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The Economics of Tube-Milling.

A report on an investigation for the purpose of determining the most
efficient working conditions of the Tube-)ill on metal-bearing ores.

By H. Staxpise Bavr, M.Se., Student.

TrE investigation, the results of which are given in this paper,
was undertaken by the author as the recipient of the Research
Scholarship awarded by the Transvaal Chamber of Mines in 1909,
and in part fulfilment of the requirements for the M.Sc. degree of
McGill University, Montreal. The work was carried out at MceGill
University, in the laboratories of the Mining Department, of which
Dr. J. Bonsall Porter is the Director.
The treatment of the subject will be taken up in the following

order:—

1. Tube-milling in general, showing the growth of the practice
up to the present day.

2. The factors governing the efficient working of tube-mills.

8. Tests proposed and tests actually carried out.

4. The general theories of rock crushing.

5. Description of the experimental tube-mill and accessory
apparatus employed.

6. Description of a complete test.

7. Data and results of ¢ Feed Tests.”

8. ’ ’ ¢« Moisture Tests.”
9. » ) « Pebble Lioad Tests.”
10. O ,, ’ “ Speed Tests.”

11. Summary of results, and deductions therefrom,

1. Tube-milling in general, shoicing the growth of the practice up to
the present day.—The modern “tube-mill” is a most efficient grinding
machine, and is rapidly taking the place of Chilian mills, roller
mills, grinding pans, and similar apparatus. Though used for
many years as a cement grinder, the first reference found by the
author to its use as an ore crushing machine was in the year 1892,
when it was used by Dr. Diehl for grinding Kalgoorlie ores. For



4 BALL : THE ECONOMICS OF TUBE-MILLING.

diameter of the outlet to the classifier is 25 in. and its capacity 18

tons of sand with 26 % moisture per 24 hours.

&b?&utt : O;mparatively early stage in the development of the tgbe(i
mill it became evident that high efficiency cguld only be obbmr}e

by feeding a sand containing & minimum of slimes, and by I'e(lu](‘}llll]g
the percentage of water below the 50 9 first taken as a standarc :
This demand has resulted in the invention of & nun.lber of ('l:n,smﬁer:
and thick pulp feeds, of which the Caldecott diaphragm cone,

mentioned above, is the most satisfactory. Up to the present,
however, no efficient means has been found for providing an vxuctly
uniform mixture of coarse and fine sands in the mill feed. The
diversion of the fine ore from the bins directly to the tube-mill,
without passing it through the battery, is one of the strongest
propositions put forward for increasing the efficiency of the stamp-
tube-mill combination, and a start in this direction has already
been made, with satisfactory results. It is remarkable to what a
great extent fine battery crushing has given way to coarse, and it is
possible that stamps may ultimately be superseded by other types of
coarse crushers when the ore is to be finally crushed in tube-mills.

9. The factors governing the efficient worxing of the Tube-mill.—
There are two kinds of crushing which take place inside a mill :—

(a) Crushing by shock, due to -the impact of pebbles.

(6) Crushing by abrasion, due to the rolling and rubbing of the
pebbles, and contact with the lining of the mill.

One form of crushing or the other will predominate, according to
the type of mill used, the pebble load, and other conditions,

Although the consideration of the tube-mill from a mechanical
point of view is fairly straightforward, much experience is necessary
in order to get the best results from it. For this reason attempts
have been made to determine the most economical conditions under
which tube-mills can be used, taking into consideration the desired
fine grinding as the end to be obtained with the least consumption
of power and smallest wear on pebbles and lining., These three
points seem to depend on the following four factors:—

1. The pebble load.

2. The tonnage dealt with, and the charaeter of the sand.
. :d The thickness of pulp, i.c. the amount of water carricd by the

4. The diameter of the mill and the number of revolutions,

A change In any one of the above will cause a change in two,
and somgtlmeg all three of the points given.

The investigation of these interesting points is obviously
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desirable, and the subject was an eminently suitable one to be
undertaken by a laboratory such as that possessed by MeGill
University, owing to the freedom from interference with continuous
tests which would be inevitable on ordinary commercial plants.

The rock chosen to be experimented on was an elzolite or
nepheline syenite, of a hard uniform character, composed essentially
of orthoclase, elzolite and horneblende (cf. Appendix) and was
obtained from the Outremont Quarries, Montreal. This rock was
used as it was considered to be typical of a hard compact ore.

8. Tests proposed anid tests actually carried out.—Four investiga-
tions were decided on, as follows:—

Series I.—In which the feed was to be varied, the moisture,
pebble load and rev. per min. remaining constant.

Series II.—In which the moisture was to be varied.

Series II[.— ,, ,» pebble load "

Series [V.— ' ,»  speed ’
the other three factors remaining constant in each case. These
are given under sections 7-10.

Owing to doubt as to the possibility of carrying on so extensive
an investigation as is above outlined, it was originally intended that
only nine tests in all should be carried out, three each in Series I,
IT and III; it was afterwards, however, found possible to carry out
six on Series I, four on Series II, three on Series III, and four on
Series IV, making a total of seventeen tests.

It was hoped that the results of these tests would clearly show
the most economical conditions for the running of the particular
mill in the laboratory, and that fresh light might be cast on the
whole matter of tube-milling. As will be shown later, the results
seem to have justified the expectations.

The actual preparation of the rock for the investigation involved
a considerable amount of labour and time, it having first to be
selected at the quarries, transported to the college, packed, sledged
and crushed to 1% in. in a “Comet” crusher. 11 tons of it had
next to be crushed through a screen having 18 holes to the lin. in.
in a 5-stamp battery, de-slimed in a classifier, and the sands dried,
weighed and stored.

4. The general theorics of rock crushing.—Standard work on this
subject has been carried out by Von Reytt and Argall, while among
the more modern theories the best known are as follows :(—

(2) The suggestion of Messrs. Pearce and Caldecott, who propose
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the representation of the efficiency factor by the reciprocals of the
diameter of the particles.® .

() The theorI})r of Messrs, Klug and Taylor thla't t]};i(,fﬁcmncy
factor should be represented by the squares of the dian b t.s . '+ the

(¢) The proposal of Mr. R. W. Chapman, Wh'O SUFE”?&S St of
efficiency factor the number of mesh per lin. in. ol any 1* Jeqh
screens, with a constant ratio between diameter of wire and e

‘tuve, 7.c. LMD Standard screens.} .
apg‘lﬁz;s,theories are all based on Rittinger’s theory, which states
that the work done in crushing is proportional to the &}110unt of
new surface produced. As this theory is gen’emlly res:ogmsr:d tofbe
only approximately accurate for coarse crush‘mg, and 1naccur&'tf> l())r
fine, they have all a common weakness, which WUl.ll(]. of course be
more prominent in comparative tests bet.ween. .fme and coarse{a
grinding appliances than on a single machlng giving only a smal
range of grades. On account of this, great 1ntergst was arogsed
among the leaders of the mining and metallurgical professions
when a proposal was brought forward by Mr. H. Btadler that
the only accurate method of determining the energy absorbed would
be one based on “Kick’s Law,” the kernel of which is ¢ that the
energy absorbed in crushing is proportional to the reduction. in
volume,” the volume or weight of the particles thus being the
true basis for establishing the relative values of the work done.

The following is a short résumé of Mr. Stadler’s paper on
« Grading Analyses and their application.”’§

During some recent experimental work conducted by him on
behalf of the “Mines Trials Committee” in the Transvaal, he
found it necessary to establish a slightly different ratio to that
adopted by the Institute of Mining and Metallurgy in their standard
table of laboratory screens.

He adopted a geometrical series in which the ratio between the
sizes of the apertures in successive grades was the cube root of
two = 4/2, the first term being 1 in., the second 0-794 in. and so on;
by this means a grading is secured which is equivalent to a
successive reduction by one-half of the volume (or weight) of the
particles, Thus, by reducing the cube of the unit successively by
one-half of its volume and assuming these fractures to be again of
cubical shape, each size of this. series of theoretical cubes obtained
represents a grade of a reduction scale of the ratio 2.

* Jl. of Chem., Met. & Min. Soc. of S.d., September; 1906, Marcl, 1907.
t Jl. of the Chamber of Mines, January 31st, 1906.

{ Proceedings Australasian Inst. of Min. Eng., October, 1909,
'§ Trans. xix, pp. 471-485,
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To prove that the functions of the irregularly shaped average
particles™ determined by two consecutive screens vary in the same
way as the grades of the theoretical cubes, he carried out a series of
nine tests on Rand ore, using grades from 1 in. down to 80 mesh
(0-0166 in. aperture), and found that the ratio of decrease in weight
of the particles of each grade corresponded remarkably well with
the correet reduction scale of the theoretical cubes, the average
ratio of the theoretical results being 62 ©,.

In the explanation of his method for obtaining an exact expression
of the efficiency of the crushing operation for comparative purposes,
he uses the following dasfinitions :—

The force required to cause a fracture is represented by the area
of fracture over which the cohesion of the molecules has to be
destroyed, multiplied by a co-efficient representing the resistance
which the molecules offer to their separation.

In order to perform mechanical work this force has to run through
a distance which is represented by the amount of deformation the
body can stand before reaching the breaking point.

Hence the mechanical work done is the product of the force into
the distance; but since, in a regular scale of reduction by volume,
the diameters of the particles decrease in the same ratio as the area
of fracture increases, the mechanical work necessary for reducing
the volume (or weight) of the unit from one grade to the next one
following is a constant for each grade, and is called the crushing
or energy unit, denoted by the term E.U.

The ordinal numbers of any arithmetical progression given to
these grades represent consequently the relative values of the energy
which has to be spent upon producing this respective grade from
the initial unit. This number is, therefore, called the ¢ mechanical
value ”’ of the grade.

For obtaining the mechanical value of the mixed sands, the
percentages of the grading are simply multiplied by the number of
the energy units for the respective grade, and the products added.

The « useful work done per unit” by any crushing machine is
determined by the difference between the mechanical values of the
samples taken from the inlet and discharge ends of the machines,
and for obtaining the total work done this difference has to be
multiplied by the tonnage dealt with.

Finally the relative mechanical “efficiency’’ is the value obtained
by dividing the total work done by the horse-power consumed.

By means of this method, it is claimed that it is now possible to

* Experiments carried out on the nepheline syenite show an average ratio
of 729.
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determine with a high degree of accuracy the ro!&tlve memt? Of
different crushing appliances, or the mechanlcalheﬁimency of one an
the same machine working under varying conditions.

In practice this method has so far given gre&!: satisf ‘ 1
there is no denying that for laboratory purposes it snpplies a long-
felt want.

As the method is based on
of place to give the chief argument used for an

use of this law. ) '
Kick’s law states that: ¢The energy required for producing

analogous changes of eonfiguration of geometrically similal" bodies
of equal technological state, varies as the volume or weights of
these bodies.”

Several scientists have taken exception to the term of equal
technological state,” maintaining that the average conditions of ore
in general do not agree sufficiently with the premises of < Kick's
Law ” to justify its application in practice. '

Stadler, in his interesting reply* to the discussion on his paper,
maintains that, though perfectly homogeneous materials do not
exist, the definition ¢of equal technological state’ is broader;
since as long as the physical peculiarities of particles in different
stages are identical, irregularities of material would be admitted ;
similatly, if a conglomerate of hard and soft components were taken,
although the softer material would crush first, being reduccd
more rapidly in size, it would find its way into the spaces between
the coarse particles, thus escaping crushing, until the coarse
particles were further reduced.

When one remembers that there are over four millions of particles
of the size of the 80 mesh I.)M.}M. in a cubic inch of material, some
idea of the averaging which takes place during crushing is obtained.

With the above facts in mind it will at once be seen how
extremely advantageous such a method is for laboratory use, and it
was unanimously decided that it would be applied to all crushing
tests carried out in the mining laboratory of McGill University.

Screens.—The screens used in the various McGill tests were the
stapdard set brought out by the I.M.M. in London, as although
their mesh apertures do not follow the same curve of seriation as
Sta,d}er’s theoreti.cal apertures, it was found possible to pick out a
restricted _set with apertures corresponding fairly well to his
il;ﬁ:theln‘x.ltlc&lly correct scale, and complying at the same time with

& requirements of equality of steps from grade to grade in regard

action, and

« Kick’s Law,” it would not now be out
d against Stadler’s

* Trans. Inst. .., Bull. 75, and JI. of Chem., Met. & Min. Soc. of S.d.,

December 1ct, 1910,
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Tasre I.

ORDINAL No. orR Mrsu VALUE.

Grading Analysis. ) B |

Stadler’s Nearest
Standard Grades. L.M.M. Screen.
|
L.M.M. Mesh.! Weights.  Per grade. Total. Per grade. Total.
Per Lin. in. % %. E.U. E.T. E.TU. E.U.
l 20 13 i 2:60 = 1300 2:60
12 ! 14 | C1381
1 12 : 15 , 180 . 1492 1-79
20 16 1602
' 10 17 f 1-70 16:91 1-69
30 | 18 - 1780
‘ 12 19 228 15-90 2:27
50 20 | 20-00
| 11 21 | 231 21-04 2-81
=0 22 2208
| 2 23 \ 0-46 22-93 0-46
120 24 | 2577
[ 4 25 ‘ 1-00 24-40 0-98
200 : 26 | 26-02
] 29 [ A 58-12 28:00 812
l
1000 2027 20-22

to the reduction in volume. The adoption of this series of screens
has the added advantage of bringing this investigation in line with
the efforts of the I.M.)., whose standard screens represent not only
the best and most accurate manufacture as yet produced, but also
form a graded series which it is the Institution’s desire to make
standard throughout the world.

Although the values of Stadler’s standard grades are not identical
with the corresponding I.M.)M. screens, yet the difference is so slight
that the former may be taken without in any way interfering with
the accuvacy of the results. How carefully the values compound
is shown by Table I above.
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The list of standard laboratory screens used ig given below in
Table II.
Tapne IL
‘ ! |
| . Area
Original mumber No. of Mesh. Mesh Aperture. | Dm;r;n. ' of
or mesh value of | -~ ].'_;in. in. Lin. in. of Wire. Discharge.
(E.T.) Grade. |
S E R R —
15 ‘ 20 025 025 250
17 80 0166 0167 24K
19 50 | -01 01 250
21 80 ;0062 10063 ' 216
: |
23 120 0042 | (0041 | 2
25 200" 0030 | 002 ' 250
| i
[

28 —200 Grade ; i

5. Description of the Tube-mill and accessory apparatus. —The
mill used in the tests was of the trunnion type, and was
formerly an old chlorination barrel. The outside dimensions were :
length, 4 ft. 8 in.; diam., 8 ft. 5 in.; inside dimensions with liner
in, were: length, 3 ft. 6 in.; diam., 2 ft. 10 in. The tube shell was
formed of $-in. steel, bolted to the cast iron end pieces, 2 in. thick,
which were stiffened by six 2-in. ribs. The lining of the mill
consisted of 8 in. by 4 in. by 24 in. Silex bricks, set in patent
cement. At the discharge end of the mill was an iron <creen
perforated with $-in. holes. This prevented chips of the fint
pebbles from being discharged with the pulp. 18-mesh sand was
delivered by means of a pipe from the bucket eclevator to the
cone, the size of the discharge orifice being altered by screwing
on caps with different sized apertures. These caps were all
previously calibrated by weighing the amount of sand flowing
through them in cerfain fixed periods. The water from a tank
under constant head entered a trough, the flow being regulated by
means of a f:ock and indicator, the cock having been previously
carefully calibrated. The pulp was discharged, and after being

. " Sereen manufactured by W. §. Tyler & Co., Ohio.
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sampled was wasted, as there was no further use for it. The
pebbles were charged into the mill through a manhole, 15 in. by
102 in., around the door being a flanged collar of 3-in. steel, serving
as & bearing for the 2-in. steel plate which acted as a lining at this
point. The plate was held in place by tightening the nuts on the
two bolts which protruded through the cast iron cover-plate, fitted
on the outside of the tube. The barrel revolved on hollow trunnions,
and was driven, by a chain and sprocket gearing, from the stamp-
mill countershaft, which was in turn driven by a 15 hp. motor.

A D.C. motor was used, its output being 15 hp. at 885 rev. per min.
The electrical instruments used for power measurements were a D.C.
voltmeter and ammeter, and a wattmeter.

The preliminary crushers necessary were :—

1. Sledge.

2. A “Comet” crusher.

3. Five-stamp battery, each stamp weighing 600 lb., the total
crushing capacity being 800 lb. per hour.

The screens used for the grading analyses were 8 in. in diam.,
and were mounted on nested circular copper boxes 2 in. deep, fitted
to a screening machine.

This machine was built in the shop of the Mining Department,
from drawings based on a description and illustration given in a
paper* by Mr. T. J. Hoover, but the apparatus is not exactly similar
although the prineiple is the same. The mechanism of the screen-
ing machine is verv simple. In the original design only two springs
were thought to be necessary, but it was found that such a
rhythmic motion was set up between them, that they were always
liable to wind themselves around the machine; by introducing a
third spring, loosely attached at right angles to the other two, this
motion was effectively broken up. It is claimed by Hoover that a
complete analysis can be carried out with this machine in twenty
minutes, but, after a series of tests the author found this was quite
impossible, the minimum time taken for a satisfactory analysis
being 80 minutes, and this only when the 200-mesh screen was
tapped at frequent intervals to prevent it from blinding. This
period was therefore adopted as the standard time for the 140 screen
analyses which had to be carried out.

6. Description of a complete test.  Mill run.—The amount of
material used for each test varied between 800 1b. and 2000 1b.

Before the start of every test the sand was first screened through
an }-in. screen to remove all foreign matter which might possibly

= T'rans. xix, p. 508.
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i ity refully
i d the required quantity carefull:
e o the ed and regulated bo ensure

tions. The theorctical

block up
weighed. The moisture was then measur

"ing the mill in the required propor
:::ep:flpf::;e(l)f tghe orifice of the cone was already kl.m\?'n ljljl‘(_'llfiz
calibration, but it was always checked by weighing _t' ‘L Sq]rl]
remaining at the end of the run. In a,l‘l cases these cgr]](;;li(]]')l]‘);r
remarkably well, the difference never being more than 9- . ‘t-]%
hour. The moisture was checked after each test, and care was taken
to keep the head of water in the tank constant..

The motor was first run light for a few minutes to enuhlg the
power consumed by the shafting, belting, etc., to be ascertained,
and then at a given signal the mill was started, and t'he feed and
moisture turned on. Power readings were taken at intervals of
two and three minutes alternately, care being taken that a power
reading was taken simultaneously with a sample. An ql,)sel'\'er was
constantly on the watech at the intake end of the mill to guavd
against a:ny stoppage of the feed. At the conclusion of the test
the feed and water were turned off and the mill stopped, power
readings being again taken of the motor and shafting running
light.

