


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































§ 468 LAWS OF JIGGING. 613

FIG, 348.—SEPARATION OF QUARTZ AND WOLFRAMITE BY TUBULAR OLASSIFIER AND
SIEVES.

in the form of a graphical plot. In these photographs (see Figs. 346 to 357),
the vertical columns Nos. 1, 2, 3, 4, etc., represent the successive bulbs. The
horizontal lines indicate groups of particles resting on like sieves.

§ 468. ResuLTs oF THE TuBULAR CLASSIFIER TEsTS.—Examining the plots
of the various minerals and gravities, we see a general set of features possessed
in common, but changing a little with each successive photograph. First, we
have, in copper (Fig. 346), a range of clean, pure quartz hills and also a range
of clean copper hills and, between the two, a valley almost destitute of grains,
which is widest a little above the middle. In arsenopyrite (Fig. 351), the val-
ley is gone on the 100-mesh line and we have a plateau instead. In chalcocite
(Fig. 352), the plateau has reached up to the 50-mesh line. In pyrrhotite
(Fig. 354), it has reached ‘the 40-mesh line. In epidote (Fig. 356) the platean
has disapﬁeared below 24-mesh, and a single wide range of hills has taken its
place. The above change of features is due to the difference in specific gravity
of the heavy mineral. As the specific gravity lessens, the two ranges of hills
come nearer together.

Estimates were made of the percentage of the heavy mineral in every hill
and tables of them are given in Am. Inst. Min. Eng., Vol. XXIV., pp. 433 to
446. Those of galena are given here in Table 305 for illustration.
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FIG. 349.—SEPARATION OF QUARTZ AND ANTIMONY BY TUBULAR CLASSIFIER AND
SIEVES.

TABLE 305.—ESTIMATED PERCENTAGE OF GALENA IN THE HILLS OF FIG. 347.

2 3 4 5 6 7 8 9 10

The weights of the hills of three bulbs were taken for all the figures except 3
that of magnetite, and from them the estimated weight of each mineral in each
hill was calculated by using the percentages previously estimated. Those for
galena are here given in Table 306, for illustration. Those for all the others
are given in Am. Inst. Min. Eng., Vol. XXIV., pp. 449 to 462. .
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FIG. 350.—SEPARATION OF QUARTZ AND CASSITERITE BY TUBULAR OLASSIFIER AND

F1G. 347.

TABLB 306.—ESTIMATED WEIGHTS OF QUARTZ AND GALENA IN THE HILLS OF

Bulb No. 7.

“"mmmwnmmm.

265.1499

35.8100

Bulb No. 6.

98.6140

85.0275

Bulb No. 5.
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FIG. 351.—8EPARATION OF QUARTZ AND ARSENOPYRITE BY TUBULAR CLASSIFIER AND
SIEVES.

_Having obtained all this data, it was possible to compute the hindered set-
tling ratios of different minerals, that is, the ratio of the diameters of those
particles which are equal settling under hindered settling conditions. The
mode of computation, to obtain the ratio of diameters of the particles of quarts
and galena in equilibrium, for any given column or bulb, may be shown by
taking as an example Fig. 347, and bulb No. 5 of Table 306. Here the average
diameter of the quartz particles was obtained by multiplying all the quartz-
weights for bulb No. 5 by their diameters, (obtained by taking a mean of the
gieve hole through which they pass and that on which they rest), and dividing
the sum of the products by the sum of the weights. The galena figures for
bulb No. 5, treated similarly, give an average diameter for the galena particles.
This diameter of quartz is then divided by the diameter of the galena. Two
other bulbs were treated in the same way. In like manner computations were
made upon all of the eleven minerals, using three bulbs for each, and these
lri‘inlﬁere3 0';;et’cling ratios are given for all of the minerals except magnetite in
Table 307.

"
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FIG. 352.—SEPARATION OF QUARTZ AND CHALCOCITE BY TUBULAR OLASSIFINR AND
SIEVES,

TABLE 307.—HINDERED SETTLING RATIOS OR MULTIPLIERS FOR OBTAINING THH
DIAMETER OF THE PARTICLE OF QUARTZ WHICH IN THE TUBULAR CLASSIFIER
WILL BE IN EQUILIBRIUM WITH THE MINERAL SPECIFIED.

Ratio of the Diameter of Quartz to that of the Mineral
Quarts and
Column 4. | Column 8. { Column 6. | Column 7. | Column 8. | Average.
7.791 9.629 8.508
5.656 5.544 5.848
5.881 5.161 5.158
4.082 4.948 4.807
4.718 4.436 4.008
8.747 8.617 8.787
8.246 2.638 8.118
DX I P 2.808
£.090 2.042 2.1%7
1.610 8798  [iiieiieonns £2.087
0.181 0.180 0.178 0.179
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FIG. 353.—SEPARATION OF QUARTZ AND MAGNETITE BY TUBULAR CLASSIFIER AND
SIEVES.

