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PART 1

HISTORY:

The investigations described in this paper were
undertaken for the purpose of obtaining definite information
regarding the efficiency of a small Ball Mill fitted wlth Trunion
discharge.

The paper consists of a general discussion of ball
milling and a description of experimental work carried on by the
writer in cooperation with Mr. E. G. Harding. Much of the infor-
mation is set forth graphically and some conclusions are drawn

from the data obtained.

The discovery by MacArthur and Forrest in 1890 of
the Cyanide process for the extraction of gold, created a great
demand for fine crushing. This demand had been realized when
amalgamation was still the main process of extraction. Drury in
South Africa shewed that the gold recovered on plates was from
the finer particles only. Particles crushed no finer than 60 mesh
yielded no gold on the plates, whereas particles finer than 150
mesh yielded to amalgamation 83%% of the total gold.

The demand for a fine crushing machine was met by
various types such as8 the grinding pan and modifications of the
Chilean Mill. However mining men were quick to notice that the
cement manufacturers were able to grind their materials to a very
fine powder in tube mills, and began to experiment in ore crushing

by using hard pebbles in such mills. The results obtained very
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soon showed large increases in the recovery of gold from the ore.
Tube milling soon became an indispensable part of gold milling
equipment.

This progress had been made in America and Australia
and in 1904 was introduced on the Rand. Today all the important
mills in South Africa and generally elsewhere have adopted the
Tube Mill. 1In Australia, however, opinion is divided between
tube mills and grinding pans.

The original tube mills on the Rand used Danish
flints, which were costly. The first step towards reducing oper-
ating expense was in the substitution of selected pleces of the
banket, in place of the imported pebhles. The next step was to
reduce the length and increase the diameter of the mill. This
step produced the so-called Ball Mill in which the diameter is
generally equal to, or greater than the length. The érusning is
done in these mills by balls, which are made of steel or cast
iron. At the present time the tendency 1is towards a mill of
medium length (about 8 feet) with a diameter less than the

length.
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A brief discussion of the theory underlying Ball Mills.

A cylinder half filled with balls and revolved may
have three possibilities - (a) If it be revolved slowly the balls
will be dragged up one s8ide until their angle of repose is exceed-
ed, when those on top will roll down. (b) When the speed is in-
creased the centrifugal force of the balls carries them up above
the point where their angle of repose is exceeded and on to a
point where the downward pull of gravity equals or slightly ex-
ceeds the centrifugal force. At this point the ball leaves the
wall of the mill and follows a path governed by its initial velo-
city and gravity. This path will be a parabcla and it has been
shown that for most erfficient crushing the envelope of the para-
bolas should come again in contact with the mill just a little
to the down-coming side of the lowest point of the mill. (c)
When the speed is increased still further the balls remain con
the periphery of the Mill throughout the revolution. Such a
condition prevents crushing.

Davidson's experiments have shown that the most

efficient speed is given by the formula -

R.’POM. = ZOQ

Diam. (1in
\/ inches) of Mill.

Ball and Pebble Load:

Data accumulated 1n many experiments shew that the

greatest amount of crushing is effected by a load of pebbles
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equivalent to 3/5 of the volume of the mill. However, the power
consumption for such a load is excessive, and striking a balance
between power consumption and effectual crushing, it is found
that the most efficient charge is one whose volume is 7/16ths that
of the mill.

Another way of arriving at the charge orf pebhbles

is:-
Weight of pebbles = 44 x N

when N = volume of the mill expressed in cubic feet, This number
should be increased by 508 for wet grinding.
Size of Balls:

In an ideal mill the welght of a ball would be
just great enough to crack up the largest particle. Such a con-
dition would demand large balls for mills of small diameter and
small balls for mills of large diameter, as obviously to produce
an equal amount of work the greater mass will require a shorter
fall than a smaller mass. The above 1is true when crushing only
by impact 1s considered, but according to ﬁgiy authorities scme
of the grinding is done by attrition as opposed to impact.

The attrition effect of balls is a function of
their size, hence the attrition of the large balls offsets to some
extent the excessive work done by them in impact.

In practice balls up to 5 inches diameter are in

use. Mill men endeavouwr to use balls of uniform size but as the

method of replacement is the gradual addition of new balls of the
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original size, the variety of sizes i§ constantly increasing.
The wear Of the Wmlls is proportional to the weight
and the length of time required for a ball to wear a given amount

may be calculated from the formula:-

_ .6..'_9.10 Dﬂ.
Time K €10 Db

Vhere K = a constant for any ball charge - and Da and Db the orig-
inal and final diameters. (Ref. Trans. Am. Inst. M.M.E. Vol. LV).

The material of which balls are made is generally
cast iron or steel but occasionally very high quality chrome or
manganese steel is used.

The material with which ball mills are lined is
high grade steel. For tube mills, however, the 1lining may be
made of silex bricks or cement with flint reinforcement. Such a
lining as the E1 Oro may also be used, in which the pebbvles them-
selves actually form the lining.

The abselute determination of the power required
for a mill involves much intricate calculation. 1In practice the
Davidson Empirical formula 1is generally used for this purpose.

The formula is as follows:-—
Horse power = 0.15 (volume of the tube mill in cu. ft.)

(Reference - Trans. Am. Inst. M.M.E. Vol. LXI, page 275).



