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—~PROBLEM-

The obJect of this Thesis is t0 determine the
adindred—settling ratio in air of Galena and Quartz, and
to verify if nossible the result of the work done in 1909

by W. D. 0lark and R. W. Watson.

References Usdd:

Richards Ore Dressing, and Clark and Watson's
Thesis.

Prof. Richards, in his book, ®0re Dressing,*
page 810, says,~"Hindered—settling takes vlace when
particles of mixed sizes, shapes and gravities 1in a maas,
free to nove among themselves, are sorted in a rising
current of water, the rising current having much lesé
velocity than the free settling of the particlgs, but yet
enough go that the particles are kept in motion. The
arrangement of the particles ig so positive that if one
of them be moved up or down from its chosen companions,
it will be found, when set free, to return immediately
to practically the same groﬁp as before."

Prof. Richards used water in his work, but

in the following tests air was used as a‘medium in



which hindered-settling was to taxs place.

The hindered-settling ratio of Galena as
comoarsed to Quartz means, the ratio of the diameter of
a quartz varticle to the diameter of a Galena »narticle
with which it is in equilibrium: i.,e., with which it
occupies the same level in the sorting colum.

Minerals Used: |

Pure crystalline galena of a specific gravity
of 7.7 and sure glassy qaartz of a sgpecific gravity of
2.9 (note high svecific gravity of qQuartz). The
gpecific gravity of Quartgfusually from 2.65 to 2.68
Apoaratus Used: See plate I.

This consisted of a wooden cylinder 3 inches
in length and with an inside diameter of 2 inches, into
each end of which was closgely fitted a conical tubse,

6 inches in lensth and tapering from 2 inches at the lar-
ge ené:a/z inch’ at the small end. This classifien
arrangement 1s sssentially similar to the one used by
Prof. Richards in his experiment with water. This

tuba was held in a vertical posgsition and to ths bottom
of the tube was attached a rubber tube thru which air
was led into the classifier., The upper end of the

classifier tube was connected with a glass bottle by



I.

PLATE NO,




means of a small glass debe, the bottle being used as a
collector of dust particles,

The rubver tube was connectad to a pipe into
which was set a revolving valve. Tiils valve was Ffitted

. Y
with a small pulley and was revolved by a motor, tiss

alternately opening and closing the air parsage and ther:a-

by giving pulsations in the ore colwan. The nwaber of
revolutions made oy the motoPr could he regulated g0 as
to give the desired numbar of pulsations.

The air supply came from ths compresssd air
main of the echool and was adaitted to the revolving
valve thru a 1/2 inch needle valve,which peruitted of
‘a close regulation of the amount of air used.
Operationg: .

The @alena and quartz were separately crushed
and sized the sizes ranging from, on 12 mesh. (1.755 M.M
Diam. ) to thru 200 mesh. (0.03%8 M.M.Dia.) See Table
No.I for screen sizes.

Equal parts of each glzme of hoth Quartz and
§alena were then taken and thoroughly mixel. A bed of
the resulting ore 3 inches in depth in ths tube was
then taken, previous experiments having shown that this

was the most practical depth that could he periectly



azitatsd hHy ¢iv aooaratius.

The maxi:am air preasure ne=ded to aroduce
nerfect agitation was 0.144 pounds ne¥ square inch,
measured by a U tube water guags inserted just below
the sorting colum.

There weve iiures dilferent numbers of
pulsations avallahle with thse apparatue,namely;Boo,
1800, and 2400 pulsations per minute. with an air
csrecgure of 0.144 pounds per square inch we found that
with 200 pulsations per minute we obtained in the
classifier tube a piston action of the bed but no
agitation,With 1800 pulsations per minute we obtained
perfect agitation and no piston action. While with
2400 pulsations we got a combined agitation and piston
action. The 1800 pulsations per minute were used, as
that rate gave best agitation.

Impossible ,

It was found,to obtaln a perfect agltation of
the whole bed where it was made up of sizeas ranging from
1.755 M.M. diameter to 0.038 M.M. diameter, as we found
that mueh less air in proportion was nesded for the
amall than the large sizes.

After running for 15 minutes under the above



conditions, the minerals having arranged theaselvss so
that the varlious sizes assumed a definite position in the
gorting column, the product wag drawn off in equal and
consecutive portions, ten in number.

Bach laver was put thru the nest of screens
before mentioned, and the product on each scrsen was
renoved and placed on a chart in its prover posgition.

The product of each sereen forming a "ailir, Tach row
of "hills" taken up and down the board being a congecu—
tive laysr éccording to numberas at the top. q@hotograph
of this was taken. See Plate No.II.