These hindered settling ratios give us the law by which particles of different
minerals are separated under hindered settling conditions. They show that
under such conditions as existed in the tubular classifier on grains between 10
and 100 mesh, a particle of galena will go below every particle of quartz whose
diameter is less than 5.842 times the diameter of the galena particle; a particle
of arsenopyrite will go below every particle of quartz whose diameter is less
than 3.737 times the diameter of the arsenopyrite particle, and so on for the
other minerals. By comparing these hindered settling ratios with the free
settling ratios in Table 261, we see how much larger the former are and, there-
fore, how much easier a separation may be effected in the former case. We also
see how it is that particles which are equal settling under free settling condi-
tions can be separated under hindered settling conditions.

§ 469. The idea of classification by hindered settling of minerals taken by
pairs, may be also conveyed by Fig. 358, which represents the relative sizes and
positions in the vertical columns of particles of minerals of two specific gravi-
ties, both ranging from the same maximum diameters to dust, just as they
placed themselves in the tubular classifier. In each case the diameters increase
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FIG. 354.—SEPARATION OF QUARTZ AND PYRRHOTITE BY TUBULAR CLASSIFIER AND
SIEVES.

downward, but the largest grain of quartz cannot get below the horizon of the
grain of galena which is equal settling with it under hindered settling condi-
tions. The same is true of quartz and arsenopyrite, and of quartz and blende,
but it will be noticed that the quartz is associated with a larger grain of arseno-
pyrite than of galena, and of blende than arsenopyrite.

The effect of hindered settling may be seen in still another way in the twelve
Figs. 346 to 357. If any of these be rotated 90° left handed before the eye
of the reader, it will then represent by its horizontal layers the effect of an
upward current corresponding to the pulsion of a jig after it has come to equilib-
rium, it being understood that the grains of the two minerals of each layer are
mixed together. and if we compare the figures for galena (Fig. 347), arsenopyrite
(Fig. 351), and blende (Fig. 355), we see that the quartz is pushed farther
away to the left in the galena figure, less far in the arsenopyrite and still less
in the blende figure. This is because the quartz is in equilibrium with the

grain of galena which is 3 of its diameter, with the grain of arsenopyrite which
is 55 of its diameter, and with the blende, which is ;5 of its diameter, re-
spectively.
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FIG. 355.—SEPARATION OF QUARTZ AND SPHALERITE BY TUBULAR CLASSIFIER AND
SIEVES.

The resiilts obtained in the tubular classifier tend to give the impression that
there is a sharply defined limit between free settling and hindered settling. This
is probably not true, but rather, there is a gradual transition from one to the
other, that is, between the conditions which existed in the sorting tube experi-
ments (§ 355), and the tubular classifier experiments (§ 467), there is probably
a region where the diameter ratios may be between those given by the author for
free settling, and those for hindered settling. This region has not yet been
explored. If such is the case, it may exist in the sorting columns of some classi-
fiers where the pulp is denser than usual.

Lest the proportions of the two minerals (equal volumes) used in the tubular
classifier tests (Figs. 346 to 357), might have influenced the results, a trial test
for comparison with Fig. 347 was made, using a quantity of galena equal to
about 4y of the volume of quartz, instead of equal volumes of the two minerals.
The fourth, fifth and sixth bulbs were sized, and gave hills apparently at the
same points as shown in Fig. 347. To demonstrate the point still further,
weights and computations were made upon the fourth bulb, and yielded the ratio
of the diameter of the galena particle to that of the quartz—1:5.966. This
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FIG. 356.—SEPARATION OF QUARTZ AND EPIDOTE BY TUBULAR CLASSIFIER AND
SIEVES.

ratio is practically the same as those given in Table 307 for galena and quarts,
and therefore demonstrates that the relative quantities of the two minerals have
nothing to do with the law of hindered settling. The ratio of diameters is fixed.

One or two interesting facts may be noted here, although they are one side
from the main thread of this discussion. In the first galena trial, a figure of
which is not given here, it was found that fine galena appeared in the first bulb
below 30-mesh. This may be attributed to particles abraded during the subge-
quent sifting operation. To test the question, the galena-quartz lot was mixed
up thoroughly and run over again (see Fig. 347), and this time the fine galena,
below the main range of galena hills, was much reduced, proving the conjecture
to be substantially correct.

Again, the fall-velocities of these different heaps. under free settling condi-
tions, were taken in a tube (Fig. 359), designed by C. Le Neve Foster, in which,
by inverting the tube, the measure may be taken over and over. The results
are given in Table 308. They show that, for example, on the 20-mesh line,
grains of galena in No. 1 are faster than No. 2, and No. 2 than No. 3, also for
the quartz Nos. 5, 6 and 7 fall in that order, 5 being the fastest, and 7 the slow-
cst; 5 contains the 20-mesh grains that are nearest 10 a cube; 7 are the flat








