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Subiect: Testwork on the Vangorda ore performed up to 1982
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Summary -

The brief summary attached refers to the testwork that has
performed on the Yangorda ore up to 1982. ' : c :

6 weakness in  the most recent testwork 15 that it does not state from
where in the ore the feed samples have been taken. Brunswick MES got
rather good lead Fflotation results in 1970, about 50 %Z Pbh =t 85 %
recovery on samples from known locations. FMost of the =inc flotation
results are from open circuit tests. The recovery should therefore be
higher in closed cirecuit operation. Brunswick MES achieved about Z5 %
Zn at 71 % recovery., which could mean seomething like 802 % recovery in
closed circuit. '

.
Pt

The reagent consumption has wvaried a 1ot between all tests, but the
standard procedure for Faro is 1likely to give fairly good results on
Yangorda ore. :

A laboratory grind of about 90 %-74 microns 1is required. but will
probably vary with the ore tvpes. I

The ongoing plans for new testing with samples from different ore types
taken from all of the ore that is going to be mined will give a good
basis for economic evaluation of the projsct.

Some recommendations are giwven at the end of the report regsrding mostly
lab testing.

One recommendation regarding regrinding is given and this will also be
outlined in more detail cseparatelvwy. :
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tils Jdohan Bolin



Testwork on the Vangorda ore performed up to 1982

i. Introduction

Un a wvisit to Faro, I i J Bolin, Boliden Mineral AB! mas a
give my opinion on previous work that has been done on the VYangorda
deposit up to 1982. :

e data was in the form of reports, letters, memos, eitc. A
given in Appendix A.

This report consists of a summary of data that is revelarst to future
wor-k  and some conclusions hawve been drawn  from previous esults.
Some recommendations are alsoc giwven. The recommendations relate not
oniy to VYangorda but also to Faro and Grum.

2. SBamples for testing

Data from samples that have been tested throughout the vyears are
pirresented in Appendix B :

Detailed knowledge can only be obtained in a few cases since location
for samples used for testing are missing from most reports.  The
footages are given for Holes 124, 13A-D and SGA and the Hole number
for some other tests. Very little is known about what samples were
used in the tests performed from 1277 to 1982. This is unfortunate,
because these latest tests gave the most encouraging results.

Z. Brinding

A summary of recommendations about mesh—of—grind from wvarious
investigations was given in a memo by F. Taggart.

In this memo, F. Taggart gives an estimate of the effect of a coarser .
grind (&0¥ -74 microns) than the Moranda recommendations of 20X -74

micirons.

This estimate is given in Table 1 below.

Table 1

Infivence of grinding on metallwgy from Yangorda or=

6rind Lead Zinc

74 microns Grade Recov. Girade Recov.
Mpranda forecast PG L7 7% S oa
Estimate 50 55 78 =3 a2

tJ
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I* iz guite clear that a Fine grind giwes a better metallurgical
roemuit. It is not possible to state that the k80 should be a certain
size since the grain sizs of the ore 1is wvariable. Farticle si=e
diztribut10n= are rarely given. 80 or % minus a certain size are
sometimnses given.

Hamloops performed tests with finer grind than any tTime before
dudging from a few particle size distributions giwven in papers not
incliuded in the formal reports. The sizing could have been done by
cyclipsizer and in  that case it 1s not possible to compare this with
other siewve analwses

For one sample (1A45)the kBO was 192 microns aftter 13 minutes grinding
wnile another sample (2B4E) gave 34 um aftter the sa i

3
m
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iLead flotation
Test data are given in Appendix C and results in Appendix D.

The most important factor for good lead flotation is fine grirding.
Only a few tests had been performed at a fine gr1nd before the final
testing done by kKamloops.

BMZS {August 1970} 24-97%4 —-74 microns.

NMoranda {(April 192790) 80X —-45 microns.

Moranda {(February 19275) Q0-94% —74 microns.

Dowa (May 1973) BOX -39 microns. _

Famloops (1979-1982)80% -39 to 19 microns and probably
even finer. :

Conditions for lead flotation have wvaried as follows:

NaZC0o= .7 - 5 kg/ton

oH ?.5 — 10

NaCi 3.1 — 0.6 kg/ton {added both in rougher and cleaner}
The highest additions were made by Kamloops. Mal28 was tested by
Moranda in a few tests for copper—lead segaration. Kamloogs tested

Ma280% in combination with MaCWN with poor results. Galigher tested a
lime cireuit with NalhN in combination with ZnS84. Testing by Dowma
with H280Z + NMaCil in the cleaning steps seems to be promising.  Yery
little work has been done on systems other than MaZCOZ-NaCi.