Practice;

In practice both single stage and double stage
crushing are advocated but the evidence seems to show that double
gstage crushing is more efficient. On the Rand the tendency has
been in favour of single stage crushing, using a closed circuit.
In other words, the product from the tube mill is classified and
the coarser material is returned to the same mill for further
crushing.

The chief advantage of double stage crusning lies
in the more perfect adaption of crushing mach}nery to the required

size.
In most gold milling plants the tube mills follow

the stamps. The arrangement varies conslderably but generally
there is one tube mill to 10 (2000 1lbs.) stamps or to 7 Nissen
Stamps. At Kalgoorll the ball mills are fed directly from the

Gates or Blake rock crushers.
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The following is the description of the experimental
work carried out by Mr. E. G. Harding and the writer:

The Preparation of the Material:

The material used in these following tests was
tinguaite obtained from the quarry near the Angus sShops, Montreal.
The reason for the choice of this rock was that it has been used
in previous tests carried on at McGill University. It was init-

a0
ially chosen because of 1ts£fine grain.

Tnhe material on hand consisted of sizes ranging
from . 4+ 20 R.P.gf to + 15 R.P.S. The desired sizes were obtained
by comminution in a Rolls crusher. In order to produce the required
sizes the rolls were set with the following distances between faces:

5/8 for + 20 mesh (R.P.S.)
3/8 % 19
1/4 » + 18 and + 15 mesh (R.P.S.)

By this method considerable oversize (+15) of a
thin flaky nature was produced. The remainder of the material was
composed of +13, +10, +8 and -6. Very little $6 was obtained on
on rirst crushing. To overcome this difficulty the set of the
Rolls was reduced to 0.095Y and the thih +15 product was reduced
to +6 with a little +8 oversize, which was rejected.

Of the desired sizes a total of 140 55-1v. bags

were put tnrough.

*
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bower:

The power for the mill was supplied by a 5 horse
power C.C. moﬁB;Z£y the General Electric and rated at 220 volts
with 19 amperes.

A part of the preliminary work consisted in deter-
mining the efficiency of this motor at full load. This test, wnich
is appended, shews that the time required for the motor to heat up
under full load and become normal ranges from forty minutes to
one hour, giving an efficiency of 79.7%.

The empty mill was then connected to the motor and

B s boagy Seowned by i o Spmelen, duoe gand bt TES et slaft
a test run which shewed an input of 5.58 horse power and a brake
norse power Of 4.23. Since the efficlency of the motor was 79. 7%

V-

therefore the actual power dellvered was 4.45, the discrepancy
0

betweenthis figure and the measured 'brake horse power of 4.23

expresses the 1loss in horse power due to friction (i.e. 0.22 H.P.)

aall
MILL

ToLER 1 talte Op Ba

1

MaTaR- FRAME

ELBY AT

The above diagram indicates diagramatically the arrangzsfﬁéed in
supplying power to the mill.



_9....

The Calibration of the Feeder:

As can be seen from the accompanying photographs
the feeding apparatus consists of an inverted pyramid hopper which
is connected by a flexible canvass funnel to a pen which is rivet-
ed to0 a pan made of heavy galvanized sheet iron. The pan is
actuated by a cam and spring which gives a quick forward movement
with slower return. The pan slides on two parallel hars which
are fastened firmly to a substantial cast iron plate. The pan
and plate have a grade of 1 to 8 norizontal. The length of the
cam stroke and therefore the blow to the pan can be adjusted by
a capstan head screw.

The calibration of the feeder consisted in measur-
ing the output of the feeder with varying length of cam stroke.
The method was to collect and weigh the feed, delivered for five
minutes, at each adjustment of the cam stroke. The graduation
of the capstan head screw controls the adjustment, a complete
revolution being equal to a change of cam stroke of 0.25 inches.

According to the Jamlieson theory of bins, the head
of feed in the hopper should have 1ittle or no effect on the rate
of feed. The truth of this theory was fairly well demonstrated
in a number of tests. 1In these tests it was found that the fill-

ed hopper delivered its feed at a fairly constant rate.

Such a test as the following exemplifies thnis
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assertion:-
Time Amt. in Weight Rate 1lbs. Total
Accumula ted

0 to 5 min. 38.0 1bs. 7.6 38.0 1bhs.

5 % 10 40.12 » 8.0 78.12

10 % 15 43,37 # 8.7 121.49 » _Average 8.34
15 w20 v 44,37 8.8 165.86 ¢

20 4 24 ww 34.14 8.5 200.00

Other series while varying little from their res-
pPective means were not consistent with each other. The concrodance
of readings in any series shews that the changing head has prac-
tically no effect on the rate of feed. The discrepancies amongst
the different series of tests must be sought for in some other
variable. The possible causes of variation seem to be the degree
of packing, the rate of withdrawal of the feed, the surging in
the hopper, and the vibration.

It was suggested that the degree of packing could
be controlled by a dlaphragm arrangement. The diaphragm first used
was a circular disc held by rods in the centre of the rectangular
discharge orifice of the feeder. The series of tests with thnis
diaphragm shewed no closer agreement amnd the irregularity was
attributed to the shape of the opening between the disc and the
walls of the hopper. A reetaﬁaglar diapnragm was then used of
such dimensions that the area of the space on all sides of it
were equal. The results shewed irregularities greater than before.

A second pyramidal hopper was then inserted in

the first one reaching almost to the bottom and with a space of
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about two inches between the sides. The reason for this érrange—
ment was that the material passing through the interior hopper
would build up on the shaking pan and lie at its natwal angle of
repose with the apex of its pyramid in the outlet of the inner hop-
per. It was considered that this method of feed would give a more
uniform degree of packing. Experiments made with this modification:
shewed no improvement. Thus it was seen that other variables must
be controlled.