The rate of flow of water and sand was found to be so regular
that it was unnecessary to take systematic moisture samples from
the discharge. The speed of the mill was checked several times
during each test.

Method of Sampliny.—Before the start of these tests great anxicty
was felt as to how long the mill would take to assume its uniform
conditions, and what feed, moisture, pebble load and speed it would
require, the first of these factors being, of course, the most
important on account of the comparatively small stock of prepared
sand available for use. It was therefore resolved that samples
should be taken every five minutes so that their screen analyses,
together with their respective power readings, would clearly show
how long the mill took to reach a uniform state. Thix was done,
and the results of every one of the tests carried out proved in a
most convineing manner that the mill took only 30-85 minutes to
assume its uniform conditions. Samples of the sand feed were also
constantly taken, and at the end of the test combined into two
large samples, each of which was subjected to screcn analysis, and
the mean rvesult taken as representative of the sand used.

After a su'fﬁcient number of tests had been run to make it clear
that a 30 mlnutest run could be relied upon to give wniformity, the
practice of smpplmg the discharge was changed, and no samples
were taken until 85 minutes had elapsed from the start of the test.
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The actual length of the tests varied from 45 minutes to 1 hour,
as 1t was found that this period was of sufficient duration to give the
data required.

Sereen Analyses—The samples were first decanted and then dried,
bagged and ticketed. KEach sample in turn was next mixed
thoroughly, sampled on the riffle plate, and a quantity of 200 grm.
accurately weighed out and screen analysed in the ‘sereening”
machine for a period of 30 minutes. FEach screen at the conclusion
of the run was taken individually, carefully brushed, and its product
weighed and mechanical value calculated. The method of first
washing the fines through the 200-mesh screen, drying and screen
analysing the oversize was tried, but so little difference was found
in comparison with the dry method that it was decided to employ dry
screening throughout. The screening machine proved a great boon,
for the total time for each screen analysis, including preparation and
weighing, averaged only 40 minutes, against about 1} hours by the
“hand method.”

In addition to this, and of even greater importance, is the fact
that all tests on the machine are strictly comparable, whereas hand
work is bound to be variable in spite of every effort of the
experimenter to use the same force and rate of shaking throughout.

SERIES 1.

7. Data and results of Feed Tests.—In the first series of tests the
rate of feed was varied, and the other factors of moisture, speed and
pebble load were maintained at a constant figure.

Staniary oF TEsTs.

Relative
Feed i Work .
) Pebbl . | Rev. per Horse- . 'Mech 1
Test. o Eﬁius. | Leoad.e , Moisture. Mir?. power. doggi%)el Eléi?;%;;
— | U it A
Tons.  1b. % ’ I 1
P..... 72 . 1200 | 38 | 41 63 | 389 445
| . I
C..... 96 | 1200 | 3% i 50 ' 336 645
‘ | ‘
*B..... 126 | 1200 38 1 4| 51 282 702
0. .ove 144 ‘ 1200 ’ 38 41 36 291 748
*tA..... 186 | 1200 | 38 41 58 | 253 320
¢ ’ .
R..... 230 \ 1200 . 38 1, 66 2-09 7028
, ‘

* Data computed from ¢ moisture-efficiency” curve (Fig. 3, p. 23).
+ Most efficient feed
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(CRUSHING EFFICIENCY.

No. of tons crushed ' parcentage of

Test. estper | Ctovomwgnede” | ol reed:
Pr oeeeeeieeeaeinns ot 297 315
Coovereeei e 9-6 254 265
B et 126 995 235
O it 144 3-31 230
A e 186 3-96 213
Be eeeeeeeinieaenans 23-0 3479 ' 165

In all the following discussions the term * efficiency * is used for
the relative mechanical efficiency per hp.

In the above series of tests, shown in Fig. 2, six differcnt feeds
were experimented on, varying in amount from 7-2 tons to 28 tons
per 24 hours. In the case of four of them, the moisture was kept
constant at 88 9%. In the fifth, Test «“B,” it dropped to 377 <,
whilst Test “A” was run with 88 %,

As it was necessary to bring the two latter tests into line with
the former for comparative purposes, the ¢ moisture efficiency”
curves (Fig. 8, Series II) were examined to see if this were
possible.

It was found that with a feed of 12:6 tons per 24 hours, the
efficiency, with 88 % moisture, was 6:66, whereas with 35 9% it was
702, a difference of 0-86. With a feed of 186 tons per 24 hours
the efficiency was 7'76, with a moisture of 889 (Test “A™).
Assuming that the moisture efficiency curve + would be of the same
character as that obtained for the smaller fced, the efficiency for
889 moisture was found to be 829 by a simple proportion
calculation, as follows :—

12:6 : 186 :: 086 : a ., & = 0-53.
Hence efficiency = 7-76 and 0-58 = 8-29.

The hp. was calculated similarly by applying the same value to
the “moisture power ”’ curve.}

The data for Test B * were deduced directly from the curves.
(F].‘;Ig::,tpfat’{ig)ifent feed. Data obtained from ¢ crushing-efficiency ”’ feed curve

t Fig. B, Series II.

1 Fig. 5, Series II, p. 35.
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On examining Fig. 1 it will be seen how well the point (A)
conforms to the curve, and, as the curve was drawn originally
without the use of this point, the result indicates that this method
of deducing data for one test from curves of another is of more
than passing interest.

Taking the summary of tests in conjunction with Fig. 1, it
seems exceedingly probable that the most efficient feed has been
found, above which the efficiency rapidly decreases.

Starting with the small feed, the efficiency is only 4-45, but
gradually increases until at the point m it is at a maximum,
indicating that the best feed is one of 18 tons per 24 hours, with

|
il ;

e ! RN |
8 AT ] . A 66
k("("‘ ‘. i o A
7~

|
0 . e
|
T

64

P 2, <
A % : K
,

I{w

62

N
N

o

~0-0 e 5-6

Efficiency.
I A
‘@s
-
\\

Horse-power.

- 5.4

52

+ 5-0
d L

48

—— i T

8 9 1w 2 13 g3 Is 16 17 18 19 20 21 22 23
- Feed: Tons per 24 hours.

Tic. 1.

an efficiency of 8:05; beyond this point the efficiency drops until
with a feed of 23 tons per 24 hours it is equal to 7-28.

Taking now the feed-power curve, it will be seen that the power
is relatively high with a small feed, but drops rapidly until it is at
a minimum at point w, indicating that a feed of 10-5 tons per
24 hours would require the least power of all; beyond this point it
gradually increases, following practically a straight line. It will
again be noticed how relatively close point A falls to the curve.

Examining next Table II, crushing results, with appended
“crushing diagrams,” Fig. 2, it is interesting to note that the
net output of “—120 grade” per 24 hours gradually increases
with the feed. Between points O and K, however, there is only an
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- —— ——— Percentage. — — -

| ’ . S g o
|-+ Test P ‘ ¥ Test[ANI3% ribersture

20 30 50 80 /'Z‘"O 200 -200 20 30 50 80 20 204 -2oC
Mesh. —_—
g -
3 40 B R
£ ‘ 4 N
e =
332 - - %@4.'0 e e — -
S ; B ‘
O i AV '
S 28 : 2 e _
g ! | wcj":(‘ !
124, - S S———
2 ! | ge)
R20 L :
=3 8 2 16 20

Feed: Tons per 24 hours.———

Fre. 2.
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increase of 0-46 tons of “—120 grade,” this apparently showing
that the most efficient feed will lie somewhat between these two
points. The probable curve was drawn (Fig. 2), and from it the
data for Test “ A" taken. The curve apparently shows that the
best crushing efficiency, i.e. highest net output of «—120 grade,”
will be given by a feed in the neighbourhood of 20 tons per 24 hours.

The crushing diagrams were obtained from the average screen
analyses of the inlet and discharge samples of each test taken after
the mill had assumed its uniform conditions. The black outline is
obtained from the average screen analyses of the intake, the dotted
from the discharge.

The abscissa of the diagram was first plotted with Energy Units,
and the corresponding mesh then substituted, ey. 20 mesh for
15 E.U., 80 mesh for 17, and so on.

These diagrams show extremely well how .uniform was the sand
used, and the changing point of the. decrease of “—80" to the
increase of “480" product occupies practically the same position
on each of the diagrams.

In experiments carried out by Mr. H. W. Fox at the Colorado
plant of the United States Reduction and Refining Co., he found
that above the most efficient feed the fine grinding gradually
decreased, the power, however, decreasing also.*

It seems probable, therefore, that if further tests had been carried
out by the author with heavier feeds, the grinding efficiency would
have continued decreasing, but the power curve would have started
to droop.

It is somewhat difficult to compare these tests with those of
Fox as he experienced great difficulty in keeping his moisture
constant, it varying as much as 8 % in two consecutive tests. As
this has been proved to make a great difference in the efficiency of
the mill, only a rough comparison is possible.

* Mines and Minerals, vol. xxviii, p. 237.
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Tust “B.” (Fie 2.)

12+6 tons per 21 hrs,

Feed ..ooovvvvvveeniniiiiniinns
MOISHULE . e verrereranraenennn 377 %.

Pebbles ..veieiiiiiiiiiienennnn. 1200 Ib.

Rev. per min............uuees .41,

Length of Test «.....cccuvnes 60 minutes.

Remarks. Time. Amperes.] Volts. Watts.
Running Light ........cc.c.e. — 27 108 ! 2916
Mill on. Starting Torque...  12.00 100 | 106 | 10812

— 63 106 6678

Start of Test ...ovvvreenn... 12.02 62 ; 106 | 6572
;12,056 | 61 106 G466

P 12.07 61 106 G166

Sample B1 taken............... {1210 | 61 106 6466
) J 12.12 61 106 6466

» B2, ‘ 12.15 ’ 61 106 6466
112,17 61 106 6466

»o BB, o 12.20 / 61 106 G466
! 12.2% 61 106 6166

s B4, ‘ 12.25 62 106 G572
5 | 12.97 ' 62 | 106 | 6572

2 33 teeeiesiasaenas | 12{%0 62 106 6572
- ' 12.:52 | 62 106 6572

2 39 heereenaeens | 12.35 63 106 | 6678
B ‘ 1?).37 63 106 | 6678

” 35 eeevereeneeina. 151(2) 62 106 | 6572

) | -2 63 106 | 6678

» B8 . o 1245 63 106 \ 6678
B9 ' 12.47 64 106 6784

” b e, | 1250 64 | 106 | 6784
. BLO 1252 64 106 G784
39 eeeereiieeenea. ] igg: 63 106 | 6678

Test ended .................... 1'0(3 03 IOQ | 6678
Running Light ............_ ’ ' o1 106 (754
..... L= 29 110 | 3190

— 29 110 | 3190

P
Mill assumes uniform eonditions,
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GRADING ANALYSES.

19

INTAKE. |

DISCHARGE.
Screen.
Ba. } Bb. { Bl | B2 B3 B4 | BS " Bé.
20 ...... 11-00| 11-75! 1+00 0-75 § 075 075 ‘ 0-75 : 0-75
30...... 1950 | 20-00. 5-50 5-00 ;’ 575 : 475 ‘ 5-50 f 4:50
50 ...... 21-00 | 2125 17-75 16:25, 1675 1625 17-50 1 15-00
80...... 19.00{ 18:50 2525 2375 ‘ 24-95  24-25| 24:00| 2375
120 ...... © 1050 | 10-25 14:00 14:25, 1425 14:50 | 14-00 | 15-00
200...... ’ 9251 875 1550 13'50 . 13-25 ‘ 13-50 | 13:00; 15-00
Z200..... 9-75 | 950 21:00 2625 Coa75 2575 9500 26:00
Gorrection | — - — 025 02 025 025 —
Total ...... 10000 | 10000 | 100-00 5 100-00 ‘ 100-00 | 100-00 | 100-00 | 100-00
‘ | w
Mecua~xican VaLues.
INTAKE, DISCHALGE.
Screen, T T
Ba. | Bb. | BL. | Ba I BS. i B4. | Bs. B6.
_ 1 '
20...... 15 j 1-65| 1-77| 0-15| 011 ; 0-11| 011} 0-11 0-11
30...... 17 . 3-32| 3-40| 093] 085 l 0-98: 081 093 0-77
50...... 19 ‘ 399 | 4-04| 338} 309 ‘ 3-18| 3-09| 3-33 285
80...... 21 } 399 | 8-98| 520| 4-98 ! 5:09| 509 498 I 4-93
120...... ’ 23 ‘ 2-42 | 2-36 ‘ 322 | 3-28{ 3-28| 3:34| 3-22 | 3-45
200...... 25 | 232 219 ' 3881 3381 3-31: 3-33 315 i 375
-200...... 28 l[ 2:73| 266 I 588 735 693 721! 7-00 > 728
Loss ' y
correction — — — — 006 006 0-06| 0-06 —
Mechanical value | ‘
of sample 2042 20-40 22:74 23-10 22:94 23-09 2273 *23-14

*Mill assumes uniform conditions
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20
DiscHARGE.
(Continued from previous page.)
GRADING ANALYSFES. MrucHaNicAL VALUES,
) i . R
Sereen. | B7. B8 | B9, | BIO. IScreen. “ B7. B8, , B9 | B
_ o — S
20 075 075 075 075 20 011 0-11 ’ 0-11| 0-11
30 ; 4'50) 500 5235 400 30 ‘ 0'77! 085 089" 085
50 : 15°75 15:00{ 15:00| 15-00 50 2'99! 285 - 285 285
80 | 2425 24:00] 24-00| 23-00 80 5'10f 501 504 I 1-93
i i |
120 l‘ 1400 | 14-00| 14-50| 14:75] 120 3-22 3'221 834 330
200 | 14-50 | 14-25| 13-50| 14:00§ 200| 3-62. 356 \ 338 350
—200 ' 2625 27-00 26-75| 27:00) —200| 735, 756 ‘ 749 756
: i
Loss [ —
Correction  — — 025 — — ‘ — 0:06
T S | -
: 100-00 ' 10000 | 100-00 | 16000 23-16 ’ 23-19 | 23:716 2319
| !
Erriciexcy.

Capacity of mill

Total power consumed.......

Power consumed (running light)

Power consumed by mill

Mechanical value of

3 »

Work done per unit

Relative mechanical efficiency per hp.

intake

discharge...

12-6 tons per 24 hours.
6744 watts.

3052 ,,
8692 ,, =150 hyp.,
23-18
20-86
282
2-82%12'6

=711

ere

5
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Test «0.” (F16. 2))

Feed.ieorraenirinininiennnennn.. 14-4 tons per 24 bhours.
Moisture .ouvveeerenevieinnnen, 889,
Pebble load .......ceeennnl. 1200 1b.
Rev. per min. .........c.eeell 41,
Length of test ............... 15 minutes.
Intake. ! Discharge.
Screen. — I ‘
Grading Analysis. | Grading Analysis.
I
20 ‘ 120 3 1-0
30 21-0 6-0
50 | 220 | 165
80 l 190 280
120 | 95 14-0
200 80 | 140
-200 85 . 255
ToraL ...... ‘ 1000 1000
Erriciency.
Capacity of mill ........... eeeerenad . 14'4 tons per 24 hours.
Total power consumed - ............ 7126 waitts.

~il

Power consumed (running light) 2956 ¢ WD

Power consumed by mill “1::ii...... 4170 ,, = 56hp.
Mechanical value of discharge ... 23-00 '
”» » intake ... 20-09°
Work done per uni......... 291 - "
Relative mechanical efficiency per hp....... %E)lrx 144 = T7-48.

506
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«Tgst C.” (Fre. 2.
9-¢ tons per 21 hours.

Feed. oo iaenenennnenaensnnnns ic
MOTSEULE Lavveerenmeenvnnnnsee 88 %.
Pebble 1oad.......cooveeeeernens 1200 1b.
Rev. per. min.....ooooeeeeneen 41. .
Length of test......ccoooeveeen 60 minutes.
l Intake. Discharge.
Screen. S, (- S
{ Grading Analysis. Grading Analysis.
20 12:0 05
30 | 9200 30
50 215 12:0
80 | 185 92:0
120 ' 95 160
!

200 \ 9:0 165
—200 ‘ 95 500
TotaL ... | 1000 100:0

Erriciexcy,
Capacity of mill..........cocvunvnn.n. 96 tons per 24 hours.
Total power consumed ............ 12,396 watts.

Power consumed (running light) 8,640

bR

Power consumed by mill ............ 3,756_ » = 50hp.
Mechanical value of discharge... 2861
. ' intake ...... 2025
Work done per unit....., 3:36

Relative mechanical efficiency per hp.... 3‘365%96 = 645
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Test “R.”  (F16. 2.)

Feedooovvniiiiieiiiiiiain. 23 tons per 24 hours.
Moisture «..ocveveeveeniiinnnn.n. 38 %.
Pebble load ...........ooooillll 1200 1b.
Rev. per min. .............c.lL 41.
Length of test.................. 60 minutes.
| |
| Intake. 1‘ Discharge.
Screen. . .
‘ Grading Analysis. i Grading Analysis.
20 135 2-0
30 19-5 90
50 210 190
80 175 215
120 70 10'5
200 75 14:0
— 200 | 140 24:0
ToraL......... 100:0 1000

ErrFiciexcy.

Capacity of mill ..................... 23 tons per 24 hours.
Total power consumed............ 8555 waitts.
Power consumed (running light} 8639 ,,

Power consumed by mill............ 4916 ,, =066 hp.
Mechanical value of discharge... 2857
' ' intake ...... 20:48

Work done per unit ...... 2:09
230 x 209

Relative mechanical efficiency per hp.... 56

= T7-28.
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Test “P.” (Fe. 2.)

Feed..oveviniriiininiininnninn 7-2 tons per 24 hours.
MoiSture .....covvvvnveninininns 38 %.lb
Pebble load «..covvvvvnininninns 1200 1b.
Rev. per min. ........... ...l . 41, )
Length of test...cccoovvvnnnnees 65 minutes.
Intake. Discharge.
Screen. - —._.-
Grading Analysis. Grading Analysis.
20 11-0 05
30 195 20
50 3 21-0 9:0
80 ; 185 20-0
120 : 75 155
200 85 170
— 200 14-0 360
Torar 100-0 100-0
Erriciency,
Capacity of mill .......... TR 72 tons per 24 hours,
Total power consumed .........,.. 7587 watts.

