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IHTRODUCTIQH

The effectiveness of most mineral--dressing operations 
is a function of the size of the particles treated; there
fore efficient means to control size are essential to the 
mineral-dr easing engineer. However, the means now available 
to him do not apply satisfactorily to the handling of parti
cles smaller than about 20 mesh (0.833 mm). Below that size, 
the two sizing methods generally used in Industrial practice 
are screening and classification.

Screening, although a theoretically efficient method, 
is not generally practiced below 20 mesh because of the 
small capacity of screens in this size range. The decrease 
of screen capacities in the small sizes may be accounted for 
by the two following reasons: (1 ) the capacity of a screen 
decreases proportionally to Its aperture, for the number of 
particles in a given weight increases much faster than the 
number of holes through which they can pass; (2 ) the diam
eter of the wires being limited to a minimum value for the 
sake of solidity and rigidity, the percentage of the open
ings to the total surface of the screen is reduced so that



the probability of passage for the particles decreases very 
markedly.

Classification, commonly used below 20 mesh, is not a 
perfect solution to the problem of fine sizing, because it 
involves other factors than the geometrical characteristics 
of the particles. Classified products from a natural ore are 
mixtures of particles of different shapes, sizes, and specif
ic gravities, so assorted that the largest products comprise 
the most tabular grains of the lightest mineral; the smallest 
comprise the most rounded grains of the heaviest mineral; the 
intermediate products comprise rounded grains of light min
eral, flatter grains of heavy mineral, and grains of inter
mediate shape and specific gravity. Consequently, the sharp
ness of the separation is fundamentally limited. A classified 
product necessarily contains particles graded over a large 
range of screen sizes. Beside this theoretical limitation, 
practical operating difficulties also reduce the sharpness of 
the split. The impossibility of close sizing by settling In 
a fluid constitutes the main objection to the use of classi
fication. Although the effect of specific gravity Is less 
marked when the fluid is air than when it is water, the same 
objection is applicable to both water and air classification.

Some authorities, as Taggart (1950, £-05), believe that 
if sizing is used to prepare the feed to a gravity concentra
tor, dlfferentiation by size modified by specific gravity is 
not a deficiency but an advantage. However, that point of



view is not universally admitted, and It seems logical to con
sider that a gravity concentrator would work better on a close
ly-sized feed because size would then no longer Interfere with 
the separating force due to specific gravity.

Today the treatment of fine particles has become one of 
the most important unsolved problems in mineral dressing. It 
is possible that methods of treatment cheaper than flotation 
might be available if an efficient fine-sizing process could 
be used. More precisely, one might expect that such a sizing 
process would; (1) improve the metallurgical results In the 
fields where fine sizing is used at present with a low effi
ciency; (2 ) extend the use of certain cheap gravity methods 
to smaller sizes than those to which they are now restricted; 
and.(3 ) allow the use of simple separating devices which, In 
combination with that sizing process, would constitute an 
economic means of concentration.

A new sizing method (patent pending)* devised by Mr.
John B. Traylor, Mining Engineer In Denver, shows possibil
ities of being applicable below the economical screening 
ranges (minus 20 mesh), of being Independent of specific 
gravity, and of giving close-range products. This process is 
based on the fact that particles placed on an inclined vibra
ting deck arrange themselves according to their dimensions.
In this thesis the apparatus will be called a Vibrating Sizer.

Up to the present no theoretical study of this principle 
has been made. Mr. Traylor has Investigated experimentally



the possibilities of sizing by the use of a vibrating deck.
His storting point was the observation that particles on a 
vibrating feeder could climb a slope, as was shown by Inclin
ing the feeder, and that the smaller the particles the steeper 
the slope could be. Therefore, if particles of different sizes 
are allowed to climb a curved vibrating deck, they should 
reach elevations depending upon their sizes. This phenomenon 
was confirmed by using, a deck having the profile of an arc 
of a circle and .mounted on an ordinary vibrating feeder.
These observations and developments led to the design of the 
Vibrating Sizer used in this investigation. Ho systematic 
study has been made of the influence of specific gravity 
upon the performance of th© apparatus, though it has been 
observed that heavy and light particles climbed the deck appar
ently in the same manner* It was also found that particles of 
different shapes did not behave in the same way, the flat ones 
reaching higher points than the round ones.

It was the purpose of this thesis (1) to determine the 
factors and the operating variables basically involved in 
the functioning of the Vibrating Sizer; (2) to determine to 
what extent specific gravity affects size separation on the 
Vibrating Sizer; and (3) to outline possibilities of use of 
the Vibrating Sizer In milling practice.

The experimental work, which will be described In th© 
next section, was conducted In order to investigate these 
three points.



EXPERIMENTAL WORK AMD RESULTS

The experimental investigation comprised two series of 
experiments, the first one designed to study the principles 
of operation and the performance of the Vibrating Sizer, and 
the second one designed to outline some possible applications 
of the Vibrating Sizer in the field of the gravity methods.

First the Vibrating Sizer will be described and then 
the two series of experiments will be presented and analyzed.

X. The Vibrating Sizer

The following description refers to Fig.l, a photograph 
of the equipment as set up in the laboratory.

The Vibrating Sizer consists essentially of a curved 
deck, a, rigidly mounted on a Traylor vibrating feeder, b .

The deck is made of a rectangular sheet of brass,
23 x 5 i in. , curved along an arc of a circle of radius 
18 In. It is covered with a rubber sheet made of ? strips 
slightly overlapping and forming small longitudinal riffles.
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The vibrating feeder, used as a vibrating mechanism, 

is an ordinary electromagnetic feeder, whose reciprocating 
motion is produced by the attraction of an electromagnet 
and the repulsion of the supporting legs. There are 2 attrac
tions per current cycle or 120 attractions per second. The 
amplitude of the motion, measured along the direction of the 
attraction, is about 0.04 in.

The vibrating feeder is supported by a triangular 
piece of wood, c , 26 in. in length and 14 in. in height, 
which is fastened to the board, d • The board is equipped 
with four leveling screws to adjust the slope and the tilt 
of the machine.

The feed is poured onto a lower corner of the deck 
by a vibrating feeder, e , by means of an inclined trough, f . 
The products are collected in a gutter, g , divided into 7 
compartments, from which they flow through rubber hoses, h , 
into bealters, j. .

II. Principles of operation and performance 
of the Vibrating Sizer

In order to investigate the numerous factors involved, 
an attempt was made to Isolate the effect of each one when
ever possible. After a few preliminary tests, the factors 
were divided Into two groups: (1 ) the factors depending 
upon the machine, and (2 ) the factors depending upon the 
material handled. The principle of the Investigation was to



keep the factors of the second group constant when studying 
the factors of the first group and vice-versa, Whereas the 
factors depending on the machine, or the operating variables 
of the machine, were known a priori, the factors depending 
upon the material handled had to be discovered and their 
effects evaluated from adequate experiments. The following 
tests were performed:

(1) Tests on the operating variables of the machine. 
Keeping the operating conditions constant,

(2 ) Tests on different pure minerals
(3) Tests on a synthetic mixture of pure minerals
(4) Tests on a mica ore,

1 , Tests on the operating variables of the Vibrating Sizer

Object: The tests were performed to evaluate the partlc
ular effect of each one of the following factors: (1 ) longitu
dinal slope of the deck, (2 ) transverse tilt of the deck,
(3) length of stroke, and (4) rate of feeding. For the partic
ular machine used in this investigation, these were the only
operating variables.

Procedure: The method adopted consisted in keeping
three factors constant and varying the fourth one continuously 
Two typical minerals, quartz and galena, were chosen for these 
tests. The effects of the varying factors were studied by 
examining the variations of weight and composition of the
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products collected. Only a qualitative study was performed 
because a complete quantitative analysis would have required 
a very great number of tests to be performed, reducing the 
time devoted to the main part of the study.

Results: However incomplete this series of tests may be,
it shows that the four operating variables have definite and 
distinctive effects. I'hese effects, as well as the ranges 
within which the operating variables should be maintained, 
are described below:

(1) Effect of longitudinal slope: the best distribu
tion of the material between the seven products is obtained 
with the supporting board slightly Inclined forward. In all 
later work, the longitudinal slope of the supporting board 
was 0 .3 0 In, per ft ♦

(2) Effect of transverse tilt: the largest capacity 
compatible with a good size separation is obtained with the 
supporting board slightly inclined toward the collecting-gut- 
ter side. A small change in the tilt can produce important 
variations in the results. When the tilt is too large, the 
feed tends to go directly to the gutter without being sized; 
when the tilt is too small, the capacity decreases because the 
graded products are not removed fast enough. In all later work, 
the transverse tilt of the supporting board was 0,46 in, per ft .