These other variables are the rate of withdrawal of
the feed, the surging in the hopper and the vibration. The first
was overcome by increasing the grade of the shaking pan from 1 to
8 to 1 to 4. The second and‘third it was thought could be regulat-
ed by using a conical hopper supported on an independent base.

The conical hopper is desirable because the surge is due to the
unequal slopes of the sides of the hopper and also to the retarda-
tion due to the four solid angles.

Curves showing rates of feed at various feeder
settings are attached.

The feeder settings correspond to the graduations
on the capstan head screw, each single division representing a

change of 0.025 inches in the stroke of the cam.
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The Ball Mill:
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END VIEW
The arrangerment of the apparatus used is shewn in
1.6 accompanying sketch and photographs.
The ball mill is a small cylindrical mill, with an
inside diameter of 22 inches and a length of 11 inches. The mill

11

revclves on the trunions Tl and T which are set in simple bear-

ings. The whole is supported on a wooden frame made of 6 in. x
4 in. material well braced. The mill is made of 3/4% cast iron,
The trunions are hollow cone shaped castings. The apex of the

intake trunion T1l i painted outwards while that of the discharge

trunion Tlis inwards - so as to aid the inflow and outflow.
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Within the ball mill are six 3/4 inch half round bars,
evenly spaced and parallel to the length. These are called 1lift-
ers and their purpose is to assist the upward movement of the balls
during the revolution of the mill.

At the mouth of the intake trunion there 1is a feeding
arrangement, called a spiral feeder (F.F. on the sketch). This
feeder is made of heavy galvanized sheet iron, in the form of a
true spiral contained between two discs. One entrance to the spir-
al is at M. As the mill rotates the spiral feeder passes through
a trough of water, W, and thus a uniform amount of water enters
by M at each revo;ution. The quantity of water taken in depends
on the amount of water in the trough W, which is controlled by a
piezometer.

On the intake side of the spiral feeder is a trun-
cated cone, C. The so0lid feed is projected into this cone from
the shaking pan and enters the spiral through a slot, X, where
it mixes with the water. There were originally two such slots
but a single slot was later found to be more satisfactory.

Ball Load:

In the tests runm the number of balls was not var-
ied. The initial welight of balls was 207 1lbs. In all there were
89 balls - 8 with a diameter of 3.35 inches and 81 with a diameter
of 2.45 inches. The volume is approximately 7/16 of the mill.

The height of a pile of balls N  layers high is given by formula.
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Height = 2 r (1+ N-1 \/2/3)
Where r = radius of the balls.
The volume may he calculated when the height and the area of
the base are known.
The apparatus has now been described up to the
point where the feed leaves the shaking pan. From the pan it
is projected into the cone of the spiral feeder and enters the
spiral through the siot N ., There it is mixed with the water
and the mixture 1is forced by the rotation of the spiral through
the intake trunion into the ball mill. In the ball mill the
action is essentially that described in the general discussion.
¥hnen the mixture in the mill has reached the 1level
of the trunions, discharge begins and from this point output is
equal to input. While the mill is in rotation there is continual
classification, with the result that the finest material is carr-
led out with the water through the discharge trunion.
A short length of pipe 1is connected to the dis-
charge trunion. The material passes through this to the receptac-
les provided.

The Description of the Actual Tests.

In order to obtain the greatest efficiency of which

the motor was capable, it was decided to run it at full load and

to take up the extra power required over and above what was used
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by the mill in work and friction,by the brake which had teen de-
signed for this purpose and is described by Professor Bell in
Vol. XIX, Trans. C.M.I. It was alsc thought that it would be
interesting to see what results would be obtained by crushing dry
for a few tests. This was found actually to be impossible as the
spiral feeder choked in five minutes from the time of start.

The moisture tests were then commenced with a 50%
mixture. Even with this amount of water it was evident that the
mixture was unsuitable as the feeder threw out about five pounds
of feed during the period of the test. However, the mill took one
1b./min. of 4 13, but when two 1lbs./min. of the same size were
tried with 50% moisture, choking occurred almost at once. The
rate was reduced to 1.5 lbs./min. and the test completea. The
next test tried was 1 1lb. per min. of + 10 material, followed by
2 lbs./min. but this latter one choked and the rate was cut down
to 1.5 1bs./min. which proved satisfactory.

It was then determined to &xperiment with + 8
material and a test was started at 1 1b./min. with moisture the
same as before, — 50%. In a little over an hour the feeder choked
and it became evident that some radical change was necessary.
Professor Bell made two suggestions which really solved the diffi-
culty. The first one was to0 increase the water to 66% or even

75% and the second to close up one of the slots in the feeder,

there originaliy having been two for the entrance of the rock.
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The next two tests were run at 66% moisture nominally and then
it was decided to aim at 75%’moisture and commence a new series
which if it proved successful should show of what the mill was
capable.

The procedure briefly was as follows:- The hopper
was charged up with the material for that test, the feeder set to
give as nearly as possible the required feed and the piezometer
arranged likewise to give the 75% moisture. The mill,feeder,
water, etc., were started and the time taken. Then when the time
had elapsed necessary to have allowed 100 1bs. of material to have
passed through the mill the sampling was comuenced. It was assum-
ed at the start that after 100 1lbs. had passed through conditions
would be constant and this assumption was well justified by the
closeness with which the A and B samples checked.

