of zinc and iron was investigated varying flotation pH from 9 to 10 in
the flotation.

In the test at pH 9, collector of AP#404 was used for the lead flotation, and 1PX for the
zinc and pyrite flotation. On the other hand, in the test at pH 10, combined dosage of AP#404
and IPX in a ratio of 1 : 1 was used for lead flotation and IPX was used for zinc and pyrite
flotation.

Appendix Table 10 and Fig, 8 show the result of the test. The following facts were made
clear from the result above-mentioned.

(i) In the case of pH 10, the grade of zinc and the distribution in zinc concentrate were
raised, and iron showed the similar tendency.

Regarding the zinc cleaner tailings which is the pyrite concentrate, in the both case of pH 9
and pH 10, the following figures were shown: 0.50 % and 0.40 % in zinc grade, 4.68 % and 2.54
% in iron grade, 6.71 % and 0.22 % in zinc distribution and 9.63 % and 0.43 % in iron recovery,
showing that pyrite concentrate had not been separated from zinc.

It is judged from the above that it is necessary for separation and recovery of each zinc con-
" centrate and pyrite concentrate, to raise pH and to use the increased dosage of CuSQ, as activa-
tor.
| (2) Variation Test of Reagents and Comparative Test of pH (Test No. 29 to No. 31}

Test were made on zinc flocation varying pH from 10 to 11 and 12.

Appendix Table 11 and Fig. 9 show the result of the test, The following facts were made
clear from the result above-mentioned.

(i) The iron grade in zinc concentrate are 26 to 28 % corresponding to pH 10 and pH 11,
which was dropped to 4 % at pH 12, Therefore, it is necessary to raise pH up to 12 for separa-
tion of zinc and iron.

{ii) While the pyrite concentrate corresponds to zinc cleaner tailings (ZnCl T), the grade
and distribution of iron in ZnCl, T were shown to be 22 % and 9 % at pH 12, and those of
ZnCl, T were 22 % and 4 % respectively, showing a considerably high grade of iron, though the
recovery is low,

. @It_}}pqgh:thp variative effect of reagent can not be made c‘lear since pH was varied at the
-same time, it is assumed that the addition of CuSQ, is effective, and consequently, the flotation

j around pH 12 should be required to obtain high grade zinc and pyrite concentrates from the
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crude ore of low content in zinc and iron.
(3) Variation Test of Reagents (Test No. 31 to 34) .
The tests were made on the grade and distribution of zinc and iron in zinic flotation at pH

12 varying amount of IPX as collector and CuSO, as activator, because the effect of the amount

of reagent for the separation of zinc and parite was not clarified in the previous test as described~

-",

above.
Appendix Table 12 and Fig. 10 show the result of the test. The following facts were made

clear from the result above-mentioned.

Kl

(i) The flotation at pH 12 will lead to produce zinc concentrate of about 50 % in zinc
grade, even if the amount of reagent is varied.

(i) The effect of IPX and CuSO,4 was not so great.

(ifi) The recovery of zinc concentrate was as low as 30 to 50 % because of low grade
of zinc in the feed. Adulteration of zinc concentrate even by small amount of other miner-
als brought immediate decreasing of zinc grade, leading to fluctuation of grade and distribu-
tion of zinc in the concentrate,

It is estimated, therefore, from the above that the flotation at pH 12 would lead to produce

the zinc concentrate of about 50 % in zinc grade with distribution of about 40 %.

4-4 Flotation Test of No. 2 ORE

Since it is known from the result of microscopic observation that the degree of liberation of
galena is 80 %, which is low as compared with 90 % of the No. 1 ore because of some difference
in type of ore between the No. 1 and No. 2 ore, effect of grinding time, effect of amount of
collector added as well as depressant were investigated in the lead flotation test.

Regarding the zinc and pyrite flotation, effect of pH, and effect of amount of collector as
well as depressant added were investigated.

