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i Appendiks av 22.08.1961 som angir forsaksbetingelsene for alle 19 forsekene.(testene) hvorav 15 var pa
i:grafittmalimen.
Vedlagt folgebrev som peker pa at behandiingen av denne type malm har veert vanskeligere enn ventet.
i En av konklusjonene er at den beste behandlingen av grafittmalmen er bulkflotasjon i kalkbasisk milj@ med pH 11
Beste test ga 20,1% Cu i kons ved et utbytte pa 64% Cu. Grafittkonc holdt 2,05% Cu. En regner med at ytterligere

¢ rensing av dette konc vil gi mye hayere utvinning og gehalt i Cu-konc.

_Malmen av felstype oppferte seg fint til denne type behandling. En oppnadde 26% Cu i konc og 92,5% utvinning.
i den valgte behandlingstypen var tilpasset begge malmtyper fordi det ble antatt at typene kom til & bli brudtt
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IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY

{UNIVERSITY OF LONDON)

MINING AND MINKRAL TECHNOLOGY DEPARTMENT

OFFICE: PRINCE CONSORT ROAD s o oz = " SOUTH KENSINGTON,
ROY4L SCHOOL OF MINES
LONDON - - S.W.7

Your Ref.
— Telephone: KENSINGTOMN 5111
Our Ref. Ank. |/ {. /3
Avd.
BESV L';th Jul}" J.‘Jbll

i, Ingvaldsen, ESq.,
Kauvokeino fobberfelter,

I'rondhelin, Kani. ,
Sverres gb. 4, Vieas|CL Ay
.'1'10‘:-1&';&_"_. Ark.

Dear llr. Ingvaldsen,

amenability Testing of Bidjovagre ore -
gvarhitie shale tvpe

knelosed herewith is a copy of our report describing
the amenability testing of this ore. A second copy hsas
been ilorwarded under separate cover,

The treatment of this ore has proved more difficult
than expected, perticularly since it is probable that it
will be treated admixed with the simpler Fels type ore.
iMueh test work remains to lLe done, but it is hoped that
this report will provide & basis for the ultimate treatment
metihod to be emploved.

The details of the bulk of the test work and results
have not been included in this report but can be forwarded
to you if required.

e will be pleased to have your comments on this re-
port in due course and should vou require any additiconal
informstion or clarification of any part of this document,
idkase do not hesltate to contact us.

Yours sincerely,
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INTRODUGTION

A 10 Kg. sample: of ore marked "Kautokeino Kobberfelter=-
Bidjovagge ore - Graphitic shale type" was received on Jwe 1lst
1961 for amenability testing in accordarice with ‘the instructions

- ofvMr.  Ingvaldsens A aimilar weight of the.Felg {ype ere was
also reeeIved for both ipitial gad comparative teBt purposss.

* This reéport contains the pertinent results and principal
conclusions somekwssens of this test work and suggestions for
the further testing af this ore,

SUMMARY AWD CONCLUSIOUNS

1) The best method for the treatment of the graphitic shale ore
was found to be bulk flotation of the graphite and copper minerals
at-a 'pH' of about 11.0, using potassium amyl xanthate and pire
oil. Grinding to B5% minus 100 mesh B,5:5. in the presence of
lime was necessary. The chalcopyrite was separated from the
graphite by treatment with sodium sulphide at a pH of about 11,0
wherein the copper minerals were depressed and the graphite’
flozted off in the froth, The full results of this test are
shown on pages 2 G%

2) In the bast test, the copper concentrate assayed 2C,1% Cu which
represented a recovery of 64L% copper. The graphite concentrate
contained 2.05% Cu and 23% of the copper content of the ore. By
further cleaning of .this latter concentrate and the copper con-
centrate a mueh higher regdvery and grade of copper concentrate
could be achieved: A 25% Cu concentrate containing 90% of the
copper should be possible, once optimum conditions have been

found in continuocus operations., An outline of further test work
required to confirm this is given on pages 1,849 .of this report.

3) The Fels type ore responded well to this same method of treat-
ment and gave a 26% Cu concentrate and a recovery of 92.5% coppers.
Petails of this test are given on pages 5 a2¢ 0O The method of
treatment selected ‘for the graphitic ore had to be applicable also
to the Fels type ore, Since reportedly it 1s unlikely that the two
ores could be mined and treated separately. This factor was a
.major consideration in this test work. ‘

4) A total of 15 batch tests were conducted on the graphitic shale
ore and 4 test with the Fels type ore. In addition grinding tests,
screen snalys#s, specific gravity determinations, mineralogical and
microacoric examinations of the ores and test products were made,
These aspects and the other tests are summarised on pages 9-U
Fuller detalls of these tests can be provided at a lster date should
they be required,

5) A head sample of the graphitic shale ore assayed.3,03% Cu, 32
%rams#hetric ton Ag, lek gramg/m. ton Au and 17.9% carbon
graphitie) The Fels type ore assayed 1.93% Cu, l.4 grams/m,ton
Ag and 0,76 grams/m. ton ‘Au. The gold and silver would probably
report ‘with the chalcopyrite but this has not been. confirmed yet.

6) General test data, conditions and notes relating to the test
work and the results obLtained are given in appendices A and B.

London, 8th duly, 1961. o Dedo Ottley. ‘
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JULY 1261 i KAUTUKEINO KOBBERFELTER - BIDJUVAGGE ORE
BEST TEST RESULTS AND CUNDITIONS

TEST 13 ~ Graphitic ore:

: Batch grinding of the sample in the presence of burnt lime was
followed by bulk flotation of the' chalcopyrite and graphite with stage
additions of potassium amyl xanthate and pine oil, The bulk cone
centrate was retreated in the same flotation cell using sodium sulphide
-at an elevated 'pH' (with lime) to effect depression of the copper

mineral. .
Metallurgical_ﬁesults."
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Reagent additions and Treatment conditions.

STAGE B, | SOD. tpHY | tpH?
| LIME P/O . ; K.AeX. | SULPH, START END
R e e S _.? — t - 't - A il SR S - A mrn
Mill | 2.5 R - I Y Jks = -
, Grind 13.5" | 1044
[ - B T T S e e SR £
Bulk flotatlion Rghrs | | 0425 0.027‘
' Cond. 1 ! 1l 1
Flotn. l j = ! 3; 10511' 1 9.1]- E
Pl . i e AL P s ey Tlb D s - = j
. ! : R At S
Bulk flotation Scavngrd l.25 | Ca005  0.004 ; {
Cond. | 5 | 1 1] f ‘
Flotno I — ; e = li 11.1 ] 10|6 i
| Cleaner treatment TRERCT DRSS A0 RN W T A P T -
1 Cond. 5 ‘; 5
Flotno e 3 1102 11.0
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Test 13 ~ Graphitic ore (cont),

Comments on the test.

Bulk flotatlon of the graphite and chalcopyrite results
in the rejection of about 52% of the original ore containing
043% Cu. The froth in the initial stages of the bulk flo-
tation was very voluminous and tough due to the presence of
much fine slimed graphite. The fine graphite floats readily
with nmerely the addition of frother. Potassium amyl xanthate
was stage added in two increments in both the roughing and
scavenging stages of the bulk flotation but it is thought that
& single addition in the rougher stage would have proved more
effective and resulted in a quicker flotation of the copper at
the expense of the coarser and middling graphite.

The grade of copper concentrate obtained (20,15 Cu)
could be further improved by one or more stages of recleaning.

- The major impurity in thls concentrate was coarse graphite much
of which was locked or dispersed through gmengue quartz. The
cleaner froth could also be clearied to drop out the fire free
chalcopyrite contained therein, although this might prove more
difficult beceuse of the tough voluminous nature of the frothe
Alternative methods of removing the graphite slimes from the
ground ore before the bulk rougher or bulk cleaner stages should
be sought. Gravity treatment classification or elutristion
appear to be attractive possibilities.

The depression of the fine chalcopyrite in particular
was much less effective in the presence of graphite slimes when
using potassium amyl xanthate than when slimes were absent or
" when potassium ethyl xanthate was used.

Optimua conditions for the depression of the sulphide
minerals should result in greater economy of reagents than this
test indicated as well as a higher recovery and copper concen—
trate gradee Sodium sulphide solution might be recirculated
after thickening and filtering the cleaner cell products to
further reduce reagent consumption and treatment costs,

Grinding with burnt lime and the use of amyl xanthate
greatly improved both the copper recovery and selectivity over
potagsium ethyl xanthate, where lime was added to the cell or
- where the test was conducted at a lower !pH?, Sodium isopropyl
xanthate might give equally high recoveries and selectivity to
that of amyl xanthate and in addition could result in a mere
effective and efficient depression of the copper mineral using
sodium sulphide.

