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SUMMARY

Beneficiation trials were made on a graphite sample from Mont
Laurier, Quebec containing 17.4% carbon, which included sélf—grinding,
air tabling, flotation, and magnetic separation.
Air tabling produced a graphite concentrate of 78.4% carbon, representing
a recovery of 127 of the carbon in the feed.
Flotation with (1) minus 8-mesh feed from self-grinding, followed
by screening to separate the product, gave a plus 65-mesh concentrate con-
taining 95.4% carbon for a recovery of 30% of the original carbon, and (2)
the same feed, ground in a ball mill, gave a plus 65~mesh product contain~
ing 93.5% carbon, for a recovery of 46%; the removal of a magnetic fractlon

was used to upgrade the concentrates.

*Research Scicntist, and *%Head, Industrial Minerals Milling Section, Mineral
Processing Division, Mines Branch, Departwent of Energy, Mines and Resources,
Qttawva, Canada.
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(PROJET MP-IM~7106)

~ par
P, H, Hartman* et R. A, Wyman¥¥

RESUME

Les auteurs ont procédé & des essals de concentration
par broyage autogeéne, concentration par tables pneumatiques,
flottation et séparation magnétique sur un échantillon de gra-~
phite de 17.L% de carbone provenant de Mont-Laurier, Québec.

On obtint, par concentration par tables pneumatiques,
un concentré de graphite de 78..4% de carbone, ce qui représente
une récupération de 12% de carbone basé sur 1'alimentation.

Ensuite, (1) par le processus de flotation avec une ali-
mentation moindre que 8 mailles obtenue par broyage autogeéne,
suivie d'un tamisage du produit, on obtint un concentré Supé—'
rieur & '65 mailles contenant 95.4% de carbone totalisant une ré-—
cupération de 30% du carbone original. (2) Avec la mBme alimen—
tation, mais cette fois fragmentée dans un broyeur & boulets,
on obtint un produit supérieur & 65 mailles contenant 93.5% de
carbone, d'une récupération de L46%; le rejet d'une fraction ma-
gnétique fut utilisé afin d'améliorer la teneur des concentrés.

— — T i 408 ot it o ot s s e e

*Chercheur Scientifique, et %**Chef, Section de 1'Usinage des Mi~-
néraus Industriels, Division du Traitement des Minéraux, Direc-
tion des Mines, Ministére de 1° Energie, des Mines et des Res-
sources, Ottawa, Canada.
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INTRODUCTION

A request was received August, 1971, from MM Syndicate; Ottawa,
for an investigation of material from a graphite deposit near Mont Laurier,
Quebec. In September, J. E. Hayes, MHM Syndicate, accompanied by Frederick
H. Murphy, The Asbury Graphite Mills, Inc., Asbury, N.J., visited the Mines
Branch to discuss the problem. Mirphy expressed interest in the product;
no "flake' graphite was available in North America at that time.

In 1958, detailed beneficiation tests were made on samples of
weathered graphite from the Mont Laurier area(l). As those samples may not
have been from the same deposit, it was decided that in the present study a
preliminary dnvestigation would be done with néw material; a 300 pound sample
was sent to the Mines Branch in September of 1971 for testing. Thin sections
of representative material revealed that the sample was composed chiefly of
calcite and quartz, about 157 of graphite,and small amounts of mica and iron

oxides.

PROCEDURES

The graphite content of samples was determined by acid leaching of
solubles followed by loss on ignition (LOI) analysis of the residue. Various
times and temperaturves of ignition were tried; the most accurate. procedure
found was to heat the samples for 4 héurs at 900°C in a muffle furuace with
positive air circulation. Re-rung were made to check the early anal&ses obtained
under somewhst differeunt conditions.

The products were examined under the microscope to detect free graphite.

However, it was almost impessible to differentiate between graphite and frec biorite.



Prepa?ation of Feed for-Tests'

The nature of this sample suggesied that it would be smenable to selfr
erinding, i.e., using larger luomps of feed to grind swaller sizes. To test the
possibility, approximately one third of the sample received was separated into
plus 3-in. lumpé and minus 1-in. fines. A sméll, 60--rpm, laboratory ball mill,
11 din. (28 em) din diameter and 7 in. (18 cm) in length, was used for grinding.