It was known that the content of barite is small from the result of microscopic observation,
preliminary test and chemical analysis of samples. It was, therefore, put out of object of re-

covery, and no test was made,

4-—-4—1 Lead Flotation Test
(1} Comparative Test of Grinding Time (Test No. 35 te 37)
Tests for lead roughmg and lead cleaning were conducted each one t:me with ball mill pulp

density of 60 % varying grinding time for seven, 10'and 15 minutes;and with flotatton pulp
density of 20 % at the pulp temperature of 19° t0 22°C. - - S i
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The result of the tests is shown in Appendix Table 13, Fig. 11 and Fig. 12, The result in the
above led to make clear the following facts,

(i) Lead distribution in the lead concentrate was raised from 77 % through 82 % to 89
with the increase of grinding time such as 7, 10 and 15 minutes. )

(ii) ‘The distribution of zinc was shown to be 63, 59 and 74 % and that of iron 29, 19 and
32 %, showing the lowest values in both components at the grinding time of 10 minutes.

(iii) Lead grades in the lead concentrate were shown to be 64, 72 and 70 % corresponding
to the grinding time of 7, 10 and 15 minutes, showing the highest at 10 minutes. However, the
better result was indicated on the whole by the grinding time of 15 minutes from the standpoint
of the lead recovery.

‘Thus it is assumed that the lead concentrate of high grade could be obtained with the high
distribution by increasing the grinding time.

(2) Variation Test of Collectors (Test No. 38 to 41)

The distribution of lead, zinc and iron was investigated in both case of collectors using I[PX
independently and in combination with AP#404. The grinding time was to be 15 minutes.

The result of the test is shown in Appendix Table 14, Fig. 13 and Fig. 14. The result above-
mentioned led to make clear the following facts,

(i) Increase of the amount of AP#404 and IPX from 25 + 5 g/t to 50 + 10 g/t resulted in
to raise the lead distribution from 74 % to 92 %. But increase the collector further more than
that, no effect of raise in lead distribution was shown.

(ii) The comparison between independent use of 50 g/t of IPX and combined use of 10+
50 of IPX and AP#404 showed 93 % and 92 % in lead distribution in the lead concentrate,
showing no difference, 79 % and 78 % in zinc distribution, and 26 % and 25 % in iron distribu-
tion, showing not much difference in either case. ¢

(iii} The comparison of lead grades in the lead concentrate for the amount of AP# 404 and
IPX suchas 25+ 5 gft, 50 + 10 g/t and 100 + 20 gft showed to be 71, 71 and 68 % respectively,
showing that a little higher values were shown in the case of combined use.

As the above-mentioned, it is considered that the combination of IPX and AP?, 404 is more

suitable for the collector in lead flotation and that the dosage will be about 10 + 50 gft.
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(3) Variz;tion Test of Depressant

Inves:tigation was made on distribution of lead, zinc and iron in the case of varied addition
of depressant, using:50 + 10 g/t of AP#404 and IPX as collector, which was proved to be favor-
able in the test desctibed in the preceding clause, and adding NaCN and ZnSQ, as depressor in a
ratio of 1 : 4 for combined use.

The result of the test is shown in Appendix Table 15, Fig. 15 and Fig. 16.The result above-
mentioned led to make clear the following facts,

{i) The lead distribution in the lead concentrate showed not much difference by increased

the amount of depressant, showing the values of about 90 %, but the lead grade showed some

. rise.

(ii) In regard to distribution of zinc and iron in the lead concentrate, that of zinc was
lowered from 78 % to 53 %, and that of iron from 16 % to 15 % by increased amount of NaCN
and ZnSO, from 50 +200 g/t to 100 + 400 gft, showing the effect of depression against zinc.
of depression against zinc.

It is assumed, as above-mentioned, that the amount of about 50 + 200 g/t of NaCN and

ZnSQO, is suitable for obtaining the lead concentrate of high grade and high distribution.

-4—4-2  Flotation Test of Zincand Pyrite

(1) Comparative Test of pH (Test No. 44 to 46)

The test was made on distribution of lead, zinc and iron in flotation of zinc and pyrite on

. the conditions such as gmding time of 15 minutes, 20 % in pulp density and amount of 50 +
5_ 10 g/t of collectors such as IPX and AP#404, while the value of pH were 8.3 in lead rough-

ing, six in zinc and pyrite bulk flotation, and those varied of 10, 11 and 12 in zinc roughing and

: zinc cleaning. As for the pyrite concentrate, ZnCl, T described in the table was regarded as the

pyrite concentrate.