(3 ) Effect of length of stroke: the best spreading of 
the material from the feed end up to the top of the deck, and 
therefore the best separation in size, is obtained with the
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maximum length of stroke of the machine* In all later work, 
the stroke was kept to its maximum estimated value, 0*04 in.

(4) Effect of rate of feeding: the consistency of the
results is conditioned by the constancy of the rate of feeding, 
and the sharpness of the separation depends also upon the 
amount of material present on the deck at a given time* When 
overcrowding occurs, all the particles tend to go toward the 
middle products; whereas, when scattered on the deck, they tend 
to split between the large and the small products. It appears 
that the rate of feeding which gives both a fair separation and 
an appreciable capacity corresponds to a continuous layer on 
the deck, about two particles thick. In this work, constancy 
of feeding was achieved by means of a vibrating feeder adjusted 
to give the correct flow.

Conclusion: If the Vibrating Sizer is to be used for a
particular treatment, more investigation would be necessary to 
determine the best operating conditions for that particular 
treatment.

2 . Tests on pure minerals

Object: The tests were performed to compare the behaviors
of different pure minerals when fed on the Vibrating Sizer 
under the same conditions, and thereby to evaluate the effects 
of the mineral properties on the sizing action of the Vibrating 
Sizer.



Procedure: Seven experiments were performed, with
the following materials: (1 ) galena, (2 ) ilmenite, (3 ) sphal
erite, (4) calcite, (5) quarts, (6 ) magnetically prepared 
magnetite, and (7) wet quarts. Among the properties of the 
minerals, those which are lllcely to influence the performance, 
of the Vibrating Sizer are: specific gravity, overall shape, 
condition of surface, and electrostatic characteristics. These 
four properties are given below for the minerals used. The 
relative empirical mineral conductivities .have been reproduced 
from Johnson* 8 data (A.I.M.S. Tech. Paper 877), determined 
for electrostatic concentrations they are defined as the ratio 
of the voltage necessary to shift a given percentage of the 
mineral a certain distance to the voltage necessary to shift 
the same percentage of graphite the same distance under the 
same conditions.

Mineral Specific
gravity

Shape Relative
electroconductivity

Galena 7.5 cubic 2.45
Ilme.nl te 4,63* rounded 2.51
Sphalerite 4.0 (equidimens ioiml (angular. 3.06
Calcite 2.71 (flat surfaces 3.90
Quartz 2.65 rounded, 

sharp points
4.80

determined experimentally.
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The fourth property of minerals, named condition of 
surface, refers to the roughness of the surface, and does 
not lend itself readily to a quantitative determination.

Two 1000-gram samples, all minus 20 mesh, were pre
pared by screening. The samples were fed on the Vibrating 
Sizer under the constant conditions indicated in the preced
ing section. The products collected in the beakers were stu
died by screen analysis, and the results were tabulated and 
plotted.

(a) Screen analysis of the seven products: among the
three laboratory sizing methods, screening, elutriation, and 
microscope measurements, screening was chosen because it is 
the most appropriate method for the range in which we are 
interested (from -2 0 mesh down to -2 0 0 mesh), and because it 
gives the most objective results. As when studying the effi
ciency of any Industrial sizing process, the products were 
screened down to 200 mesh only, and the minus 200 mesh was 
considered as a whole. The practical procedure consisted in 
a 20-minute dry screening with a Ro-Tap. The reproducibility 
of the procedure has been evaluated by comparing the weight 
of a given screen fraction in the feed with the sum of the 
weights of the same screen fraction in the different products. 
It has been found that the difference between the two results 
was generally less than Taking into account the loss of 
material in the Vibrating Sizer operation,we may therefore 
consider that the analyzing procedure is fairly reproducible.
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(b) Graphical representation of the sizing analyses: 
a plot of the cumulative percentage passing versus the screen 
mesh was used because: (1 ) this type of plot indicates di
rectly the screen aperture through which any percentage of 
the product passes, and (2 ) because it was possible to draw 
the distribution curves of the seven products on the same 
graph without overlapping of the curves.

Any product is well defined by both its average size 
and its range about the average. In this work the average 
size is represented by the $0% size, or mesh size through 
which SO'fo of the product passes, and the range is represent
ed by the difference betxseen the 90% and the 10% sizes. Both
the average and the range have been reported with the dis
tribution curves*

For interpretation of the curves it should be remem
bered that the efficiency Is defined with respect to screen
ing, which is itself a somewhat conventional and imperfect 
sizing method. For this reason, the same methods of analysis 
and graphical representation have been applied to an indus
trial sizing classifier, in order to show the kind of perform
ance now achieved Industrially in that field, This hydraulic 
classifier, a 9-compartment Spitzkasten used to prepare the 
feed for table concentration in a Joplin zinc mill (Taggart, 
1 9 5 0, 8-4-6), was chosen because it operates in the sizes in 
which we are interested (below 20 mesh), The data are given 
in Table I and are plotted on Graph I,

Data of the experiments on the pure minerals: the



weights of the seven products are given in Table II * The 
screen analyses of the seven products for galena, llmenlte, 
sphalerite, calcite, and quarts are given In Tables III,
If, f, fl, and VII, and are plotted on Graphs II, III, If, 
f, and VI.

These tables and graphs follow*



TABLE No*I
PERFORMANCE OF A FREE-SETTLING 

HYDRAULIC CLASSIFIER 
(̂ -compartment hydraulic Spitzkasten#)

Capacity a 3.72 tons per hr
Weights of spigot products {ton per hr):

No.l = O .7 3 Ho.4- - 0.47
Ho. 2 a- 0.80 No.5 s 0.37
No. 3 a 0.67 No. 6 - 0.24

Screen analyses of feed and products:

Aperture,
mesh

Feed

Weight, 

1

Cumulative per cent 
in spigot product No

2 3

passing,
.

4

20 99.6 99.2 99.3
35 84.6 73.4 77.8 83.9 90.7
65 52.5 34.9 34.8 43*6 55.3

100 33.5 19.1 19.1 25.3 33.8
150 14.8 8 .3 7.8 1 1 .1 1 5 .6
zoo 8.3 4.7 4.2 6.1 8.0

Aperture, Weight, Cumulative per cent passing,
mesh in spigot product Ho.

5 6 7 8 9

20
35 96*8 99.3 99.8
§5 7 1 .2 88.1 94.4 98.6 99.0
100 44.2 61.9 78.0 91.3 94*2
150 19.6 27.7 44.2 6 6 .5 67.2
200 9.6 14.4 27.6 44.6 46.9

No.? - 0.14 
No.8 a 0.22 
No.9 « 0.08

* Taggart, 1950, 8-46
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TABLE No.II
WEIGHTS OP THE SEVEN PRODUCTS 

OF THE VIBRATING SIZER 
FOR PURS MINERALS

Product
No.

Galena Ilmenlte Sphalerite Calcite Quartz

1 236*0 151.5 283.2 267.1 69.52 207.5 222.7 2 0 3 .0 167.4 136.5
3 155.7 207.5 137.5 130.7 240.4
4 182.1 157.7 180.7 5 8.6 504.0
5 163.5 188 105.3 273.2 3 0 .1
6 35.4 53 .4 63.3 83.4 3.9
7 12.0 9 .4 19.6 18.9 2.1

Total 99 2 ,2 990.2 992.6 999.3 986.1

TABLE Ho.Ill
SCREEN ANALYSES OF FEED AND PRODUCTS 

OF THE VIBRATING SX2ER 
FOR PURE GALENA

Aper- Weight, Cumulative per cent passing,
ture, In Product Ho.
mesh Feed 1 2 3 4 5 6 7

28 84 57.5
69.1 65.135 6 8 .9 27.3 9 0 .0 98.1

48 5 6 .5 9.8 53.2 49.3 77.9 9 6 .1
65 4 5 .8 .2 34.9 37.0 6l *4 93.1100 33.9 14.? 2 3 .6 39.9 85.5
150 25.5 4.5 11.8 24.5200 20 • 6 1.4 5*4 17.2 6 6 .5 9 7 .6 100
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TABLE No.I?
SCREEN ANALYSES OF FEED AND PRODUCTS 

OF THE VIBRATING SIZER 
FOR PURE ILMSMITE

Aper- Weight, Cumulative per cent passing,
ture, In Product Mo.
mesh Feed 1 2 3 4 5 6 7

28 79.3 42.0
35 63.5 15.348 k 6.7 4.7
65 3 6 .8 l.b

100 27.5 0.4
150 20.5
200 15.1

66 mb B5.733.8 6 3 .0 82
13.8 42.5 69.15.0 2 0 .9 44.7
1.3 5.2 23.0
0.5 1 .0 6.5

2 .2

93.6 
84-.9
69.0 94.4
48.8 82.8 95.8

TABLE No.V
SCREEN ANALYSES OF PEED AMD PRODUCTS 

OF THE VIBRATING SIZER.
FOR PURE SPHALERITE

Apor- Weight, Cumulative per cent passing,
ture, in Product Mo.
mesh Feed 1 2 3 4 5 6 7