For the initial load, 10 pounds of plus 3-in. Llump and 10 pounds of
minus 1--io. fines were used. The minus 8-mesh fraction was removed prior to
gfiﬁdiﬁg; tg ﬁrevéﬁf ovéngriﬁaihg’of.cdarsé gfﬁpﬁité flékeé.‘ The ﬁili‘ﬁés
operated for 15 minutes, then was dumped and the contents separated into plus
1-in., minus l-in., and minus 8-nmesh fractions. For subsequent cycles the charge
was supplemented as required, then ground, dumped and sized; this method was
followed through 10 complete cycles, The results are compiled in Table 1.

The minus 8-mesh product from self-grinding was used as feed through-
out the investigation.

‘Magnetic Separation

To check the possibiliity of concentration of graphite by removing a
magnetic product, the minus 8-mesh feed from grinding was screened on a 28-mesh
sieve and the fine fraction was passed through a Jones wet magneflec. separator
at a setting of 25 amperes. Thé plus 28-mesh fraction, too coarse for the
Jones equipped with high-intensity plates, was analysed withoﬁt magnetic treat-
ment. Results of the separation are given in Table 2 together with carbon and

acid soluble analyses.




TABLE 1

Details of Ten Cycle Self-grinding Test

Cyvele Grinding Charge to Mill (1b) -8 mesh Totals
§g Time +1 in. ~1 in.+8 mesh Total Product (1b)
' (min) 01d New 01d New Charge (1b)
1 10.00 8.50 | 18.50 1.50 20.00
15 8.50 3.25 . 6.75 18.50
2 8.50 3.25 6.50 | 18.25 1.75 20.00
15 7.75 4.25 6.25 18.25
3 7.75} 1.25}1 4.25 5.50 | 18.75 1.25 20.00
15 7.75 5.25 5.75 18.75
4 7.751 1.00) 5.25 5.25 | 19.25 0.75 20.00
20 8.50 3.75 7.00 19.25
5 8.50 3.75 5.50 | 17.75 2.25 20.00
20 6.50 5.75 5.50 17.75
6 6.50| 2.25 5.75 4.75 ] 19.25 0.75 20.00
20 7.75 5.25 6.25 19.25
7 7.75} 1.00} 5.25 5.00 19.00 1.00 20.00
20 7.25 6.00 5.75 19.00
8 7.25%1 1.50} 6.00 4.25 19.00 1.00 20.00
20 725 6.50 5.25 19.00
9 7.25 L.751 6.50 3.50 t 19.00 1.00 20.00
20 8.25 5.25 5.50 19.00
10 8.251 0.75 5.25 4.75 19.00 1.00 20.00
* 20 8.50 5.00 5.50 19.00
Totals| 185 N 19.50( L N 53.50 71.75
Less* 18,50 o 5.00
Used 11.00 48.50
Per - )
{Cvele | 18.5 1.10 4.85 7.18
*Remaining after 10 cycles.
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TABLE 2

Analyses of Magnetic Fiactions from Minus 8-mesh Feed
Jones Test 1, 25 amperes, high-intensity plates

Fractio 7 | % Carbon (10IL) % Acid Soluble
raction Wt | Anal Disk Anal . Dist

428 mesh® - 1 32.0 19.32 37.6 29.55 26,1 :
Non~magnetic S} -21.9) 21.75 1 29.1 | 38.78 23.5
MiddIing - . . ] .29+7[ '16.13.-| - 29.2.| 37.76 | 31.0
Magmétic ‘| 16.4] 4,08 4.1 | 43.03 19.4
Head (caled) 100.0 16.40 100.0 36.22 100.0
Head (apalysis) 17.40 35.97

*Screened out before separation

Screening

The self-ground minus 8-mesh material was separated into screened
fractions to minus 325-mesh to determine where the carbon and the free
flake graphite occurréd. The fractions were examined under the microscope
and representative portions we?e analysed; Table 3 summarizes the results.

In a second test, the plus 28-mesh fraction of the feed was commin-~
uted with rolls to minus 28-mesh size aﬁd screened with the minus 28-mesh

feed. The results of analysis are given in Table 4.
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TABLE 3

Analyses of Screen Fractions, Minus

8-mesh Material

Screen Tes

t 1

Fraction o o _ . 9 ;
Tyler Mesh ét % Carbon (LOI)| % Acid Soluble Composition
Minus| Plus Anal Dist | Anal Dist
8 14 | 14.7) 16.93 16.01 33.44 13.5 jLittle free graphite. Unbroken
lumps with graphite present.
14 28 | 16.1| 21.46 22,21 28,57 12.7 | Some free flake. Tlakes with
gangue attached,
28 35 9.3] 23.06 13.8] 25.82 6.6 |Much more free flake. Gangue
mostly clean.