The ;esults of the test are shown in Appendix Table 16, and Fig. 17 to Fig. 20. The result

. above-mentioned led to the following facts.
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(i) Because of the low grade of zinc in the zinc concentrate, the test in which pH was
varied from 10 to 11 and 12 resulted in to show a very low grade of zinc of only four per cent,
which was the highest value shown at pH 12,

(i) Zn distribution in zinc concentrate is as 4 to 7 %, showing that most of zinc moved to
most of zinc moved to the lead concentrate. ‘

the lead concentrate, )
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(iii) The grade and sitribution of iron in the pyrite concentrate were 18 and 2 % respective-
lyatpH 10,34 and 4 % at pH 11, and 32 and 7 % at pH 12, showing that pyrite concentrate can
be obtained at pH 11 to 12, while the result showed the low recovery of pyrite.

(iv) High value of iron in zinc concentrate shown as 22 to 39 % leads to the judgement
that separation of zinc and iron is to be difficult,

‘Above-mentioned, it is addumed that it is difficult to recover the zinc concentrate because of
very low grade of zinc in the feed such as 0.4 % as compared with 20 % of the lead grade, al-
though some improvement of zinc grade can be expected at pH 12 as in the case of the sample
No. 1.

Regarding the pyrite concentrate, although that of iron grade of 32 to 34 % can be obtained
at the high value of pH 11 and pH 12, the iron distribution was a little less than 10 %.

(2) Variation Test of Activator (Test No. 47 to 49)

Since the zinc grade of the zinc concentrate was previously described as low as 4 %, the
test was made to improve the zinc grade on the conditions such as flotation pH of 12, flota-
tion pulp density of 30 %, amount of collector PIX of 5 g/t, and varied amount of activator
CuSO0, such as 0, 40 and 200 g/t. ZnCl, T was used as pyrite concentrate.

The resuits of the test are shown in Appendix Table 17 and Fig. 21 to Fig. 24. The result
above-mentioned led to make clear the following facts.

(i) Zincgrade and zinc distribution in the zinc concentrate were 9 % and 12 % respectively
in the case that collector IPX of 5 gft was used without the addition of CuS0,,and 18 % and 7 %
respectively in the case of the amount of 15 gft of IPX and 40 g/t of CuSQ,, showing the im-
provement of the grade with increased amount of activator.

(i} Iron grade of the zinc concentrate was 17 to 24 %, which proved that it was difficult
to separate zinc from pyrite.

(iii) In terms of pyrite concentrate, although the iron grade and iron distribution were 21
to 22 % and 7 % respectively in both case of usage of only IPX with addition of 5 g/t and com-
bined usage with CuSO, of 40 gjt they were 37 % and 5 % respectively in the case of combined
usage of IPX of 15 g/t and CuSOQ, of 200 g/t, showing that the increase of amount of CuSO, re-

sulted in to improve iron grade.

-31 -



20

n
o

GRADE OF ZINC (%)

-5
(w]

L 1T 1
4 Q

<
| S

DISTRIBUTION OFE.ZINC (%)

410

0 j | 1 O
IPX 5 15 15
Cus0,, o 40 200

REAGENT (g/t)

Fig. 21 Relationship between Amount of Activitor, and Zinc Grade and Distribution in Zinc
Concentrate of No. 2 Ore

20 [_
N OPb
- v Zn
" O Fe

DISTRIBUTION OF LEAD, ZINC
AND IRON (%)
-
Q
L DA s
/
/ |

0 - ﬂ — 8
IFL 5 - 15 15
CusSo, 0 40 200

REAGENT (g/t)

Fig. 22 Relationship between Amount of Activator and Lead, Zinc and Iron Distribution in
Zinc Concentrate of No. 2 Ore -

-

~32~



S *—‘ o { B
Z 30 | - —
£ i 8
- Z.
& . o
o =
© 20} 8 8 | v ]sE
A . 2
Z 1 Z

10 + - g

O l 1 1 ) 0

REAGENT (g/t)

Fig. 23 Relationship between Amount of Activitor, and Fe Grade and Distribution in Pyrite
Concentrate of No. 2 Ore

&)
Z 10
=
= R
§ g8 | O Pb
[, 6 - viin
S g
E =z r v
a9 3 O
£ E 2t D\ X
.m | Y
2% Q— B 3
IPX 5 15 15
CuSOll_ 0 40 200

-

REAGENT (g/t)

Fig. 24 Relationship between Amount of Activator and Lead, Zinc and Iron in Pyrite Con-
) centrate of No. 2 Ore

—33—



100

5}

5 o

= o

2 80 |- o— =

<

S | @ Ag

5 O Pb

o 60 | v Zn

§ i [ Fe

el

[64]

2 40 |-

7

i

O ad

Z

o]

E 20 v V——

g v

g wd

7 O . 0

a 0 I 1 1
BORING No.1 ORE No.1 CRE
CORE (10 min Gd.) (15 min G4.)