Then the hills of layers No.4, 5, 8, and 7, wera
successively taken and the amount of guartz and §:lena,
were determined. The method of deteranining the com—
pogltion of the hill was to weigh each, and then dis-
gsolve out the Galena by wueans of Nitric aclid, after—
wards treating with ammonium aceatate to dissolve
any lead sulphate that may have formed. The Quarts
was then weighed and the weight of galena was deter-—
mined by differenée. For these weights see Tables Number

2’ 3, 4, and 5‘
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xhe mathod of calculating the hindersd-—
settlinéfggﬁ the same as that used by Prof. Richards,
and is as follows: Each layer f£from the sorting tube was
‘soreened and the product on each screen called a "hillr
as described above. The average of the diameters of the
two adjacent scrsens was considered to represent the
average dlameter of the grains passing thru the coarser
and resting on the finsr sereen. Hence the average
diamster of thé grains in each hill 1s known. The
suwiation of the products obtained by miltiplying gach
diamster. by its weight-of galena, divided by the total
welght of the galena in the laver, Zives the average
diameter of the galena in the layer in question. The
average dlameter of the quartz in sach layer was obtained
in a gimilar manner. The tables No. 2, 3, 4, and 5
show the calculafion of the average diameter of the
4 quaftz, and galena 1n layers No. 4, 5, 6,and 7, re-
spectively.

The hindered-settling ratie is the average
diameter of the quartz in each layer divided by the
average diguneter of the galena in that layer.

The hiéndred settling ratio for each la&er



wag as followa:

Layer No. - Galena. Quartz.
4 1 B8
5 1 2.
6 1 ' 5.
7 1 2.8

The preéed;ug Zives an average ratio for all
lavers of qaa“tz to galena ag 3.4 to 1,

To.check this result a different msthod was us-
ed , as follows: portions of quartz and gélana were taken
that aoco?ding'to sereen diaméta% would give a ratio
approximately 3.4 to 1 and then subjscted to the action in
the sorting tube.A small amount of pure galena settled
and a small amount of pure quartz came toc the top.

| The pure galena was drawn off and a layer
selected containing both quartz and galena. Since the
mineral grains in this layer weréugquilibrium‘in the tube,
a correct determinatioh of the averaze diaunster of the
quartz and galena should give the hindred-settiling ratio
with great exactness. |

The aomparaﬁhve‘diamaters of the two minerals were



/0.

obtainedl by messuring two diigensions of fifﬁy Zrains,
eacn, of guartz and galena, 5 samples of sach heing usad
and 10 grains from each samnle were jusagured.

The measurements were made by using a micro-
acope With a micromster eve-piece, ¢are veing used to
obtain a good average of thse grailns in dacn gaawle.

The results obtained ware as follows:

quartz. Galena. Sereen Ratio. Ratio oYtained.
1.755 0.515 3.4 2.35

1.068 0.325 3.14 ' 37

0.645 0.221 2.95 | 4.1

Giving a1 averags ravio for all of 3.75 to 1.
‘%ﬁﬁri&;s No. 6, 7, and 8 for the data and calculafions.
It was found that when taXing gaartz of a
dimeter 4 or 5 times greater than that of the galena
, Lig quartz did not settle to the hotiom and ths
saleana layar 1tself at the top as was sxwe:i:ted, hui
tha'quartz’and Zalena remained indiscrinminatzly aixed
in the fube. This s=emg to be dues to the Zaleng £illing

the interstices bstween the quartw, Zrains and having its

upward pa~sage ninaered by the quartz., ¥We found however



that by decreasing the air pressure until the hed wag in
a weak atate of agitation that the particles of galena
would gsttle thru the‘interst¢ioél current, thmi the

alr colwan and into the reject tube below the claseifier
while the quartz remained in the clasaifier.

It was obvious that had we had alternative
pulsiﬁg and suction this action would have taken place
more readiily.

On experinmenting with fine material, & Ifiner
than 100 mesh,we could obtain no agitation of the hed,
nor a hindered~spftling action, a whirling motlon
resulting from the action of the air.

Ratio of diameter of Quartz to that of Galena

by ealculation and by direct measurement.

‘By Caleculation. By Measurement.
Galena 1 1.
Quartz Ze4 3.7

Practical Application of Results:
Referring to Table IX we fingd, that in an air

Jjig 6r‘Classifier for a perfect separation,'the

/1



diaeter of the larzest narticls of quartz should

ngver ne mora than about 3.4 Lo 3.7

of the suallsat marticle of Zalsna.

tines the diaustar

/A.



Sieve iiesh.

70
80
100
120
150
200

Thri 200

SARIMEN,.

Size of coveningin
MeMa
1.929
1.462
1.3089
1.1I88
0.974
0.737
0.554
0.381
0.232
0.210
0.181
0.156
0.113
0.087
0.078
0.000

Avorage of =ach sime
Aand ava, ahove it,

1.785

1.705

1.385

1.2%3

1.036

0.8b65

0.645.