"35 48 9.8! 16.76 10.6] 25.34 6.8 {Free flake, free gangue, some
middlings.

48 65 9.9 17.86 11.4) 26.77 7.3 [Free flake, free gangue.
65 | 100 | 9.1} 12.89 7.5| 30.66 7.7 |Free flake, free gangue.

100 150 8.0} 12.16 6.3{ 36.38 .0 {Free flake, free gangue, very
few middlings.

150 200 3.8 10.29 2.51 40.81 4.3 [Free flake, free gangue, few
middlings.

200 325 5.7y 9.01 3.31 47.54 7.5 iMostly gangue,

325 - 13.61 7.28 G.41 68.40 25.6 |Little graphite. Brown, prob-
ably from oxidation. Slime
prchblem.

Head (caled}100.0] 15.53 100.0] 36.31 100.0

- Free flake refers to either graphite and/or biotite.




Analyses of Screen

TABLE 4

Fractions, Minus

28-mesh Material

Screen Test 3

3 Tsizité;gh W%- ; Cérpbn.(LOi % Acid éoluble ‘ Composition
Minua Plus| -7} Anal . ,DiSﬁ CAnal j 0 Dist. | . ’ .
1 - | 28| s.1]46.38 | 15.5] 25.06 3.5 -
28 35 14.21 20.02 18.7 26.23 10.2 Some flake particles combined
' with gangue,
35 48 | 14.8] 18.53 18.1] 26.46 10.8 | Mostly free flake,
48 65 | 14.11 15.22 14.11 27.53 10.7 -
65 100 | 12.47% 12.97 10.64 30.36 10.3 -
100 | 150 8.8 11.65 ~6.71 34.73 8.4 -
150 200 6.9} 10.69 4,81 39.65 7.5 -
200 | 325 | 7.0| 8.04 3.7| 46.01 8.9 -
325 - 16.7 7.12 7.8] 64.95 29.7 -~
Head (caled) {100.0] 15.22 100.0} 36.40 100.0




Flotation

Tests were run with 500-gram feed samples under the following con-

ditions:

- Material was floated in a 500-gram Denver‘Sub—A laboratory
flotation cell.

- Pulp densities in the primary or rougher float varied;

10-25% solids,depending on the treatment of the feed before
flotation.

—~ Measured amounts of collector and frothing reagents were
added to the agitated pulp in the cell.

- After conditioning by mixing, air was admitted and-dispersed
through the pulp. The resultant air bubbles with attached
mineralization were removed as a froth from the surface
(termed rougher concentrate).

~ The rougher concentrate, and concentrates from subsequent
steps, were returned to the cell, mixed with fresh water,
and “cleaned" by refloating.

- Material remaining from each flotation step was removed from
the cell and referred to, in sequence, as rougher tailings,
eleaner théiiings,‘.,:;' Material fioatédiWas'§efetred to as
"eoncentrate'.

Unground Feed
Attempts were made to float graphite from minus 8-mesh feed with
four diffevent collecters or collector combinations: (a) pine oil, (b) pine
0il plus kerosene, two taurates (c¢) Dripon and (d) Tgepon T~33. Results
when using the taurates were not encouraging; the rougher tailings had high

carbon contents.




The results from tﬁo tests (12 and 13) using pine oil aloune are
given_in Tables 5, 6, and 6A, In Test 12, the floated rvougher conceuntrate
was agitated in an ultrasonic bath for 30 minutes to disperse agglomerated
flake material before being returned to the flotation cell for 3 cleaning
steps, then magnetically’éeparated at 25 amperes in the Jones separétor
equipped with high~intensity plates. Test 13 was similar except that the
concentrate was cleaned 5 times, after which the non-magnetic concentrate
frgction.apd the 5th gleaner'tgil%qgs were_cqmbin@d;apg scregngdﬂ" N

Minus 8~mesh feed, slurried with 50% water, was ground for periods
of 10 and 15 minuges in a small 8.75~in. (22.2-cm) diameter x 9.60-in.

(24, 4--cm) long laboraﬁory Abbé mill rum at 80 ¥pm, with 3000 grams of 1/2-in. -
(1..25-cm) "buruadum cylpebs" grinding media. The product was Lloated with

(a) pine o0il, (b) pine oil plus kerosene, (c¢) pine oil plus isopropyl alcohol,
two taurates (d) Dripon and (e) Igepon T-33. The best results were obtained
.with pine oil alone.