28 78.9 47.8
3548 58.9 15.144.1 3.2
65 33-4 .6

100 22.9 .2
150 15.8 .1
200 1 1 .1

79.5 85.3
51.6 6 8 .5 86
2 3 .8 49.4 7 0 .8
7.1 27.4 55.6
.9 7.7 29.4
.3 3.5 12.58.1

96.991.0 99.6
76.0 97.5
5 1 .8 86.8 97.9
34.0 66.6 06.6
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TABLE Ho*VI
SCREEN ANALYSES OP PEED AND PRODUCTS 

OF THE VIBRATING SIZER 
FOR PURE CALCITE

Aper- Weight, Cumulative per cent passing,
ture, in Product Mo*
mesh Peed 1 2 3 A 5 6 7

28 86*2 59.9 84 97.8
35 72.9 28.8 60 *6 9 0 .2 99.2 99.848 61.3 10*9 34*3 73.3 9 6 .6 99.2
65 50.9 3.5 13.8 44.3 8 7 .2 9 6 -8

100 39.9 1.8 4.1 13.2 58.5 86.3
150 30.4 .2 2.7 6 .1 31.1 6 8 .1
200 1 9 .8 2 2 .0 46 *5

95.8  76*1
51

96*371*1

TABLE No.VII
SCREEN ANALYSES OF PEED AND PRODUCTS 

OF THE VIBRATING SIZER 
FOR PURE QUARTZ

Aper- Weight, Cumulative per cent passing,
ture, In Product No*
mesh Feed 1 2 3 A 5 6 7

28 6 5 .0 40.0 5 2 .6
35 37.5 7.5 2 0 .1h O 19*1 1 .8 6.365 8 .2 .6 2 .1

100 3.5 .3 1 .1
150 1*6 . 4
200 Q • G .2

55*1 77.8
20.4 5Q.58*9 24.4 99.0

2 .8 8 .6 91.4
*6 1.9 68.9 99.0
*2 .3 39.7 95.1
.1 .1 15.9 81*9
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SIZE-DISTRIBUTION CURVES OP PEED AMD PRODUCTS 
OP THE VIBRATING SIZER ■ ! ,
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Results: The two first results have been established
from the tests on wet quartz and on magnetite, and the other 
results concern the 5 other pure minerals investigated*

(1) Effect of moisture content of feeds as soon as 
the material handled was wet enough to pack and to stick to 
the deck, it was not amenable to sizing, because the fines 
could not be separated from the coarse grains to which they 
adhered* The sizing difficulties became greater with increase 
in moisture content. Good results were obtained with all of 
the minerals and ores treated, although they had been left 
exposed to the atmospheric humidity, and although they were 
probably wet enough to bring difficulties if they had to be 
screened industrially*

(2) Effect of residual magnetism of feed? the magnet
ite concentrate treated was prepared by wet magnetic concentra
tion* Although the concentrate comprised a complete range of 
sizes and although it was dried before treatment, it did not 
split on the Vibrating Sizer but went to the middle products
in one mass* The separating forces could not overcome the 
internal attraction caused by the residual magnetism due to 
the previous magnetic concentration,

(3) Average size of products: the 50^ sizes have been
plotted on Graph No*VII versus the minerals arranged in order 
of decreasing specific gravities, which is also the order of 
decreasing electrostatic properties, as defined in the 
preceding section.
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For the same mineral, the 50% sizes decrease regularly 

from about 28 mesh for product No.l to about 150 mesh for 
product No.5 • The 50% sizes of products No.6 and No.?, 
being smaller than 200 mesh, cannot be read on the siz©-dis
tribution curves and have not been plotted on this graph.

For the same product, the 50% sizes vary with the 
mineral, and the law of variation appears to be the same for 
the five products. However, there appears to be no general 
correlation between the 50% size and the specific gravities, 
or the electrostatic characteristics of the minerals. Such 
a correlation would be expected if one or both of these prop
erties were a major factor.

On the same graph has been plotted the 50% size of feed 
for the five minerals. From the similarity of the curves 
there is strong presumption that differences in the average 
size of feed is the real cause of the differences in the 
average sizes of the products. Ilmenite and sphalerite seem 
to be exceptions. Most of the sphalerite products are 
smaller than the same ilmenite products, whereas the sphal
erite feed is coarser than the Ilmenite feed. As sphalerite 
is lighter than ilmenite, as it possesses stronger elec
trostatic properties, and as it has some flat surfaces 
whereas ilmenite grains are rounded, all those factors may 
act as secondary factors to account for the slight diver
gence observed.

{4-5 Size range of products: the ranges of the products
have also been plotted versus the mineral species, on Graph 
No.VIII.
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; : ' I GRAPH No .VIII ;
: RANGES OP THE 7 FRODUCT;
; ; OP T&E VIBRATING' SIZES 

FOR GALENA, ILMENITE, SPHALERITE, CALCITS, QUARTZ

-I- Range ■No. of standard 
screens

Ilmenite i Sphalerite Calotte, Quartz 
Minerals, in order of decreasing 3p. gr.



For the same mineral, the range increases regularly 
from product No.l to product Ho*5 • 'The reason is that the 
coarser products cannot contain particles larger than 20 
mesh because the feed has been screened through a 20 -mesh 
sieve, whereas the finer products can contain large parti
cles which will have climbed the deck.

For the same product, the range varies, and it appears 
to decrease with specific gravity. But the similarity between 
the curves for the feed and the products suggests that the 
variations in the range of the feed cause the variations in 
the ranges of the products.

Conclusion: The positive conclusions of this exper
iment are:

(1) If the particles have a strong tendency to clus
ter, they do not spread and they cannot be sized. Such a 
tendency can. be caused in particular by a high moisture con
tent or by a strong residual magnetism.

(2) The average size and the size distribution of the 
feed is an important factor. The coarser the feed, the coarser 
the products; and the more closely sized the feed, the more 
closely sized the products.

(3) Specific gravity, electrostatic properties, and 
shape, although they may enter as correcting factors in the 
sizing action of the 'Vibrating Sizer, are not major factors.

In this experiment, the feed characteristics (average 
size and size distribution, moisture content.,.} as well
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as the feeding conditions were not held constant for the 
different minerals; therefore another experiment Is nec
essary to reach definite conclusions.

3. Tests on a synthetic mixture of pure minerals

Object: The tests were performed to Investigate the
effect of the properties of minerals upon their behavior on 
the Vibrating Sizer.

In order to eliminate the influence of the differences 
in feeding conditions, the five minerals studied in the 
preceding experiment were mixed together in definite amounts, 
and the mixture was treated on the Vibrating Sizer. The op
erating conditions being exactly the same for the five min
erals, the difference of behavior observed should be attrib
utable to the characteristics of the minerals. However, 
since the minerals are mixed together, the magnitude of the 
differences of behavior might not be the one that would be 
observed if the minerals were treated separately. Neverthe
less, as minerals naturally occur in mixtures, we are 
interested in their properties in a mixture.

Procedure: In order to evaluate the part of chance
in the results of this experiment, and therefore to have an 
idea of the limits of confidence we can place on these re
sults, two experiments were run under exactly the same 
conditions.

The samples were prepared by mixing 200 g of galena,



200 g of ilmenite, 200 g of sphalerite, 200 g of calcite, 
and 200 g of quartz. Sach one of these minerals had the 
following size distribution:

Size, mesh Weight, g

20-28 35
352?
25204 8—65

65-100100-150150-200 16
14
28-200

200
The two samples were treated on the Vibrating Sizer 

under the standard conditions used In this work. The seven 
products obtained were studied by screen analysis, and each 
screen fraction was observed under the microscope for min
eral identification. Microscopic analysis was used because 
it is a simple, economical, and fairly accurate method of 
analysis when closely-sized particles of pure and known 
minerals have to be counted. At least 100 particles were 
counted for each screen product. The percentages by volume 
were calculated from the grain counts, and the percentages 
by weight were calculated from the percentages by volume and 
the specific gravities of the minerals. The weights and 
assays of each screen fraction were therefore known. From 
these data and the screen analyses of the seven products 
of the Vibrating Sizer the average assay of each one of



the seven products was calculated.

