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SUMMARY OF RESULTS

The Hardinge Cascade Mill was used to grind ore from Faraday
Uranium Mines, taking primary crusher discharge and reducing it to minus
8 mosgh, except for one fine grinding test, 7~W. The mill was operated
both dry and weote

In both the dry and the wet grinding tests, an increase in
the feed rate at a constant mill speed resulted in greater power input
to the mills However, two dry grinding tests (1 and 4-A) deviated from
this trend, possibly because they did not last long enough to establish
equilibrium conditions, -

: _From the dry grinding tests 2, 3 and 4~C, using peripheral

. discharge,work indices, based on net power consumptions, of 11421, 10.27
and 9.31 were obtained respactively, while wet grinding tests 1-¥ and 2-W,’
also using peripheral discharge, yielded work indices of 9.G8 and 11.54
Thus, with peripheral discharge, dry and wet grinding were about equally
efficients

Wet grinding test §~¥, using medium level grate discharge,was
an exploratory test to determine what effect an increase in spsed would
have on the overloading tendency of the mills It was at the end of this
test that it was found that the finely grownd materisl had become packed
along the periphery of the mill. This packing of ground material appeared
to be the chief cause of overloading. The net work index was 9.68.

Wet grinding test T7-W, also using medium Jevel grate discharge,
was a fine-grinding test. The reduction ratio oblained was 5227 with high
circulating loads. This resulted in high power consumption, but dus to
high reduction ratio, the net work index was 8.41.

In wet grinding test 8-¥ medium level grate discharge was also
useda Tho overall net power consumption was 3.7l kwh/ton and the work
index, 9.CO0,

Wot grinding test 9-W, using low level grate discharge resulted
in tho lowest net power consumption of 3.01 kwh/ton and the Jowest net
work index of 6.88. In other words, the mechanical efticiency of the mill
was at its highest, though as in previous wet grinding tests packing of the
fine~ground material took place along the periphery of the mille
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INTRODUCTTON

In January 1958, at the request of two large Canadian
companios, for gpecific grinding tests on their producta, a Hardinge
6 ft x 2 ft Cancado wmill, which dig an autogenous grinding unit, was
installed in the Minaral Dressing laboratories of the Mines Branch
at Ottawn,

Upon complation of these tests, it was decided to
take advantage of the availability of tho mill to carry out a series
of basic tests in order to oatablish, if posgible, the characteristics
of autogenous grinding. From Juna 26 to October 21, 1958, dry and
wat grinding tests were madoe, tor the following purposes:

(n) to determine and compare the not pover required to
produce a ~8 mosh product at various spead
and foed rates;

(b) to determine the effect of mill spesd on the grinding
rate and on the net power congumption;

(¢) to compare the results of wet and dry grinding tests
undor the sawma conditions of feed and speoed rates;
and,

as a corollary to (a), (b) and (c),

(a4) to determine the feasibility of vreplacing secondary
crushers and rod mills by an autogenous grinding
unit, in order to produce a -8 mesh feed for ball
mi1ls.

For thoge testa the Mines Branch obtained 102 tons of ore
from Faraday Uranium HMines Limited, since thisg mine uses secondary
crushers and rod mills for the proparation of their ball mill feed.

Later, an additlonal 51 tons was obtainod by the Hardinge Company

from the sam mine, wmlting a total of 153 tons of ore treated.



DEFINITION OF SYMBOLS
In this investigation the same texrms and symbols

will be employed as were used by F. C. Bopd in the development of

(1)

his Third Theory of Comminution ™", namely:

F = 80% passing size in the fosd expressed in microns.
P = 80% passing size of the product exprossod in micronse

R, = reduction ratio = F/P,

W = work required, in Xwh per short ton, to reduce a
matexial from F to Pa ’

Wy = work index. It is the amount of work required, Kwh/ton,
to reduce a material from infinite size to 80% passing
100 microns,

W, = total work or emergy input in Kwh per tom required in
‘ order to roduce a feed of infinite size to a definite
product sizas

These texms are related by the following formulae,

which are given by the Third Theory of Comminution.
Wt”W (Wémm—'-:)iﬁoooowoooin(l)
(\VF -\ ) .
Wiﬂw(“F )_g..o-oootoon(Z)

Biaada s e

(\/?'.“" \/'}‘)'—) 100

TEST METHODS AND APPARATUS

Ae Dry Grinding Tests
During the dry grinding tests, the peripheral discharge

arrangemont was used. This arrangemnt consigted of four peripheral

slotted openings through which the ground material could be discharged

as the mill rotated. The flowsheet used for the dry grinding tests

is shown in Figure la

Test 1-W wag started with the mill containing an initial



load of pobblas that had been left over from previous preliminary
tests. This initial load occupied a volum of about one-third
the inner volume of thao mill, but way not weighads Tn subsequent dry
grinding tests the material loft in the mill at the end of each
tast provided an initial pebble load as grinding media for thn next
tost,

The feed was weigbed out in tubg, in amounts depeunding
on tha desired feed rate, and each tubful of ore was fed to the
mill by shovel over a 2 min period. The mill discharge was conveyed
to a No. 18 Sweco screon fitted with a 4-mash scalping sieve over
an 8-megh sieve. To reduco the amount of dust product in the material
transported by the conveyor, a No. 6 Clarage fan was used to collect
the dust. Doth the dust product and the screen Qndersize were weighed.

During each test, samples of the screem undersize, of
the screen oversize, and of the dust products were taken for screen
analyses and for detorminations of the rate of flow. A sample of the
fead was obtained by taking ewwry tenth tub of new feed during the
tests and uvsing these tubs to mako a composite sample for screon
analysisa

Spacific pravity determinations which had been made
on the ore gave mm average value of 2.68.

Tha Following picces of equipmint were used for the dry
grinding tosts:
(a) A G £t x 2 £t Havdinge Cascade mill with four peripheral

openings, oach containing thirty-two 3/8 ine. x 7 in. slots.

The mill uas ogquipred with bronza bushed bearings which



were Jubricated by drip-type odileras. A 25 hp English
olectric motor, connected to the mill by méans of a chain
drive and a Winsmith H~51 speed reducer having a ratio of
215 %o 1, compriseﬁ the main drive for the mille Two
945 ina x 11.5 in. pitch diameter vari-speed shesves were
ugsed to vary the mill speed from 18,75 to 28.15 rpm
- (the eritical speed of the mill was calculated to be
32,19 rpm, uging the inside diameter of the mill as
5 £t 8 ina)e
(b) A Sweco No, 18 screen with a 4~mesh scalping sieve over an
‘8~mash siave.
(¢) A kilowatt-hour meter to measure the tbtal power input to tﬁe mille
(d)<'A 12 in. Link belt conveyor, l
(@) A Link belt bucket elevator having a rated capacity of 14 tons
per howr,
(f) A No. 6 Clarage fan, rated at 400 cfm and driven by a 2 hp
motor. This was used to reduce the amount of fines present
in the mill discharge.

Be Wet Grinding Tests

The mill discharge arrangenents that ﬁera used for these
tests weré a8 followa: (i) peripheral discharge only; (ii) half~grate
discharge, giving a moderntely high pulp level; and (iii) full-grate
discharge, giving a low pulp level discharge within the mill.

The flowsheets used for those tests are shown in Figures
2 to 4. Tigure 2 ias the flowshcet used for tests 1-W to 3-W, while

for tests 4-% to 6-¥, the flowsheet shown in Figure 3 was useds A




s8lightly modifioed flowsheol, shown in Figure 4, was used for the
fine-grinding test 7-H. In tosts 8-¥ and 9-W, the flowshoat used
wag quite similar to that for tests 4-W to 6-W.

During the wet grinding tests 1-¥ to 3-W, the feed was

added in the sam manner as in the dry grinding tests. Also, the

initial pebble load in the mill was mado up of material left over
from previous tests. Tn tests 6-W to 9~W only, a nominal 1200 1b,
dry weight, of pebbles was addod to the mill prior to the tests This
pebble load acted as grinding media for the new feed. The weight
wasg takon for matorial balance calculations.

The mill dischargo was then fed by gravity to a Denver
9 in. doublp-screw clasaifioer, which was used to c¢onvey the sands
to a Deuver 6 in. singlo-screw classifior, that,‘in turn, conveyed
the sands to the bucket elevators The over{low from the first
clasgsifier was pumped to tho bucket elevator by means of a Denver
sand pump. Thore was no overflow from the second classifier. From
the elevator the material was then discharged to a No. 18 Sweco
8-nesh screen, The screen oversize was returned to the mill, while
the undersize was fed by gravity to a Dorr 12 in. single rake
clagsifier, The classgifier sands were collected in tubs, weighed
wet, and finally discarded, while the overflow was discarded
directly.