Each sample was ccllected in a tub over a period
ranging from 3 mins. to 20 mins. depending on the rate of feed,
the aim being to collect about 80 1bs. of the pulp. The A sample
vas weighed, dried, weighed again to give the amount of moisture
and then screened over the No. 6 R.P.S. The oversize was collect-
ed, weighed and screened and the undersize cut down in the Jones:
Riffle to about 150 grams which was then weighed accurately.

The -200 mesh material was washed out, dried, weighed and cut in

two parts, one part being held as a reserve sample, the other

Leing screened on the Bell screening machine which is shewn in the
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accompanying photograph. The B sample was treated in exactly the
same way and was taken continuously from the time when the A sample
was cut off and over an equal period of time.

When this series of tests was run, it had been in-
tended to run a similar series using rollers instead of balls to
do the crushing. A considerable number of these rod mills are
used and advertised. As it 1is claimed that the use of rollers
minimizes the amount of slime produced, 1t was thought that a com-
parative series of tests would be interesting. Some 24 steel
shafting was procured and 28 rollers were cut 10* long and the
ends turned in a lathe to fit the inside of the mill. Each roller
weighed about 124 1lbs., the total weight being 350 1lbs. The mill
wa8 Cleaned out and the rollers and some fines were put 1in, care
being taken to lay the rollers MR, parallel to the axis of the
mill. The nill was started slowly and after a few turns was
stopped as the frame hegan to sway and evidently the rollers were
not keeping level. The mill was opened and it was found that the
rollers were in general cpnfusion, standing at all angles. Fur-
ther investigation shewed that the trouble was probably due to
aie roller as it cascaded over catching in one of the hollow trun-
lons and then as the mill turned it simply threw every other
roller across the mill.

It was clear that for a mill whose diameter is

greater than its length rollers are impossible and it is apparent
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that even with an arrangement like a Tustin Mill rollers are use-
less in a mill of these proportions, wunless it is simply the case
of exceedingly fine grinding from a very nmuch smaller size than
wamt nad been fed to the millin gquestion,

The comparison tests between rollers and balls
in the same mill was tﬁererore impossible.

It was decided to try a set of composite feeds:-—-
25% each of + 13, + 10, + 8 and + 6 and then to see if the mill-
would take higher rates of feed with only + 10 and + 8 material.
These tests were carried out successfully and the results appear
in the discussion which follows.

Discussion of the Results:

The merits of a number of tests or of the perfor-
mance Of two mills may be compared in various ways. The most
scientific way 1s the calculation of the Relative Mean Efficien-
cies (R.M.E.). This calculation is made in the following manner:-
The results of the sample screening are expressed as a percentage
of weight. ZXach percentage is multiplied by the reciprocal of
the average dlameter of the grain. This procedure is according
to the Rittinger Law of Crushing. The number thus obtained is
called the surface unit, and the total number of surface units

o5 the Surface Univs ofme Feed

is found by addition. This total number[is multiplied by the num-

ber of tons per 24 hours produced by the mill. The product of

this multiplication is then divided by the horse power consumed.
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Therefore it was decided to take an average power
and work out a set of MEAN R.M.E. results and call attention to
the above points, leaving the problem of power to future investi-
gators.

The chief effect of working out this mean R.M.E. on
the curves is the reduction of the R.M.E's of the + 13 material
and the + 6 with less pronounced effects on the 4 10 and + 8.

The nett R.M.E's are simply the R.M.E's. worked out disregarding
the 0.22 H.P. of friction and are a series of curves lying parallel
t0 the ones8 recorded. The following 1is a consideration of the
R.M.E. éurves and the conclusions which may be drawn from them:-

l. - The composite feed is the most efficient. This is to be
expected because under conditions of composite feed there is the
minimum of interstices, — interstitial space being a maximum

when all the particles are of equal size. The maximum efficiency
is attained with a feed rate of about 2.25 tons/24 nhrs. although
there seems tobe a range of from 2.0 to 2.5 tons/24 nrs. when
good results can be expected.

2. - The next most efficient at high tonnages, say in excess of
2.6 tons/24 nrs. is the + 6 feed. It was unfortunate that there
was not sufficient time to continue this curve to a point where

the curve would, having reached its maximum, begin to fall off.
This point would probadbly be somewhere between 4 and 5 tons/24 hrs.
%, — At tonnages up to 2.25 the 4+ 8 feed seems to be most effic-
ient, with the + 13 and + 10, rising to a maXimum and falling off
off quickly.

The next discussion concerns the curves of the so-
called -48 efficiency or the number of pounds per hour which will
Pass -48 mesh. The most striking thing is the 8imilarity of the

curves as regards shape and general relative position. With the
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The resulting number is the R.M.E.