Data: The result© of the screen analysis are reported
in Tables Ho.VIIX and ho.IX, a m  plotted on Graph Ho.EC .
The detailed percentages by weight are listed In Table Bo.X* 
which gives the assays in galena* Ilmenite* sphalerite, 
oalcite, and quarts of each screen fraction. The data from 
the original and the duplicate teats are grouped in the same 
tables in order to make the comparison easier. The average 
assays of the seven products are given in Table Ho.XI and 
plotted, on Graph Ho.X . These tables and Graphs follow*
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TABLE No,VIII
SCREEN ANALYSES OF FEED AND PRODUCTS 

OF THE VIBRATING SIZER 
FOR SYNTHETIC ORE No.l

Aper- Weight, Cumulative per cent passing,
ture, In Product Mo.
mesh Feed 1 2 3 4 5 6 7

28 82.5 46.4 79.1 89.5
35 65.0 14.8 48.2 77.3 93.348 51.5 4.2 25.7 55*4 82,0 99.2
65 39.0 .9 9.6 33.3 62,3 96.4
100 2 9 .0 .4 2.5 1 2 .3 37.4 9 0 .0
150 2 1 .0 .9 3.5 16.5 74.3
200 14.0 8 .5 55.0

97.268.2 100

TABLE No.DC
SCREEN ANALYSES OF FEED AND PRODUCTS 

OF THE VIBRATING SIZER 
FOR SYNTHETIC ORE No.2

Aper- Weight, Cumulative per cent passing,
ture, in Product No.
mesh Feed 1 2 3 4 5 6 7

28 82.5 46,? 74.0 90.0
35 65.0 18.3 38.6 71.5 95.148 51.5 4.1 18.6 50.9 86.0
65 39.0 1.0 7.4 25.3 65.4
100 29.0 .3 2.1 8 .9 36.4
150 21.0 .7 2.7 13.5200 14.0 5.2

99.8
98.7 
93 • 4 
7 8.356.8 71.1 100
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TABLE No.X
DISTRIBUTION OP THE FIVE MINERALS
BETWEEN THE SCRSEN FRACTIONS

PRODUCT No.l

T e b t Ho.1

Screen Weight, Aij SciyBf %
Frac % of
tion, Product Galena Ilme Sphal Calcite Quarts
mesh nite erite

20-28 53.6 21.3 25.1 22.5 1 6 .2 14.9
28-35 3 1 .6 26.5 2 1 .6 1 5 .0 1 6 .0 20.935-W 1 0 .6 1 5 .6 16.5 20.3 2 2 .0 2 5 .6
5-8—65 3.3 10.3 1 9 .0 2 1 .8 23*3 2 5 .6
65-100 0.5 1 2 .8 21.4 2 6 .2 22.9 1 6 .7

-1 0 0 0.4 33.9 25.3 17 A 1 0 .0 13 A

T e s t Ho.2

Screen
Frac
tion,
mesh

Weight, 
% of
Product Galena Ilme

nite

Assays, %
■ Sphal

erite
Calcite Quartz

20-28 53.3 20.3 18,1 23.7 2 1 .1 1 6 .8
28-35 28.4 25.3 2 6 .1 16.8 13.8 18.0
3 5 .4 8 14.2 2 1 .6 19.4 20.5 19.1 19.4
48—65 3.1 1 7 .0 17.3 2 2 .6 19.7 23.4
65 -100 0.7 14.1 23.3 25.7 16.3 2 0 .6

-1 0 0 0.3 35.2 2 2 .0 14.2 9.7 18.9
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TABLE No.X
(continued)

DISTRIBUTION OF THE FIVE MINERALS
BETWEEN THE SCREEN FRACTIONS

PRODUCT No .2

T e s t No .1

Screen v/ eight, Assays, %
Frac % of
tion, Product Galena Ilme Sphal Calcite Quartz
mesh nite erite

2 0 -2 8 20*9 12*8 1 9 .0 2 6 .2 19.4 22*6
28-35 30.9 1 3 .6 23.5 19.1 1 9 .2 24.6
35-48 22*5 23.9 19.5 16.9 20*1 1 9 .6
48-65 1 6 .1 25*8 24.9 16*8 17.2 15.3
65 -1 0 0 7.1 27.4 2 0 ,8 12*5 23.4 15.9
1 00 -150 1 .6 3 1 .0 20 1 5 .8 14*7 18*5

-1 5 0 0 .9 35.0 21 15 16.0 13.0

T e s t  Ho.2

Screen Weight, Assays, %
Frac % of
tion, Product Galena lime- Sphal- Calcite Quartz
mesh nite erite

20-28 26 15.3 19.0 22.4 21.6 21.7
2 8 -3 5 35.-4 16.0 16.8 17.3 23.3 2 6.6
35*48 20 21.6 20.3 19.2 1 8 .7 20.2
48-65 2* *1 * 21.8 26.8 22.1 14.2 15.1
65*100 5 .3 2 5 .6 25.5 15.7 14.5 18.7
100 -1 5 0 1.4 16.2 24.2 16.2 19.1 24.3

-150 0.7 29.3 26.7 14.7 13.8 15.5
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TABLE Ho.X
(continued)

DISTRIBUTION OP THE FIVE MINERALS
BETWEEN THE SCREEN FRACTIONS

PRODUCT Nof 3

T e s t No.l

Screen
Frac

Weight, 
% of

Assays, %
tion,
mesh

Product Galena Ilme
nite

Sphal
erite

Calcite Quartz

20-28 10,5 12.4 18.6 29.1 2 1 .6 18.3
28-35 1 2 .2 1 2 .1 2 1 .2 30.3 18.9 17.535-if 8 21.9 15*4 18.0 2 6 .2 17.7 22.7
5-8-65 2 2 .1 2 1 .2 17.8 1 9 .6 2 2 .1 19.3
65 -100 2 1 .0 20.9 2 0 .0 23.0 1 9 .2 16.9
100-150 8 .8 2 9 .0 26.5 14.3 1 5 .2 1 5 .0

-1 5 0 3.5 39.2 2 9 .2 10.5 1 0 .0 1 1 .1

T e s t No.2

Screen
Frac
tion,
mesh

Weight, 
% of 
Product Galena

Assays, %
lime- Sphal- 
nlte erlte

Calcite Quartz

20-28 10 2 0 .2 17.9 2 2 .2 1 9 .2 20.5
28-35 18.5 15.5 25.1 19.1 18.5 2 1 .8
35-48 2 0 .6 2 0 .6 17.3 21.5 19.5 2 1 .1
48-65 2 5 .6 17.5 2 6 .0 17.3 18.8 20.4
65-100 16.4 16.9 28.6 17*9 18.2 18,4
100 -150 6 .2 23*5 23.4 17.1 17.8 18.2

-1 5 0 2 .7 30.4 2 5 .0 19.2 12.8 12.6
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TABLE No .X
(continued)

DISTRIBUTION OP THE FIVE MINERALS
BETWEEN THE SCREEN FRACTIONS

PRODUCT Ho. 4

T e s t No.l

Screen
Frac

Weight, 
% of

Assays, %
tion,
mesh

Product Galena Ilme
nite

Sphal
erite

Calcite Quartz

2 0 -3 5 6.7 24.0 27.3 12.9 18.8 1 7 .0
35-48 11*3 2 2 .2 2 3 .8 21.4 14.4 18.2
48-65 19.7 26,9 2 1 .1 11.9 18.7 21.4
65-100 24.9 15*1 20.7 17.4 1 6 .8 3 0 .0
100-150 20.9 2 1 .2 15-6 2 0 .2 20.7 2 2 .3
1 50 -200 8 12.3 24.5 23.3 2 0 .6 19.3

-2 0 0 p < 2 3 .8 21.4 13.6 1 9 .2 2 2 .0

T e s t No.2

Screen
Frac
tion,
mesh

Weight, 
% of 
Product Galena

Assays, %
lime- Sphal- 
nite erite

Calcite Quartz

20-35 4 .9 22.6 22.1 1 9 .2 18.4 17.735-48 9*1 30.9 18.4 21.4 1 5 .6 13.7
48-65 20.6 16.7 20.1 18.1 22.7 22.4
65-100 2 9 .0 26.7 1 9 .2 19.0 19* 8 15.3
100-150 22.9 20.1 18.4 20.1 21.4 20.0
150-200 8.2 1 3 .5 18.1 22.8 22.4 2 3 .2

-200 5.3 10 16.0 24.0 2 5 .0 2 5 .0
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TABLE Mo.X
(continued)

DISTRIBUTION OF THE FIVE MINERALS
BETWEEN THE SCREEN FRACTIONS

PPAnnnrn u,̂ • _L?