£ number of collectors have been used, with NalFX being used in most
cases., often in combination with varipus dithiophosphates. As for
frother, Dowfroth 252 has been used most frequently. FKamloops does
not state if they used any frother.

My conclusion is that the lead flotation of Vangorda ore needs fine
arinding and that the normally used yreagents at Faro also give fairly
good results on  Yangorda. Most probably the different ore tvpes
reguire differerft grinds for the same liberation state, but an

=ar

stimate of the necessary grind would be %0 +-5% — 74 microns.

Fage 4



e 2lates to laboratory testing. Lhen 1t comes to
the piant, one has to make a comparision between what

or Faro in the l1ab and in the plant and then make
ent to allow Ffor the different slope of the particle size
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Test data are given in Appendix L and results in &ppendix L. Fine
gsrinding is very important for =zing flotation also. The conditions
in zinc flotation hawve wvaried as follows:
Ca{OHI2 0.5 — 2 kg/ton
oH 7 - 11.5
Cug804 J.% — 1.5 kg/ton
fAgain. the highest additions
were made in tests by Hamloops.
Fiost tests have been performed with NalPX as collector. ?—““O has
been used by Galigher. WIBC, Dowfroth 250 and Frother 45 have been
tried as frothers, Dowfroth 230 being the most common used. Kamloops
does not state what frother they have used, if anv.

.J
.‘\
T

conclusion 1is the same as for lead flotation, fine grinding and
same procedure as already applied to Faro should giwve
isfactory results.
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Discussions — Recommendations

—+q

fort should be made to define from where the test samples were

in previous testing programs, especially for the Eamloops
. The reason 1s that the results have varied a lot especially
. Kamloops tests. depending on what sample thev have used,
ppendix E.
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program for esting of new core from Yangorda ought to give
e results regarding the best grind stated both as
orrninettol needed or as particle size distributions for the
rent ore types. The tes program will also give guidelines for
eagent levels needed for the different ore types. If Kamloops
are valid, not onlwv for the ore samples they tested but also
new samples then there should not be any significant problems
maybe grinding. flotation and dewatering capacity since the
a ore seems to be finer—grained.
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On the other hand the graphitic ore could give special
=ome E—tvpe samples have given rather poor grad
oncentrates.

4
v recommendations do not apply only to Vangorda but can also he



spplied to current operation, as well as to Grum.

The recommendations concern mainly lab testing ang are given below:
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Feagent additions should be kept to the minium needed; otherwise
selectivity problems will soon occur. :

HZ503 +MNaCN and H2S503+ZnS04 as  alternatives to NaCN only in lead
+lotation should be tested more fully. » '

MIBC should be avoided for  the graphitic - ore since HIBC has a
collecting effect on graphite. Dowfroth 230 has given good resuits

in our Stekeniokk plant. The carbon content went down from 3% to
1¥ in the copper—-lead concentrate. : :

The special dye I brought with me gives good depressinn.of graphite
in our Stekenjokk plant. Ma—-lignosulphonate can be used to dilute
the dve to reduce the cost. It should be mixed prior- to addition.

" Ow proportion is 3:l.

de are using isobutylxanthate for many ores for zinc flotation. It
is stronger and cheaper than isopropvlsxanthate. However IBY does
not work well on Laisvall lead-zinc ore, so we are using IFX for
this ore. '

e are using diiSDpFDpyldithiDphDSphatEV_ih the scavenger‘flotatibh
for some ores to get better selectivity against pyrite.  fAerofloat
404 is also in use on some ores. ' :

In our plants we are careful not to grind mineral. particles that
are already liberated. Therefore grinding 1is performed on
scavenger concentrate and/or 1st cleaner tail. I strongly
recommend that this is tried before VYangorda comes into the plant,
when the grind most probably will be finer and overgrinding should
be avoided as much as possible. :

Regrinding should be performed in open circuit to prevent coarse
pyvirite being ground down to slime particles. He performed a test
on our Langsele ore with closed circuit regrinding. which gave us a
build up of Ffine circulating pyrite and great difficulty 1in
maintaining zinc concentrate grade. ’

CuS04-distribution to many points in rougher, scavenger and
cleaners can sometimes give better froth characteristics and even
decrease. the amount needed, because some zinc mineral 1is readily
activated and does not need much CuS04.

Gold recovery can be improved by a new reagent from Hoechst, Hoef
3403%. It is not good for lead flotation which is why it should be
used in combination with other collectors. The additions should be
about three times the collector it replaces. Hoef 3403 has

frothing properties that can cause problems.