The screen analyses of the mill feed, ground product
(stage ground) and the flotation tailings resultied from both
stage and batch grinding of this ore are shown on bage 4.




Graphitic shale type ore Test: 13 (gpﬂ:)..

UCHEEN ANALYSIS OF MILL FEED, STAGE GrOUND rRODUCT . AND BATCH
AND. STAGE GinOUND FLOTATION TAILINGS

Percentage welght retained

Mesh .+ Microms (i MI1l | Ground |  Stage

BSS /. néminal .o Feed f Ore _ Tail B%:gg
" Flus7, | 2810 T 3 [ e e R MO
10 1670 | 347 ! il » I e
14 FA 712005 | 72351 i ] R A
180 R 850" | - 233 ‘ - - -
25 | G TR ; 3 =
36 520 | gz & | ST :
52 300 | 5.8 i s | OS2 Ools
72 j 211 | k.8 } 0.6 ? 1.3 J ha'5
100 f 152 | 3.8 i hel | 1ofa L 116 |
- 150 |05 T 3.2 | 303 3044 L2745
200 - 76| L8 .! 181 | o182 | Iz
Minus 200 - | Teh | 46.9. i 39¢5 1' L3e2
AP e A 0 B 2 | | 1 bR E e 0" L
Total % 100,0 | 100,0 10040 | 10040
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KAUTUKEING KOBBERFELTER -~ BIUJOVAGGE ORE

BLST TEST nikSULTS AND CONDITIONS

TEST LF-FELS TYrE URE:

THe ore sample was batch ground with burnt lime added to the
mill and the pulp subjected to flotation treatment under essentially
the same conditions as those reported in Test 13 for the graphitic

shale ore,

An unsuccessful attempt to depress the chaleopyrite,

which floats readily with frother only, using reagent 610 and
sodium silicate was not thought to have any effeet on the subsequen
Stage addition of potassium amyl xanthate and frother
gave a high grade concentrate and copper recovery without any

flotation,

cleaning,

Depression of the chalcopyrite from the rougher concen-

centrate at a pH of ll.) using sodium sulghide was most affective

and only a minor quantity of slimed mater

al floated,

The product

from the sodium sulphide treatment were not assayed separately,

Metallurgical results.

PRODUGCT

| % WEIGHT

Tailing

Measured head

Rougher concentrate

Scavenger concentrate

i 7.2
3.8
89.0

| 10040

, S el Bun Qe ST LS,
. Calculated head

Reagent additions and Treatmen; conditiqgg:

oL > T =
STAGE LIME | 610
EE Ry e R
Grind 10
- = T -1V =l | o F "
Rghr, flotation | = 0405
: Cond. g
flotn. - |
Scavwngr. flotn, - o el
condo
ilotn,. I i
Cleaner flotn. i 1,25 | i

flotn.

_soD, |

|

SILIC. MIBC

| % CUPrEi. | % DISTHRIBUTION
Sl RS T VR TR, T U et AL
;' 1.90 305
* 0vgd le0
TR TR W S N
i o —— - = e — {
I! 1093 i - |
| e Pty 2 |
=y SOD. | 'pHY | TpH?' |
p.0. | kuA.x. |SULER, | START
B (TPl (N0 ] ST, T = -
i
R o;Oig_ ks 11,31 949
2
0,05 | 0,018 | = | 9.9 -
1/2 1 1
2
3.75
: 5
I 3 ll.l —
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Test AF-Fels type ore(comt ).

Comments on test.

Chalcopyrite floats with the addition of frother only. The ad
ition of reagent 610 had no effect in this test but in previous test
under different comditions the same addition of 610 did successfully
inhibit the flotation of chalcopyrite unless collector was added.
The froth was of excellent quality throughout the test. Potassium
amyl xanthate was stage added in two increments of 0,009 Kg/m.ton in
both the roughing and scavenging stages, The copper mineral floate
quickly and ecleanly at the high 'pH' and no cleaning was needed to
give a high grade concentrate.

The 10 minute grind gave a much finer product than the 13.5 min
grind given the graphitic ore, as seen in the screen analysis data
below, compared with those shown on Page 4.

The Fels ore responded very well to treatment um er similar con
ditions to those found suitable for the graphitic ore. Concentrate
grade and recovery were clearly much higher for the Fels ore though.

The concentrate grade and recovery were superior to those ob-
tained in two earlier tests using ethyl xanthate and the same prind
or ethyl xanthate and a finer grind, at a natural 'pH? (7.4—7.?}.
Grinding in lime appeared to improve the flotation of chalcopyrite a
improve selectivity. The depression stage using sodium sulphide
was carried out in the same flotation cell at a low pulp density,

Screen analyses of Mill Feed and Flotation tailing — Test AF

! Mesh | Microns Pefzéhtage weight retained |
i BSS %l lNominal : .¥§%}"€??§_L"Tailing_
Plus ‘70 1 |> 2810 043 | L1
| 10 i 1670 93 | A
E 14 ] . 1200 2l ok f d
| T A i By 24,6 L T
| 25 600 | Teghn by
SFIES iy -<ed 649 ‘ e

52 | 300 i 4e9 i -
; 722 f 211 ’ s Jl r 3
| 00 [ 152 B3 P
150 | 105 ‘ P A BOR 5
200 76 5 ) TSN ST -2
bioe Moo R | Hh - g 6532007
E Total %, ) | 10040 100.0
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SUGGESTIONS FOu FURTHER TEST WORK:'

Graphite slime:

Slime graphite gave considerable difficulties in both the bulk
and cleaning stages of flotation and caused mechanical hold up of
¢opper mineral as well as excessive reagent' consumptdon, largely
because of the voluminous and tough fyoth it ecaused. The fine
graphite floated readily and with low copper content usirg frother
oonly (MIBC) with the graphite ore but this was not satisfactory
sinc e some of the copper in the fels ore floats readily with Jjust
ffrother. The addition of depressants for graphite were not at all
effective with the copper of the Fels ore, in the quantities used.
There was an indication that these reagents were causing some
depression or sluggishness to flotation of the fine caleophrite in
both ores. Desliming of the ground ore prior to flotation in a
glass cyclone was not effective since the 9.4% of the om 80
reroved assayed 2.24% Cu, a copper loss of 7%. Even ther much
of the fine graphite remaindd behind. Further tests o remove,
or depress the slime graphite would simplify and improve the
separation of copper mineral and graphite. Classification,
elutriation or some form of gravity concentration would look
attractive. The same method might also prove suitable for re-
moving the coarser graphite and graphite-cuartz mrticles from the
bulk rougher or first cleaner concentrate, The specific gravity
difference between graphite (2.3) and chalcopyrite (Lel?) 1s
sufficient to indicate that a goal separation might be possible.

Bulk flotatioﬁ treatment .

The various tests carried out for the purpose of depressing
the graphite and floating only the copper mineral were unsuccess-
ful since there was a tendency to depress fine copper mineral
pgrtigles and not to depress the fine graphite, as mentionedpre-
viously. '

Several tests carried out using potassium ethyl xanthat#
under various conditions, resulted.in high tailing losses in the
bulk rougher stages Concentrate grades were also lower which
indicated poor selectivity alsos An examination of tailings
sereen fractions from two of these tests showed that the larger
part of the chalcopyrite was free and of minus 100 plus 150 mesh
size. Grinding with lime and using potassium amyl xanthate at -
a high'pH! gave good recoveries and better €oncenirate grades,
The use of amyl xanthate, however, resulted in poorer depression
of the copper mineral in the cleaner stage. It is suggested
that sodiumi isopropyl xanthate be tried and other xanthates as
well, The optimum *pH! in the bulk flotation stage should te
established and also whether lime soda ash or caustic is the best
'pH!' regulator. The effects of sodium silicate, sodium cyanide
and sodium carbonate on the results cculd &lso be investigated.

Cleansr flotation treatment:

With or without prior removal of the slime graphite, the
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optimum conditions for Cu depression using sodium sulphlde
should be established, Laboratory cleaner tests were conducted
in very @ilute pulps (10% solids or less) using approximately

1 gram per litre of solution of Nap3.9H50, a 'pH! of 11,1 usirg
1ime , and a conditioning time of 5 minutes. - Conditioning at

a high pulp density, followed by dilution should give more
efficient depression and a lower reagert consumption. Lime

as the 'pH! regulator should be compared with sodium c¢arbonate
and other regulators.

