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Thesis for degree of Bachelor 4T Seiénce
Mining Engineering,........: :i::
by . DL
A. E. Zardley 4and Johii S, Cameron, . . o i

PR
ot -

-

Subject,

Hydraulic Separation.

Before beginning a discussion of the various exper-
iments performed with the hydraulic separators in the Labora—
tory of the s. of M., a brief statement as to the principle
upon which their working depends, and thelr functions in;éress—
ing of ores should be given.

The crude ore when first delivered from the mine is
usually not of sufficient richness to be economically handled
by the smelters; it therefore becomes necessary to eliminate
as far as possible that part of the ore which is of no material
value; and among the various forms of apparatus now in use for
this purpose the hydraulic separator plays a very important
part.

When ores are concentrated by any means whaisoever
there are always two chief factors that enter into the problem,
viz: specific gravity and the relative size of the particles.
In order that awykg mey have fed to it material conteaining

equel settling gamzue and ore, with all intermediate grades of



ore from those of equal dliameter with a fixed maximum size of
gaugue to the size which is to be ecqual seb£iing wlth a fixed
ninimm size of gausue, so that there shallrﬁe;:within proper
economical limits, three grades of ere-ia th<a mésé fed onto the
jig sereen, viz:- one grade which will not be lifted with the
ascending current, one which falls throush the intersticl
spaces; and partlylwith the unavoidable 2rd, grade of fines,
will be areawn throuzh the ore hed by the suction at the end of
the jig cycle - in order to accomplish this it is usual in the
best modern practice to give the ore a preliminary dressing in
gome form of hydraulic separator.
The principle upon which the working of hydraulic
‘geparators depends is the relative rate of fall of the parti-
e Tl il K il
cles of an ore mixture in water. Vhen a bodldy fallSAat first
with an accelerated velocity, iis welght being the constant
force ever tending to increase its velocitiy, and its veloecity
will be thus constently increasing until the resistance of the
water counteracts the force producing notion, it willi then
fall with uniform velocity.
The laws governing the fall of bodies in water have
been fully investigated by Von Rittinger and in any subsequent
discussion in finding the ratesof fall of galena, limestone or

quartz in water, his formula will be used in their determina-

tion.
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Von Rittinger in his laws of bodies falling in

water states thet,

Ve = c. d.

v. = Velocity o fall of particles

d. = diameter of particles

c. = a constant depending upon the specific grav-

ity of the particles,.

The different rate of fall of particles of an ore
mixture consisting of particles of different specific gravity
and different size gives us a method whereby a separation can
be accomplished, because a rising current of water that will
Jugt carry over the lighter particles of the ore, cannot have
velocity enough to prevent the sinking of the heavier parti-
cles.

Based upon this principle hydraulic classifiers are
today employed in the preparation of ores for further concen-
tration and in every one a rising current of water is depend-
ed upon to achieve the object sought.

The 3difficulties encountered with the types of
hydraulliec separators in use today will be discussed later when
the experiments with the separator in the Het. Laboratory are
described.

The flrst experiments attempted were with the Inlet

disocharge separator. Flg. 1 shows the arrangement of appa¥atus
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for making the experiments,

A is =z launder tarough which the pulp flows into
the separator B.; C. is a barrel which was suspended from the
ceiling and could be raised or lowered at will; D. is a valve
for admiting and shutting off water from the separator.

As will be seen from the diagrem the pulp enters
the separator throush the launder A. and neets a rising curren
which enters at the bottom of the sevarator., The object of ihe
experiments with this separator were to determine the size of
the materlal which it could handle, and the degreeiﬁonoentr"—
tion that could be obtained with it.

In order to understand more clearly the action of
ifhe water on the ore particles in the senarator a device
for obtalning the pressure of the water in different parts of
the separator was devised,

It consisted of a cork one inech high by /4 inches
in diemeter bored out in the center and loaded with shot until
its specific gravity?was just equal to that 68 the water, In
the top of the cork was inserted & thin glass rod 15 inches
long which passed through a short glass tube as a2 guide which

was supported on =2 thin board'perforated with holes one inch a2

part,that covered the top of the sevarator.
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The cork was plazced in the seéparator and the rod
pessed through the guide which was placed in some particular
hole, The rising current was then turned on and weightis were
placed in the cup until the cork assumed any height desired in
the separator. It was then moved to the next hole and the cup
welghted until the cork stood at the same height as it aid in
the previous position. After the pressure of the water in the
various positions in the separator at some particular height
hed been found, the pressuresat some other neight were found in
the same way.