Power consumed (running light) 2918

»

Power consumed by mill ............ 4674 ,, = 6:3 hp.
Mechanical value of discharge... 924-34
» » © intake ;... 20-45: t
Work done per unit ...... 3-89

3-89 x 7-2
65— = 445,

Relative mech&nicalleﬁ&'ciency per hp....
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Test “ A (Fe. 2))

25

Feed..ooovveviiiiiiiiiine 186 tons per 24 hours.
Moisture ....oovvvvvvvevviinnn... 33 <.,
Pebble load ................lL 1200 1b.
Rev. per min ..............o.lL 41.
Length of test ............... 60 minutes.
Intake. [ Discharge.
Screen, — - — ‘

Grading Analysis.

Grading Analysis.

20 11-0 10

30 | 195 75

50 2'1'5 185

80 ’ 180 24-0

120 | 105 145

200 \" 95 135

—200 10-0 210

i | -
ToraL ...... ’[ 100-0 1000
Erriciency.
Capacity of mill ...........cooiiiili. 186 tons per 24 hours.

Total power consumed ... ........ 7038 watts.

Power consumed (running light) 8074 ,,

Power consumed by mill ..... ...... 8964 ,, = 53 hp.

Mechanical value of discharge ... 27-57

’ ” intake ...... 20-36
Work done per unit ...... 2:21
. . . 2:21x 186
Relative mechanical efficiency per hp.... — ;3 8——6_

7

76,
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SERIES IL

Moisture Tests.— In the gecond series of tests

ta and results o
8. Data anc? / f feed, speed and

the amount of moisture was varied, and the rate o
pebble load were maintained at & constant figure.

Syamary oF TESTS.

Work Relative

Feed Rev. Meol
Pebble {proistar 3 Hp. | done per ech.
Test. per 24 Moisture.| per p. P Ffliciene
hours. Load. Min. Unit. | pe‘;‘;‘é‘:y
S [ U U SN S =
Tons. 1b. %. )
D .. 12-6 | 1200 30 41 57 2:99 691
*(E1) ... 126 | 1200 33% 41 56 2:05 GG
7 308 | 6-81

(E2) ...| 12:6 | 1200 | 863 | 41 | &
+ B ..| 1261200 | 375 | 41 | 50 | 252 0 T11
665

=1

*(E8) ...| 12:6 | 1200 | 40-0 | 41 | 57 | 801
*(B4) .| 12:6 [ 1200 | 483 | 41 | 61 | 807 | 336
*(E5) ...| 12:6 | 1200 | 463 | 41 | 60 | 297 | 624
E .| 126|120/ 500 41 | 62 | 805 | 616

*(F1) ...| 12:6 | 1200 | 53% 41 62 300 6-10

*(F2) ...| 126 | 1200 | 562 41 61 292 6-01

Fo...] 126 | 1200 | 580 4] 60 2:84 596

* Data obtained from ¢ Transition Samples.” (See p. 50.)
+ Most efficient test.
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CrusHiNG EFFICIENCY.

No. of tons crushed s
Test. Moisture. to ¢“—120" grade I;‘;izrllt;g:dof
per 24 hours. ’

Do . 30 2-93 2375
B oo, 377 2:95 235
E i, | 50 2:95 23-5
F o 58 2:97 9375

Tests ox Varistion oF MoISTURL.

In conducting these moisture tests a procedure was decided upon
which the author believes to be original.

From the tests already completed on the variation of feed, it had
been clearly proved, both by the power consumption and screen
analyses, that the mill assumed uniform conditions after a period
of about 35 minutes from the start of the test.

This fact gave rise to the following idea:—

“If the mill was run for a given time at a certain fixed moisture
until the conditions had had time to become uniform, and the
moisture was then suddenly raised to another fixed point without
stopping the mill, but allowing it to run for the same period, would
one not be justified in assuming that the samples and power
readings, taken during the transition period of the mill from one
state of normal conditions to the next, are representative of its
product caused by the amount of moisture in it at that exact
moment at which the sample was taken 2

To test this theory, samples and power readings were taken at
intervals of five minutes throughout the three tests, and the results
were most satisfactory.

It was found that whereas the mill took 80 minutes to adjust
itself after the moisture had been changed from 809 to 50 2, it took
only 12 minutes to assume uniform conditions from a change of
50 % up to 58 v/, thus indicating that the time of change was propor:-
tional to the amount of change of moisture.
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With the above fact so clearly demonstrated, it was a simple
matter to calculate what percentage of moisture the mill contained
-at the precise moment when each ¢ Transition Sample” was taken,
e.., since the first transition period was 30 minutes and five
samples were taken during that time, the corresponding percentages
of moisture would be 333 %, 362 %, 405, 481 9% and 103 %

e “moisture efficiency’” and “moisture power”’
11 be seen with what remarkable regularity the
these transition samples coincided with the
he main points obtained for the actual tests.

By glancing at th
curves (Fig. 8) it wi
points obtained from
curve drawn through t
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. YH;arvlc; the a.doptiop of this method was more than justified, as it
z1:1\do t\h e both. a considerable economy of material, time and lz;bour
nd the obta{nlng of a number of “moisture efficiencies ” whi l:;
would otherwise have been impossible. e
poiibzis ::aéxﬁfl(? of the practical utility of this method, it should be
aln curves for a tube-mill, f ich tt ici
’ : , from which the effic
Z,(r)lumpﬁzvzlb ta? any percentage of moisture from say 209 to 1(;[(1)0‘;
ained by simply running a continuous test of (:;l hourso
) )
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assuming that the mill takes 80 to 85 minutes to run uniformly,
and changing the moisture by increases of 20 % at intervals of
50 minutes.

By examining the curves of Fig. 8 it will be seen how astonish-
ingly the efficiency curve culminates at a point with a moisture of
87-79%. Above and below this point the efficiency curve decreases,
first sharply and then gradually. It is also a notable fact that the
“moisture power” curve is practically the ¢ efficiency” curve

inverted.
[ - - —_———
! L ,
25 - A
i R, ,’/ : A\ /
20 = AN . — N\ /
/’ 7\\\\ // / /, \\ /,f
13—\ AN\ i
7 \ /
10 A ——} /1
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|2 . e S
g 2 Test “D- L Test "B,
[
£ T I T T
» ! ‘ | ! ! {
Sas A —_— -
Q - | - /i
20 A ,/ f L /r\‘ ﬁ/
}/7\' \\\ / ' ' | i/ \\ 7/
5 Yy i [ ¥ N /
ar [N\
/II ! AN 1
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/ 'I/ | | ————
5 / 4 | :
/A kpn V 7 . o
e Test['E: by Test'F
20 30 50 80 /20 200 -200 20 30 50 80 /20 200 -200
Mesh.
Fic. 4.

The work done per unit varies somewhat with the percentages of
moisture, which range from 80 % to 58 %, but the hp. drops
sharply to a minimum, then rises, first almost perpendicularly and
then gradually, until after a moisture of 52 % has been passed, when
it starts to descend rather sharply again.

From the symmetry of the curve it seems certain that a moisture
of 877 % is the most efficient one for the mill under consideration,
and it coincides very closely with the critical point of 35-19 found
by Mr. Walter Neal, and that of 885 % found by Mr. G. O. Smart.
A comparison of the three results will be taken up later.
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Tests «D,” «E7 and F.” (Fe. 1)

Constant feed.......ooovvaerrenneees 126 tons per 24 hours.
Constant pebble 10ad......ccvvreee: 1200 1b.
Varying moisture «.....oooeseeeess 809 (Test “D”).

»  eereressenenes 509 ( 5 “I7)

» by eeemeareeeeeeeees 58% (5 “I7).
Total time t0 LUD veuvvuveearsereens 2% hours.

Feed Test:—

Diam. of cone aperture ......... 3 in.

Weight of sand for 10 min. run 105 1b.
Calculated charge for 2% hours 2625 1b.

Actual charge used ..........eeeee 2657
DiIfferenCe ovueererrrsarsorsasanans 32 lb.
Hence capacity of mill............ 12-6 tons per 24 hours.

Moisture TEsTS.

Remarks. | Notch. : Wt. Water. Time. Percentage.
Before run ......... 142 2?(5 : m})n. , 30 ;
After . 1-42 455 5 | 30
Before ,, ......... 185 \‘ 875 5 50
After e, 185 1404 |8 50
Before ,,  ..oininl 2-10 122-0 | 5 H8

After  ,,  ..o.... . L i .
.20 | 1280 | 55
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Tesr «D.” (Fe. 4.)

31

Moisture...o.vueuevennrennns 30 %.
Feed .ivveiivninnininaninnnns 12-6 tons per 24 hours.
Pebble load ............... 1200 1b.
Rev. per min................ 41,
Length of test ............ 50 minutes.
g Intake. Discharge.
Screen. -
| Grading Analysis. Grading Anpalysis.
—— _ R
20 } 12:5 1-0
30 | 19-0 50
50 i 205 14:5
80 185 225
120 i 105 14.5
200 95 14-0
—200 95 28+5
ToraL ...... 1000 | 100:0
ErrFiciency.
Capacity of mill ..eoeveverennen..en.. 126 tons per 24 hours.
Total power required ............ 7260 watts.
Power required (running light) 83007 ,,
Power consumed by mill ............ 12583 ,, = 57 hp.
Mechanical value of discharge... 2333
” ,, Intake ...... 20-34
Work done per unit ...... 299
2_'99 X 12:6

Relative mechanical efficiency per hp....

517

= 6-61.
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Test “E.” (Fie. 4.)

MoiSEULE vevvvvvnininiiiianas 50 %. .
Feed .ooooovivviiiiiiiiniiins 12-6 tons per 21 hours.
Pebble load........ccvvveennenn 1200.1b.
Lengthofrun.................. 50 minutes.
Rev. per min. ....c.cceenenenenn 41,
Intake. ‘ Discharge.
Screen. - - - *_ I
Grading Analysis. Grading Analysis.
20 125 | 05
30 200 ', (5
50 21-0 .‘ 150
80 | 185 * 225
120 95 155
200 90 | 150
~200 5 ! 27:0
ToraL ...... 100-0 100.0
Errrciexcy,
Capacity of mill ....................._ 126 tons per 24 hours.
Total power required ............. . 7776 watts.

Power required (running light)... 3134

Power consumed by mill ..,........ 1642, = @9 hp.
Mechanigal value of discharge ... 23-30
» »  intake ...... 20-27
Work done per unit ... 3:03

Relative mechanical efficiency per hp.... 308 x12-6 18,

6-2 -
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Test “F.”

33

Moisture .........ooveeeinennnnn. 58 9%.
Feed.ooooooviiiiiii, 12-6 tons per 24 hours.
Pebbleload ..................... 1200 1b.
Length of run.................. 50 miinutes.
Rev. per min. .....c.oovnennn. 11.
Intake. Discharge.
Screen. - T T T T T
Grading Analysis. Grading Analysis.
20 115 10
30 21-5 55
50 21'5 155
80 185 235
120 95 145
200 85 145
— 200 90 255
ToTaL ...... 100-0 100-0
Erriciexcy.
Capacity of mill ...l 126 tons per 24 hours.
Total power consumed .................. T779 watts.
Total power required (running light) 3260 ,,
Power consumed by mill .................. 4519 ,, =60hp.
Mechanical value of discharge ...... 2307
” ’ intake............ 20-23
Work done per unit ............ 2:81
. . . 2:84 x 126
ielutive mechanical cfliciency per hp.......... —“6)?0 " = 5°96.



9. Data and results of Pebble Load Tvsts.-
tests the amount of the pebble loa
moisture, rate of feed and speed were main

SERIES IIL.
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_In the third series of
d wag varied, and the degree of
tained at a constant

figure.
Summary oF TESTS.
Feed Rev. | Work " Relative
Test.  per 24 Pebble | yoicture, | por | Hp. | dome per |y iech
- | o per hp
Tons : 1b. % ’ !
B 3 12:6 | 1200 (3) 88 41 51 | 282 | 702
! I
*G 12:6 ' 900 (§) 38 41 19 275 707
196 1500 (8) | 88 | 41 | 69 ‘ 381 604
* Most efficient.
CRUSHING EFFICIENCY.
No. of tons cr
Test Pebble Load. t(()) uo_ lg%gxslglizlaeed Pereentage of
per 24 houts. Total Feed.
B ... o
1200 1b. 2:75 99
(¢ IV 900 |
3 2'65 ! 21
H..... 1500
”» 340 ! 27
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Pebble Load in 1b.
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In this series three tests were run, the volume occupicd by t‘};]“
bbles being respectively &, % and § of the total volm.me of the 1'111 .
peContrarv to expectations it was found that the effic ;-nl(:y ob_i;uned
1 1 tal volume of the mill was

i le volumes of £ and % of the to nill was
:'Y:f;] If:;gyet‘he same, ansd with an increase of pebbles the cfticiency

dropped rapidly. The most efficient load used was the smalless
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one; the conclusion obtained from the “efficiency "’ curve was that
the most efficient pebble load would be abous 1050 1b. = 7 of
the mill volume (Fig. 5).

Considering the crushing efficiency only of the different loads,
the heaviest load gives by far the highest efficiency, which would
seem to coincide with modern practice where 06 of the mill volume
is generally occupied by the pebbles.
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Tesr «G.” (Fig. 6.)

Pebble load .........ccevvnnennns 900 1b. = $ volume.
Feed....ovovvieiiiiiiiil, 12-6 tons per 24 hours.
MoISEUre .veeviviveienninianinns 877 %.
Rev. per min. .......ocoueeel. 41,
Time of test  ......cccovenennn. 60 minutes.
Intake. Discharge.
Screen. — — !
Grading Analysis. Grading Analysis.
20 12-0 1-0
30 21-0 60
50 215 | 17-0
80 : 185 23-5
120 95 185
200 85 130
—200 90 26-0
Total 100-0 100-0
Erriciexcy.

Capacity of mill ..........................”” 126 tons per 24 hours,
Total power required .................. 6612 waitts. e
Power required (running light) ...... 2950 ,, e

Power consumed by mill .................. 3662 , = 49 hp.
Mechanical value of discharge......... 23-01

” » Intake............ 20-26
Work done per unit ... 2:75
. . L 275 x 12:6 .
* Relative mechanical efficiency per hp............. — x— = T7-07.
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Test «H.” (Fig. 6.)
Pebble 10ad ...ocvvereeneennee 1500 1b. = § volume.
TFeed vovnvrinereninninriaeeens 12+6 tons per 21 howrs.
MoISEUTE ©vvevnernrrneeianns 877 %
Rev. per min. ..oooeveeeiennn 41. '
Time of test ......coceenee 50 minutes
‘ Intake. ' Discharge.
Screen. — —
Grading Analysis ' Grading Analysis.
P R - ‘ -
20 120 i
80 200 80
50 220 ; 140
!
&0 1 190 | 225
120 100 : 15.0
200 ‘ 8:0 14-0
—200 | 90 1 80'5
ToraL......... 1000 100-0
|
Errciency.
Capacity of mill...........cooovvvvvnvnnnn... 12:6 tons per 24 hours.
Total power consumed .................. 7910 watts.
Power consumed (running light) ...... 2733
Power con_sumed by mill .................. 5177 ,, = 69 hp.
Mechanical value of discharge......... 23-49
”» »  intake........... 20-18
Work done per uni......... 3-31
3-31x12:6

— = 604..

eeriea.

Relative mechanical efficiency per hp
69
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SERIES IV.

10.—Data and results of Speed Tests—In the fourth series of
tests, the speed was varied, and the degree of moisture, rate of
feed and amount of pebble load were maintained at a constant figure.

Summary or Tests.

Work [ Rel.
Feed per| popple . Rev done | Mech.
Test. 2{1’11‘ zlgg)rs Load. Moumre.l '2” If‘er Hp. per  Eff. per
| ’ l | Unit. ' Hp.
T 72 1200 38 % 38 6-8 119 | 443
“Q 72 1200 359 37 51 ' 417 5'89
Pl 72 | 1200 88% 41 ‘ 63 389 445
S ... 72 | 1200 88% 46 | 75 403 = 887
| '
]
Crusming LFricIENCY.
_ No. of tons crushed |Percentage Peripheral
Test. Rei;;'i]?el . to *“—120"" grade of speed
’ per 24 hours. total feed. . per min.
T o, ] 33 215 34 | 297 ft.
Q) et B 259 85 | 333,
P oo ‘ 41 2-27 315 | 869 ,,
S i i 46 | 2:48 345 1 414 ,,

* Most efficient.
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In these tests the number of revolutions of the tube-mtlli wa,s;
varied by altering the position of the brushes on the commutator o
is i i ing its speed.
tor, this increasing or decreasmg} . ( .

th?I‘rhjleoresult obtained is interesting, as 1t 18 plulmbly ptum ;] ih&f ]b;;}'
in. i i for the laboratory tube-mill.

‘ev. per min. is the most efficient speed |
le‘{pma‘rked coincidencée is revealed by th.e fe.a.ct. that the power
required to drive the mill at 88 rev. per min. 18 ]us.t 05 k}ll'll).tm:);e
than that required to drive it at 41 rev. per mln‘. ‘whils (la
“efficiency ” in each case is practically the same. This indicate
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‘% //T | \ &/ *‘Pi 1’ I 58 1
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39 “\ ; ——1 *"‘gé‘:‘ 5
37 “/ T S

—-33-Revolutions —37 — per &l — minute.- q6 —

—297-Peripheral- 333- speed in ft.- 369 - per minute.— 4IQ
Fie. 7.

that a speed between these two would be the most efficient. How
well this was actually borne out is shown by both the efficiency and
power curves (Fig. 7).

Whilst the power decreased by about. 229, the efficiency is
increased by 82, thus the grinding itself must be more efficient,
which is again proved by the crushing diagrams (Fig. 8). On
running a further test at a speed of 46 rev. per min. it was found
that the power had perceptibly increased, thus bringing the efficiency
lower still. As regards the crushing done at thig speed, it is slightly

better than at 41 rev. per min., but not enough to counterbalance the
extra quantity of power needed.
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Test “Q.” (T1e. 8.)
Rev. per min. .....c.ocvuvnnnes 37.
Feed.l? ............................ 7-2 tons per 21 hours.
MOISEULE weverveenenenririnennanes 38 9.
Pebbleload .......cevvvnennines 1200‘1b.
Length of test.....o..vvvnvinnes 45 minutes.
! Intake. l Discharge.
Screen. - ‘ T
Grading Analysis. ‘ Grading Analysis.
20 180 4 05
30 J 200 2:0
50 215 85
80 185 195
120 85 14:5
200 10 165
—200 145 385
Torar 100-0 i 100-0
Erricie~cy.
‘Capacity of mill ........................ 72 tons per 24 hours.
Total power consumed ........... 6969 watts.
Power consumsd (running light) 8178
Power con.sumed by mill ............ 3791, = 51 hp.
Mechanical value of discharge ... 24-38
» s inlet ... 20-21
Work done per wnit ... 417
Relative mechanieal efficiency per hyp.... ﬁx‘7 2 = 589,
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Tesr 8.7 (Fie.8.)