Optimum flotation times and the.influence of ene or more
stages of recleaning of both the gyaphite float and the copper
"rich tailing would also’ require study. > a3

‘ Other mulphide mineral depressants should be tested to
establish the most suitable from economic and metallurzical ..
considerations.” Included here would b¥ dichrematé,:sodium cyanide
and lime or sodium hydrogen sulphidé.: .

Cyclic and later pilot scale tests would indicate the influence
of reeirculated middlings ipn both the flotation circuits on the
metallurgical pesults as well as' to provide useful operational
and economic data. The effect of reeirculating sulphide - -solutions
would also be studied- here,

~ Grinding:

In view of the very soft and friable nature of the graphite
and to a lesser extent the chalcopyrite, compared with the gangue
and the hard graphite-quartz grains, two stage grinding would
appear to be the most logical, The sige of the plant would
decide whether this is an economic proposition, A significant
percentage of the ghalcopyrite is free at a coarse mesh (52 mesh)
and a coarse primary grind in a rod mill in elosed circuilt with
a DSM sieve bend followed by flotation appears attractive. - The
flotation tailings would pass to a secondary ball mill circuit
via a hydrocyclone. The secondary milliwould function in closed
circui% with the cyclone and the ground product (minus 100 mesh)
would be subjected to a second flotation treatment, There are
other possible grinding circults which might prove equally
attractive,

A sketch of a possible two-stage grinding and flotation
circult which might be tested in the pilot plant is shown on
a separate sheet, In any event, the optimum grind for the
treatment of elther of these ores or a mixture of the two,
would have to be establlshed.

General:
| ———. 4 .~

Water: The final treatment method and flowsheet should
be conTirmed using water taken from sources to be used in the
plant, London tap water was used in all tests reported here,
which is high in carbonates and bi-carbonates of caleium and
magnesiun,

Ore Mixtures: The Fels ore would appear to have a grinda-
bility of avout half to three-quarters that of the graphitic ore
and hence the grinding equipment should be selectéd to enaure
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that it is suitable and adeguate for whatever mixture of the two
ores is to be treated.

Should it prove possible to mine the two ores separately,
better, simpler but different treatment methods and eircuits
could be developed for each ore and superior metallurgy thus
secured at lower costs, Clearly, tests should be run on
suitable mixtures of the two ore types in both the laboratory
_and pilot plant should the segregation of the ores be uneconomi-
cal or impractical.

: Gold and Silver: Indications are that the small amount of
gold and silver are .contained within the chalcopyrite but this has
not vet been confirmed, Superpanning, microscopic examination
and assays of test products would establish the distribution of
the precious metal, . :

Flotation cells: Size degradation and sliming of the
graphiteé continues during conditioning and flotation treatmernt of
the ore to the apparent detriment of the process. It is felt
that the use of pneumatic cells should be considered provided thel
performance is comparable to that obtained using mechanical cells.

SUiadY OF TikST WORK:

A total of twenty three flotation tests were conducted,
nineteen on the graphitic ore and four with the Fels type ore.
Grinding tests, screen analyses of crushed and ground ore and
flotation products, specific gravity determinations, gualitative
and quantitative mineralogical-microscopic examinations were also
carried out.

Graphitic shale ore tests:

Batch or stage grinding of samples to dlfferent degrees
of filneness followed by flotatlon treatment uni er a wide variety
of conditions were conducted. Initially, a frother alone was
usad, stage added to effect selective flotation of the graphite
followed by flotation of the copper mineral with potassium ethyl
xanthate. These tests were run at one of a number of different
levels of 'pHTY, Little success was achleved in removing the
graphite selectively from the copper mineral or subsequently in
obtaining a good recovery of copper. The addition of graphite
depressants such as reagent 610, helped to reduce the copper con=-
tent of the graphite concentrate, The use of pure alcohols in
place of Dowfroth 250 or pine o0il also reducec the copper content
of the graphite concentrate. ‘Reagent 610 was also tested for the
purpose of depressing the graphite from the bulk concentrate but
this was equally unsuccessful, A 14% copper concentrate, re-
presenting a recovery of 75% of the copper was the best result
obtained in this series of tests, with 27.5% of the initial weight
of the ore reporting in the graphite concentrate which assayed
0e32% Cu, Tailings were rarely below 1% Cu where potassium ethyl
xanthate was used. The coppe: mineral in the tailings in all
such cases was free and of flotation size but perhaps some grains
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- were slightly tranished,

Stage grinding was found tc pré@duce the proportion of
slimes, particwlarly those of ¢ graphite but had little
apparent influence on the metallurgy. A comparison of the
size aralyses of batch and stage ground tailings are shown on

page &

Later tests employed amyl xanthate as collector after
batch or stage grinding with lime, for the bulk flotation of
the graphite and chalcopyrite,. Thls phase of the test was
followed by treatment of the bulk concentrate um er various
conditions using sodium sulphide to separate the copper and gra-
phite. A bulk concentrate containing 6 - 7% copper, the re-
mainder being slime graphite, coarse graphite or locked graphite-
quartz particles was produced consistently, giving a 87 - 90%
recovery and a tailing as low as 0.25% Cu. There was little
pyrite in this concentrate when a high 'pH' was used (11,0) and
only a small middling product was obtaimed containing appreciable
amounts of pyrite.

These bulk concentrates after treatment with sodium sul-~
phide at a high 'pH' ylelded on one cleaning at best ai20% Cu
concentrate which represented a modest 64% copper recovery, No
recleaning of either the graphite or copper conecentrate was
practised but this should improve both recovery and concentrate
grade.  Sodium cyanide and lime were used in one test to depress
the copper mineral but were not particularly sucecessful, Many
further tests were planned along these lines but time and lack
of sample were limiting factors,

Fels type ore tests:

The first test showed that the ore was much less complex
and less refractory than the graphite ore and also very much
softer. At a tpH'! of 8,] and using only frother (MIBC), 91%
of the copper mineral was floated largely ags a 22% Cu concen-
trate (87/ recovery) and as a middling product assaying 6.7%
copper and representing L.4% of the copper content of the ore .
The addition of a few drops of ethyl xanthate improved the
recovery a further 3% glving a concentrate assaying 6.9% Cu.

The grind was 98% minus 200 mesh compared with 81% minus 200

mesh for the graphite ore ground for the same time (20 minutes).

The above test was repeated with comparable results at a coarser

%iind(£%5k?inutes and 84,% minus 200 mesh) at a higher 'pH?! with
me . - .

Since the chalcopyrite floated so readily and sincde it
was desirable in the treatment of the graphite ore to remove the
slime and very flne graphite first, attempts were made in Test 3F
to depress the copper mineral with reagent 610 so that it would
not float with frother alone. Depression of the copver was
achieved using 0,125 Kg. per m.ton of reagent 610 and sodium
silicate. On addition of ethyl xanthate, the chalcopyrite
floated but sluggishly and the recovery of copper was poorer

(2448% Cu concentrate but only 71l.5% recovery).
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~ In Test AF thé ore was batch ground with lime to a
coarser size (10 minutes - 76% minus 200 mesh) and reagent
610 added to depress the coppér mineral as in Test 3F,

This was not in any way successful since some of the copper
mineral floated with just the addition of frother, The
bulk of the copper floated after the stage addition of
potassium amyl xanthate. Concentrate grade {(26% Cu) and
recovery 92.5% Cu were the best achieved and of course
vastly superlior to thosé¢ obtalmed from the tireatment of the
graphitic ore uiider:similar conditions, On the basis of
Tests 3 and 4 the Bulk flotation of graphite and copper was
decided to be the most flexible, although clearly, better
metallurgy would be obtained by the separate treatment of
the two ore types“™inder quite distinct comditions, rather
than by using a ctompromise msthod not really:the best for
‘elthefr ore. . e 2o W AN A :

{

2 Aw 8/1_1‘“‘
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APPENDIX A

GEN&ZRAL TSST DATA QONDITIONS AND NOTES

All grinding and flotation tests were carried out using the equip~
ment and conditions outlined below unless otherwise reported,

Sample welght: 400 grams - after crushing only.
Sampie size: 9C - 95% minus 10 mesh (see detailed sheets)

Labs, mill size: lglim. diameter and 30 em. long - mild steel rod
m .

Rod charge: Approx, 6,800 grams total weight - consisting of thred
rods of each size 1", 3/4", 1/2" and 3/8" - mild steel,

Mill speed: 80 r.p.m,
Mill pulp density: 50% solids - 40O ml. water.

Water used: London tap water - temperaturs 18 - 20° g,

Flotation cell used: Fagergren standard batch cell with Pyrex bowl-
2 litres volume to normal operating level of
pulp .