Two sets of Relative Mean Efficiency Curves have
been drawn because, as may be seen in consulting the sheets of
the tests, the power appears to vary considerably for different
tests. It seems hard to realize why this should be 1f the per-
centage of moistﬁre is kept constant, because the main demand on
the power is expended in turning over the mill with its load. The
load is made up of rock, water and balls, and these balls were
kxept at a constant weight. The weight of the rock varies slightly
according to size and the composite or unirform nature of the feed.
The amount oOf water should be constant but variations creep in due
to the plezometer. However, these variations appear hardly great
enough to be definitely detected in the power readings. There is
the possibility that the powe¥ lost in the journals,chain, etc.,
might be a variable. In the power test as has been already noted,
the total friction was worked out as 0.22 H.P. but there are no
means at present of finding out whether such power varied during
actual running conditions. 1In an ideal test the friction of the
Journals would be reduced t0 a minimum by means of ball bearings
or some like device and there would hbe a more sensitive means of
taking up the excess power. Under such conditions it could be
noticed if there were any changes in friction. Also it might te

possible to find out 1if the power necessary for the actual crush-

ing varied with the size, rate and nature of feed.
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exception of the composite feed this method of working out the
relative efficiencies of two mills gives ; fairly accurate com-
parison.

Of course, it should be accompanied by a curve of
-200 mesh product and it will without this curve give absolutely
no information as to how much of the material is -200. The amount
of -200 mesh may be a figure required under certain conditions,
e.g. for cyandjation.

The curves of -200 product in pounds per hour shew
the same general characteristics with the maxXimum points at about
the same tonnage and after this point has been reached there is a
decided dropping away.

The series of curves shewing “Work Done Per Ton*
is interesting because it brings out the point that at low rates,
for instance 1.25 tons/24 nrs. the work done on all sizes is about
the same, above which rate the amount of work falls off rapidly.
The curves appear to he hyperholas, which is reasonable. With a
very little feed they shew that an infinitely large amount of work
will be done while at very heavy loads very little work will bve
done. There will bYe no.sucn effect as A. F. Taggaré‘describes in
his paper on the Hardinge Mill when he likens the point of stall-
ing in a rolls to some point which he obtained by using the Kick-
Stadler method. It 1s perhaps conceivable that such a point might

(#Trans. Am. Ins. M.M.E. VOlXLV]IL PiS3)
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be reached with a small discharge outlet and a dry feed where
the mill was so full that no movement took place at all - but
such a case is so impracticable that it need not be considered.

It will next bve interesting to see what effect
molsture has on the results. 1In general those tests run with
less moisture seem to shew increased efficiency.

Compare the following tests:-

Test Tons /24  gize % Moist. Mean = Work/ —48 -200

nrs. R.M.E. Ton 1bs. 1bs.
1 0.778 +13 46.5 412 392 49.6 24.6
3 0.792 7342 356 333% 45.5 20.0
8 1.150 +10 48.8 484 311 61.3 27.5
2 1.026 67.8 435 314 55.9 24.4
14 1.03%2 +8 58.3% 444 318 57.2 25.4
17 1.009 67.8 424 311 55.7 2%.9
15 1.775 +8 60.6 535 223 69.3 2847
18 1.656 72.1 486 217 65.4 25.2
19 2.266 72.8 502 164 68.1 24.4

In tests No. 16 and 19 the discrepancies in feed
are too great to make a close comparison but the effeet is very

obvious when one looks at the =200 mesh output.

In general 1t would seem that too much water had
been used, a precedure rendered necessary on account of difri-
culties in feeding. As time was not available to carry the

experiments to a point where the maximum efficiency for any feed
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ahd gize was determined by altering the moisture, the above data
must suffice.

It would seem that in this question of moisture the
main points are:- PFirst, that there should be present enough mois-
ture to keep the rubbing surfaces clean. This works in two ways -
it allows the unbroken rock to come in contact with the balls or
other surfaces against which it strikes or is ground, and it re-
moves the material that has been ground so that no further work
is done upon it. Secondly, more water than that required to do
the- above is simply acting as a buffer between the balls and the
rock to be crushed.

The increasing moisture will, however, not be detri-
mental to the future operation of a mill used in connection with
a flotation plant. With this in view the moisture may possibly
be even further increased. This high percentage of moisture may
account for the very low percentage Of -200.

If time had permitted,the feed rate of the + 6 mater-
ial would have been increased, and long tests would have been run
to see if the mill continued to behave in uniform fashion over a
considerable period of time.

It would also be an interesting experiment to put

one large roller inside the mill, (the roller to be about 18 diam.

by 7% long) and to remove the lifters. A mill something between
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a Chilean mill and a rolls would result and it would have the advan-
tage of not stalling as does the latter.

In comparison with the efficiencies obtained by
other experimenters it is perhaps interesting to point out that
A.F. Taggart in his tests with a Hardinge Mill# obtained 530 as his
highest R.}M.E. and in our tests the highest R.M.E. was 510 for the
mixed feed at 2.1 tons/24 nrs. and 535 for the + 8 feed at 1.775
tons/24 nrs. with 60.6% moisture.

It would therefore sScem probable that the efficien-
cies of a large and a small ball mill would not be greatly differ-
ent provided they were crushing feed sizes sulted to their respec-
tive diameters.

The writer wishes to thank Dr. J.B. Porter and
Professor J.W. Rell for their advice and help. It is only fair
to say that but for Professor Bell's enthusiasm many difficulties
would not have been overcome in time to complete the work.

The thanks of the writer are also due to Messrs.

Eylenborn and Edwards for thelr assistance in turning the rollers.

i
W, 1aTL.