Rev. per min. ............... ... 46.
Feed..oooiiiiiiiii . 7'2 tons per 24 hours.
Moisture ...ocoveveiniiiiiinnnn, 389,
Pebble load ..................ell 1200 1b.
Length of test.................. 60 minutes.
Intake. Discharge.
Screen. - -
Grading Analysis. Grading Analysis.
20 140 05
30 205 25
50 215 95
80 18:0 205
120 65 145
200 100 165
—200 95 360
Total . 100-0 ‘ 100-0
Erriciexcy.
Capacity of mill .............oeiniis 7-2 tons per 24 hours.
Total power consumed ............ 9451 watts.

Power consumed (running light) 8834

Power consumed by mill ............ 5617 ,, = T hp.
Mechanical value of discharge ... 24:12
’ ’ intake ...... 20-09
Work done per unit ......... 4-03

Relative mechanical efficiency per hp........ el F
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Trst «T.” (Fig. 8.
RevV. Per Ml wsreverrenrerenses 33.
F:Zd}.) ............................ 72 tons per 24 hours.
MoiStUTe weevvenrrsvrernmcurenses 38 %.
Pobble load ......vvereaeueecanss 1200 .lb.
Length of test .......cccoeeee 60 minutes. '
Intake. Discharge.
Screen. - —
Grading Analysis. Grading Analysis.
20 185 05
30 195 20
50 210 ‘ 9.0
80 185 180
120 65 150
200 11°5 170
—200 95 855
Total 1000 ‘ 100-0
Erriciexoy.

Capacity of mill
Total power consumed

1 2

Power consumed by mill

” 9 int&ke

Work done per unit

Relative mechanical efficiency per hp. ...

(running light)

Mechanical value of discharge

7-2 tons per 24 hours.
9081 watts.
4034

2}

» =68 hp.

419
7_-2><4-19

6.8 4-43.



GENLERAL SUMMARY OF TESTS.

| Rev . . Feed. Work
1 Pebble Pebble * | Peripheral Moisture. : 1900 .
fomerbe, e | lona. |l B speedmin. T TR e e
1b. | i 1
P 1200 05 41 | 369 ft. | 380 72 68 \ 889 | 227
|
( c | 1200 f 05 41 | 369 ,, 880 96 50 1 836 | 234
! | ] ! ‘
B 11200 ' 05 11 369 ,, 380 | 126 51 . 282 295
Feed tests « i ! | i
0 1200 | 05 11 | 369 ,, 380 | 144 ' 56 | 291 | 331
' i 1 i ; !
‘ *A 1200 | 05 41 | 869 ,, 35-0 } 186 58 | 258 396
i ' I
R ' 1200 05 41 | 869 ,, 380 ¢ 230 66 | 209 | 379
D ‘ 1200 05 41 | 369 ft 30-0 126 | 57 2:99 2:98
: ‘ ; !
. y “T 11200 05 11 | 869 ,, 377 126 50 | 282 2:95
Motsture z _ !
tests | g 1900 | 05 a1 1869, 500 126 ! 62 | 805 295
, |
{ F 1200 t 05 41 ‘ 369 ,, 580 12:6 60 2-84 2:97
|: _ ! o . - _ ! _
' r ‘ |
(“G 900 | 0BT 41 | 869 L - N0 126 49 975 265
. } ! !
Pebble 15 1200 | 050 41 369, 880 126 51 | 282 | 278
load tests 1. : | : |
1500 | 068 41 869 ,, 880 126 69 381 | 840
|
T 1200 05 33 J 297 ft. 880 72 68 419 | 245
() 1200 05 37 | 888, 550 72 51 417 2:59
Speed tests ;
P 1200 o5 | 41 | 369 ,, 380 72 63 3-89 | 297
' ;
oS 1200 05 16 414, 580 7-2 75 408 . 248

|

Net output Rel.mech.

|
|
|
|
|
|

eff. per
hp.

4-45

645
7-02
748
8§29
7-28

* Most efficient test of series.
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Feep Tests.

From the results obtained it was found that a feed of 18 tons per
24 hours is the most efficient one for the laboratory mill, any larger
feed apparently causing the crushing efficiency, as well as the
relative mechanical efficiency, to decrease.

This is a most interesting point, as a critical feed is indicated,
above which it seems probable that the fine grinding properties of
the mill decrease in proportion approximately to the increase of
feed.

Fig. 2 (Series I), p. 16, shows that with a feed of 23 tons per
24 hours, only 8:79 tons of “— 120 grade” per 24 hours were obtained,
whereas the same fine grade output would be obtained by crushing
only 13 tons through a similar period; this fact shows that the
““ critical feed ”’ has been passed between these two amounts.

The theory of a ¢ critical feed” may have an important bearing
on modern practice, as it would seem that more efficient working,
with a greater output of ¢ slimes,” would be obtained if a smaller
teed were used.

In South Africa the tendency at present is to increase the feed in
the 51 ft. by 22 ft. mills, and although they are now feeding at the
rate of 400 tons per 24 hours, the belief is held that even heavier
teeds would result in increased grinding.

The above results show the danger of carrying this too far.

Using these figures as a basis and roughly calculating the feed
for the laboratory mill, it appears that a feed of about 25 tons per
24 hours should result in more grinding than with a smaller fecd,
whereas the experimental results obtained in these tests indicate
that this feed is less efficient than a smaller feed and that the most
efficient feed for this mill approximates 18 tons in 24 hours.

Admitting the discrepancy of comparing two mills differing o
radically as to size, it is at least of interest to note that, if any
analogy can be drawn, the indications are that the South African
mills are overfed and that a feed of about 300 tons instead of
400 tons per 24 hours might result in both increased grinding and
efficiency.

Moisture TEsTs.

The outstanding feature of these tests is the great efficiency of
37-7 % moisture over all others. This fact coincides remarkably
well with tests carried on in other parts of the world.

In those condncted by Walter Neal,* his results seem to prove the

= Min. & Seci. Press, April 2nd, 1910,
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fact that the ideal dilution is in the neighbourhood. (?f 34 % .1110",5"1“‘".“*
although he inclines to the belief that this “eritical point” will
varv with the nature and size of the mill.
a,utimr’s tests tend to disprove this belief. ’

Sherrod, experimenting with tube-mills at the Giuerrero M.lll,
Real del Monte, finds that the « grinding efficiency ” increases with
the percentage of solids in feed up to about 55 or 60, iy 19 10%
moisture. .

G. O. Smart* claims that in the tests carried out on the Rand he
has found that 88-5% moisture is the most efficient, whilst H. W, l'ox!
has discovered that, taking the power consumed in conj unction with
the * fine grinding,” the most efficient moisture would be 396 %.

It will be noticed that all these critical points are from 1% to 2%
higher than the one found by the author, but thiz seems to he
explained by the fact that the sands used, being 18 mesh, were of a
finer nature than those commonly used in practice.

Regarding this critical moisture point, it hax been suggested by
Professor J. W. Bellt that it depends upon the percentage of voids
in sand, and that in all probability when the percentage of moisture
is numerically equal to the percentage of voids in the sand inside
the mill, the moisture is “ critical.”

This theoryis of interest in that it indicates that =and-feeds with
higher or lower percentages of voids may have higher or lower
critical moistures.

Comparison of Moisture Curves.—In the appended set of curves,
Fig. 9 is the “moisture efficiency” curve of Neal, I'ig. 10 that of
Fox, and Fig. 11 that of the author. It will be noticed that in all
three a peak occurs at some point between 87 % and 40 % moisture.

It is somewhat difficult to draw comparisons between the curves,
for in Fig. 11 the power plays an important part in the calculation
of the efficiency, whereas in the first two it is neglected.

The power curves in Figs. 10 and 11 both have the peculiarity of
an inverted peak at the critical point, followed by a gradual rise until
]uSt' p&st.50 % moisture ; from this point in Tig. 10 it follows a
straight line, while in Fig. 11 it gradually drops.

‘ The .sgcond interesting feature of these tests was the use of the
t‘hilllfllslz)fg?n S;EEIQS ” for (;btiining intgrmedia.te moisture eﬁ.iciency
ntmber o.f o &ppe‘z‘wrs 0 be a,?racticable method of obtaining a.

points of “efficiency ” and “power ” at various inter-

The results of the

* JI. of Chem., Met. & Min. Soc. of S.d., May 10th, 1910
t Mines and Minerals, June, 1908,
t Mining Magazine, April, 1911.
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Peseie Loap Tests.

The result from these tests indicated that the most efficient
pebble load is about 7% of volume of mill (or for this mill 1030 1b.),
whereas, disregarding power, the most effectual « crushing load ”’ is
about 0'6 of the volume which corresponds to present Rand
practice.

Whether is would pay to sacrifice power and gain fine grinding,

or vice rersa, would, of course, depend upon the conditions of the
plant.
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SpeEp TEsTs.

These tests were most interesting, as they proved rather con-
clusively that 87 rev. per min., at a peripheral speed of 333 ft. per
minute, was the most efficient, both in relative mechanical efficiency
and grinding efficiency, thus demonstrating that at that speed the
grinding was decidedly better, and the power required less.

It was seen that if this speed of 37 rev. per min. 1s exceeded or
decreased the crushing effect of the pebbles is much reduced, while
the power necessary to drive the mill is increased.

In connection with this efficient speed, it is interesting to
compare it with that obtained from various fermule.

. . . . 800, . .
Davidson gives as the best practical speed N == — in in., whilst

v D
. . . 8422
White derives a formula N = = in metres. (N = Speed, D =
v
diam. of mill). Richards gives 38 rev. per min. as the best speed.

The results are set forth in the following table :—
Davidson. Whire. Richards. By experiment.
34 39 58 37
Thus the result obtained from actual experiment corresponds
verv closely to the mean of these results.

GuNeraL CoxcLrsiovs,

In connection with the curves obtained from the different tests,
it is the author’s belief that there is a possibility of deducing from
them the probable results that would be derived by running the
mill under different conditions.

An example of this was shown in the feed tests, where the
probable data for Test “ A" was deduced from the curves of Test «“ B’
(Fig. 2. p. 16).

The conclusion from this theory appears rather startling, for it
seems that if one complete set of tests was run with a constant feed,
the other factors being varied and the respective curves obtained,
one would be able to deduce from them all the necessary inform-
ation regarding any feed, provided that one test at that particular
feed had been previously carried out.

As a case in point 1t was desired to know what the relative
“mechanical efficiency” for a feed of 7-2 tons per 24 hours would be,
with a moisture of 35 %, speed of 57 rev. per min. and pebble
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5 i istur ine already been ruun on
volume 03, a test with 38 9 moisture having

this feed. The “moisture efficiency "’ curve for Test *« B (Ig. 2)
was used, and the following data extracted :—

Moisture Feed. Tfficiency. Diftevence.
38% 12-6 7'0% ] -
359% T2 445 + 027
55 % 12:6 675 )

359 7 x
% 027 145

Hence =~ X 702 = 018
- = 445 — 0.18 = 1.27.
Bv actual experiment (see Test « U™ in the Appendix) the
o eféciency » wags found to be 482, & difference of 1:19% helween the
theoretical and the actual result.

TRANSITION SAMILIN.

The caleulation of intermediate points of efficicney by the
method of the transition samples and power readings is of
oreat interest (p. 28), as the efficiency and power required can be
found for any intermediate point of moisture, teed, etc., hetween
the limits of any two tests.

Period required by nill for uniform conditions.

This period was found with great accuracy by means of nine
tests, the time required being checked by both power readings and
sereen analyses.

The more important features disclosed in this investigation may
be summed up as follows :—

(1) The determination of a rate of feed, which il increased or
decreased caused the efficiency of the mill to diminish in & narked
manner, and consequently may be defined as a critical feed rate.

(2) The determination of a well-defined eritical percentage of
moisture in the feed.

(8) The determination of a critical speed for the laboratory mill
(34 in. in diam.).

(4) The determination of a critical pebble load for this mill.

(5) The determination of the length of time required by the mill
to assume a uniform condition following a change in adjustment.
This is defined as the ¢ transition period” of the mill.

(6) The substantial corroboration of the author’s hypothesis that
samples and power observations taken at intervals during the
trgnsit-ion period may be used to determine the efficiency of the
mill for the calculated conditions at the times the samples were
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taken. These samples were called ¢ transition samples” in contra-
distinction to ““normal ” samples taken after the mill has assumed
a uniform condition.

(7} A method by which the data and curves obtained in one
series of tests may be transposed and applied, as far as possible, for
the purpose of securing further light on the phenomena disclosed
by a second series.

From the foregoing results the writer was led to speculate on the
probable result of a test which would combine the four critical
adjustments determined in the tests already carried out.

These tests indicated that the laboratory mill worked most
efficiently under the following conditions :—

(a) Critical feed ........................ 15 tons per 24 hours.

(b) »  moisture..................... 377 %.
(c) .. pebbleload ............... 1030 1b.
(d) v speed Lo 37 rev. per min.

Although the time remaining was very short, a successful effort
was made and a test with the above critical factors was carried out
giving results which surpassed expectations.

The relative mechanical efficiency disclosed by this test was
found to be 8:82, a result which corroborates the previous work in a
very striking manner when it is considered that this figure represents
a fourteen per cent. (14%) increase in efficiency above the highest
efficiency found in any of the previous tests. (l'or details of thix
test see Test «“V 7 in Appendix.)

In conclusion, it 1s the author’s pleasant duty to acknowledge
his indebtedness to the Mining Department of McGill University,
and in particular to Dr. J. DBonsall Porter, the Divector, and
Mr. J. W. Bell, Assistant Professor of Mining, whose foresight and
advice proved of material assistance throughout the investigations.
His thanks are also due to Messrs. G. S. Eldridge and D. T. S.
Wunsch and the Laboratory Staff, for their greatly appreciated
practical help during the progress of the work.
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APPENDIX.

Tesr “U."

MOISEULE +.evvveinerennnns e 859,

Feed .ooccoiviiiiiiniiis 7°2 tons per 24 hours.
Pebble load............ooceeeen. 1200 1b.

Rev. per min. .........ooeents 41.

Length of tesb.................. 50 minutes.

GRADING ANALYSFES.

[ Intake. ! Discharge.
Screen. - - - -
C. Tl and /2. U3 and U4.
| ‘ —
20 | 1600 | 025 025
30 ! 21:50 ‘ 2:00 ‘ 2:00
J
50 21-00 5:00 850
80 ; 16-00 16:50 | 16:75
120 875 1475 14-00
200 6:50 17-25 17:50
—200 1025 40-75 41-00
LOSS — 050
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MEecaanicanL VaLuEs.

Mechanical Intake. Discharge.
Screen. Value of
Mean Grade. C. Uland U2. | U3and U4.
S o |
20 15 , 240 004 | 0-:04
30 17 366 | 034 . o84
) . |
50 19 399 | 152 | 161
80 21 | 386 347 352
120 23 2:02 389 | 322
200 25 1:62 4-32 1-38
-200 28 2-87 11-41 11-48
Loss correction - — i — 0-12 —
I
Mechanical value of Sample 1992 |, 2461 24-59
Errrciexcy.
Capacity of mill ..................c... 7-2 tons per 24 hours.
Total power consumed ............ 8750 watts.
Power consumed (running light) 2960 ,,
5790 ,, = T8 hp.
Mechaniecal value of discharge ...... 24-60
' ' intake ......... 19-92
Work done per unit ...... 4-68
: . . 4, -2
Relative mechanical efficiency per hp....... 6%_);7 - = 432

Efficiency computed from moisture curve ............... 4-27.
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Test “V.”

Aill running under its most efficient conditions.
Feed..o.oovivvnnees 18 tons per 24 hours.
Moisture ......... 377 %. )

Speed ...oooeiinnt 87 rev. per min.

Pebble Lioad ... 1080 1b.

i Intake. / ‘Digcharge.
\[echamcal
} e T T iiochanioal | 1 Mechanical
Sereen. of Mean . Grading | A genanica Grading ™. lue of
l Grade. ? Analysis. : ‘If:}::;;;.f i Analysis. h?t;l:ﬁfg
—_ ' 1 - . |
’ / E.U ! ‘}’ | BT
Mech. EU. ¢ % U o ‘ -
%0 15 | 1425 914 175 0-27
50 17 2250 382 | 900 | 133
: I
019 BT 151 } 920:50 197
80 | } 1850 ; 389 . 2475 519
| | ‘
120 28 | 900 | 207 i 1850 311
200 | 2 650 | 162 | 1025 - 250
~200 28 550 | 154 ; 1825 511
, !
Loss Correctloni — — l —_ | — —=
Mech. Value ‘ — 100:00 1959 100-00 22:04
|
Erriciency.
Capacity of mill ..................... 18 tons per 24 hours.
Total power consumed............ 6488 watts.
Power consumed (running light) 2772,
Power consumed by mill ....... e 8701 » = 50 hp,
Mechanical value of discharge... 22-04
» » intake ...... 19-59
Work done péf u‘nit ......... 2;‘15
Relative mechanical efficiency per hyp.... 2%§—X 18 = 882,

50
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Suvasry oF Power Tests on MiLL.

Load. ( Horse Power. Sta.rtinép'%‘orque. ‘ Vol. of Mill.
Running Light ! 1-3 : — —
Ib. J
900 , 14 11-3 0375
1200 j 19 152 0:500
| 166 0.625

1500 53

i

By comparison of the above summary with Figs. 12 and 13,
it will be seen how uniformly the power increases with increase of
pebbles. N

Figs. 14 and 15 are those obtained by the calibration of the
cone orifices and water cock.
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| 7 ‘ T
.7 .
i} . ]
v T * T —
VA [ | !
a2 j I
! 2 3 q 5 10 12 9 16
Horse-power (4/rev.p.m,)
Fig. 12. Fie. 13.

Fig. 16 is interesting as it shows the growth of power required by
the mill as feed is introduced, the power finally being less with full
feed than with pebble load only. The lubricating action of the
pulp on the pebbles is thus clearly shown.
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“nepheline syenite” resulted

A microscopic examination of the

as follows :—

Intergrown in a little “plagioclase.” Much

Orthoclase.. ......

altered in parts to sericite and kaolin.

Trace.
Deep green.