Datea.
2 — 5 nmeans 2nd, Row and 5th nhole,

Height 10" Height 3" Height G Height 4"

No. of Hole Wt, No.of Mole, T¥t. MNo.of Hole, Wt,Mo,0f Hole,Wt

2 -5 0 2 -5 Ogrmis. 2 -5 2 fsrms 2 - 8 3lig
2 -6 7 grils, 2-5 11 n 2 -6 16 "2 -7 48
2 -7 11 "2 -7 16 ¢ 2 =7 3 T 2-38 31
2 -8 7 "2-38 11 * 2-8 16 2.9 g
zve 9‘ 0 3.2 -9 o 2 -9 2 " 2-5 8
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Data
|

Helght 10" Height 8" Heighto"

No. of Hole. Wt. No. of Hole. Wi, MNo. of Hole, Tt .
l1-5 0 grms. 1 -5 0] l-25 3
1 -6 6 " 1 -6 9 1 -0 20
1 -7 9 1 -7 15 1 -5 30
l1 -8 gun v 1 -8 9 1 -7 20
1-9 o v 1 -9 0 1 -238 Z

A ALl

The pressures in Row ;47 wmess the same as those infl
The zmount of water used per minute was 65 pounds
which through a one inch orifice gives nearlyaone foot head.
If now the distances from the center of the orifice
‘are plotted as abscissas and the pressures on the bottom of
ﬁthe cork as ordinates we obtain a series of curves herein at-
’tached. The general form of these curves at once sugzests that
they are paraboladx but owing to our inabiiity to secure ample
and more accurate data this cannot e proven. One thing howe
ever is very noticable, viz:- the small volume of space in
the separator that is affected by the rising current, noi
more than 2"inches on each side of the center of the orifice
through which the rising current is admitted weling thus af-
 fected.
The action of the rising current upon the ore when
fed into it will be at once apparent when it is remembered that
;Ehe feed launder does not discharge directly over the rising

'burrent ut at the end of the separator. The ore after Jeav-



ing the launier falls directly into the end of the separator
and contirnues to fall until it encounters the rising current
when particles tooc light to sten the tide are difted up and
carried over the discharge by the outflowing water, while
particles too heavy to be carried upwverd fall and are fin-
ally carried yf off through the spigot.discharge.

After the above experiments were performed, lois of
ore of different sizes were fed intec the separator and the a-
mount of water and time required for separation were noted,
samples of tails and concentrates being taken and the degree
of concentration and size of meterial classified; determined,
Lead ore from Mine LalMogte and Bonne Terre, HMissouri was used
in all the experiments. A convenient and repid method for

cavvicd 1o Gaugae of R N SIT

calculating PbS 1n an ore,is &g followsi-

Let a = Wt of ore mixture in air

b - n 111 14 1" 1t Wﬁtel“

¢ = Specific zravity of Phs - 3.75
a= " " " CaCo 3 - 2,72
x = Wt PbS in nmixture

then
a.—

) o]
)|
o

dcb-eac
a-c.

This formula was taken from Prof. P. DeP, Ricketts Motes on
Assaying. T

The Tirst ore that was fed to this separator varied
in size from 16 to 30 mesh inclusive, As great a head as

could be safely used would not discharge any material over the
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tall overflow neither were there any concentrates dischargedﬁ
This result, zlthoush it may seem remarkable, is quite easily
explained., As wes shown in a2 previous experiment the space in
the separator affected by the rising current was comparatively
small and the ore, althousgh carried upward by the rising cur-
rent)would rise until forced into some space wnere there was
no current or would be carried to the surface of the water

only to be thrown down against the sides of the separator by

- the downward current of water after it hed reached the sur—

face as 1s shown in rig. 2.
The velocity of the rising cur—
Jrent was so great that not even

the heavier sarticies of the

ore could fall thronm 1t and
be discharged. The ore then
banked up on the sides of the

