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Sampling.

Samples from the»oﬁer-flow of the V-Box at the end of
the Jigs were taken in the following menner. A cut was
made 1in the side of the launder about the width of the
launder and down to the level of the running water with-
in .ead Beneath this cut a second launder was arranged to
catch any material coming from this cut leading it to a
sample barrel. A board fitting the first lnundéT clc&el"-
was used to force the material for a oartain length c‘3
time through the cut into the second laundar and then 1n~gff??
to the barrel. Oare was taken that all materiai removed u
from the first launder reached the barrel where everything
was allowed to settle for three hours before the water was
decanted. After several days the materlial collected in
the barrel was removed and dried on boilers or in the sun.

The sample of the talling was taken by letting them fun
into a barrel until filled. Thils was only done twice as
the sample thus obtalned was of considerable quanity ,

159 pounds, the time of fllling being thirty-six sec -
onds and the volume taken being seventy-five gallons. This
was dried and sifted through a 3/32 inch screen. As this
was not weighed before shipping,and a8 a considerable por-
tion of 1t spilled in the shipping what this weighed is
not knom. On & similar talling sample taken about salx
months before, the following results were obtalned:
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total wt. of talling caught 254 pounds

passed through a 3/32" screen 105 1/8 pounds

time of test 54 seconds

105 1/8 pounds assayed 1.70 % Zn

From the above it will be seen thatv41a5'%'bffiﬁéntailings
go through 3/32" soreen. If the materisl lsevirg the rough-
er over-flow 46 1b/min, is added tbiﬁﬁ$53§0 % ?;i;;?aééjé/éa"
screen. At least 95 % of it having been oﬁlyQSﬁogjfhfough
the orushing section of the mill, which shows that 45 % of
the material coming from the rolls will pass a 3/32" screen.

Tests

A scoreen test was made on the over-flow from the rougher
with the results as shown in Table 2. The same was also
done with the tailing passing a 3/32" as shown in Table 3 .
A sample was taken of the rougher over-~flow and panned careo-
fully making concentrates and tallings. The tallings were
allowed to settle and the water syphoned off, then dried
on radiators. Another sample was taken and screened thru
the 80 and 150 mesh screens. Each of these products were
then panned and dried. After drying, all products were
weighed and assayed with the results as shown in Table 4.

Conoclusions from the tests

(1) The tests show distinctly that all the values

are in the finest material, therefore any reduction of the

amount of fines will inorease the ewtraction.
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(2) the panning test shows that it is possible to
concentrate these fines on tables that even:hgxerial pPass=
ing 150 mesh soreen it is possible to make concentrates al-
though the taillings will still contain a considerable quan-
ity of blende. -k L

The Mill as it at presant -

The ore is hoisted in 1000 pounu buakets, dumped QA,uO
a 5" grizzly, the over size staying on the grlzzly where
it 1s hand picked. The barren rock is carried to the
dump on & car. The ore is sledged so it passes the grizz-
ly into a bin below. From this bin the ore feeds into two
ton cars which carry it up an inclined tramway to the mlll
bin. The mill is about 300 ft. from the shaft. Holseting
is done entirely during the day shift ( 9 hrs. )

Prom the bin at the mill, which holds about 100 tons,
the ore is fed by hand 1ntojl4" Blake Grusher of the ord-
inary type. The ore is here orushed from 5" to 1" or 1 1/2",
this size being regulated by the mill man. The crusher 1s
belt driven from the main shaft.

The ore now goes to a pair of spring rolls. Ome of the
rolle has a 1" flange on each slde, the other runs in be-
tween these flanges. The shells are made of white cast
iron and they give little trouble by breaking as therels
practically no chert in the ore. The shells however, wear

very unevemnly, becoming pitted to a depth of 1/2", the pits
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usually extending nearly aoross the roll face. No care is
taken to keep the rolls in 1ine or to have them wear even.
One roll is driven by a belt and gear, the other by friction.

From the elevator 1t goes into a 3/8" trommel, the under
slze going directly to the Jig, the over size going to an-
other palr of slmllar but smaller rolls, the product being
fed back to the elevator.

The tallings from the Jjigs go into a V-Box with a baffle-
board down the center. theizziiings are taken off at the
bottom with Just enough water to convey them down the laund-
ers to the talling pile and the over~flow goes off at the
other side of the baffle board carrylng considerable guan-
itles of fines with it. This is done in all three of the
jigs.

