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Test 100 o 
~t·nd,ra Grindabillty ests n Chal~ Cc~p r Ore. 

•1 mi tted by : Cop er fi ,g"' Co., P-.1n~cd le, ..:ich. 
( r. m. n. Schacht, Prez.) 

This test report describes a cornpl te ,r:1:es f standcr·d 11 , ill 
rind bility te"'ts ade 011 th cop-pr ore sample erked ",hite 

Pinc Ph 1 ", ·nd mentlo!"l d :!.n test 1000- • 

The sh 1 re as recei v d as crushed in laboratory gy .. :a tory 
er sh r set t 3/~ i)en1ng n the close de, n'' s crv ~:.l an .... l::~ed . 
Half of the gyr· tt1ry crtrn1·l ~r roduct e J ::-r,l i t out a-"ld crush d in 
rolls set (;,i, t l/ _6' o ning, lli. closed ci::.·cui t i th , screen, to 

11 pns ing 6 e ... h . The minus 6 c h roll '""Jroduct was useu ns 
.teed for t1e stand,r<l ball mill grin ""bility tests at 28, 35, 4, 
65, 100, 150 nnd 200 mesh. 
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Test 1000-G 

The !ollo in creen analyses were obt ind: 

gzrg.l;o;tI C~§ljer Roll Produc 
Kash .,, t. Cum • % t . % Cum. 
On l" 0 0 

J/4" 5.74 5.74 
1/2" 21.10 26 .84 
3/8" .37.81 64.6; 
.3 20 .14 a4.19 
i 8 .,39 93.18 

3.04 96. 22 0 0 
8 l.6S 97 .90 14.28 L4.2P 

l o.87 98.77 19 • .31 33.67 14 0 • .39 99 .16 1; .15 48.82 
20 0 . 21 99 . 37 11.10 59.92 
28 0. 15 99.52 7.95 67 . 87 
35 0.06 99.5g 5.51 73 • .38 
i~ 0 .04 99.62 4 . 22 77.60 

0 . 04 99 . 66 3 . 22 80 . 82 
100 0 . 02 99.68 2 . 14 82 .96 
150 0 . 02 99.70 2 . 14 85.10 
200 0 .02 99 . 72 1.20 86.30 

- 200 0!28 100.00 1~ . 70 100. 00 
100.00 100.00 

m ( lope) 0 . 900 
K 9 fmicrons) 2810 
8 Sq . eters per 100 cc.) 2 . 23 

The plotted screen an·lysP.s show that there is no :important atur"l 
grain size, and th t the ore contains 10 . 0% of xcess finPs, or 
clayey sli es . 

The srecific gravity of the minus 6 mesh ore as deter!!lined th 
l' eiehin1 bottle ., s 2. 973. The apparent specific gr vi ty s 
1 .79 .hen packed by shaking, equivalent to 112 pounds per cubic 
foot . This is equivalent to 39.8% void space in the p eked ore . 

The co~plete series of closed circuit stand rd ball 1!1111 
grind~bility tests as made on the minus 6 mesh shale ore , ith 
the follo ing sumrarized results: 

esh Tested 28 li6 !& M 100 .ill. Net Gr ms/ Rev. 3:08 2. 296 1.936 l~O 1 . 430 
Circ. Load 252 237 252 254 24s 256 !' - 200 esh 3.3 • .30 .38.20 45 . 39 54. 24 70.60 8J . 66 

E ~Exce s Fines) 24 .0 21. 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 
S (surface) 5.60 5. 58 5.62 s.oo 12.24 15. 25 
Oro1s cc./Rev. 1 .526 1.220 0 .995 0 . 806 o . 6J.3 0.565 
s . eters/ Rev. . 0514 . 0409 . 0347 . 0645 . 0634 . 0736 

1.304 
263 
100 • 
50 . 0 
1 . 05 
74 
18.SO 
0.,4.89 
.0796 
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The grineabllicy deer -~es uch ore slowly than th~t of th sandstone the finer sizes aro approached. 1~e plotte' slope f the gr1nd b111ty line · 0.447, .., coo;>ared 1th 1.223 :rc,r th_ sandstone. The i; o a ples h .ve the Sl!1r10 ri!ld bili ty at bout 60 esh, ut at finer 1zP.s -t;he sh le grind.} uch eaaier t~ ... he sandstone. 

The calc'..llation of surface r aa nd ~~rf; ce ~r duction per revolution s w d ver./ uncert~ n bcc,use of ~he l,rge amount of excess fines, or natural clay, contained int ore , and the tabul~ted results should be reg-rded sonly very approxi ate v lues. 
Det 11s of the test~, including co pl te ~ere .n analys sand plots, re .ivcn o, the uccompanying da~. sheets • 

... nnNG RE EARCH LJ;B01 :..OP.Y 

Fred C. Bond 
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T st 1000-F Jun 2J, 194l 