separator unvil it became so

1111 thet 1o water couald ascend
through it, bul forced itself through the smz2ll orifice through

which the concentrates discharge, the force of the water in

?the tube leading upgerd into the separator being great enough
i

:%to hold the ore 1in suspension but not great enough to cause thé

élighter particles of the ore to overflow. From the above re-

i
¢

H
{

i

. 0‘7" .
sult it would secem that no concentration awe separation can

e
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W

be affected by feeding ore coarser than &0 mesh to this se-
parator. 50 pounde of ore finer than S0 mesh was next fed
after deternining the proper head to allow all material finer

then 60 mesh to fall througnh tne rising current.

Data,

MAmt. ore Fed., Kind., Amt. Tails, Amt. Heads. Pbs’}n teils,
60 1lbs. Finer 30. 19.5 1lbs. 30.5 1lbs. 7oe
0 " 40 14 " 16 " 11.2f§.
30 " 50 138 " 14 " 12,84,

Amt. ore Fed. PbS in heads. PbS in ore., Tine req. Ant Weler.

50 1bs. | 42,35 22.75% 5 min. 9 1/2cu.ft
30 " 36.43% 22. 545 25/ 6 "o
30 35,875 22,2 - 238/4 " 53/4m

The talls from the above experiments were all very fine and
_Judging from thelr appearance were in good condition to be
i§further treated by contact planei%%%ggétors. The hesds, as
seen from the table, were quite rich end exhibited a fairly
uniform size althouzh there wastconsiderable fines in them.,
The quentity ef water used is great considering; the amount of
ore treated and a ruch grezter head than thet ascertained by
Von Rittinger's formula was required vwoefore any separation
could be &ffected, in fact the head required to separate any
‘given material is a matter of’ experiment with this separa-
}tor as & large portion of the feed water is used in discharg-
wing the concentrates, also the form of the separator makes it

impossible to &ffect a spparation and discharge the talls

without a mich greater head than that whieh theoretically
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shoud &ffect the separatiorn.

The next experinents performed were with the Calu-
metclassifier. The formof this classifier is shown in wlaie
two. In practicec it consists of four or five Loxes or depres—
sions, 11 inches dcep,in a bottom of a continuous trough., The
rising current is delivered Trom e pipe which enters near the
bottom of each compartment. The pive leads 1n clear water
which finds its way into the cleassificr through several small
holes one querter inch in Aiameter vored through the top of

» Y !4/,4 <
the pipe. Dircctly opposite-the end of ithe inlet pip Afor
discharging the concentrates., In practice, as has already
been stated, there are four or five boxes and the separator is
mede of wood. In the experiments performed with this type of
classifier but one compartment wes used and glass sides was'c
substituted for the wooden sides in order that a more careful ﬂiiy
could be made of the zction of the rising current on the ore
particles when fed into it. A one compertment classifier
with glass sides was constructed in the lMetallurgical Labor-
atory and the first experiment consisted in finding the pres-
sure of the water in the separator. The seme apparatus that

~wes used in finding the pressure ol water in the Inlet dis-

charge separator was here employed and the experiment was per-

formed in the same way.



i
Data. pressures 4" Trom top of feed pipe and 5" from side
separator,.
Pressurc, Hor., 4dist. Irorn centoer
dine of feed pine,

34 grams o

25 1 1//;3u

15 1 1"

0 1 1 1/
/
Pressures 4" from toov of foed weler pive and 7" from concen—
trate disclierme side of senzratcr,
Pressure Hor, dist. from center
line ol feed wine,

38 0

24 1/2

13.5 1

O 1 1/»’/{4.
No pressure could be detectiod by our cpwzratus in thet part
of the separator =z=vove the shicld thet covers tie concentrate

discharge neither were thore any

pres

of this shield.

sures founst

on either side

IT now the distences fron vhe center line ol the
feed water vipe are plotied =s abscissas and the correspodaning
pressures as ordinastes wo obtain a curve snown in plete 43,
From the sinzpe of the curve we ney assume 1t to be a paravolsa
and its cquation will bu of ithe Torm (v-¢) = K X the centor
belng at the voint (0, ¢) wiere ¢ vovels J4,  9rarerorring
the origin ve lic voint (05 O.) vie orm of the vqubion re-

duces to y = % x. Taxing the logorishm of ¢ach side of this
equation o irve

o v = 1o nsn 1o X,
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This is the equation to a straight 1line in which n is its

slopes.
P = 54 L. logy (P-34) L.
0 0 0 + 0
-9 1/2 -.93 1.7
-19 1 -1.18 0
-34 : 11/2 -1.63 1.13