T e s t No.l

Screen
Frac

Weight, 
% of

Assays, %
tion,
mesh

Product Galena Ilme
nite

Sphal
erite

Calcite Quartz

20-48 0.8 24.5 15.2 13.1 21 . li' 2 5 -8
48-65 2.8 25.4 29 • 6 15.8 14.7 14.5
65-100 6.4 13.8 2 5 .0 18.2 19-2 23.8
1 00 -150 15.7 10.? 24.4 13.5 2 3 .8 2?,6
150 -200 19.3 17.7 22.4 19-4 20.1 20.4

-200 55.0 21.0 26.0 17.0 l?.o 19

T e s t  Mo.2

Screen Weight, Assays, %
Frac % of
tion, Product Galena lime- Sphal- Calcite Quartz
mesh nlte erite

20-48 0 .2 2 3 .2 14.1 1 6.? 24.6 21.4
48-65 1 .1 21.3 1 7 .2 19-1 2 6 .0 16.4
65 -100 5-3 18.5 1 6 .8 20,3 1 8 .8 2 5 .6
100-150 15-1 15-6 20.3 16.4 2 3 -0 24.7
150 -2 0 0 2 1 .5 2 0 .3 18.2 1 9 .6 2 0 .2 21.7

-2 0 0 5 6 .8 2 3 .0 2 1 .0 23.5 15-7 1 6 .8
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TABLE No .X
(continued)

DISTRIBUTION OP THE FIVE MINERALS
BETWEEN THE SCREEN FRACTIONS

PRODUCT No. 6
T e s t No.l

Screen
Frac
tion,
mesh

Weight, 
% of 
Product Galena

Assays, %
lime- Sphal- 
nite erite

Calcite Quartz

4-150 
150-200  
- 200

2 .8
39.0
5 8 .2

13*8
1 1 .1
35.2

2 0 .6
2 0 .0
17.1

2 2 .2
18.4
18.8

20.4 
26.9
19.5

23*0
2 3 .6
9.k

1 50 -200  
- 200

38.9
6 1 .1

T e s t
15*^26.3

No. 2
17*3
20.5

2 3 .6  
19.3

24.2
16.4 19.5

17.5

PRODUCT No. ?
T e s t No.l

Screen
Frac
tion,
mesh

Weight, 
% of 
Product Galena

Assays, %
lime- Sphal- 
nlte erite

Calcite Quartz

- 200 100 2 4 .5 18.7 19.3 2 0 .2 X8 .3

T e s t  No. 2
200 100 20.2 23*0 17*3 19*1 20.4
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TABLE No .XI
AVERAGE ASSAYS OF THE 7 PRODUCTS 

OF THE VIBRATING SIZEH FOR A SYNTHETIC MIXTURE

T e s t No.l

Product
Weight, 
% of 
Peed Galena

Assays, %
lime- Sphal- 
nite erite

Oalcite Quarts

No.l 19.6 21.9 22.9 19.9 17.0 18.3
No.2 2 5 .2 19.2 21.6 19.1 19.3 20.8
No. 3 19.1 19.2 19.8 23.3 19.1 18.6
No. 4 12.6 20.6 20.0 17.2 19.3 22.9
No.5 21.5 18.4 24.5 16,8 19.7 20.6
No.6 1.8 25.3 18,0 18.8 22.5 15.4
No.? 0.2 2 4.5 18.7 19.3 20.2 17.3

T e s t  No.2

Weight, Assays, %
Product % of

Peed Galena lime- Sphal- Calcite Quarts
nite erite

No.l 17.0 21.8 20.6 21,3 18.6 17.7No.2 24.6 18.2 19.8 1 9 .4 20.4 22,2
No.3 22.6 18.7 2 3 .0 1 9 .2 IB.9 20.2
No.4 12.2 21.3 19.1 1 9 .8 20.8 19.0
No. 5 21.8 21.1 20.0 21.3 18.1 19.5Ho .6 1.6 22.1 19.2 21.0 19*4 18.3
No. 7 0.2 20.2 2 3 .0 17.3 19.1 20.4
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GRAPH N o .X

AVERAGE ASSAYS OF THE 7  PRODUCTS 
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Results: (1) The weight distributions of sample 1
and of its duplicate sample 2 are in good agreement, The 
greatest relative difference does not exceed 13/». Therefor© 
the reproducibility of both the process of sizing with the
Vibrating Sizer and the method of analyzing the results is 
good.

(2) The average assays of the seven products 
tend to stay around 200, If the Vibrating Sizer worked in
dependently of specific gravity, the products would contain 
exactly the same amount, 200, of each mineral. In fact, there 
is some variation about 200, but the order of magnitude of 
these variations, a few percent, is within the limits of 
reproducibility of the tests as is shown by the differences 
between the results of the original and the duplicate tests. 
Therefore the departure of the assays from 200 may b© account
ed for by chance alone, and there Is no proven correlation 
between the assays aiid the mineral properties.

(3) The detailed assays of the screen fractions 
show greater departure from 200 than the average assays of the 
products. However, the screen fractions which show the largest 
departures constitute a small percentage of the product, so 
that they do not alter the average assay of this product. It 
seems that the bulk of each product contains about the same 
proportions of galena, ilmenite, sphalerite, calcite, and 
quarts, but that the few undesirable grains of smaller or 
larger sizes than the bulk may contain different proportions
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of these minerals, these proportions being not apparently 
correlated to the nature of the mineral.

Conclusion: There Is some evidence that the properties
of minerals do not greatly affect their behavior on the 
Vibrating Sizer. Although this statement is based on the 
investigation of a few minerals, It can be considered as 
general as far as specific gravity and electroconductivlty 
are concerned, because the minerals investigated cover a 
wide range of specific gravities and electrostatic properties. 
As these minerals do not differ markedly in shape, another 
experiment was devised.

4. Tests on a mica ore

Object: These tests were performed to determine to what
extent the difference of shape of mineral particles might 
affect sizing on the Vibrating Sizer. As the preceding exper
iment had already shown that particles which are equidimen- 
sional behave similarly, this experiment compared two min
erals of completely different shapes: quartz and mica.
Quartz particles are rounded and mica particles flat.

Procedure: The feed used in this experiment was a
mixture of quartz and muscovite coming from a Golden Gate 
Canyon ore. One thousand grams was screened through a 20- 
mesh screen. The screen analysis of the feed was run and 
each screen fraction ’was assayed for its mica content.



The mica assays were determined by heavy-medium analysis. 
A liquid of density 2.70 was found to give a sharp separation 
of quarts (sp. gr. 2.65) as a float product from mica (sp, gr. 
2.75) as a sink product. For each test, 2.5 grams of ore were 
mixed thoroughly with the heavy liquid in a 20-ml beaker. The 
separation was completed after about 15 minutes. The float 
(sard) was then easily collected, washed several times with 
carbon tetrachloride, dried, and weighed.

After the or© had been treated on the Vibrating Sizer, 
the seven products were studied in exactly the same manner 
as the feed, by screen analysis and heavy-medium analysis 
of the screen fractions.

Data: The screen analyses of the feed and the seven
products are given in Table Ko.XII and plotted on Graph No. XI 
The mica assays of the screen fraction are given in Table 
No.XIII and plotted on Graph Ho.XXI*



TABLE No.XII
3CBSEII ANALYSES OF FEED AND PHODUCTS 

OF THE VIBRATING SIZER 
FOR A MICA ORE

Weights of products (g): 
No.l 9 152.6 
Mo.2 a 193.3 
No.3 « 213.8

No. 4
No.5 No.o

« 379.2 
• 50,3 
m 17 • 5

No.7 * 4 
Total s. 1011

Aper Weight. Cumulative per cent passing,
ture, in Product Mo.
mesh Feed 1 2 3 4 5 6 7

28 80 49.7 65.8 76.6 97.2
35 57.3 16.6 3 0 .3 4 0 .5 8 9 .2 99.0
48 41.0 5.0 12.6 2 0 .8 70.9 95.2
65 27.4 1.9 4.1 5 . 6 50.1 90.7100 17.1 1.0 1.5 27.7 ?6.2 98.3

150 10.9 0.8 1 5 .6 55.9 85.1200 7.6 9.8 39.8 61.1 100

TABLE No . X I I I
MICA ASSAYS OF SCHEEM F R A C T I O N S  

FOB FEED AMD PHODUCTS 
OF TEE VIBRATING SISEB

Assay, Mica %t for Product Mo.A p e r t u r e
mesh Feed 1 2 3 4 5 6 7

20-28 30 9 28 53 75
28-35 35 7.1 24 % 67 100
35-48 37 6.4 20 42 48 97
48-65 34 3*6 15 36 41 81
65-100 33 3.5 10 24 32 61 8?
100-150 34 16 27 29 52 71
150-20 0 36 20 23 44 59-200 31 18 37 59 68
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GRAPH Ho,XI 
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GRAPH No.XXI
MICA-DISTRIBUTION CURVES QE PEED AND PRODUCTS 

OP THE VIBRATING SIZm : j
i FOR A MICA ORE . '
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Results: (1) The sise-dlstrlbution curves show that
the feed is relatively coarse (10$ passing 150 mesh) and 
that the products are also relatively coarse* The correla
tion between the coarseness of the feed and that of the 
products has been proved*

(2) The mica-distribution curves show that 
the feed assay is the same throughout the range of sizes, 
averaging 34$, whereas the assays of the products vary with 
the mesh size and average different values for the differ
ent products*

Th© coarser products (Ho* 1 and No. 2) are impoverished 
in mica whereas the finer products (Ho. 5$ Ho. 6, and Ho. 7) 
are enriched* For instance product Ho. 1 assays about 8% mica, 
whereas product No. 5 assays over 60% mica. Within the same 
product, the mica assays decrease from the coarse screen 
fractions to the small ones. For instance in product Mo. 5 
the fraction 20-48 mesh contains more than 90% mica, whereas 
the fraction 150-200 mesh contains about 40$ mica (which is 
still more than the feed assay). Therefor© the high assays 
of products Ho. 55 Ho. 6, and Mo. 7 are due to the large 
mica particles which go to these products, and conversely 
the low assays of products Ho. 1 and Ho. 2 are due to the 
fact that they do not contain th© large particles that they 
would contain if mica behaved like quartz.