In Test_lé (Table 7), ground 15 minutes, floated with pine oil,
cleaned once, the cleaned concentrate was screened, The treatment was similar
for Test 15 (Table 8) but the concentrate was treated further in the Jones
ﬁégnetic‘separator set at 25 amperes; fhe non~magnetic fraction was then

screened.




TABLE 5

Tlotation Test 12, Analysés of Products

Minus 8-mesh Feed, Unground

REAGENT
Pine oil 1b _per ton

Rougher 0.1 x 4 =0.4

Cleaper 1 0.1

Cleaner 2 0.1
RFMARKS Rougher concentrate dispersed ultrasonically.

Tinal concentrate magnetically fractionated.
e ANALYSES % % Carbon, (LOL) - % Acid Soluble

Product | WE " Anal Dist Anal Dist
Magnetics, concentrate 0.2 26.98 0.4 52.64 0.2
Non-magnetics, concentrate 1.9 90.74 13.6 4.71 0.2
Cleanexr 3 tailings 10.9 73.29 63.4 14. 34 3.6
Cleaner 2 tailings 2.0 50.02 7.8 25,77 1.2
Cleaner 1 tailings 6.6 8.08 4.3 40.81 6.1
Rougher tailings 78.4 1.69 10.5 49,68 88.7
Head (caled) 100.0 12.59 100.0 43.92 100.0




S

R TR

TABLE 6

REAGTNT

Pine odil

Rougher
Cleaner 1 0.1
Cleaner 2 0.1
Cleaner 3 0.1
" Cleaner 4 . 0.7
REMABKS Rougher concentrate dispersed ultrasonically,
: Final concentrate magnetically fractionated.
’’’’’’ e ANATLYSTS 4 1% Cavbon (1OI) % Acid Soluble
Product &%wm““”““wamWﬁ ______ We ' d Anal 0 | Dist Anal® Dist
Magnetics, concentrate 0.2 52.97 0.9 29.97 0.1
Non~magnetics, concentrate 1.8 91.62 13.6 2,26 0.1
Cleaner 5 tailings 8.3 85.52 58.5 -3.48 0.7
Cleaner 4 tailings 0.6 69.49 3.4 17.29 0.3
Cleaner 3 tailings 0.7 68.29 3.9 18.47 0.3
Cleaner 2 tailings 1.1 53.04 4.8 28,20 0.7
Cleaner 1 tailings 7.8 9.06 5.8 41.02 7.6
Rougher tailings 79.5 1.38 9.1 47.79 90.2
Head (caled) 100.0 12.12 100.0 42,13 100.0

* Some acid soluble values are subject to error.




Flotation Test 13, Analyses of Combined Non—-magnetic Concentrate

- 11 -

TABLE 6A

and Cleaner 5 Tailings

Screen Test 2

TﬁiZEt;ZZh v % Carbon (LOI) % Acid Soluble
Minus Plus Wt Anal Dist Anal¥* Dist
- 28 1.6 97.95 1.8 1.53 0.3
28 35 4.8 97.52 5.5 0.88 0.5
35 48 11.0 | 97.26 12.5 0.81 1.1
48 65 19.8 93.73 21.7 4.05 9.5
65 100 22.6 84.47 22.3 9.13 24.4
100 150 18.6 75.30 16.3 13.97 30.7
150 200 10.8 75.95 9.6 14.46 18.4
200 325 7.1 81.14 6.7 12.51 10.4
325 - 3.7 84,50 3.6 10.85 4.7
Head (calcd) 100.0 85.09 100.0 8.47 100.0

* Some acid soluble values are subject to error.
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TABLE

7

REAGENT
Pine oil

Rougher
Cleaner 1

RIMARKS

Concentrate screened

I ANALYSES g % Carbon (LOT) i % Acid Soluble
Product e “hnal | Dist Anal Dist
Concentrate +28 m 1.4 95.17 9.0 3.74 0.1

" -284+35 m 1.8 94.61 11.1 4.18 0.2
" ~35+48 m 2.3 91.87 14.4 5.23 0.3
& ~48+65 m 2.7 83.49 15.3 7.02 0.5
" ~65+100 m 2.9 67.11 12.8 10.23 0.7
n ~100+150 m 2.5 52.43 8.6 16.31 1.1
; ~150+200 m 1.9 51.73 6.7 21.63 1.1
" ~200+325 m 1.6 53.91 5.9 25.89 1.1
" ~325 2.2 59.18 8.6 31.02 1.8
Concentrate (caled) 19.3 71.56 92.4 13.72 6.9
Cleaner 1 tailings 4.2 9.32 2.6 39.23 4,3
Rougher tailings 76.5 0.97 5.0 4441 88.8
Head (caled) 100.0 14.94 '100.0 | 38.26 { 100.0-




TABLE 8

Flotation Test 15, Analyses of Products

Minus 8-mesh Feed, Ground 15 minutes

REAGENT
Pine oil

Rougher:
Cleaner

REMARKS

1

1b_per ton
0.1 x4 = 0.4
0.1

Concentrate magnetically fractionated; non-

magnetics screened.