N . [—

plotting log (P-34) and log L we obtain a straight line and

by measurement its slope is 1/2, Therefore the equation to the
curve becomes y = X x/*

Here agalin the amount of data obtained is small

and althoush the pressure of the water at distances of 5 inches
and 7 inches,from the concentrate discharge side of the separ-
ator show a fair degree of uniformity there were meny ways in
'which errors crept into our work and at best we can but say
. that the data obtained zre only a rough aproximation of the
i

truth. We Teel however that ithe above results prove that,
with proper apparatus and exwverimentation, the variation in
pressures of the rising current inside the separator can be

studied successiully.

After ithe ahove experiment wias finished, accurately
ore
size@Awas fed into this separator to determine the degree of
gooncentration that could be obtained with it, its value as

. a sizer being determined in a subsequent experiment.
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Data.

Size of ore. ¢ PbS in ore. ° PbS in heads., % PbS in tails.
24 mesh 30.5 47.5 000 mmemememme e -
40 " 0.5 48 7.5
50 " 30 54 7.5
6o 24 50.5 14.5
Finer than 30 .5 B84 19.9¢

9 PbS in rizht end. < Pbs in left end.

7.5 ‘ 42,5
‘ 19.5 40
19.5 76,5

30.5 76.

______ . R - { - e e s < e % e et o e+

From the above table it will be seen that a fair degree of
concentration was obtained with this separator. When 24 mesh
‘material was fed to the separator no tails whatever came over
the tall discharge and the concentration obtained was due to
”the small amount of PbS in the materizl ithat banked up in the
“right end of the separator. This material, however, increzsed
in richness as the size of the ore fed was decreased as is
shown by the taple, When material is fed to this separator
it does not ; to discharge the concentrates until a cer-
tain amount of ore has banked up on each side¢ of the feed
‘water pipe, the angle of inclination of the banks varying with
the size of the material that is fed. TFig. 3 is a sketch show-
; ing the angles of inclination of the barks formed when dif-

i
ferent slzed material was fed to the separator,
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This angle was found to be the least, the larger the
size of ore ani to increase as the size of ore decreased. The
curved form of the bank on the tail discharge end of the se-
parator was caused by the water not having force cnoush to
throw the particles against the end of the separator, the
higest point of the curve being the meaximum distance the ore

A(,fﬁ'c Lo cv-r s

was thrown by theAyising current, The cesuse of this curve
forming is due td one of two things; The permissible head of
water 1s either insufficient or the separator is bvadly pro-
portioned. The head of water in éur experiments was &about
8 feet; much greater than the theoretic head required to
separate Galena and Limestone, the fault would therefore
gseem to be in the design of the seperator.

In order to see the direction of the rising curren
in the separator when in working order a milk or lime solu-
tion was used as feed water and efter filling the separator

with clear vwater this white solution was turned on and pho-

tographed immediately after it hzd reached the surface of
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the clear water in the separator, We attach hereto one of the

photographs of the milk of lime solution rising from thc feed.
water plpe into the separator.

After investigating the working of the Inlet dis-

- charge and Celumet separators it was apparent that improvement

over either of them was quite possible, for in neither do

we treat ore under ldeal conditions, viz:- a body of ore de-

1
H

scending vertically and moeting a vertically rising current
of water, the ore being continuously under the action of the

rising current until a separation is accomplished. i

The amount of water used per ton of ore treated is§

excessive 1n these separators, and their capacity vper diem is;

i
i
!

1imitead. o

With these difficulties in mind the task of design?

- ing & new separator, that would eliminate to some extent the f

- muech less weter per ton of ore treated and with & greater

{
faults of the two heretofore descrived, was undertaken., The

result of our efforts is shovm on plate 3. Here we have a
geparator that treats ore under the idezl conditions stated,

and as will be proven hereafter, a separator that requires

capacity per diem.