(# Computed from calculations made by Prof. Bell in 1916)
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Nett Work
est Lbe./ Tons/ ¢ Mean Nett Mean per -48 -200
No. Size _Min. 24 hrs.lioist.Power RME. RUME. RiE. RME. ton Output Output
1 +13 1.08 0.778 46.5 0,90 339 412 448 586 392 49.6 24.6
2 +13 1.20 0.864 55.6 0.63 468 398.1 720 567 341 50.2 22.7
3 +1% 1.10 0.792 7%.2 0.68 387 356 572 506 33%3% 45.5 20.0
4 +13% 1.65 1.188 78.6 0.70 452 427 658 607 266 54.6 2%.2
5 +13 2.571 1l.852 97.8 0.64 484 419 738 596 167 53.5 20.9
6  +13 2.900 2.085 80.5 0.69 375 350 551 498 124 42.%  18.1
7 +10 1.16 0.83%5 42.6 0.8% 38% 430 522 611 330 52.4 25.6
8 +10 1l.60 1.15C 48.8 1.71 505 484 731 689 311 61.3 27.5
9 +10 1.425 1.026 67.8 0.78 413 435 575 620 314 55.9 24.4
0 =10 2.300 1l.655 74.0 0.76 462. 474 651 675 212 62.0 24.4
1 +10 3.071 2.210 973%.9 0.72 486 474 702 675 159 61.7 2%.0
2 =10 4.30 3.095 73.6 0.72 352 366 493 522 88 44.% 17.8
3 =10 5.125 3.690 75.2  0.83 %46 388 471 553 78 43.8 17.22
4 -8 1l.43%2 1.032 58.3 0.73 450 444 644 632 318 57.2 25.4
5 -8 2.465 1.775 60.6 0.74 535 535 762 762 223% 69.3 28.7
6 -8 3%.600 2.591 62.1 0.73 523 516 749 735 148 65.8 26.6
7 -8 1.400 1.009 67.8 0.84 373 424 506 603 311 55.7 23.9
8 -8 2.300 1l.656 72.1 0.79 456 486 632 692 217 65.4 25.2
9 +8 3.150 2.266 972.8 0.74 503 502.5 715 715 164 68.1 24.4
0 +8 4.300 3%.095 73%3.5 0.72 462 450 666 640 108 59.6 20.4
1 +8 7.500 5.400 71.7 0.7l %65 351 530 499 48 47.% 13.1
2 +6 0.775 0.558 979.% 0.84 252 286 342 408 380 37.2  17.0
3 +6 1.700 1.22%3 977.9 0.90 355 431 470 614 261 58.3 23,5
4 +6 2.643 1.902 76.9 0.76 450 461 632 656 179 64.8 23%.0
5 +6 3,500 2.502 77.6 __0.80 462 500 638 711 147 69.3 24.2
6 Comp. 2.300 1.655 64.%3 0.70 499 471 727 672 212 63.7 24.2
7 " 3,071 2.212 70.4 0.71 531 510 770 725 171 66.6 25.8
'8 W 4.400 3%.170 69.0 0.77 438 456 614 650 107 57.5 22.2

OUMMARY OF TESTS.
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Power She et Nett

TeSt E.H.P. B.HOP. Nett H-P.Onl H.Po HOP. to
Nos Volts Amps._ Input Input R.P.M. Wt Brake Friction Mill

1 226 18.15 5.50 4.38 1107 8.25 3.48 0.22 0.68
2 226 16.9 5.12 4.07 1094 8.25 3.44 0.22 0.41
3 225 18.0 5442 4.32 1092 8.75 3.64 0.22 0.46
4 226 18.1 5.48 4.37 1099 8.75 3.67 0.22 0.48
5 226 17.9 5.4%3 4.%2 1103 8.75 3.68 0.22 0.42
6 225 17.75 5.35 4.26 1069 8.75 3.57  0.22  0.47
7 226 18.53% 5.62  4.48 1094 8.75% 3.65 0.22 0.61
8 226 18.05 5:47 4.36 1094 8.75 3.65 0.22 0.49
9 224 18.4 5.52  4.40 1087 8.75 3.62 0.22 0.56
10 224 18.4 5.52  4.40 1090 8.75 3.64 0.22 0.54
11 224 18.% 5.49 4.37 1094 8.75 3.65 0.22 0.50
12 222 18.45 5.49 4.37 1079 8.75 3.60 0.22 0.55
13 226 18.55 5.62 4.48 1096 8.75 3.65 0.22 0.61
14 226 18.1 5.48 4.37 1091 8.75 3%3.64 0.22 0.51
15 226 18.15 5.50 4.38 1092 8.75 3.64 0.22 0.52
16 226 18.1 5.48- 4.%37 1090 8.75 3.64 0.22 0.51
17 227 18.3% 5.64 4.50 1098 8.75 3.66 0.22 0.62
18 222 18.6 5:53  4.41 1087 8.75 3.62 0.22 0.57
19 226 18.25 5.52 4,40 1097 8.75 3.66 0.22 0.52
20 226 17.8 5.39 4,30 1072 8.75 3.58 0.22 0.50
21 226 17.95 543 4.3%32 1084 8.75 3.61 0.22 0.49
22 224 18.6 5.58 4.45 1083 8.75 3.61 0.22 0.62
23 224 18.8 5.64 4.50 1080 8.75 3.60 0.22 0.68
24 224 18.25 5.47 4.%36 1079 8.75 3.60 0.22 0.54
25 222 18.5 5.50 4.38 1076 8.75 3%.58 0.22 0.58
26 225 18.0 5.42  4.3%2 1087 8.75 3.62 0.22 0.48
27 224 18.2 5.45 4.35 1092. 8.75 3.64 0.22 0.49
28 224 18.45 554 4.41 1092 8.75 3.64 0.22 0.55
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EZFFICIENCY TEST

Test No. _ B, Date February 8th, 1921. L
Machine Tested 5 H.P. __ Shunt C.C. Motor -
[ pize | watsmeser | _ | [ U T
il ":ﬂ . ’bia‘“i*_;eisﬂ Velts si Anps.  Revelutiens | R.F. M. |
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_ T | motarouwtpus | IE.P. |
( | | Bfficiency { ( Lf; |
r W ) VL
s St - Fr = WL F=
k= — - b — — B
/,_~\\ \l/ - -
S N —--—-——_ Vork = Fs = 25Vl L = 2'
// \\ / SCa-le \\_ *
/ i \\l ******** _
' — E.P. = 0.000381 V ¥ .
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EFFICLENCY

Test No.