‘““““*QNWNMWMMWEANALYSES % "% Carbon (LOL) "§ % Acid Soluble
Product e Wt Anal Dist Anal | Dist
Conecentrate

" Magnetic, pass 1 3.3 17.56 3.8 44 .48 3.9
" " pass 2 0.7 46.92 2.2 . 27.65 0.5
it " pass 3 0.5 67.09 2.2 18.57 0.2
" Non-magnetic, + 28m 1.3 85.59 8.0 3.28 0.1
Y i ~28+ 35m 1.7 94.82 10.5 3.68 0.2
! " -35+ 43m 2.2 93.88 13.5 3.99 0.2
" b ~48+ 65m 2.3 80.91 14.1 4.59 0.3
" " ~65+1.00m 2.1 81.99 11.7 5.72 0.3
i i ~100-+150m 1.6 73.35 8.0 7.80 0.3
" " -150+200m 1.2 73.08 5.9 9.49 0.3
K M -2004325m) 1.1 75.02, 5.3 11,27 1 0.3
i . -325m 1.8 - 68.91 ' 8.1 21.13- 1.0~

Concentrate {(calced) 19.8 71.13 93.3 14.70 7.6

Cleaner | tailings 5.1 6.63 2.2 44,32 6.0

Rougher tailings L 75.1 0.90 4.5 43.01 86.4

Head (caled) 100.0 15.09 100.0 . 37.92 100.0




Screened Peed

four Lesits were made in this series:

(1) The minus l4-plus 150-mesh screen fraction from the minus
8-mesh feed was pulped with water, floated with pine cil and cleaned 5 times
(Test124), After the second cleaning the minus 100-uwesh material was wet
sereened from the coucentrate before completing the tast,

- (2) The same procedure was followed in Test 25 eicept that the
- roygher con;eqtrate was wet-séreened(on_a 65fmesh sievg before cleaniggi
| 'Thé éesulté'a;é;éi;én in Tagié4§; | |

(3) Minus 8-mesh feed was wet ground 5 minutes and screened on a
150-mesh sieve. The plus 150-mesh product was. floated with pine oil and
cleaned 5 times (Test 26,ATab1e 10).

(4) The plus 1l4-mesh material was dry screeuned from minus §
plus 150-mesh feed and passed through rolls., This slze reduced fraction
was combined with the minus l4-mesh, pﬁlped with water, floated with pine
oil and cleaned 5 times (Test 27). The last three cleaner taillings were
fractionated by scfeening on 48-mesh sieves; plus fractions were combined
(Table 11). |
Ailr Tabling

Screened feed fractions were separated on a swall Knapps and Bates'
gir—table equipped with a sintered deck. Plus 1l4-mesh material, in which
graphite waé mostly attached, was not tried. Fi?e finer fractions were tabled;
minus 100-mesh feed was not suitable for treatment.