Fig. 25 Distribution of Silver, Lead, Zinc and Iron in Lead Concentrate both for No. 1 Ore
and BORING CORE Sample

—34 -



From the above, it is thought that too low grade of zinc in the feed led to the production of
zinc concentrate of 18 % in zinc grade with distribution of only 7 %, and it is considered that the
recovery of zinc is difficult.

Regarding the pyrite concentrate, when supposed that ZnCl; T and/or ZnCl, T be regarded
as the pyrite concentrate, pyrite concentrate of 33 % in iron grade and 28 % in iron distribution
was obtained at the time of addition of 15 gft of IPX and 200 gft of CuSQ,. Thus, it is expected

that the concentrate of more than 40 % in iron grade could be obtained by further investigation

of the processing system,

4—5  Confirmation Test (Test No. 50 to 52)

A series of flotation test for confirmation was conducted on the No. 1 ore and the Boring
core on the basis of the proper conditions which were obtained from the preliminary tests and
the basic tests so far carried out for the No. 1 and No, 2 ore.

., The results of the tests are shown in Appendix Table 18 and Fig. 27 to Fig. 31, and the
assay result of the components of each flotation product in Test No, 50 is shown in Table 8.
These results led to make clear the following facts.

(i) 80 % of silver was recovered from the No. | ore and 70 % from the Boring core. It was
estimated for the Boring core that more than 80 % of recovery could be obtained by repeating
the process, because 16 % of silver has flowed out to the tailings of lead cleaning.

(ii) Lead recovery was 82 % for the No. 1 ore and 79 % for the Boring core. In terms of
the Boring core, it is estimated that the recovery can be improved to more than 80 % by repeated
processing because 11 % of lead flowed out to the tailings of lead cleaning.

(iii) The lead grade of lead concentrate was 57 % for the No. 1 ore and 37 % for the Boring
core, showing a low grade in the Boring core. This is because BaSQ, 27 % in grade adulterated
the lead concentrate, and therefore it seems that the lead grade can be improved by depressing
BaSQ,.

(iv) The zinc grade of the zinc concentrate was not improved by increasing the grinding
time, and the recovery was lowered on the contrary.

It is likely from the above that zinc flowed out to the tailings due to overgrinding, which
leads to the necessity of stage grinding.

(v) The zinc grade is about 52 % in both the No. 1 ore and the Boring core, and the zinc
grade is high in the concentrate for the No. 1 ore despite the low grade of the feed.

(vi) The recovery showed a low value for the both samples such as 38 % for the No. 1 ore

and 50 % for the Boring core.
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'The low recovery for the Boring core sample is attributed to the mixing of 11 % of zinc
into the tailings of zinc roughing, which seems to have been caused by oxidation of sphalerite in
course of time.

(vii) It is difficult to recover pyrite concentrate because of the low grade of the feed.
(viii) Barite concentrate was recovered with the grade of 89 % BaSO, and the recovery of

50 % for the No. 1 ore, and with the grade of 87 % BaSOQ, and the recovery of 25 % for the Bor-
ing core,

Table 8  Assay of Products in Test No. 50

ELEMENT Pb—C Zn-C Py-C Ba-C T
Au(git) L7 0.5 0.5 0 0.5
Ag (@it 447 149 77 3 9
Cu (%) 034 0.26 0.22 0.06 0.06
Pb (%) 56.82 8.25 230 0.50 1.59
T Zn (%) 1.64 51,86 2.16 0.05 0.46
Fe (%) 133 2.99 1635 0.19 247
cd (ppm) 64 2437 52 ’ 1 2 ‘ !
G (ppm) 0 0 0 0 0
Bi (ppm) 0 0 1] 0 0
As (ppm) 28 48 851 18 0
Sb {ppm) 36 54 27 29 8
Sul-5 (%) 9.53% 27.79 16.38 0.19 0.14
Al Oy (%) 0.23 0.10 0.57 0.03 2.44
~} Ba50,(%) 14.60 1.36 2198 85.22 6.14
P, 0 (%) 0 0.03 0.02 0.01 0.0t
CaO (%) 3,23 236 830 3.20 §5.10
Mg0 (%) 3.02 0.63 4,84 1.65 1291
Si0, 2.70 1.04 n 1.46 18.26

