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GENERAL INTRODUCTION 
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THE LAW OF CRUSHING AND ITS APPLICATION TO 

ORE-DRESSING 

In 1867 P.R. Von Rittinger advanced his 

theory of crushing, which said, in effect, that "the 

energy required to produce successive steps in the 

reduction of rock 1s proportional to the new surface 

produced". This hypothesis was more or less uni­

versally accepted until 1885, when H. Stadler (2), 

initiated a lengthy dispute by his contention, based 

on Kiokts Law, that "the energy required for pro-

ducing analogous changes of configuration of geome­

trically similar bodies of equal teohnologioal state 

varies as the volumes or weights of these bodies". 

Stated more Simply, this meant that the energy required 

for successive steps in reduction increases arithmeti­

cally, while, according to -the Rittinger theory, it 

increases geometrically. It is obvious that Rittingerts 

theory calls for the expenditure of many times the power 

required by Kick's law to do the same work, and that, 

consequently, both can not be oorrect. 

As a result of the Klck-vs.-Rittinger contro­

versy, which lasted for some twenty years, it has been 

proved beyond doubt that R1ttenger was right. But, as 

frequently occurs in disputes of this nature, various 
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other facts have been brought to light which have opened 

up fresh fields of investigation. 

Exponen~s of the Rittenger theory were hampered 

in their efforts to prove its validity as applied to 

rock-crushing by their inability to measure accurately 

the surface of particles in crushed material. In the 

coarser, or sieve sizes, this has not been suoh a serious 

obstacle for two reasons: 

(1) It is possible. by careful screening with 

standard machines, to obtain reasonably accurate measure­

ments of the surface of the screened material, and, 

(2) It was realized by Bell (9), Gaudin (16), and 

others that the energy expended on sub-sieve particles 

represented a very large part of the total useful work 

done. 

The need of a method ~or accurate surface 

measurement, especially of particles of sub-sieve Size, 

finally led to a simultaneous solution of the problem. 

Martin (17), in England, and the United states Bureau 

of Minas (19), working. independently and unknown to each 

other, evolved a dissolution method for the measurement 

of the surface of quartz particles. Both proved that 

the amount of surface produced in crushing quartz was 

direct1y proportional to the work expended. The writer 

considers the latter fact as being nothing more than 

corroboration o~ the published evidence of Gates(8), 
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Bell (9), and others in support of Rittinger's theory. 

With the law of crushing firmly established, 

and more or less accurate means of determining surface 

available, it has been a simple matter to compare crush­

ing and grinding machines as to relative mechanical 

efficiency by the application of Rittenger's law. But 

no such figure as an absolute efficiency has ever been 

obtained by this method, mainly because of the fact that, 

as yet, no data has been available as to the amount of 

work represented by a definite amount of rock surface, 

or, stated differently, no method of measuring the actual 

energy expended in producing comminution, irrespective 

of all transmission and friction losses, has been devised. 

A further difficulty presents itself in ore­

dressing in that no method is known as yet for the measure­

ment of surface in the sub-sieve sizes of particles of 

complex minerals, in which category most ores undoubtedly 

belong. 

Because of the above conSiderations, investi­

gations of recent years have been confined almost entirely 

to the field of fine grinding. They may be classified 

into the following groups: 

Cl} A search for some means of measuring absolute 

crushing or grInding efficiency, either by means of sur­

face measurements or by thermal methods. 
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(2) A study of the various factors which affect 

the grinding effieiencies of modern machines. with the 

object o~ acquiring suitable data, which, when applied 

to commercial mills, will enable the operators to arrive 

at the most efficient grinding conditions. 

The writer would place the work of Martin (17), 

Gross and Z1mmerley (19), Fahrenwald et al. (24), and 

Edser under heading (1). 

Examples of investigations of type (2), with 

one of which the present paper deals, are those of 

~aggart (11), Davis (12), Haultain and Dyer (13), Gaud1n 

(16), Hardinge (18), Gow et al. (20), Fahrenwald and Lee 

(22) , Gowand Guggenheim (25), and Gow et al. (29). The 

writer's opinion of the work done by these men is given 

in the next section of this introduotion. 
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BALL MILLING 

~he comminution of ores in ball mills has 

been for many years in the past, and is to-day, praoti­

eal17 standard procedure as a preparatory step to the 

recovery of the va1uable minerals by flotation or oyani­

dation. Unfortunately it has also been, and still is, 

a highly expansive operation, relatively speaking. Modern 

methods of flotation have made possible a tremendous reduc­

tion in concentrating costs, but there has been no oompar­

able reduction in grinding charges. The reason is fairly 

obvious, namely, that the ball mill is inherently a grossly 

inef~icient maChine. Recent investigations seem to indi­

oate that no more than two or three peroent of the total 

power supplied to a ba11 mill is actually e~ended in doing 

useful work; yet it remains the best machine in its field. 

Until a more effioient meohanism is developed, every effort 

should be directed toward making the best possible use of 

the existing one. 

Granting that the ball mil~ as a type is an 

ineffioient machine, the fact remains that the effioiency 

of any partieular mill oan be increased or reduoed within 

fairly wide limits. The results of numerous tests reported 

in the literature bear testimony to this statement. A 

great many of the investigations described are of purely 
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academic interest, nevertheless a substantial body of 

data has been compiled which has been of material assis­

tance to milling men in making the most efficient use 

of their grinding equipment. It is hoped that the re­

sults of the investigation described in this paper wi11 

contribute, to some small extent, to the general fund of 

fine-grinding knowledge. 

********************* 

A general review of previous experimental work 

on ball-milling problems reveals the fact that a large 

percentage of it is useless from a practical standpoint 

for one of the following reasons: 

(1) The subject is of academic interest only. 

(2) The laboratory equipment used in carrying out 

the investigation was either inadequate or of such limited 

dimensions that iots performance could not be duplicated 

in commercial mills. 

(3) No standard prooedure was adopted in measuring 

the amount of useful work done per unit of power e~ended. 

(4) There was not sufficiently aocurate oontrol of 

the various factors which affeot the efficiency of a grind­

ing machine, or else the effeet of one faotor was stressed 

unduly, to the exclusion of that of others equally as 

important. 
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(5) The conclusions drawn were inaccurate or 

were based upon insufficient evidenoe. 

With the above considerations in mind, it 

was felt that a thorough investigation in the field 

of fine grinding was desirable, in order to clear away 

some of the existing confusion and point the way to a 

better understanding of the factors af~ecting grinding 

efficiency. In general. it was planned to extend the 

work over a number of yaars, stressing each factor in 

turn, and thus accumulating a complete list of data 

from which the moat efficient operating conditions for 

ball mills could be determined. 

(This method of attacking the problems of ball 

milling has been well demonstrated in the account of an 

exhaustive researoh, carried out by Gow, Guggenheim, 

Campbell and Coghill, published since this investigation 

was commenced. In their paper, entitled "Ball Mining", 

these authors have discussed the effects on power and 

grinding of a multitude of variables, which they divided 

into two groups, namely, set variables and induced ones. 

They carried out numerous experiments, with both labo­

ratory and commercial equipment, in an endeavour to 
I 

discover the influence exerted by the set variables on 

the induoed ones, and the effect of both on the power 

and grinding. The results obtained were quite enlightening 



-9-

and helpful, although the practical value of some of 

the formulae, built upon the results of tests made 

with a 2-ft. laboratory ball mill, seems doubtful. 

Gow et al. contended that a 2-ft. mill gave a perfor­

mance comparable to that of commercial mills; whether 

this be true or false, the 3-ft. mill used in the present 

investigation would be expected to give results which 

would more closely resemble those obtained in practice 

with larger ones.) 

In accordance with the program ou tl1ned above, 

a grinding plant was installed in the mining laboratory 

during the summer of 1932, and the session 1932-33 was 

devoted almost entirely to studying the mechanical oharao­

teristios of the plant and equipping it with the necessary 

regulators and control apparatus. Special attention was 

directed to the elimination of meohanical losses in the 

ball mill and to the smoothing-out of irregularities in 

the power drawn by this machine. Other features also 

received considerable attention, as will be described 

later. 

Only three aotual grinding tests were completed 

during the 1932-33 seSSion, the results of whioh were of 

little importance except as an indication of the perfor­

mance that might be expected :from the equipment with suit­

able adJustments. 
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In 1933-34 some mechanical changes were made 

in the grinding plant and several speed tests oompleted. 

!he results of these tests seemed to indicate that a 

ball-mill speed of 39 r.p.m. gave the most efficient 

grinding. Both these tests and those of the previous 

session were carried out with a 3-ft. Marey ball mill, 

equipped with a Marcy Quick-Discharge grid. 

»uring the session 1934-35 the grinding tests 

were temporarily suspended while an investigation was 

carried out on a closely related phase of the grinding 

problem. This was an endeavour to develop an apparatus 

of a photoelectric nature which wou1d make feasible the 

measurement of the surface of -200 mesh quartz. Such 

an apparatus seemed urgently required, in order that 

the work done in the grinding tests on particles of sub­

sieve size could be acourately determined. While no very 

satisfactory resul ts were obtained, many interesting 

facts concerning the characteristics of the apparatus 

were disclosed. and it is not improbable that its use 

will beoome practicable at some future date. 

As the result of a conference between professors 

and graduate students of the Department of Mining, held 

in October, 1935, it was decided to resume the original 

grinding schedu1e during the session 1935-36. In addition 

to completing the required number of tests with the Marey 
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quiok-discharge mill it was hoped that a duplicate set 

of tests could Qe completed using the same mill minus 

the grid, i.e. with free discharge. Such a procedure 

promised much in the way of comparative results, which 

could not fail to be of vital interest to both labo­

ratory investigators and practical milling men alike, 

inasmuch as the question of whether or not discharge 

grids improve the grinding performanoe of ball mills 

has long been in dispute. 
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DESCRIPTION OF APPARATUS 

Before entering upon a detailed description 

of its individual parts, a general survey of the grind­

ing plant as a whole, and of the general procedure 

adopted, seems not to be amiss. In its present state, 

the plant represents the result of nearly four years 

of constant and painstaking improvement, throughout 

which time the guiding principle has been to duplicate 

as nearly as possible commercial plant practice and at 

the same time maintain laborato~ accuracy of control. 

It was felt that only by so doing could the phenomena 

observed during experimental tests be properly interpre­

ted and relied upon as the basis for useful conclusions 

possessing practical applications. 

A study of the flow sheet (Plate 5), shows 

that in essential details the plant resembled fairly 

closely those in oommercial practioe. The bucket eleva­

tor, by means of which the mill discharge was carried 

to a suffieient height to enable it to run by gravity 

to the olassifier, can not be considered standard equip­

ment, but it saved space and in no way affected the 

grinding operation. Similarly, the constant-head over­

flow tank on the classifier is not found in commercial 
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plants, but it did not affect either the rate or amount 

of overflow and consequently had no effect on the circu­

lating load or the grinding performance. It was merely 

one of the refinements introduced to facilitate the 

accurate measurements previously mentioned, as will be 

explained in detail later. During all grinding tests 

the entire classifier overflow was caught in tubs and 

carefully weighed, in order to ascertain whether or not 

the mill was in balance before samples of mill discharge, 

classifier overflow and classifier sand-return were taken; 

this also was not commercial procedure but it is another 

illustration of the oare exercised to maintain a high 

standard of accuracy in all observed or calculated data. 

Other examples of departures from standard practice will 

be given later, but it is safe to say here that none of 

them affected the ball mill efficiency any differently 

when the discharge grid was in use than when it was not. 
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DETAILED DESCRIPTION OF THE GRINDING PLANT 

Power Supply, Control and Measurement: 

The power used in the grinding tests was drawn 

from the University power house and entered the laboratory 

at approximately 220 volts. In order to insure a oonstant 

performanoe by the motor driving the ball mill, it was 

found neeessary to maintain the applied voltage at exactly 

the same value throughout the tests, namely, 214 volts. 

This was accomplished by means of two variable resistances 

of 0.036 ohms each inserted in series in the incoming line. 

These were operated manually and continuously to suit the 

power fluctuations. 

The power delivered to the motor was measured 

during all tests by a Sangamo integrating wattmeter, which 

was installed at the beginning o~ the session. It proved 

to be extremely accurate and dependable. Direct readings 

could be made to 0.01 K.W.H. an~ by interpolation to 0.002 

K.W.H. 

A ~C. voltmeter and an ammeter were placed in 

the motor circuit for sight readings to check the wattmeter. 

The voltmeter was watched oontinuously to see that the 

applied voltage to the motor was constant at 214 volts. 
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Motor: 

The motor was designed and built by the English 

Electrio Company. It is compound-wound, with a oontinuous 

rating of 30.6 amps., 220 volts, at 625 r.p.m. Its speed 

was controlled b7 two variable resistances in series, -so 

constructed that a very fine speed adjustment was possible, 

ranging from 640 to 2000 r.p.m. The motor has a cooling 

fan attached to its shaft at one end and a Bell brake and 

revolution counter at the other. 

Ball Mill: 

A Marcy ball mill made by the Mine and Smelter 

Supply Co., Denver, Col., was used for all grinding tests. 

It is three feet long and two feet in diameter inside the 

liners, which are of the wave type. The mill is mounted 
J 

on trunnions. A pulley on the motor, connected by a rubber 

belt to the main pulley on the ball mill, turns a pinion 

gear which in turn drives the annular gear on the mill. 

The mill is equipped with a spiral ~eed scoop 

and a quick-discharge grid. !he latter was removed to 

carry out free discharge tests. 

The weight of the mill Is carried by two trunnions 

which are mounted in babbit journal bearings kept con­

stantly lubricated by grease from an automatio feeder. 

This grease feeder Is a steel cylinder containing a piston. 

piston rod and the necessary packing. The piston rod is 
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threaded and is foreed into the cylinder by the rotation 

of a threaded wheel driven by a worm gear. The worm 

gear is operated by a speed reducer which in turn is 

driven by belting from a small pulley on the ball mill 

countershaft. The overall speed reduction is about 

2000-1 and a cylinder of grease lasts about 60 hours of 

ball mill operating time. 

Lead weights, attached to the main gear, served 

to counter-balance the weight of the feed seoop and thus 

eliminate large fluctuations in the power during each re­

volution of the mill. 

A semicircular screen was placed beneath the 

discharge lip of the mill to remove pieces of balls and 

wood pulp, etc., from the discharge. 

Bucket Elevator: 

The mill discharge, mixed with a regulated amount 

of water, flowed by gravity to a boot from which it was 

lifted by a chain of buckets and dumped into a small cylin­

aro.~oonical tank attached to the bucket-housing. This tank 

is about six feet above the level of the classifier to 

which the pulp flowed by gravity through a rubber hose 

attached to the bottom of the tank. 

Classifier: 

The classifier consists of a rotating drag in 
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an inolined box. ~he drag is a half section of a low 

pitch spiral, and has a reciprooating motion. During 

the down stroke the spiral is clear of the pulp. On 

the up stroke it moves the return sand up the inoline, 

eventually pushing it over the lip into a trough whence 

it is washed back, through an automatic sampler, into 

the feed box on the ball mill by the water supplied to 

the mill. The operation of the classifier is a combi­

nation of the Dorr and Akins principles. 

The classifier overflow fell into a constant­

head tank which eliminated most of the surging caused 

by the motion of the drag. From this tank the overflow 

ran through a pipe either into weighing tubs or to a 

Wilfley pump which elevated it to a large storage tank. 

The level of the overflow pulp in the constant-head tank 

could be adjusted at will by means of a calibrated valve 

at the bottom. Compressed air was introduced near the 

bottom of the tank to keep the pulp in mild agitation 

and thus prevent settling of the solids with consequent 

blocking of the discharge valve. 

Rock Feeder: 

Feed rock was dumped into a smal1 hopper on 

the crushing floor whence it fell by gravity onto a 

conveyor belt. This belt is driven by a friction roller 

arm which is raised and lowered by a eam operated by a 
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speed reduoer and a small motor. The speed of the 

belt is controlled by adjusting the amount of movement 

the cam imparts to the lever arm. This is measured by 

a vernier attaohed to the arm. 

The conveyor belt delivers the feed to the 

feed box on the ball mill, where it is picked up by the 

scoop feeder and passes into the mill through the hollow 

trunnion. 

This feeding mechanism is capable of giving 

feed rates varying from 0 to 600 lbs. per hour, and of 

maintaining any desired rate of feed for any length of 

time, provided the feed itself is of uniform composition. 

Automatic Pulp Samplers: 

These were three in number, located as follows: 

(I) In the mill discharge circuit. 

(2) In the classifier return circuit. 

(3) In the classifier overflow circuit. 