Water was added to the mill at a controlled rate by means
of a flowratore The amount of water added to the mill was based on
an estimated 3% moisture in the feed to the mill and an estimated

76% s0lids in the mill dischargos




During each test, samples were collected for 30 sec
or 1 min intervals. These samplos were used for determining rates
of flow and for screen analyseg.

| An almost similarx ‘procedum was uséd for wet grinding
tosts 4-W, 5-W and 6-W. Test T-W was a fine-grinding test and will
be discusged separately.
The sampling procedure used for these wet grinding tests
wag as followa:
i) Clasgsgifier overflow: for rate and pulp demnsity,
every 15 min; for screen snalysis, every 10 min.

i1) Clagsifier sandg: for pulp density, every 30 min,

113) Screen oversize, with the exception of tests

1-¥ to G-t every 30 min.

iv) As a check on tho pulp density of the classifier

| sands, grab samplos were taken every 30 min

during the test period. These were weighed wet,
dried, and reweighed in order to obtain the
noisture content,

In tests 40 to 6-W, the mill discharge was fed by
gravity directly to the bucket elevator, and subsequently to a 1 £t
x 4 £t double~deck Dillon vibrating screen. Tha’undersize was fed
to the rake clasgsifier, from which the sands wore collected, weighed,
and then discarded. The classifier overflow wag then fed by gravity
to a Denver 12 in, rotary qlassifier, the sands from which were
collected and weighed, and the overflow was then thickened in a

Typa 50 Allen cone mnd also weighed for material balance purposese
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The Donver rotary classifier was used as it provided a much
steadier overflow rate for sampling purposes than did the rake
classifier.

On account of their inaccessibility, neither the screen
undersize nor the screen oversize could be sampled for screen analysis,
pulp density, or rate of flow., Because the rate of flow of the spiral
classifier sands was quite low, grab samples of the sands were taken
over a period of time during the tests in order to obtain pulp
densitie s.

Samples of the feed were taken overy 20 min, to obtain
a composite sample for a screon analysis. Grab samples were also
taken for determination of moisture conteunts

Tha equipmont used for the wel grinding tests is listed
be low;

‘a) A 6 ft x 2 ft lardinge Cascada mil) having

i) A peripheral discharge arrangemwont.
This arrangemont was previously described
wnder '"Dry Grinding Tests'.e In the wet grinding
tests during which this arrangement was used, two
of the peripheral prates wore closed, to provide
a grenter retention time for the ore in the mill.

ii) A grate diacharge arvangowent for medium pulp level

dischargo and low pulp level discharge.

Tha grate discharge arrangement consists of filler—
plato castings with webs and scoops mounted against
the di scharre hand of the wmill, The grate liners
ara mounted on top of those filler-plate castings
in such a way thal the pulp passing through the
grates ia snooped upsard and then discharges by
gravity through the trunnion. Therce are two rows

of grateo liners. 1f holh rows of grate liners
aoy used, the pulp level din the mill is kapt lowe



b)
c)

d)

o)
f)

g)
h)

8

llowvaver, the outer (lower) row of grate liners
can bo replaced by liner plates tc raise the

pulp level to medium height,

The 3/4 in. slots in

the pgrates are arranged circumferentially,

A Denver 9 in. double~screw classifier, used as a conveyor,

COonveyors

A bucket elevator.

A Denverx 6 in. single-screw clasgsifier, also used as a

A No. 18 Sweco screen, with 4 and 8 mesh gsieves.

A 2% £t x4 £ Dillon double-dack vibrating screen, with

4 ond 8 mosh sievose

A Dorr 12 in. single rake classifier.

A Denver sand pumpe

A Type 50 Allen cone, Inside diameter, 4.5 £t; height,

i)

5.0 £1; and volume, 2645 £43,

j) A Donver 12 ine. rotary bigh-weir type classifieta

DESCIIPEION OF TESIS

Ae Dxy Grinding Tests (With leripheral Discharge Arrangement)

following conditionas

g‘_gg‘t NO,Q

1
2
3
4A

48

Spoed, rpm

28415
28,15

229

186,37

18,87

18,75

L s T ey

Six dxy grinding tests were paxrformad, using the

Parcent Critical Dry Feed
Spued Rate, 1b/fr
8745 4000
8765 3800
TLe? 3400
58,7 3200
58,1 3000 -

2800




This tost lastod for 2.0 hr, during which time the mill
spesd was 28,15 rpm or 87.5% critical spoed, and the feed was added
at the rate of 4000 1b .

After about one hour of operation, a sharp drop in the
readings taken of the total power input to the mill indicated that
the mill was boing overloaded. The feed rate to the mill was
stopped for sevoral minutGS‘to relieve this overloading tendency.

The screan oversize wns sampled ouce prior to the end
of the test, for screeu analysis and determination of rate of flow.

Rosults of test 1 ars summarized in Table 1, along with

~ the results of the other dry grindlng tests. Screen analyses of the

various products are given in Tahles 2 to 5. (Note: The tables
are placed at the end of this report.) .
During this test, the mill was operated at the same
speed as in the first test, but the feed rate was reduced to 3800 1b /fire
Tho total length of the tost was 349 bhr, during which samples and

power readings were ftaken as in the previous teste

This test was started using a food rate of 3800 1b /hr
and a mill spoed of 2249 rpm or 7l.2% critical speed. However,
the mill soon bocame overloaded, and the feed rate was reduced to

3400 Ib/hx for tho remainder of the teste
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Tost A

‘This test was operated at lower feed sand speod rates
than in test No. 3o The initial power{raadings woroe considerably
less ns compafad with those of the previous tests. However, the
readings soon increaged, probably because a constant feed rate was
not maintained. A resulting increasé in the product suggests that
the feed was added at a greater rate than desired, hence the
increased power input e |

Tost 43

The aame mill spoed was used as in test 4A, but the
faod wan reduced to 3000 1b Au. lowever, the test lasted only a
short time,tl.33 hr, and the results obtained have little
adgnificaoncos

The feod rate for this test was reduced further to
2800 1b/hr, but the speed of the mill was 18.75 rpm, or 58,75%
critical speeds The run lasted a total of 3.68 hr, considerably
Jonger than in test 4B. .
Of the dry grinding tests, Nos. 2, 3 and 4 can be
considerad as the most reliable ones, for the following reasonss
(a) The running time was longera
(b) The mill did not overloade
(¢) The power roadings remained essentially
congtant. after the teat had been underway
for a shoxt period of tim:a

(d) No delays or interruptions occurred during
those testse.




Table 6 containg Lha reduction ratios, the nelt powar
congsumption, and tho 807 panssiopg sizos in tho feed and screen
undergize produclts for tasta 2, 3 and 40,

Bs  Wot Grinding Tests

L, Hith Poxiphoral Disclinrgo Arrvangomont -

Those tesls worn oparalted undex tho following conditions:

Teat No. Spead, Tpm % Critical Dry Foed
. » Spood Rate, 1b/hr
Prolimdnary
teost 1875 H8.¢ -
1-H 2818 875 3800
2« 2249 Tle2 3400
-0 28.15 HTab 3400

As a proliminary test tha will was operated at a speed

of 18.75 rpm and fod at an initial rate of 2800 1b/hr. Because
the mill becam overloaded under these conditions, the feed rate
was reduced to 2600 and thon to 2500 1b/hr, but bad to be stopped
entirely as tha mill continued to overload. No sanples were taken
for the discharge rvates oxr for screen analysen.

This test lasted over Go.3 hr, ugsing a speod of 28.15
rpm and a foed rate of 3800 1lb/hee. Cowparod with test 2-W, the mill
usad loss powexr in test l-~¥e

Yagt 2.

Tast 2-¥ was dono to determine the amount of power that

would ba consumyd at a roducod feod sod spoed for the mills. Tho
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rosults of this test, which ran for 4,1 hr, indicated a higher
power conaumptioh.
Test 2-W produced a finer product in the classifier gands
and a coarser 6ne'in the screeﬁ oversizes The degree of fineness
in the classifier overflow was the sam in both of tests 1-H and
2-We |
The results of test 3-W were diacar@ed, because the
mill became overloaded dand the teét wag digcontinuede

2. With Grate Distharge Arrangement for Medium Pulp Level ~

' Tho tests -conducted with this arrangement were 4~H to
8-, inclusive.

" Those tests were performad because no definite comparisons
could be made betweon the provious wet and dry grinding tosts. Tt
was also decided to increase the running tims in these tests in
order fo allow the mill sufficisnt time to reach equilibfium
conditions.

| The type of arrangemenf used allowed a moderately high
pulp level discharge and an increased retention time in the mille
Gross input power readings and sampleg of the products
were taken during all tests, As a chock on the readings of the
mill'iﬁput power obtained from the Xwh meter, a KVA test unit was
connaected to the Cascade mill electrical power circuit, and both
sats of readings comparxed.