4—6 Test of Physical Properties and Other Tests
4—6—1 : Determination of Specific Gravity of Ore
.. The result of determination of specific gravity of the No. 1 ore and the No. 2 ore by
pycnometer method is shown in Table 9.
No determination of specific gravity was made on the Boring core because of scarcity

of the gariple.

Table 9  Specific Gravity

Type of ore Specific gravity
No. | ore 3.62
No. 2 ore 3.60
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4~6-2 Determination of Work Index (W.1.) PR
Yomn

Wark Index (W.1.) was determined for the No. I and No. 2 ore by the Hardglove méttiod; ™

and the result is shown in the Table 10, JRTTASE
Table 10 Work Index of Samples
Type of ore W.IL value (kWh/M.T.) | .
Sample No. 1 ORE 15.04
Sample No. 2 ORE 15.77 g

4-6-3 Grindability Test of Ore
The relationship between grinding time and the particle size was investigatégi by test ball

mill for the No, 1 ore and the No. 2 ore with the pulp density of 60 % varying the grinding time
for § minutes, 10 minutes and 15 minutes.
The results of the test are shown in Table 11, Table 12, Fig, 30 and Fig. 31. .

Table 11 Grindability Test of No. | Ore

Size Feed 5 min Grd. 10 min Grd, 20 min Grd.
(mm) W%  IW(%) W(%) IW(%) W{(%) ZV(%) W&  IW(%)
0.297 38.14 38.14 3.20 3.20 0.00 0.00 000 0.00

0.210 9.62 4176 531 851 0.20 0.20 0.06 0.16
0.149 8.71 5647 9.06 17.57 0.56 0.76 0.16 0.22
0.105 10.87 67.34 16.15 33.72 448 5241 . 090 1.12
0074 9.56 7680 15.81 49,53 9.85 1509- | . -3.11 423

0.044 10.08 86.98 14.61 64.14 4.7 3980 - 1296 17.19
~0.044 1302  100.00 35.86 100,00 60.20 100.00 8281 100.00-

Total ~} 100.00 100.00 100.00 - 16000 - .
Weight ()  1).....495 2)....4934 3)....4977 4)....4985 —




Table 12 Grindability Test of No, 2 Ore

Size Feed 5 min Grd, 10 min Grd. 20 min Grd.

mm) | W) [ZWE) | W | Ew@m | We | W) | W | Zwe
0.297 48.31 48.31 0.27 0.27 0.00 0.00 0.00 0.00
0.210 8.25 36.56 0.65 0.92 1,03 1.03 0.08 0.08
0.149 6.73 63.29 3.69 4.61 2.63 3.66 0.32 0.40
0.105 7.32 70.61 13.05 17.66 9.85 13.51 2,12 2.52
0.074 5.74 76.35 18.60 36.26 13.03 26.54 6.01 8.53
0.044 7.16 83.51 23.19 5945 21.91 48.45 19.88 28.41

~-0.044 16.49 | 100.00 | 40.55 | 100.00 | 51.55 { 100.00 71.59 | 100.00
Total 100.00 100.00 100.00 100.00

Weight (g) 1)...4933 2)..45%04 3),.,4974 4)...499.]1

4-6—4 Settling Test of Flotation Tailings

Settling test was made on the flotation tailings by measuring cylinder method.

The results of the test are shown in Table 13 and Fig. 32.

The test was made using flocculants because settling velocity is low and the boundary of the

precipitated materials is indistrinct in the case of natural settling.

Table 13 Settling Test of Flotation Tailing

A B
PAC amount (ppm)* 100 150
A~100 amount (ppm)** 2 1
Settling velocity (m/hr) 15.7 15.3
SS of processing water (ppm) 14.8 22.6
pH of processing water (ppm) 7.4 1.3
Quantity of precipitates after 70.8 725
15 minutes (g/9)

*  Polyalumium Chliride
*% Acc Co.
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4-6--5  Analysis of Waste Water of Flotation Test

The waste water obtained by filtering each pulp of concentrates and tailings produced by
the flotation tests were analyzed for pH and other eight components.
Table 14 shows the result.

