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Adams Township, Ml July 15, 1941

Iest 1000-G
Standerd Orindability Tests on Shale Copper Ore.

Submitted by: Copper Range Co,, Palnesdale, Hich.
| (Mr., Wm. B, Schacht, Pres.)

This todt report describes a complete sefies of standard ball mill
grindabllity tests made on the copper ore sample marked "White

Pine Bhale", and mentloned In test 1000-F,

The shale ore as recelved was crushed in alaboratory gyratory
grusher set at 3/8" opening on the close slde, and screen analyzed.

Half of the gyratory erusher product was split out
rolls set a2t 1/16" opening;, in closed eirculi with
all passing 6 mesh. The minus 6 mesh roll produet
feed for the standard ball mill grindability tests
65, 100, 150 and 200 mesh,

and crushed in
a screen, to
was used as

at 28, 35, 48,




- e

| Zest 1000-G

AdmnsTansmp,Ml : :
The followling sereen analyses were obtained:

. Syratory Crusher Bgll Product
Mesh = % We. % Cum, % We, % Cum,
33k 7, S s
*. 5. 5'
1/2n 21.10 26.84
3/8n 37.81 64.65
I M 20,14 84479
3 8.39 93,18
3.04 96,22 0 0
8 1,68 97.90 14.28 14.28
12 0.87 98.77 19.21 33.67
14 0.39 99.16 15.15 48.82
20 0.21 99.37 11.10 59.92
28 0.15 99.52 7.95 67.87
35 0.06 99.58 5.51 73.38
28 0.04 99.62 Le22 77 .60
5 0.04 99.66 3.22 80.82
100 0.02 99.68 2.14 82.96
150 0,02 99.70 2414 85.10
200 0.02 99.72 1.20 86.30
-200 0,28 100.00 13,70 100,00
100,00 100,00
m (slope) 0.900
K 9 (microns) 2810
8 Sq.Meters per 100 ce.) 2,23

- The plotted screen analyses show that there is no important natural

grain size, and that the ore contains 10.0f of excess fines, or
clayey slimes,

The specifie gravity of the minus 6 mesh ore was determined with
a welghing bottle as 2,973. The apparent specific gravity was
1.79 when packed by shaking, equivalent to 112 pounds per cubic
foot. This is equivalent to 39.8% void space in the packed ore.

The complete series of closed circuit standard ball mill
grindability tests was made on the minus 6 mesh shale ore, with
the following summarized resulis:

Mesh Tested A8 150
Net Grams/Rev, 3%%9 2%%6 2.296 1%%36 1%%%b 1.430
% Circ. Load 252 237 252 254 248 256
% =200 Mesh 33.30 38,20 45.39 54.24 70.60 83,66
E (BExcess Pines) 24.0 27.0 33.3 31,5 38,0 45.0
m (slope) 0,970 1,08 1.20 1.05 1.05 1.05
K 590 425 300 210 150 100
8 (surface 5,60 5.58 5,62 8,00 12.24 1528
Gross ce./Rev, 1,526 1.220 0.995 0.806 0.633 0.565

Bq. leter‘/ Rev, 00514 00409 <0347 006*5 0063‘ 00"36

15304

263

100,
50.0
1.05

18. 50
0796



£ 5 o3 é" ; . | ; : : ‘
Adams Township, MI (3

The grindabllity decresses much more slowly than that of the
: -:dﬁ:.n. as the finer sizes are approached. The plotted slope of
the grindability line is 0.447, as compared with 1.223 for the
zglﬂmtnnb. The two samples have the same grindability at about
) mesh, but at finer sizes the shale grinds wuch essier than the
sandstone.

The galeulation of surface areas and surfuce production per

revolution was made very uncertain because of the large amount

of execess fines, or natural clay, contained in the ore, and the

::zilntod results should be regarded as only very approximate
’“‘Q

Details of the tests, including complete sereen analyses ang plots,
are given on the accompanying date sheets.

MINING RESEARCE LABORATORY
Fred C. Bond
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ORE TESTING LABORATORY
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Lo

SUBMITTED BY B N %, 'H:s‘r NO. ___._Lé_ﬂ_ﬂ_‘___
: ; ; . 'SAMPLE No.
STANDARD GRINDABILITY. Tssr A«r 28 . Mzsu
PERIOD, |« REVOLUTIONS GRAMS OF PRODUCT : Gmms INFEED .7 NET GRAMS e ‘ ﬁxf cnmu FER REV.
ORWAUL ML minUs D & vesu ' mm.ma’ mest b wminusg Lmesw | ﬁlllu‘“ s
p 29 X2
k § R o 307
PR 22/
(
£
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48

63

100

150

200

THROUGH 200

TOTAL




TORAM E5F4—8.12.9 2
PRINTEO (N U. 8. A,

ALLIS-CHALMERS MANUFACTURING COMPANY

MILWAUKEE. WISCONSIN, U/ S, A

MINING DIVISION 7 oy - s AR D ;

ORE TESTING LABORATORY'

k. e 7///!/
Coii i LU &

: s Sotvang ‘snmm.:ug

MATERIAL

SUBMITTED BY

STANDARD GRINDABILITY 'rssr AT:__.-Zf B _MESH ', i

PERIOD || REVOLUTIONS GRAMS OF PRODUCT GRAMS. m u;n .. . .. NET GRAMS ; '. _NET GRAMS PER REV.
OF BALL MILL MINUS J8” MESH L Minus F MESH i S MINUS P MESH