Cell pulp density: Initially 17 - 18% solids, by weight.
Reagent additions: are reported in Kilograms/metric ton.,

Mesh sizes: are all of the British Standard Series.

Grinding time: feport?d under mill in ¥est conditions in minutes
! Grind).

Conditioning tima: reported in minutes um er test corditions below
the appropriate reagent (comi)

Flotation time: reported under the last reagent added before flota-
tion, in minutes or fractions of mimutes (floty.)

All test results, conclusions and recommendations are based on tests
carried out on the samples as received from Norway.

Specific gravities: Fels ore sample - 2,73 APPYOX.

Graphitic ore sample = 2,66 approx,

Sample preparation: Samples were prepared for testing by stage crushing
of the minus 1" ore sample received, After riffling
and coning and quartering of the samples down to
40O grams the samples were stored in glass bottles
fitted with serew caps until required for testing,




Appendix A (cont) - 13 -

Assays: Head samples of both ores and @ inecipal test products
were assayed by Alfred H, Knight of Liverpool, A1l
other assays were conducted in the Bessemer Laboratory
of the Royal School of Mines,

Test work: Mineralogical and microscopic examination of the ores
ard test products were carried out by Mr. M,P. Jones,
All grinding and flotation test work, screen analyses
and sample preparation were conducted by Mre DediOttley.

APPENDIX B,

ABBRLEGIATIONS USED IN TEST SHEETS

KAX - Potassium amyl xanthate

MIBC = Met?yl Iso-butyl carbinol (frother 70-American Cyanamid
Co.

P.0. = Pine 0il.
610 =~ Heagent 610 (Americam Cyanamid Co.)
Sod. Silic - Sodium Silicate.

Sed. Sulph - Sodium Sulphide expressed in terms of the crystals
(Na2549H20).

B, Lime - Burnt lime - calcium oxide.
These abbrewiations are used in reporting the reagent consump-

tions and conditions employed in Tets 13 (Graphitic ore) ad
Test 4LF (Fels ore).
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A Possible outline flowsheet for the two stage grinding and Bu.n.k
flotation treatment eof the graphitie shale type ore,

Primary grinding circuit
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to separation ! | fane) st i }"1 # T
circult, | _ K. F | ! Co!fditioner
- i . . L= o _,{.- -.J.‘_. i
\ 7 Secondary flotarion '

Bulk flotamion
tailing,

DJO/ 8th July 161,



MINING & MINERAL TECHNOLOGY DEPT.

22nd August, 19601,

X. Ingvaldsen, Esd.,
Kautokeino Xobberfelter,
Sverres gt. 4.,
THONDHEIM,

Royvwaye

Dear !r. Ingvaldsen,

Enelosed herewith is an Appendix to our leport
giving results and treatment conditions of sll other
tests carried out on samples of Bidjovegge ore. A
second copy has been seat under sgeparate cover,

We would appreciate any comments you may wish
Lo maike in due course.

Yours sincerely,

D, J. OTTLEY.







APPENDIX C

RESULTS AND TREATMENT CUNDITIONS - ALL OTHER TESTS

KAUTOKEINO XOBBERFELTER ~ BIDJOVAGGE GRAPHITIC ORE

Tests are reported in the order in which they were
conducted,

TEST 1.

Summary Batch grinding in a rod mill for 20 minutes

at 50% solids without reagents was f{ollowed by incre=-
mental flotation of the graphite by drop-wise additions
of pine o0il only. After raising the 'pH' to 10.5 using
burnt lime, attempts were made to float the chalcopyrite
selectively from pyrite by stage additions of potassium
ethyl xanthate.

Metallurgical results:

— —

| _ : Aésay . ~ Cu |
| Product % wtae E » Cu | % Distribution
[Graphite cone 1 11,1 ) 0«63 i 2.2
b L 2 12.3 ) 0.62 2.4
| " mo3 17.9 ) 4544 1.96 11,3 |
n " 4 Lel ) Q.10 12,0 1
Sulphide cénc.l 6.5 ) 14.90 31.2
n " 2 1ll.2 ) 22.5 8.50 30a5
" " 3 L8 ) 1.12 1.7
Final Tailing 32,1 0«84 8.7
t. pu— S — e ——— _— P—
|Galculated Head 10C.0 3012 100.0 ;
i Measured Head - - | 3.03 o
— L

Comments:
stages of

A voluminous froth resulted in the first two

the graphite Ilotation. These nroducts eon-

sisted almost entirely of very fine free graphite with
a little slimed free sulphide minerals.
some loecked with quartz and a little locked with sulphides,
was floated in graphite concentrate 3.

-1 -

Coarser graphite,



/n abundance of fine and coarse free chalcopyrite
with some pyrite was found in graphite concentrate 4
as well as both coarse locked and free graphite. The
first sulphide concentrate contained apprecisble quan-
tities of coarse graphite, some fine grarhite and a
significant amount of graphite - gangue particles.
There was very little pyrite present. The second and
third sulphide concentrates still contained significant
amounts of locked graphite - quartz particles and in-
creasing amounts of pyrite.

The tailing was largely clean gangue with some
locked graphite -~ gangue particles and several free
coarse chalcopyrite grains. The grind was in excess
of that considered necessary for economic liberation of
the sulphides.

ieagzent additions and treatment conditions:

e ——— . R =i
Stage Lime F.O. KEX Start End
Mill - - - - -

Grind 20 - - = -
GI‘B‘Jhi'GC float - Oos - 8.2 -
Cond, | = 2 ' - - -

P‘lotnq - 2 1 - - 8.2

‘Sulphide float {1.25 G.25 G.05 10.5 =
Cond. {4 1 3 - -

i Flotn. | = - b4 - 9.2

The four grapnhite concentrates were floated each for
half & minute after the addition of 0,125 Kg./ton of
pine oil (half minute conditioning for each stage).

The sulphide couneentrates were floated for 1, 1.5 and
l.5 minutes respectively after the stage addition of
0.016 Eg./ton of xanthate. Fine oil was added before
sulphide floats 2 and 3,



KAUTOK ING KOBBERFELTER - BIDJUVAGGE ORAPHITIC ORE

TEST 2.

Sumuary: Bateh grinding in a rod mill as in Test 1 was
followed by the flotation of the graphite in three stages
using methyl isobutyl carbinol, after conditioning with
sodium silicate. The selective flotation of chalcopyrite
was attempted as bhefore on the graphite float tailing at a
'pli' of 1l.4 again vy stage additions of potassium ethyl
xanthate.

Metallurgical results:

& | ' Assay | “Cu i
Product | % wt. | % Cu # Distribution
Graphite comc. 1 | 1L.0 ) 1 0.29 1.6 |
2 13.5 )45,9) 0.36 - 1.8
3 1.h ) 0 1.90 | 0.4
Sulphide conc 1 9.1 13.50 L6.,6 ) I
2 5.1 14440 27.8 ) 7hely
3 3k 2450 3.2 )
Tailing 40, . 0.56 _ 8.6 |
Calculated head 10C,0 2.64 100.0
| Measured ﬁggaf_ -T._ - t j 3.05 = - __; -
Comments: Hesults were similar to Test 1 but less sulphide

reported in the first twoe graphite concentrates due pro-
bably to the more brittle frother used and its lower
collecting properties. The sodium silicate might also
have contrivuted te this. A slipghtly longer flotation
time was necessary during the grephite flotation. The
selectivity and recovery of copper in the sulphide flotation
stage was essentially the sume as in Test 1. The cal-
culated head assay w.8 low indicauing possibly, poor
sampling or sample preparation with the re-ular distribu-
tion of the chalconyrite in the ore. Fine oil was used
in the final sulphide flotation because of the brittle
froth produced using MINC.

A coarser grind might have removed many of the
difficulties caused by slimes and consequently improved
the results genernily, Screen analysis showed 100% minus
10G mesn virtually and 8l.4% minus 20¢ mesh ESS.



Reagent additions and treatment conditions:

Stage Lime
Mill -
Grind 20
Graphite float. -
cond, -
flotn. -

ulphide iloat, 2.5

cond. 5

flotne

MIBC and
each stage of the graphite and sulphide I'lotation.

'IIBC -000

003 -
2e5 -

5 -

V.06 C.13
- 1

Sod, "pH?

KEX 5ilic. Start End

- 1.0 8.0 8.1

- 10 = -

e - = 8.1
L-QOS - ll.Lp -
3 - - -
hed - - 10,9

xanthate were added in egqual increments

Screen analysis - flotation toiling:

Hesh

Flus

Total

B.3.3.

Y
72
10U
150
200
- 200

B WC.
U.l
Uel
1.0
3.8
13.4
8l.4
10\..' [y O

Cam. % wt.