Gold Ffloats well if not oxidized. Na?S can reestablish the
floatability. but we have not tried it in a plant ourselves vet. A
short " flotation fime should -‘be preferr=d 1if possible. The very
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Appendix A

on Yangorda ores

Titie

£ Preliminary Study of Flotation
Response—-VYangorda Ore type 405G

& Preliminary Study of Glotation
Response—Vangorda Ore ftvpes 4E and 4A

Effect of Ultrafine Grinding on
Metallurgv—Y=angorda Flateau Ores

Effect of
Yangeorda

Grind on FMetalluwrgy—
tyvpes 1B4G, Z2ZE4E

Metallurgical Responss, of Yangorda
Yangorda Ueposit—Eastern Section

ion Response of Vangorda Ore-—
ed Testwork

Considerations on The WYangorda and
Swim Lake Ore

Closed Circuit Test VYangorda Ores

Metallurgical Laboratory Tests on
Yangorda Ore Sample

Refractory Ores Metallurgical
Comparision

Yangorda and Brunswick FM%5 Ore Samples
Bench Tests Carried out at the
Galigher Company

ests Freliminarie {Locksd Test) Sur
es Echantillons "LON Medium, et High
rade =

rovenant de bango.dq Creek

Report on The Metallurgical Test of
The Vangorda Ore

Preliminary Flotati
Yanoords D.0D. Cores
Cvprus Anvil Testwork

Expansion of Faro Concentrator
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V1% CLAGHM.C.
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Yangorda Ore
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Eullk Flotation Tests

Yangorda Flateau Metaliuwrgicsl
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VARNEBORDA

Date

Dec 14/65
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Novy 27764

Sept 18/469

Jdan 26/70

Feb 4/70

~AppeEnDIX B

Samples for metallurgical testing

Sample description

fi 1ist of hole no. sample no, footage and classification
is oi ‘ ‘

<
m
J

rJ

o

red
o

Sample no 1 ¥ sample of cCcore received
massive sulphides

ovrite

disseminated sulphides
graphite schist

bk

& porticn of no 2 to 5 was combined for make a bulk
sample for testing by Dowa
1548, 15B was sent to Moranda F356 1bs
Moranda 168 1ibs
Moranda 389 1bs
Dowa S0 kg
Hole No 15A 160D7-247° 2.69 L Pb S5.31 %X Zn
‘ 1Sk 160°-247° .25 % Pb E2 4L In
Sum: 2.27 % Pb 5.82 % In

150 1bs of —64 wvear sample left. A portion of

- +4 mesh screened out and sent to kKerr Addison.

1SC1507-2007 56 1bs 1.66 Ag., 4.30 % Pb, S.06 % In,
0,12 4 Cu to Galigher

15C 201°-250° 36 1lbs 1.77 ARag., 4.74 % Pb, 5.22 %4 In.
0.15 % Cu to Dowa

One box from D 0 H 15D 157°-250° &0 lbs sent to
Hrunswick

S0A 1077 -18%°7 {(surface sample) to be drilled near to
Hole 50

1837 — for later use.
1068 2707 -%387 (deep sample) to be drilled near to Hole 10
- 3387 - for later use
Compocsite: Mine holes near to old holes Mo 1, 24, 15, 10,
47, S0, 52,73, 81

Totally 11 samples to be s=nt to Moranda.

4G, 4k, 4A Geologically typed by L Hansen and D Jdennings
Grouped fogether according to geoclogical species and

average grade on instructions by D Hansen
t

4BCY East of 12th paralell (as above!

L

Fame



SmME,étc

~ka /7 ton
i Coilec.-froth.