Table 14 Analysis of Filtrate Water

Products | PH = =T T oo Aszsiy (mgl;) CN | As | SO,
PbC (87| 0 |014|0 |0 |o |35 |0 | 7613
zoc 120l 0 |o o |oo2|0o |0 |o | 2263
pyc [121| 0 |o17|o |oo1|o |ooo|o | 4115
BaC | 83| 0 |os7|o |o12lo loo o | 9670
T 08 | 005! 194) 009|010|0 |20 |0 [22203

The environmental standard of water quality in the drainage area from the Perau mine is
regulated such as less than 1 ppm Cu, 0.1 ppm Pb, 5 ppm Zn, 0.01 ppm Cd, 0.1 ppm As, 0.2
ppm CN and pH 5.0 to 9.0. As the elements such as Cu, CN, pH and others in the drainage
at the plant operation can be considered beyond these figures from result of the tests, its treat-

ment have to be taken into account.

The method of treatment for CN with hypochlorous acid and pH with H, 50, and others
will be considered.
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CHAPTERS CONCLUSION

The metallurgical test was conducted on the samples of the stratabound silver bearing lead
and zinc ore from the Perau mine and the new deposit for the purpose of establishing proper
conditions to recover the valuable minerals, As a result, the following informations were ob-

tained,

1. The assay results of samples show the low grade of zinc in the No. 1 ore, however, similar
grades to those of the Boring core.

The No. 1 ore was mainly tested because of scarcity in quantity of the Boring core.

Grade of component

Kind of sample Ag Pb Zn Fe Sul-S BaSO
(g/t) (%) (%) (%) (%) (%)

BORING CORE 108 439 | 3.13 247 | 1049 36.33
No. ] Ore 53 545 | 0.50 1.93 7.90 29.13
No. 2 Ore 204 20,73 | 0.35 8.22 | 11.63 0.21

2. It was confirmed from the result of X-ray diffraction and microscopic observation that the
lead, zinc, iron and barium minerals occur forming galena, sphalerite, pyrite and barite. The other
minerals such as quartz, dolomite, calcite, chlorite, mica, amphibole and zeolite were confirmed
to be present as gangue minerals.

3. In the EPMA analysis, the silver minerals are observed in galena, chalcopyrite and pyrite in a
spotted form or filling the cracks, which are estimated to occur as andorite and stromeyerite.

4.  Galena and sphalerite have been liberated more than 95%, forming a product of 80% minus
74 p (minus 200 mesh), and the samples should be ground to the extent of the result of this test
to obtain the well liberation.

5. Regarding the flotation method, the semi-bulk differential flotation, showing as follows,

would be most suitable.
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Feod

Pb Flotation

1
Frloth Tailings

Pb Concentrate Zn Sp Bulk Flotation
l .
Forth Tailings
Zn Flotation Ba Flotation
[ ) ..l
Froth Tailings Froth Tailings
I |
Zn Concentrate Ba Concentrate

6. The conditions of the flotation for the lead are considered to be appropriate as follows;

30 % in pulp density, 80 % of minus 200 mesh in size of grind, neutral in pH, collector: IPX 50
g/t, and depressant: NaCN 40 gft and ZnSO, 140 gft.

7. The conditions of the flotation for the zinc are considered to be appropriate as follows;
30 % in pulp density, 90 % of minus 200 mesh in size of grind, pH: 11 to 12, collectors: IP;( 60
gft, and activator: CuSO, 300 gft.

8. The conditions of barite flotation are considered to be appropriate as follows; 30% in pulp
density, 90 % of minus 200 mesh, pH: alkaline, collector: sodium oleate 400 gft, frother: kero-
sene 200 g/t and selectivity assisting agent: water glass 1,200 g/t.

9. Itis not economical to recover pyrite concentrate because of the low grade of the crude ore,
10. In flotation of barite, it is necessary to repeat cleaning more thanfive times in order to ob-
tain the barite concentrate more than 90% in grade. -

11. The expected result c;f the flotation will be shown as follows; Lead concentrate: 60 % in
lead grade and 90 % in recovery of lead, zinc concentrate: 50 % in zinc grade and 80 % in re-

covery of zinc, barite concentrate: 90 % in BaSO,4 grade and 60 % in recovery of BaSO,.