St nd·r 
cub itt 

Grind bil1ty Tests on 6 n 3tone Copp r Or by: Copper R nge Co., P·in u~l, 1cn. ( • ,rn. H. tchacht , Pr .) 
gs of copp r ore cont 1n1ng 
:y 26th. Both h db n oru cont ind zo fines as roe 1veu. Ba " 'hite 1ne ~undstone", nd b· g o. 2 'h le". both r pr s nt or h1ch is t t e Fr d ill. A cooplot r1 grind bility t ts 1s to be eon 

100 pou 
~o 

• l 

to t 
t 
h p • 

y 

T 1~ t 5t r port d scrib only th r ult on th .hit Pin sl.i.nd ton. The s pl of ,hit Pin Sha 111 be reportod in subs quont t st. 
It 1 propos d to grind 45 ton per ~r, n to hale fin rt n th sund ton • It i t· t that ndstone is difficult to rind b lo· !t n t al 
Th s nu~ton or. s rec 1ved cru yrt... tory crusher set t 3/811 op .nin on th c sid , 

th 

tory 
nd screen tin .... lyz d. Ilulf of th gyratory crusher product a ~plit out and crushed 1n roll-, st at l/l6tt op n1ng, inc o.s d circuit 1th a screen, to all p ssing 6 h . The 1nus 6 ~h roll pro uct as used f · d .1. or th t.andur b 11 11 grina -bility te ts Et 28, )5, 48, 65, 100, 150 ·nd 2 0 h. 
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The tollo, 1og scr on an ly3 s ·er obtuined; 

I sh 
On l" 

J/4" 
1/2" 
3/8" 

3M 

i 
8 

10 
14 
20 
28 
J5 

100 
150 
200 

-200 

Uy,: tory 
Sf t I • 
0 
2.78 
9.4.3 

25.60 
20.05 
9.99 
5.74 
2.60 
2.50 
l.97 
l.99 
1.89 
2.34 
,'.3.01 
2.87 
1.78 
1.55 
0.86 
ltO~ 

100.00 

Cru Cum. 
0 
2.78 

12.21 
37.81 
57.86 
67.85 
73.59 
76.14 
78 .. 69 
80.66 
82.65 
84.54 
86.88 
89.89 
92.76 
94,.54 
96.09 
96.95 

100.00 

K microns) m !Slope) 

S Sq. Met r per 100 cc.) -

0 
8.00 

15. 50 
11.60 

9.90 
7.40 
8.10 
9.40 
8.40 
5.70 
4.JO 
2.70 
9.0g 

100.00 

0 
8.00 

23.50 
35.10 
45.00 
52.40 
60.50 
69. ~o 
78.JO 
84.00 
88.JO 
91.00 

100.00 

0.947 
1010 

4.99 

The scr en n •lys s sho tha.t th n turti.l gr 1n s z of th 
sandstone grains is from 48 to 65 esh, an th t th y ure ll 
finer th n 2a sh, nd on ya fe are r tained on 35 esh. 

The sp c1fic grnvity of the minus 6 esh or , ~s uotc m1o d 
,1th o. c1g 11ng bottlo s 2 . 6J5. Th · ppnrent s p cific gr 1 ty 

s l.70 ,h n p eked by shaking, quivalent to 106 poun s r cubic 
foot. This is equivalent to 35.5% vo1d p~c in the p ck d or. 

Th couplet saris of closed circuit stan ara bull 111 
grindabtli ty tests s · de on th inu 6 m sh ..i.n ston ore, 
,1 th the fol o ing sUt:ll!1Ul'ized re~ults: 



llesh T sted 28 
II t Gr /R v. 8.63 % Circ. Lood 252 

Test 1000-F 
-J-

J5 48 
4.51 J.05 

250 250 

65 100 150 200 1.623 1.26 o.n,~5 0.7JJ 250 250 ~40 2J4 :C -200 esh lJ.76 20.40 28. 50 4 "l ') I ". ·-~ 55.60 8-;.lO 100.00 II (ol-.)pe) 1.01s 0.950 0.967 0.<)00 0.890 0.910 1( 540 415 295 190 138 89 S (Surf ce) 7.ll 10.39 lJ.lO ~l.Jl 27.8t 37.29 Gros cc/R v. 6.25 2.829 1.655 0.787 • 5 95 .J6Jl Sq. u~t~rs/Rev. .1325 .1527 .1342 .1284 .lJOl • 17.3 
The lope m for ?.00 mo..ih and 150 me h r t ... ,. ted, not s ccurut as thos ·t cvar~ r ~wh s , so that th nc 

0.920 
74 
42.02 

.J058 

.1132 

ar~. proauced in squL r :.ieters p r r volutlon t t 1 ea ~Y u too lo·~. The v rag squnr .et rs pro uc · ;ior r vol11tl">n, o itting thes tote t, is O.lJ56. 52.J joul s of ork don pr revolution of the iaill, 1v1ded by O.lJ56, giv t· . urt,i.c n rgy or th St!.n stone ore s J85 joules per sq.uur w t r. 'Ie t, 10·:>0-.B g ve th . urft c ener y of tl • ixed andston nna h le a .32, joul per squar oetor. 
Dct,1ils of th to t::i, including cocp . t s cr c,1 · n,.ly.:;c!. nd graph~: r gi v n on the u cco. ponying da t she ts. 