Each sampler consists of a discharge tube, 

sloping at an angle of 45°, which is rotated by an elec­

tric motor through a worm gear drive. In the circular 

path made by the lower end of the discharge pipe is placed 

a radial outter whose opening takes a certain percentage 

of the total flow and delivers it to a sample bottle 

placed beneath the sampler. The sample so obtained is 

about 1/40 of the total flow. 
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water Supply: 

The main water supply used in the tests was 

a large constant-head tank situated well above the 

grinding plant. From this tank the water is fed through 

brass piping to the feed box of the mill via the classi­

fier return sand trough and to the automatic sampler in 

the mill discharge oircuit. The flow of water was very 

accurately controlled during tests by means of calibrated 

valves in eaoh pipe line. 
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ACCESSORY E~UIPMENT 

The accessory equipment includes: 

(1) Electric revolution counters t recording feed-

belt travel, ball mil1 revolutions and olassifier strokes. 

(2) Vacuum filters. 

(3) Weigh scales. 

(4) Sample tubs. 

(5) Sample bottles. 

(6) Bell soreening maohine equipped with Tyler 

standard screens. 

(7) Bell brake attached to the ball mill motor. 

(8) Bell feed-rock mixing machine. 

The Bell Brake: 

In order to determine the output of the ball 

mill motor for any input, its armature shaft was perma­

nently connected through a flexible coupling to a Bell 

brake. The brake consists of the usual drum mounted 

on a steel shaft running in ball bearings. The braking 

load is applied by lapping an oil-soaked canvas belt on 

the drum. One end of the belt is attaohed to a system 

of levers which records the load on a balance. The 

other passes around a portion of the brake drum between 

the drum and a ro11er, which can be shifted to any 
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~os1tion about the rim of the drum. This roller keeps 

the belt in contact with the drum over any desired arc 

of c1raumference. A hanging lead weight (approximately 

11 Ibs.) keeps the belt taut. 

The roller which controls the belt lap is 

operated by means of a worm gear so that very small 

changes in load can be made. In using the brake the 

tare o~ the belt and lead weight is subtracted from the 

load recorded on the balance. 

The brake drum is cooled by a continuous 

stream of water from a oonstant-level tank, which is 

direeted inside the drum, flows to the edges, around 

the periphery and is scooped out by a pipe, adjusted 

olose to the inside surfaoe of the drum, and run to waste. 

This brake has the advantages over others of 

its type of extreme sensitivity and smoothness of load 

control ooupled with constant performance at any given 

load. 

The Bell Feed-Rook Mixer: 

This apparatus was used in the preparation 

o~ all feed rock to mix the latter so thoroughly that 

there would be no appreciable variation in the character 

of the feed for anyone test. The importance of in­

suring suoh unIformity in tests of a comparative nature 

is obvious. 
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The fundamental principle involved in the 

use of this machine is that o'f cutting. Feed rock 

contained in a large cone-shaped tank runs down through 

a vertieal pipe, equipped with.. a slide valve, into a 

revolving pipe inclined at approximately 45°, by means 

of which it is distributed into the mouths of ten square 

chutes placed close together around the circrumference 

of the circle described by the lower end of the revolving 

pipe. These chutes direct the rock into boxes placed 

under them on a revolving platform; theoretically each 

box receives, therefore, one-tenth of the total flow 

for any given period. Actually it is found that all 

boxes do not receive exactly the same amount, due to 

slight variations in the shape and size of the chute 

mouths. To correct this condition, the positions of 

the boxes are ~hanged at regular intervals by rotating 

the platform carrying them. Each box moves around one 

place at each ohange, and occupies a pOSition beneath 

each of the ten ohutes for equal intervals of time. 

The result is that eaah box receives the same amount 

of feed over the total period, or would receive it 

providing the feed itself was flowing at a uniform rate. 

This 1s really the crux of the whole operation; i.e. when 

each box receives exactly the same amount of feed for 

any given time of flow, the feed may be considered to 

be uniformly and oompletely mixed. 
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!he revo1ving-pipe distributor is driven by 

a Ciluarter-horse-power, constant-speed, D.-C. electric 

motor. The platform is moved by hand, although it 

might be quite feasib1e to arrange some revolving 

meehanism using the distributor motor as a souroe of 

:power~ 
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EXPERIMENTAL PROCEDURE 

A. - Preparation of Feed Rock: 

The ball-mill feed used throughout this in­

vestigation was a local quartzite which was delivered 

to the campus in carload lots. Before being piled 

inside the laboratory the pieces were broken with 

sledge hammers to a size suitable for the gyratory 

orusher, i.e. to approximately 6 in. maximum dimension. 

The crushing flow sheet la given in Plate 6. 

At the beginning of the 1.93 5-36 session 

approximately 5 tons of feed rock, previously crushed, 

screened and bagged, were on hand in the laboratory. 

Since expectations were that at least 20 tons would be 

required to oomplete a sufficient number of grinding 

tests, approxima"tely 17 tons of rock were prepared accord­

ing to the flow sheet given in Plate 6 and piled, a10ng 

with the original 5 tons, on the crushi~ floor. 

The next step was to run the entire lot once 

through the Bell mixer. This maQhine has ten discharge 

spouts (see photograph No. 1) and the bags, as they were 

refilled from these spouts, were taken off in the same 

order eaoh time and piled on the crushing floor in rows 

of'ten according to a predetermined scheme. The follovdng 
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plan will serve to illustrate the method adopted: 

Bag No. 

N 

1 2 3 4 5 6 7 8 9 10 

10 1 2 3 4 5 6 7 8 9 

9 10 1 2 3 4 5 6 7 8 

8 9 10 1 2 3 4 5 6 7 

W 7 8 9 10 1 2 3 4 5 6 E 

6 7 8 9 10 1 2 3 4 5 

5 6 7 8 9 10 1 2 3 4 

4 5 6 7 8 9 10 1 2 3 

3 4 5 6 7 8 9 10 1 2 

2 3 4 5 6 7 8 9 10 1 

s 

The revolving :platform was not used during 

this preliminary mixing operation because the bag 

hangers interfered with its rotation. To regulate the 

weight of rock contained in each bag, one of them was 

placed on a scales who~e beam was connected to an 

eleotric-bell circuit in such a manner that when the. 

beam rose a contact was made and the bell rung. The 

beam was set to balance when a load of 51 1bs. was placed 

on the scales; allowing 1 lb. for the weight of a bag, 
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this meant that each bag when filled contained approxi­

mately 50 lbs. of rock. 

Referring to the table above it will be 

readily seen, therefore, that by taking any N - S 

row of' bags, a fairly representative sample of the 

whole amount of rock could be obtained, which would 

weigh approximately 500 lbs. In order to save space. 

the bags were arranged in two lots, identioal in plan 

with that shown in the table, but in four tiers. Thus, 

a representative sample could be obtained, by taking any 

quadruple N- S row t which would weigh apprOximately two 

tons. This happened to be the greatest amount which oould 

be readily handled during the mixing operation proper, 

and usually proved to be quite suffioient for two ball­

mill tests. 

By means of numerous tedious trials with the 

mixing machine, it had been discovered that the maximum 

rate of flow for -t- in. feed rook, when of uniform mix, 

was 1850 Iba. per hour. On this basiS, it was a simple 

matt'er to calculate the time of flow necessary to give 

ten equal portions of any desired weight (in this case 

40 lbs.), and from this to determine the correot time 

interval for the rotation of the boxes supplied to re­

ceive them. 

Considering our concrete case, the caloulations 

were as follows: 
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Ten boxes @ 40 Ibs. rock each ... ... 400 lbs • 

Total time of flow per ten boxes, mins. 400 x 60 
1850 

Length of interval between changes in position 

of boxes, secs. ... ... (400 x 60 x 60) = 77.82 
1850 x 10 

... - I min. 18 secs • 

Each 2000-1b. lot of feed rock was run through 

the mixer until the rate of flow became constant at 1850 

Ibs. per hour. When this condition was reached, every 

box weighed slightly more than 40 Ibs. net, since the 

total time of flow per ten boxes was taken as 13.0 instead 

of 12.97 mins. 

B. - Motor Brake Tests: 

These were pre1imina~ tests which were carried 

out with a threefold purpose: 

(a) To check the performance and accuracy of the 

newly installed wattmeter. 

(b) To find the particular settings of the con­

trolling rheostats which would give ball 

mill speeds of 39, 43, 47 and 50 r.p.m. 

(c) To supply data from which curves could be 

drawn for each pertinent motor speed by 

plotting K.W.R. input vs. R.P. output. 



-28-

In carrying out the brake tests, the following 

procedure was adopted: 

1. It being known from the results of previous 

tests that the ball mill speed was equal to 

motor r.p.m. x 0.0605 

it was a simple matter to determine the oorrect motor 

speed for each of the desired ball-mill speeds. From 

this point it was a case of trial and error to find the 

settings of the rheostats which would give the correct 

motor speeds, previous work by other investigators being 

of some help as a guide. 

2. With the four useful motor speeds determined, 

brake tests were carried out at eaoh s,peed to find the 

R.P. output for a given K.W.H. input over a range in 

motor amperage of from 18 to 24 amps. It was known that 

the amperage drawn by the motor would not be likel.y to 

exceed the higher figure. The Bell brake was used for 

all brake tests. 

3. From the recorded observations of K.W.H. 

input, net brake load, etc., the efficiency of the motor 

was determined at the various speeds and over the de­

sired amperage range at each speed. Graphs were drawn 

for eaoh speed by plotting H.P. output vs. K.W.H. 

input. (See Plates 1 - 4. The "Set" refers to the 

settings of the two rheostats which oontrol the motor 

speed. ) 
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c. - Calibration of water Valves: 

In all ball-milling investigations, the 

liquid : solid ratio of the pulp in the mill has been 

found to be one of the most important factors governing 

grinding ef~iciency. The necessi~, therefore, of main­

taining accurate control of tha amount of water entering 

the mill can readily be appreciated. Furthermore, since 

the efficacy of a classifier to separate finished pro­

ducts from unfinished ones, in the circulating load, de­

pends to a large extent upon the liquid : solid ratio 

of the classifier feed, the amount of water added to 

the mill disoharge before it reaahes the classifier must 

also be rigidly controlled. In the present investigation, 

where eve~thing depended upon exact duplication of mill­

conditions, the considerations outlined above assumed 

double importance. 

As has been previously mentioned, the main 

water supply for the grinding plant in the mining labo­

ratory is a large constant-level iron tank situated well 

above the mill and other equipment. From this tank, 

water is fe4 to the ball mil1 and to the mill discharge 

sampler through brass pipes~ one to the mill and two to 

the discharge. The mouths of these pipes are covered 

by removable screens of fine mesh which prevent rust or 

other foreign matter from entering them and ologging the 

valves. Small tubes, tapped into the pipes, serve to 
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draw off entrapped air along with a small stream of 

water, so that the amount of water carried by eaoh pipe 

to its controlling valve is unvarying. 

For the purposes of the present investigation, 

it was deemed necessary to calibrate the water valves 

as follows: 

1. Valve No. 1 (ball mill), 

for flows ranging from 135 - 265 Ibs. /h3!. 
2. Valve No. 2 (classifier) t 

for flows ranging from 175 - 235 lbs. /hr. 
Valve No. 3 (classifier), 

for flows ranging from 470 - 800 lbs. / hr. 

The valves are of a special design which per­

mits the regulation of the flow of water through them to 

within 1 lb. /hr. In view o~ the total amounts used per 

hour from each pipe during the testa, this deviation 

never amounted to more than one percent of the calcu­

lated flow. 

A compilation of the data acquired from the 

calibration teats ia given in Table 1. 

D. - Test Procedure: 

The sequence of operations which was carefully 

adhered to throughout all grinding tests was as follows: 

1. The rate of feed to the ball mill, lbs. per 

hr., the liquid : solid rati-o of the pulp in the mill 
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and the ball-mill speed were determined, and the feed 

conveyor, water valves and motor rheostats adjusted 

aeeordingly. 

2. After an inspection 0:( th e mill, classifier, 

etc., the water to the mill discharge was turned on and 

the bucket elevator started. 

3. As soon as it was clear that no blockages had 

occurred between elevator and classifier while the plant 

was idle, the feed conveyor, ball mill, ball-mill water 

flow and classifier were started simultaneously and the 

recording of various observations commenced. Those 

which were recorded continuously from start to finish 

of the tests were as follows: 

(a) The feed rate, determined by timing the con-

sumption of every pair of 40-lb. boxes of feed rock. By 

this means the actual feed rate was measured and a check 

on the performance of the feed conveyor was provided as 

well. 

(b) The ball-mill speed, r.p.m. 

(c) The classifier speed, strokes per min. 

(d) The feed-conveyor travel. 

(e) The motor speed, r.p.m. 

(f) The applied voltage to, and the amperage 

drawn by, the motor. 

(g) The power supplied to i:h e motor, K. W. H. 

per hour. 
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Except for the: applied. voltage reading, 

the observations from (b) to (g) inclusive were re­

corded every half-hour. The voltmeter was watched con­

tinuously and the voltage regulated so that it was oon­

stant at 214. 

Suitable forms were provided which facilitated 

the recording of all observations. 

4. Approximately 1 hr. after the beginning of 

the test, tub-sampling of the classifier overflow was 

commenced. This was continued until two or more 

suocessive lots of four tubs each weighed approximately 

the same amount, at which time the plant could be con­

sidered to be in balance. Each tub contained the over­

flow for a period of two, three or four minutes, de­

pending on the tonnage ground per hour. 

Usually, the interval between the time a test 

was commenoed and that when the mill gave a constant 

1> erformance wa's about three hours.. 

5. Wi th the mill in balance samples were taken, 

by means of the automatic samplers, of the classifier 

overflow, classifier return sand and the mill diacharge. 

These samples were taken over a period of from 16 - 30 

mins. eaoh, depending, ~alnt upon the tonnage being 

handled by the mill per hour. The classifier overflow 

was always sampled first, either one or two samples 

being taken, and then the return sand and the mill dis-
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charge were sampled simultaneously, one sample being 

taken of eaoh. The reason for this procedure was that 

it avoided any danger of a variation in the classifier 

feed, while the overflow sample was being taken, which 

might affect the amount or composition of the latter. 

The return sand was not subject to a comparable error, 

since its total tonnage was, relatively, very small. 

After removing, with a vacuum pump, the air 

entrapped in the pulp of the samples, the latter were 

weighed and by means of various calculations, which 

wil~ be described later, their specific gravities and 

L : S ratios and the tonnages per hour represented by 

them were determined. The samples were then set aside 

for filtering, drying, screening, etc. This completed 

the test proper. 

The usual procedure followed was to run two 

tests in one day, unless the tonnages were too large 

to permit of preparing a sufficient amount of feed in 

advance, or a breakdown neceSSitating lengthy repairs 

ocaurred. Whenever one test followed another on the 

same day, the necessary changes in operating conditions 

for the new test were effected within a few minutes, 

without stopping any of the machinery. It was always 

found that the mill took much less time to reach a 

balanoe in the second of two such tests, because the 

circulating load and the volume of pulp in the mill 
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were already built up to approximately the correct 

amounts. 



TABLES 
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TABLE 1. 

Valve No. 1 Valve No. 3 

Rate of Rate o~ 

Sett1n6 
Flow, 1bs. Flow, Iba. 
per hr. D1ff. Setting per hr. Dift. 

3.3 135.52 - 5.7 4.63.80 -
3.4 146.22 10.70 5.8 484.28 20.48 

3.5" 154.'13 8.51 5.9 601.55 1'1.27 

3.6 164.08 9.35 6.0 520.60 19.05 

3.'1 171.36 '1.28 6.1 536.90 16.30 

3~8 181.02 9.66 6.2 555.30 18.40 

3.9 189.00 7.98 6.3 570.60 15.30 

4.0 19'1.0'1 8.07 6.4. 586.90 16.30 

4.1 206.79 9.'12 6.5 602 .. 00 15.10 

4.2 214.27 7.48 6.6 620.00 18.00 

4.3 223.55 9.28 6.7 637.08 17.08 

4.4 231.38 '.83 6.8 649.81 12.73 

-4.5 239.35 '".97 6.9 666.00 16.19 

4.6 248.43 9.08 7.0 681.00 15.00 

4.'1 256.50 8.07 7.1 698.85 1'7.85 

4.8 264.35 '1.85 7.2 714.92 16.07 

7.3 728.85 13.93 
Valve No. 2 

'1.4 742.95 14.10 

3.0 1'17.54 - 7.5 758.85 15.90 

3'1 •• 197.82 20.28 7.6 77.0.10 11.25 

3.2 218.04 20.22 '1.7 787.95 1'.85 

3.3 238.23 20.19 

WATER-VALVE CALIBRATIONS. 
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Page ............. : .. -

Date ............................................. p..~.~.~.m!t'-r. .... l~ .... 19 ... ~ .. . 

REPORT OF SCREEN ANALYSIS 

..................... ~J...~ ... ~J...~ .... ~.~.~.~ ....... TEST No ...................... . 

·SAMPLE No. 1 2 

WASHING TEST Grams Grams Grams Grams 

Total Wt. Taken 120.12 188.26 

+ 200 Mesh 

- 200 Mesh 

COMPLETE Weights on or Weights on or Weights on .or Weights on or 
ANALYSIS Between Screens Between Screens Between Screens Between Screens 

Opening 
m.m. Mesh Grm. % Grm. % Grm. % Grm. % 

Aver. 