Conclusion: The large flat particles of mica are
classified with the small round grain of quartz. Since grav
ity is not a major factor, the fact that the large and flat 
particles of mica have about the same weight as the small 
and round particles of quartz, cannot account for this 
association. The real explanation is probably that the mica 
particles, which present a larger surface of contact, can 
climb higher than the quartz grains which tend to roll down 
the deck because of their rounded shape.

III. Experimental study of some 
applications of the Vibrating Sizer

Hesearch in practical applications of the Vibrating 
Sizer would be useful because; (1) in the preceding exper
iments, the performance of the Vibrating Sizer was inves
tigated by means of screen analysis. Screening being a 
somewhat conventional sizing method, performance defined by 
screening does not give a complete evaluation of what the 
machine can do; therefore the performance in practical con
centrating operations should be also investigated; (2) the 
possibilities of developing new processes or Improving 
present processes for concentration of small particles is 
also interesting to consider.

Two series of experiments were performed, one on 
elutriation and the other on jigging, with the object of



evaluating the improvements obtained in these two particular 
methods of treatment by using a feed sized with the Vibra
ting Sizer instead of a natural unsized feed.

The ore used in this experiment, St-Joseph Lead ore, 
was an ore from the Tri-State district containing small 
amounts of galena in a dolomite gangue. It was treated on 
the Vibrating Sizer under the standard conditions used for 
this work, and the seven products were collected for the 
subsequent tests,

1. Hlutrlatlon tests

Object: These tests were performed to study
the possibilities of concentrating by simple
elutriation an ore which has been sized with 
the Vibrating Sizer. The advantages of this 
method of treatment will be shown by the 
comparison of the metallurgical results ob
tained In the elutriation of (1) a natural 
unsized ore, and (2) the different products 
of the Vibrating Sizer.

Apparatus: A laboratory hindered-settling
elutriator was used In this experiment. The 
elutriator consists of a vertical glass 
tube, §, , of cross sectional area 580 mm , 
terminated at its lower end by a constrie- 
ted tube, b , of cross sectional area 1^3 mm

1 in

r~>'

Pig. 2



The feed Is introduced by the galvanized-iron funnel, c, , 
and the water, supplied from a constant-head tank ( 4 psi), 
is introduced through the lateral tube, d , Particles of a 
given size, specific gravity, and shape fall or rise depend
ing upon the rising velocity of the water. The underfloiv 
product is collected In the flask, e, , and the overflow 
product Is discharged into a bucket through the funnel 
outlet tube, £ .
The only operating variable is the amount of water intro
duced per unit of time.

Procedure: Tests were performed on a natural feed and
on the different products of the Vibrating Sizer. A 400-gram
sample was used for each test. The feed was carefully in
troduced into the funnel with a spatula, after the velocity 
of the rising water had been regulated to a value giving a 
high-grade concentrate* Ten minutes after all the feed was 
In the elutriator, the concentrate was removed, the velocity
of the water was adjusted to a smaller value giving a mid
dling product, and the overflow of the concentrate test was 
fed back into the elutriator. The first middling was also 
collected after 10 minutes of elutriation. The same procedure 
was followed to produce a second middling, and, in the case 
of the natural feed, a third middling. The final overflow,
or tailing, was discarded.

Data: The operating conditions and the metallurgical
results of the tests are given in Tables No.XIV and No.XV .



TABLE No.XIV
OPERATING CONDITIONS OP THE TESTS 

PERFORMED ON AN ELUTRIATOR

Feed Product Volume 
of Water, 
cu cm/mln

Velocity 
of Water,
mm/sec*

Weight,
S

Assay, 
% Pb

Natural Cone. 1370 160 3.2 71.0
-20 mesh Mid.! 940 110 20.7 a . 3

Mid. 2 515 60 63.7 2.3
Mid.3 160 I8 .5 112 1.8

Product Cone. 1520 177.2 6.35 77.9No .1 Mid, I 1260 14? 12.9 22.0
Mid. 2 910 106 67.5 1.25

Product Cone. 1480 173*5 5.6 80.2
No.2 Kid.l 1140 133 11.2 37.0

Mid.2 820 96 62.5 2.0

Product Cone. 1450 169 5.45 76.8
No.3 Mid.l 1100 128 14.9 22.1

Mid.2 690 80.5 103 1.65

Product Cone. 1400 163 4.8 76.0
No. 4 Mid.l 1040 121 12.3 27.7

Mid. 2 570 6? 48.5 4.9

Product Cone, 1050 122.5 6.6 3 2 .0
No.5 Mid.l 530 62 2 7 .2 10.9

Mid. 2 210 24.5 6 6 .7 2.2

^Velocity of the rising water in the constricted section, 
or teeter column.
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TABLE Ho.XV
COMPARATIVE METALLURGICAL RESULTS OF THE TESTS 

PERFORMED ON AN ELUTRIATOR

Feed Product Weight, 
% Feed

Assay, 
% Fb

Distribution 
of Fb, %

Natural Gone. 0.8 71.0 20.3
-20 mesh Mid.l 5.2 8.3 15.42.8 % Pb Kid. 2 15.9 2.3 13.1

Mid. 3 28.1 1.8 18.0
Tall* 50.0 1.66 33.2

Product Cone. 1.59 77.9 53.9No.l Mid.l 3.22 22.0 3 0 .8
2.3 % Pb Mid. 2 16.90 1.25 9.18

Tail. 78.29 0.18 6.12

Product Cone. 1.40 80.2 44, 0
Ho.2 Mid.l 2.80 37.0 40.6
2.55 % Pb Mid. 2 15.62 2.0 12.25Tail. 80.18 0.1 3.15

Product Cone. 1 .3 6 76.8 41.1
No.3, Mid.l 3.72 22.1 32.3
2.55 % Pb Mid. 2 2 5 .8 1.65 16.75Tail* 69.12 0.36 9.85

Product Cone. 1.20 76.0 29.5No. 4 Mid.l 3.08 2 7.7 27.9
3.1 % Fb Mid. 2 12.12 *•.9 19.2

Tail. 83.60 0.86 23.4

Product Cone. 1.65 3 2 .0 16.5No. 5 Mid.l 6.8 10.9 2 3 .2
3.2 % Pb Mid. 2 16.65 2.2 11.45

Tail. 74.9 2.09 48.85

Note: Tailings are calculated from data on feed, concen
trate, and middlings.



As better results might be obtainable with a different 
elutriator or a different procedure, these results have only 
a relative meaning, and they should all be compared to the 
data for the natural feed. However, it might be interesting 
to refer to the data published for a mill where the same ore 
is concentrated at present by both gravity methods and 
flotation (Taggart, 1950, 2-155)* The concentrate assays 
76.3,1? Pb, the tailing assays from 0.14 to 0.18$ Pb, and the 
total recovery Is 92$ .

Results: (l) With an unsized feed it is Impossible to
collect any considerable amount of high-grade concentrate 
because large particles of gangue settle with small particles 
of galena so that they cannot be recovered separately. In 
this experiment, the concentrate assayed 71$ Pb but contained 
only 20.3$ of the original lead.

With an unsized feed it Is also impossible to reject a 
low-grade tailing. In this experiment, although one concen
trate and three middlings were collected, the tailing still 
assayed 1.86$ Pb and contained 33*2$ of the original lead.

(2) With the products of the Vibrating Sizer, 
It is possible to recover an Important part of the lead in 
a high-grade concentrate and at the same time to reject a 
large amount of low-grade tailings. For instance, with prod
uct No. 1,54$ of the lead Is recovered in the concentrate 
which assays 80$ Pb; in the same operation, 78.3$ of the
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feed is rejected as a tailing which assays 0.18# Pb (the 
total recovery is 93*9#)i the middlings, which represent 
only 1/4 of the weight of the feed and which assay about 
30# Pb, could easily be retreated.