Zinc-flotation

ton

ke

Lead-flotation

1

i Grind

4 g

data for labtesting
i Date

VANGORDA
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APPENDIX D

Ve
VANGDORDA metaliwrgical balances
Company Date Head grade - Fb—-concentrate Zn—concentrate
Fb in b= Cus an Ag Grade Rec overy Grade Recovery
Fb ZIn Fb Zn Au Ag Fb in Pb in Sample description
Dept of * 1954 32.35 4.78 22 0.13 0.60 5Z 52 74 49 S Shipm. no 1
Mines * 1954 2.%94 4,40 16 0.08 0.50 40 3B = 48 &3 Shipm. no =
Noranda 1254 3Z.20 4.90 20 0.15 0.45 47 54 &0 S0 =&
# 125 Z.20 5.20 45 7 o3 S0
Moranda #¥%¥ Apr 2/-70 S.60  6.60 22 0,12 =4 1 7o 1 0 o2 1 = Hole 50A
2 Apr 2/-70 .32 3.46 320,22 48 12 80 18 2 =5 = &2 Hole 104
Noranda ¥ Febr =75 1.&60 2.70 =7 78 49 77 low grade
* Febr =75 3Z.62 4.10 54 78 52 77 aver.grade
* Febr —-72 2Z.70 6.8 49 ' 81 o4 80 medium grade
* Febr -75 6.20 10.50 25 2= 49 &5 high grade
aligher = , i968 Z.920 S5.10 57 7E 51 52 Hole 15SC 14607 -200°
* 19&8 4.37 S.00 ‘ 2= 85 24 &0 Hole 15C 1607-200°
aligher * July =62 4.32 4.87 o1 772 2 = 54 5 78 Hole 15C 1&0°-200°
Br.owicit *  Now —&9 4.10 5.17 0,30 47 52 8 %20 11 - 8% 1 5SS 2 78 Hole 15D 7
Br.owiclk Aug —70 Z.76 4.%0 52 10 87 12 1 So 2 72 Composite
* Aug =70 Z.95 4.07 48 & 85 10 1 S 2 72 Hole 108
* fAug —70 S.27 &H.60 52 11 84 14 = 53 S 70 Hole S04
Dowa * Febr —4£5 BAD RESULTS
.‘ R
Dowa * Mar 17/62 4.01 4,91 D.14 S0 10 77 49 60 ' Hole 1i5C 2017-250°
#¥% PHar 17/489 4.18 S5.25 0.12 49 10 79 13 4 49 7 64 Hole 15C 201°-250°
Dowa * Man, =73 I.08 4.42 .21 62 578 5 2 =5 S 87 Sample no 1 to o7
Hamloops #¥#% Jdan —-B2 .96 6.7B oo 10 84 8 45 75 1535152 85 Ore tvpe 45
##¥ Jan —82 .45 4.27 S0 g8 78 2 40 50 S0 174182 Ore tvpe 4E
##¥ Jan —82 2.8 4,24 150145 &6 B3 7 25 65 51 182183 Ores tvpe 48
##% Jan -—-82 Z2.048 335 51 25 - 35 60 49 8%, Ore typs 4ELCD

ot Results calculated by alternative method

t
¥ labresults . :
#*% predicited from pilot plant tests

¥¥# predicted from labtests .



Appendix E

: TABLE 22
VANGORDA METALLURGY BY ORE TYPE

[TEST RG.T TEST FETALLURGY CORRECTED FETALLURGY GRIND ORE TYPE [ fwpind. /(p_cgwer'y
| LEAD : ZINC LEAD ZINC TIME F g
GRADE  |RECOVERY | GRADE  |RECOVERY | GRADE  |RECOVERY | GRADE  (RECOVERY | {(min.) A A
: ]

1 45.5 43.9 54.1 69.6 45.5 58.0 54.1 74.7 15 1A4G /9
2 36.4 88.4 55.7 66.0 36.4 90.3 ©55.7 68.6 15 1ALG /9
3 55.7 85.6 56.7 76.4 55.7 87.1 56.7 79.0 15 1ALG / V& 3o
4 54:.6 87.2 54.9 . 76.2 54.6 89.2 54.9 78.7 15 1ALG / Sty g
5 57.8 83.2 56.6 75.2 57.8 85.7 56.6 77.7 15 1A4G 9 ¥2.2 4633
6 £0.3 84.2 55,1 63.3 40.3 86.7 | 55.1 67.4 10 G |23
7 £8.2 85.0 57.5 62.3 48.2 87.5 ! 57.5 67.9 10 1A4G 33
8 60.8 77.5 54.2 61.8 60.8 81.3 54.2 69.3 10 1ALG 23
13 57.3 83.1 55.9 71.7 57.3 83.4 55.9 75.2 15 1A4G /9
14 61.2 79.7 55.9 77.9 61.4 I “81.4 :| 55.9 | 80.6 | 15 % 1A |79