4.699 +4 2.22 1.85 6.07 3.22 2.5 

3.327 +6 22.64 18.83 42.26 22.41 20.6 

2.362 +8 21.35 17.79 31.82 16.91 17.4 

1.651 + 10 24.46 20.35 33.32 17.68 19.0 

1.168 + 14 10.50 8.72 16.85 8.95 8.8 

0.833 + 20 7.95 6.61 12.37 6.58 6.6 

.0.589 + 28 7.23 6.02 10.04 5.33 5.7 

0.417 + 35 4.43 3.68 6.62 3.52 3.6 

0.295 + 48 4.83 4.01 7.36 3.91 4.0 

0.208 + 65 5.22 4.35 '1.57 4.02 4.2 

0.147 + 100 5.83 4.85 8.80 4.68 4.8 

0.104 + 150 1.87 1.55 2.98 1.58 1.6 

0.074 + 200 0.58 0.48 0.93 0.49 0.5 

(Sand) - 200 0.37 0.31 0.50 0.27 0.3 

(Slime) - 200 

TOTAL 119.48 99.40 187.49 99.55 99.6 

Form Mng. 5. 1936 1000 copies. 
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Mill Test Noo 23 
- : .. HJ~ 

CRUSHING lv1EDIA. -_._----
Lbs 0 1. '15 Inch 
Lbs.l.50 Inch 
Lbs Cl Inch 
Lbs. Inch 

Total 1144 Lbs o -------- Balls. 

-------~-----------------

Mill Volume------ 10.8 Cu. Ft. 

Date Jan. 14 1936 Page _.l=:..-__ _ 

~,1ILL. 

Pulp 30.7 Percent Water. 
69.3 Percent Solidso 

------------~------------

Speed -------- 42.7 R. "?o~·I. 
Cri t ic al S pe e d 56. 7 R. P. 1\1. 
Percent 0 f Cri to Speed 75.2 

---------------------------------
Oversize 

+ 
Occupy36.4Percen t lIill Vol.. rJater---

Dry Lbsoper Hro 

--- Lbs.per Hr. 

~----.----------------------~----4--------------------------------
CLASSIFIER 0 

Slope -- -- -- - 1.26 Inche s :p er Foot 0 

Stroke s - -- -24. 3 Per Iv1i nut eo 
Returh Sand-45.0 Dry Lbs. per Hr. 

+ 
Water ------27.0 Lbs. per Hour 0 

Overflow 
Solids--- 293 Dry Lbso :per Hr. 
Water---- 587 Pounds per Houro 

Liquid-Solid Ratio 1.98 : 1 

BELT FEEDER. 

Vernier Setting -------- 31.0 
Feed-Dry.Pounds :per Hr.-293.0 
Strokes :per minute------ 39.1 
Pounds per Stroke------- 1.25 

TIIV[E 0 

Duration of Test 6.0 Hours. 
Pre pa rat 0 Peri od 4.7 HO'L1r so 
Sampling Period 1.3 Hours. 

WATER 

NOol Cock ( Feed ~ater ) 
Dial Setting------- 3.3 

Noo2 Cock (To Classifier) 
Dial Setting------- -

No.3 Cock (to lVIill Disch.) 
Dial Setting------- 5.7 

At Start 0 At End. 0 

Lbs. per Hr.135.5Lbso p-er Hr. 

Lbs. per Hr. - Lbs 0 per Hr. 

Lbs. per Hr.463.8 Lbs. pe :' Hr. 

Total per Rr.599 Total per Hro 

1--------- .----------------------~. 
POWER. --

214 Volts. 20.8 Amps 0 Wattmeter 4.58KVlR 12er Hro 

Input to I\rotor 6.12 H.P. :Moto r Effi ci ency 78. 6 Percent 0 

Power Delivered to Mill --------------------- 4.81 H.Po 
Power lost in I\lill Bearings, Drive Gear, Etc. 1.08 ReP. 
Power absorbed in Crushing ------------------ 3.73 H.P. 



-39-

lv1ill Test No. 23 cent T d. Date Jan. 14 1936 Page, __ _ 

RET'N 
I~mSH SAND 

01-'0' rIm 

, 
:MILL 1tILL llIILL SQ. CIv1. CLASSI~'~ CLASS: I 

.DISCHo FEED FEED PER GRAM O'FLOH 10TFLO"} I 
" 1, • .1. • % WT_ cl. nm SURFACE 0 100' - SlTRFACEI ! 

.v - /0 V~ 1 • So Cl:.:T_!.. 100 i S C1I[·100 I of '"'m I 
+----,-+-----+--__ 1 _ -+-___ ---t_O_.1~.. f 1.0. ":~_I 

t 2 5 O. 9~ 0 • 35 I ! 
---+----,-~l ~!.!~_,r __ ._ -~--,--. --- • I ~ t 

--r------+-~_:_::-t -::~ -, ~::~ - I I 
I I -- -- - --! I,' 

-r------r----t-19.O 11.4 _+' _,_0_._60_-+-____ -+-__ _ 

f-------+--~~-~--O.....;.-l-tt--~. 8 .§. ~ 0. 70 ____ ! 
t--___ +--__ --t-_O_' .;....1_t--._6-:...._o_i-1 _ 6. 8 O. 90 ___" _ __I 

I 0.1 5.7 6.0 1.05 ! 
r-----;----+--~,---.-t I I 

0.3 3.0 _ 5.0 I 1.40 , I 

,.. __ -+----.;::--...:....;;;._-+_0.::..,:, .=:...;::8~_-----:4.:::!:--~O_~. -~~ 7 • 0 i 1. 75 -- j I 

~~-~_~_~_2~.~5~~~~~·~2~~1~~- 2.35 1.4 ,- 0:6 _,I 

~------~~~.~_~8~.~4~-~4~L~~-_+_-15tl-i·--3~ f 17.0 5.4 
__ -t-~~--+_1~1~.~0__r__.~ 6.8 r 4.25 43.8 10.3 I 

1 ___ -+-____ +---_1_5 __ 1 __ +-__ O • .L.j. 2.8 __ 5.50 85.3 15.5, 

~ O-"~ , ....25.9° +5110.Q.. 68.2 I 
100.0, I 99.6 100.0 'SQ. C~;~. J5257.5 t 100.0 I 

PER GP. q If I I ! .L ... l.n . .L_ i -'---- ----1 
. CLASSIFIER OVEHFLOl1 (FINISHED PROD.~--I---_5_···25L_~~Q.C:M. ~~R GRAI~ 

I_I\tf_LI_L_L_F_~_E_~ __________ . __ , __ . ________ , 100 S'& Cl;[. PER GP~41'~ 

:rffi1jJ SURFACE I 5158 SQo c~~r. PER GR ... hJ\r 

NE';,r SURFACE 
SQU&t{E 

CENTII';1ETRES 
"P"H'R ..... .L:J 

SEC_O,:till ---J RETURN SAND 0.54 45 5.7 ----------- --.---~-. ---+--------1---- .~--

CLASSo OVERFLOW 3.51 293 3'1.0 194800 

GROSS POlIER DELIVEREI!. ~ 1fQ:.~ 1= -25~_ FT. POUNDS PER S;EC._. 

NET PO'lER ABSORBED ni'_--:-CRU~-+=_ lID:>!!.. _ F~_U1ffiS PER SEC. 

NO TE : - 6.45 SQ. ClVTo = 1 SQ. INCH I 1TEfl SURFACE 

. E;FICIENCY - -, SQ.UARE --·---S-Q,-U-.AR-~-E·--~t 

I 
CENTIMETRES INCItES 

-G-R-O'-S-S---l-FO-O-T---PO-1l..-N-,1
1
) -p-'-~-O-D-~C-~-D-t-_ '6.£, 

NET - 1 FOOT-POUND PRODUCED I 95.0 14.'1 



Mill Test Noo 24 
... J_ t 

CRUSHING }~IEDIA 0 
fa • ____ 

Lbso 1.75 Inch 
Lbso 1.50 Inch 
Lbs" Inch 
Lbs" Inch 

------~-----------------.-

Total 1139 Lbso -------- Balls. 

------~----------.,----.----

Mill Volume------ 10.8 CUo Ft. 

Da te Jan. 14 19 36 l'ag~e __ _ 

Pulp 30.6 
69.4 

11ILL. 

Percent Water. 
Percent Solids. 

-----------------------------
Speed -------- 46.9 R .. P;I--~. 
Critical Speed 56.7 R.P.1-T. 
Percent 0 f Cri to Speed 82.8 

Oversize 
+ 

Occupy36.2Percent -t1ill Vol. Water---

Dry Lbsoper Hr. 

---Lbsoper Hr. 
\=0------------------------+-----.------------

CLASSIFIER 0 

Slope------- 1.26Inches per Footo 
Strokes ----24.3 Per Minute. 
Return Sand-33.8 Dry Lbs. per Hro 

+ 
Water ------16.0 Lbs. per Houro 

Overflow 
Solids--- 295 Dry Lbs. per Hr. 
Water---- 593 Pounds per Houro 

Liquid-Solid Ratio 1.99 : 1 

BELT FEEDER. 

Vernier Setting -------- 31.0 
Feed-Dry Pounds per Hr.-295.0 
Strokes per minute------ 39.3 
Pounds per stroke------- 1.25 

TIIVIE • 

Duration of Test 
Preparato Period 
Sampling Period 

3.5 Hours. 
2.0 Hours. 
1.5 Hours" 

WATER 
• NOol Cock ( Fee d ~Vat er ) At Start. At End. 

3.3 - Hr. 135.5Lbs. Dial Setting------- Lbs. per :per Hro 
No.2 Cock ( Toe la s s if i er) 

Dial Setting------- - Lbs. per Hr., - Lbs. :per Hro 
No o 3 Cock (to l\[ill Dis ch., ) 

Dial Setting------- 5.7 Lbso per Hro463.8Lbs. pe :r Br. 

Total pe r Hr., 599 Total :per Hro 

POWER" 

214 Volts. 22.6 Ampso Wattmeter 4.99IG1H per Hr. 

Input to Ivlotor 6.66 HoP. Motor Efficiency ?9.3 Percento 

Power Delivered to Mill --------------------- 5.28 H.Po 
Power lost in l\;lill Bearings·, Drive Gear, Etco 1.17 HoP. 
Power absorbed in Crushing ------------------ 4.11 R.Po 

I 
i 
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Mill Test No. 24 contTd. Date 

r--·~---'Ir--R-E--T-fN-+----r----+---]·.'-~I-L-L---f-~S"""'Q-.--C:r-vl-. t---C~LA-S-S·-I~·. CLASS.' J 

l,\ESR SAND . D~~~i. ;~~ F~ED H: PER GRAM 0 'FLOH 0 'FLO\J I 

% \IT. +- % ,rT·t %.~T·_!.~~l_OO l~O=-S~~!tg~ % ~T._I 
- 3 +4 '"-___ .___ I _ _ '---i-'-~----.-___ . __ ___ 0 • _~2_._ _ __.~_ I--_~._~ __ . __ , 

t--__ +_6 -+-____ ! _ 1~,--~ As in 0
0 

•• 45012..-1 _ ~-I 
t---+-~-~+------t~~_.-J.- Test 23. ____ _ I _I 

1'----+-1-4-1--- I-l-- -- ~: ~~ -=i ~~. -I 
--.-f--------i!-----4--~-_+_~. - - -! -I 

+20 0.2 0.1 O. 90 I f' f 
~~-8~--O-9--~1 -O--2~r-----+f-----~---~--1~0-5~--~----+----~----1 

1-~_'-_~_+3_5_· i-I_l::;:;.~. --_ O~ _L._~=- ~4,_0_+_-__ __+_-_.----t 
, I ' , 

~. __ -+-4,_8~----_6~.-7~~-O~.~~ __ +-__ 1_._7_5 __ +-______ ~----,------
1-_+_6_5 -1-

1 _1_3 ___ 8 1= 2.!. 3.-1- .. ~-- - - . r : =i,_. ~_:)5_f__-_l-._-2-_+__-0--. ~~ -
+ 100 28.8 J. 'l. __ L_.~'"_. ___ _i_~.--_+~.-. 3 .}5 1~,._ ...... T_-+-_5_.--.L

I . +150 17.0 !10.§.-!-- I +-~.25 43.4 10~2 .. 
+200 11.,5, _13.9 -1. __ ._ _ . .£!-~+_,--~_O_.-4--_+_-1-4 ....... -6-1 
-2001 19.2 ~4.2 I __ 'U'.!.59.-p3.~0.Q...l 69-!4=1 

TOTALI100.0 100 0 T 100.0 SQ. CM. 15511 7 I 100.0 i · I . PER GRAlf· I 
I~============±=~=====================F========F=::~=.========~~~ ,- - .. _- -_ ..... __ .,,-- .. _- -----r-----.--- -~-- t 

I 

C.LASSIFIER_.oVERFIJ.HI (FINISfiED ~OD~J.._ 5512 -,.JLQ... Cl~. PER GR.M~ 

:MILL FEED _. _ _ --I 5141~02' S_Qo CI'l. P!~. GH.A1i'~ 
NEW SURFACE SQ.o C}Jt. PER GRll1\r J 

TONS - - pomm-; I G~Mrs lrE,1 SURFACE I DRY 
PRODUCTS PER PER P3R SQUARE 

24 H01JRS HOUR SECOND CENTI}LCTRES 
- ---~~----.-+---.-, .... ,-.----+-----"--~.. - .. --.--
'I\IILL DISCHARGE 3.94 32L 41.5 

PER 
SEC01T]) 

I RETURN SAND 0.41 34 4.3 I 
--f----.--------.------I----.. -.~--- -.-.-~ 

295 37.2 201600 CLASS 0 OVERFLOW 3.53 
==================-======-=-===-==~.~-.~-~~=±==-====~==~==============~ 

GROSS PO\,lEll."p"ELIy~RE'p TO I~rILL ~ __ ,,~_ FT. POUNDS PJJl.~ S~_ 

NET PO\:IER ABSORBED In CRUSRING 2260 FT. POillIDS PER SEC. 
- - - - - 'If __ :'-::"",,:,,",0_-=-_ .. - _ .. _~ ...... =.......:-_......:....._-:::.-~ ____ -:-_____ ~::--==_ ___ _ .. _~ 

NO TE : - 6 •. 45 _SQ. CIvr. __ =!- SQ.. JN9R I .__ NEW ~F ACJ~~ A _ ___ .1 

EFFICIENCY 

GROSS - 1 FOOT~POU~ P~ODUCED 

NET - .1 FOOT-POUND PRODUCED 

SQUARE 
CENTIMETRES . -

SQUARE 
INCHES 

I 
i 

'19.3 
----~----I-----------~. 

89.1 
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CRUSHING ~~IEDIA 0 

Lbso 
Lbso 
Lbse 
Lbso 

it Inch 
It Inch 

Inch 
Inch 

--------------,----
Totall136 Lbs" - .. ------ Balls 

~. -----
11ill Volume------ 10.8 Cu" Fto 

Date Jan. 22 19 36 Pag..:-e __ _ 

Pulp 

]'~ILL. 

Percent Water 0 

Percent Solidso 

-------------------~------

Speed -------- 39.8 R. "?I.1. 
Cri tic al Speed 56. '7 R. P. 1If. 
Percent 0 r- Cri t" Spe e d '70.2 

Oversize Dry Lbsoper Hr. 
+ 

Occupy36.1Percent Mill Vol. Water---

I----.. -----~--------+-----------------

CLASSIFIER. 

Slope-------l.26Inches per Footo 
Strokes ----24.6 Per Minute. 
Returh Sand-6'1.0 Dry Lbs. per Hro 

+ 
Water ------S1.0 Lbs. per Houro 

Over-flow 
Solids--- 300 Dry Lbs. per Hr" 
Water---- 592 Pounds per Houro 

Liquid-Solid Ratio 1.98 : 1 

BELT FEEDER. 

Vernier Setting -------- 31.0 
Feed-Dry Pounds per Hr.-300.0 
Strokes per minute------ 39.5 
Pounds per Stroke------- 1.27 
----------------1 

TIIVIE 0 

Dur at ion of Te s t 4. 2 Hour s • 
Pre})a rat 0 Peri od 3.0 Hours D 

Sampling Period 1.2 Hours~ 

WATER 

NOol Cock ( Feed Water ) At start 0 At End 0 .-
Dial Setting------- 3.3 Lbs. :pe r Hr. 155. 5L bs 0 per Hro 

No .. 2 Cock (To Clas sifier) 
Dial Setting---~--- - Lbs. per Hr. - Lbs. per Hr. 

NOo3 Cock ( to lVIi 11 D is ch 0 ) 

Lbso per Hr. 463. 8L bs 0 pe :" Hr. --Dial Setting------- 5.'1 

Total per Hro599 Total per Hro 

\->--------~-.-.-.----~---- -, -

214 Volt~o 18. 55Amps0 

Input to I\lotor 5.54 H. P. 