The mill works two shifts of ten hours with a corew of
three men on each shift consisting of the mill man, a back-
er and a crusher feeder. |

The complete flow sheet will be found at the end of the
paper. ‘

The losses of blende in the present mill all come in
treating the fine ore, most of 1t being in the material
that goes into the over-flow from the V-Boxes at the end
of the jigs and in the fines of the tailing. This is
shown by the tables at the end.
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Prevention of Fines.

It will be seen by the flow sheet that the materisl is
all fed to the crusher and the lst rolls without first
taking out the ore which 1s already.finer than the size
to which it is being ocrushed.

If the ore was fed to the orusher so that it was only
one grain deep in the corusher at any time this would not
make any difference in amount of fines produced but would
not be ecconomical of power or capacity. As it is run the
jaw is kept about 3/4 full of material all the time and any
ore already fine encugh is orushed still finer. This could
easily be remedied by placing a short 1" grizzly in front
of the breaker. The water now fed into the breaker jaws
to wash the fine ore through, could be sprayed on the ore
as 1t orosses the grizzly which would shorten the length of
grizzly needed to screen the ore, a three foot grizzly be-
ing plenty long enough under these conditions.

Using the firat rolls that are at present installed in
the mill, a 3/8" screen should be placed in front of them
because everything passing through is crushed finer unless
it is accompanied by a larger partcle when the rolls may
or may not be held apart long enocugh to allow it to pass.
The rolls now used are both fine° makers and unegconomiocal
of power. They not only orush fliner all material that 1=
already fine enough but break that material which is coarse

much finer than is necessary. Thls readlly shown in Plg.
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1. The large particle "A" gets into the rolls and is brok-
en in the position shown. "B" a plece of "A"™ which has been

dropped or thrown in the position shown and is there crush-

ed again.

Pg. 1 Pig. 2

If these rolls had been apaced the distance apart to
whioch they are orushing this plece "B¥, if already reduced
to that size, which would have fallen through as shown in
Fig. 2, as would all other pieces smaller than the apace,
whether fed to the rolls in that way or crushed that way.

By spacing the rolls a saving is also made in power as
well as in fines. The power consumed by rolls may be di-
vided into two parts, first, in breaking the rock, which is
proportional to the new surface on the orushed rock ( see
R. H. Richards' Ore Dressing Vol. III, page 1334 ) second,
the friction in the bearings. |

Under (1) all the unnecessary orushing is a loss of power.
Take for exampls, a feed from 1 1/4 inches to 0 and this
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wlill be about the feed being fed to the rolls. Under the best
condition, 30 % of it will pass a 3/8" the size to which we
wigsh it crushed. If of this 30 %, one half as much new sur-
face 1g added per unit, as is added per unit to the material
coarser and 1f one half of the power 1is used in crushing, this
would make a saving of 7 1/2 % of the power used by the rolls.
If thls 1s carried through also for the coarse material which
has secondary crushing, I see no reason why we . could not
count on at least 12 £ saving of power used by the rolls
from thie source alone. While some of the above figurés
are not based on any known data, I think they are under rather
than over what mlght be expected.

The friction on the beé.rings is proportional to the pres=
sure on those bearings, other conditions remaining the same.
With closed rolls the pressure on the bearings is equal to
the pressure of the springs plus the weight of the rolls and
this pressure is always present. With the spaced rolls the
pressure of the springs is only taken on ihe bearings when
the rolls need it, that is, when they are astually orushing
and then not any more of it than is necessary to crush the
rogk in them.

Az the rolls run far from thelr full capaclty it 1s easy
to see that this in 1itself would be a considerable item in
loss of power in the rolls.

The springs should also be strong enough so that the
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rolls are prsctieally rigid, that 1s will not spring back
except for an unusual plece, as a hammer head, drill point
or other plece of steel. This should be so, because, if
the rolls are not strongly held together they will make a
conslderable over-size and every pound of unnecessary over-
slze 1s just so much lost power'in elevating. It also means
that rolls are in line as long as the face of the rolls is
parallel to the line of the shaftis.

The roll faces should be kept lined up by distributing
the ore evenly across the face. If the faces tend to pit,
they should be kept even by a bleck and emery as these plts
also tend to make over slzes. |

It will be seen therefore that for rolls to have economy
of power and to best prevent fines, the following conditians
should be fulfilled;

(1) rolls should be set apart at least the diatance to
wnidh they are orushing

(2) the springs should be so strong that only under un-
usual strain would they give |

(3) the shell should be of such material that the rolls
can be kept in line and the face kept even.