Tko tests were oparated under the followuing conditionss
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Test No. Speed, % Critical *Foad Rate, Dry Feed
_xpm_ Spaad 1b /hx Rate, 1b/hr
4-H f5-W 23,0 - TL5 3900 3760
61 2747 8642 3900 3760
TH 2747 86.2 766K 737k

ﬂl‘.[ncludes 3.6% moisture

Sized foed; feed rate was calculated from weighed
productsa

Tost 4-H /5-il

During the first half of the test the mill was rotating
in the wrong direction, as the electrical contacts had beon reversed
when the KVA test unit was connected to the mill circuit. '

The first part of the test.was calied 4~4, and thé
second half, after the &irection of the mill rotation had beon
corrected, 5-W.

. Becauge the contacts had beén accidentally reversed, Qﬁd
because neither test lasted long enough to allow equilibrium conditions
to be reachod, the results of 4-~4 and 5-W were discarded.

Test 6=

© This test was performed to determine what effect the
1n6raase in speed would have on the overloading tendency in the
mill,

Every hour, during the test, the mill was stopped
for several seconds and tho lovel of the charge in the mill was
chackeds Whan the level became too high, the feed was either |

reduced or stopped entirely for a short period of timse
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After about 4 hr, a decrease in the powexr input readings,

and fluctuations in tho mill discharge pulp densities and rates,
indjcated that the mill had st'artled't‘o overloads Upon cdmpieﬁon
of the test, inspection of the intorior of the mill revealed a
layer, 2 to 3 in.A ttﬁ.-clc, of finel’j‘r‘ éf'ound ma’céi‘i'al that had becoms
packed aiong the éerj;phefy of' thé{,ﬁill.l | o

This compacted layex is thought _to_ be the chief causge
of overloading. The layer would act as a pad, and a much longer
grinding or retention time in the mill would be needed before any
material could be discharged. Continuedrfeédiné during this time
would overload the mille

Material Balarce, Test G-W’

~~Product : e -+ Dry Welght, 1b
(1) Material fed-to mill: (counted), - "~ - = = :
240 tubs @ 130 1b @ 3% moisture 30,050
(2) Collected classifier sands,
80,260 1b @ 7548% solida R . 22,950
(3)' Spiral. clasgifier sands : -~ -~ . - .. 35
(4) Classifier overflow, average rate S .
2990 Ib/hr @ 9.3% solids for 9% hr 2,640
(5) Material from cone ~ 5390 1b @ 58.2% solids 3,134

(6) Total collected product o (2) + (3) + (4) + (5) - 28_,759
(7) Mill 10’1(1 at end of testx

(2) Materdal removed from mill = 2090 1b dry

(b) Material packed in mill = : 605 1b dry
| Total = 2605 1b dry
" Mill load before test ‘r =1400
Ga:m in ma.ll load = T295 1b dry

(8) o« » l‘otle WGZLghL of troated products = (6) + (7) = 30, 054 1b

~
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Tost T-HW
This test was a fine-grinding test and was performed
for the following reasons:

(a) To produce a finished product of about 55% -200 mosh, by
autogonous grinding of run-of-mine ore.

(b) To obtain indications of capacity and power requirement s,

During this test the mill was operated wet at 8642%
of critical speod, using a feed rate of 765 1b/hr. Also, the mill -
vas inspected for overloading condition as in the previous tests.

The flowsheot used for this test is shown in Figure 4. The only
changes that were required were rearrongoments of the classifiers
in order to recirculate the rake claésifier gands to the mille

A scroen apalysia of the feed was obtaineds The feed was
then screened and mixed in tho same proportion as the screen analysis,
in order to keep a constant ratio between the coarse and fine
fractions,

Two seoparate screen analyses of ‘th(; rake classifier
overflow were made during the test. During the first half of the
test tho classifier became overloaded and the overflow contained some
coarse materiale The screen analysis of a sample taken of the
overflow during the first half of the test is given in Table 17.
After normal conditions had bsen attained in the classifier, anothesr
sample of the overflow was taken during the latter half of the test;
its screen analysis is given in Table 16. Since the amount of
overflow material preduced during each half of the test was not

known, the two screen analyses could not be combined. An average
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talton from'the screen analysges showad that the ovnrflow_consisted

of 65,57 -200 mosh matorial, which was the desired fineness of grind.
During thoe test, 500 1b of -8 + 2 in. rounded pebbles

of Faraday oxe were added to ﬁill as grinding media, to help relieve the

overloading condition.

Motorigl Balance, Test T-W

Produvet Dry Veight, 1b
(1) Matorial fed to mill,
31 tubs @ 130 1b @ 3% moisture 3890
Coarse pebbles added during test 500
Total feed 4390 1b
(2) Unfinished rake classifier sands,
1107 1b © 90% solids (estimated) 996

(3) Clagssifier overflow:
(a) Collected overflow = 3920 1b @ 73%

golids (estimated) ~ 2860
(b) Discarded overflow = 3000 1b/hr @ 8%
solida @ 5.75 hr ' " 1380
(4) Total collocted mill didcharge = (2) + (3) = 5236 1b
(5) Mil1l Load: -
(a) Material in mill before test = 1200 1b dry -
(b) Material im mill after test = 465 1b dry
Woight reduction in mill = 735 1b ~735 1b :
(6) Net mill dischargo = (4) ~ (5) - 4501, v
Feod to mill m 4390
Excess material ' ~” 121 1b

Discrepancy = 2.53%

Total finished product collected = total ‘

 Classifier overflow = 2860 + 1380 - 4240 1b
Calculated discharge rate = 4240/5.75 737 1b/r




Youk 8-U

This tost whg conductod similaxrly to test G-H except
that the foed wns sized and tho feed vale was reduced to 2960 1b/hr
from 3760 1b/hr.

The puwpose of the teat wasz to dotermine whether the mill
would still ovexrload whou a sizod foed was used at a reduced rate.

The sam flowshcet wns used for tests 8-W and 9~W
as had been previously uged fox tests 4-H to 6-W, except for the
following changes:

(a) Only an 8 mosh sercen wns used before the classifiers,
instond of the A-meah~ovex-8-mosh arrangemonte

(b) A Denver 12 in. rotary clasgificxr was replaced by an
Alkins 12 dn. apiral clagsifiorxe

(c¢) A Hardinge eloctric ear with a Veston sound recorder
was used to record th» sound level of the mill during
the last two toests.

(d) The feed wag added. by hand, as bofore, except that the
rate of feeding was controlled by the observed power
roeadings corrolated with the sound level roadingss The
point at which overldoading started within the mill
could ba dotected. Once overloading was thought to be
taliing place, the feed was either stopped for several
minutes, or vexy coarso (46 in.) material was added
until the load in the mill reached a suitable level.

A graph, shoun in YFigure 6, was made to show the
variation of the rates of flow of the mill discharge and rake
clagsifier sands, and of tho power consumed as the test was in
progress. Referying to Figuwae 6, the clagsifiexr discharge held
quite steadily at about 2900 1b /. Tho gross pover input curve

indicates that the will bogsa to overload aftexr about 5 hr of

oparation, and romained dn that state for zbout 2 hys Overloading
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of tha mill also took place before the test was stopped after
10,25 hr of operation., Figure 8 is a sound record takén of the
mill during the teste Tho sound level xemained congtant for the
first 4% br of tho test, then dropped. The accompanying drop in
pover readings indicated that the mill was overloadeds

Matordal Balance, Test 8-W

Product Dxy Weight, 1b

(1) M1 feod:
(a) Material fed to mill,

57 buggies @ 550 1b @ 3,2% moisture 304360
Average dry feed rate to mill, based on
10425 hr operating time » 2,960 1b/hr

(2) M111 Productg:

(a) Collected roke classifier sands, ‘
30,896 ib @ 80.4% solids 24,840

(b) Collected spiral classifior sands, .
576 1 @ T0.8% solids 480
(¢) Clagsifier ovarflow collected in cones
3297 1b @ 69,2% solids 2,281
TAG 1b @ 6643% solids 495
640 1b @ 58.3% solids 373

(d) Discarded overflow (based on timed rate
gamples and moisture samples):

3680 1b /i @ 3.6% solida for 10,25 hr 1,360
(3) Total collected product = (a) + (b) + (¢) + (d) = 29,757
Rate of total product discharge = 29,757 = 2,900 1b/hr
10.25
(4) MillL Load:
(a) M1l Lload at end of test ~ 1840 1b
(b) Initial charge in mill - 1200 1b
Gain in load 640 1b @ 90% solids 575
(e¢) Spilluge ~ 755 1b @ 90% solids (estimated) _680
Total dry collected product = (3) + (4) = 31,012 1b
Total dyy foed to mill = 30,350