Power Delivered to Mill 

POWER" 

Wa ttmeter 4.16IGTH :per Hr 0 

]Aotor Efficiency 77.7 Percento 

4.30 H. Po 
Power lost in l\1il1 Bearings, Drive Gear, Etco 1.00 HoP. 
Po\over a'bsorbe din Crush ing -- -- -- -- -- -- ---- - - 3.30 H. P .. 



Mill Test No. 25 cent T d. 

DRY 
PRODUCTS 

EFFICIENCY 

-43-

Date 

SQ,U)\.RE 
CENTTIdETRES 

1936 P~g_e_. __ _ 

--'----::-.~. _. ---.----------- -----------.--.. --t-------- . -
GROSS - 1 FOOT-POu~m PRODUCED 75.9 ________ ,. __ ~_. _______ _... _ _!_-~---------1-------_._---+ 

J 98.7 NET - 1 FOOT-POUND PRODUCED 15.3 
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~~il} Te st No 0 26 Date . Jan. 22 1936J? _-..:ag=:..e __ _ 

CRUSHING ~~fEDI.A. 0 

Lbso 
Lbso 
LDS. 
Lbso 

If Inch 
la Inch 

Inch 
Inch . 

-----------------------,--
Total 1131 Lbs 0 Balls 

Mill Volume------ 10.8 CUo Fto 

Occupy.36.0Percent Mill Volo 

Pulp 

l~ILL. 

30.3 Percent Water 0 

69.' Percent Solidso 

-.~-----------------------

Speed -------- 50.6 R.P;M. 
Critical Speed 56.7 R.P.1If. 
Percent 0 f Cri to Spe e d 89.2 

- -
Oversiz,e Dry Lbsoper Hro 

+ 
Water--- --- Lbsoper Hro 

~---- -----------.-----.-------------------~-------------------------------------
CLASSIFIER 0 

Slope------- 1.26Inches per Footo 
Strokes ----25.0 Per Minute. 
Returh Sand-fiO.O Dry Lbs. per Hro 

+ 
Water ------23.0 Lbs. per Houro 

Overflow 
Solids--- 300 Dry Lbso per Hr. 
Water---- 590 Pounds per Hour. 

Liquid-Solid Ratio 1.986: 1 

BELT FEEDER. 

Vernier setting -------- 31.0 
Feed-Dry Pounds per Hr.-300.0 
Strokes per minute------ 39.6'5 
Pounds per stroke------- 1.26 

TIME 0 

Duration of Tes t 5.0 Hours 0 

Preparato Peri od 4.0 Hours 0 

Sampling Peri od 1.0 Hour s 0 

WATER 

NOol Cock ( Fee d 1Yat er ) At Start. At End. 0 

Dial Se tting------- 3.3 Lbso pe r Hro135. 5 L bs. per Hr. 
NOo2 Cock (To Clas sifier) 

'Dial Setting------- - Lbs. per Hro - Lbs. per Hro 
No o3 Cock ( t 0 XVI i 11 D is ch 0 ) 

Dial Setting------- 5.'1 Lbso per Hro463.8Lbs. per Hro 

Total per Hro599 Total per Hro 

~-------------.-.----------------------------------------------------------------------~ 

214 Voltso 23.9 Ampso 

Input to I\lotor '1.13 R.Po 

Power Delivered to Mill 

Wattmet~r 5.34rarn per Hr. 

1toto r Effi ci ency 79.0 Percent 0 

5.63 H. Po 
Power lost in I\1ill Bearings, Drive Gear, Etc. 1.23 HoP. 
Power absorbed in Crushing ------------------ 4.40 HoP. 

I 

I 
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Mill ~est No. 26 contTd. Date Jan. 22 1936 ~~g<'..-e ___ , 

RET'N :MILL 
ff" T11ILi - SQ. Cl\{. CLASSIF. CLASS: 

I\fESH SAND ·DISCH .. 
1i!LL I FEED 1?ER GR.A1JI O'FLorr o 'FLO~J 

i FEED SUR~AC~ , . - SURFACE % vrp % WT. 'Jl TIT I .L ~ 0 100 ~1 _. 

I /0 v • S. CI\Ii-lOO . S. ClJIi-lOO % T7rT 
~ii .. 

-~-r-----I ,.........".. 

-3 +4 I , ___ ~ 0.35 -I -. 
+6 -f + As in 0.45 I 

i 

1=- -~t 23 ! - ! +8 0.50 I I j i i 
t 

--
+10 -.-.t. t 0.60 I • - -- I - - - I 

1-
! +14 , 

0.70 , 
I 

I 
! 

+20 0.90 I 
i 
i r----- t 

-, _._i 

+28 1.0 0.3 1.05 i , 
:.-. -

1-
---! 

+35 _1.8 0.2 1.40 j , 
- - -, 

+48 6.6 0.8 1.75 I 
i -

+65 
i 

2.35 1.2 0.5 14.4 2.3 -- .. - , .... 
+100 28.3 7 6 -t-_ 3 .E 15.1 4.8 

.-~-------.. ----- r.--.---- --
+150 16 .• 7 10.2 ~ _.1 ___ I 4.25 40.4 9.5 

- . 
+200 ll~ 13.6 5.50 69 .• 9 12."1 
-200 19.7 _ 65.0 I 7Q.5 5540·°1 72.5 

100.0 100.~ TOTALI 100.0 SQ. C~.~. 100.0 I 
5666.6 I I 

PER GR.A:rvI I 
-' - .. _. . .. _-- .- .- - "'"4 

CLASSIFIER OVERFLOTV (FINISHED .~ROD. ) ~667 SQ •. CII/I. PER GR.A1v1: ! 
- . ,'-

]JrILL FEETI 100 SQ. CIVI. PER GRA]Y[ - -
NEW' SURFACE 556'1 SQo CI\I.[. PER GR f'll~ ,..,.!..;U\' --

TONS P01JHDS I GRMtS NEW SURFACE I 
DRY 

I PRODUCTS PER PElt P~R SQ,TJARE 
24 HOURS HOUR SECOND CENTIMETRES -- ---- _ ... _--. _ .. ----_. 

r----.--~ PTo1R I ..w 
1~IILL DISCHARGE 4.20 350 ,:- .44.2 SEC01TD I 

i , 
I 

RETURN SAND 0,60 f)O_ 6.3 
I 

I -- -. 

CLASS.OVERFLOil1 3.60 300 '" 37.9 210500 - . ____ r _ -
GROSS POWER DELIVERED TO I\[ILL 3095 FT. POllIDS PER SEC. 

I _.- ,. - - -- . -- -----
NET PO iiJE R ABSORBED Ilf CRUSHII~G 2400 FT. POU1TJ)S PER SEC .. 

I ---- ...... - --=---.... -= -:-;- -- -- .. _._ .................. -~ - -.- - -
.. NO~:- 6.45 __ SQ. ClvT •. - 1 SQ,. INCH N'EH SURFACE - -- - -, 

I SQUARE SQ,UARE EFFICIENCY t 
CENTIMETRES I NCJfES I -- -

GROSS - 1 FOOT-POUl'TD PRODUCED 68.0 
~ ... - I NET - 1 FOOT-POUND PRODUCED 87.0 13.5 J I 
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Mill TestNoo 27 
"':'if.I ... ~ 

CRUSH I NG }/[EDIA 0 

Lbso 
Lbs o 

Lbs. 
Lbs o 

Inch 
Inch 
Inch 
Inch 

-------------------------

Date 

Pulp 

Feb. 3 1936 Page 
~~---

M:ILL. 

Percent Water. 
Percent Solidso 

Total 1126 Lbs 0 Ealls. 

S pe e d - - - - - - - - 42. 9 R .. "? ;; ~,~. 
Cri t ic al S pe e d 56. 7 R. P. 1'. '[. 

Percent 0 f Cri to Spe e d '5.7 

--------------------------- -------------------------
1trtill Volume------ 10.8 CUo Ft. Oversize Dry Lbsoper Hr. I 

:w • 

+ 
OccuPY35.8Percent }1ill Vol" Water---

CLASSIFIER" 

--- Lbsoper Hro 

BELT FEEDER. 

Slope -- -- -- - 1.26 Inche s :p er Foot u 

Stroke s - -- -24. 'l Per l~~inut eo 
Returh Sand-51.8 Dry Lbs. per Hro 

Vernier Setting --.- - ---- 31.0 
Feed-Dry Pounds per Hr.- 300.0 
Strokes per l!linute------ 39.2 
Pounds :per stroke------- 1.2E 

+ 
Wa ter --- -- -28.0 Lbs. pe r Hour 0 

Overflovl 
Solids--­
Water----

300 Dry Lbs. :pe r Hr. 
596 Pounds per Hour 0 

TTME. 

Liquid-Solid Ratio 1.978: 1 
Duration of Tes t :>.2 H01..l.rs. 
Pre p8. ra to Peri od 4.2 HO"Llr s. 
S'am:pling Peri od 1.0 Hour s 0 

WATER 

NOol Cock ( Feed l'\!at er ) At Start 0 At End 0 -Dial Setting---- --- 3.6 Lbso per Hro164.0Lbso per Hro 
l'To 2 'Cock ( Toe la s s if i er) .L\i 0 

Dial Setting------- - Lbs o per Hro - Lbso per Hro 
NOo3 Cock ( t 0 1\[ ill ]) is ch 0 ) 

Dial S etting------- 5.525 Lbso per Hro436.0Lbs 0 pe :r Hr. . 
Total per Hro600.Total per Hro 

~-------------------~----------------------------------------------------~ 

PO "rt:i1R i~ .t!.J 0 

214 Volts 0 20.8 Amps 0 
, . Wattmeter 4.60K\7H per Hro 

1'[otor Efficiency 78.9 Percento 

Power Delivered to Mill --------------------­
Power lost in l\lill Bearings, Drive Gear, Etco 
Power absorbed in Cl~lshing ------------------

4.84H. Po 
1.08 Ho J? I 
3. '16 H. P. : --



Mill Test No. 27 cont T d. Date 

RET-'N:MILL MILL I laiL -SQ:: CM. CMSSIF J CLASS: 1 

t 1.m,_S,_H_l t--S_A_N"D ___ ' D I S CH v FEED JE ~~Et D "r.11 P~R ~~ 0 T FLO !;I , 0 T FLO ~ T SU nHUCH SUTR',FACRf, 
% HT. t! HT. % _ 1jlT. s. ·'§i:}i-lOO 100: s. CMHOO % .JiT ._ 

t---_3_+_4-t-_~_+1----_L-----~--- 0.35 -+-----t-------

:: - J_--=t. Te!:: -.-~-:-:-~-__t---- I 
+10 _ .+-= ____ ' ___ --- _.1 0.60 =l'--t·--~-----~I 

~_7"_1_4__t_---_I__--__+---___+_---------_-If---_O_. 7_-0_-+--_____ _ _I ! 
+20 I 0.9<2- +-__ 1 

~8, 1.3 0.3 _~~ __ IJ._0_5_~ ___ ~---1 
+35 2.0 0.3 __ -+ _ 1..!._4_0 ___ 4 ___ ._--+ ___ _ 

r ___ ~_4 __ 8~, ___ 6_._2 _____ +-__ 1_._1-+ __ ~~_~i----~---------~---1-.'-75--+ _________ ~I--.~_-_--_ 
+65 13.1 2.9 I 2.35 ~ 0.6_ 

r---+_l_OO-i-_,?8!~_-!---2:l: L-__ -~'"-._-_-+___ -t_-.~E~~~- _ 5.8 
, __ +_1_5_0-+-_1_'1....:;._8_~ -g4----- ~ 

+200 11.8 I 14.8 I 
_ -_2 __ 0_0--t-__ l_9 ....... _5---t-__ 6_0--', ....... 5_, +r_·-_-___ -+-_~=_ .-15!.OO 5070.0 I 67.6_~ 

TOTALl
i 

100.0 100.0 100.0 SQ. C1{. 52l9.5 1100.0 : 
P!£R ~R~~f I ! 

t=-=-= .. =======::1::::.:=====. ====_:::::L __ =~"_=_ ==.=-t=~=-=._ .. -".... - - -------~.-, 
CLASSIFIER OVERFLOW (FINI S~D PROD.J_-+-...... (~" ..... ·~'-5220 _~.E...~Q1\_~._P_ER_' _~Rl\1L1 
l\{ILL .FEED i 100 SQ,. CM. PER GR.AI\:1 1---------------------_····· I 

1 __ ~~_~_V~_T_SU_.~R-F-A-C-E_-___ ~--__ ----~-----------~,---5-1-2-0-. ~~S-Q~o-C-M-.----P-ER---GR_~_~-~~ 

I DRY 
PRODUCTS 

TONS 
PER 

24 HO'UT[(S 

POill'IDS 
PJ£R 
HOUR 

GRAMS 
PER 

SECOND 
---------.. -4----~-------+----.-.. - .. ---,------+ 

lJILL DISCHARGE 4.22 352 

NEW SURFACE 
SQUARE 

CENTIT',![ETRES 

I 
RETURN SAND 0.62 52 6.6 , 
CLAsS-o·OYERFLOW,- 3.~_T·- ~OL- 37.8 -., 194~~~ -- -'---1 

GROSS PoiJER DELivERE~Y0MiLL~! _ -2660 FT.POUNDSPER SEC. 

_ NET_ pm-IER ABSQBBED IR_QB!!.SHING _~~~,. ,.~-!::.T. ~O~~S PJi!.R ~=;=1 

I NOTE:- 6_.45 SQ. CM. -_1 SQ.;rN_CF ,- l'l"E"~rC? -- -- t 
EFFICIENCY SQUARE SQUARE 

CENTIl:ilETRES INCh~S I ,'---,-------------,-.-----+-----------t----------+ 
GROSS - 1 FOOT-POUND PRODUCED 

NET - 1 .FOOT-POUND PRODUCED 
---------~---------------~ 
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]'~ill Te st Uo 0 28 
- t't'.f.JI' 

Date . Feb. 3 1936 Page 
-~---

~,~ILL. CRUSHING 1~1EDIA 0 

Lbs o it Inch 
Lbs 0 li- Inch 

Pulp 38.8 Percent Water 0 

61. 2 Percent Solids 0 I 
Lbs o Inch 
Lbs 0 Inch 

- . 
Total 1121 Lbs. - -- ---- - BaJ.ls 

Speed -------- 42. '1 R. ?o~"f. 
Critical Speed 56.'7 R.P.1"L 
Percent 0 f- Cri to Speed 75.4 

-
~\till Volume------ 10.8 Cu" Fto Oversize Dry LbSoper Hr. 

+ 
Occup:yZ5.6Percent I:lill Vqlo Water--- --- Lbsoper Hr. 

;a;-

CLASSIFIER .. 

Slope------- 1.2GInches per Footo 
Strokes ----24.6 Per Minute. 
Return Sand-65.4 Dry Lbs. per Hro 

+ 
Water ------55.4 Lbs. per Hour. 

Overflow 
Solids--- 300 Dry Lbs. per Hr. 
Water---- 593 Pounds per Hour. 

Liquid-Solid Ratio 1.95 : 1 

BELT FEEDER 0 

Vernier Setting -------- 31.0 
Feed-Dry Pounds per Hr.-300.0 
Strokes per minute------ 39.2 
Pounds per Stroke---~--- 1.28 

TIIVIE 0 

Duration of Test 5.0 
Pre pa ra to Peri od 4.0 
Sampling Period 1.0 

Hours 0 

Hours 0 

Hours. 

WATER 

NOol Cock ( Feed Water ) At Start. At End 0 

Dial Setting-------4.0?5 Lbso per Hro 204 Lbso " :per Hro 
Noo2 Cock ( To C la s s if i er) 

-Dial Setting------- - Lbso per Hro - Lbs. per ,Hro 
No o3 Cock ( t 0 l\~ ill D is ch. ) 

Dial Setting-------5.32 Lbso per Hro 397 Lbs 0 pe :> Hro 

Total per T.:r 601Total TIer Hro ~_, r. 
J: 

I 
I 

~----------------~--------~-------~---"------------------------~ 

214 Voltso 20.8 Amps. 

Input to Ivlotor 6.14 H .. Po 

POWERo 

Wattmeter4.61 IG7H per I:T~o 

11oto r Effi ci ency '19.0 Percent. 

Power Delivered to Mill --------------------- 4.85 H.P. 
Power lost in I\'Iill Bearings, Drive Gear, Etc. 1.08 HoP. 
Power absorbed in Crushing ------------------ 3.77 H.P. 

I 

I 
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:Mill Test No. 28 cont 'd. p-~te ____ F_e_h_. __ 3 ___ 1_9_3_6_·~P~~~~~e ____ __ 
. -- --

RET'N 11:ILL :MILL IVITLL SQ. CM. CLASSIF

1 
CLASS. 

FEED PER GRAliJI OTFLOH O'FLOH M:ESH SAND . DISCH. FEED 
% WT. % WT. % vifT. 