Using a pair of rolls of this type, there would be no
need of the sesond rolls as all the over size from the
trommel could be returmed to these rolls being swall in
gmount and they would be perfectly safe in taking it.
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The thlrd or middling rolls have an entirely different
feed;%kfgegmﬁfgtzrpposed to orush everything that goes thru
them, it 1s mostly included grains and of all sizes, amd,
(As they have a small quanity of feed there should be a
small space between them so that the full preséure of the
springs will not be on the bearings causing a large loss
in friction. The springs instead of being tight enough to
be rigid, should be Just tight emough to crush the particles.

Treatment of Fines.

Several years ago vanners were installed in the district
for the treatment of fines that came from the jigs. They
evidently were not a success as they have all bsen taken
out and at present I believe there is not a mill in the
district using them. Probably the reason for this wae
that the vanners made a product too low grade in zine or-oo
high in iron.

Tables of the Wilfley type have not been tried out to
any extent. There are a few mills which have installed
them lately but, with one exception, I do not know with
what results. In that one case a Dunham Table was install-
ed but it was not satiasfactory. Just why I have not heard

but these reasons present themselves. The Dunham Table is
to take a whole fesd and concentrates both the fine and

the ocoarse material. The fines are treated on a small sect-

ion on to which they have been washed by the wash water.
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This portion.of the table 1s small and has no independent
method of regulation. The rest of the table treats the
coarse material, now 1f the table is regulated to one of
these sizes 1t would indeed be a coinocident if it sulted
the other. 1In fact 1t 1s very improbable as finer material
should have a short qulck Jerk while the‘ooarse material
should have a longer and slower jJerk. At best, a blende,
pyrite and calcite product is difficult to treat especially
ir it 1s desired to remove some of the pyrite. It seems
therefore that a table of that type is not to be expected
to do the work required especially when it 1s taken into
consideration that the zinc ore must be very high grade.
The first problem, 1f tables are to be used, at what
place shall the feed be taken in the present mill seheme.
There are two places that present themselves, firsi, below
the jigs, seocond, after the first trommel at the head of
the rougher. In the first case a screen or classifier
would have to be placed at the foot of each one of the
jigs or all brought to one place and here classifled or

sgreened. In the latter case this would requirs another

elevator as the mill is now constructed and this 1s not
advisable from the stand point of power used. In placing
the olassifier after the Jigs, the maln objection is thst
there is too xudh water to handle. By placing the olassi=

fler or screen in front of the rougher, the amount of water
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in the classlfier feed 1s not excessive and the jig is
relleved of that material which it cannot treat and which,
therefore ,just takes up room in passing which should be
occupled by other material thus cutting its capacity.

The next question is how shall table feed be separated
from the Jig feed? sShall a sereen be used or a classifier?
The slze screen which would be used on this product would
be rather fine, something under twelve mesh and may be cone
siderably finer. This soreen would have to be long and
large as 1t must have a large capaclty with a small screen
hole. The wear on such a fine light weight screen would
necessarily be heavy. A classifler would make ae ¢lean
a product as a soreen and probably much less power, also a
classlfier could be placed in the mill as 1t now is wlth
very few changes while with the proper size screens several
changes would be necessary. Therefore, 1t secems that a
classlfier is what would be wanted. One of the iype of the
Richards! Annular Vortex Qlassifier being probably the best
if a free settling classifier is to be used, having been
designed for a large capacity and a single but close sep-
eration, and having worked very successfully.

The next gquestion is what preperation if any should be
given to the feed of the table? It has been shown that
the position of the ore on a table 1s shown as in Plg. 3,
that is, the coarse particles of heavy minerals come off
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The arrangement of the grains on a

table being fed with a whole feed

OO0
O
O
O

C (:noooe

The arrangement of the grains on a table

being fed with a classifled feed

Pig. 3
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at the corner and the particles get smaller going up the
end till they get so small that the wash water has consid-
erable influence on them, they then come back and are scatt-
ered all through the slimes. The larger particles of light-
er mineral are over on the lower or tailing side of the table
away from the concentrates and on coming toward the concen-
trate end the particies get smaller. The best feed for
a table would be that which contains large grains of light
mineral and small grains of heavy mineral as this feed would
allow easy separation of the two minerals. This is exactly
what 1s done by a classifier, the small grains of heavy min-
eral coming out with the large gralns of light mineral. There
fore it would seem that the classified feed is the ideal feed
for a Wilfley Table and that a hindered settling classifier
feed would be better than a free settling classifier as it
empasizes the difference in ratio of diameters still mofe.
The next question ﬁﬁsghat gize shall this classifier be-
gin its work? From the screen analysis of the rougher over
flow and the talling it would seem about forty mesh should
be the place, because, at this point the tallings begin to
run up in zinc showing that the jlgs are not making a good

extraction on this fine material. The next question 1s,

could not tables treat material coarser than this better
than the sand Jig) Tables might save from 1 to 1.5 H. P.