Referring to plate 3 it will be seen that it

consistt essentially of a tube P, 4" in dieameter extending

into a double cone a distance of 12" and rising 8" above the
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top of the upper truncated cone. ’The Teed weter enters
through the pipe E which in no way disturbs the action of the
‘rising current, and the ore is fed in through a hopper B and
falls verticelly through a pipe © 1+1/2" in diemeter. The
' pipe extends into the tube P a distance of 8", A% the bottom
- of the lewer cone 1s a small orifice F for the discharge of
the concentrates, The ore 1s fed through the hounper B whence
1t falls through the feed pipe 0 and meets the rising current
| ascending in the tube P. when particles too light to fall
through the current will be carried over and discharged.
? The maximun size of material that this separator
was designed for was ore that would pass througil a #12 mesh

screen,

Diameter of 12 mesh material = .0613" = .00155 metags
Sp gravity of quartz = 2,6
then by Von Rittingers' formula we have

Vez44V3adl(a-1),

| substituting the proper values for 4 and 4 we get
5‘ V= 2.44 | .00155 x 1.5,

of V = ,133 meters per second., This velocity will
Just hold grains of quartz ,0613" in diameter in suspension.
Now .123 meters = 4.84" per second,

‘= ,4037 per second.

Then since the quantity of water passing through any pipe




equals the velocity x area we have

q AV,
or q=1/5x 1/3 x .785% x ,403
or q = .04 cu. fi. per sccond.

i

Then the separator is full of water the head on

the discharge orifice is 28" therefore the quantity of water
thet will be discharged through this orifice will be

o

1 = .35 X .35 X 7364 x 2,38
q = 0056 cu. ft. pcer second.

therefore total quantity of water necessary per .seeond = 04+
L0068 = ,0453 cu. ft. How if the head we liave to work under

| is 9! we have

s a— L
qdq=2aVy2sh =74 .}2 gh.
4
%.1416 x 45 p————

or .0453 =1 y54.33 x 9.

4
il solving this equeation for 4 we obvtain as the dismeter of feed
| water pipe necessary to supply the required amount of water.
From the equation 4 = .6".

Tow as head reguired in vractice is alwavs much
greater than the theoretic head and allowing a small loss for
friction and elbows a2 pipe 1% in dianeter was used for the
“feed pipe.

|

i After the separator was designed and bullt, a
4

b

&number of tests were made with it the results of which are

1

. appended below. The material fed to the separator consisted
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of lots of ore finer than 12 mesh’finer than 18 mesh, finer

than 20 mesh, finer then 24 mesh, finer than 30 mesh angd finef

then 40 mesh.

Data.

Finer than 12

"

3 3 = =

16
20
24
30

40

. Table showing

" Finer than 12

]

Orse.

1

~Ore.

Finer than

i3 3 = 3

n
u
"
"

"
fn
"
"

1

16
20
24

“a

30

40

12

16
20
24
30

PbS in ore. 7Phs in heads.‘ PbS in taiils.

16

15,1
13 %

19¢

7
1 1 ° 5?)

145

38.4
40.5
423.2
41.4
52.1

30.4

[$) BN er

.

h) mcn§>01m
DO =D
(o BT

size of material in ore fed Nevw Separator.

-

I
|
|

40

' 40 Mesn.

10
17.
16.9
15
5.3

<l 16 liesh.

)

. - o
€20 Mesh. %
13
7.5
It
/ 1S

24 Mesn. <% 30 Mesh.

/
10.5 ' 11.2
12.5 8,25
2.4 3.85
- 3.53

50 Mésh. Finer 50 liesh.

.« ® .«
oo

.