SURFACE. . - SURFACE . 100· S. C11;'100 S.CMi-l00 % rTT o W 0 - -
-3 +4 0.35 - ·~---I 

+6 As in 0.45 I I +8 ,- Test 23 0.50 I 
I I -1 
, - -

+10 I ! 0.60 f , 
~l _ .. -

+14 0.70 ; - - - - . - I 
+20 0.90 ! .. -I 
+28 1.'1 0.4 

f<" f 1.05 

:1 
-

.~~ -I +35 2.1 0.4 I 1.40 
I +48 6.2 1.5 1.75 f-. 

+65 13.2 3.6 2.35 1.9 0.8_ 
+100 28.4. 10.3 --t---t 3.15 20.8 I 6.6 - - I - . 
+150 17.5 11.7 4.25 47.6 I 11.2 
+200 

1-- -r·-
12.0 14.9 5.50 86.4 15.7 , 

-
-200 1 

18.9 5..1.!.2 I 69.00 I 4540.0 65.7 

I 
-

TOTAL 100.0 100.0 100.0 SQ,. C];~. 4696. 'f I 100.0 
I 

1 
PER GRAl\I ! - - ... .--_- - .- I 

CLASSIFIER OVERFLOW (FINISHED PROD. ) 4697 SQ. Cl~. PER GRAM I -
~;rILL FEED 100 S~o ClvI. PER GRA1v! - - - _.---
NE1.iiT SURFACE , 4597 SQ. CJY1. PER G"R lUll" ""'\...,&" V.t. --

DRY TONS I PO ffiID S I GRA1\'[S NEW" SURFACE 
"D1i'1:{ PER PER PRODUCTS .L_l.:.J~ SQ,UARE 

124 HOURS HOUR SECOND CENTIMETRES -- . --- ... -.. ---_ .... - -- PER 
IvfILL DISCHARGE 4.38 366 46.2 SEC011J) 
RETURN SAND 0.'1' J§ ~.3 

f 

~ --- -- -
CLASS. OVERFLOW 3.59 300 37.9 174100 

- -- -
GROSS POVJER DELIVERED TO ~lIfILL 266.5 FT. POUNDS PER SEC. 
NET POiJ7ER ABSORBED Ilf CRUSHING 2065 FT. P01.JI.llS PER SEC. .. -- --, - - - -_ .. _-
NOTE:- 6.45 SQ. Clv1. - 1 SQ.I1iQ~ NEW SURFACE 

I 
. 

I SQ,UARE SQ,UARE EFFICIENCY I CENTIMETRES INCHES 

GROSS - 1 FOOT-POUND PRODUCED 65.4-- . -
NET - 1 FOOT-POUND PRODUCED 84 .. 3 13.1 -
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CRUSHING :MEDIA 0 

Lbso 
Lbs o 

Lbs e 

Lbso 

It Inch 
1i- Inch 

Inch 
Inch 

---------------------------
Total 1116 Lbs. - -- -- -- - Balls. 

Date Feb. 12 1936 P_a~g_e __ _ 

Pulp 

ltILL. 

Percent Water. 
Percen t Solid s. 

---------------------------
S pe e d - - - - - - - - A'_~ 7 R n "'I" ~. • ~_ v,;,'_. 

Critical Speed 56. '1 R.P.'1'·t. 
Percent 0 fCri t 0 Speed '15.2 

I 

~j[ill Volume------ 10.8 CUo Ft 0 Oversize Dry Lbsoper Hr. I 
+ 

OccupyS5.5Percent i:1ill Vol. Water·--- --- Lbs.per Hr. 

~--------------------------------------+--------------------------------------
CLASSIFIER. 

BELT FEEDER~ 

Slope------- 1.26Inches per Footo 
Strokes ----25.4 Per l~~inute 0 

Returh Sand- 150 Dry Lbs. per Hro 
Vernier Setting -------- 42.0 
Feed-Dry Pounds per Hr.-415.0 
Strokes per minute------ 39.5 
Pounds per stroke------- 1.75 

+ 
Water ------ 79 Lbs. per Hour. 

Overflow 
Solids--- 415 Dry Lbs. per Hr. 
Water---- 831 Pounds per Hou~o 

TI1'[E • 

Liquid-SOlid Ratio 2.015: 1 
Duration of Test 
Pre pa rat 0 Peri od 
Sampling Peri od 

3.5 Hours. 
2~ 8 HO"Llr S • 

0.7 Hours. 

Cock 
Dial 
Cock 
-Dial 
Cock 
Dial 

( Fe e d ~Va t er ) 
Setting-------3.175 
(To CJ-as sifi er) 
Setting------- -
( t 0 ]\~ ill D is ch 0 ) 

Setting-------6.825 

WATER 

A t Star t • AtE nd 0 

Lbs~ per Hr. 178 Lbs. per Hr. 

Lbs" per Hr. - Lbs 0 per Hr-

Lbso per Hro ._654 Lbs. p8:;:> Hr • __ _ 

Total per Fr. 832Total per Hr. 

1--------~~-------------.-.--------------------1 

POWER .. 

214 Volt~. 20.7 Amps 0 Wattmeter 4.65Iarn per Hro 

Input to M:otor 6.2 H.P. 11oto r Effi ci enc y 79.0Percent 0 

Power Delivered to Mill --------------------- 4.90 R.P. 
-I Power lost in l1ill Bearings, Drive Gear, Etco 1.08 H.P. 

Power absorbed in Cnlshing ------------------ 3.82 R.P. 
----,--------------------------------~--------------------------~----------~---
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1~il1 Test· No. 29 cent' d. Date Feb. 12 19 36 P.9-JS'-..e_. __ _ 

SAND . DISCH.. FEED FEED PER GRAJVr O'FLOH OTFLOU 
RET'N MILL MILL MILL SQ. CM. CLASSIFi CLASS: 

SURFACE. - ' - SURFACE 
t-_~~_%_l_iiJT_.--+_%._\_{rT_·'I% ~!T. S. CMaOO 100, S. CM;.lOO i % WT. 

0.35 -I! -_ --
-----I----.--+~--.--~-__f_--- ·--+------I--------l-f-----

r-----+-,------+------rl ______ ~_~j=s-=in=-._r __ -O-.-4-5--~------~'~------
I Ta s t 23 O. 50 t 

r-----+-·----~------~,------~'------~------_+------__ ~-~---·I 
I 0.60 f 

~"----+-'-------~l-------+-----~~-------~--·-----+-------~---------: 
0.70 I 

I 
0.90 ! 

t-----+----I-----+----+------+--::..:~-:-+__----_f__--~- j 

0.9 0.6 
r-____ ~------r-----~------+------_--+--~1~.~0~5--~-------4_-------j 
t--______ -+-~~~~--~~~~--__ --~--__ ---+--~1~.~4~O--~-- , f' 

1.75 
1.2 - 0.4 
4.4 1.5 

----~I--------~-------~------~----------I 
2.35 2.35 1.0 

~--+--.....;:...;..~-~ -i-----i----,--+--------t-------1----12 4- 4.3 I •• 

----~~-----t ::~~- ::~ 1 1::: -----+-----------------~--.~~~.--~---.1 
i' I 5.50 100.1 18.2' 

! --

29.6 14.1 

. 20._'1 15.4 . 

1~4· 13~4 

17.4. 47.2 - 69.00 14:010.0 58.1 
I--------+-----~------+-----~~-------+------·~--~~~~-+~~~-I 

_ ···TOTAL 100.0 100.0 100.0 _ SQ. C].{. 4199.8 100.1 I 

PER GRAIJI I _ I 

._C_L_A_SS_I_F_I_E_R_O_VE_F_~F_L_O_W~(_~_INI_S_RE_-_-D __ P __ R._OD_ • ......:):-..-f_~_··, 4200-- SQ.-Cl[. ·P:i;GRPJVI 1 
II;!ILL FEETI 100 SQ. CIvT. PER GR.AJV[ 

I---~------------------------------------i--------~-~------------~ 
. -NEW SURFACE 4100 SQo Cl[. PER GRAIVI 
I------~------~--------~---------~~-------~~~--------------f 

I DRY 
PRODUCTS 

TONS 
PER 

24 E01JRS 

POUNDS 
DEJP. ~ .... l 

HOUR 

GR.AMS 
PER 

SEC 0 l\J"'D 
---,--.---. --.--.---+-------.---t-.----__+_ 

IvlILL DISCH.ARGEI 6.78 565 71.3 

NEW SURF.ACE 
SQUARE 

CENTI1iETRES 
PER 

SEC01TD 
I I 

_R...;.,E...;..TUR..;;...,;.._f_J_S_A_N_D_---i!--_1.,..;..._8_0_-+-___ 150: __ --+ __ 1_8...;..". 9 __ -t-________ -----1 
CLASS. OVERFLOW 4.98 415 52.4 215000 - "::}::::. =-

, GROSS POW""ER DELIVERE~~O l~1l.LL I ___ . .?~_95 _ __I_F-T..;......-P,_O~s PER SEC. 

NET POlv"ER ABSORBED IH CRUSHIT'fG 2100 FT. POUNDS PER SEC 0 

NOTE:- 6.45 SQ.. CM. -J SQ..INCH 1-- __ NJi:H .@RFACE ___ 

EFFICIENCY SQUARE SQUARE 
CENTIMETRES INCHES 

GROSS - 1 FOOT-POUND PRODUCED 
-----------~--------------~ 

NET - 102.2 15.9 
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]'~il1 Te st No 0 30. - st, .... _ ,'*" 

CRUSHING ! ~IEDIA a 

Lbso 
Lbso 
Lbso 
Lbso 

Inch 
Inch 
Inch 
Inch 

---~,---,---------------------~-

Total 1110 Lbs. - ------- Balls. 

~v1ill Volume------ 10.8 Cu., Ft. 

Date Feb. 12 1936 Pag~e __ _ 

Pulp 29.8 
70 2 • 

I\~ILL. 

Percent Water 0 

Percent Solids .. 

S pe e d - - - - - - - - 42.8 R. "? 0 1:!. 
Critical Speed 56.7 R.P.1\l. 
Percent 0 f Cri to Speed '15.6 

--------------------.-----------
Oversize 

+ 
Occupyl5.3PercGnt :Mill Vola Water---

Dry LbSoper Hr. 

--- Lbsoper Hro 

I-~-"-------""---~-------------+-----~-------------

CLASSIFIER 0 

Slope------- 1.26Inches per Foot 0 

Strokes ----25.4 Per Minute. 
Returh Sand- 234 Dry Lbs. per Hr. 

+ 
Water ------ 104Lbs. per Houro 

Overflow 
Solids--- 505 Dry Lbsa per Hr. 
Water---- 998 Pounds per Hour 0 

Liquid-Solid Ratio 1.95'1: 1 

BELT FEEDER 0 

Vernier Setting -------- 50.0 
Feed-Dry Pounds per Hr.-505.0 
Strokes per minute------ 36.9 
Pounds per stroke------- 2.03 

TIIVIE 0 

Duration of Tes t 4. '1 Hours. 
Pre pa ra t. Peri od 3.3 HOl..1r S 0 

S amp 1 ing PE?ri od 1.4 Hour s. 

WATER 

NOol Cock ( Fee d Wat er ) At Start 0 At End. 
4.2 - 214 -Dial Settiw:------ - Lbso per Hr. Lbs o per Hr. 

'-' 

Noo2 Cock ( To CIa s s if i er) 
'Dial Setting------- - Lbs. per Hr. - Lbs 0 per Hr. 

No.3 Cock ( t 0 IV[ ill D is ch. ) 
Dial S etting--- ----- 7.65Lbs~ per Hro 778 Lbs. per Br. 

Tot al pe r Hr. 992 Total per Hr. 

I---------.. ~-----------.----.---------------1 

214 Vo~~so 21.3 Am~so 

Input to Motor 6.28 H.P. 

PO 'TW'R '/ L r! I '" _0.-_ V 

'Ha ttmeter 4. '2 KVTH pe,!. Hr 0 

, 

1iotor,Efficiency 79.3 Percent. 

Power Delivered to Mill --------------------- 4.98 H.P. 
Power lost in I\lill Bearings, Drive Gear, Etco 1.08 HoP. 
Power absorbed in Crushing -- ---- -- --:-- ---- - - 3. '0 H. P. 
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Mill Test No. 30 contTd. - Date Feb. 12 1936 Page 

RET'N 
lv'fESR SAND 
_ % HT. 

MILL 
. DISCH. 

rfI T'TT la vii • 

:MILL 
FEED 
'51 rJT ;o~· • 

M:ILL 
FEED 

SURFACE. 
S. Cld~lOO 

As in 
Test 23 

----- -
--

,CLASSIFIER OVERFLOW (FINISHED PROD. ) 

:MILL FEED 
~ .. -- - --

NEvi SURFACE I 

DRY TONS pomms 
PRODUCTS PER PER 

24 HOURS HOUR 
- -- ------ -

IvlILL DISCHARGE 8.86 739 

RETURN SAND 2.81 . 234 -, ..,-- ..... -._ .... -
CLASS. OVERFLOW 6.05 505 

, 
I 

SQ. CI\1f. 
PER GRAM: 
- ' 

100· 

0.35 

0.45 

0.50 

0.60 

0.70 

0.90 

1.05 

1.40 

3533 

100 

3433 

GRA)VIS 
PER 

SECOND 

93.4 

66.8 

j3Q.CU. PER G:~~ 
SQ. CIvI. PER GP,-41l[ 

SQo CM:. PER GRAM 

NEW SURFACE I 
SQUARE 

CENTIMETRES 
PER 

SECOND I 
-i 

229500 t 

GROSS POUER DELIVERED TO !"IILL I 2'l40 FT. POUNDS PER SEC. 

NET POiifER ABSORBED IN CRUSHING 214.5 FT. POffiIDS PER SEC. 
I==============================~===========-====-~-=========·==·--~ 
~TE:- 6.45 .SQ.CM. - 1 SQ. INCH 

EFFICIENCY 

N'E~7 SURFACE 

SQUARE 
CENTIMETRES 

SQUARE 
INCHES 

--------------------------------~---------------~--------------+ 
GROSS - 1 FOOT-POU~rn PRODUCED 83.8 

NET -. 1 FOOT-POUND PRODUCED 1 107.0 16.6 
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Mi~l Test Noo 31 
~ ·f J<li. 

CRUSHING ~v1EDIA 0 

Lbs 1-48 o 

Lbs 0 It 
Lbs o 

Lbs o 

Inch 
Inch 
Inch 
Inch 

-------------------------
Total 1163 Lbs o -------- Ba11s. 

~iTill Volume------ 10.0 Cu .. Ft 0 

Date Mar. 4 1936 Page 
-~---

Pulp 28.8 
71.2 

]\~ILL. 

Percent Water 0 

Percen t Solid So 

--------------------------
Speed -------- 42. '1 R. "?o~·~. 
Critical Speed 56. 'l R.P. -r·T. 
Pe r c en t 0 f Cri t. S pe e d '15. 2 

Oversize 
+ 

Occupy40.0Percent Mill Vol.. Water--- --- Lbs.per Hr. 

CLASSIFIER .. 

Slope------- 1.26Inches per Footo 
Strokes ----25.3 Per Minute. 
Return Sand- 99 Dry Lbs. per Hr. 

+ 
Water ------ 38 Lbs. per Houro 

Overflow 
Solids--- 413 Dry Lbs. per Hr. 
Water---- 824 Pounds per Hour. 

Liquid-Solid Ratio 2.02 : 1 

BELT FEEDER. 

Vernier Setting -------- 42.0 
Feed-Dry Pounds per Hr.-413.0 
Strokes per minute------ 39~8 
Pounds per Stroke------- 1.73 

TIl\1E 0 

Duration of Test 5.0 Hours. 
Prenarato Period 4.25 Hours. 
Sampling Period 0.'5 Hours. 

WATER 

No"l Cock ( Fee d ~Vat er ) At Start. At End. 
Dial Setting-------3."5 Loso :pe r Hrol'l8.0Lbso per Hr. 

No.2 Cock (To Clas sifier) 
Dial Set t ing - - - - - - - Lbs. per ""T Lbs 0 per Hr. - 11 r. -

·Noo 3 Cock ( t 0 lVIi 11 D is ch 0 ) 

Dial Setting-------6.825 Lbso per Hr. 654.0Lbs 0 per- Br. 