They would cut down to some exbent the pyrite which the Jig
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does not do. In a mill not running very high in pyrite it
would not pay to remodel this part for the reduction in iron
obtained but 1t would certainly pay to consider this serious-
ly in oonstruction of a new mill. If this is to be done 2 mm
(10 mesh) would be the best point of division between jJigmiwo
4ne and table matarigl. If run as it is at present with the
addition of tables 0.5 mm (30 mesh) would be the point of
division for the max. piece of blende going to the tables.
How close must olasslifying be performed under these cone
ditions? There is a theorstical arrangement of a classifier
for any given installation provided the classifier does per-
fect work. In oa# construction it would pay us to allow a
factor of safety here elther for the classifier or for the
table or both in order to make easler the table separation.
The hindered settling ratio of blende and calcite 1is 2.1
the free settling ratio is 1.5. Suppose the over flow fram
the classifier preceeding the rougher Jjig will contain blends
from 0.75 to 0 mm. ( the pyrite will be discussed later. )
This over flow could be sent to a two spigot hindered seté-
fling classifier, the first spigot glving blende between 0.5
mm. and 0.25 mm. and calcite betwegn 0.75 and O_.SO mm., the
second spligot gontaining petween 0.25 mm. and 0.12 mm. and
calcite from 0.5 mm. to 0.25 mm. the over flow containing
the remainder. Each of these three products would be sent

to a separate table. If 2 mm. materlal was to be the divis~



(18)

ion point between Jjigs and table then two more splgots would
be added to the hindered settling classifier taking in the
first spigot material from 2 mm. calcite, and in the second
from 1 mm. blende end 3 mm. to 2 mm. calclte, and 1 pm. to
0.5 mm. and 2 mm. to 1 mm. caleite, and 1 mm. to 0.75 mm. ..
calclte going into the third. In this case a fourqhinggred
settling classifier would be used with one table for each
spigot product and one for the over flow. This has not tek-
en any consideration of the amount of materlial going on to
each table. As now run 25 % of the mill tonnage would go
into the over flow of the classifier in the first case while
50 % would go in the second. The tonnage of the mill is a-
bout 200 tons in fifteen hours meaning 100 tons over the
five tables and fifty tons over the three tables. This
would be considerably more than this number of tables could
handle. With the changes that have been proposed in the
crushing department this would be cut to sixty and thirty
tons respectively, this taking in the increase 1ln capacity
due to removal of finee from the Jig. This would glve an
average of about ten tons per fifteen hours per table and
would run the tables at about their,fuli capacity. The a-
mount of material that will be fed to each table 1f the
splgots were regulated as has been suggested above, may not
distribute the feed in the right proportions on each of the

tables. The exact behavior as to amounts from each spigot
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cannot be told before hand, but changes could easily be made

to glve each table its proper amount of feed. What per cent

of the pyrite and marcaslte could one expect to eliminate on

tables run as a screen? The hindered settling ratio of pyrite

to calcite is about 3. Take for example material coming from

the second spigot in~the case where the sand jig is used.

This would contain 0.12 to 0.25 mm. blende, 0.25 mm. to 0.50

mm. limestone and 0.8 to 0.16 mm. pyrite. It can be seen

from the above that 1f the table 1s taken as & screen only

50 % of the pyrite may be teken from the ore. This wuold

hold true in the same way for each of the other spigots.

A hindered settling classifler has been chosen to sort

the product for the tables. The quastlon now 1s what type

of classifier to uset There are two types, The Richards'

pulsating classifier (upright and inverted type) and what

is known as the Wolf tongue type. Richards' pulsating (inter-

mittent):%gﬁg%ing classifier has the disadvantage of not be=-

ing flexible, that is, after it is once installed you can-

not add a cell. It also seems to cause considerable trouble

by clogging up in which case the mlll has to be shut down

and the entire top lifted off whlch means a large loss of

time. This machine also takes some power besides the 1lift-

ing of the water. The wol{ﬁ/tongue only requires lifting of

the water, can do as good work as the Richards' hindered sett—
#iing classifier and has the advantage of being flexible, one
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Oor more compartments can be added whenever it is desired.
The Richards' settling classifier of the Wolfe tongue type
1s probably the best one of this type now in use.