Machine Tested

' Time |  Watimeter
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TEFICIENCY TITEST

Test No. B. Cont'd. Date February &th, 1921.

Machine Tested _ 5 H.P. Shunt C.C. Motor

Tire | Wattmeter | . _ o
} ) ——— Vclts Anyps.  Revoluticns {.F. M
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1
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“value L Rev|  Tatt H. [ Braxe [ [H.EP. |
| fmput | 5.66 .. | | Veter Resistanse | [ H.P. |
T 1y Tozar dwtput | g.51 E.P |
P . | | Efficiency | 7972 | |

= = — — CFr = WL F = -
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The Elutriation Tests

These tests were carried out by Mr. Harding assist-
ed by the writer. The object was to establish a number which would
be representative of the reciprocal of the diameter of -200 mesh.
In order to obtain this number the —-200 mesh product from a number
of machines was classified into the following sizes:-

- 700, - 500, =300, —-200 and oversize.
It was necessary to employ classification methods because the
mechanical difficulties in making a wire mesh smaller than =200
are enormous and also there is the trouble due to clogging which
is encountered in the actual screening.

That it is important to be able to determine of
what -200 mesh consists can be readily understood by considering
that, in working out the Relative Mean Efficiencies of a crushing

aanet Lefel. o velos
machine, the most important factor is really the amountAof -200
mesh produced. 1In order to find the reciprocal of the diameter
which is the multiplier in the product (percentage x 1/D) it is
necessary to find some means of ascertaining of what actual sizes
-200 mesh 1is made. This has been attempted first by Richards in
his determination of sizes of particles falling in water and
again by H. Stadler in his work on elutriation. The latter method
was the one used in this work and was as follows:- A glass tube

as shewn in the accompanying blue print is fitted with a funnel

and a bent outlet tube at the top, and an inlet tube for water at



-2 -

the bottom. The outlet tube was connected to a piezoameter which
when calibrated for different velocities gave an easy means of
determining the flow of water. The inlet tube was connected to a
constant head water tank.
The theory is as follows:- The cross—section area
Oof the large tube can be determined fairly accurately by measur-
ing the volume of water between two levels marked on the glass.
Then the material which has been charged in through the funnel
and accunrtulates at the bottom of the large tube and in the inlet
Pipe, is rforced to rise a little distance or becomes well loosen-
ed up by the incoming water,vut as the water rises with a constant
velocity, through the section of the large tube that has already
been Calibrated, only those particles which are fine enough will
be carried up. The coarser particlesqggg_;g_g;§gigxu£g;l. After
allowing the water to run with this velocity until it is seen that
no more material is coming over, the velocity is increased so that
particles of a larger 8ize will be carried over. This process is
repeated until nothing but the oversize remains. This classifica-
tion by a rising current depends on two laws which may be stated
thus:
&%pwcuiﬁﬁ

(a) The velocity of fall of roundish grains,above 1.55 m.m. in

diameter, when eddying resistance onliy is encountered is a

constant multiple of the square root of the diameter of the

grains, or -

Vel. = C \/D (8 -1) where D = Diameter

8 = Specific gravity
and C = Constant
112 for 8102




(D)

Tnis

(e)

(da)

...3_.
ety
The velocity of fall of roundish grains,below 1.55 m.m.
in diameter when viscous resistance alone is encountered
is a constant nmultiple of the square of the average dia-
meter of the particle, or

Vel. = & g (8 - 1) .2
9 ( 8 )
when 8 1is the specific gravity of the particle.
r " » radius of the particle.
and S " ¥ coefficient of viscosity of water.

is xnown as Stokes Law.

For particles about 1.55 m.m. in diameter which come under
neither (a) nor (b) no definite law has heen found to hold
consistently. The velocity for particles of this size should
be determined by actual experiment.

For particles so small that they become colloidal, micro-
scopic investigation by Perrin has shewn that they are in

a state of continuous erraetic motion (called Brownian
Movement) similar in all respects to the motion of gaseous
molecules, for which average velocity, mean Ifree path, number
per cubic centimeter, rate of diffusion, etc., are determin-
able by the Kinetic theory of matter.

(References - “Kinetic Theory Pf Gagesy, Jeans)
( "General Physics - Edser )

Now the velocities were calculated which would

carry over particles of diameters to correspond to-200,-300,-500

and-70C mesh - these velocities are tabulated below.

was allowed to settle and finally filtered on weighed filter papers.

The material which was collected at one velocity

These were dried and the weight of material ascertained. 1In this

way it was possible to examine the product of different machines

to find out of what the -200 mesh material was composed.
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In general it would appear that the nature of the
-200 mesh for tinguaite was independent of the machine in which it
was crushed. That is to say, #& the crushing, whether it he 1in
the Comet, ball mill or rolls, produces the same quality of -200
mesh.