Total per Rro832 Total per Hro 

~-------------------------------------------------------------------~ 

PO 'TW.R i~_tfj Q 

214 Voltso 22.4 Amps 0 Wattmeter 5.00KHH per Hr. 

Input to Ivlotor 6.67 H.P. Motor Efficiency 79.5 Percento 

Power Delivered to Mill 5.31 H.Po 
Power 10 st in I\lill Bearings, Drive Gear, Etc. 1.08 H .. P. 
Power absorbed in Cl~shing ------------------ 4.23 H.P. 
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Mill Test No. 31 cont 'd. , Date Mar. 4. 19 36 Page 
-

RET'N :MILL·· MILL 
~~~ILL SQ. CM. CLASSIFt CLASS. 
FEED 1?ER GRAM OtFLOH Q'FLOU l~mSH . SAN]) . DISCH. F~:t!:D 

% ·WT. % WT. . c!I l'IT SURFACE. ... SURFACE 
10 Y • S. CM:i-l00 100·· s. C~[i-l00 % WT. --3 +4 0.35 , 

+6 I .As in 0.45 -, 
J -

+8 Test 23 0.50 
, t 

I , - I +10 1. '1 0.5 0.60 f---. 

+14 0.2 - 0.70 I +20 0.1 ... 0.90 I , 
+28 ' 0.5 0.2 1.05 I 

-I 
+35 1.1 0.3 

I 

1.40 
I +.48 4.'1 ~.1 1.75 

+65 12.6 3.5 2.35 2.35 1.0 - ._-
+100 30.2 12.5 ._- 3.15 27.1 8.6 
+150 19.1 14.4 4.25 5'1.4 13.5 ---
+200 12.7 15.9 5.50 93.0 16.9 - --
·-200 11.1 51.7 82.00 4910.0 59.9 

. TOTAL 100.0 100.1 100.0 SQ. CNI. 5089.8 I 99.9 ! 
! PER GRAM: , 
• . --- --_.- == ; = . . . ,. 

CLASSIFIER OVERFLOW (FINISHED PROD. ) 5090 SQ.. CM:. PER GR.AI\~ I 

:MILL FEED 100 SQ. ClvI. PER GlLAl\r1 - --
NEW SURFACE 4990 SQo C]JI. PER GR ... 41~ -

DRY TONS POUlIDS GRAMS NEW SURFACE 
PRODUCTS PER PER PER SQUARE 

24 H01JRS HOUR SECOND CENTIMETRES . --- - - - PER 
l\1ILL DISdRARGE 6,.15 512 64.7 SEC01T)) 
RETURN SAND 1.20 99 12.5 -
CLASS. OVERFLOW 4.95 413 52 2 •• 261000 - -

: GROSS POVlER DELIVERED TO :MILL 2920 : FT. POUNDS PER SEC. .! -
NET POVffiR ABSORBED Il~ CRUSHING 2330 FT. POUlIDS PER SECo 

, _ '4 -
NOTE:- 6.45 SQ. C:M. = 1 SQ. INCH NET! SURFACE 

EFFICIENCY SQUARE SQUARE 
CENT IlvrETRES INCHES 

GROSS - 1 FOOT-POUND PRODUCED 89.4 

NET - ). FOOT-POUND PRODUCED j 112.0 17.4 
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CRUSHI NG lvfEDtA.. 

Lbso 
Lbso 
Lbso 
Lbso 

Inch 
Inch 
Inch 
Inch 

-,-------------------------
Total 1159 Lbs. -------- Balls. 

. 11ill Volume------ 10.0 CUa Ft. 

D ~_a_t_e __ ~.~_M~a_r~. __ 4 __ ~1~9_3~".6p ~_a~g_e ____ __ 

Pulp 

].lIILL. 

Percent Water. 
percent, Solids. I 

Speed -------- 4~.6 R. PvI·~. 
Cri tic al Speed 56. '1 R. P. 1\,1. 
Percent 0 f Cri to Spe e d '15.1 

Oversize 
+ 

Occupy39.8Percent ~~till Vol. Water---

Dry Lbs.per Hr. 

--- Lbs.per Hr. 

1-...... .---.-----------------1------------------
CLASSIFIER. 

Slope------- 1.26Inches :per Footo 
Strokes ----24.6 Per Minutea 
Returh Sand- 1'19 Dry Lbs. per Hro 

+ 
Water ------ 71 Lbs. :per Houro 

OverfloVl 
Solids--- 503 Dry Lbs. per Hr. 
Water---- 989 Pounds per Houro 

Liquid-Solid Ratio 1.94 : 1 

BELT FEEDER. 

Vernier Setting --~----- 50.0 
Feed-Dry Pounds per Hr.-50Z.0 
Strokes :per minute------ 39.9 
Pounds per Stroke------- 2.10 

TIME. 

Duration of Test 4.0 Hours. 
P~:parat. Peri od 3.1 Hours. 
Sampling Period 0.9 Hours. 

WATER 

NOol Cock ( Feed Water ) At start 0 A tEnd 0 

Dial Setting------- 4.2 Lbso :pe r Hro 214 Lbso :per Hro 
No.2 Cock (To Classif~er) 

Dial Setting------- - Lbs o :per Hr. - Lbso per Hr. 
No o3 Cock ( t 0 l\[i 11 D is ch 0 ) 

Dial S etting--- ---.- '1.65 Lbs. per Hro '78 Lbs. :pe r Hr. 

Total per Hro 992Total per Hro 
!---------_._------------------------------j 

FOWERo 

214 Volts. 22.5 Amps 0 Wattmeter 5.0iIG1H per Hr. 

Motor.Efficiency 79.6 Percent. 

Power Delivered to Mill --------------------- 5.Z7 HoF. 
Power lost in Iv1ill Bearings, Drive Gear, Etc. 1.08 H"P. 
Power absorbe d in Crushing -- ---- --- -- -- ---- - - 4.29 H. P. 



Mill Test No. 32 cont'd. 

lvlfESH 
RET'N 
SAND 
% WT. 

MILL 
. DISCH. 

% vfT. 

]J1ILL 
FEED 
% HT. 

t-----+--....-,------+--~---1----
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Date Mar. 4 1936 Page 

MILL SQ. CM. CLASSIFi CLASS. 
FEED rER GR.A]A: 0 t FLO HOt FLOU 

SURFACE. - _ ..... -- SURFACE. 
S. C!f._i-_l0_0-l---_1°_0_'_~~MaOO I .% ~7~ 

:=-_3_ -_:=:=:-~--~--_--====:~~~~--~:-~~'- I --As in ~::~ - - - ,_ - -' 

+8 ~est 23 ° 50 I ! y---t-----+- · t - - f 
t--_+ __ l _0-+-__ ...;;;4;...:.._9--i-, _-.....::;:::;;.l~"t-~ __ ,-+ _______ Ir--_O_. 6_0 __ -1--___ -+, _____ , 
~_~_4~ __ ~~.~~~--~O~.~1~'~----_+---------4_~.70 ----~I~------f 
t--_+_20_-+ __ 0_.=-2~l--_O-.::.;..::;;1~ ____ ~_,~_,_--t-__ 0_._9_0 __ ;---___ -I--_,,_~_I 

+28 0.7 0.3 I 1.05 i 
~--;--.-+--- I - i·· --- -,I 

+35 1.3 . 0.5 L 1.40 

t-__ +_48-+--_~5.:..::. O=--I+-I-_41::.:l!.~6:;'-I-_~ ~_~_ -~~-.+l.-=-~-~-~~~:-· -_1_. 7_5---+-_..;;;..0.;z...::;2=:I:=Q..-.l-

1--+-~~-~-I--';;;!;;";;;~-:":";;"~--i--l~::~L -,t- ---1- ::~~ 3::: l~:: I 
__ +_1_5_0-t-___._1;;..;:;;S;...;::. • ..;;;;3--t-_=1.;;;;..5: .. _ 9_·-+--_·~'·--I~-- ~ =r 4. -25 65. 9 I 15.5. I 

+200 11.1 15.4 5.50 94.6 1-'1. ! J 
, __ -_2_0_0~~1~4~.6~,~~4=a~.~9+1~~~~~~~~~~7~4~.~OO~.~I-~=~.q I 5~'~ 

TOTALI100.O 100.0 100.0 SQ. Cl'l. 4224.8 1100• 0 ,i,' 

I PER GRM! 
I==============C=====~~=-=.-====-=-=-==-===-=.==--F=-==.=~_===~~===========_=====J 
. CLASSIFIER _QVERF~OW (FINI SREI?. PROD.~~4225 S~ CI;~. PER GRAM: I 
_1\:l_I_L_L_._F_EE_TI __ ~_ .. __ .. _______ . _____ .-+--0- 1()O SQ. CM. PER GRA!~ 

:rmVI SUR.F ACE 4125 SQo CfJl. PER GR.A1r 
I------~--------~--------~~------·~~---

DRY 
PRODUCTS 

---------.----~-._+--

IvfILL DISCHlillGE 

RETURN SAND -
CLASS. OVERFLOW 

GR.A11S 
PER 

.SECOiffi 

86.1 

NETT SURFACE 
SQUful1E 

CENTIMJ3.~TRES 
PER 

SEC01TD I 
1 

I 22.6 
--+---~--f..-.--____4 

!5.03 63.5 262000 
- F- -

GROSS POHER DELIVERED _TO 11ifILL .-l--__ ._2955 FT. pomms PER SEC. 

NET POWER £I23~ORBE~.1~J:_l1!!~;Y= I = _. ~3S._<L, _ ~T. ~_~ms_ PER SEC. 

NO TE : - 6.45 SQ. C1~r. = 1 SQ. INCH l~H . .?URY ACE : ::: ._-::= I - . -------------------~I 

SQ,UARE SQUARE t 
CENTnJETRES INCHES I EFFICIENCY 

GROSS - 1 FOOT-POUND PRODUCED 88.8 
~~--------------------------------+-'----'--~----~---------------------~ 

N_E.T .. - 1 FOOT-POUN_D PRODUCED...... .1.1.1._0.... .... 17.,2. __ ....... . 
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CRUSHING 1~1EDIA 0 

Lbs o 1; Inch 
-Lbs 0 12 Inch 
Lbs. Inch 
Lbs 0 Inch 

-------~----------------.-

Total 1165 Lbs. --------Bal1s. 

Mill Volume------ 10.0 CUo Ft. 

Date . 

Pulp 

Mar. 25 1936 Page I __ ~ ____ __ 

]IILL. 

28.8 Percent Water. 
71.2 Percent Solidso 

S pe e d - - - - - - - - 42. 4 R .. "? .. ~.~. 
Cri tic al Speed 56.7 R. P ... r:T. 
Percent of Crit. Speed 74.8 

Oversize 
+ 

Occupy40.0Percent Mill Volu Water---

Dry Lbs.per Hr. 

--- Lbsoper Hr. 

~--------~----------.------------~~-------------------~----------
CLASSIFIER. 

Slope------- 1.26Inches per Footo 
Strokes ---- 24~_5Per l~tinute 11 

Return Sand- 313Dry Lbs. per Hro 
+ 

Water ------ 117Lbs. per Houro 

Overflovl 
Solids--- 592 Dry Lbs .. per Hro 
Water----1184 Pounds Der- Hour 0 

Liquid-Solid Ratio 1.99': 1 

BELT FEEDER. 

Vernier Setting -------- 61.0 
Feed-Dry Pounds per Hr.-592.0 
Strokes per minute------ 39.5 
Pounds per Stroke------- 2.50 

TIl\'[E • 

Duration of Test 
Pre:pB. ra t 11 Peri od 
Sampling Period 

5.3 Hours. 
4. 3 Ho"U.r S 11 

1.0 R01IT S 0 

WATER 

NOol Cock ( Fee d ~Vat er ) At Start 0 At End 0 4.' -Dial Setting------ - Lbs. per Hro 253.lLbso per Hr. 
Noo2 Cock ( To G la s s if i er) 

Dial Setting-----~- 3.0 Lb.s. per Hro177.4Lbs. per Hro 
No o3 Cock ( t 0 lVIi 11 D is ch a ) 

Dial Setting------- 7.55 Lbso per Hro7f>9.5Lbs. pey, !fro 

Total per Hr.1190Total per Hr. 
~ __________ • ___________________ ~ ___________________________ r __ ' ___________ ~ 

214 Voltso 23.5 Amps. Wa ttmeter 5.23 10TH :per Hr 0 

Input to Ivlotor 6.98 H.P. 11oto r Effi ci ency 80.0 Percent. 

Power Delivered to Mill 5.58 H. Po 
Power lost in IvIill Bearings, Drive Gear, Etco 1.07 HeP. 
Povver absorbed in Crllshing -------- ---------- 4.51 H. Po 
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Mill Test No. 33 contTd. Date Mar. 25 19 Page 36 --.. --,-------~-~-. -­
r-----r-------;------=-..-.,--~---+----.--.---_r__--~--:-'----.. 

RETtN 
MESH' SAND 
. % HT. 

-3 +4 

+6 

+8 

+10 

+14 

+20 --
+28 

+35 --
+48 

+65
1 

+100 

. 
MILL -" Th1ILL 

. DISCH. FEED 

l\1ILL 
FEED 

SURFACE. 
So Clt~100 

SQ. CM. 
tpER GRAM 

... -% WT. % WT. 100· 
-, I .--

I --=-+~- I o. '1 I 
0.7 1- -

I 0.5+ 
0.3 

0.35 
~.~---.-----.-+--------J..---

0.45 As in 
0.50 -"'---+----
0.60 

0.70 

0.2 0.90 

2'18000 

GROSS ,PQ,lIER DELIV)~!RED_.J_O.)rI~L -I--_JQJO FT. PQlITffiS PER SEC. 

NET. pormR ABSORBED Il~_CRUSHING 2480=--"~T.~~mIDs PER SEC. 

NOTE: - 6. 45 ~Q,. CThi. _- 1 SQ. rpCH ;-'_ .. ___ l_JE_l_-~~SUR~F_A_C_E _______ .. ______ + 

I J 

EFFICIENCY ± SQ,UARE SQUARE 
_________________________________________ . ________ C_E_N_T,_n.\_m_~~_'R_E_S ____ 4_--------I-f-m-R-m-S-------~ 

GROSS - 1 FOO~-POU1~D PRODUCED __________ 9_0_._6 ___ ~-+--.-.---------------------~ 
NE·T - 1 FOOT-POUND PRODUCED! 112.0 17.4 

-.--~~~~~~~~~~~~---------------~~----------------+ 
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]'~ill Te st No 0 34 
ae: j'rlj,t!ti 

CRUSHING l/[EDIA 0 . --

Lbso 
Lbso 
Lbs" 
Lbso 

Inch 
Inch 
Inch 
Inch 

-------------------------
Total 1168 Lbso -------- Balls 

}~1ill Volume------ 10.0 CUo Fto 

Occupy40.1Percen t J!till Volo 

Date Apr. 1 1936Page 
-~------

Pulp 

]'~ILL . 

Percent Water 0 

Percen t Solid so 

Speed -------- 39.3 R.P"H. 
Critical Speed 56.7 R.P.1"1. 
Percent 0 f Cri to Spee d 69.3 

- -
Oversize Dry Lbsoper Hro 

+ 
Water--- --- Lbsoper Hro 

\.o;;r-----,---------_--____ +-______________ _ 

CLASSIFIER 0 

Slope -- -- -- - 1.26 Inche s p er Foot 0 

Strokes ----25.2 Per Minute" 
Return Sand- 50 Dry Lbs. per Hro 

+ 
Water ------ 18 Lbs. :per Houro 

Overflow 
Solids--- 306 Dry Lbso per Hro 
Water---- 60~ Pounds per Houxo 

Liquid-Solid Ratio 2.01 : 1 

BELT FEEDER 0 

Vernier Setting -------- 31.0 
Feed-Dry Pounds per Hr.-300.0 
Strokes per minute------ 39.1 
Pounds per Stroke------- 1.28 

TI1'[E 0 
I 

'Duration of Tes t 5.0 Hours 0 

Pre pa ra to Peri od 4. 2Hour so 
SB.mpling Peri od 0.8 Hour s" 

~--.--------~-----------I 
WATER 

NOol Cock ( Fee d ~Vat er ) At Start. At End 0 

Setting------ -
- . 

Lbso Hro Dial 3.3 Lbso per Hro 134 per 
Noo2 Cock (To C la s s if i er) 

Dial Setting------- - Lbso per Hro - Lbso per Hr" 
No o3 Cock ( t 0 :r\~i 11 D is ch" ) 

Dial Setting------- 5.7 Lbso per Hr .. ._470 Lbso pe~ Hro 

Total per Hro 604Total :per Hr" 

~----------------.----------------~--"------------------------------~ 

Input to I\'lotor 6.08 H.P. 

POWER. 

VIa ttmet er4.57 KV.JH per Hr 0 

.11oto·r Effi ci ency 79.6 Percent 0 

Power Delivered to Mill --------------------- 4.84 H.P. 
Power lost in 1\1111 Bearings, Drive Gear, Etc. 0.99 HeP. 
Power absorbed in Cnlshing ------------------ 3.85 H.Pe 

I 
I , 
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Mill Test No. 34 cont'd. ______ ~~ __ ~1~9~3~6~· ~P~~ge, ____ __ 

lrIESR 

+100 

+150 

+200 

-200 

CLAS'SIFIER OVERFLOU (FINISHED PROD. ) 

l\:ITLL FEE}) 

TOI~S PO UIID S DRY 
D~D 

PRODUCTS 24 Hoiffis H01JR 

2.35 
3.15 

4.25 
5.50 

83.00 

SQ. CM:. 
PER G Ri1.11 

5848 
100 

5748 

GRM.ffi 
PER 

SECOIID 

0.9 
15.'1 

87.0 15 8 
5700.0 68 3 

5848.2 100. Cl 

1 

SQ,. Cl~. PER GRA!\{ ~ 

SQ CT,!" 
• f;!.. PER G R.A.1\<1 f 

SQ, CT\/!" ::>_'. ER' rep ! T-If I 
o Iv.!.e \7 ~ ".8J.'. J.. I 

lULL DISC~GEI 4.20 350 44.2 ____ ~~~ __ ~-4 ____ ~ ____ ~--------~----------l SECOrm 

-J RETURN SA=n 0.60 50 6.3 
-~ 

300 37.9 217500 

GROSS POHZli DELI_VER~J? TO I.\:_rr....;L~L~-+-_~60 FT. POUNDS PER SEC. 

NET PO'JER ABSORBED Il~...9AUpm{C~ I: J~,lro FT.POUlIDS PER SEC. 

NO TE : - 6. 45 SQ. C11. =: 1 SQ.. INCH I :NE~1 SURFACE 

EFFICIENCY 
SQUARE 
INCh~S 

I 

GROSS - 1 FOOT-POurm PRODUCED 81.8 ____ ~~~~~-4------~~-----~----~--------~ 
NET - 1 FOOT-POUTh~ PRODUCED 103.0 16.0 
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]'~il.l Te st No 0 35 
- :r ..... Itt 

CRUSH I NG }~1EDIA 0 

Lbso 
Lbso 
Lbs o 

Lbso 

Inch 
Inch 
Inch 
Inch 

-----------_. 

Da te A:pr. 15 1 <l36 Page 
- & --~------

Pulp 30.5 
69.5 

]'~ILL. 

Percent Water 0 

Percent Solidso 

Tot al 116 9 L b s 0 - - - - - - - - Balls. 

Speed -------- 42.7 R. "?o~·~. 
Critical Speed 56.7 R.P.1Il. 
Percent 0 f Cri t .. Speed 75.2 

Mill Volume------ 10.0 CUD Fto Oversize Dry Lbsoper Hr .. 
+ 

Occupy40.2Percent }1ill Volo Water--­
~ 

CLASSIFIER 0 

Lbsoper Hro 

BELT FEEDER 0 

Slope------- 1.26Inches per Footo 
Strokes ----24.8 Per Minute. 
Returh Sand- 41 Dry Lbs. per Hro 

Vernier Setting -------- 31.0 
Feed-Dry Pounds per Hr.-298.0 
Strokes per minute--- ... -- 39.5 
Pounds per Stroke------- 1.25 

+ 
Wa ter --- -- - 15 Lbs. pe r Hour 0 

OverfloVl 
Solids--- 304 Dry Lbs. per Hro 
Water---- 606 Pounds per Houro 