~48 —
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1. Samples, Devices of Investigation and Laboratory Works (Photo 1 ~ 12)
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Unpacked Samples
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Photo 2.
Samples

Above: No.2 ORE
Below: No.1 ORE
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2. X-RAY DIFFRACTION OF SAMPLES
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X-Ray Diffraction Chart of No. 2 Ore

Fig, A-3






3. MICROPHOTOGRAPH (Photo 13 to 50)

The abbreviations in the photo indicate the following minerals.

Am

Ba
Bi
Ca
Cp
Cv
F

Amphibole

: Barite

: Biotite

: Calcite

: Chalcopyrite
: Covelline

: Feldspars

- 17—

G

Q

Sp

: Gangue
Gl :
Li :
Py :

Galena
Limonite

Pyrite

: Quartz

Sphalerite






Photo 13,
BORING CORE

Coarse middling consisting imainly of galena, gangue
minerals and sphalerite, Pyrite, chalcopynte and sphaler- ‘
it are Included in galena. Gangue minerals are irregular in
shape, and include chalcopyrite in a spotty form, showing

paragenetic occurrence in a form of middling.

0 200y x 80

Photo 14.
BORING CORE

Same as Photo 13

0 100y x 160

-19-




, Photo 15. e e
No. 1 Ore: Flotation feed “

- i.

Coaxse midd!mg composed ef pyme chalcopyntc
aml gnnguc minerals (center), Galena fnrms middiing

(™

e g oaed Lo,

S0 .- 200 x 80

Photo 16. .
No. 1 Ore:- Flotatlon feed

Consists of middling of galena and gangue minerals,
middlng of galena and sphalerite, and independent
sphalente, o

—-20 —



Photo 17.
No. ! Ore: Pb Concentrate

Mainly composed of galena and sphaletite, Pyrite

and chalcopynite are present each one grain in photo,

0 100
, o % 160

Photo 18.
No. | Ore: Pb Concentrate

Consists of galena, sphalerite, gangue minerals and

covelline, Pynte and chalcopynte are not observed.

Sphalente forms the grains brownish in color.

; x 160




Photo 19,

No.-1 Ore: Zn Concentrate

Mostly consist of the free particles of sphalerite,

te at the center s

rite and gangue minerals, Sphaleri

py

icles of galena.

ied by tiny part

accompan

x 160

100z

20
No. 1 Ore: Zn Concentrate

o
R
Q
=l
[~

les of pyunte,

¢

Mostly composed of the free part

in the

Galena is present only

sphalerite and chalcopynte,

in gangue minerals.

inclusion

form of

"

x 160

100u

22~



Photo 21,
No. | Ore: Py Concentrate

Tiny crysuls of pynte are scattered. Gangue minerals
consist of hard quartz and feldspar, and soft bante and

calcite, The formers show strong relief (lower nght).

0 100x x 160

Photo 22,
No. 1 Ore: Py Concentrate

The latters show an indistinct boundary with barelite

matnx because of simular color and reflectivity.

Same as Photo 21.

0 100u x 160
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Photo 23,
No. 1 Ore: Ba Concentrate

A small amount of pyrite are scattered. Hard gangue

minerals are found in 2 very small amount,

Al v, ¥
R oy Bt
PO TSNS LSS 3 A Tty i e
A i Mt -»?'f‘b‘;'v'
Lam ‘f‘.,_!‘-,., oA ] ‘.‘15.-;;’-;-1,;»";?
Lo SRR AR Y

0 100u “x 160

RN g ‘*qg
Pyt telie o Ny

Photo 24.
No. 1 Ore: Ba Concentrate

H

&
’

(d

Same as Photo 23.
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Photo 25.
No. | Ore: Tailing

Polpd

T A ;ﬁ..
e g

gue minerals are dominant,

411
i

53

e h

o
Pt

Fiid

hot :
e,

0 100u

Photo 26,
No. | Ore: Tailing

Same as Photo 25.