U.l

Cety

1.4

5e2
18.6
100.0



KAUTOKEING KOBBERFELTEE - BIDJOVAGCE 'FELS TYVE' ORE
TEST 1F (Fels Orel.,

Summary: A sample of the Fels type ore was treated under
esgentislly the same conditions as were used in Test 2
with the graphitic ore, exeept that no collector was added
until the flotation of concentrate 3.

Metallurgical results:

% Cu . % Distribution
Product | % wte Assay | Cu
N 4 — - -_ — _T__ — —
Copper conc. 1 7.9 22,00 87.1
2 1.3 6.70 | Lok
3 009 | b-go 3-1
' Tailing 89.9 i 0.12 ' 5¢b
. L | . | ]
| Calculated head 100,0 j 2.00 | 100.0
b : | L |
| |
| |

I Measured head -

1.93

Commnents: The chalcopyrite floated readily with only the
adaition of frother. Xanthate was added only for scaven-
ging. This test indicated that unless the chalcopyrite
could be readily depresged in this ore without detriment
to its later flotation, then the removal of the graphite
prior to the recovery of the sulphide using frother as a
method for treating the graphitic ore would be unsuitable
since both ore typnes would probably have to be treated to-
gether.

A screen analysis of the flotation taliling showed the
Fels ore to be very much softer than the graphitic ore (98%
minus 200 mesh BS8S and all minus 150 mesh). The grind em-
ployed here was obviously much too fine.



Heagent additions and treatment conditions:

Sod. 'pH'.
Stage Lime MIBC KEX oilic. 3tart find
Mill - - - - - -
Grind 20 - - . - - | -
| Sulphide float. - Ue3 - 1.0 7.4 | 8.1
flotn. - 2e5 - - - g.1
ulphide float 2.5 - 0.07 - - | -
flotn.; - - | - - P -

Extra xanthate was added in stage 3 but very little
mineral was floated.

o extra frother was needed in this test.



KAUTOKBINGQ KUBBERFELTER = UIDJOVAGGE 'FELS TYPh' ORE

TEST 2F (Fels Ore).

Summary : Similar to Test 1F except that a ccarser grind

was employed and a higher 'plit. Unsuccessful attempts
were made to depress the chalcopyrite in a cleaning opera-
tion using a 'pH' of 11,0 and additions of sodium cyanide.
Products were not assayed since a visual examination showed
them to be similar to Test l.

Metaellurgical results:

. | i . _ —
Assay % Distribution

Product. _ B wte f o Cu Cu
_égpner conc. 1' _-—_B.O | - - - |

2 3.0 | - =

Tailing E;.O f - . -
Galculeted head{ 1Cu.0 f - ! - |

Conments: Microscopic examination of the concentrates

showed them to be comparable in grade to those from Test 1 F,
with an equivalent or possibly hetter, recovery. The copper
still floated readily without the addition of collector.
Virtually all copper mineral had floated before the addition
of xanthate was made. The shorter prind (15 minutes) re-
sulted in a tailing containing 2.6% plus 150 mesh size
material and 92,5% minus 200 mesh BSS, still much finer

than the graphitic tailing ground for 20 minutes.

Cleaning was carried out in an #00 ml. beaker cell but the
concentrates were not collected separately.



Reagent additions and treatment conditions:

'p“'

Stage Lime MIBC KEX HACH Start End

Mill - - - - - -
Grind 15 - - - - -

| Copper iivae | 1.25 0.15 | .02 - 10.4 =
cond, 5 1 1 - a -

{flota. - 2 1 - - a5
Cleaner float Ou2 - - Oe2 11.0 9,5
COI’ld. ! 5 - - - - -




KAUTOKBING KOBBERFELTER - BINJOVAGGE GRAFHITIC ORE

TEST

Summary: Bateh grinding of the ore as in Test 1 was
ollowed by conditioning with sodium sulicate and reagent
610 {(American Cyvahamid) at a high 'pli', in an attempt to
selectively depress the graphite. Flotation was conduc-
ted using stage additions of frother and a little potassium
ethyl xanthate. The two rougher concentrates were re-
treated separately after further additions of reagent 010
and sodium gilicate,

Assay | Cu
Product b wteh % Cu ' % Distribution
it. conc.l) Froth 8¢5 ) 11.8 1.34 | Le3 ) 8ud
) Tailing | 3e3 ) 3430 L )
R. conce2) Froth 1| 7.5 ) 21.20 53,9 )
) Froth 2 | 5.0 ) 17.0 6.00 11.3 ) 73.4
) Tailing Le5 ) 1.32 2.2 )
Rougher Tailing 71.2 V.69 i 18.2 |
t | -
Calculated Head | 1GG,0 2,66 \ 10¢.0 |
Measured Ilea_d :‘ - | 3.03 - i

Comments: The addition of reagent 610 with sodium silicate
was cuite effective as a deprassant for the coarser graphite
grains but also appeared to have some inhibiting influence
on the flotation of chalcowyrite. The rough concentrate
cleaner froth was virtually all slimed graphite. The
rougher concentrate 2 - Froth 1 contained a lot of both
slime and coarse graphite as well as graphite-quartz
:niddling gra ins.

Desliming to remove the fine graphite, a coarser
stapge grind and the use of other graphite depressants
should be investigated.



Keagent additions and treatment conditions:

Sod. tpH!

Stage Lime 16101 Silie. MIEC | KEX Start End
Mill - - - - - - -

Grind 20 - - - - - 7.9
flougher flotn, 245 L0 | 0.63 | 0,20 0.0G5 10.9 -
cond. 5 5 - 2 2 - -

flotn. - - = - L - 10,2
Cleaning R conc,l - .12 1.25 CelO | = 8.6 -
cond, - 5 5 1 - - -

flotn. - - - 2 - - 8.6
Cleaning R conc.2 - 0.12 1.25 | G.10 0C.04 9.0 -
cond. - 5 5 1 2 -

flotn., - - - - 1 - | 82,6

Xanthate and frother were added in equal increments
for each of the two roughing stages.

Cleaning of rougher concentrates 1 and 2 was effected
in the same Fagergren cell,

- 10 -



KAUTOKEING KOBBERFELTIER « DBIDJOVACGE GRAFHITIC ORE

TEST 4

Summary: 3 stage grinding for 2.1/2, 4 and 5.1/2
minutes to a much coarser size than was used previously
was ifollowed by desliming in a small glass hydrocyclone
in an attempt to selectively remove the troublesome
gravhite slimes, prior to flotation. After rougher
flotation at a high 'pH' (11.6) with ebhyl xanthate and
MINC an attempt was made to depress the graphite as in
Test 3 using reagent 610 and sodium silicate.

Metallurgical results:

. Assay % Distribution

Stage % Wt 2 Cu Cu

} = Froth 1 8.5 11.20 31l.5

H. conc) - Froth 2 5.5 3.80 6.9

) - Tailing 6.3 (Jolpé 0.9

iHougher tailing 7043 2.31 53,7

l-rri!.'l&ry Slime 9011- 2.211- 7.{J

Caleulated head 1000 3.03 10G,0
Measured head | - 3.03 -

|

Coumments: Desliming in the hydrocyclone under the
conditions employed was not successful,since slinme
graphite remained in the pulp and ecopper lesses in the
hydrocyclone overflow were high.

In both the roughing and the cleaning stages
selectivity and recovery of copper were poor. There
were appreciable amounts of both fine and ecoarse graphite
in the final copper concentrate and many free grains of
goarse and fine chalcopyrite in. the rougher tailing.

The grind would appear to be perhaps a little too
coarse. /. screen anglysis of the tailing shown later
pave aporoximately 72% minus 10C mesh and 255 minus 200
mesh.

- 11 -



Rougher

—
|
_
|
|

Cleaner

Rearent additions and treatment com itions:

| Sode | ! it
Stage Lime 1610 Silic. | MIBC 1 KEX Start ., End
I'Iill - - - - I - - -
Grind 12 &9 - - | - - - -
flotn. 2.5 | - - Ca2 UeC5 11.6 -
cond. - | - - 2 2 - -
flotn, - - - - 4 - 11.3
flotn. - 0.10 1.0 | 0.1 | 0.01 - P
cond. | - 5 5 1 1 - -
flotn. - - - 2 1 - 8.6

MIBC and xanthate added in two equal increments for
the rougher flotation. MIBC only was added for the first
cleaning stopge, the xanthate being added to produce ¢cleaner
concentrate 2,

S¢reen gnalysis - flotation tailing

Mesh BSS l Direct Cum %
% Wt Wt

Flus 52 0.5 0.5

72 Le U bed

100 23.7 28,2

150 33,2 6l.d
200 13.3 Th.7 !