PO GV
O~ w,m

|

373
54.256
62.3
75.1
37.8
30.
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"Pable showing Bize of material thst Passed through New Separatpr

t

ore. Pt Mesh. g =0. | %24, 430,
| B TR
/Piner then 12 | 35 20 | 13,56 , 11.2
. "1 - 29 22, 16.
. Lo I R— - 23 31.5
o " 28 - — — 43.3 |
| "oz - — — o |
o " 40 —_— —_— . —_ ——
. o |
ore. %40. % 50. . % Piner s0.
~ Fimer than 12, 11.8 | 1,4 i 7.1
* "o18 16 7.3 : 9.8
T " 20, 15.2 9. | 11.3
;o " 24 30.1 10. . 16,7
” . " B0 36.9 13.4 20.
. " 40  ———= 73,4

26.6

)

The head of water used in obtainiry the above results was a

matter of experiment as there

was no way in which the head could be varied for different
I

4 sized material, and accurately measured. The valve was openeT

full for the largest size of ore fed and gredually closcd as §
the size decreased., The results show that the head used when

i the lots of ore finer then 12 - 16 - 20 and 24 were fed to thé

gseparator was, if anything, too small, but the head used for

finer than 30 and 40 was excessive as will be seen from the

above table.

The results obtained were nevertheless quite satis.

factory and the concentratesfrom the ore finer than 12 - 16




#20-

and 20 seemed to be in ideal condition to be further treated1
by the jig, the talls, though consisting chiefly of fines,
contained a rmch larger percentage of coarse material than
was Alscharged by either of ithe other separators experimented
with,

The next experiment was a comprarative test between
the Calument and the NWew Separator designed by us. The same

sized materlal was fed to each and the same head of water

- maintained for each test so that cs nearly the ssame condi-

-

- Calumet.

| New Separatox. 16" | 38.4% 5.45% |
| Calumet. | 16% | 20.2% 8. % ~

tions as possible were aimed at in voth cases,

Data. N o U

! |

Separator. Amt. ore Fed. Time req. |

Ant. Water used.
- AR

New Separatoﬁ 80 1bs. 3 min, 9 cu. ft. !
Calumet. 80 "™ | 41/2* 11 v
Sepafator.“ Tons ore treated por dlem] Amt water used pcr
.- .- e i Vono ‘_%
New Separator. ! 19.2 f 222 cu. f+.
| '8.28 420 " v

Separator. mwﬁbs.in éré. PbS in heads. Pbs in talls |

We cammot account for so little PbS beling in the talls and
for such a small degree of concentration in the Calumet Sep-

arator,
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Table showing size of concentrates in eech test.

30, x40, TFiner 40,

Separator. ﬁhe Mesh. ﬁbO. wf@4g 030, 9540, Tir
New Separator. Z5 20 135 T1.2 7T11.8 a.s
caluret. 17.5 12.5 12.5 10 15 32.5

Amt., concentrates from New Separator - 25 1bs.
L n " Calumet - 28

The above results would seem to show at once the superiority of
the New Separator over the Calumet in every resvect. The most
interesting result obtezined is the amount of water used per ton
of ore treated by eacnh separator, ithe Calumet using almost
Qtwice as much per ton treated as the new separator, and when the
work done by each 1is compzred in the tables just pgiven it is
but reasonzawvle to think thet in a short time the Calumet will
glve way to some better separator ani thus relinquish its cleaim
of being the most sztisfactory one used in America today.

As to the new separaior lititle can be said here as
to its future use in the preperation of ore for further concen-
tration. The charzcter of the work it hazs so far done spesXk
for 1tself. In a run made in ithe letaellurglcszl Labvoratory on

I
Mondey, May, 1l1ith, byAJunior ore aresesing class, crushed ore
from #4 mesh to finest slimes wes run through this separator,
the concentrates were carried directly Ly a launder to the jJig
end the material was in excellent condition for further treat-

ment therein. The talls were sent to the spitz Kasten and the

products cbtained from the 1lst and 2nd comperiments were coarse



enough to be treaved by a jiz while that in the 3rd compert-
ment was ideal naterial for bumping tebles. This experiment
proved beyond a doubt its adaptability in preparing ore to be
. . . ore

further treated Ly other concentrsidews.

This fins$shed our series of experiments with hy-
draulic sepzrators and in conclusion can but szy that there is
chance for vast improvement# over those 1n use toaay and 1if we

have succeeded in making any improvement ourselves by the de-
o : ".“. ‘;.: ’};«‘ ;";:

M SRR P I
signing of ithe "Wew Separator" we shall feel Adubly repaid for

labor spent ithercon. e
——FINIS—- ‘

Lol ,"’LC c W{ t/(//f/h/
4

7/« i /587
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