Liquid-Solid Ratio 2.013: I 

TIllE 0 

Duration of Tes t 
Prepa rat 0 Peri od 
Sampling Period 

WATER 

5.0 Hours. 
4.2 Hours 0 

0.8 Hours 0 

NOol Cock ( Fee d :Vat er ) At Start 0 At End 0 -Dial Setting------ - 3.3 Lbso :pe r Hr. 134 Lbso per Hro 
No.2 Cock (To Classifier) 

Dial Setting------- Lbs o ner ..... Hr. - Lbso :per Hro 
No o3 Cock (to ]\JIill Dis ch 0 ) 

Dial Setting------- 5.7 Lbso per Rro 470 Lbso pe :::- Hr. 

Total per TT 604Total ner Hro -'.-1 r 0 .c 

POWERo 

214 Vol tso 21.3 Am12s 0 Wa ttmeter 4.77 IG1H per Hr 0 

'Moto r Effi ci ency 79. 2 Percent 0 Input to I\'1otor 6.36 H. Po 

" . 

Power Delivered to Mill --------------------- 5.04H.Po 
Power lost in Mill Bearings, Drive Gear, Etc. 1.08 ReP. 
Power absorbed in Cl~shil1g ------------------ 3.96 H.P. 
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Iv1ill Test No. 35 cent T d. - _Date 
\"-

.@r.1519 36 Pag~e __ _ 

TOTAL 

60JLl SQ. CM. PER GRM~ 
~,1ILL FEED 100 SQ,. CM. PER GRMi'1 . 

CLASSIFIE.F OV.:~nFLQn (FINISHE:Q. PROD. ) 

I------------·-------~----·---_f__---==-..=...;:;-_+_-::...------__I 

__ 1m_~J __ SU_R~~F_A--CE----~---------~~.-------~~-5-9-8-.1--~+S-Q~o_C_j __ ~. PER GR~~\I 

, PO UN]) S "/ 
DRY 

PRODUCTS 

TONS 
PER 

24 HOURS 
PEB 
HOUR 

GRAMS 

SEcorm 
--_._- .. ---t-_-___ -,.~-_.-.---.-- ~------_+ 

NElif SURFACE 
SQUARE~ 

CENTIMETRES 

:MILL DISCHARGEI 
PER 

4.14 345 43.6 SECOtm J' 
0.49 _+--_. ___ 41 __ -., __ --+ ____ 5..;..,.. _2_-_------+0_--,--___ _ RETURN SAND 

---~------+.-

CLASSo OVERFLOW, 3.6·5 304 38.4 230000 I ==================::-- .- ..... - --
GRO SS POllER DELIVERED TO ~"rILL 2770 FT. POUNDS PER SEC. - ---.. -~ ~-----t---

NET -POWER ABSORBED IT-I CRUSHING 2100· FT. POffiillS PER SEC 0 i 
=======::::::::::::::::-::---=======:====F====== __ =-::;"-==-~=T±':::f -~:c=~ ::: : = _ = -! 

SQUARE 
CENTTI·/[ETRES 

SQUARE 
INC:h'1!:S 

I 
t 

____________________________ ~ _____ ~8~3~.~1 ____ ~--~.~~ __ j 105.5 I 16.4 
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Mill Test Noo 36 
"(lJ,1:T 

CRUSH I NG }~1EDIA 0 

Lbso 
Lbso 
Lbs o 

Lbso 

Ir~ch 
Inch 
Inch 
Inch 

-------------, 
Total 116~bso -------- Balls 

}~lill Volume------ 10.0 CUe Fto 

Occupy40.0Percent T:1ill Vol .. 

CLASSIFIER .. 

Slope------- 1.26Inches per Footo 
Strokes ----24.6 Per Minute .. 
Returh Sand- 26 Dry Lbs. per Hro 

+ 
Wa ter --- -- - 15 Lbs. pe r Hour 0 

Overflow 
Solids--- 304 Dry Lbso per Hro 
Water---- 601 Pounds per Hou~o 

Liquid-Solid Ratio 1.975: 1 

Date Apr. 15 1936 Page 
~-j: -~---

Pulp -30.7 
69.3 

]111L. 

Percent Water 0 

Percent Solidso 

S P e e d - - - - - - - - 47. 2 R .. "? " !·1. 
Critical Speed 56.'7 R.P.l'l. 
Pe r c en t 0 f Cri to S pe e d 83. 2 

Oversize Dry Lbsoper I]ro 
+ 

Water--- Lbseper Hr .. 

--
BELT FEEDER 0 ---

Vernier Setting -------- 31.0 
Feed-Dry Pounds per Hr.-297.0 
Strokes per minute------ 39.5 
Pounds per strol{e------- 1.25 

TIIVrE .. 

Dur at ion of Te s t 
Fre ps. rat 0 Peri od 
Sampling Per.i od 

3.40 Hourso 
2. 6·5 Hour s 0 

O. 75Hours .. 

WATER 

NOol Cock ( Fee d ~Vat er ) At start 0 At End Cl 

Dial Setting------- 3.3 Loso per Hr .. 134 Lbso per Hro 
Noo2 Cock (To Clas sifier) 

\ 

Dial Setting------- Lbso per ... .:r". .1 ..L. 0 - Lbs .. per Hr .. 
No o 3 Cock ( t 0 ]\~ill D is ch a ) 

Dial Setting------- 5~"f Lbse per Hr .. 470 Lbso per !ire .- . 

Tot a,l per Hra 604 Total Der .r: Hro 

POWERa 

214 Vol~a 23.5 Amps .. Wattmeter 5.22KVTR per Hro 

Input to Ivlotor 6.96 H.Po 11otor Efficiency 79.6 Percento 

Power Delivered to Mill --------------------- 5.54 H.Po 
Power lost in I\lill Bearings, Drive Gear, Etco 1.1'1 Ho? 
POiller absorbed in Crushing --------.---------- 4.37 H.P. 
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Mill Test No. 36 contTd. -- -
Date Apr. 15 --- ... 1936 Page 

-3 +4 
+6 

+8 

+10 

+14 

+20 

+28 

+35 

+48 

+65 

+100 

-200 I 95. ¥.29. 0 11 69.4; i 
TOTAL 100.0 99.~ 100.0 SQ,. CU. I 6733.0 1100.0 i 

~ I PER GRAJ~ . I I 
- -- - --, 

CLASSIFI~,=--OyERF~OU (FII'!.I SHED PROD.) J 6733_-I-.l>_Q,. CI\1. PER GR.A1!j 

l\:1ILLFEED _ _. __ .. ______ .. ___ ~_ -411-_6_,=16:..;:;.03-=~_ ............. S._Q ..... o_C_l~_zr._P_E._R_G_PJU_\:f~~1 
:rmw SURFACE ~ SQo Cl,,!. PER GR.Al\1 

t----------~---------~--------·~----------~~-~~~--+-~-----------~ 

TONS PO UHD S I GRAlill DRY 
,PRODUCTS 

24 HOURS HOUR SEC 0 J:.ID 
PER PK'-t + PER 

----- -_. . .-.----~--. -----I-
MILL DISCHARGE 3.96 330 41.7 

NE;{ SURFACE 
Ctf\UARUt 010(, 1. .G 

C ENTII~!E TRES 
PER 

SEC01JJ) 

RETURN SAND 0.29 26 3.3 
--~--~~--4-------------~ 

CLASSo OVERFLOW, 3.67 304 38.4 __ . _ --::r=_ 254500 

GROSS POVJER D.ELIV~REJL~O IVII~~ I _. ___ 3_0_5_0_'. _--t-_F_T_. P_O~UND_l_S_P_E_R_S_E_C_.--+ 
NET POWER ABSORBED IIi CRUSHIHG 1 240Q..-_ _ FT.kOtJ1TDS PER, SECo I 
NO TE : - 6.45 SQ,. CM. ~ SQ,. INCH 1 NE\l SURFACE ~1 

I 
EFFICIENCY SQUARE 

CENTDirETRES 
SQUARE 
INCHES 

t 
I 

GROSS - 1 FOOT-POu~m PRODUCED 83.5 
-----------------~-----------------------.+-----------------~------------------~ 

NET - 1 FOOT-POUND PRODUCED f 106.0 
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]'~ill Te st No 0 37 
- lh 

CRUSHING lv1EDIA 0 

Lbs o 

Lbs o 

Lbs o 

Lbs 0 . 

Inch 
Inch 
Inch 
Inch 

________ ~ __ u _________________ • 

Total 1163 Lbs 0 Balls. 
-------_._---

Mill Volume------ 10.8 CUo Fto 

Ocqupy3' .OPercen t }lill Vol .. 

pate A~pr. 24 1936:p _a-lg...:..e __ _ 

Pulp 

]'~ILL. 

Percent Water 0 

Percen t Solid so 

Speed -------- 42.6 R .. ?vI·~. 
Critical Speed 56."" R.P.1'·1. 
Percent 0 f Cri to Speed 75.0 

- -
Oversize Dry Lbsoper Hro 

+ 
Water--- --- Lbsoper Hro 

I 

.... --------------------+-"'"-----
CLASSIFIER 0 

Slope------- 1.26Inches per Footo 
Strokes ----24.8 Per Minute. 
Returh Sand- 256 Dry Lbs. per Hr .. 

+ 
Wa ter --- -- - 88 Lbs. pe r Hour 0 

Overflow 
Solids--- 609 Dry Lbs. per Hr. 
Wa ter---- 1204.Pounds per Hour 0 

Liquid-S olid Ra ti 0 1.97: 1 

BELT FEEDER. 

Ve r ni er Set t ing - -- - ... - - - 61. 0 
Feed-Dry Pounds per Hr. - 599.0 
Strok~s per minute------ 39.3 
Pounds per stroke------- 2.54 

TIIV[E. 

Duration of Tes t 4.0 Hours 0 

Pre pa ra t. Peri od 3.5 H01.1r so 
Sampling Period 0.5 Hours. 

~--.--------~------------I 
WATER 

No.l Cock ( Feed Water ) At start 0 At End 0 

Dial SettinB:------ - 4 .• 7 Lbso :pe r Hro 253.1L bs 0 per Hr. 
{".> 

No.2 Cock ( To CIa s s if i er) 
Dial Setting------- 3.0 Lbs. per Hr :17't.4Lbs 0 ner Hr. 

"-

No.3 Cock (to lVIill D is ch. ) 
Dial Setting----~·--- 7.55Lbso per Ff r 0 759 • 5 L b s 0 pe :r Bro 

Total per Hr.1190Total per Hr. 

I-------------.. --------------------------------f 

214 Voltso 22.5 Am~so 

Input to Ivlotor 6 0 68 H.P. 

Power Delivered to Mill 

POWER. 

Wattmet~r5.015KHH per' Hr. 

Motor Efficiency 79.9 Percento 

Power lost in lvlill Bearings~ Drive Gear, Etco 
Power absorbed in Cl~shing ------------------

5.33H.Po 
1.0eH o

p • 
4.25H.P. 
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Mill Test No. 37 contTd. Dat_~ ____ A~p~r_·. __ 24 __ ~1~9_36_·~P~a~g~e~ ____ _ 

RET'N MILL . :MILL ~,1ILL SQ. crvr. CLASSIF. CLASS: 
1,{ESH SAND . DISCH. FEED FEED PER GRAM o T FLOijf o TFLO'J 

% 1!~rT % WT. % ~JT. SURFACE. ... - SURFACE 100· 10 If • So Cl~1i-l00 S. ClJIi-100 % WT. .-- -
-3 +4 ___ J 0.35 

~ - ~ -. 
+6 0.1 As in 0.45 I 

I , 
+8 0.1 fast 23 0.50 I - I i - ~ - I +10 - 0.1 0.60 __ I ------ I 

+14 0.1 0.1 0.70 I 
I 

+20 0.1 0.1 0.90 -I -
+28 I 0.6 0.4 1.05 I 

I -
+35 1.5 0.6 1.40 I - - ! 

+48 6.6 2.4 .--L 1.75 0.5 0.3 
+65 1.~.7 6.4 2.35 6.4 2.7 - -

+100 31.& 19.4 --t- 3.15 45.4 14.4 ---_ ... 1------ ---' 
+150 19.1 17.2 , 4.25 72.2 17.0 

I - ~------- r--
+200 11.4 15.3 5.50 95.2 17.3 I -

I ,-200 13.2 37.9 ._60.00 2900.0 48.3 
_. 

- TOTAL 100.0 100.01 100.0 SQ. CM. 3119.7 100.0 I 
PER GRAM I 1 .. -... ..--.- - - - -1 

CLASSIFIER OVERFLOW (FINISHED PROD. ) 3120 _SQ. Q1\~. PElt GRA]\i i -
MILL FEED 100 SQ. CIvT. PER GRAI\<i I -
NEiJif SURFACE 3020 SQ,o CM. PER GR.lilf 

DRY TONS POillIDS I GRMfS NE1:if SURFACE \,,: 

I PRODUCTS PER PER P3R SQUARE I, 

SECOND 24 HOURS HOUR CENTIMETRES -- " - - --------_. --- PER 
I~IILL DISCHARGE 8.14 86~ 109.4 SECO:NJ) I 
RETURN SAND 3.0'1 256 32.4- -~ ---- , 

CLASSoOVERFLOW 5.07 609 77.0 232500 

GROSS POWER DELIVEREJQ.. T_OMIL:J:.. f _"" 2_9_:t~ FT. POUNDS PER SEC. 
FT. POUNDS SECo NET POWER ABSORBED IH CRUSHING 2340 PER 
- - . 

NOTE:- 6.45 _SQ,. C11. - 1 SQ. INCH NEY! SURFACE J --- . - . 

SQUARE SQ,UARE I 
EFFICIENCY . C ENT IlvTETRES INCHES 

I GROSS - 1 FOOT-POUND PRODUCED '19.4 
I I NET - 1 FOOT-POUND PRODUCED 99.5 15 4 • 



TA.BLE 3. 

OPEN END MILL - MOISTURE TESTS. 

Efficiency 
New 

% Return Sq. Om. Per Surface 
Mill Feed Moisture 'to -200 Sand, Horse-power Ft. -Lb. Lbs. Fe Sq. Cm. 

Test Speed Lbs. Mill Classtr. Lbs. 
. 

Per Ton Per 
No. R.P.M. Per Hr. Dischtge. Overtl. Per Hr. Gross Net Gross' . Net 0.0. Gm. 0.0. 

I 
0"\ 
c»-

l: 

23 lJ.~.7 293 30.7 68.2 4-5 4-.81 3.73 76.6 95.0 6.'+3 .5158 

'2.7 4-2.9 300 33.7 67.6 52 1.J..g~ 3.76 73.0 93.8 6.90 5120 

28 It-2o7 300 38.8 65.7 66 4-.85 3.77 65.4- slJ..3 6.90 '+597 



TABLE If.. 

OPEN END MILL - FEED TESTS. 

Efficiency 
New 

10 Return Sq. Cm. Per SurfaQe 
Mill Feed Moisture 'fa -200 Sand, Horse-power Ft. -Lb. Lbs. Fe Sq. Cm. 

Test Speed Lbs. Mill Classtr. Lbs. 
, Per Ton Per 

No. R.P.M. Per Hr. D1sch t ge. Overtl. Per Hr. Gross Net Gross Net 0.0. Gm. C.O. 

23 42.7 293 30.7 68.2 45 4-.81 3.73 76.6 95.0 6.!f.3 5158 
"" I 

29 !J.2.7 4-15 29.8 58.1 150 4-.90 3.82 79.7 102.2 4-.80 ~100 0"\ 

'" I 

30 !J.2.8 505 29.8 51.5 234- 4-.98 3.90 83.8 107.0 3.33 3'+33 

37 42.5 599 30.7 48.:; 256 5.33 4..25 79.4- 99.5 - 3020 

Q,UICK-DISCHARGE MI~L - FEED TESTS. 

35 !J.2.7 298 30.5 69.8 4-1 5.04 3.96 83.1 105.5 6.11*" 5981 

31 If.2.7 4-13 28.8 59.9 99 '5.31 1J..23 g9.4- 112.0 5.69 '+990 

32 4-2.6 503 29.2 ;4-.4- 179 5.37 If. .2'9 g8.8 111.0 ,.,6 1#-125 

33 '+2.4- 592 28.g 4-9.8 313 5.58 4-.51 90.6 112.0 5.04- 3710 

~ By extrapolation. 



Mill 
Test Speed 

No. R.P.M. 

25 39.g 

23 lJ.2.7 

2lJ. 1+6.9 

26 50.6 

3'+ 39.3 

35 4-2.7 

36 J+7.2 

Feed 
Lbs. 

Per Hr. 

300 

293 

295 

300 

300 

298 

297 

10 
MOisture 

Mill 
Dischtge. 

30.3 

30.7 

30.6 

30.3 

30.2 

30., 

30·7 

TABLE 5 • 

. 
OPEN END MILL - SPEED TESTS. 

1- -200 
Class'r. 
Overt1. 

68.6 

68.2 

69.4-
.. 

72.5 

Return 
Sand, 

Lbs. 
Per Hr. 

67 

4-5 

34-

.50 
/ 

Horse-power 

Gross Net 

'-f.. 30 3.30 

4-.81 3.73 

5.28 '+.11 

5.63 4-.lJ.o 

Q,UICK-DISCHARGE MILL - SPEED TESTS. 

68.3 50 J.t .e4 :;.85 

69.8 1+1 5.04- 3.96 

69.4- 26 5.54- 11-.37 

Et:fl'o1ency 

Sq. Cm. Per 
Ft. '!""Lb. 

Gross Net 

75·9 9g.7 

76.6 95.0 

79.3 89.1 

68.0 87.0 

8'1.8 103.0 

e3.1 105., 

83.5 106.0 

Lbs. Fe 
Per Ton 

0.0. 

6.12 

6.4-3 

6.8lf. 

7.07 

-
-
-

New 
Surfaoe 
Sq. Cm. 

Per 
Gm. 0.0. 

4-7lf.9 

51.5t§ 

5412 

5567 

574-8 

5981 

6633 

I 
-..J 
0 
I 



CALCULATIONS AND MEASUREMENTS. 
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CALCULATIONS Alrn 1~URW~NTS 

A. - Liquid : Solid Ratios of Samples: 

Before shutting down the mill at the end of a 

test it was essential to determine the liquid: solid 

ratios of the classifier-overflow and mill-discharge 

samples in order to be certain that there had been no 

appreciable disareIJaney between the aaloula t'ed and the 

actual amounts of water in the circuits conoerned. The 

desired figures were rapidly obtained by substituting in 

" the following formula, taken from Taggart's Handbook of 

Ore-Dressing" : 

D - S - d - • where 
S(d-l) 

D - liquid • solid ratio of tb. e pulp. - • 

S - ap. gr. of dry solid in the pulp t -
d - ap. gr. of the pulp. -
"S" was known and Od" was easily determined by 

weighing the sample plus bottle, subtraoting the weight of 

the bottle, and dividing by the volume of the sample. The 

volume of the pulp in the sample was found by adding suffi­

cient water to it to fill the bottle and subtracting this 

amount from the known total volume of the sample bottle. 

B. - Tonnages in the Milling Cirouits: 

~ese were determined when making up the assembled 
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data sheets by substituting in the following formula, 

whioh is a modified form of one taken from Taggart: 

s --
C --

s = C (a-s) _ et where 
(m-s) 

dry solids per hr. in the mill 
disaharge, Ibs. 

dry so:Lids per hr. in the 
olassifier overflow, lbs. 

a = % of any grade of material in 
the classifier overflow, found 
by soreen analysis. 

s - % of same grade in the return sand. -
m - " " n - " " n mill discharge. 

also, M = C plus S Where, 

:M - dry solids :per hr. in the mill dis--
oharge, lbs. 

The percentage ot: -200 mesh mat.arial was used 