Minus 200 25,3 100.0

|
Total . 10G.0 -

R |

12 -



KAUTOKEING HOBBERFELTER « BIDJOVAGGE 'FELS TYJI'E ORE.

TEST 3F (Fels ore)

Swamary: A much coarser grind in the rod mill was
TolTowed by additions of reagent 610 and sodium silicate
which successfully inhibited the flotationjchalcopyrite
unless & collector was added., Mlotation wes conducted
at a natural 'pH' using potassium ethyl xanthate and MIBC
frother,

Hdetallurcical results:

- Assay | i) Distritution |
Product B Wt % Cu Cu I
1 Rougher conc. 1 S5els 24.8 71.5
| 2 | 3.2 11.5 19,7
Tailing | 91.4 0e18 8,8
r Calculated head | 100.0 | 1.87 100,0 |
" Weasured head | - | 1.93 -

. . |

Comments: The tailing was slightly higher than in Test 1
which could be attributed to Ghe coarser grind, the brittle
froth or some slight depression eifect of the '6lU' reagent,
Chalcopyrite also f{loats more slowly than in Test 1. o
chalcopyrite floated until xanthate was added. 2.5 Kg./ton
ol' sodium sulphide added to the rougher concentrate showed
that the chaleopyrite could be effectively and almost
completely depressed. This part of the test was qualitative
only.



leagent additions and treatment conditions:

I - | -
' 1 | Sod. | !

] | ! 'pH'

Stage | Lime | *610°' |Silic. MINC | KEX Start find

Mill | - = | = | ® .| = 1 - I %

Grind 10 - - - - - -
ilougher {lotn,l. - 0.13 1.25 GC.l 0.03 77 -
cond. - 5 5 1 1 - 844

flotno i - - - - 2 - -
Rougher flotn.Z2. - - - - 0,03 - -
cond. - - - - 1 - -

I'lCtn- - = - - 1.5 - 8.1{-

nl[‘,_



KAUTOKEING KORBERFELTER - BIDJOVAGGE GRAPHITIC ORE

TEST 5

Swmary: Three stage grinding at 100 mesh as in Test 4

but for 2.1/2, 4.1/2 and 6.1/% minutes, was followed by
eonditioning with reagent '61l0' and sodium silicate and
stage flotation of the graphite with MIBC {rother at a

'oii? of 8.0 (econc.l). Ethyl xanthate and pine oil were
added and the sulphides and coarse graphite floated off

in two separate fractions {conc. 2 and 3). Concentrate

2 was treated with sodium sulphide to depress the sulphides
and the graphite floated.

Metallurgical results:?

R _ . —

Assay % Distribution
Product % wt. % Cu Cu
Hougher concsl ' i 19.9 U.56 . 3.0 |
Rougher conc.2 ) froth | 12,7 ) 1443 5.7 23.4
) tails. 1.6 ) 21,1 10.9
Hougher conc.3 7e5 7.7 | 18,7
Rougher tailing 58,3 | 2.30 | L3 ok
Calculated hesd | 100.0 | 3.0 | 106.0
Measured head : - ; 3;03 i =

! i I

Coumments: Sodium sulphide depression was not good urd er
the conaitions employed, Heagent '010' appears to have
a strong inhibiting effect on the chalcopyrite. A
stronger collector should he tested, The grind employed
would apprear to bhe satisfactory for the liberation of the
copper mineral. A screen analysis of the rougher talling
gave T.6% plus 100 mesh and 4242% minus 200 mesh B3S,

- 15 -



deagent. additions snd treatment conditions:

—_— T B — ——— —

. : : - —
Sod. | Na,8 tpi
Stage Lime 1610 Silic | MIBC JKEX 9H20 | Start ., End
—_— - 1 — . v 3 e
| Mill R - - - - - =
Grind 13.5 - - - - - - -
(st) | ' |
|hougher cone. 1 ~ .13 | 0.63 | G2 | - - 80 | -
cond. - 5 5 2 |- | - - L -
l float - - - r L= - - b 8.3
[ kougher conc2&3 =~ - - U.13|0.05 - - -
| cond. - - - 1 2 = | = "
| float - - | - - 1245 L & -
| Cleaning eonc.2 - - - - - 2.5 | = -
! cond, - g - ! - = | - 5 - -
L_ fleat |~ | - | - } - | - 1 f - -

1.1./2 and 1 minute flotation times for Hougher
concentrates 2 and 3 respectively. The xanthate was
added as one dosc. X Pine 0il was used for this stage of
flotation.

Screen analysis - Hougher tailing:

Mesh | Direct ; Cum.
1 BSS | % wt. % wt.
f_ Flus 72 1.4 | lek |
| 100 | 642 | 746
. 150 35.6 | L3.2
| 200 14.6 578
| Minus 200 L2.2 100.0
| Total 100.0 -

- 16 =

I (—— |




KAUPOKEING KOBEERFELTER - BIDJOVAGGE CRAPHITIC ORE

TEST O

Summary: Stage grinding ss in Test 5, Dowfroth 250
Was aoﬁed with MIBC in the graphite flotation stages.
The sulphide flotation was conducted at & higher 'pii?'
(with lime,) using stage additions of potassium ethyl
xanthate, Ho cleaning of the concentrates was attenmpted.

Metallurgical results:?

1 iééa} % Distribution

Froducts % wte 1 % Cu Cu
Hougher conc, 1 _'___24.0 1 O.67r 1 5.7

2 8.5 16.2 1-*9.
3 8.2 847 2543
Tailing l 5903 | Q‘l 91{- 19.8
Calculated head | 100.0 | 2.81 100.0

I P A —_—
| Measured head - | 3403 -

Comments: Dowfroth '250' gave a very poor froth alone
but together with MIBC more coarse graphite grains were
floated resulting in a higher grade copper concentrate.

Tailing losses of coppe: were mostly in the 100/150
mesh fraction, These were seen to bhe pregent largely
as clean frec grains (See screen analyses and fraction
assays reported later). The sulphides in the plus 10C
mesh tailing fractions were 50% liberated, below 10U mesh
all sulphides were essentially free, There were a few
middling sul hide-graphite grains in the 100/150 mesh
range.

- 17 -



aearent additions and treatment conditions:

= —_— 7 - 1

' [ Sod. | DOW Yok l
‘ Stage Lime | 16107 FSilic.'ZSU MIEC |KEX Start | End |
. =1 ! | . | | S
| Mill - - - - a - - -
| Grind 13.5 - - - - - - -
| (St) |
Graphite flotn. | - 061 | 0.63|0.10 0,20 | - g2 | - |
cond, - 2 2 1 2 - - - 1
flotn- - - - - 3 - - 801 {
‘Sulphide flotn. | 1.3 - - | - G.05 | 0.05 10,5 - |
cond. | 5 - - - 1 L - -

flotn. I - - - - - 245 - 1C.2

Ethyl xanthate was added in three equal increments,
two in the concentrate 2 flotation stage. Flotation
times were 1l.1/2 and 1 minutes respectively.

dcreen analyses and fraction assays - Tailing.

i i

— — —
|

Kesgh Assay # Distribution
BSS P owhe | @ Cu Cu -

| PFlus 52 G.2 ) Cs55 5.5
72 Ce9 )
1UG 7.7 )

130 37.8 1,33 56,7

200 16.3 O.(ym) ll.()

i inus 200 . 37.1 1;061} 26.8

| Total | 10G.0 0.89 100.0

I | {

- 18 -



KAUTOKSIHO KOBBERFELTER - BIDJOQVAGCGE GRAFHITIC ORE
TBST 7

Summary: DBatch, single stage grinding for 13.1/42

minutes was followed by concditioning with lime and

sodium silicate and stage flotation using ethyl xanthate
and pine oil. The first rougher concentrate containing
the graphite and most oI the copper minersl was cleaned
after treatment with sodium sulphide at & 'pH' of 10,2
{sodium carbonate;, the graphite being floated off in 3
separate congentrates.

Metallurpgical results:

Product @ vt Assay i & idstribution |
% Cu Cu '
) conc.l| 12,7 ) 0.90 | kO |
) 2 7ob ) 1030 | 3.2 |

.H.. Conc.l) 3 6.0 ) 27.1 1.7.90 1 36.6
) Tailing 1.0 ) | 6.00 | 2.0 ‘

| I !

Hougher COINC e 2 6.2 I O.I{-O | 13.6 |
] nougher ttiling 66,7 1.77 | LQ.0 |
Caleulated head | 106.0 | 2.92 | ‘

1 Heasurnd head - ' 3.03 i - }

 Sn—_—

|
B |

Comments: Noupghetulling still high. Since no '610?
reagent was used this must be attributable to other
CauGES, Sodium sulphide separation not very effective
under the conditions used.