Mlll ! 40 REbi" CH ABO TORY 
red C. Bond 





' . '•/ ;.,,r!SH,, ,' >• 
' . 

• • J I 

10 . . . 

. ' 

THROUGH .200 
':' I 

TOTAL 



- IIEVOLUTIONS ' 
0 1" MILL 

' . : . 
MESH 

• Gll"MS OF' P IIODUCT . . .. '•. 
. MINU5 MESH 

,- ' - .... . ~. . . . . 
. . . . . ·, ... ,, ·.:· , -:~.' ... ~. ' . .... : . .. ' . 

, <; : •' • lt
0 

1 ' r-11• , •' 
I .' ' l • • 

.. '··, ., •' .·., 
• • •$· ... , ' 

'CUMU~ .. ~.~-E· . ,, .. 
'"" • - • I 

. ., •• WEIG":f .~ l, 
.,. .... ,. 

··.• ,_-v; •. , • • 
, () , .·,. 

NET GRAMS 

MINUS ~ MESH. 

;_. ::~C~MULA'l'I~~ 
' ... , ·. "'·~ ...... ,: 

"N IIT G IIAMS ~Ell RIIV. ; 

MIN US 



, IIIIVOLUTlONS · .,• 
. 01" aALL M_ILL '· 

. _.... ,· 

.. •s .. :··~· 
. , -

·100 . , . . . . 

. TOTAi. ' ·. ·, . 
•' ., 

· GIIAMs oir P.11oouc:.T . 
• .' MINU~ .~,r" ... -~... '. .. 

. . 
. / , ' ' . :;~ . 

•. I 't ,,• . , 
. . . ''. . ". 

. . . - - -, ,, . . . . . . .. . 
':_ ·. . . . :: ........ , . 

, . ' ·~ - . ... . . . .;) .. : 

.- . '' ...... ' 
. .. . 

, ' ..... · -:: 
·, ·. . . . . . ,. 

. . . ..... _, 
. ")-, .. . 

- , ........ 1. •. 

. . ' :- . .4'ti .. · ........ 

--~~ • • • • -,•• • l:. ..,_•. • • 
. : . .,~.. ; . 

' :-
1 ,_ !-1--



;· .:.°nH•· . '.-
• ' . ... 

ON -··• · .. 

, · -28 · 

. 35 

100 

150 

. aoo 

' THROUGH ~00 · . :·,' - , 

TOTAL 

:: . ,.. :, : .... ·" -'"~. , ·. . 
.. ,·' . ' ._:~ 

.• . . . . . . . . . . 

' ., 
• \ ~~-r. •!•• •" 

: J. . ·- . ' -.! . . .. ... ' 
,') - :Jt'- - ·"' - • .. ... 

- , ' . ' . ' ;. . ... ' - . 



• • 
- . " 

. M•SH < , • . . ·. . 

( \ t ' •••• ; · · , · cuMU~nva: 
-.. :.., : •'•. ..... ,,, . ---

' ., j •• ; 

:• ON , .- , 

. ' . . ' 

10 , 

. ,: . 
' · .. ·. ·"~. 

"za ..... .. , '). "I : '• •' I' ' 

• 
· .. 35 . 

••\ I 

100 •·•·. 

' ISO . : , 

· aoo . . . 

'THROUGH 200 

. TOTAL • . . . 



- flCVOLUTIONS 
, 0~ a.ALL MILL 

MESH 

•• r •,; • 

. O N'.' . • • :. ''.:°' . . ' . , . 

GflAMS OP' PltODl.'CT . GltA_M~ IN P'IEE:D 

MINU5A 41'Mol £SM ' : 'MINujJA;~NHH .•'. 

,MflMiii . '. 
CUMULATIVIE ·. '. ' ... . . 

I 
/. 

~,.;;:s 

N&T O flA MS N ll'T G ltAMS NII ltRY. 

. M INUsC,.se«s sH MINu• a.o .,. .... 

·: _:, .'C- . 
- .. • 4, , 'r P i!.liHem 

I , . .. . . . . 

. I) 









AUG 11 1941 
co ... 

· hitc Pine 

inc 10s ,t.;,Sh l:? ,., c'-.1.b!. J.1. °i'o 

. 263 
, 

.85 11 . 8 I \ ' ,, 

. 185 ~: 7 . 82 l • ~7 10 . 8 

. lSl u 7 . 02 22 .49 1_.o 

. 093 8 0.08 30 . 57 9 . 5 

. 065 10 7 . 95 38 . 5:2 8 . 2 

. 045 14 6 . 3 44. 82 6 .3 

. 0328 20 6 . 04 50 . 85 5 . 6 

. 0~62 28 4.8 G5.66 ,_ . l 

. 0164 35 7.0 62. GQ 4 . 1 

. OllC> 48 8 . 5 71 . 1e 4 . 66 

. 0082 65 ]() . 7 01 .ee, 5 . 77 

. 0050 100 5 . 72 88 . 3 . 34 

. 0041 150 90. 09 2 . 75 

00 2 . 74 92. 83 
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r .,.. 