Elzolite

Hornblende ......

Very irregular. Large brown grains.
Pale yellow—abundant in lar

Garnet ............

ge asicular

Sphene ............

crystals.
A few very small grains.

Badly altered in calcite.

A few grains.

Zirion

Nosean ........

Apatite ............
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Pounds (1b.) of Pulp (33% water, 67%sand).
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600

500

400

P [ LOAD.
7! 33 /b
78 88
ol /32

i
300 7| 176

617 | 262
617 | 398
5:90| 834

551 526
551 | 606

200
/

Note:4 This curve iflustrates Power
from np load to full load. /
7
°

Pebblg load =|I500 /b

"

100

55 56 57 5-8 5-9 6-0 61

Horse-power:

Fic. 16.
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Intrcduction.

The investigation on tube milling, the results of which are
embodieé in this paper, is & continuation of the work done by
Mr. H. Standish Ball at McGill University in 1911. Mr. Bell's
thesis was presented for the Master of Science degree &t #¥cGill, and
the author of this paper will not deal with the introductcry matter
pertaining to the subject, as this can be obtained by reference to
Mr. Ball's work. This introduction includes a summary of the
practice'of tube milling and the general theories of rock crushing.
In all his tests he used the methed of efficiency calculaticn prepared
by H. Stadler®, and that method has also been used throughout this
paper.

M~v- Ball cerried out four series of tests to determine the most
efficient conditions for the operation of the tube mill in the.
laboratory. Tne factors which he took account of were the rate of
feed, the percentage of moisture in the feed, the pebble load and the
speed of revolution. He concluded that for each of these factcrs
there was & critical point at which the most effiéient work was done,
and he believed that he hed discovered these points for the laboratory

mill in question. His conclusions will be discuesed at length later

% Trans. I.M.M., Vol. J9



in this paper in connection with the work done by the author.

Scope of the Investigation.

It is the intention of the Mining Depertment at McGill to
make & thorough investigation of tube milling, as far as it is
possible to do so with the equipment which they possess. The work
done by Mr. Ball and the author comprises a part of this research,
and the experiments made this year were along the following lines:-~

(1) Investigation on the Rate of Feed.
(2) " " " Percentage of Moisture in the Feed.
(a) At constant speed.
(b) With varying speeds.
(c) With varying size of feed.
(3) " " " Speed of Revolution.
(4) " " " Size of Feed.

Tests were made on the first three of these points, as it was
considered advisable to supplement and check the work that had been
previously done. In addition to this & beginning was made on the

fourth point, and while it would have been desirable to have made a

more complete investigation of this factor it was not possible to do

so under the conditions.

Preparetion of the Material for the Tests.

It was unfortunate that the laboratory was not able to procure

the same kind of rock with which the former tests had been made, viz.,



nepheline syenite, and this fact must be noted in a comparison of the
present results with those obtained in the previous work. The rock
used this year was & tinguaite and it is an entirely different type
of rock from the syenite.

The preparation of the rock invelved a not inconsiderable
amount of labour and time, it having to be selected at the qQuarries,
transported to the College and crushed to about 13" in a Comet |
crusher,

It was then crushed in & 5 stamp mill (600 pound stsmps), the

battery screen being changed to give the different sizes of sand

used in the tests. The pulp was classified in a Bell conical

classifying feeder, and the sands were dried on a steam dryiné table.
Owing to the fact that the work with the tube mill was not

started till the College session was more than half finished, it

was not possible to prepare g2l the materisl at one time. On this

account slight but appreciable variations will be found in sands

which should, presumably, be the same. These variations, however,

while undesirable are not sufficiently great to vitiate the results.
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Description of tube 1i1ll and =ccessory asmaratus.
The tube mill was obtained by modifying a discarded
chlorination bvarrel in the Laboratorv workshons as follows:-

The lead lining was removed, the trunnions bored out and the
interior of the mill was thoroughly scoured out by rotating a
charge of dry sand and pebbles, The mill was then comnpletely
lined with silex blocks 8" x 4" x 2-1/2" in thickness set in a
special ceuernt. A1l of this material was obtained by Dr. Porter
as a donation from The Cyanide Plant Suwi:ly Co, of London, Eng,

Flanges were then fastened at the feed, discharge ,h
and manhole openings to strengthen the lining at these noints and
a perforated steel screen of ample size was placed over the dis-
charge opening.

With the lining in »nlace, the inside dimensions of

the mill are as follows:—

Diameter————— 34", Length————— 42", Volume———— 22 cu, ft.
To protect the flange at the manhole and to cover

the owvening, an inside stcel cover plate-curved to the inside

diameter of the lining- was used. To this inside cover two bolts

are fastened which pass through corresponding openings in the out-
side manhole cover. Means are provided for holding the inside
cover in wlace while putting on the outside cover, the two being
drawn together by tightening two nuts, A gasket under the out-
side cover effectually prevents any leakage,

The chain and sprocket mill drive was designed by

Dr. Porter, the driven sprocket being fastened to the tube mill
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shell in sections. The driving sprocket is situated on a
countershaft which is started and stonwed by means of a belt and
belt tightener,

The feeder was devised by Prof. Bell to su.sly the
need for a simnle form of laboratory feeder capable of delivering
dry sand uniformly at any desired rate. It is in effect, simply
a very large hour glass, the regularity of the flow denending on
the faét that the weight of a i:ass of sand in a cone is almost
entirely carried on the sides of the cone, conseguently the sand
is discharged at a constant rate whether there is only a few inches
or several feet of sand over the discharge opening. This feeder
was ;ater developed by Prof. Rell into a combined classifier and
feeder in which the settled sands are discharged as quicksands
containing from %0% to 40% water but at his suozestion the original
form is used in the tube mill tests for the following reasons:-—

(a) the rate of flow of dry sand of a given character through
a given orifice is almost exactly constant,

(b) by simnly adding water in the required amount, pulp of
any desired thickness is readily obtainable,

(c) the feed rate and pulp thickness can therefore be easily
regulated and maintained with great uniformity throughout each test.

The sand discharged by the feeder falls into an
inelined lsunder where it encounters a water flow regulated to give
the required pulp consistency. The water is drawn from a tank
provided with an overflow »nipe and a slight overflow is maintained.
to keep the pressure constant, Regulation of the water flow is

efiected by means of a graduated cock. The ineclined launder
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delivers the nartially nixed sand and water to a sm:all houowr
fastened to the tube mill standsr- s where it is piecked unp by a
revolving spiral scocp which discharges into the feed trunnion.

A complete mixture of the water and sand is effected in the spiral
feed nhopper but on account of the incomeolete mix in the inelined
launder it is necessary to constantly scrape the sides to prevent
the growth of accretions of damp (very stieky) sand. Prof. Bell
has tried a nﬁmber of modifications of this launder in an endeavour
to effect complete mixture in the launder but the present form has
proved to be the most =atisfactory of all of those tried,

| However Mr. Arthur Hannington upon whom not in-
frequently devolved the rather tedious duty of keeping the launder
clear, discoveredé that by lightly tapping it with the scraper the
difficulty was entirely overcome)thus affording additional »nroof
of the relation between necessity and invention, It seems very
probable that by mechanically vibrating this launder a complete
tube mill experiment could be readily carried out by two iuen
whereas at present three are required,
The following additional improvements ( 1911-12 tests)
have been made to the auxiliary equipiient of the mill:-
(1) A spiral feeder replacing the hopner, nive and stuffing

box used in the 1910-11 tests. |
(2) An automatic sampler at the discharge end of the mill,
(%2) A revolution counter actuated by a cam attached to the

feed trunnion. (Available for last nine tests,)

In both the 1911 and 1912 testis, the tendency of

the mill to discharge sand and water in gushes was marxked, especially



at the higher specds., The automatic sarnwler of Vezin tyne was
designed by Prof. Bell to miniuize the errors in samnling which
might acerue as the result of irregular nulp disczharge.

The puln discharged by the will falls into a small cone
fitted with a discharge pipe which is revolving continuously,
Once in each revolution the pipe wvasses over a stationary cutter
or trough?delivering Huln to it for a small part of a revolution,
The cutter in turn delivers the sample to the samnle box,
The revolution of the cone is effected by means of a horizontal
friction wheel in contact with the end of the discharge trunnion,
The reject, or portion of the discharge falling outside the cutter,
is delivered‘to a conical hoover which delivers in turn to a
floor tank or to a pump which raises the pulp to a clasaifier,

The screen analyses of check saumwles cut out by the sampler
are almost identical although the moistures Ao not check and have
a tendeney te be about 2% lower than the actual avérage moisture
in the pulp. As the 2verage pulp thieckness is easily and
accurately determined at the feed end of the rill, this error is
not important,

Power and vnower measurelents,

The power for the tube mill was supnlied from a 15 H,P.
D.0. Crocker Wheeler motor and the umeasurking instruments used
were a D.(. ammeter and volimeter. Readings were taken at one
minute intervals during the final 5 minutes of each test and the
gross power used was calculated from the five readings, the
assumption being made that the nower taken by the tube mill during

this time was representative of that being used under the conditions
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of the test. The mill was then stonped and the power required
to turn the motor and shafting at the same speed was observed,
The watts input to the motor under the two conditions was then
calculated and the corresponding watts output obtained from wotor
efficiency curves at the various soveeds. The nett power used
by the tube mill was then obtained by the difference vetween the
two results,

A great deal of trouble was experienced during the

experiments owing to the irregularitiy in the voltage supnlied by
the college power plant. This was reflected in the speed of the
motor which in turn affected the speed of the tube mill and
frequehtly the mill would vary two revolutions per minute in the
course of one test, In order to keep the conditions at the tube
mill constant, it was necessary to vitiate the power readings by
moving the brushes on the motor and this has introduced the
possibility of considerable error into the power results, This
trouble was encountered only at the normal speed of the mill because
at the lower speed tests with a resistance in series with the
motor armature, it was wossible to keep the voltage constant,
Moreover, at the higher speeds the ammeter needle
will fluetuate as muieh as four amperes due to the irregular load of
the mill at these speeds and it was very difficult to obtain correct
readings. In fact in the reading of the ammeter alone there is
a possible error of at least 15/100 H.P. and in tests such as these,
where this amount makes a considerable.differencé in the results

obtained, it would be advisable to use nore accurate instruments

for measuring the power,



It will be observed that the value of & large part ol

the work has been nullified owing to difficulties beyond the pover

of the Mining Laboratory to remedy with the apparatus at its dispos
al. Admitting tl'c v vy ~reat difficulty of measuring power with
the accuracy desired, the value of the tubz mill tests will be
enormously enhanced when this difficulty is surmounted therefcre
the writer would strongly recommend that the power question be
given earnest consideration.

The following extracts, ffom Prof, Bells notes on the
1912 tests, outline desirable experiments and improvements suggest-
ed by these tests. "The tendency of the mill to discherge sand
and water in gushes may have a marked a*fect on the grinding.
At slow speeds the gushes are barely noticeable but the grinding

is much less than at higher speeds on account of the diminished

of
fall of the petbles. Horeoverhthe slow speed it was impossible
to feed Puly containing less than 30% water on account of

"blocking" in the long feed trunnion, a difficulty which would not
he encountered in a standard mill.

For these reasons it would be desirable to experiment
with a stationary spiral screw placed in each trunnion, the feed
spiral permitting feeding very thick pulb , and the dischirge
spiral by completely £i11ing the discharge opening, will probably

pinimize the effect of the "gushes” and deliver an even discharge

[

to the automatic samplerjdith an even feed to the sampler it ‘is

= T 1 3
protable trat the moisture in the samples will check with the

actual moisture determined at the feed end thus efferdipg an addit-

jonal cheek on the sccuracy cf the work.
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It is alsc probatrle thst aheek moioture saples would te obtaired
. . N 4,
by inereasing the width of the sample cutter tc cut omt 1/10%"

instead of 1/25%h of the pulp discharged, as at present. Again

in view of the possibility that the gushes are caused by masses

of pebbles and sand slipping on the inside cover plate which is
- rel=tively very smecth as compared with the lining, it would

be desirable to see if any improvement was ef7ected hy removing

this plate and allowing the marhole opening to be fill up «ith
pebbles."
"The difficulties encountered by lir. llurray in connectia
#ith accurately detsrmining thc power required by the tube mill
—under varying corditions have been studied to determine.
the interfering factors, also tests were made with fhe valuable
assistance of llessrs. liurray and Galloway tc determine the H.E.
output of the motor for various watts irput at different voltages.
The interfering factors may be summarized as follows~
1-Tine velpage drep.
2~ The. power house voltage 1is 220 making it necessary tc put the
Kining Lab. 115 veolt metors on a three wire system permitting sudden
tnuiserfﬁ% fluchuations in the voltage delivered to the metors.
3- The power house voltage regulatier while sufficiently clcse fotr
crdinary coenditions is teo variable for precise pewer determinations
where the speed and power are sc¢ clcsely related 2¢ in the case of

a tube.nill.
4~ the. lack of g watb-meter capable of accurately measuring the

power used in short tize intervals.
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<hile the present motor and wower measurement equirrent
is sufficiently accurate for t:e regular laboratory work, it is
clear that lr., Nurray's pessimism in the matter of his power meas—
urements is well founded and his conservatisin in drawing conclus-
ions where the power enbers as an impcrternt factor is to be comm~
énded. |

In Short,to obtain the full benefit of tre valuable
work which is being done by the advanced s*idcunts in Lre drescing
the difficulties outlined above must be met and overcone.

The installation of the 220 volt motors which Dr. Porter
hopes te accomplish ir thre near future will dispose of one of the
most serious difficulties i.e. the 3 wire s, ,cTem necessary under
the present cenditiomns.

In this cennection alsec lir., lMurray offers what apnears
to be & very valuable suggestiosr 17 ~repesing that we do our own
voltage regulatiorn by means of & seéﬁtive variaBIe#esistanoe¢¢MEJMY
situated in the liring Leborator,. After a czreIul examination
of this proposal I believe it to be the mest practicable method for
evercoring a large part of the present difficulty,especially in
view ¢f the fact that a rheostat 1s recessary in any case for
variable speed tests. dereover even after the installation of
220 volt motors such ain arrangement is almost certain +c be desir-
able b7 making it possible to control changes in the Central Tower

Plant voltage dve to the varying power demands throvghout the

University.
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7ith the present equipment it will pror=hly be necessary to

adopt the veltage of about 100 and increase the size cf the moter
vulley to secure the same speed condition which now ohtains.

The waste of fhe electrical energy in the rheostat will be more
then compensated for by the additional vilue of the resvlts to bhe
obtained vnder such favorable conditions.

In this connectien it is intercsting to note that the present
motor appears to be more efficient at a lower than its rated
voltage."

In connection with the power it must ne noted Z?en comparing

’ Ll

the author's results with those of lir: Bell, that he,csenmed

that the efficiency of the motor was 100% in all cases.
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Method of Carrying out Tests.

The sands were screenad on a 1/8 inch shaking screen before
each test to remove any foreign materiel which might interfere with
the regularity of the feed. The material was then weighed in boxes
holding about 60 1bs. each, and these were dumped into the feed cone
by hand. The sand fed in every test was weighed so as to afford a
check on the calibration of the orifice. Every fifth box was
retained for & feed sample, and the contents of these boxes were then
combined and riffled down to a sample of about five pounds, which was
kept for screen analysis.

The previous work had shown that the tube mill conditions
became constant after 2 period of half an hour from the start of a
test. This fact was checked at the beginning of this series of
experiments and was found to be correct, so that it was decided to
make the tests of 40 minutes duration. This was adhered to through-
out, with the exception.of those tests in which the size of feed was

varied in which cases the time was prolonged to 5C minutes as an
extra precaution.

The orifice on the feed cone was only changed in the first
three tests, so that the calibration of the one used in the majority
of the tests was subjected to an excellent checking and the rate of

feed for it was determined very accurately at 18 tons per 24 hours.
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The weight of water per minute used in each run was checked at
the beginning and end of the test and is accurate within one-tenth
of one per cent.

Two 5 min. samples of the discharge were taken with the auto-
matic sampler during the last 10 minutes of a test. The one taken
during the last five minutes wes used for the screen analysis, while
the other was kept as & check.

The speed of the mill was checked constantly throughout each
test, the addition of the revolution counter making this much easier

and more accuratét

Screen Analyses.

The discharge samples were caerefully dried on a steam table.
In order to prevent the slime from forming in a cake, they were not
dried in the boxes in which they were taken but the tsble was care-
fully cleaned and the samples were dried directly on its surface.
When dry they were riffled down to a convenient weight of about two
pounds.

In anelysing a discharge sample the product, as prepared above,
was carefully mixed on a rubber cloth and a quantity of 150 grams
was accurately weighed out on a pulp balance. This weight wes then

washed on the 200 mesh screen, and what remained on the screen wsass



dried and screen analysed with the automatic screening machine in

the laboratory. It was decided to use this method, as otherwise
the-200 mesh materiel tends to blind the 200 mesh screen and mekes it
necessary to continually knock the screem in order to keep it clear.
This subjects them to & considerable amount of hard usage, which cen
be avoided by employing the above method. This method is more
accurate than the dry method and does not add greatly to the time
required for making the analysis.

As the feed samples only contained about 2% &f the -200 grade,
it was not necessary to wash them. In analysing the feed samplevon
account of the difficulty in obteining checks by the method used with
the discharge, a slightly different procedure was followed. The
sample was riffled down to within a few grams of the required weight
(130 grams), and the exect weight was then obtained by adding the
amount necessary from the original sample mixed on the rubber cloth.
The reason for the difference in methods employed was due to the fact
that the quantity of slimes in the discharge made it possible to pick
up a fair sample with a large spatula. This was not found to be the
c;se with the feed where the larger grains would not be picked up as

easily as the smaller, so that & representative screen analysis was

not obtained by this method.

The author is not satisfied that the above méthod of making
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analyses is free from objection and he would recommend that some work
be done on this question of sampling for screen analyses before the
actual work with the tube mill is continued next year. The reason
for using the method this year was that, in the first place, the
author did not have enough time at his disposal to investigate this
point, and, secondly, the method used had been employed by Mr. Ball
and on that account it was thought desirabls to make the conditions
off the two investigations similar,

Duplicate analyses of each sampls were made and the mean was

used in the subsequent calculations.

Screening Machine. Screens etc.

The screening machine was constructed from a drawing based on
the description and illustration given in a pabper by Mr. T.J. Hoover
(Jour. I.M.¥. - Vol. 19, p. 506).

To expedite its construction the base of a discarded machine
was made use of and simple bushed bearings replaced the ball bearings
shown in Mr. Hoover's design. The idea and the mechanism is sub-
stantially as outlined by him.