{leagent additions and treatment conditions.

! Sod. b , NayS tpH!
Stage | Lime |8ilic. P.O. | KEX | HapC03 9HPG | Start| End
- Mill = [ = = | = - = - -
Grind 13 - - - - - - -
|
Rougher flotn,l | 1.8 0.63  0.20 0.04 - - 7.7 -
float - - - 2 - - - N
| _
Hougher flotn.2 | - - 0.20| 0.02 - - - -
cond.. - - 2 2 - - - -
*
Cleaner flotnm.l ‘ - - 1 0.20 -~ | 3,8 | 5.0 9.8 | 1044
' cond, - - 1 - 5 5 ' - -
f float = | = - - - 1 | - 12

Xanthate and pine oil were stage added in three equal
increments in the rougher 1 stage and in 2 Increments for
the 'rougher 2' flotations,

% MIBC and Dowfroth 250 were used in the cleaning stages
not pine oil. Jodium carbonate znd sodium sulphide were
added in two increments befcre and after the removal of
the first cleaner cencentrate,
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EAUTOKRINO KORBBERFELTER - BIDJOVAGOCE GRAHITE ORE

TEST &

swmmary 3 Bateh, single-stage grinding for 13.1/2
minutes was followed by flotation of the graphite at
a natural 'pH' using stage additions of MIEC afte:
conditioning with reagent 610 and sodium silicate.
After raising the 'pH' to 10.2 with lime and adding a
little sodium cyanide, the copper was iloated in two
separate concentrates by stepwise additions of ethyl
xXanthate. The rougher concentrate was cleaned with
sodium sulphide at & high "pH' (10.6).

Metallurgicel results:

. | = , 1 —

i Assay /» Distribution |
| Product [ b wt., % Cu Cu
4 i —
] Graphite conc. 1 I 1547 0.63 3.4
2 ' 5.4 Ve 52 _ 1.0
Sulpliide conc.l ; froth 12,5 ) 20,6 081 ! 3¢5
| ) tails| 8,1 ) 18.9 52,8
Sulphide conc.2 | 3.2 8.8 9,9
Tailings 55601 1.54 29.4
Calculated head 100,40 2.89 | 100.0
 Measured head i - | 3.03 i -

Comments: The sulphides floated sluggishly and the
primary tailing asssy was high, Ethyl xanthate was
neither selective nor strong enough to effeetively
float the coprer mineral. Chalcopyrite was depressed
alse by sodium cyanide. A secreen analysis o a
sample of the rougher flotation tailing and fraction
assays again showed tlie losses to he largely in the
100/150 mesh size, Hiecroscopic examination showed
this copper to be present as free greins of chalco=-
pyrite. Microscopic exemination of the cleaner
tailing (copper concentrate) showed very little
pyrite to be present. The prinecipal impurities
were coarse pgrained graphite, hoth free and locked
with ganpgue minerals and slimed graphite.
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Hesrent additions and trestment conditdons,

| ' | Bods a5
Stage  Lime | '0l0Y OSilie| MIBC | KEX | YHuU | NagCOg
Mill - - - - - - -
Grind | 13.5 = - - - - -
Graphite flo - W02 04,03 .25 - - -
| cend - 5 Ze5 - - -
ﬂ_}.t - - - - - - -
‘ | e Cli| Dow 25
Sulphide lotal 1.3 = | 005 0410 G.l5 = -
condy 5 - 0 1 3 - 4
l ﬂaaﬁ - - | - | - 3.5 - -
|
Cleaner 1 ' - | = - | 0,10 = | 7.G 2.5
conde = | - - 1 - 5 5
B HEENERE

1ot
Jtart End
8.2 "
- 8.0
10,2 | -
- 9e5
10,6 -
- | 10.5

" MIBC was stage added in four increcents during

the gruphite float,
during the sulphide flotation.

Jcreen analysis and fraction assays - fougher toiling.

Ethyl xanthate wao stape sdded

lesh Assay 7 Distribution
B3 Wt % Cu Cu
Plas 52 - . - -
7 3¢5 Ue? | 7.6
100 8.8 |
150 30.1 2,28 Lbe7
200 1hek 1,97 ' 19,3
ﬂim.lr. EUG 14-3 |2 0.90 | 26.&
Total 10040 1,47 ‘ 100, O
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KAUTOKELNO KUBBERFELTER « BIDJOVAGGE GRAMIITIC CORE

TEST 9

oummary: Batch grinding in a rod mill for 13.1/2
minutes was iollowed by conditioning with rcagent
010! and sodium silicate. After further con-
ditioning with lime ('pH' - 10.3) and & little sodium
cyanide, ethiyl xanthate and pine 0il were added stagze-
wise and the graphite and sulphide floated in three
separate concentrates. The second concentrate €oin=
vaining the bulk of the copper minerals was retreated
ueing sodium sulphide snd sodium carbonate ('pH' 1G.2).
The float fractions {graphite) was recleaned after
further additions of sodium sulphide and carbonate

{ 'PH' 908)0

Metallurgical results:

Y | -
f | o . .

| | Assay | * Distribution
|

Product % wt. % Cu | Cu
.J'.Ol.lghe:l" cchC. 1l {graphite) | 19.-8- ; LJT56 3.2 g
He conc. 2 cleaner tailing L 9k 7 21.95 66,6 )
. cone. 2 cleaner freth-conc| 21,2 ; 0.89 6agl 3
its cONCe 2 cleaner froth-tail| 0.9 } } 5.10 1.5 )
Congentrate 3 (scavenger) 3.0 7431 : 7ol
Primary tailing L5.7 1405 1545
.Calculateé-heaa__ IlOU.D ‘ 34,10 [ 100,U
Measured head | = [ 3.03 | = |

O —— i - - — sl

Commentsg: Very little conper mineral floated until
the grephite (mostly slimes) had been renoved and the
quantity of xanthate added had exceeded (.0L ¥%g/ton.

Sodium sulphide depression of the sulphide
minerals was reasonably effective and recleaning of
the froth indicated that good recovery and grade of
copper concentrate should be achieved once the right
condition had been found,
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Stage

Mill
Grind

Reconc. 1
cond. |
flaat .

HecOnc, 2
cond.
float.

leCONC, 3
Condo
float.|

2 cleaner
cond.,
float.

12 recleaner
cond.
Tfloat .

Primary tailings assay was again hipgh,

The

- gopper minerals floasted sluggishly in the btulk roughing
Coarse graphite, both free and locked with
ganrue, and slime graphite,were the principal impurities

stages.

praesent in the copper concentrate.

was sesm present in thia product.

neagent additions and treatment conditions.

aod:
Lime ['610' 5ilic.
1305 - I -
1.3 Ul b 0,63
10 5 5
- - | -
- - -
- - | -

1

NaGh

!

F.U,

"Very little pyrite

I'iﬂ_,]ﬂuj

! Naz28
KEX | 9lig0
\ —
001{: -
2 | =
lc 5i _-—
<Ok -
2 | -
3 ; -
Uozol -
1 ”
1 =
- | 3%6
- 10
-2
- g 2.5
=P
b | 1.5
el

start | End
| I
708 -
- IU.B
10«2 -
- 10,2
9-8 -
- 9-6

The standard Fagergron cell was used for cleaning
the rougher concentrate 2 and {or recleaning the lst
cleaner {roth,
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LAUTOKEING XOBBERFELTER -~ BIDJOVAGCE GHAFHITIC ORE

TEST 10
Summary: Bateh prinding for 13.1/2 minutes with liase
accded to the mill was followed by bulk flotation of

the graphite snd sulphides using stage additions of
potassium ethyl xanthate and pine oil (pH 11l.2). TWo
cleaning of the concentrates was attempted,

Metallurgical resulta:

, issay % listri bution
Product | 70 wt. » Cu | cu
— : - T -
Hulk conc.l 348.6 | 6.70 ' 8,0
" n 2 12,0 ! lol2 5.8
Bulk tailing -3 Ce37 6.2
Calculated head|100.0 29 100.0
I M - -1 i — . —
Measured head - | 3.03 -

Comments! Grinding in lime appeared to improve tle
recovery of copper. This could alse have beern ex-
plained partly by the omission of depressants from
the cell and by the low grade of bulk concentrate
produceds

eagent additions and treatment conditions,

’_ - T o TpHt
| Stage | Lime KEX FPaQa Start End
| 25 | - | - | < | -
Grind 1345 - - = -
Bulk concel - Ol Ue20 11,2 -
cond. - 2 2 - =
float | - - 3 - -
Bulk conc.2 = ;02 ¢.10 - - |
| cond. - l | l - -
= - | 2 - | B.A |

float

I
o
RSy
|



KAUTOKEINU KOUBERIELTER = BIDJUVAGGE GRAMHITIC URE

Thol 11

Summary: Identical treatment to that used in Test 10
except that & Bessemer cell wss employed instead of the
Fagergren cell, This was done to determine prineipally
whether the losses of coarse free chalcopyrite in the
tailing might, in any way, be attributable to the cell
agitatiocn,

Metallurgical results:

‘ Assay | % Distribution
Froduet | s wt. % Cu | Cu
Bulk eonc.l | 3448 ‘ 6470 80.6
n no2 3.8 2.86 3.8
Bulk teiling . 6l, Ca74 ‘ 15,6
Caleulated head . 100.0 | 2.90 ‘ 10G,.0
Measured head { - | 3.C3 [ -

Comments: KResults were similar to those of Test 10
except lor the higher tailing. This cell, which pgave
more violent apitation than the Fagergren, uppeared to
be slightly inferior. The tailing losses of free
coarse grains of chalcopyrite were not considered Lo be
attributable to the cell,

Hearent additions and treatment conditions.