Discrepancy _ + 662 1b
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The gamay conditions snd flowsheet wore used for test
9~W as in the previous test, excopt that the mill was equipped with
a full grate discharge arrangemont. The latter decreoased the
retention tims of the material in the mill, thereby giving a
discharge product coarsev than that of test 8-¥, as showm in Tables
10 to 20, which contain the screen analysos of the various products
for the wel grinding tests,

The test was stacted with an initial charge of coarse
pobbles, weighing 31200 1b. Tho feed was added at the desired rate,
but after about one hour of opsration the average power input began
to decrease. Figure 7 shows the varviation of the. power input, rake
classifier discharpge, and mill discharge during the test. Figure 9,
the sound record of the mill for this test, shows that the sound
Jevel within the mill bogan to decrease soon after the test had
started. These trends indicated that packing of fine material
inside the mill had started snd that the mill wag being overloadeda
In order to provent this latter condition, the feed was stopped
for a pariod of % hr, follored by the addition of coarse (+6 inu)
foedsa Also, the awpunt of water added to the mill was increased from
660 1b/hr to 880 1b/hr. Yaoltor, about AG 1b of scrap steol was charged
to tho mills. llowovor, tho mill remainod in a semi-overloaded state
during the last 4 he of the tost. it the end of ths 10 hr rum,
the load in tho mi)l woa dumpad, md o 6 dne dayoer of xolatively
fine material was found to be pnckod along tha sholl of the 1113'.11.

A sumiiey of tho roculis fron this tost is givon in
A L8
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Table 9. Screen analyses of the products are given in Tables
10 to 20, and the calculated reduction ratios and not power
consumptions are given in Table 21.

Two observations concerning the last two tests (8-W
oud 9-W) must be noted hero. TFirst, the screen analysis of the
feod used for the tests showed that tho feed was much coarser for
tests 8~ and 9-W than that for the previous tests. Also, in the
previous tests, the feed consisted of a coarse to medium grained,
1ight~coloured granite pegmatite; pink feldspar was the maiﬁ
mineral, but quartz was also present in appreciable amounts. The
ore used for tests 8- and 9-W contained a greatexr amount of the
dark forromagnesian minerals, such as chlorite and hornblende. The
light éoloured pegmatite used prior to tests 8-W and 9-W was ﬁore
brittle and fractured quite readily, whereas the rock used in
tests 8~W and 9-W was much harder to breake The characteristics

of these two types of oxe would have an effect on their grindabilitye.




Matorial Balance, Tost 9-W

DProduct Dry Wedght, 1b

(1) M4i11 Foed:

(2) Material fod to mill,
51 buggies @ 550 1b = 28,050 1b

(b) +6 in, feed __ 900 1b
28,950 1b @ 3.2% 28,000
moisture
Average dry feed rate based on
10.0 hr running time 2,800 1b/hr

(2) Mi11 Products:

(a) Collected rake classifier sands,

24,697 1b @ 80. 6% solids 19,950
(b) Collected spiral classifier sands,

802 1b @ T0.0% solids 562
(c) Soliads collected from clagsifier overflow,

2809 1b @ 69.2% solids : 1,940

1301 1b @ 67.5% solids 880

(d) Discarded overflow (based on timed-rate
samples and moisture samples):
(8300 1b/hr) (10 hr) (3.1% solids) 2,580

(3) Total collected mill product = (a) + (b)
+ (c) + (d) 25,912 1b

(4) Mi11l Load:

M1i11 lond after test = 3762 1b @ 90% = 3390 1b

Mill load before tegt = 1200
Gain in mill Lload 2,190 1b
Total (3) + (4) =~ 28,102 1b
Feod 28,000
Discropancy 102 1b
Total dry product discharge rate

= 25,912 = 2,591 1b/hr

10

8,000 ~ 2190 .
Rotunl food rate w 201200 = 2700 = 2,581 1b/hr

10




Method of Calculation of Work Jndox, Wi for Test 9-i:

BO%VI)a_suzi.ng slze in food from scroon analysis m 140,000 microns
807% passing size in combinod product from
screon nalysis ™ 465  microns
o o Rrm™ 1"‘/P = 140,000 = 301,1
465
Not hph/ton total dry product, W ” 4,03
Not Kuh/ton total dry product = (0.746)(4.03) = 3.0,

()
. . - \ ’.F i ,}) 100 \[ia:‘ "'1 100

W @onf Vaora ) o fa6s
\301.1 -1 100

WJ. = 6,88 Kwh/ton
DISCUSSION
Comparisony

Of the wet and dry grinding tests psrfommed in the
Cascade mill when equipped with a peripheral discharge arrangemnt,
the following cowparisona can be made: Tosts 2 (dry) and 1-W (wet),
at 28415 rpm and a 3800 1b /hr feed rate; and Tests 3 (dry) and
2-9 (wet), at 22,9 rpm and a 3400 1b/hre foed rate,

Test 2 (Dry) vs Test 1«0 (Hot) ~

Tho wet grindiny test had the following advantages:

a) A finer 80% passing size in the scroen undersize
and a2 highor reduction ratio of 126.4 as
againat 105,9 for test .?.:n

b) A smaller circulating lomd than the dry grinding

tont, Howsver, the amount of -8 mash material

presont dn ench teat wag aboubt tho sams
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¢) Tost 1-W consumod slightly less powor than did
test 2.
Seroon analysis of the products showed that test 2
produced coarser screen undorsiza, coarser dught and coarger oversim
productsa

Test 3 (Dry) vs Test 2~ (Veot) -

Tast 2-W had the following advantages:

a) It had a finer 80j% passing size in the screen
undersize, md a larger reduction ratio, than
tast 3.

b) The circulating load returned to the mill, as
well as the porcent of ~8 megh product present
in the returned product, was less than for
tast 3.

¢) Test 2-W produced finor classifier sands and

overflow products, but a ccarser screan
oversize materiale
Howover, the dry grinding test consumed less power
~~ 4,35 not hph/ton of total dvy product discharge as compared with
5.34 for test 2-¥.
Separate comparisons of the two dry grinding tests and
of tha two wot grinding tosts were also made, with the following

raesults:
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Test 2 (Dry) vs Test 3 (Dry) -

Tesat 3 consumed less powor, had the higher reduction
ratio, and had a smaller amount of -8 wesh product in the circulating

1oad.

Test 1-W (Wet) vs Test 2-W (Wot) =

In test 1~w, the mdll waé operated at greater rates
of faod and speed than in 2-W. Tt produced as fine a soreen
wndorsizo product, »nd had the same reduction ratio, but consumed
less power per ton than did 2-H. However, the actual awount of -8

mo sh matexial returned to the mill inm the circuiating load was
nearly seven timos that returned in test 2-a

Since sll the tests mentioned above were run for
relatively short periods of time, no conclusions con ba‘mado a8
to which tegt waa the pmst efficients The results obtained can
only boe used foxr comparison.

Teot 7~ required the least gross input of power, but
ainge tho product discharge rate was so low, the calculated net power
required was 8,13 hph/ton of fotal dry product ~- the highest value
of all testa.

Test 9-W was the only wet grinding test in which bhe.mill
was equipped with a full grate discharge arrangemont. This test,
when the mill was operated at 86.2% critical speed and fed at 2581
1bAr, gave tho bast results as compared with the other testss
It also consumed the least power, and, witﬁ the exception of

test T-W, had the highest reduction ratio, The moderate circulating




load producod in this tost containod the smallest amount of ~8 mesh
matoriale

Ovoxloading in MiL1l

Mill overloading was a problem experienced in all of the
wot grinding tosts and, to a minor extent, in the dry grinding tostse
lowever, it was not until tho mill had boen emptied of its charge
after test 6-W, that the "packing" was discovered. As was wentioned
bofore, this packed material would decrease the grinding capacity
of the mill, hence the feod rate had to bo reducede

Powor input roadings were takon during the tests, in
ordor to detormino whon overloading was taling place. In tests
6~H to 9-H, attempts had beon made to alleviate overloading by
reducing the fead rate and adding coarse p@bbleé to the mills Im
tost 9-¥, 46 1b of scrap stoel was added but no improvement resulted.

The offect of packing within the mill has been quite
oasily explained, but the exact cause of the packing is not definitely
Iknowne. To dotexrmine this cause, an adequate understanding of the
mechanism of grinding that is taking place in the mill is essentiale
Also, such factors as the speod of the mill, the pulp density
of the charge, and the charsctoristics of the ore, should 211 be
considoreda

The following is an attempt to explain the cause of
packing in the mill.