Z 73 Fou
2 | L2 ‘

e

A (&

v AVERAGE PRODUCTION PER quv.gnmgor
! : c:ncuu.nmc LoAD (szsh&t oF: tll’i’_

- PRODUCT

‘-‘mgn- !:;..pl_;:mon

RS ; g L 3s

S48

f00

180,

r 200, .A ‘

THROUGH 200




MINTNG DIVISION:

e 3
e

- ORE TESTING LABORATORY'

y N 2
e
. sUBMITTEDBY

%

8 OF BALU mu-‘lé

g

/47

rﬁi

;
T
S
o
2 y
e
o

o




ALLIS-CHALMERS MANUFACTURING COMPANY
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2 L2 6 ¥ 07 40 - 3
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v YR s
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»g v-
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Test 1000-F June 23, 1941

Standard Grindebility Tests on Sandstone Copper Ore
Submitted by: Copper Range Co., Painesdale, Mich.
(Mr. Wm. H, Schacht, Pres.)

Iwo bags of copper ore containing 100 pounds each were
received May 26th. Bogth had been crushed to pass 2", and
contained some fines as received. Bag No. 1 was marked
"White Pine Sandstone", and bag No. 2 was marked "White Pine
Shale". DBoth represent ore which is to be treated Separately
at the FPreda mill, A coumplete gseries of standard ball mill
grindability tests is to be made on euch sample,

This test report describes only the results on the White
Pine sandstone. The sample of White Pine Shale will be
reported in & subsequent test.

It is proposed to grind 45 tons per hour, and to grind the
shale finer than the sandstone., It is 8tated that the
sandstone is difficult to grind below its natural grain size.

The sandstone ore as received was crushed in a laboratory
gyratory crusher set at 3/8n opening on the close side, and
screen analyzed, Half of the gyratory crusher product was
split out and crushed in rolls set at 1/16" opening, in closed
circuit with a screen, to all passing 6 mesh. The minus 6 mesh
roll product was used as feed for the standard ball mill grinda-
bility tests at 28, 35, 48, 65, 100, 150 and 200 mesh.



Test 1000-F
P iR

The following screen analyses were obtained:

Roll Prod%gp
Cuu.

Besh » Wt,
On 1" 0 0
3/4m 2.78 2.78
1/2% 9443 12.21
3/8" 25,60 37.81
3M 20.05 57.86
2 9.99 67.85
5.74 73.59 0 0
8 2,60 76.14 8.00 8.00
10 2.50 78.69 15.50 23.50
14 1.97 80.66 11,60 35.10
20 1.99 82.65 9.90 45.00
28 1.89 84.54 740 52.40
35 2434 86.88 8.10 60.50
gs 3.01 89.89 9.40 69.90
5 2.87 92.76 8.40 78.30
100 1,78 94454 5.70 84.00
150 1.55 96,09 4430 88.30
200 0.86 96.95 2.70 91.00
100, 100.00
m (8lope) - 0.947
K (microns) - 1010
8 (8g. Meters per 100 cc.) - 4¢99

The screen analyses

show that the

natural grain size of the
sandstone greins is from 48 to 65 mesh, and that they ure all

finer than 28 mesh, and only a few are retained on 35 mesh.

The specific gravity of the minus 6 mesh ore was determined
with a weighing bottle as 2.635. The apparent specific gravity
was 1.70 when packed by shaking, equivalent to 106 pounds per cubie

This is equivalent to 35.5% void space in the packed ore.

foot.

The complete series of closed circuit standard ball mill

grindability tests was made on the minus 6 mesh
with the following summarized results:

sandstone ore,



Test 1000-F

-3-
Mesh Tested 28 35 48 65 100 150 200
08 Orans/Rev. 8.63  4.51  3.05 1,623 1.260 0.845 0.733
irc, Load 252 250 - 250 250 250 240 234
=200 Mesh  13.76  20.40 28.50 42,21 55.60 84,10 100.00
m (Siope) 1.018 0.950 0.967 0.900 0,890 0.910 0.920
K 5 415 295 190 138 89 74
8 (Surface) 7.1k 10,39 13,10 21.31 27.84 37.29 42.02

Gross cc/Rev. 6,25 2,829 1.655 0.787 «5695  ,3631 .3058
8q. Meters/Rev, .1325 .1527 .1342 .1284 1301 L1173 .1132

The slope m for 200 mesh and 150 mesh were estimated, and are
not as accurate as those at coarser meshes, so that the new surface
areas produced in square meters per revolution at these sizes may be
too low. The average square meters produced per revolution, omitting
these two tests, is 0.1356. 52.3 Joules of work done per
revolution of the mill, divided by 0.1356, gives the surface energy of
the sandstone ore as 385 joules per square meter. Test 1000-B gave

the surface energy of the mixed sandstone and shale as 29 Joules per
sguare meter.,

Details of the tests, including complete screen ana

lyses and graphs.
are given on the accompanying data sheets,

MINING RESEARCH LABORATORY
Fred C. Bond
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