0 100y

Pynie, galena and limonite are scattered, Hard gan-

x 160

x 160




“% No, 2 Ore: Flotation feed

3

~i+ Galena is present as free particles, and forms middling
o with pyrite. Very fine-grained white minerals are galena

""“ “and pyrite,

4 j[“‘

"i ' T
0 [00u x 80
| S

Photo 28.
No. 2 Ore: Flotation feed

Middlings consisting of gafena and gangue minerals,
and pynite, chalcopyrite, galena and gangue minerals are

observed,

ks

v



Photo 29,
No. 2 Ore: Pb Concentrate

Mainly composed of free particles of galena and
pynte, Sphalente is present in smali quannty.

0 1004 x 160

Photo 30.
No. 2 QOre: Pb Concentrate

Same as Photo 20.

0 100, x 160




Photo 31.
Na. 2 Ore: Zn Concentrate

Mostly composed of free particles of pyrite, Middl-

ings consisting of pyrite and galena, and gangue minerals
and present in small quantity,

0 100x x 160

Photo 32.
No. 2 Ore: Zn Concentrate

=~ Same as Photo 31.

x 160
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Photo 33,
No. 2 Ore: Py Concentrate

Most of the bright munerals are pynte, Galenals
present in smal quantity.

0 100p x 160
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Photo 34.
No. 2 Ore: Py Concentrate

IR A

Same as Photo 33.

0 100a x 160
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Photo 37.
No. 2 Ore: Tailing

Tiny particles of pynte are scattered,

0 100u x 160

Photo 38.
No. 2 Ore: Tailing

Same as Photo 37.
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Photo 39.
No, 1 Ore: Py Concentrate
(Open Nicols)

Most of the transparent particles are calcite, Barite is

small in quantity.
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Photo 40.
No. | Gre: Py Concentrate
(Cross Nicals)
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Photo 41,
No. | Ore: Ba Concentrate
{Open Nicols)

Mostly consist of calcite, accompanied by a small

ameunt of bante and quartz,
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Photo 42,
No. 1 Ore: Ba Concentrate
(Cross Nicols)

Same as Photo 42,
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Photo 43.
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Photo 44

-« No. 1 Ore: Tail

ing

(Cross Nicols)

Photo 43.
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Same as
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Photo 45.
No. 2 Ore: Py Concentrate
(Open Nicols)

Transparent particles consist manly of quart (and
feldspar 2), amphubole and caleite, Amphibole is pri-
melric, sometimes showing a cluster form (center of the
pheto).
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Photo 46.

No.2 Ore: Py Concentrate
(Cross Nicols)

Same as Photo 45.
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Photo 47.
No. 2 Ore: Ba Concentrate

Composed of calcite, quartz (feldspar) amphibole and

barite,

G 100u X 255

Photo 48.

’ Nd. 2 Qre: Ba Concentrate

. {Cross Nicols)

_ x255 :

— 36 —



!‘_1; .)EJ')““-"' LEER T
e . R A T T
g e e S e
[ RS f&;;,;‘%;,:n

e

Photo 49,
No. 2 Ore: Tailing

Mamly consists of quartz (feldspar), caleite and
amphibole.
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Photo 50,
No. 2 Ore: Tailing
{Cross Nicols)

Same as Photo 49,
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4, RESULT OF EPMA TEST

Photo 51 t0 57...... BORING CORE
Photo 58to64...... NO. | ORE (Part A)
Photo 65to 71...... NO. 1 ORE (Part B)
Photo72t078...... NO. 2 ORE
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SAMPLE BORING CORE

VOLTAGE 20KV
CURRENT 0.05 A
MAGNIFICATION *3000

Photo 51,
Secondary Electron Image
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Photo 53.
Cu Kea Image

Photo 54.
Pb Ma Image
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SAMPLE No. 1 ORE (A)

VOLTAGE 20KV
CURRENT 0.05 A
MAGNIFICATION *3000

Photo 58.
Secondary Electron Image
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Photo 39.
Ag Lo Image
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Photo 60

Cu Ke Image

Photo 61

Pb Mo Image
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Photo 64.
S Ke Image
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Photo 67

Kea Image

Cu

Photo 68

Pb Ma Image
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Photo 70

Sb La Image
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Photo 71.
S Ka Image
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Cu Ko Image

{7

e
Tty

1

W
t~
o
-
2
By

Pb Ma Image

AL
WIENT
2R

B ,.._..n_.qw.._f

SRR
LRGN

—54 —



Photo 76

As Le Image
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5. Results of Flotation Test
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