Tho threo main wechanisms of grinding in the Cascade
mlll are considored to hu:  (a) impact from cascading pebbles and

bouldors, (b) atirition of sliding pebbles, and (¢) crushing actiona
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The mhin factors involved in the first mechanism would
be (i) weight or size of the boulders, (ii) height of £all, md
(i_ii) valocity of the boulder as governed by the spoed of the mill
and the relative position of the boulder in the mill-~i,es whether
near the centre of the mill or near the inside periphery. Tho
two factors of velght and velocity _gGVGrn the momentume

The socond mochanism, attrition of sliding pabbles,
oooury during oporation. the pobbles that are at the poxriphery
of the mill aro oarried upwax“da wifh the revolving motion. Soms

tunthln bao'lc to broal by impact, while others slida back and umlergo
| pttrition, This attrition probably yields very fino matexinle
Any fine material produced by colliding fragments. would probably
f:l,nd. its way tHrough the apaces betwoon the coarse fragments ahd
collect on tho inalde periphery of the mill.

Thd third mechanism, ¢rushing action, would occux: vhen
very large fragmonts, act upon the smaller fragmentss Centrifugal'
force .governod hy the weight of the heavier fragments would split
tha omall fragmonts into finex slzoss

Which of tho throe above-mentiloned mechanisms is the
najor ono probably depends on the size range or distribution of the
chargoe in the mill. anact io probabi;y mox' o pronbunced 4in the
coarsor sizes, vhilo attritlon and crushing processes talte effoct
as the matorlal bocomss finexa

Sumning up, packing would be caused by tho fine material
travelling through the volds. The amount of this packing would be

affooted Lo a cortaln extent by the speed of the mill end by tho
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pulp densities within the mill,

GVALUATTION OF RESULYS
To evaluate the results obtained in grinding tests with
tho Cascade mill, the work index, W;, as defined by "The Third Theoxry
of Comminution", is used.
Tables 6 and 21 give the vworlt indices, based on net
power consumptions for the complete duration of the téstse Thus,
for calculations of the work indices, average tonnages per hour

are used as obtained during the full period of test, as well as

~ power consumptions per tom. In this way, the work indices reflect

the true picture of the mill performance as affected by stoppages,

feed fludtuations, and packing of the ground orxe inside the periphery

of the mill,

When those work index figures are studied, even
considering that the mill performance was often hindered by packing
of the ore inside the periphery, they appear to be quite reasonable,
although it must be emphasized here that they are work indices
baged on net power consumptions, What the actual gross power
consumptions for commercially sized mills are going to bé, the
writers are unable to say, since the pilot-size mill used in the
tests is much less efficient than a large mille In a letter dated
February 1%, 1959, to one of the writers of this report, Mre

Harlowe Hardinge, president of Hardinge Company Incorporated, stated

that a rule~of-thumb factor to use would be on the order of increasing

the net horsepower to gross powsr at the mill countershaft by a

certain percentage,. Mre Hardinge states:




"Por a 12' mill, roquiring betwedn 150 and
250 hp, this wuld bo sompvbat on tho ordor of 11%
to 12%; whilds for an 18' will, consuming 600 hp, 97
t; 10%; and foxr a 22' mill, consuming 1200 to 1500 hp,
8%

These factors are xoughly those that ve use
in our evaluations for our standard intexrpolations of
ball and rod mills, and weo Soo no reason woy thore
should be any basic difference in a Cascade mill, as
the same geworal factors as to varying loadings, rumming
apeeds, gear ratios, otc., apply."

Since the power consumptiong appear to be saﬁisfactory,
gince thoy reflaect the overall conditioms of the tests, It might bo
gtatod hore that autogonous grinding is a promlsing tool in milling.
However, no definite conclusions should bo drawn 1111l the performance
of the Cnscade mill is compared with tho combined performances of
the secondary crusher and the xod mill.

(2)

n an article om "Autogenous Grinding", Harlowe Hérdinge

statas?

"o tost unit shouwld be of adequate size
to handle tho coarse food. Tests muet be carried on
sufficiontly long, and with enough material, to reach
the stabilized condition which results after 21l the
rough edges are worn off ths feed aund the grinding
ratos of different renges are establisheds A short
tost uswally indicates capacity ratos that are too
optimigtica"

Thus, it can be seon that 4t will require a lot of
research and pilot testing on individual ores befoxeo the applications
and tho economic possibilities of autogenous grinding are fully

ovaluated,
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TABLE 1

Bt i e alad

Summary of Dry Grindiug Tasts on Faradsy Uraniwn Ore

Toat 3] Paat Bf Test 3§ Test 4-A) Tost 4-B] Tost 40

Spoad, wvpm 2815 § 20,05 | 22.90 18.87 18,87 18476
% critical speed B7.5 87.5 Tle2 58e7 5867 58475
Langth of run, hr 2.0 3,38 4o 83 259 1.34 3.68
Feed rate, 1b/ix 4000 3800 3400 3200 3000 2800

Avayxage -8 moah
product, 1b/hr 3359 3600 3190 2823 2420 2440

Total dust collected,
1b 850 012 694 399 260 586

Average dust fate,
1b /b 425 234 150 154 194 160

Averago dust rute,
b /Aar, from timed

samplos 338 187 188 174 182 167
Total products, 1b/w| 3784 | 3834 | 3840 2977 2614 2600
Avoxrago gross hp 1620 | 18.52 | 14.80 12.41 13.29 12.11
Efficiency, ' 76 76 79 78 78 78
Net gwoss hp 12,30 | 14,08 | 11.69 9,68 10.35 9De4b
No load hp B.26 | 8426 | 6.81 6406 6406 6.06
Efficioney, ™ 65 65 65 59 59 59
Net no load hp 5.37 5.37 443 3.58 3.58 3.68
Not hp 6.93 | 8,71 | 7.26 6410 6.77 | 5487
Net hph /ton 30 66 W54 | 4,35 1430 5018 4,52

Scroen overaize rate,

4800 3600 2580 1080 900 1140
1b /b :

5,

heso are mechanicsl efficienciss of tho drdve to the millse They ware
obtained from prony brake tests performod on the s ame type and size of mill
at tho Hardinge Company's York, Fonmnusylvania loboratoxy.



TABLS 2

Scroen Analysis of <3 Nesh Products Obtzined from Dry Grindise Tests -

Test 1 Test 2 Test 3 Test 4-i Tast 4-3 Tast 40
¥agh | Cumdative Curmulative Cunidative Cuomuiative Comulative Cumulative
Keight, & 4 Weight, % % Welght, % % Raignt, 3 A Foight, % 4 Height, % 4
Retained Possing{ Rotaiped ]| Passingj Retainsd | Passingi Retairned | Passing t2ined Possing RBetlairad Passing
+ 10 Te5 92,5 8.08 91,32 5.88 84,12 3.5 86,5 2.9 S7.1 3.28 96,74
+ 14 158.0 84,0 17.08 82,82 13.30 86,60 Se5 20,35 8ad 1,86 9,30 S0, 70
+ 20 2343 TSed 25.24 74,78 21.20 78.30 15.5 84,5 14,1 8549 15.88 84,12
+ 28 33.4 6645 34,92 63,08 31,48 68,52 24,8 TS.2 28,1 76,9 25,18 Tde 34
+ 335 43,3 587 44,32 55.88 41,84 58,15 34,3 85.1° 33,1 6608 35.04 84,85
+ 48 54.0 48,0 54,04 45,88 52,72 T 47428 45,2 53,8 44,8 5544 46,20 53,80
+ 85 653 34,7 64,80 35.40 84,00 "38.00 88,2 41,8 57.0 43,0 58,24 41,78
+100 70,9 291 7376 26,24 73.68 26,32 63.2 30,8 T0.3 2927 68,96 3L.04
+150 84,0 16.0 80,92 19,08 81.20 18.80 TTe7 22,3 791 20,9 TT244 22,358
+200 90,0 10,90 86,38 13,12 87044 12.56 84.8 1544 86eT - 13,3 84,52 - 15,48
+325 85.4 4,5 92440 7480 93.00 700 §1.2 8,8 3.3 802 91,32 8.08
~325 160,0 - 100.00 -_— 100,00 _— 1C0.0 - 100,0 - 100,00 —
Total
TABLE 3
Scrosn Analysis of Dust Samples from Dry Grind Tests
+ 48 0.2 99.8 0.2 89,8 0.1 98,89 0.3 - 9%.7 0.4 99.5 0.4 93,8
+ 85 0.5 993 0,9 89.1 0.6 9%.4 1.0 95,0 1.1 S8,9 1.2 88,8
+100 1.5 9845 3.1 96,9 24 978 . 3.2 95,38 3.1 95.9 3.7 6.3
+150 4.7 8563 Te0 93.0 S 9 24,1 Te2 92,8 Tl 92,9 8e3 S1.7
+200 10.5 88.4 13,90 87.0 11.6 88,4 13.2 8548 12.7 87.3 5.1 84,9
+325 22.4 T7:6 2442 75«8 22,2 TTe8 2842 7348 24,8 TS 2846 T1.4
’325 1000 0 Ll 1%- o —— 1Q0. 0 Aaand 100. 0 haand 100. 0 - 100. 0 -
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Screen Analysis of Screen Oversize Products from Dry Grinding Tests