Results are shown'iﬁ Table 12.
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TABLE 9
Flotation Tests 24 and 25. Screened Feed, (~14+150 mesh)
Unground
Test 24 25
REAGENT .
Pine oil 1b_per ton 1b_per ton
Rougher 0.1x3=20.3 0.1 x 3 =20.3
Cleaner .1 0.1 x2=20.2 0.1 x2=20.2
Cleaner 2 0.1 0.1x 2=20,2
Cleaner 3 0.1 x2 =20.2 0.1 x2=20.2
Cleaner & 0.1 x2=20.2 0.1x 2=0.2
Cleaner 5 0.1 0.1 x 2 =20.2
REMARKS Head dry screened on 14 mesh and wet screened on 150 mesh
Second cleaner concentrate wet Rougher concentrate wet screened on
screened on 100 mesh before further .| 65 mesh before cleaning®#.
cleanings®.
W“J“KMNMNQNALYSES % % Carbon (LOIL)} % Acid Soluble Z %_Garbon (LOL) | Z Acid Soluble
Product Tt Wt | Anal Dist { Anal Dist Wt Anal Dist | Anal Dist
Plus 14 mesh 15.51 15.86 12.81 28.34 12.9 15.41 12.60 11.7) 35.35 15.1
Minus 150 mesh 21.2¢1 9.15 10.1} 61.49 38.4 20.9 9.15 11.54 61.17 35.5
Concentrate 9.0] 73.46 34.44 15.04 4.0 7.61 77.04 35.1] 13.66 2.8
Cleaner 5 tailings{ <0.1] 35.64 <0.1i 24.26 <0.1 0.1} H&% 0 24.41 0.1
Cleaney 4 tailings 0.1} ¢ insufficient sample ——-3% 0.1 Fdeww 0 22,28 0.11
Cleaver 3 tailings L.51 54.37 4,11 20.16 0.9 0.5} 61.72 1.8) 18.27 0.2
Minus 100 mesh® 1.8} 57.43 5.51 24.19 1.3 - - - - -
Cleaner 2 tailings 1.31 62.03 4.2 17.44 0.7 1.57 79.58 7.41 11.44 0.5
Cleaner 1 railings 1.3} 31.56 2.11 30.12 1.1 2.81 37.95 6.4y 24.59 1.9
Minus 65 mesh®® - o - - - 3.2) 53.49 10.3§ 25.09 2.2
Rougher tailings 48,21 10.67 26.71.28.65 1 40.61 47.91. 5.45 15,81 31.24 41,5
Head (calcd) 106,01 19.25 100.0¢ 33.97 100.0% 100.0} 16.56 100.0) 36.02 IOOEDé

&%% Ingufficient sample




TABLE 10

Flotaiion Tesi 26, Screened Feed (84150 mesh)

Minus 8-mesh heads ground.
Plus 150-mesh feed prepared by screening

Ground 5 minutes
| .
REAGENT
Pine oil Ib_per ton

Rougher 0.1 x 3=20,3

Cleaner 1 0.1 x 2 = 0.2

Cleaner 2 - 0.1-x 2 = 0,2.

Cleaner 3 0.1 x 2= 0.2

Cleaner 4 0.1 x 2= 0.2

Cleaner 5 0.1L % 2 = 0.2

T ANALYSES % 7% Carbon (LOY) 7% Acid Soluble Composition
Product e | Wt Atal | Dist Anal Dist OmpOs- -
Minus 150 mesh 29.3 8.09 13.7 61.44 47.9
Concentrate 13.6 74.05 58.4 14.89 5.4 Free flake, middlings, some free
' gangue,
Cleaner 6 tailings 0.2 % .0 15.13 0.1} -
Cleaner 4 tailings 0.9 73.13 3.7 12.25 0.3] -
Cleaner 3 tailings 0.4 46.02 1.1 20.87 0.2 Mostly free gangue, some large
- ' free flakes.
Cleaner 2 tailings 1.3 71.39 5.6 14.13 0.5} ~
Cleaner 1 tailings 1.0 17.79 1.0 30.01 0.8} -
Rougher tailings 53.3 5.33 16.5 31.56 44,8} Tew middling particles, much
- AU T free gangue. ST
Head (calcd) 100.0 17.23. 100.0 37.53. 100.0/

%* Insufficient sample.
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_ TABLE 11
Flotation Test 27, Screened Feed (-14+150 mesh)

Unground. Plus 14 mesh comminuted byvrolls

REAGENT

Pine 0il 1b per ton
Rougher 0.1 x3=20.3
Cleaner 1 0.1 x2=20.2
Cleaner 2 0.1 x2 = 0.2
Cleaner 3 0.1 2 =0.2
Cleaner 4 0.1 2 = 0.2

5 0.1 2 0.2

Mmoo

Cleaner

REMARKS Tailings from cleaners 3, 4, and 5
screened on 48 mesh. Plus fractions
combined¥*.

e ANATLYSES A % Carbon (LOI)| 7% Acid Soluble
Product e e Wt | Anal Dist | Anal Dist

Minus 150 mesh 22.4 9.19 11.14 60.25 3
Concentrate 12.31 69.86 46,31 16.70
Plus 48 mesh, Cleanevs 3,4 & 5 tailiungs® 1.1} 80.11 4.61 11.38
Minus 48 mesh, Cleaner 5 tailings 7.87 <0.1} 34.85

i " Cleaner 4 tailings 8.4% 11 33.37

__o OO0 0 o U,
NN WOy

0.1 0
0.2 0.