The metallurgical results obtained for products No. 2, 
No. 3> and No. 4 are comparable. With product No. 5> there 
Is a drop in both recovery and grade, and with products No, 6 

and No. 7 no satisfactory results could be obtained. The 
decreases in grade and recovery are probably due chiefly 
to the fact that the elutriator used in this experiment had 
not been constructed for particles finer than about 200 mesh.

Conclusion: The Vibrating Sizer can efficiently size
the feed to an elutriating device. When fed with one of the 
coarse products of the Vibrating Sizer, the elutriator can 
produce a marketable concentrate, a discardable tailing, 
and an easily retreatable middling. The middling, as well as 
the finer products of the Vibrating Sizer, would probably 
have to be concentrated by another method.

2. Jigging tests

Object: The tests were performed to study th© possibil
ities of using jigs to concentrate small particles which 
have been sized with the Vibrating Sizer. The advantages of 
this method of treatment will be shown by the comparison 
of the metallurgical results obtained with (l) a natural feed
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and (2) th© different products of the Vibrating Sizer,

Apparatus: A Denver laboratory mineral Jig was used
in this experiment. The mineral jig is a typical diaphragm 
jig, whose operating variables ares screen aperture, ragging 
and bed depth, frequency and. intensity of stroke, quantity 
of water added. The only variables adjusted for each test 
were th© intensity of the stroke and the amount of water 
added. The other factors were kept the same for all the tests 
and their values were determined after preliminary tests on 
a synthetic mixture of galena and calcite. These values are: 
Screen aperture: 8 mesh (smaller screen).
Bedding: at the bottom, 3 layers of 3/l6-in, shot, and above,
several layers of galena particles ( -6 to +8 mesh), bringing 
the level of the bed to 3/4 in, below the level of th© 
dischargo 1aunder.
Frequency of stroke: 610 cycles per minute.

Procedure: Four testa were performed on a natural
feed. Two tests were performed on each product of the Vibrat
ing Sizerf th© first one with the object of producing a 
high-grade concentrate and the second one with the object of 
recovering as much of th© lead as possible in a concentrate 
of reasonable grade {about 6($). These two extreme cases will 
give an idea of what could be don© in practice.

Before every test, a small amount of ore was used to 
adjust the length of the stroke and the amount of water added.



Then a 2Q0~gram sample was treated. It was fed Into the 
funnel at constant rate* Th© test was stopped when no 
more concentrate was falling into the hutch, about 5 minutes 
after all the sample had been fed. The concentrate was then 
collected, the ragging material was washed on an 8-mesh 
screen, and the products washed out were discarded with the 
tailings.

Data: The operating conditions and the metallurgical
results of the tests are given in Tables No.XVI and No.XVII. 
As for the elutriation tests, these results have only a 
relative meaning, and they should be interpreted by compar
ison with the data for the natural feed.



TABLE Ho.XVT
OPERATING CONDITIONS OP THE TESTS

PERFORMED OH A MINERAL JIG

Feed Test
Ho.

Mater, 
ou cm/mln

Length of 
stroke, 
In.

Concentrate 
Weight, Assay, g % Pb

Natural 1 1360 1/8 3.6 82.4
•20 mesh

2 300 1/8 57.8 10.3
3 1570 1/16 1.3 8 .7

4 1040 1/4 8.4 51.9

Product 1 1510 5/32 2.8 8 3 .8
N o . l

2 1180 3/16 5.3 64,6

Product 1 1400 1/8 3.0 82.3No.2
2 980 1/8 4.2 70.2

Product 1 1400 i/s 2.75 82,6
Ho.3

2 1520 1/4 4.6 71.0

Product 1 1530 1/8 5.48 81.1
No. 4

2 990 1/8 6.8 59.7

Product 1 1550 1/8 2.0 77.4
No.5 2 1500 3/16 2.65 73.8

Note: The maximum assay of concentrate, for pure
galena, Is 8 5 .5 % Pb.



TABL3 No.XVII
COMPARATIVE METALLURGICAL RESULTS OP THE TESTS

PERFORMED OH THE MINERAL JIG

Feed Test
No.

Product Weight, 
% Feed

Assay,
% Pb

Beoovery,
%

Natural 1 Cone. 1.8 82.4 3 2 .2
-20 mesh Tall. 98.2 3.18 67.8
4,6 % Pb

2 Cone.
Tail. 28.9

71.1
10.3
2.28

64.7
35.3

3 Cone. 
Tail. 0.65

99.35
8.?
4.56

I .23
98.77

4 Cone.
Tall.

4.2
95.8 51-9

2.53
47.4
5 2 .6

Product 1 Cone. 1.4 83.8 51No.l Tail. 98.6 1.14 49
2.3 % Pb

2 Cone.
Tail. 2.65

97.35
64.6 
0.6 74.5

25.5

Product 1 Cone. 1.50 82.3 48»4
No .2 Tall. 98.50 1.34 5 1 .6
2.55 % Pb

2 Cone.
a  i

2.1 7 0 .2  
T  *1

57.9
; < o  *1



TABLE Mo.XVII 
(continued)

COMPARATIVE METALLURGICAL RESULTS OF THE TESTS
PERFORMED ON THE MINERAL JIG

Feed Test
Mo.

Product Weight, 
% Feed

Assay,
% Pb

Recovery,
%

Product 1 Cone. 1.37 82.6 44.5
No.3
2.55 % Fb

Tall. 98.63 1.43 55.5

2 Cone.
Tail. 2.3

97.7
71.0
0.94

64.0
36.0

Product 1 Cone. 2.74 81.1 71.6
No.if 
3.1 % Pb

Tail. 97.26 0.9 28.4

2 Cone,
Tall.

3.4
9 6.6 59.71.1 65.5 

3 4.5

Product 1 Cone. 1.0 77.4 24.2
No.5 
3.2 % Pb

Tail. 9 9 .0 2 • 45 75.8

2 Cone.
Tail.

1 .3 2
98.68

73.8
2 .2 6

30.5
69.5

Mote 1 : Tailings are calculated from data on feed
and concentrate.

Mote 2 : For each product of the Vibrating Sizer,
test No.l corresponds to the higher grade and test No.2 to 
the lower grade of concentrate.



Results: (1) With the natural feed, a jig can
directly produce a high-grade concentrate hut it cannot 
simultaneously recover a large fraction of the valuable 
mineral of the feed. In this experiment, the highest grade 
of concentrate, 82.4# Fb, was obtained In a test where the 
recovery was only JZ.2%. When the recovery was Improved, 
the grade dropped. For instance, In one of the tests the 
recovery reached 64.7# but the corresponding concentrate 
assayed only $1*9% Pb.

(2) With the products of the Vibrating
Sizer, a jig can produce a high-grade concentrate with a
fair recovery. For instance, with product No. 1 (test 1)
51# of the original lead was recovered In a concentrate 
assaying 8 3.8$ Pb. The jig can also produce a concentrate 
of a lower grade with a high recovery, the overflow contain
ing only negligible amounts of valuable mineral. For in
stance, with product No. 1 (test 2), 74.5# of the original 
lead was recovered in a concentrate assaying 64.6# Pb and 
the 25.5# unrecovered lead was discarded in a tailing 
assaying 0.6# Pb .

As for the elutriation tests, the metallurgical re
sults are as good for products No. 2, No, 3» and No. 4, 
but are not so satisfactory for product No. 5> probably 
because the operating conditions were no longer suitable



for the fineness of the feed; with a smaller screen aperture 
and a finer ragging material, the results for product No. 5 
might be improved.

Conclusion: Jigging can give both a high grade and
a high recovery with a product of the Vibrating Sizer, 
whereas it cannot do so with a natural feed. Jigs could 
be used to concentrate particles smaller than 20 mesh sized 
on the Vibrating Sizer.



DISCUSSION OF THE RESULTS

This part will comprise three sections: (1 ) . summary
of the results obtained throughout the experimental investi
gation with an analysis of their meaning, (2 ) a theoretical 
approach to the study of the sizing mechanism, based on the 
experimental data, and {3 ) a list of the advantages and 
disadvantages of the Vibrating Sizer as a fine-sizing tool, 
concluded by a few suggestions for further Investigations of 
this new sizing process.

I. Summary of the experimental results

The experimental work has brought out some theoretical 
and some practical results.

(1 ) The theoretical results are that the Vibrating 
Sizer is an efficient sizing tool in the ranges below 20 
mesh, because it is able to split a mixture of -2 0 mesh par
ticles consistently and in close-range products, mainly on 
the basis of the geometrical characteristics of the particles.
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In order to obtain such a performance, the operating 

variables, longitudinal slope, transverse tilt, length of 
stroke, and rate of feeding must be correctly adjusted; 
the size distribution of the feed must be substantially 
constant; and the moisture content of the feed must not be 
too high. Under these conditions, the Vibrating Sizer 
classifies a feed composed of a given mineral into products 
which are well defined.