TARLE 4

Test 1 Test 2 Test 3 Test 4-4 Test 4-B Test 4=C
Mesh i Curuiztive Cumiiative Cumlative Cumlative Cwmuiative Cummlative
Veight, % % Yoight, £ 4 Weight, % % Height,% % . Feight, % % Heignt, % %
Retainad Passing Retained { Passing| Retazined Passing} Retaired | Passing EZatained Passing | Retaired Passing

+3/8 ]

ine 1.8 9842 3e4 5646 3.0 87.0 3.4 9646 3.8 %2
+ 3 .

mash 14,0 86.0 2244 7746 20.2 79.8 20,5 795 22.4 TT#E
+ 4 37.8 62,2 43.6 5644 38.8 6042 41,7 583 42,0 58.0
+ 6 SS.8 40,2 672 3248 £1.8 38e4 6442 35.8 6565 34.5
+ 8 83.8 16,2 86,3 13.7 8C.1 18,9 82,6 1Te4 £ 1545
+10 S6.E 3.4 9546 44 84,6 Sed 86,8 3.2 98,3 1.7
-_.LG 1w.o _—es 100.0 haaad lm.O hgnd 100;0 - 100. 0 b

TABLE §
Screen Analysis of Combired —§ Mesh zad Dust Products

+ 10 547 93,3 Teb 9244 5.8 S444 3.3 987 2.7 97.3 3.1 B+
+ 14 14,2 8548 16,1 8365 12.8 87.2 9,0 91,0 Te8 9242 8.8 91.2
+ 20 20.9 TSe1 23,8 7642 20.2 788 1467 8543 13.1 8645 15,0 85.0
+ 28 29,6 T0.4 32,8 671 30,0 70l 2345 7645 21.4 7846 23,7 7603
+ 35 38.4 61.€ 41,7 5843 40.0 60,0 33.2 6649 30.7 63843 23.0 67.0
+ 48 47.9 5241 50,8 4842 50,4 49.6 43.8 5642 41,4 58.6 43,5 565
+ 65 58.C 42,0 60,8 3942 61,2 3845 5542 44,5 52.9 47.1 545 4542
+100 6745 3245 6%.5 30,5 7045 2945 6547 3443 6544 34.6 6540 35.0
+150 5.3 24,9 T6e5 235 TTe6 22.2 74,0 28.C T3.8 2642 T3.2 26,5
+200 81,1 18.5 82.4 17.6 84,0 18,0 80,9 19,2 8142 18.86 80,3 19,7
+325 87+2 12.8 8842 11,8 83,8 10.2 878 12.2 88T 11,3 88.1 11.8
=325 100,0 - 106.C - 100,06 - 100,06 - 100.C - 100.C -—

Y



Calewlated Work Requtxamants from Screen Analysea
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. TABLE 6

of Testg 2, 3 and 4~C

Data - Taest 2 Test 3 Test 4~C
: 807 passing size in feed, F 90,000 44 90,0004 90;000

80% pogsing size in : , .
| produot, P 850 820 4 640 4n

' |Reduction ratio, 105, 9 109, 8 140, 6

|¥, net hph/ton 4454 4435 " 4452
W, Kwh/ton 3,39 . 3,24 3,97
¥y, Kahfton 11,21 10,27 - 9431,
% oritical speed 8745 T1.2 58475
TABLE 7 ”

Sereen Analysis of Feed for Tests 1-4C and 1-W, 2«W

HWeignt Cumulative -
Size, ine % Neotained Hoight % %

' ’ Retained Passing

+4 13.0 13.0 87.0
+ 2 18.2 31.2 6848

o 1 1106 . 42-8 ' 5702

+ % - 9.6 5244 47,6

4 f ' 965 © 61e9 38,1

- p 38.1 100.0 © .

Total 100,0 - "
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TABIE 8

Summaxy of Initial Wot Grinding Tests on Faraday Uranium Ore

_ Preliminary
Test Run No, Run L~H 2~
' Speed, rpm 18,76 28,18 22.9
% eritical speed 5840 87.5 T1e2
Length of run, hr 4445 6.34 4.10
2800) :
Feed rate, 1b/hr 2600) 3800 | 3400
2500) |
Average overflow rate,lb/hr pulp| 2280 3985 4470
Average 7 solids in overflow 15.9 8.8 8.8
Dry overflow rate, 1b/r 362 350 393
Classifier sands, 1b/hr 2100 3743 3230 .
Average % solids from moisture .
sample s 767 79.6 TT76
Average % solids from pulp ' _
flensj.ty samples 7849 80.4 7844
Net average 7% solids 7766 80.0 78,0
Dry sands, 1b/hr 1635 3000 2520
Total dry products, 1b/hr 1997 3360 2913
Averagae gross hp 13.01 17.13 15024
Efficiency, % 7840 76 800
Net gross hp 10, 16 12.87 | 12420
No load hp 6,06 8426 6.81
Efficiency, ¥ 59 65 65
Net no load hp 3.58 5.37 4.43
Net hp 6,58 T+50 TeTT
Net hph/ton 659 4.47 5634
Screen oversize rate, 1b/hr ~— 2740 840 .

*Based on York Laboratory prony brake test.
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TABLE 9

Summary of Results Obtainod from Grinding Tests 4-W to 9~H

on I'aradsy Uranium Ore

Test] 4-% D 6-H T-H 8~1 9~

Mi1l speed, rpm 23 23 27T 277 27,7 27T
% oritical speed 7165 7145 8642 86.2 8642 8642
Iﬁtonded foed rato, 1b/hr dry 3760 3760 3760 860 3180 . 3180
Average rake sands collected, CoLo

I Ar dry 2310 2530 2420 4400 2426 1996
Average. spiral sands collected, .

1b/hr dry - - - - 40 56
Aveorage clagsifier oveiflow,

dry 1b/hr 508 - 497 608 738 460 540
Inorease or dacxense in mill load, decrease | inor. inor.

avorage dry 1b/hr |+ 128 ~ 123 - 219
Total dry produok,-1b/hr 26818 3027 3028 738 2026 | 2591
Aetual averago dvy food rate,lb/r | 3760 | 3760 a0 | 791 | 2060 | 2681
Duration of tost, hr 1,284 ] 240 945 o765 | 10,28 | 10,00
Avorage sexeon undersize 1b/r dry | 3500 3500 3626 6820 3390 3610
Avorage scxeen oversize 1b/r dry e n 636 179 1480 | 1460
Avorage mill discharge 1b/hr dry 3510 .| 3510 3625 8210 4200 4180
Total power congumption,Kwh 135.9 65244 1357 113.1
Avorage gross input per hy (KW) AT 27 12,50 14.3 9,13 13.23 10,31
Averago hdur'l,y groso input hp 23.10 16,75 19,15 12,22 17.73 16,15
Efficlency, % ‘ 65 1. 72 | 68.5 T4 { 70,1
Average not gross hp (1) 15,00 1 11,50 | 18,80 | 8.38 | 12,65 | 10,60
Mo load hp (input) 8425 6,81 8440 -Be40 8,40 8,40
Efficlenoy, % 51 56 64 64 64 64
Net no load hp (2) 42 381 B30 5,38 5438 5,38
Average net power hp (1)-(2) 10,8 . 8.09 8.42 3.00 Te 27 5¢22
Net hph/ton dry product T-87 5,34 5456 8.13 4,97 4.03

Calie = clrculnting load.

ﬁ'l.‘ho officiency curve of .the kyh moter was used and the drive-chain efficiency '

of 984 included.