in all cases when working out the tonnages by means of 

the a boys :rormula. The calcula t io-n was checked for eaoh 

test by substituting in turn, +200, +150 and +100 mesh 

percentages for the corresponding -200 meSh peroentage. 

In no case was there any appreciable discrepancy between 

the tonnage figures obtained by using the larger-mesh 

percentages and those obtained by using the -200 mesh per-

centage. 

c. - Iron Consumption: 

The iron consocmption per ton of rock ground 

in the ball mill was determined in two very different ways 
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during the course o~ the tests: 

Ca) By chemical analyses of the dry solids in the 

mill discharge, classifier overflow and return sand. 

Cb} By weighing the ball charge a~ter certain 

series of tests. 

It was found that the figures obtained by the 

two methods oheCked very closely. 

D. - Surface Measurement: 

Toward the olose of the session it was decided 

that an attempt Should be made to obtain some reasonable 

figure for the actual su~face o~ the -200 mesh material 

produeed during the grinding tests, so that the grinding 

efficiencies could be calculated in some definite units 

such as "square aentimeters of new surface produced per 

foot-pound of energy". Figures for the surfaces of all 

material coarser than -200 mesh were available, but pre­

viously the surface of the -200 mesh material (which alone 

represents by far the greater portion of the energy e~en­

ded in doing useful work) had been assigned an arbitrary 

value which was at best quite indefinite and a poor approxi­

mation of the truth. 

Working with samples of -400 mesh quartz, 

supplied to the Department of Mining through the courtesy 

of John Gross o~ the United states Bureau of Mines, Pro­

fessor Bell was able to obtain a satisfactory calibration 
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ourve for the photoelectrio surface-measurement appara­

tus installed in the mining laboratory. Sinoe the samples 

obtained from the 1~eGill tests were not. :pure quartz and 

were, moreover, -200 mesh size, their surfaoes could not 

be obtained direotly from the calibration ourve. By 

drawing a parallel curve through two points established 

by means of elutriation tests, however, it was possible 

to determine the surfaces of the McGill samples reasonably 

well. The figures so obtained will require investigation 

in the future, but for the Durposes of this investigation 

they may be considered quite satisfactory. 



DISCUSSION OF RESULTS. 
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DISCUSSION OF RESULTS. 

Grinding Efficiency: 

Considering first the case of the Marcy Quick­

Discharge mill vs. the Open-End mill, it would appear, 

from a study of Tables 3, 4 and 5, that the former is 

the more effioient. This fact is most evident in Table 

4, whioh gives oomparative data of four tests for each 

mill wherein the variable faotor was the feed rate. Not 

only does the efficiency of the quick-disoharge mill 

greatly exceed that of the open-end mill in every test, 

but it also appears 'to be unchanged by inorease in feed 

rate, at least within the range investigated. On the 

other hand, the efficiency of the open-end mill appears 

to be at a max~um value with a feed rate of slightly 

over 500 Ibs. per hour, dropping off materially by the 

time the feed rate has reached 600 Ibs. per hour. This 

seems to indicate that the open-end mill had reached a 

point of overload at a feed rate of 600 Iba. per hour, a 

premise that is supported by the fact that the mill was 

much less noisy during Test 37 than it had ever been pre­

viously. The quick-discharge mill is apparently able 

to do what its makers claim it can do, i.e. handle more 

material per unit of time than an open-end mill of the 

same size under the same conditions. In addition, it 
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produces more -200 mesh material (which has greater sur­

face) than the open-end mill. 

Regarding the effects of moisture, feed rate and 

speed of revolution, the following conc1usians ~pear to 

be justified: 

(1) For both quick-discharge and open-end mills, 

the efficiency drops off with increase in the liquid: 

solid ratio of the pulp above a moisture content of 30 

percent. 

(2) For the open-end mill, the efficiency increases 

with the feed rate up to something over 500 lbs. per hour 

and then falls off rapidly, while for the quick-discharge 

mill it apparently is unaffected by feed rate. 

(3) For the open-end mill, the efficiency falls off 

appreciably with an increase in speed from 39.8 r.p.m. 

to 50.6 r.p.m. (Table 5), while for the quick-discharge 

mill, it appears to increase slightly with increased speed. 

In all probability, this apparent increase is due in some 
~ 

measure to experimental error, and the efficiency of the 

quick-discharge mill is unchanged by increase in speed over 

the range investigated. 

In n~lil1ing Methods", A.I.M.M.E., Vol. 112, p. 

94. Fahrenwa1d gives a tabulation of some results obtained 

by Gross and Zimmer1ey oomparing the efficiencies, in 

sq. om. per ft.-lb., of oommeroia1 mills with that of the 

drop-ball apparatus used by them in orushing tests. Gross 
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and Zimmerley found that the average efficiency of primary 

and secondary commercial mills was 44.8 percent of that 

of their drop-ball ~paratus. This apparatus produced 

240 sq. cm. of new surface per ft.-lb. of energy, there­

fore the commercial mills averaged 107 sq. cm. per ft.-lb. 

The average efficiency obtained during the present investi­

gation is, for the open-end mill, 101 sq. cm. per ft.-lb. 

and for the quick-discharge mill, 110 sq. cm. per ft.-lb. 

(Table 4). The average of these two figures is 106, there­

fore it appears that the 3-ft. laboratory mill used in this 

investigation gave a performance which was praotically 

identioal with that of much larger machines. This sub­

stantiates, to some extent, the contention of Gow, et al. 

(29), namely, that their 2-ft. mill gave a performance 

comparable with that of commercial mills. 

Iron Consumption: 

As has been previously mentioned, the ball wear 

was measured directly by counting and weighing the total 

ball char'ge from time,ta time, and indirectly by calcu­

lations based on chemical determinations of the amount of 

iron present in the classifier overflow. The figures 

obtained by the two methods checked very closely, and they 

indicated rather an enormous iron oonsumption. An exami­

nation of Tables 3, 4, and 5 shows that an average of 

approximately 6 Iba. of iron was consumed per ton of rock 

ground. Of this amount. 3.5 lbs. were lost by the 1.75-1n. 
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balls and 2.5 Ibs. by the 1.5-in. balls, which indicates 

that Davis (12) was correct in his assumption that "the 

rate at whioh the weight of any ball decreases in any 

mill is directly proportional to its weight". The greater 

wear of the larger balls also indicates that they do more 

cruahing work than the smaller ones, thus supporting 

Taggart (ll), and others in their contentions regarding 

the effect of ball size on crushing efficiency. 

The average ball wear increases with the moisture 

content in the mill (Table 3), which would be expected 

sinoe the oushioning effect of the rock particles in the 

pulp is decreased with decrease in viscosity of the pulp. 

Table 4 shows that ball wear deoreases with 

increase in feed rate, which also appears reasonable since 

the viscosi ty of the pulp, and consequently the cushioning 

effect of the solids, is increasing. 

Table 5 shows that ball wear increases greatly 
< 

with speed. The rate of increase in iron oonsumption is 

much greater in the quick-discharge than in the open-end 

mill, whioh faot offs-ets, to some extent, the better grind­

ing efficienoy of the former. In any mill, however, it 

seems reasonable to conolude that speeds near to or above 

the oritical will not prove economical beoause of the high 

ball consumption; cf. Fahrenwald and Lee, (22). 

It was found that an average of 96% of the iron 

worn from the balls during grinding. tests was of -200 mesh 

size. This indicates a large anount of work uselessly, and 
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in fact, harmfully expended as far as grinding efficienoy 

is concerned. 



SIDlMARY AND CONCLUSIONS. 
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S~lllARY AND CONCLUSIONS. 

An investigation has been carried out in the 

field of fine grinding using a 3-ft. Marcy ball mill. 

The effects on grinding efficienoy and ball wear of the 

feed rate, bal+-mill speed and pulp density have been 

investigated, the pertinent data being compiled in Tables 

3, 4 and 5. In all, fifteen grinding tests have been oom­

pleted, of which six were carried out with the Marcy Quick­

Discharge mill and nine with the same mill minus the dis­

oharge grid, i.e. with open discharge. As nearly as possible, 

the factors affecting grinding efficiency were duplicated 

for each pair of tests, one with the quick-diseharge mill 

and one with the open-end mill, so that the characteristics 

of the two oould be compared. 

Surface measurements of the -200 mesh material 

produced during the tests were successfully made by means 

of an apparatus of a photoelectric nature, and the effi­

ciencies of the mills worked out in terms of square centi­

meters of new surface produced per foot-pound of energy 

expended. 

The more important conclusions drawn from the 

assembled data sheets are as follows: 

(1) Under any given grinding oonditions, the Maroy 

Quick-Discharge mill is more efficient than the same mill 
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with free discharge. 

(2) A moisture content of 30% of the mill pulp gives 

the most effioient grinding for both mills. 

(3) Optimum feed rate for the open-end mill is approxi­

mate1y 500 lbs. per hour and the optimum speed 39 r.p.m. 

(4) In the case of the quick-discharge mill, both 

feed rate and speed viould appear in have 11 ttle effect upon 

the grinding efficiency over the range investigated, namely, 

300-600 lbs. per hour and 39.3-47.2 r.p.m., respectively. 

(5) The 3-ft. laboratory mill appears to give a 

grinding performance distinctly oomparable to that of large 

commercial mills. 

(6) Iron consumption in small mills is excessively 

high and is confined almost entirely to the balls. The 

mill liners appear to be subject to relatively slight wear. 

(7) Ball wear is directly pro~ortioned to the weight 

or diameter of the ball, and is greater in the quick-dis­

charge than in the open-end mill. Ball wear increases with 

speed and pulp dilution and decreases with increase in feed 

rate. 

(8) It seems reasonably certain that a ball charge 

consisting of balls of the same diameter will give a more 

effioient grinding perforrnance than that of a charge of 

balls of various diameters, providing, of course, that the 

size of ball used in the first case is capable of crushing 

the largest piece in the feed. 
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(9) The iron conswned in grinding quartz and many 

ores 1s ejeoted from the mill largely as -200 mesh material 

and, as suoh, represents a large amount of wasted energy. 

(10) High-speed ball mills, such as are advooated by 

Fahrenwald and Lee (22), would appear to be out of the 

question as far as economical grinding is concerned because 

of the high iron consumption that would result from their 

use. 
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PLATE 5. 

Feed Ho er 

VIa tar ( Valves ) Conve or Bel t Via tar (Valve) 
(Nos. 1 & 2) (No. 3) 

1 ! 
Automatic Sam ler ----l:J>--Ball Mill ~ Automa. tic SaID ler 

Return Sand -~~-Denver Classifier ""';';i---Bucket Elevator 

1 
Overf1.ow 

Constant-Head Tank 

I 
Automatic Sam ler 

Settling Tank 

FLOW SHEET OF GRINDING CIRCUIT. 
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PLATE 6. 

"Comet" (gyratory) Crusher (I-in. Set) 

1 
Rolls (0.5-in. set) 

T 
Rum-mer Screen (0.25-in. opening) 

1 
overize (+ 0.25 in.) 

~t 
Undersize (-0.25 in.) 

Rolls 

(Three passes - sets 
0.25, 0.1 and 0.005 in. 
-0.25-in. material 
screened aut a~ter each 
pass. ) 

! 
Undersize (-0.25 in.) 

~ 
Hum-mer Screen (60 mesh) 

i r ( -0. 25 in.) 
Oversize (+ 60 mesh) 

"1 
Undersize (-60 

1 
mesh) 

Bags ( Dig carded) 

CRUSHING FLOW SHEET. 
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PHOTOGRAPH NO. 1 . 
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