The mechanism imparts an eccentric motion to a nest of screens,
which are prevented from revblving by means of outboard springs. 1In

this manner the screens are given exactly the motion which obtains in
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hand screening and the motion is obviously more continuous and

effective.

Laboratory experience in connection with this machine has
failed to confirm Mr. Hoover's statement that a complste screen
analysis can be effected in 15 minutes, but a period of 30 minutes
was chosen as being satisfactory for these tests.

The screens for the machine are 8" diam., mounted on nested
circular copper frames 2" deep.

The laboratory possesses two sets of Standard I.M.M. labore-
tory screens and in the beginning of the tests both sete were used,
as considerable time was saved in this manner. Unfortunately,
however, it did'not take long to find that the 80 mesh scresns of
the two sets did not have the same aperture. This fact cast some
doubt upon the accuracy which is claimed for the screens by the I.M.M.
and to settle this point measurements of the screens were made by |
means of a microscope fitted with a micrometer eye-piece. Twenty
to thirty measurements were made on each screen and the following

Ml

tabls summarises the results obtained. It will be seen that the
average apertures of the screens are very close to the theoretical
apertures, and this set of screens was used in all the screen

analyses made during the investigation.
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Measurements of Laboratory Screens used for Screen Analyses.

Screeryl Theor-| Ave,of Great- || Theor-| Ave,of ] Gfgét~ Mechanical
etical| Measure-| est ctical | Measure-| est
Aper- ments |Varia- | Dia.of | ‘ments ' Varia- value
. ture tidn Wire | _tion
m. Me m. | m. me i M.

20 .0228 | .0223

mesh || 0250 .0252 .0280_ | .0250 -.0248 | .0269

30 ||.0166 | .0169 .0183 | .0166 | .0166 | .0162 17
mesh || , 0175 | 0178

1 ‘ 5

50 .010 .0098 .0093 | .010 .0101 .0095 19
mesh ‘.0109 i | .0108

80 || .0062 .0064 .0055 || .0063| .0080 .0051 21
mesh 0076 __ L .0069

! . ) !

120 .0042 .0042 1.0036 1] .0041 ;.0042 .0037 23

mesh 10050 . 0045
1

200 .0025 .0027  .0017 .0025 1.0024 .0019 25
mesh | « 0037 1 .0027 .
=200

mesh " ﬁ__ 28 -

Mechanical Values of Grades uscd.

As pointed out by Mr. Stadler in his paper, the grades
obtained by using selected I.M.M. screens approximate the standard
grades sé nearly that no appreciable inaccuracy is introduced in
the Calculation of the mechanical values. The values for all the
grades, except the +20 mesh, will be found in the table given above.

The value for this grade in the feed depended, of course, on the
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battery screen used. In the case where a 10 mesh screen (.08 in.
aperture) was employed, the mechanical value of this grade was calcu-
lated from the screen apertures and was found to be 12.8. A

detefmination by weighing 700 grains of this grade, calculating the
volume and then the value, gave a figure of 13.1l. The mechanical
value for the grade in the calculations was taksn to be 13.0.

An examination of the +20 grade of the discharge of the tube
'mill showed that it was considerably finer than the same grade of the
feed. A determination of its value was also made and it was found
to be very close to 15, and this fhgure was adopted for the tests at
the higher speeds of the tube mill. At the lower speeds, as the
amount of +20 mesh sand was in most cases about twice as great as at
the high speeds, it was decided to use a value of 14 for this grade.
.Though an actual determination of this was not made it will, in all
probability, be very nearly correct.

PART. IC
TABULATION AND DIsCUSSION oF RESULTS-

Series I.

Tests on the Rate of Feed.

The three following tests were run to check the conclusions
arrived at by Mr. Ball, that the most efficient rate of féed for the

laboratory tube mill was 18 tons per 24 hours.
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Summary of Feed Tests.

Test|Charac- |Feed Tons| % Pebble Wwork |=120
No.|ter of per 24 |Mois-|R.P.M.| Load H.P.|Done |Tons R.M..
Feed Hours ture per |24 hrs.
’ Unit
los.

1 |10 mesh| 15.91 37.9 40 1050 |5.19 {%.682 | 2.78 |11.10

2 (10 " | 18.0 37.7 | 40 " 15.36 [3.56 | 2.94 |11.91

H
3

3 10 " 20.0 37.9 ‘ 40 " 5.47 | 3.35 3.09 12.25

Mr. Ball made six tests in a similsr series but, unfortunately,
.the test he made at 18 tons per 24 hours was run with 33% moisture
whereas the other tests were made with 38%. He claimed, however,
that he was able to calculate the effect of this change in moisture
and thus to bring this test into line with the others of this series.
Whethér this be possible or not, and the possibility is far from
being evident with the amount of work that has been done,>the writer
cannot subscribe to Mr. Ball's method of calculation, which was as
follcoweg:~ From a moisture efficiency® curve made with feed at the
rate ¢f 12.6 tons per 24 hours, he obtained the information that
between 33% moisture and 38% moisture there was an increase in effi—

ciency from 6.66 to 7.02, a change of .36. ADPplying this tc the

results of Test A, which was run at 337 moisture with a feed rate of

# Unless otherwise stated, efficiency meeans "relative mechanicel
efficiency per- horse power".
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1”8 tons per 24 hours, he states that the efficiency which Test A
would have had at 387 moisture may be obtained from the simple

proportion calculation:-

12.6 ¢ 18.6 :: .36 : x and x:-the increase in efficiency
at 18 tons = .53

Futting this into words, "One rete of feed is to another rate of feed
as the change in efficiency due to a change of moisture at the first
rate is to the change in efficiency due to the same chenge in moisture
at the second rate of feed;" The writer can see no grounds for this
statement, taking the assumption, &s Mr. Ball did, that the moisture
efficiency curves would have the same form for each rate of feed.

A more logical method of calculation would seem to be that
with this assumption the percentage change in efficiency would be the
same iﬁ each case. If this is done, the chahge comes out to be .42
instead of .53, and the efficiency at 18 tons ver 24 hours and 38%
would be %% 2.18 instead of 8.29 by the first method of calculation.

Considerable doubt, however, must be attached to the accuracy
of the results from calculations such as these, beceuse, as Mr. S.J.
Truscott has pointed out in his criticism of Mr. Ball's paper, by

applying the information from the moisture~power curve given in Ball's
paper and correcting the horse power of Test A mentioned above, it

will be found that the corrected horse power is 4.65 whereas, to fit
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in with the results of the other tests, it should be about 5.85.
Examining the results from the three experiments made by the
writer, the following points will be observed:-

1. The work done per unit decreases with the increaced rate of
feed. This is in line with practice where the finest crushing is
done with the smallest rates of feed.

2. The horse power increases with the increesed rate of feed.
This conclusion is subject to the doubt as to the accuracy of these
readings, but as this resu}t is in line with previous work it will
be taken that it is true in this case.

3. While the work done per unit is decreasing and the power is
increasing, still the efficiency becomes greater as the rate of feed
increases. It would seem that the most efficient rate would be
about 20 tons per 24 hours under the conditions of these tests.

4. The tonnage of -120 grade produced, an important point in mills
where fine grinding is necessary, is increasing with the rate of
ffeed, and the results would indicate that the maximum would be

obtained at & still higher rats.
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Series

II.

Tests on the Effect of Variations in the Percentege of Moisture.

(a) At Constant Speeds.
52; Qgtgag{§?§r§£3825;e of Feed. gEBgLE*E%AD ,102231325 rs
Summery of Tesis.

Test |Ccharec-| % ! Work dond =120 grade
No. |ter of |Moisture|R.P.M. | H.P.! per Unit Tons 24 hrs. R.M.E.

_ Feed 5

a4 [10 mesh| 38.4 43 5,77 3.50 2.80 10.99

s " 37.3 43 5.50 3.67 2.91 12.00

6 " 36.9 43 5.37 3. 68 2.93 12.31

7 " ’ 35.4" 43 5.35 |  3.81 f 3.16 12.80

8 " 33.8 453 5.04 % 4.03 g 3.38 14.40

9 " 32.2 43 5.57 3.90 | 3.50 12.60
10 " 32.3 43 5.75 4.18 § 3. 30 13.06
11 " 30.6 43 5.40 4.20 4.07 13.97
12 |18 mesh| 34.2 43 | s5.67| 2.40 3.16 7.62
13 " 36.2 43 5.65 2.47 3.39 7.85
14 " 38.0 43 5.18 R. 43 3.12 8.45
15 | " 38.2 43 | 5.85 | 2.34 g 2.92 .21
16 | 405 45 |s5.67 | 2.856 = 3.76 8.12
17 |10 meshi 33.2 34 4.17 | 2.88 2.15. 12.45
18 " ; 36.7 34 4,39 3.06 2.24 12.55
19 " f 38.0 34 4.27 3.04 g 2.32 12.80
o0 | i 40.5 34 | 4.47| 3.40 2.44 13.65
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From other experiments made on this question of the effect of
moisture, it had generally been concluded that & pulp containing from
38 to 40 per cent water was the most desirable to feed to tube mills.
In the experiments carried on at McGill in 1911, it was believed that
37.7% was the most efficient condition. The esuthor of this paper,
however, dozs not believe that any definite conclusions can be dfawn
from the results of his experiments. This is, for the most part,
due to the leck of confidence in the power readings. It had been
hoped that by making the variations over a comparatively small range
more definite conclusions could be drawn, but this hope has not been
realised.

If the horse power required to operate the mill under the
varying conditions be examined, it will be seen that the variations in
power are considerable for slight changes but that these variations
are, for the most part, not greater than the possible error. For
instance, Tests 9 and 10 are made under approximately the same condi-
tions and yet the horse power in Test 9 is 5.57, whereas in Test 10
it is 5.75.

The results show thgt with the coarser feed the least power is
taken in the neighbourhood of 34% moisture. A% 43 R.P.M. this
corresponds with the point of greatest efficiency, but at 34 R.P.M.

the efficiency is greatest at 40.5% moisture.
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The five tests on the finer feed show that if the horse power
for Test 14 is correct, it is possible that for this size of feed
the least power is taken at 387 moisture, but this will have to be
proven by further experimenting.

Comparing the results of the tests with the two series, it

will be noticed that a variation in moisture does not affect the

work done on the finer size as much as a corresoonding change affects
the work done on the coarser size.

By examining the work done per unit some interesting facts
will be noticed. It will be observed that at 43 R.P.M. the work
done is increasing steadily with a decrease in the moisture from 38%
to 30%. This fact is brought out clearly by reference_to‘Fig. B,
plotted from the figures, An attempt was made to run an experiment
with 28% moisture, but with the present feeding device it was not
found possible to experiment with such a low moisture, as the
‘trunnion beceme blocked with sand, so that the 1limit of this increase
was not obtained.

The results of Tests 17=-20,with the same feed at 34 R.P.V.,
seem to indicate that the work done per unit is increasing with the
increase in the percentage of moisture. With only four tests,

however, at this speed it must not be considered that thks point is

settled.
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If further work confirms the results of these four tests, it
will be seen that the effect of a change in moisture is not the same
at different speeds. At the higher raie of revolution the best
results would be obtsined with a lcwer moisture than that which would
give the best results st a lower rate. Mr. S.J. Truscott® cites a
case which would scsem to bear out this conclusion. He says that at
the Komata Reefs in New Zealand they use a speed which is considerably
less than on the Rand, and they find that a moisture of about 50% is
the one that gives them the greatest efficiency. The Rand practice
is to use about 38% moisturs, so that it looks a&s though the speed
might account for this difference.

The five tests on the 18 mesh sand also show an increase in
work done per unit with an increase in moisture, and though the time
did not suffice for more experiments in this series these results

would show that the character of the feed also affects the critical

moisturs.

Series IIT.

Speed Tests.

Five tests were made in this ssries with constant moisture,

pebble load, size and rate of feed.

¥* Bull. NO' g6’ I.M.?v}[.’ 1911.



BT

/ 1
_ 2B el L 32 34 36 38 40 42 ch
Pevipheval 212 Sheed: 393 340 SO S he v - S8R Al




30"

Summary of Tests.

Test Work donéﬁj~:£20 J
No. R.P.Me. H.P. |per Unit Tons per R.ii.E.
. e __24 hours e
4 43 5.77 | 3.50 2.80 10.90 |Pebble Load,
1050 1bs.
2 40 5.36 3.55 2.94 11.91
2% 38 4.01(7) 3.48 ~2.42  15.59(?) 10 Mesh Sand.
19 34 | 4.27 | 3.04 2.32 12.80 Rete = 18 tons
: ; . per 24 hours.
22 30.6 3.48 2.94 l 2.01 i 15.20 Moisture,
) <w”*___l approx. 38%

The normal speed of the motor gave 42 R,P.M. at the tube mill,
so in order to decrease the speed & resistance was put in series with
the armature, and to obtain the différent speeds for the tests the
amount of resistance in the circuit was varied.

The variations in power do not affect the general conclusions
which mey be drawn from this series of tests, on account of the fact
that there is a comparatively large difference in the quantity of
power used in the experiments.

An examination of Fig. C, which graphically represents the
results of these tests, shows that the power to operate the mill
increases with the rate of revohution.\ Test 21 at 38 R.P.M. does

not come on the power curve in the figure, but this is evidently due

to some error in the power readings for this test, as the form of
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curve sketched in agrees with the results obtained by the previous
experiments made between 37 and 46 R.P.M. In plotting the efficiency
for Test 21 in this figure the power was taken from the curve to be
approximately 5 H.P., and this is the figure that has been used in
calculating the plotted efficiency for this case.

In the experiments made by Mr. Ball on the speed factor, he
considered that he had found that below 37 R.P.M. there was an
increase in the power required to turn the mill. When the results
of the author's tests were found to differ so radically from this
conclusion, an investigation into the cause of the difference has
.shown that through an error in connecting the voltmeter to the switch-

i Mo (alls lab
board instead of to the brushes of the motothhe energy lost in the
resistance was calgulated as having been used.by the motor, so that
the results he obtained at dbwer speeds than 37 R.P.M. are not correct,
This incorrectness is, of course, reflected in the relative mechanical
efficiency, and on that account the suthor's experiments have altered
the whole espect of the situation.

From the conclusions that could be drawn from the previous(awe-)
results, it was manifestly absurd to use a slower speed of revolution
than that giving a certain peripheral speed, because not only did the
grinding decrsase markedly but the power required in the operation

increased. With the new light that has been thrown on this question
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by these later experiments, however, it will be seen that while the
grinding is less the lower the speed of revolution)the power
decreases also, so that the highest relative mechanical efficiency
was obtained at the lowest speed on which an experiment was made.
In deciding ot the most desirables speed for any particular case, it
becomes & question of balancing these factors. In the case of an
ore in which a very fine state of comminution is not necessary, or
in & case where the power costs are excessive, it would seem that
low speeds would be economical.

The tests in this series were all made with approximately 337
moisture, and the work done per unit with pulvp of this character is
shown in Fig. C. Another factor, however, must be remembered, viz.,
that the effect of the same moisture may not be the same at different
speeds. For instance, the work done per unit at 34 R.P.H. and 40.5%
moisture (Test 20) is nearly as great as that done at 43 R.P.M. and
28% moisture (Test 4), but it is considerably less than that done at

43 R.,P.M. and lower moistures.
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Series IV.

Size of Feed to the Tube Mill.

Summary of Tests.

Test | M.V. of | Feed, Tons Moi s~ Work donéTd—lzo, Tons

No. Peed 24 hours ture H.P. per Unit per 24 hrs.|R.M.E.
4 17.14 18.0 38.4 |5.77 3.50 2;80 10.90
14 19.24 18.0 38.0 5.18 2.43 3.12 8.45
23 19.89~ 18.0 38.0 4,24 2.04 2.76 7.50
24 20.92 16.8 39.6 5.35 1,73 3.01 5.43

R.P.M, 43, Pebble Icsd 1050 1lbs.

The feed for Test 23 was prepared by desliming the tube mill
discharge on 10 mesh sand; that for Test 24 was made by desliming
the sand crushed in a & Huntingdon‘mill fitted with a 30 mesh screen.

In Test 24 the same orifice was used on the feed cone as in
the previous tests, but it will be seen that this fine sand did not
feed ag as fast a rate as the coarse and on that account the moisture
in this test is 39.6%, due to the fact that the water used was
calculated before the test for a feed rate of 18 tons.

The results show in a striking manner the decrease in the
amount of work done with the increased mechanical value of the feed,
and even with the 34" diam. mill it is evident that a still coarser

feed would be more efficient. In this connection it will be of
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interest to note the increase in work done per unit with nepheline
syenite undar similsr conditions. The test on the coarse sand was
made by the 4th. Year students in a laboratory run, while the figures
for the fine sand are taken from Test V made by Mr. Ball.

Character of Rocki:- Nepheline syenite, coarse size = 10 mesh battery

gecreen
fine " =18 " "nom
M.V. of Fesed RePoMe Moisturs Pebble Load york per Unit
19.59 37 37.77 1030 1bs. 2.45
18,13 . 40 38.0% losp0 " 3.72

Feed 18 tons per 24 hours.

These tests, While not made under identical conditions, &also
show an increase in efficiency with the coarse size.

Lack of time prevented further tests being made in this series,
‘but it is evident from the curve (Fig. D), plotted from results

obtained in the tééts, that the coarse feed to the tube mill has

raised the efficiency in a marked manner, and these results would
v lamd, practiet

indicate that even the four mesh battery screens now usqumay be

replaced by ones with even lerger aprertures. This indication is &

considerable advance from the theory held by Argall, according to

Richards¥®, in which he states that the most economical size of feed

# Text Book of Ore Dressing.
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to the tube mill is .02 in., 8nd it is in lire with the opinion that

has already been advanced by a number of engineers on the Rand in

this connection.

general Conclusions.

In the first series of tests on the rate of fesd while the most
efficient rate has not been definitely determined, it would appear to
be fairly close to 20 tons per 24 hours for this rock and this size
of feed. In regard to the tonnage of —120~mesh produced, with the
18 mesh nepheline syenite sand Ball concluded that the critical point
was at 20 tons per 24 hours, but he included the figures obtained from
a test at 33% moisture in a scries made at 3287 moisture, and it is
questionable whether he was justified in doing this. In any cese,
it appears that under the condition of the author's tests the tonnage
of fine sand per 24 hours is increasing with the rate of feed, and it
will be worth while to find out whether theJcritical-point for this
crushing efficiency differs materielly from the critical point obtain—
ed from a consideratiocn of the relative mechanical efficiency.