| 9 36.4 72.5 47.7 | 63.3 36.4 | 76.5 47.7 69.3 10 1B4G
10 45.9 76.2 51.4. 72.3 45.9 79.2 51.4 75.3 15 1B4G
11 9.6 67.9 52.4 75.9 49.6 73.6 52.4 81.6 15 1B4G 235  $83
12 £1.8 73.6 54.1 71.5 41.8 77.2 54.1 74.5 15 1B4G
15 [1.3 71.3 51.6 76.0 41.3 74.4 51.6 78.3 15 1B4G 209
16 50.0 77.4 55.0 78.9 50.0 80.2 55.0 81.6 25 1BZG 33.3 "
17 49.3 80.8 55.1 74.8<| 9.3 82.1 55.1 76.8 15 1B4G 289 42
18 53.6 69.6 56.8 46.5 53.6 72.6 56.8 61.5 15 1B4G 3.6 S5
19 56.9 67.9 58.1 ' 59.8 56.9 72.5 58.1 I 67.4 20 1B4G 23.) so.3
34 43.3 78.2 53.0° 57.6 43.2 81.2 53.0 64.5 20 2ALE 315
30 33.7 79.6 37.2 68.7 33.7 81.3 37.2 7.7 10 WE | &Yy
31 39.9 77.7 41.2 67.5 39.9 80.7 41.2 72.5 15 28/E |39
32 4.4 77.5 51.0 65.8 4.4 79.5 51.0 | 70.9 20 BLE |28 : £3.9
33 29.7 74.6 40.6 59.9 29.7 77.6 0.6 |  65.0 5 2BLE
35 50.7 78.8 49.8 | 65.7 50.7 82.8 49.7 | 72.0 20 2BLE 28 . gw.Y
20 37.9 51.9 44.9 17.7 37.9 56.3 44.9 43.2 15 XC4E
a3 42.9 53.6 50.4 43.1 42.9 61.1 50.4 55.6 20 X4E J5.2
22 45.2 74.2 52.3 69.5 45.2 76.3 52.3 74.3 20 2CLE - v §
23 33.4 72.5 42.7 74.6 33.4 75.5 42.7 | 77.6 15 2CLE
20, 33.7 73.3 | 44.6 63.2 | 33.4 76.3 44.6 69.2 15 2C4E
25 38.4 58.0 42.4 73.1 38.4 64,0 42.4 77.0 15 2CLE
36 34.2 59.9 45.8 57.3 34.2 65.9 45.8 67.3 10 2CLE

| 4 | 36.5 } 55.5 41.4 l 55.3 36.5 62.5 4144 67.0 5 2CLE
37 | 23.3 | 66.9 32.1 50.4 23.3 72.9 32.1 59.4 5 2D4E P
38 37.2 | 4.7 46.7 53.3 37.2 77.7 46.7 61.0 20 2D4E 032
39 37.7 65.6 45.3 57.8 37.7 68.6 45.3 63.8 15 2DLE -
40 42.5 60.6 42.6 61.2° 42.4 64.0 42.6 67.2 10 2D4AE .
L2 38.9 76.3 46.8 69.9 38.9 76.3 46.8 75.9 5 ALA
L3 58.9 gog 52.4 sg.s 23.9 76.2 %é ggg }g gm wy ey
4t 67.2 2, 9.9 76.2 7.2 70. . . . .
L sg.e 78.8 és.s 69.8 58.6 81.8 56.5 75.8 25 3ALA 233 518
6 (8.8 | 80.5 51.5 77.2 48.8 83.5 5.5 | 81.2 25 3B2A 129 4o
L7 33.¢ 82.8 50.3 |  69.9 33.4 84.8 .50.3 4 .77.9 15 3BZA
z 31.9 82.8 14.8 72.2 31.9 83.8 44.8 75.2 10 3B4A
£9 £40.2 71.8 £45.5 79.4 40.2 74.8 45.5 83.4 10 LA | y2.3 5.9
50 36.9 75.0 46.3 76.0 36.9 79.0 46.3 80.0 15 3CLA
51 1.0 72.8 52.2 73.1 31.0 77.8 52.2 78.1 20 3CLA
36 | 30.6 74.2 52.1 74.2 30.6 79.2 52.1 79.2 25 XA
52 35.2 " 80.4 53.9 66.1 35.2 82.4 53.9 72.1 25 3DZA £89 639
53 27.2 72.7 5.5 69.8 27.2 74.7 45.5 74.8 10 3D4A
e 21.8 63.0 £2.3 73.8 21.8 68.0 42.3 75.5 15 3DLA

{ 55 20.9 | 75.4 48.6 66.6 5 20.9 79.3 8.6 72.5 20 3DZA

|

Notes: a) Test metallurgy is recovery at final cleaner concentrate grade.
b) Corrected mélallurgy was arrived at by redistribution of the cleaner tailings.

c) Grind time refers to time in the laboratory test mill: Product P80 is proportional to grind time.