" oo " | Cleaner 3 tailings 0.2 *% 0 35.18 .
Cleaner 2 tailiugs 1.7) 74.72 6.9¢ 13.25 6
Cleaver 1 taillings 2.61 3%.94 5.71 26.06 9
Rougher tailings 59.4 7.84 25,24 33.69 54.4

Head (caled) . - . |.200.0} 18.50 | 100.0| 36.76 | 100.0

.

5 Lavpe flakes, nearly all gangue present as widdling particles.

S Insufficient sample.




TABLE 12

Analyses of Cut Fractions from Air Tabling Tes:t 1

F i . .
ractions % |cut % We | % Carbon (LOT) | % Acid Scluble .
Tyler Mesh We No Composition
Minus| Plus “7* I Fraction |Overall {Anal Dist | Anal Dist

14 15.6 | - i5.6 15.6 113.48 13.3 1 33.44 4.3

14 | 28  |16.8 | 1 0.5 0.1 [76.02 0.5 | 6.41 0.1 |Mostly free flake; few stained, some
| : cres)

2 10.8 1.8 55.47 6.3 122,44 1.6

3 63.4 10.7 |17.80 12.1 {34.27 8.g

25.3 4.2 |11.37 3.0 13

3.6 3
28 | 35 9.3 | 1 3.0 . 0.3 183.18 1.6 110.98 0.1

t1 fla stained ;
simiddlings and free gangue. v
2 30.7 2.9 135.93 6.6 127.21 2.1 .{Mostly gangue, few fres flakes, ‘
i stained fizke and middlings.
3 53.4 4.9 |14.34 4.5 126,14 3.8 .iMostly gangue, combined particles,
' "1 few free and stained flakes.
gangue or combinad partic

12.9 1.2 | 5.17 0.4 125.83 | 0.8 iTearlv ail o
o

35 48 10.3 1- 5.7 0.6 85.71 3.3 8.862 .2 Eostly free flake, few stainad and
) : widdling flake, free gangue.
2 3.6 4.5 (26.40 7.5 {29.64 3.6 Mostly free gangue, some free flake,
: some middlings.
3 45.9 4.7 6.15 1.8 (24.83 3.1 “ldMostly free gangue, few free end
' middiing flakes.
4 4.8 0.5 4.13 0.1 ]23.68 i 0.3  iGangue.
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Table 12 (contd)

» ; : ! : :
P48y 55 L 5.0 1 4.3 S 0.4 173,41 1.9 115.91 0.2 |Free flake, free gangue.
i Stained flake, few middlings.
2 1 14.6 1.3 136.99 3.0128.92 1.0 Free flake, more free gangue.
§ Stained flake, few middlings.
3 0 64.0 5.7 :13.44 4.9 130.19 4.7 Very few free flake. Mica.
; E : Very few middlings. Mostly gangue.
; f b i 17.1 1.5 3.80 0.4 ¢ 25.56 1.0 Almost 211 gangue.
&5 1C0G 9.0 i % 3.7 - 0.3 35.80 2 1.6 112,22 0.1 Mostly free flake, some free
{ z § gangue, few middlings.
2 .8 0.7 76.21. ¢+ 3.1 20.72 0.4 Free flake, free gangue.
! Middlings and stained flake.
: 3 § 77.7 7.0 8.43 3.7 ¢ 34,17 6.5 Mostly gangue, some mica, some
; E free flake.
i 4 ¢ 1D.7 1.0 2.69 0.2 25.74 0.7 Almost all gangue.
| 100 30.14 - | 30.1 36.1 | 10.60 | 20.2152.43 42.5
‘Head{calcd) [00.0{ ; - 100.0 | 15.78 § 100.0 1} 37.10 160.0
H i : . ¢

_6]:_



DISCUSSION

The method of comminution used to free flake graphite from the ore
is important. Care must be taken to keep breakagé minimal and not force
gangue into soft graphite surfaces. Roll crushiﬁg, one of the accepted means
of size reduction, can create the latter problem.

Selfwgfindingg the method tried with this soft, friable, oxidized
ore, looks promising, Table 1 indicates thai the addition of 1.1 pounds'of
plﬁs,lwin,iaud:éi85:§ounds.df'minus,l~in°”p1us éfmesh'materialy(tﬁ‘prigingl
charges of 10 pounds of plﬁs 1-in. and 8.5 pounds of minus 1-in. plus 8-mesh),
produces 7.18 pounds of minus 8-mesh product per cycle of 18.5 minutes.

Examination of screen fractions of the self-ground material (Table 3)
indicated most unbroken lumps were larger than 14 mesh in size.