The tests in Series Il., on the affect of variations in the

moisture, did not prove as satisfactory as hed been expected for
reasons stated previously. They have indicated, however, that the

effect of a change in moisture may depend upon the speed of revolutiona
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The conclusions arrived st in the speed tests are directly
opposed to those made from the results of the former tessts at McGill,
and it will be interesting to continue this series at lower retes of
revolution to find out the effect of the decreased power on the effis#
ciency. Within the limits of this investigation, the effect of
increased speed is to lower the relative mechanical efficiency per

I a ()
horse power of the operation but to incresase theAgrinding done.

The tests in Series IV. were the most interesting in the work.
They have shown -that the practice of increasing the size of feed above
the 1limit first used in tube milling is justified by the facts, and
elthough, with the small laboratory mill, the maximum size of particle
which it is DPossible to crush economically in the standard mills
cannot be determined, still some valuable deductions can be made when
these tests are continued with coarser feeds.

A series of tests with the fine sizes would be of interest also,
in view of the opinioﬁ advanced by Prof. Bell that it would possibly
be more economical to treat the tube mill "returne" in & seParate mill
which was more suitably adjusted to deal with them. In meking such

an investigation, the author would suggest that the first experiments

be made on the speed of revolution. It is usually conesidered that

the grinding in the tube mill is the result of two different kinds of
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crushing, viz., impact and abracsion. The tests made on the fine
sizes in this investigation were made with speeds which would give
more of the first kind of crushing, and while this is favourable to
efficient results with the coarse feeds, it is possible that if tests
had been made at lower speeds the grinding in the fine sizes would
have been increased. This is & point, however, that, along with
many other debatable questions, will probably be settled in the
continuation of the tube milling experiments; for perhaps one of the
outstanding features of the work done in the Mining Laboratory this
year'has been the fact that it has clearly shown the large amount of
work that still remains to be done.along this line.

In conclusion, the author wishes to express his thanks to
Dr. Porter; the Director of the Mining Debpartment, for advice in
connection with the work, and also to Messrs, Gartshore, Haégngton
and Raymond for assistance in carrying out the tests. He wishes
especially, howéver, to Lhank Prof. J.W. Bell not cnly for the actual
time spent in assisting in the work but also for the many valuable

jdeas advanced by him in the discussion of the investigation.
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Tube Mill Efficienoy Tcet,

. Date, JZJ-QJ—/—L (902 Test Number. /
Dry Feed- 24 houre. (5.9/ Tons. water in pulp. 379 %
R. P. M. ————- 40 7 pobble Load. /OSSO Lbs.
Mechani~al value of Dischargs 20'8% .U,
Mechanical value of Feed. (726 E.U
Vork done per unit. 3.62 E.U
Gress power -~ Mill T'riction plus Pebbles plus Pulp.| §5:/9 H.P.
Deduct Mill Priction _— H.P.
Nett Power — Raising pebbles and pulp —_— H.?
Relative Mechanioal Effleiency based on Aross Power. //:/0
Relative Mechanidal Eit"f:i.c::'L—anc:;r based on Nett Tower, N
Sergen  Analyses.
Feod, Discharge
srade % BE.U M.V, grade. ¢ E.U. M.V.
T 20 | 373 13 485 + 30| g-40 /5 o,
57 | /g0 I7 3% 0| /587 17 270
5% | yq-05 S Y o0 | 2278 i Y
80 | (3.5 1 2:85 °C | 2214 i Y
120 | 53 33 13/ 120 | 7.04 %5 | t62
200 | 348 ks 32 200 | 693 “0 | 173
- 30" 2:08 28 59 — 280¢ /587 58 ks
Total Jo0 00 172 Total | (o000 20-88
drushing Efficiency.
Tors — 120 zrade produced in 24 hours. . 2,-75;
mons — 277 grade produced in 24 hours. 220

JLPM&/JMM
v Wéo

"“Damak Fint (24t Mﬁm




Tube Mill Efficicnoy Tcet.

. Date. o]-% j,q“ (917" Test Number. Z
Dry Feed- 24 hours., /%@ Tons. Water in pulp.  39.7 %
R. P. M., A0 _____ Pebble Load. /OS50 Lbs
Meghanical value of Dischargs 1082 .U,
Mechanical valuoe of Feed, /7-Zé E.C.
ork done per unit, 350 E.U
5ross power ~ Mill Priction plus Pebbles plus Pulb. 53¢ H.P.
Deduct Mill Priction —_ H.P.
Nett Power — Raising pebbles and pulp - H.P
Reclative Mechanioezal Efficicnoy baeed on @ross Dower /1-9/
Rclatlve Mechanieal Efficicney based on Nett vower, —_—
Serecn  Analyses.
Feod, Discharge.
grade, % Bl | MY, gradc. % E.U. M.V.
T 20 37-3/ 13 4§85 + 20| 996 /s | (50
37| (g 17 .23 50 | /bos 27 273
53 | 1qos 19 362 50 | 2328 19 | 4w
BO | 1385 2L 286 80 | weor | =1 422
120 573 25 131 130 897 f"’ 2-07
263 3,2& (:5 '82’ EOO 7.20 /u5 1'80
— 20N 208 28 . .53 - 20¢€ 453 28 .07
Total | /e2-0 17:2.6 Total | /o000 2082
Orushing Efficiency.
Tons — 1lRC¢ zrads produced in 24 hours, 2.94_

Tons — 207

grade produced in 24 hours.

2:-24




Tube Mill Efficienoy Toet.

| Date, j{,{ys’ﬂ‘ (G2 Test Number. 3
Dry Feed- 24 hours, Z0 Tons., Water in pulp. 37-9 %
R. P. My ——— <L MU Pobble Load. /05D Lbs.
Mechanical value of Dischargs zo-b/ E.U,
. Mechanical value of Feed. 17-26 E.U
Vork done pey unit, 335 E.U
Gress power - M1ll I'riction plus Pebbles plus Pulp. S 47 H.P
Deduet Mill Priction —_— H.P.
Nett Power - Reising pebbles and pulp H.P.
Relative Mechanieal Effliclency based on fAross Power. /225
Relative Mechanical Efficiency based on Nett Power.
Seroecn Analyses.
Fecd, Discharge.
Grade. % | E.U.| M.V, Grade. % E.U. M.V
T 28 373/ /3 o485 + 39 1148 172
5) 1q:0° L7 323 >0 1678 L7 2:86 |
58 19-05 19 _3-62 o0 13 .00 l? 436
80 1385 2 285 30 /9-32 ' <1 44.06
120 573 23 -3/ 120 1 860 <5 [-98
LYY 3 82 EOU ] 4.9 5 172
- 20’\ 2‘08 28 ,58 ] ,_~ oL /5‘B+ IS '}‘9/
Total | /fe»¢o 17:26 Total | foo:60 206/
Orushing Efficiency.
Tons — 120 zrads rroduced in B4 hours, 3.09

Tons — 207" grade produced in 24 hours.

2:37




Tube Mill Efficienoy Tost,

Date. kgwyékﬁIQIL Test Numbor. 4¢.
Dry Feed- 24 hours, /& Tons. Water in pulp. j3g.4 %
R. P. M. ————Abd_____ Pobble Load. /050 Lbs.
Mechanical value of Dischargs 20 b6+ E.U.
‘Mechanical value of Feed. 171+ E.U
vork done per unit, 35D E.U
Jress power -~ Mill Triction plus Pebbles plus Pulp. 5“77 H.?D.
Deduct Mill Friction _— H.P.
Nett Power — Raising pebbles and pulp H.P
Relative Mechaniesl Efficlency based on fAross Power. /090
Relative Mechanical Efficiency based on Nett Power.
~ Serscn Analyses.
Feod, Discharge,
drade. % | B.U.| M.V. grade. 7 E.U. M.V.
+ 20 3950 3 504 + 20 | )0 15 )63
37 1895 17 5.2.1 °O | 1708 17 " 290
5% | 17:5D 19 333 °) | 2338 L9 W HE
80 | 13w0v g1 1 2.73 C | (9o <1 399
130 | 558 23 /29 12° | g-s0 <5 /-95
200 3Z7 25 '87' 200 5.98 35 /,50
— 20" 2.7.0 285 bz —~ 20€ | s5.0p =8 420
Total | /0000 171+ Total | /0000 2064
Orushing Efficiency. |
Tons — 120 =zrade produced in 24 hours, 280
Tons — 207 grade produced in 24 hours. 231




Tube Mill Efficienoy Toet,

_ Date. (\7—%,5‘5 412 Test Number, 4
Dry Feed- 24 houre.. [& Tons. Water in pulp. 37..3 %
R. P. M. ——— i a— Pobble Load. /05D Lbs.
Mechanical valus of Dischargs 2093 E.U.j‘
Mechanical valus of Fesd. /7'Zé E.U.
Vork done- per-unit,. 367 E.U.
Aress pewer - Mill Triction plus Pebbles plus Pulp. 550 H.P.
| Deduct Mill Friction —— | H.P.
Nett Power — Raising pebbles and pulp _— ;_H.P.
Relative- Mechanioal Efficlency based on fross Power. 200
Relative Mechanical Efficiency based on Nett ?owpfi- —_
Seroen Analyses.
Feod, Discharge.
grade. % | B.U. | M.V, Grade. % E.U. M.V.
+ 20 ' + 20 925 15 /39
37 I7 30| 575 17 275
58 15 50 | b5 19 470
80 2L 80 | 2025 | =1 H2E
120 23 120 | 840 23 1 99
0] .2 £5 200 1 650 25 /63
Total Total | /0000 20.93
Orushing Efficiency.
Tons - 120 zrade produced in 24 hours, 29/
Tons — 207 grade produced in 24 hours. 230




Tube Mill Efficienoy Tost.

f — T e Ar
_ Date. g&(?/g-\ 1912 Test Number. 6 1
Dry Feed- 24 houre, [§ Tons. Water in pulp. 3é9 %
R. P. M. ———n 4d_____ Pobble Load. 1050 Lbs.
Mechanical value of Dischargs 20 -9+ | E.U,
Mechanical value of Fesd. /7-26 E.C.
York done per unit. > 68 LU,
Gress power - Mill Triction plus Pebbles plus Pulp. 537 H.P
Deduct Mill Priction —_— H.P.
Nett Power - Raising pebbles and pulp | — H.P.
Relative Meahanioal Efficiency based on Aross Powsr. 1231
Relative Mechanical Efficiency based on Nett Power.
N Sereen  Analyses.
Feod, Discharge.
grade. % | E.U.| M.V, grade.| % E.U. [ M.V.
+ 286 + 20 qJ8 /5 [ HL
P) 17 SO T 602 L7 284
58 19 510) 2408 19 45-8
80 21 SO T 72045 <L 428
) 23 1270 867 g 2.00
500 134 200 638 75 /59
- 307 25 - 20€ | y5258 2 w2l
Total Total | /0000 A0 94
Orushing Efficiency.
Tons ~ 120 zrads produced in 24 hours, 2.93)

Tons — RC7

grade produced in 24 hours.

2:37




Tube Mill Efficienoy Tcet.

' —
. Date, ﬂzaut&u{qll Test Number. “7 j
Dry Feed- 24 hourse. /% Tons. Water in pulp. S5 4 %
R. P. M. ——oe—m A2 Pebble Load. /05O Lbs.
Mechanisal value of Dischargs 2095 E.U,
Mechanical value of Feed. 1714 | EB.U.
| Work doneper unit, . 3 &/ E.U
{ress power -~ Mill Priction plus Pebbles plus Pulp. 535 H.P.
Deduct Mill Priction H.P.
Nett“PowervT,”Raising pebbles and pulp —_— H.P.
Relative Mechanioeal Efficlcengy based on Aross Pover. /1280
Relative Mechanical Efficicncey based_oﬁ Nett Power,
Serocn  Analyses.
- Feocd, Diséhargé.
arade. % | ®B.U.| M.V grade.| % E.U. | M.V,
* 20 3950 | 13 54 + 8% 1 930 /5 /40
53¢ /7:50 19 3:33 °) | 2295 L9 436
80 | 1340 Ad 273 °C | sg85 |  =f Htb
129 558 23 1'29 © 0 g5 23 275
200 ‘5.27 00 ‘82» 200 6.70 4] /.67
—-207 220 23 bz - 80C | /430 28 451
Total | /o000 1714 Total | foo-co© 2095
) Orushing Efficiency.
Tons - 180 zrade produced in 24 hours, 36

Tons — 20" grade produced in T4 hours.

2:54- |




Tube Mill Efficienoy Toet.

Date. 7‘/écw éLﬁ (1q9% Test Number. 8
Dry FPeed- 24 hours. /&  Tons. Water in pulp. 334 %
R. P. M. ————- s N Pebble Load. 050 Lbs.
Mechanical valuoe of Disehargs 28 .U,
Mechanical value of Feed. 1) 1+ B.U.
Vork done per unit, o3 E.T.
Gress8 power ~ Mill I'riction plus Pebbles plus Pulp. 50+ H.P.
Deduct Mill Priction —_— H.P.
Nett Power - Raising pebbles and pulp _— H.P.
Relative Mechaniasal Effiecleney based on fross Powsr. /M40
Relative Mechanical Effieicney based on Nett Power.
Serocn Analyses.
Fecd, Discharge.
grade. % CE.UL | MY grade. ¢ E.U. M. V.
+ 20 3950 /3 51+ + 29 g9 15 /22
2) 395 | L7 32/ <O | Jys0 1T 2Hb
2h 150 | 1° 333 5 | 2308 19 1 428
89 300 | AL 2:73 89 | 2060 “L | w43y
189 558 23 1°29 120 Q.45 <5 118
209 327 | 80 82 =29 | 675 ©° | 169
Total | /000D 171+ Total | (000D 217
Orushing Efficiency.
Tons ~ 120 zrads produced in 24 hours, 339

Tons — 20" grade produced in S4 hours,

2:76




Tube Mill Efficicnoy Tcet.

T
' Date. ﬁga/u//4 r7/e Test Number. 9
Dry Feed- 24 hours, /8 Tons. Water in pulp. @277 %
R. P. M. ————#3 _____ Pcbble Load. /@50 Lbs.
Mechanical valus of Tischargs 21 O+ z.U,
Mechaniceal valus of Feed. 170 1+ B.CU
Vork done per unit,. | 3-.90 K,0U,
4recs power ~ Mill Triction plus Pebbles plus Pulv.| ss7 | H.P.
Deduct Milil Friction H.P
Nett Power -~ Railsing pebbles and pulp H.r.
Relative Meohanioal Efficiency based on Gross Power. /1260
felative Mechanieal Efficioncy based on Nett Power,
Scrocn ﬁnaiyses;
Fecd, Discharge.
T . ; . N 1
grade. b B.U. | MUY grade. % | E.U. M.V.
L J9 50 /3 514 + 49 1146 /5 172
2 /895 17 32/ S0 s 17 265
59 | s750 19 333 5 | 406/ 19 392
80 | /3-00 2T 273 b1 g0 <l 3:98
120 5% 2 129 S0 g0 @5 209
- A : 2 = -
20 2:20 <3 42 <00 | 005 8 507 . |
Total | /6000 17:14% Total | /ooso 2/ 04
orushing Efficiency.
Tons - 12¢ grade produced in 24 hours. 360
mons — 207 grade produced in 24 hours. 2.4




Tube Mill Efficienoy Tcet.

. Date. 2%?@@70!§L/7/2~ Tegt Number. /O AJ
Dry Feed- 24 hours. /5 Water in pulp. 32.3 %
R. P. M. T Pebble Load. /705© Lbs.
Mechanicel valuse of Dischargs 2079 | Z.U,
Mechanical valuo of Feed. 1é-4) E.U.
i vork done per unit, /8 E.T.
4ress power ~ Mill I'riction plus Pebbles plus Pulp. 575 | H.T.
Deduct Mill Priction ° — H.P.
Nett Power — Raising pebbles and pulp —_— H.P.
Rclative Mechanional Efficicency based on nrogs Power. /5.04
Relative Mechanieal Effieicney based on Nett Tower.
Seroocn Analyses.
Fe Discharge,
Grade. % B.U. | M.V. gradc. % E.U. M.V.
+ 20 HE1O 586 +~ &0 /O: 90 /8 )-bef
B | /585 32) U1 630 7 277
50 /589 J02 O 2226 19 /-/-,'Z,,Z
80 173 2ot b sl 1950 <L 4110
120 63 /07 120 Ll gwo <5 2:09
200 252 3 iOO 635 £ /-6 ¢
— 807 /'28 3é — 20¢ 157585 by 435'
7 - .
Total | /o0 oy Total | /oo o 2079
0rushing Efficiency.
Tons - 120 gZzrade produeced in 24 hours. 330

Tons — 207 grade produced in 34 hours.

257




Tube Mill Efficienoy Tcet.

_date. Hlawut 1 Tesgt Number. /1
Dry Feed- 24 hours, Tons., Water in pulp. 344 %
R. P, M. 23 _____ Pebble Load. /05D Lbs
Mechanical valus of Dischargs 2/3¢g | Z.U.
Mechanical value of Feed: /714 E.U.
Work done per unit, 420 E,U.
Gress powsr - Mill Iriction plus Pebbles plus Pulp. 540 | H.D.
Deduct Mill PFPriction —_— H.P.
Nett Power - Raising pebbles and pulp N — H.P.
Rclative Mechanioal Efficicney based on fGroes Power. 1397
Relative Mechanical Efficicncy based on Nett Power. —
Serocn  Analyses.
Fecd, Discharge,
grade. % E.U. | MLV grade.| % E.U. M.V.
T 20 39.50 /3 St + 29 934 15 )40
5) ,3.95— 17 3.2/ &0 oz 17 239
°% | s7s0 1o 333 59 | /990 1 379
8 | 4300 | St 273 8C | 9oy | 2L | uuo
120 Jﬁ P2 /29 20 Q’éb ) 221
2T 1 327 O 82 <00 1 720 9 /80
—. el ‘2_2/6 &3 'éZ — 200 20-90 P 5.75
Total | /00O 170+ Total | /o007 234
Orushing Efficiency.
Tons - 12¢ gZrade produeed in 24 hours, z¢437

Tons — 207 grade produced in 24 hours.

131447




Tube Mill Efficienoy Toet.

~_Date. g ) 571970 Test Number. /2

~ Dry Feed- 34 hours. /& Tons. water in pulp. 31402 %

' R. P. M. B . Pebble Load. /05D Lbs.
Mechanical valus of Diseharga' 2/,é7 z.U.,
Mechanicéi valuo.of Fesd. /7'27 E.U
Vork done per unit, 240 E.U
Gross power ~ Mill Priction plus Pebbles plus Pulp. 67 |H.T.