If the feed contains different minerals, sizing is 
practically independent of the nature of the minerals. It 
has been shown that sizing is not substantially affected 
by the differences in specific gravities or in electrostatic 
properties, or, to a large extent, by differences in shape 
of the minerals. Therefore the particular definition of 
size given by the Vibrating Sizer Involves chiefly the geo
metric characteristics of the grains, whereby it agrees 
with our intuitive idea of size.

These results are valid within the limits of error 
of the experiments. More accurate data, as for instance 
data from chemical analyses, may bring out differences of 
behavior. However, for all practical purposes .such differ
ences may be considered as unsubstantial.

(2) The practical results are that the Vibrating 
Sizer can efficiently prepare the feed to a classifier or 
a jig. In both machines, the metallurgical results obtained 
when the machines were fed with a. product of the Vibrating 
Sizer were much more satisfactory than those obtained when



66.

the machines were fed with a natural feed.
Prom a purely technical point of view, the Vibrating 

Sizer could be used to size an ore which X'jould subsequent
ly be concentrated with a classifier or a jig. For gravity 
processes involving other principles, like tabling, or 
another medium, like air classification, the results may 
be different; therefore the metallurgical results obtained 
with a classifier and with a jig can give only a first 
indication of what could be expected from the use of an
other gravity device.

IX. Theoretical approach to the study of the
sizing: mechanism

The object of this section Is to attempt to find a 
theoretical explanation of the sizing mechanism which would 
account for the experimental results.

Mo attempt will be made to consider one isolated 
particle, to analyze the hypothetical forces to which it 
might be submitted, or to predict from these simplified 
conditions the behavior of the particle. In fact, all 
attempts of this kind made in the analysis of tabling, a 
similar problem, are so approximate that the theoretical 
conclusions reached are sometimes opposite to the facts 
(Gaudin, 1939 5 p. 293) . In order to derive a general 
equation for the motion of a particle on the Vibrating 
Sizer, assumptions should be made concerning the average 
shape of the grains, the coefficients of friction of the 
particles on the deck, the motion of the deck, and the
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similarity of behavior of particles either isolated or in a 
mass. In particular, the assumption that the action of other 
particles can be neglected is evidently not valid, because 
it has been shown that such characteristics of the bulk of 
particles as size-distribution and moisture content affect 
sizing to a large extent. Consequently the approach used in 
this work will consist in a synthetic study of the sizing 
process.

Sizing seems to occur in two steps: stratification in 
layers of different sizes and separation of the stratified 
layers.

(1 ) Stratification of a bed of particles submitted 
to a vibrational motion is a well-known phenomenon, usually 
designated as reverse classification or consolidation 
trickling. This phenomenon is known to occur in tabling 
(Gaudin, 1939* p. 298), in jigging (Gaudin, 1939, PP. 256-2 5 7), 
and in screening {Taggart, 1950, 7-0 2). Reverse classifi
cation has been studied by F. C. Dyer (1929, pp. 1030-1033), 
who has pointed out the following facts: when a bed of par
ticles is supported by an oscillating plane, the motion of 
the plane surface is partly transmitted to the lower layer 
of particles; this layer partly transmits the motion to 
the layer above, and so on until the motion transmitted in 
decreasing amounts becomes negligible. When the agitation 
is sufficient to lessen the compactness of the mass of par
ticles, the particles, if sufficiently small, pass through 
the interstices between larger particles and sift downward.



On the other hand, the large particles tend, because of their 
larger diameter and consequently greater momentum, to ride 
over the smaller (in the same way that a wheel rides over a 
stone in the road); some of the horizontal energy of the 
large particle is converted to a vertical component at the 
point of contact. The result of the tendencies of small par
ticles to sift downward and of large particles to move 
upward is a graded arrangement of particles, with the largest 
at the top and the smallest at the bottom. If there are two 
sets of particles of different specific gravity in the bed, 
each group will tend to arrange itself according to size, 
but the particles of greater specific gravity will be 
graded in size In the bottom layer, and the particles of 
smaller specific gravity will be graded in size in the 
upper layer. All these theoretical results have been com
pletely verified with steel and wooden balls placed on a 
horizontally vibrating deck. With actual ore grains, and 
particularly with flat particles, the results are somewhat 
modified,

Gn the Vibrating Sizer, the large particles are def
initely seen at the top of the mass of material, Indicating 
that reverse classification occurs. It occurs chiefly on 
the part of the deck where the feed Is poured.

(2 ) Separation of the stratified layers may be ac
counted for by two basic forces: gravity, which tends to 
pull back the upper layers, and the forces of friction or 
attraction of the deck, which tend to push upward the lower
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layers* On a flat vibrating
deck (Pig. 3), the bottom
layers are submitted to a
stronger push from the deck
than are the top layers, so 

Fig. 3 that they tend to progress 
faster.

If the deck is inclined (Fig. 4), gravity tends to pull 
down all the particles, but Its action is stronger on the

top layers which are con
stituted of the heavier par
ticles. Therefore, the small 
particles, which are at the
bottom of the bed, tend to 

Fig. %
climb the deck, whereas the 

coarse particles, which are at the top of the bed, tend to 
roll down over the small ones. The combination of these 
opposite displacements may cause the kind of wave motion 
observed on the Vibrating Siser.

The mechanical slippage of the upper layers over the 
lower ones may account for the separation of the stratified 
layers In the coarser ranges. The small effect of specific 
gravity might be explained by the fact that the heavier grains 
locate in the bottom layer and are therefore subjected to a 
stronger forward push exerted by the deck-compensating for 
the stronger backward pull exerted by gravity.
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In the fine ranges, where the surface forces can 
compete with weight, the forces of adhesion of the parti
cles to the deck and to each other are no longer negligible. 
As a matter of fact, on the Vibrating Sizer, the fines have 
a tendency to stick to each other and to the deck, and this 
tendency could be a reason for the absence of dust. The 
fine particles group themselves in masses which climb the 
deck; during the climbing, either the grains rearrange them
selves according to the mechanism of reverse classification, 
and roll down, or they detach themselves from the mass.
The practical independence of specific gravity may be due 
to the fact that In a first approximation the surface adhe
sive forces are comparable for grains of different minerals 
but of same size.

III. Advantages, disadvantages, and possibilities 
of use of the Vibrating: Sizer

Some of the advantages of the Vibrating Sizer are listed 
below.

(1) The Vibrating Sizer is an efficient sizing tool 
in the ranges below 20 mesh. In particular, it gives closely 
sized products whose average size is practically not influ
enced by differences of specific gravity.

(2) The Vibrating Sizer gives seven products in one 
single operation. By modifying the collecting system, even 
more different products could be collected. In contrast, 
one screen gives only two products, the undersize and the 
oversize.
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(3) The costs of investment, maintenance, and power 
would be small.

(4) The Vibrating Sizer does not require any water. In 
classification of fine particles, for which high dilutions are 
required, the cost of investment and the space requirements 
generally constitute a heavy charge.

(5) The Vibrating Sizer elevates the ore, whereas screens 
and classifiers cause a fall in the ore flow, which often 
requires a compensating elevation of it.

(6) The Vibrating Sizer does not produce dust*
The main disadvantages of the Vibrating Sizer are*

(a) The Vibrating Sizer Is a dry sizing process, and wet 
grinding is normally used because it is cheaper than dry grinding.

(b) The Vibrating Sizer has a limited capacity. An indus
trial machine of the same design would probably not treat more 
than one ton per hour.
With its present limitations, the Vibrating Sizer might be used*
1) In wet gravity concentration, using simple machines like 
classifiers and jigs, if the cost of concentration is small 
enough to compensate for the additional cost due to dry grinding.
2) In dry gravity concentration using air olassiflers or 
pneumatic tables. The Vibrating Sizer might find a field of 
application in small mills of dry countries.
3) In other dry concentrating operations such as electrostatic 
or electromagneti c coneentrat1on.
4) For mica concentration, screening the small products of the
Vibrating Sizer. The flat mica particles, gathering into each
product with smaller quartz grains, could be separated from 
them by screening out the mica particles as oversize.



COaOLUSIOH

A new sizing device, called a Vibrating Sizer, has 
been investigated in this thesis with the object of deter
mining its possibilities for sizing In the ranges below 
20 mesh.

The experimental work has shown that, when the oper
ating conditions are correctly adjusted and are maintained 
constant, the Vibrating Sizer can size an ore into seven 
close-rang© products, and that sizing Is not substantially 
affected by the differences in specific gravity of the 
minerals.

The experimental work has also shown that an ore sized 
with the Vibrating Sizer can be concentrated vary satisfac
torily with a classifier or a jig*

Although the Vibrating Sizer in its present form has 
some imperfections, its advantages and possibilities should 
encourage further study, for this new sizing principle 
should find some Interesting applications in mineral dressing.
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