Furthermore, it would appear that in dealing with
tinguaite thus crushed one is dealing with the constituent miner-
als but as these are approximately of the same size and with no
great differences in specific gravities there evidently is 1little

classification according to minerals.

Minerals present Specific Gravities

Orthoclase 2.5

Hepheline 3¢2

Hornblenge 2.9

Pyroxene 342

Aegirine Auglte 342

Hauyne ) .

Sphene ) 5.4

Epldote 342

Iron Ore 5.0 (very little of

this)
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Table of Mesh, Velocities and Diameters

Mesh Vel. Average Diam. Of grains 1/D
m.Mm. /Sec. .00, Inches

200 %,94 0.0781 0.00308 325

300 1.58 0.0485 0.00191 524

500 0.619 0.0251 0.00111 904

700 0.245 0.0100 0.0003%94 2540

Table of the Results of ZTlutriagtion Tests

Mesh I. II. III. IV, Ve VI. VII.
Over-
size 5.5 3.5 4.5 13.5 12.5 12.75 6.75
200 24.0 23.0 25.0 14.0 7.0 8.0 7.0
300 22.0 23%.0 25.0 13%.0 1l.0 17.0 9.0
500 12.0 13.0 15.0 19.0 11.0 15.0 17.0
700  36.0 37.0 30.0 40.0 58.0  43%.5 60.0
loss 0.5 0.5 0.5 0.5 0.5 0.75 0.25
100.0 100.0 100.0 100.0 100.0 100.0 100.0
I = -200 mesh product Tinguaite 4 inch diam. Comet Crusher
II = " " " " Ball mill 1 hr. crushing
IIT = o " “ " Rolls set 3/34 apart
IV = u " " Rernd Banket - Ball Lill, 7 hrs. crushing
VvV = " " " Tinguaite " " 2% " "
VI = " " " Quartz " " 2.%. ] u
VI I = " # " ] 1} ] " 1] "

Now when the number in the 1/Diam. column of
the taile of velocitles 1is applied to the percentages in the
next talle the following result is obtained:-

I - 1233
II - 1264
III - 1126
IV - 1%45
v - 1692
VI - 1425

Vii - 1771
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It is not fair to include test No. V as in this case
there was possSibly overgrinding. 8o if the averages of the first

three be considered the number is 1207.6, or in round numbers

1208.
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The Examination of the -200 Product from
the Comet Crusher.

The original Tinguaite before it was crushed was
examined microscopically and was found to contain the following
minerals:- Orthoclase felspar and the orginary alteration
Pproducts which follow, chiefly calcite and Xaolin, although
there was a little sericite also seen. Nepheline which is
hard to distinguish from the Orthoclase. The larger cyrstals
of iepheline sometimes contain HaUyne and Apatite. Hornblende
is presert also pyroxene and biotite. All through the slide
this variety of pyroxene known as Aeglirine Augite, long laths
0f a dark black green colour are very conspicuous.

The Aegirine Augite is younger than the Nepheline
and Balyne. Then there are some cyrstals of sphene, leucoxene,
epidote and rinkite. The latter cyrstals are distinguished by
their clear lath like appearance - the laths seem to bunch to-
gether and the ends seem to fray. It is also reported that
this mineral is slightly radiocactive. There is considerable
ilmenite and magnetite as crystals and also as microscopic dust.

The secondary minerals present were epidote, calcite,
kaolin, and nuscovite.

ATter this rock was QCrushed and classified in the
elutriation tests some of the product was taken smesred on a
slide and the slide examined and photographed. These photograpns
were not a great success. This examination showed that from
—-200 down to -700 that there were very few composite grains.
In other words, nearly every grain was a mineral crystal so that
breaking must have taken place in the cement of the rock before
the crystals were broken.
—700 mesh minerals present were Pyroxene and Hornblende with
many inclusions of black iron ore
Nepheline and Orthoclase in rather limited amounts.
Epidote - numerous crystals. ‘
Hauyne - a few grains.
Aegirine Augite - a considerable number of grains
of all sizes, one or two very long.

=500 mesh:
Hauyne - a number of comparatively large grains.
Pyroxene - as in -700.

Aegirine Augite- in con31derable quantlty.
Black Iron QOre -

Nepheline - numerous large gralns.
Orthoclase - "

apidote - a few conparatively small grairs .



=300 liesh:

Orthoclase - many large grains containing calcite
and sericite and Black Iron ore dust.
Nepheline - in considerable quantity.
Aegirine Augite - numerous long laths.
Hauyne - in considerahle quantity.
Black Iron Ore - plentiful.

=200 Mesh:

Orthoclase - as for -300

Nepheline - in considerable quantity.
Hauyne - very few grains.

Aegirine Augite - a few grains.

Black Iron Ore - very little.

4200 Mesh:

The grains are comparatively coarse and orthoclase
and nepheline are predominant. ZEpidote and Aegirine Augite in
small quantities and no Iron Ore.




Aegirine Auqite

Oythodase
4 % Nepheline,
Iran Qﬂ‘-—-._.- o Ty
ol
w_A:}’ ;
- o e
ORIGINAL TINGUAITE XBO - 300 PRODUCT X80

X-NICOLS.

—900PRODUCT X80. —800PRODUCT X80.












	0000
	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082