When stage feeding was Qsed to control frothing, pine oil floated
the graphite cleanly. 'Some 0oil was lost in each cleaning; step additions
vere made as required. In practice, recirculation of middlings would lessen the
amounts required.

In Test 13 (Tablés 6 and 6A), when unground minus 8-mesh feed was
floated with pine oil and the rougher concentrate treated ultrasonically before
cleaning five times, the combined 5th cleaper tailingé and non-magnetic fraction
of the concentrate gave a recovery of ‘72.17% at a grade of 86.6% carbon. The
calculated minus-28 plus 65-mesh size gave a recovery of 29.97 assaying 95.447 -
carbon.:

In Teét 15 (Table 8), when material gfound'for 15 minutes, was
floated with pine o0il, cleaned once, a recovery of 93.3% at a grade of 71.1% carbon

. 3 .
resulted; thg calculated non-magnetic fraction of the concentrate, in the

minus 8- plus 65-mesh size range, gave an overall recovery of 46.17 of 93.47%

carbon.
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With pine o0il, the flotation period is long - approximately 8 minutes
in the roughers, and 4 minutes decreasing to 2 minutes in the cleaners. The
use of other more surface-active collectors or frothers, with or without pine
oil, probably weculd increasé the rate of flotation of the flake; however, it
would add to reagent costs, complicate a one-reagent circuit, and would produce
a less clean float.

Pine o0il is usually considered a frother or froth modifier with
minimal collecting properties, but it is applicable here because graphite is-
easily made non-wettable. Clean, wettable gangue particles will not float, and
middling particles can be dropped during cleaning.

Removal of the low-carbon magnetic fraction of the feed at the start
of the circuit (Table 2) did not sufficiently benefit the non-magnetic products
to be justified. With unground feed, magnetics removed from the floated con-—
centrate upgraded the non~magnetic fraction (Test 12, Table 5 an@ Test 13, Table 6).
With ground feed, magnetics removed from the concentrate of Test 15 (Table 8)
showed improvement in grade of the finer sizes over Test 14 (Table 7).

The way the ore broke dowu by self-grinding (Table 3), where 12.2%
of the carbon was in 23.1% of the minus 150-mesh fraction, suggests rhat discarding
‘these fines by scﬁeening béforeflotatianwopld~be an economical~pxoqeduxeﬁ The
carbon lost would be too fine to have much value, slimes would be eliminated,
and lesgs pine oil would be used. The flotation circuit would be reduced in size,
with a savings in capital cost.

The material appeared to separate well on an air table. In practice,
larger cuts would be taken and cleaned once or twice to increase grade. Losses
in finer sizes are high becausc free graphite blows away.

The sintered deck air table was suited fo the type of closely sized

separation tried. Air must be carefully controlled.




Free gangue could be largely eliminated by alx tabling prior to

using other methods of benefication. Close sizing probably would not be
required for such an application.

The content of acid-soluble material in the concentrates could probably
be reduced by acid treatmenﬁ, but 1t may not be economically feasible.

What appeared as graphilte under the microscope was often bilotite,
apparent when carbon was burnt off during analyses. Optical estimates of
carbon content are therefore unweliable,

P

| CONCLUSTONS

L, Self;grinding produced free graphite and biotite with minimum
breakage of flakes and minor imbedded gangue minerals.
2. Afr tabling of carefully screened fractions (minus 14 to plus
100 mesh) gave a good separation‘with concentrates grading 70 ~ 85% carbon.
The combined products gave an analysis bf 78.43% carbon with a vecovery of 12%.
3. Flotation with pine oil, followed by screening, gave plus 65-mesh
prodﬁcts containing: |
95.4% carbon with 30% recovery, using unground feed.
93.5% carbon with 46% recovery, using ground feed.
Ultrasonics were used to free the graphite with the unground material.

Removal of magnetics was used to upgrade the concentrates.




an

- 23 =

ACKNOWLEDGEMENTS

R. M. Buchanan, Héad, and H. C. James, Technician, Ore Mineralogy
Section, Mineral Processing Division, prepared and examined thin sections of
the ore. G. A. Kent, Chemist, S. T. Lepage, J. H. Colborne, Technicians,
T. R. Marshall, Summer Student, provided chemical analyses. P. R. Lachapelle,

Technician, carried out the test program.

REFERENCE

1. W.J.D. Stone, "Investigation of Concentration of Graphite from Mount Laurier,
Quebec, Submitted by Dr. L. J. LaRue", TR 58-123 (July., 1958), Hives Branch,
Departwment of Tnergy, Mines and Resources, Cttawa.

FUH/RAW/ am