TARLE 10

Screen Analyses of Products Obtained from Wet Grirding Test No. 1-¥

23Xz CLASSIFIBR SD R2XE CLASSIFIZR UYERFLOW COMBINED CLASSIFIER SAMDS AND OVERFLOW SCREZN CVERSIZE i
¥ash Ave Cuzs ivarags A%, Cizie Averags Cummriative A¥. Cume
%t % A Yi. 3 7 At. % Wt % A SiZ® Tt. % Z
Retainad Passing Retained Passing Ratained Retained Passing Betained Passing
= 10 5,38 04,34 S.1 3.1 84,8 + 3,8 in. 073 95,25
+ 14 12,75 87,26 $,3 11,4 88,38 + 3 mash 3435 8C, 15
+ 20 15,85 80,035 8,5 17,3 32,1 + 4 28,73 73,325
+ 28 28,23 - T1.77 7.4 25,3 T4 7 + & 52,35 47,55
+ 35 38,78 63.24 743 32.9 87.1 + 8 80,30 18,70 |}
+ 48 46,34 53,18 0. 15 95,85 S.0 41.8 33,1 -8 100,20 - H
+ 83 58,57 40,43 0.35 99,85 15,4 53.3 45,7
+100 71,01 +S8 0.75 98,25 10.3 8346 36,4
+150 81,01 18,33 1.5C 98.30 " 8.0 T2e5 27.%
+200 883,98 11.04 3.35 98,05 T4 80.C 20,30
+323 S$S.17 4,83 315.85 84,15 643 86,3 i3.2
=325 100,20 -— 180,00 -— 13.2 100,32 -

10,0

-

v
N

P



TABLE 11

Scrosn Analyses of Products Obtained from Wet Grinding Test 2-H

FiK: CLASSIFIER SAWS TAKE CLASSIFIER OVERFLOW COMBINED CLASSIFISR SLWS 41D OVEZFioW SCREE OVESTEE
Yash Cum. W, Cam. WE. Com. 7L, : Cam. BL.

Ht. 4 A % Hte % 4 A Ht. % z A SIZE | Wte % / A

Retained Retained | Passing Retained tainad Passing Retained Ratained . Passing Retained | Retained{ Passing
+10 3.50 3.60 96440 3.1 3.1 95.9 | +38 | 47 4.7 95.3
+ 14 4,68 8.28 91,72 4.9 7.1 2.9 | +3° | 1.7 22.4 T7.8

mesh
+ 20 5.52 " 13,80 86420 4.7 11.3 882 | +4 22.3 44,7 55.3
+ 28 7.40 21.20 78.80 Sod 18.2 SL8 | +6 25.4 70.1 29,9
+35 8.68 29,88 70.12 Tod | 25.8 744 | +8 20,4 " 90.5 9.5
+48 | 1100 40,88 59,12 trace : 9.4 35.0 65,0 | -8 9.3 100,9 -
+ 65 | 14.52 55,40 44,50 0u1, 0,1 " §9.9 12,5 47.5 52.5 | Total | 100.0 —_ -
4100 | 12.38 68.28 3L72° 0.2 0.3 99.7 1.1 5843 1.4
+150 | 11.20 79,48 20,52 0.6 0.9 99,1 9.7 68.3 317
+200 8.72 88.20 11.80 2.5 3.4 %6.5 7.8 7841 23.9
4325 6,80 95,00 5.00 2.5 16,0 - 8440 Tob 83.7 16.3
-325 5,00 100,00 - 84.0 100.0 - 16.3 100,90 -
: 150.9 = o

e




39

TADLE 32

AR e

Scyreon Analysis of MLIL Feed - Tosts 4« to 9-W

PRET 6 = T eld TRSL 8 m 0wl

MOB‘] c“fflf,\ N‘:o . Cum. 'W't.
% % % 7%

Ratainod Pagsing | Retained | Passing
+ 6 iﬂn 8.6 914 25,0 TS50
+ 4 3449 85,1 - -
+ 2 30.8 69.2 40,0 - 60,0
+ 1 44,9 5544 652.1 47.9
+ % 54,8 4502 60,9 39.1
+ 3/8 59,2 40.8 6407 35.3
NS — — - —
+ 3 nosh 65,8 34.2 70.4 29,6
+ 4 68,9 311 T3el 2669
+ 6 7260 aTlod T6.3 23,7
+ 8 THe3 2467 78p6 2.4
+ 10 T66s9 23.1 100,0 o~
+ 14 80, 2 19,8
+ 20 82,6 174
+ 28 8503 AT
+ 35 8703 12,7
+ 48 89,8 10. 2
+ B 91..8 8.2
+100 9346 Ga4
+150 9.9 Sel
4200 95,9 4,1
+325 96,9 3.1
-325 100,0 -




TABLE 13

Sexcen Analysis of Screon Undersize Product

Yoot B-H

T Tenk , Teat 0~
Mash | Cums. Fte Cune Vite Cume WEs

- % % % A % %

Rotalved | Panpinp| Rateived | Papsing| Retained | Passing
+8 846 9644 — e 0,07 99493
+ 10 8465 04446 1453 96,67 2.23 97 TT
+ 14 8436 " 00466| 4433 85467 | . Be46 04454
+20 | 12,96 87,06 9,43 90, 57 9,66 90, 44
+28 | 22.20 TT.680| 18,32 81.68 | 15,96 84,04
+ 85 | 94,20 65.80] 28,08 T1.92 | 23.33 76467
+48 | a7.20 52,80] 88,44 61,66 | 31,96 68,04
+ 66 | 63.25 36.76] 49.87 50.13 | 42.76 67,24
+100 | 176.95 23.05| 59.87 40,33 | 53.26 46,74
+150 | 86,00 14.00{ . 68,07 31.93 | 62,86 37,64 -
4200 | 91410 8,50 T4.90 26410 | 70.33 29,67
+325 | 94,65 5.45| 82400 | 18,00 | 78.63 21,07
-325 | 100,00 - | 200,00 - 100,00 -
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TABLE 24

Screen Analysis of Ralw Clagsifior Sands

Toat Qi Woat 4w Tost O-0 Togt J~i
Masgh Cume Wie Cum, Wi Cum, Wi Cume Wte

7 % A % # % b %
Retalned Passing | Retoined} Passingl Retazinod | Passing Retained Passing

+~ 8 e e 403 95T o - e -
+ 10 1,9 98,1 6.5 93.5 2600 98.00 4423 0577
+ 14 49 9561 10,0 90,0 5. 90 94,10 10456 8944
+ 20 10,05 89,65 16.3 83,9 12466 87434 18429 81.T1L
+ 28 18,80 81,20 2Ted T2+5 2330 76670 28,69 T1.81
+ 35 27.65 T2+15 41,5 5865 35430 64470 39.56 60444
+ 48 40495 59005 5Ge3 437 48,20 51.80 51,26 48474
+ 65 54445 45,55 T269 Tel 62:54 37446 64,96 35,04
+100 | 6T.60 32,40 84.7 159 7362 . 26,38 T6.7T6 23,24
+150 78,20 21.80 921 T 82.38 17.62 85.50 14.30
+200 85495 14005 9507 403 89422 10,78 92420 T«70
1 +325 92,20 T.80 97.9 2.3 94«52 5.48 9697 3430

] =325 100,00 — 300.0 o 100,00 - 100,00 )
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TADLE 35

Soreen Anolysis of Splral Clasgifier Sands

Rout G-l Toat Toli Tagt 8mif Teat O«
Mosh Cume Wie Cums Wia Cum, Vite Cum. Wt.
; 7 / 7 ‘ % / 7
Totained | Pasgdnpg | Retained] Pagsing| Retained | Passing | Retained | Passing
+ 85 0.3 99,77 Os4 99.6 0«6 9944
+ 48 0.7 99.3 0.0 99.2 1.2 9848
+ 65 406 9564 1.8 98,2 244 9746
400 | 318 60.2 6.9 | 3.1 843 9147
+150 61. 1 387 9 24,1 55 2845 T1a5
+200 Thed 257 Sde4 4546 5961 4049
+325 83.1 31649 03a1 16,8 876 1245
-325 100,0 e L 100,00 o 10040 —~
TABLE 16
Screen Analysis of Spiral Classifier Overfloyw.

+ 48 0. 3. 99,9 0.3 99T 0.3 99,7 0.7 99.8
+ 65 0,2 99,8 2,1 979 0.7 99.3 1.4 0846
+100 0,6 0944 1044 89.6 1.3 98,7 245 9745
+1650 245 9745 2562 T4e8 243 oTeT 4ed 95'.5
_+200 7468 92,86 40.6 594 5ed 04,7 9.8 90.2
+325 23,80 TG 20 568 4342 175 B2.5 2408 T5e2
=325 100,00 - 100.0 o 100.0 o 100.0 -
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Preun——.