Deduct Mlll Priction —_— H.P.
Nett Power - Raising pebbiles and pulp —— | H.P.
Relative Mechanieal Efficléncy based on frosd Pover. 7v£z
Relative Mechanical Efficicncy based on Nett Power. SN
Sereen  Analyses.
|
Feod, Discharge.

grade. % E,U. M.V, Gradc. % E.U. M.V.

LN BEEY /5 2:00 ~ 2301 309 /5 s 6
°) | 2377 l Y 0 | ys3 17 z-0%
58 2583 19 Y492 52 7390 19 Ly5Y
89 2018 21 413 | 30 | 2425 21 570

120 8724 23 2:0% 120 | vy 25 158

- 800 2:97 8 84 — <0t 1 47 7é <8 498

Total | /000D 1927 Total | /e®©0 2/-67

. Orushing Efficiency.
Tons — 120 zrade produced in 24 hours. 3.74
mons — 207 grade produced in 24 hours, 2:64.




Tube Mill Efficiency Toet.

_Date. ;ﬁéay/gié/gvz Test Number. /3
Dry Fesd- 24 houre., /8 Tons, Watef in pulp. 3¢9 %
R. P. M. ———" =2 N Pebble Load. /05D Lbs.
Mechanical value of Disochargs | ' Z21:8/ E.U.|
Mechanical valus of Feed. 19 34 E.C.
Vork done per unit. 247 | E.T
dregs power - MIll Priction plus Pebbles plus Pulp. 5 b5 H.P.
Deduet Mill Priction —_— H.P.
Nett Power - Raising pebbles and pulp _— H.?.
Relative Mechanieal Efficicney based on fross Power. 785
Relative Mechanical Efficiuncy based on Nett Power. _—
Serecen  Analyses,
Yeod, Discharge.
grade. % B | M.y, grado. % E.U. M.V.
+ 20 1245 /5 )84 ~ =9 28/ )5 2
5) | a7 | 7 402 E0 1 50 I™ 1 90
80 | zo6uw | 21 434 | 801 ayidbs <L 5119
120 g 85 25 2.0 IZ27 11 HA 23 101
SO0 | 492 | *° /23 <YY §09 ©O 2.02.
— 207" 2-9H 28 79 - 206 ,g.é—b P 518 |
Total /6000 /9 54 Total | /o000 2/-81
Orushing Efficiency.
Tons - 1806 zrade produced in 24 hours, 3,000

Tons — 277 grade produced in 54 hours..




Tube Mill Efficienoy Tcst.

_Date. AL, (912, Test Number. 1 4-
, -

' Dry Feed- 24 hours. Tons. water in pulp. 380 %
R. P. M, —— 2> ___ Pobble Load. /050 Lbs.
Mechaninal valus of Dischargs 2J~é7 z.U.
Mechanical value of Fesd. /92 <+ B.C.
York done per unit. A &3 E,U.
Gres8 power ~ Mill Triction plus Pebbles plus Pulp. JS/8 H.P.

Deduct Milil Priction —_— H.P.
Nett Power — Raising pebbles and pulp —_— H.P.
Relative Mechanioal Efficlecncy based on Aross Power. 8wy
Relative Mechanical Efficiency based on Nett Tower.
Seroecn Analyses.
Fecd, Discharge,
grade; % z.U. | M.Y. grade. % E.U. M. V.
+ 20 1370 15 206 + 22| 3v0 /5 gt
3D 2570 17 437 &0 1/:90 L7 205
5@ 7_4_,(,5‘ 19 4_67 50 24./0 l? L/"5<9
80 1915 2l 0L 30 | 2400 <1 505
180 8:30 23 /91 120 1/'20 <3 268
209 Sups P /bb 200 §855 25 2144
- 20M Josg 28 Q5 - 20€ 17:25 =8 H8%
Total | /0000 19-2.4 Total | /6000 2767
Orughing Efficiency.
Tons — 120 gzrade produced in B4 hours, 312 h

Tong — R0

grade produced in 24 hours.




Tube Mill Efficienoy Tcet.

. Date. %MHZ S Test Number. /5
Dry Feed- 24 hours. /&  Tons. water in pulp. 352 %h
R. P. M. ————- 43 Pobble Load. Lbs
Mechanical value of Dischargs 2/ 43 z.U,
Mechanical value of Feed. /9-09 E.U
Vork done per unit, ' 234 | B.U.
4rese power - Mill Triction plus Pebbles plus Pulp. 585 H.P
Deduct Mill Priction — | H.P.
Nett Power - Raising pebbles and pulp —_— H.P
Relative Mechanioal Efficicnoy based on fAross Power. 721
Relative M’echanjical Efficiahcy based on Nstt Powor, —_—
N Serocn Analyses.
[)
Feod, Discharge.
Grade. % | Z.U. ] MY grade. 7 E.U. M.V,
P8 ] ssms | 1S | 227 * 9| 305 15 4
57 1 24wo 7 Hi15 “U 1 ues i [-98
53 | Zbus 19 %97 °J | 2500 19 475
89 | 1965 1 Y10 0 | 2560 “L | 537
120 246 Pk )72 IZC | /51 =3 245
20d H28 Lo /,07 200 ?.520 325 /- 95
- 500 2.7/ 23 76 ~ w00 /5-.3'9 58 ”.27
Total | /000D 190 Total | /0000 /%3
Orushing Efficiepnny.
Tons — 1RC gzrads produced in 24 hours, 2:92
“ons — 277 grade produced in 24 hours. 2:28




Tube Mill Efficienoy Tcet.

f— ) T . 1
. Data, %a/u/ﬁ’%: /92 Tegt Number: 7A
Dry Feed- 24 hours., /& Tons. water in pulp: Y05 G
R. P. M. ——— S Pobble Load: /050 Lbs
Mechanical value of Disocharga 2/:90 .U
Mechanical value of Feed. /934 | E.L
vork done per unit. 256 | B,
qross power - Mill I'riction plus Pebbles plus Pulp. 5'69 it
Deduct Mill Priction —
Nett Power - Ralsing pebbles and pulp .
Relative Mechanioal Efficicncy Based on Gross Power. 812
Relative Mechanical Efficicney based on Nett Tower,
. Serocn  Analyses.
Fecd, Discharge.,
grade. % E:U. | M.V. grade. % E:U. M.V.
+ 28 |y2u5 | 15 )86 + 80 | 284 )5 ‘o,
5) 12369 17 4102 SO sy 17 /-89
53 | 2443 19 50b 50 | 2z2/5 19 420
83 | 2064 21 434 | 80 | 2375 - 21 499
180 885 P2 R0 120 11446 23 2-63
2509 HQ, 25 /'R3 200‘ 878 25 2 -0+
- 809 | 2g4 &8 79 — 200 | w57 3 573
Total | /eo-¢® 19-34 Total | /000® 2/-90
Orushing Efficiency.
Tons - 120 zZrades produced in 24 hours, 376
Tons — 207 grade produced in 24 hours. - 3,)8"




Tube ¥ill Efficienoy Toet.

¥ , T n T , - — 7
. Date. %Mmé (91 _ Test Number. /7
Dry Peed- 24 hours, /8  Tons. Water in pulp.  33.2 %
R. P. M. ———3% _____~ Pobble Load. Lbs.
Mechanical value of Disohargs sq.58 | E.U.
Mechanical value of Feed. /670 | E.U.
ork done per unit, Z-88 E.T
srocs power - Mill Triction plus Pebbles plus Pulp. ey H.7.
] Deduct Mill Friction | H.p.
Nett Power — Raising pebbles and pulp __——— |H.P.
Relative Mechanioal Efficicnoy based on fAross Power. J2 S
Relative Mechaniecal Effieciency based on Nett “ower, |
-~ Serocn Analyses.
Feod., Discharge.
Grade. % | B.U. | M.V Grade.] % E.U. M.V
29 | yywo /3 576 > 29| 1995 14 | 2.8
o) 18'5© L7 3 /5 SU 2035 17 3”_7
DY | 585 19 3.0 oY) | 2055 19 394
80 /)85 &l 2:49 :;?,C‘ 1555 2.1.; 327
120 190 23 '3 «l 720 <3 /6é
e 2.9 25 g <00 1 490 %9 /22
— BUY /76 <3 2t9 — «Ot /)50 ©8 322
Total | /6000 | 70 Total | /w200 /9-5 8
| Orushing Efficiency.
Tons - 12¢ gzrade produeed in 24 hours, 2:45

Tons —

on
2CC

grade produced in 34 hours.




Tube ¥ill Efficienoy Tocset.

_ Datae. %M/%Zv 1912 Test Numbor. /8
Dry Feed- 24 hours., /S Tons. Water in pulp. 247 %
R. P. M. ————-S % Pebble Load, /05 Lbs
Mechanical value of Dischargs ,7,74 Z.U
Mechanical valus of Feed. ;670 B.U
ork done per unit, 306 | E.T
tross power — Mill Triction plus Pebbles plus Pulp. w39 | H.T
Deduct Miil Priction —_— H.P.
Nett Power — Raising pebbles and pulp —_— H.P.
Relative Mechanieal Effieicncy based on fross Power. )25
- Relative Mechanical Efficicncey based on Nett Power.
Serocn Analyses.
Fecd, . Discharge.

Grade. % | E.U. | M.V. grade.| ¢ E.U. M.V.
29 Lbt 40 /3 576 + 20 | /635 /4 229
50 | g0 L7 305 5(3 2025 -7 31
53 15785 1Y 3.0/ 53 | 2245 19 #-2.0
80 /-85 2L 249 80 | /b-90 | =1 355

120 4#:90 % ' 115 }20 940 ‘:3" /70
oUU 2717‘. s 'ég N < UU 530 | - pis) 132
=307 ;74 23 HE | —=2%C | wes |28 326
Total /0000 /6:70 | Total | ,oo-.00 1974
Orushing - Efficieney.
Tons — 1RC grade produced in 24 hours. 224

Tons — 2¢7 grade produced in 24 hours,

/78"




Tube Mill Efficienoy Tcest,

B
_Date. %M 202 (444 Test Number. /19
Dry Peed- 24 hours. 8 Tons. Water in pulp. 38.:0 b
R. P. M. —————2%2C Pebble Load, Lbs.
Mechanical valus of Disochargs 1974 | .U,
Mechanical value of Feed. 1670 E.C
Vork done per unit, o ' 304 | BT
4ross power = Mill Triction plus.Pebbles plus- Pulp. t-'27 H.T
Deduct Mill Priction —_— H.P.
Nett Power - Raising pebbles and pulp —— | H.P.
Reclative Mechanioal Efficicnoy based on Aross Power. 12:80
Relative Mechanical Efficiency based on Nett Power. |
| Serocn Analyses.’
Di5charye. Feed:
L ] L] ‘
Grade. % | E.U.| M.Y. grade.| % E.U. M.V.
+ 25 17-80 14 249 -+ 20, 4o 73 .5.7(
50 1095 19 398 50 | /5785 19 301
80 | 1630 2 3-ue 86 | mes | =1 2:49
120 7.éo 23 ] 75 P y9o 23 /13
‘— 200 /200 28 334} - 20¢ ,76 o8 e
Total | se0'00 1974 Total | /020D | /1670
Orushing Efficiency.
Tons - 1lRC grade produced in 24 hours, 2:32
Tons — 207 grade produced in 24 hours, AL J

—




Tube Mill Efficienoy Tcst.

. _ Date. %M 20> /772), Test Number. 20
~ Dry Feed- 24 hours. /€ Tons. Water in pulp.  r0-5 %
R. P. M. ———n $#4_ ____ Pobble Load. /06D Lbs.
Mechanical valus of Disochargs 2018 z.C,
Mechanical valus of Feed. /7675 E.U.
ork done per unit. 3«0 E.U
47668 power ~ Mill Triction plus Pebbles plus Pulb. sy | H.T
i ‘Deduct Mill Friction — H.P
Nett Power — Ralsing pebbles and pulp — H.r.
Relative Mechanioal Effidienoy based on A“ross Powor. /5.55”
Relative Mechanieal Efficicney based on Nett Power.
Serocn  Analyses.
. )
Fecd, Discharge.
grade. % E.C0. [ M.V, Grade, % E.U. M.V.
P89 | wyss | /3 582 L MVEL - 1 | 126
EK /55y 19 2:95 50 | 2250 19 427
80 | 194 21 257 6C | sg00 | =4 3-80
120 90 23 113 120 220 <3 /-89
— 307 2.0/ 28 A ~ 20¢ 12°98 28 357
Total | (029? 1675 Total | s0® P 12015
Orushing Efficiency.
Tons - 1RC grade produced in 24 hours. yRYVRY.

Tons — 207 grade produced in 24 hours,

/-93.




Tube Mill Efficicnoy Tcst.’

 Date. ;%éa4254g (9FL - Test Nuxcer. 21
Dry FPeed- 24 hours. /¥ Tons. water in pulp. 3g-0 %
R. P. M. ————22 Pebble Load. /050 Los.
Mechanical valus of Disohargs 2023 7.0
Mechanical valuo of Feed. /475 E.C.
Vork done pey unit, 348 E.U
GT088 pPOWer - Mill Triction plus Pebbles plus Pulp. 40(?) | H.T
Deduct Milil Priction B —_ H.P
Nett Power — Raising pebbles and pulp —— .
Relative Mechaninal Efficicney hased on Aross Powor. 15:59(?)

Relative Mechaniecal Efficicney based on Mett Towor,

Sereen Analyses.

Fecd, Discharge.

grade, % | BJUS| MLV, Grade.| ¢ E.U. M.V,
+ =9 1488 13 592 + 20 1 380 /5 2:0©
53 1554 19 2:95 . 23.05 19 438

80 11O 21 z S GC‘ /290 - 21 3,76
120 490 2 113 “C | g2o0 25 ) 89
209 3.2 s 78 200 5795 20 o

— 207 2o/ <3 J b — 20¢ I7-85 <8 3 bo
Total | /00'0© /1675 Total | /00D 2017 %
Orushing Efficiency.
Tons - 1R zrade produged in K4 hours. 2+

Tons — 27" grade produced in 24 hours. 1:9$




Tube ¥ill Efficienoy Tcet.

m s ,
_Date. %ﬂm 25= 1912 - Test Numcer. = 2A

Dry Peed- 24 hours., /8 Tons. water in pulp. 39, %

R. P. M. 806 ___ Pobble Load. = /05 Lbs.

Mechanical valus o‘f Dischargs 19-69 | Z.U.

Mechanical value of Feed, - 16°75 | p.C,

vork done per unit, - 2:94 | .U

Groes pOwWer ~ Mill Priction plus Pebbles plus Pulv.,  3.2£8 H.T:
Deduct Mill Friction S H.P.

Nett Powér -  Raising pebbles and pulp — H.P.

Relative Meonanidél Efficicnoy Sased on Arods Povier. )52 0

Relative Mechaniecal Effiecicney based on Nett rower. _—

Serocn  Analyses.

Feod, Discharge. *

srade. % | B.T.| M.V grade.| ¢ E.U: M.V.
t 2% | yugg 13 582 LA N 7] JH | 2y
Z) ,7, 6/ 17 300 20 I975 17 336

on | sy | 10 2:95 ) | 80 e

3D /19 21 25/ EE 4690 | Zi 355
120 4,90 P2 /.,5 B 120 7'80 g ’,90
203 3"2 oD '73 B fUU 5,#5 Pis) /,36
— 208 2.0/ 28 .5 |~ <00 sogs «3 3oy
Total | seo-00 75 | | Total | /000D | 19.bg

Orushing Efficiency.
Tons - 12C¢ zrade produced in 24 hours. 2:0/

Tons — 207 grade produced in 24 hours. ,.59.




Tube ¥ill Efficicnoy Tcet.

_Date. Qpwir™ ,qiz- Test Numbcr. 23
[4 P
Dry Feed- 24 hours., /8 Tons. Water 1in pulp. 380 %
R. Py M. ———— Z 2L N Pebble Load. ) 05D Lbs.
Mechanical value of Disohargs 219% z.U,
Mechanical value of Feed. 19:89 I,
Vork 4done per unit, A OH B.T
Tress power ~ Mill I'riction plus Pebbles plus Pulp. gt | HoT
Deduct Mill Priction _— H.P.
Nett Power -~ Raising pebvles and pulp —_— H.P.
Relativo Mechanioal Efficicncy based on Bross Power. 766
Relative Mechanieal Efficicncey based on Nett Power.
-~ X Serocn Analyses.
Eeod. Discharge.
Grade. % E.U.m M.V, grado, % E.U. M, V.
T 20 1000 /5 /.50 + 20 200 /5 .30
5 /910 L7 308 S0 §20 17 /40
53 2615 19 WL 50 1355 10 PR
80 | 2525 21 483 30 | 2b-bo - 21 559
<0V 7:30 s /972 <0U 970 sl 242
10l 390 23 /.09 —200 1685 £8 443
Total /oo-vo 1989 Total | yoovo 2/-93
drushing Efficiency.
Tons - 12¢ grade produeed in 24 hours. 1»74

Tons — 207 grade produced in 24 hours,

233




Tube 4il1l1l Efficiency Tcet.

,‘W__}_ate. dfwzl“ 1911, Test Numbcr. ‘A4
lr Dry Feed- 24 'hours. /68 Tons. Water in pulp. 39.¢ %
R P M, D Pcbble Load. /050 Lbs.
| Moohanical value of Disohargs 2265 T.U,
l Mechanical valuo of Feed. 209 % ’ E.U.
ork done pey unit, /73 E.U.
Jress power - Mill I'riction plus Pebbles plus Pulp. 535 H.?P
Deduect Mill Priction _— H.P.
Nett Power — Raising peboles and pulp —_— H.r.
Rclativo Mechanioal Effieclcency based on Arosa Power. 543
Relative Mechanieal Efficicney based on Nett Power.
Serocn Analyses.,
Fecd, Discharge.
srade. % UL | MLV gradoc. ¢ E.U. M.V.
+ 20 J— — ~ 20 | —
) % 6o e 7 0 700 ™ o
59 3735 19 710 ) | 2080 19 395
8) | 3045 2L Y 2] doge | FI T bus
12 /290 23 296 20 | /570 25 ey
203 915 <O 204 <00 //-80 2B 295
— 30N 485 28 136 - 20 1910 28 535
Total | /o000 2092 Total | wa-00 2245
0rushing Efficiency.
Tons - 1R2¢ gzrade produeced in 24 hours, 3.0/
Tons — 207" grade produced in 24 hours. 2'NO.
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