What type of table should be used? The main points to re-
member in ordering a table are, simplicity in construction,
ease of operation and adjustment and that it 1s designed for
the kind of feed which 1is being placed over it. Under the
latter a table constructed for a coarse feed should not be
installéd to work a fine feed, and a table designed for whole
feed will not do for classified feed. With these points in
mind any of the standard Jerking tebles would probably fill
the requlrements.

- Summary

In reviewing 1t will be seen that the following suggest-
ions have been made,

(1) a grizzly in front of the Blake Orusher to keep the
finer ore from 5aing ground finer

(2) the first rolls should be spaced, kept true and the
eprings kept at such tension as to make them almost rigid to
prevent making fines and to reduce the power

(3) removal of the second rolls as they are unnecessary
and the over size from the trommel belng returned to the first

(4¢) the third rolls should be slightly spaced so as to roee
duce the power used by them

(6) a single spigot classifier should be placed after the

first trommel and in front of the jig to remove ore that the
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Jigs cannot treat and allow more room for materisl that it
can treat
_ (6) a two or four spigot (according to whether the sand
jig was replaced) hindered settling classifier should receive
the over flow from the first eclassifier to prepare it for the
tables

(7) that three to five tables of any of the standard types

would treat the feed from the clessifler.
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Table 1
Data on Sampling the Jig Over Flows

Date Time Sand Jig Cleaner Rougher Time
Sec Gals Sec Gals Sec Gals Settled
8/17 2330 PM 10 22 10 31 10 32 19 hre
8/18 111%0 AM 10 30 10 31 10 45 5 0
2130 PM 10 24 10 26 10 40 18 *
8/19 9100 AM 10 17 10 27 5 26 3z
12:00 X 10 18 10 24 5 23 5 "
 PM 10 29 10 286 10 43 18 *
8/20 9100 AM 10 18 10 33 10 36 3t
12:00 N 10 19 10 30 10 40 3 "
8/22#
10300 AM 10 32 10 25 10 35 L
1 PM 10 30 10 27 10 40 3 "
4" PM 10 28 10 24 10 40 17
8/2% 9 AM 10 30 10 28 10 40 4 "
1 PK 10 35 10 28 8 35 3 "
4 PM 10 30 10 26 5 20 17 "
8/2¢ 9 AN 10 30 10 30 10 40 3 "
12 N 10 30 1o 25 10 40 3"
Total 160 422 160 420 143 575
Gals per min 188 157 241

# Oleaned up sand Jlg barrel and changed height of cut
in the slde of the launder



Thru
40
50
60
70
80
90
100
120
180
200
000

Calculated from above
Assay of Sand Jig Over Flow

On
40
60
60
70
80
20
100
120
150
200
Inf
Inf

" Oleaner

wt.
22
29
62
91
61
54
2{
371
223
82
880
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Table 2

% on screen

1.2
2.7
6.0
10.9
14.2
17.0
18.3
38.4
50.2
54.8
10040

(1)
(2)

Screen Analysis of Rougher Over Flow

% Zn
1.4%
.8
1.8
2.2
249
2.7
3.6
4.7
5.6
7.3
7.0
8.0
5.5

20.8
21.0
17.5

% Feo
1.2
1.2
1f4
1.9
2,1
2.1
2e1
2.5
3.8
3.5
5.0
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Table 3

Screen Analysis of Tallings Thru 3/32 Screen

Thru on Total On Total £ On % Zn
- 12 88 7.0 55
12 14 171 17.5 «80
14 18 228 23,2 «90
18 18 303 3048 +90
18 20 350 B5.7 50
20 24 429 43.4 «85
24 30 519 5340 -70
30 35 564 5745 +75
35 40 800 81.2 .70
40 50 697 71.1 «85
50 80 753 76.8 1.1
60 70 784 80.0 1.5
70 80 808 8245 3.2
80 100 821 8%.8 | 345
100 120 891 90.9 4.2
120 150 905 92.5 8.3

150 Inf 880 100.0 7.5
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Table 4
Panning Tests

% Total
Wt 4 Zn %4 Fe Zn  Fe

Whole Feed
Concentrates 53 18.7 12.7 29.5 3045
Tallings 394 5.3 3.8 7045 69 .5
Screens Feed » ‘ _
On 80 Conoc 10.5 15,6 10.0 22.9 23,5

Tails 187.0 3,6 2.2 77.1 78.7
On 150 Conc 22 20.0 12.8 26.0 26.8

Talls 288 434 2?7 74.0 7342
Thru 1560 Conc 74 11.5 1139 45f5 47 .5

Talls 220 6.8 4.4 64.5 5245
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