Soveon Analysia of Spiral Clageifier Overflow - Sample

Talten Dupdng Biegt Halt of hoot (e

Culile Wia A
Mooh % Retained Passing
+ 3 | 0.3 9947
+ 4 0.6 9944
+ 6 1.1 98,9
+ 8 1.5 98,5
+ 10 Qa2 97.8
+ 14 3.0 97.0
4 20 442 9548
+ 28 GaT 793«3
+ 36 0.2 90.8
+ 48 12.7 87.3
+ 65 17.0 83,0
+100 2449 T5.1
+150 36.1 63,9
+200 48e4 51.6
+325 61e6 3844
«~326 100.0 -
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TABLE 18

Screon Analysis of Screen Overxrsize

Test 6ol Tost T~il Tost B-{ Test O-if
Mesh Cume HWte ‘ Cume Hto “Cuwa 1te Cume Wte
4 % / % % % 4 %
Rotained | Passing| Retainod | Passing] Relained | Passing! Ratalned | Pagssing
4+ 1 in, 3465 06 # 35 e — 4.5 9545
+ 7/ 6437 03463 | 0.5 99,5 849 91,1
+ 3/4 9.18 90,82 2.7 9Te3 17.2 82.3
+ 58 | 14.58 85.42] 1.3 98,7 6.8 3.2 | 28,1 7149
+ 1/2 21,90 78410 1,3 95,7 10.3 89,2 39.6 60s 4
+3/8 35,90 64,10} 18,0 82.0 20,4 79.6 5641 43,9
+ 3 mesh} 534,27 46,73 | 36,2 63.8 34,0 6640 T1L.0 29.0
+ 4' 65,77 34,231 3T.4 62.6 4542 54.8 797 20,3
+ 8 79,70 20.30| 38,5 61,5 60.2 30.8 89.4 10.8
+ 8 89.99 10,01 | 39.1 6049 The4d 25,6 9642 38
+ 10 064,14 3,86 )} 4047 5943 8843 1.2 9948 0.2
- 10 100,00 - 100.0 - 100.0 - 100,0 —




RABLE 19

(Rake Classifiar Sands
Scxean Anglysis of Combined Products (Spiral Classifier Sands
(Clagsifior Overflow

TGSt G ot T Tost BN TWest 0N
Mosh Cume ¥te Cum, Wi Cun, WL Cum, Wt,
% % 7% % ; % 7 %
Rotainad | Yassing| Retained| Passing | Rotained | Passing | Retained| Passing

+ 10 1. 52 98,48 2.2 978 1.70 98,30 3.26 96474
+ 14 4.01 95,99 3.0 97.0 4,90 95,10 814 91..86
+ 20 Bel1 91,89 | 4.2 95.8 | 10,50 | 89.50 | 14.09 | 85,91
+ 28 15,09 84,91 (P 93.3 19,30 80,70 22,10 7790
+ 35 22,30 77.70 9.2 90,8 29031 7069 3047 69,53
+ 48 32.76 6'7.24 12.7 87.3 40,07 59.93 39464 60,36
+ 65 43,55 56,45 17.0 83,0 52.04 47,96 50, 36 49,68
+100 54.16 45,84 24.9 5.1 61.40 38,60 59,80 40, 20
+15(5 63,05 36,95 36.1 6369 69.10 \ 30,90 67470 32.30
+200 70,29 29.71 4844 51.3 7559 24,41 T4,40 25,60
+325 78452 21.48 61.6 38.4 82.31 17,69 81.75 18.25

b ~325 100,00 - 100.0 - 100.00 — 100,00 —
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TABLE 20

Scroen Analysis of Cascade Mill Discharge

Yost 6~ Tost (i Test 8-i Toal Owi
Mosh Cum, Wt Cum, Hts | Ccum, Wt, Cume Wto
7% % % % % 7 4 %
Rotainod | Passing | Rotained | Pasusing | Retained | Pasaing | Retained | Passing

+ 1 dne 249 97,1, 1.14 984806 4.8 95,2
«1/8 - - - - 11.3 8847
+ 3/4 - - 2,32 | 97.68 | 14.9 8642
+ 5/8 3.9 96,1 2,93 | 97.07 2341 T649
+ 1/2 Ge3 9467 3442 96458 30,0 70,0
+ 3/8 Tab 9265 0.7 99,3 5476 94424 38,0 6240
+ 3 msh| 11,0 89.0 2.1 9748 8438 91462 4542 5448
.4 1347 8643 | 249 97,1 | 30,70 | 89,30 | 49.1 50,9
+ 6 15.3 8347 4ol 0549 312,90 87,10 5341 46.9
+ 8 19.8 8047 5e2 94.8 15645 | . 84456 5Ge3 43,7
+ 10 212 78,8 Te7 02,3 17,16 82,85 59.0 . 41,0
+ A 2562 7408 9.7 00,3 21423 78,77 6046 39.4
+ 20 2944 T0,6 o'l 85.3 25464 T4.36 63.2 36.8
+ 28 36.2 63.8 24.1 59 32,62 67,38 6668 332
+ 35 42,3 577 36.7 6343 40,56 59444 70,5 29,5
+ 48 51,9 4841 5341 4649 49011 50, 89 T4eH 2545
+ 65 604 6 3944 | 70,0 30,0 | 58,57 | 41,43 | 79.1 20,9
+100 68,9 31.1 80,7 19.3 66485 33,15 8363 167
+150 7503 24,7 8745 12,5 73655 26445 8648 13.2
+200 80.5 1965 9.8 8,2 79,12 20,88 8967 10.3
+325 8549 14,1 94,7 563 85,10, 14,90 92.8 Te2
~325 100,0 e 100.0 e 100.00 - 100.0 e




TABIE 21

Caiculated Work Requiremsnts from Screen Analyses for Wet Grirding Tssts

Test 1=H | Test 2=§ | Tost 8- | Test T-¥H | Test 8=% | Test S-¥
8074 passing size in feed, ¥ 90,0004] 90,0004 | $2,000%! ©2,000%] 140,000~ 140,000
: 80% passing sizs in product, P 700 70’0/# 47044 1754 5204 48544
Reductien ratio, R 12604 125.4 195,7 522,7 269, 2 301.1
¥, net hpafon 4,47 5434 5455 8,13 4,97 4,03
#, Fuhftoa 3,34 3,98 4,15 8,05 3,71 3,01
T':'.i? Xl /ton . 8,88 11,54 8.68 | 8541 3,00 5:;88
% critical spead 8705 71,2 85,2 85,2 85.2. 83,2

LY
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Scream ovarsixe

New
2\ !
@/ e m—%—’:ﬁﬁf/
Dust
J c o/les Fe o
é and wedghéd
REN
~ O~ Ml disclra rye
~N ~
~ O~
N 0N

@

Screan vrdersize,

collected ond weighed

6 £t x 2 £t Hardinge Cascade mill with peripheral discharge -
4 peripheral grates - 32 (3/8 in. x 7 in.) slots per grate

12 in. Link belt conveyor

No. 18 Sweco screen ~ 4 and 8 mesh sieves

Link belt elevatoxr

3 £t cyclona dust collector

Noe 6 Clarage fan - 400 cfm at 4400 rpm

Figure le =~ Flowsheet for dry grind tests.
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Screen
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Classifier
@ : overlow @
New Ffeed V @ '
—_— o
and waler . ’ Class,Zer \36"70{"9

==

Crlaossi/en '
Sards

Classrrrer.
sarnds

Mill ischar e%}

Classifrer
overf/ow

™,

@ (3 .

1. 6 £% x 2 £4 Hardinge Cascande mill with peripheral discharga =
4 peripheral grates = 32 (3/8 ine x 7 ina) slots per grate

2. Denver 9 in, double~acrew classifier used ag conveyor

3. Denver 6 in, single-screw classifiexr used as conveyor

4+ Denver sand pump '

5S¢ Mines Branch bucket elevator

6e Noe 18 Sweco screen ~ 4 and 8 mesh sieves

Te Dorr 14 in. single rake classifier

8+ Type 50 Allen cone - capacity 26—5 cu ft

Figure 2, - Flowsheet for wet grind tests 1-W and 2-W.
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Screesr opersrze

OvesrSFow,
collected ond welghed

Classitier

S@ sy collec
i I\QL«:J werphe

Classifrer sancl,

yv2r/4 collected omnd wcr_gt‘e‘o/

Hardinge Cascade mill equipped with half grate and trunnion

overflow discharge
Mines Branch bucket elevatox
No. 18 Sweco screen - 4 and 8 mesh sieves
Dorr 14 in. rake classifier
Donver 12 in. rotary classifiler
Typos 50 Allen cono

Figuro 3. ~ Flowsheet for wel grind tests '4~W,

5-W and G-W.

1
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Screen overs/xze

New feed

ond water

Class/Fficr somnds

|

@ | l\ Classifier overtfow,
' Mill discharge collected gnd/
, ' we/ghe

Hardinge Cascade mill half grate trummion overflow discharge
Mines Branch elevator

14 £t x 4 £t Dillon vibrating screen - 4 and 8 msh sieves
Dorr 14 in. ralo classifier

Type 50 Allen cone

Figgré 44 ~ Flowsheet for fine-grind test T-i, .
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