The same as those used in Test 10,
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KAUTOXRING KOBBERFELTER - BIDJOVAGCE GRAPHITIC ORE

TEST 12

Summe v Batch grindings as in Test 9 with lime was
followed by flotation of the graphite using MIEBC only.
The copper miner:l was floated by stage additiona of
rotassium syl xanthate, The rougher sulphide con-
centrate was ¢leaned in a small H.5.M. cell using sodium
sulphide and lime {(pH 11,2) instead of sodium carbonate.

Metallurgical results.

T g e — T 3 o
Product » Wt. | Assay ) Distrihutioni

| % Cu Cu
Graphite conce. { 11.3 . .58 I 2.0
K. conc - cleaner froth 13.0 } | A4.41 17.6
' cleaner tail 14.4 ) | 14.60 Gl o6
Scavenger conc. | 15.7 L 2436 11.5
Frimary tailing | L5.6 ~ 0.31 Le3
Calculated head | 10040 3425 10040
Measured head . - 3403 -

Comments: Amyl xanthate appeared to give very much better
results than ethyl xanthate in the rougher flotation stage
butv might have partly caused the poor depression of copper
during cleaning with sodium sulphide. HMicroscopic ex~
amination of the primsry tailing showed the losses of copper
to be almost entirely as locked mineral (with euartz and
graphite]. Une free grain of chalcopyrite of aprroximately
36 mesh HSO was seen however, which was clearly too coarse

to fleat anyway,
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Learent additions &nd treatment conditions,

otage
Mill
Grina

Graphite float
cond.
flotn,

H.5ulphide float
cond.
flotn.

Scavenger float
cond.
flotn.

Sulphide cleane;

cond.
flotn.

Staﬁ

an 800 ml.

010!

W06 | G40
5 1

- 2

MIBC |

P,0,

Na.S i

LAX Glin0 Start End

- < 1005 -

= = e 905

U.02 - - =

2 - - 1142

2.5 - — -
|

U.Oz - o -

2 - - -

2 ' - a -
|

- 5.3 | 11.2 -

- 10 - -

Lanthate added &g two equal increments in each
Cleaning with sodium sulphide was conducted in

ihedelfle

- 28 _

cell with a metal

bowl,




KAUTOKEINO XOBBERFELTER - BIDJOVAQGGE GRAIHITIC QRE

TEST 14
Sumpary: Similar to Tests 12 and 13 except that 0.5 Kg/
ton of reagent 033 was added ~o the mill along with lime.

Dulk flotation of the graphite and copper minera! was
followed by ecleazning in the same cell using sodium
sulphide and lime.

Metallurgical results:

Assay #% Distribution

Products Buwth . #% Cu Cu
Bullt rougher conc froth 29.1) 3.8 37.2)
tail 8e5) 37.6 18.2 52.3) 89.5
Scavenger concentrate by 1.49 3e2
Primary tailing 56.0 0.39 7.3
Calculated head 1C0.0 2497 1C0.C
Measured head - 3.03 -

Comments: HRepeated cleaning of the e¢leaner froth and
tailings should give improved recovery and cenper con-
centrate grade. sulphide depression was however, less
effective where KAX was used. Flotation of the copper
mineral was sluggish due to the addition oif reagent 633
to the mill, This depressant had but little influence
on the fine graphite which was added with the intention
of selective depression of the graphite,
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Heapent additiconz and treatment conditious.

Na,§ "pH!

Stage | Lime | 633 | P.O., KAX | 9HZO Start End

Mill 2.5 | Ul5 - - - -~ -

Grind 13,5 - - - - i L

Bulk flotation - - Ce30 LOL - 10.7 -
¢ond. - - 1.5 3 - . =

flotin, - - 3 - - - -
Scavenger f{lotn, 0.75 =~ 0410 Q.02 - 11.1 -
cond. b - 1 2 - - -

flotn, - - 05 - 5 - _

MIBC

Cleaner 1 125 - U.2 - 5.0 1l.4 -
cond. 5 - 2 - 5 - -
flotn. - - 2 - - - 11.2

Potassium amyl xanthate &nd pine oil were stage
added in three ecual increments in the bulk flotation
stage and in two egual doses to the scavenger (one
addition of pine oil only)
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KAUTOKEINC HOBBERFELTER - BIDJOVAGGE GRAFPHITIC ORE
TEST 15

Sumaary: Similar to Test 14 but with stage grinding of
the ore on lUU mesh, Lime was added to the mill for
eachh period of grinding. The bulk concentrate was
cleaned using sodium sulphide and sodium carbonate
followed by recleaning of the ¢leaner froth with

lime and more sodium sulphide.

Metallursical results:

.+ Assay |% Distribution

Froduets o vt % Cu Cu

4, QC 34.8

lst cleaner froth-recleaned 24,8 ) )

" " -tailing 5.3 ) 38,2 17,90 33.3 ) 94.8
1st cleaner tailing | Sl g 9440 , 20,7 g
Scavenger conc, 8.6 | 0.85 | 2.6
Frimary tailing 5342 04| 2.6
Calculsted head 100.0 2.85 100,0
Measured head | < .__3_05_ I~ &

Comments: A ve:y hish recovery of copper was
achieved in the bullt rougher stage (9L,.8). De-
preseion of the sulphide minerals with sedium sule
hide appeared to be leas effective with sodium
carbonate, added for 'pH' control than with lime,
Stage grinding waz no doubt responsible in nart for
the improved bulk recovery.

A sereen analysis of the primsry flotation
tailing contuined approximately 127% plus 100 mesh
and 3%9.55 minus 200 mesh BSS5, Misroscopie examina-
tion of the screen fractions indicated that this
grind might be suitable for economic liberation of
the ore. This clearly could only be established
al'ter consideration of the many economic aspects.
Two stage grinding with flotation between cach or
regrind or a middling fraction after an initial
coarse grind could prove to be economic in practice.
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Heapent additions and treatment conditions.

Sod.| P.0. ; Na 8 | ToH!
Stage Lime | Silic Dow ' MIBC | KAX | 9ly0 'NapCO3 |Start , End !
250 1
Mill 3,8 - - - - - - - -
Grind 13.5(st} =~ - - - - - < -
Bulk 1‘101.}1'1. L4-25 Oo:? (.1014—(". - L"ﬂ" - - lD.I’. -
conds | 5 > 2 - 2 - - - 1¢.9
float. - - 2.5 - - - - - 16,2 |
Scav. flotn, Q.25 - 0,10, = DY - - o -
cond, 5 - O.5 - Q.5 - - - 10.7
float. - - 1 - - - - - 10,2
Cleaner starce - 0«5 - C.10 - 3.75 1.25 11.1 -
cond., =~ 8 - 1 - 8 g - -
]lQélt. = - - 205 - L as -~ ) ll.o
Hecleaner stage| 1l.25 - - C.l - 61 70; - - -
cond.| 5 - - 1 - 5 - - -
fleat. - - - 2 - - - - 11,5

%X Go8 gm. o lime wae added to the mill for each
grinding stage.

Sereen Anslvses - wrimary tailing

Hesh Direct % |  Cum.
BSS welght weight |
Plus 52 . Oe? = v b{ig_m
72 1.3 leo |
100 1044 11.9 |
150 3Ce4 L24,3 |
200 18,2 60.5 |
#inus 200 3945 16C.0 |
| Total 160.0 - i

S —d
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