0.487

0.3086

0.2321

0.185

0,168

0.134

0,100

0.081

0.038

/Z



~TARLT NC IT—
Layer No. 4-.

Mash, Total Wi, Wt.ouartz. Wt.Gal. Wt.tine wt.t1lwe

hill. ave,dia. ave.dla.
mniartz. Talernd.
RE: 0.050 0.050 0.00 0.085
14 0.120 0.091 0,029  C.126 0.040
16 0.140 0.085  0.105  0.058 0.053
18 0.320 0.175 0.145  0.187 0.155
34 0.370 0.134 0.236 0.3115 0.202
%0 0.490 0.142 0.348  0.093 0.224
40 1.6 0.24 0.36 0.112 0.158
80 5.735 0.286 0.5449  0.088 1,667
70 1.753 0.052 1.701 0,011 0.376
80 2,435 0.082 2.%553 0,016 0.459
100 2.67 0.042 2.628  0.007 0.441
120 4.90 0,117 4,783  0.016 0,643
150 0.775 0.023 0.752  0.003 0.075
200  0.310 0.015 0.285  0.001 0,024
Thru. 0.547 0.038 0.508 - 0,001 0.019
Aver— 1.572 19.643 0.964  4.560

age



Mesh.

10

14
16
18

24

40
860
70

80

motal Wt.
hi 11 s

0,121
0.273
0.3%382
0.3285
0.237
0.373
0.7393
1.605
0.823
1.248
182

¥.548
0.790
0.737

2.450

~PARL®Y NO. ITI-
LmyM'ng‘

Wi.0uartiz.

¥

0.121
0.2862
04315
0.275
0.332

0.342

0.112
0.153

O.41%

4,949

Wi, Gal,

0

0.011
0.01%
0.010
0.003
0,071
0.182
0.181
0.632
0.914
1.326
Be3432
0.688
0.6844

2.03%8

10,022

“}'t » -i:' -j.‘de
ava,diag,.
Nuartz.

wt.vime
ave, dta.
Galena.

0.004

1 0.012

0.085
0.493
0.120
0.178

0.775

2.526

/&



~PARLE NO. IV~
Layer,YQG.

Meshe Total Wt, Wi,Juartz. Wi.Gal, Wt.time wi,time

nili., are.dia,  ars.:ia.
IATLT . Falelide.
10
12 0147 0,147 0.00 .80 0.000
14 O.447 D a4 0.00 - 0.820 0,000
186 0.377 0.277 0.00 0.341 0,000
13 0.302 0.73078 0.00 0.323 3,000
201 0,780 0.730 2.00 0.75% . 0.000
%23 0,774 0.244 C.04 Ga250 3.0026
40 0.648 0,497 0.181 0. 2%2 0.07}
&0 1.370 0.8%4 0. 576 0.375 0,115
TG 0.470 0.177 0.293 0.382 0.065
80 0,598 0.286 0.409 C.0586 $.080
150 C.887 02215 0.653 0.0%86 0.110
120 207 0.447 1.790 0.080 0.240
150 0.686 0.1506 0.53%hK 0.015H 0.054
200 0.66 0,139 0.53228 0.011 0,042

Thrii., 2.53%0 0.329 2.201 0.013 0.084

Totlal 4,9819 Z.148 0.887



—~TARLT WO. V=
Laym*Na7.

Weeh, Toisl Wi, Wi.Muariz., Wt.Gal. Ti.tias WL sine

nitt. ava.dis. ava.dla.
auariz,. Galand.

10

12 0.217 0,217 0.0C0 0.7%70

14 0.300 0.300 0.000 G.416

18 ‘ 0,291 0.291 0.3000 0,359

18 0.330 0.%70 0,000 0.353

24 0.465 0.423 0.0483 0.382 0.0%6

x0 0,403 0.258 0.045 0.166 0.0932

40 0.895 0.801 0.094 0.374 0.044

60 1.454 1.167 0.278 .BRY 0.085

70 0,568 0.251 0.%15 0.055 c.0%0Q

80 0.885 0.408 0.432 0,079 0.094

100 0.028 0.7346 0.576 0.058 0.09%7

120 2.570 D.822 1.648 0,110 0,221

150 0.743% 0.183 c.019 0.550 0.055

200 0.963 0.3246 0.71%7 0.020 0.0R8

Thru 3.076 0.385 2.678 0.014 0.102

Total 6.4086 7.525 5.11] 0.855



—TARLI W0. VI.—~ Part I.

GALENA  Average 8creen NDiauetaer = 0,515 M.l

SAMPLT NO.

I i 2 A %4 5
AruNoi L. We ' L. We !D. W ;L. w, ! 1. vy
. : i ‘
. ;10 10 tz0 10 15 12 (30 10 15 10
7 lam 12 %10 8 115 12 ‘50 1@ ‘1s 12
3 17 11 522 10 18 12 fwo 10 ‘25 10
4 512 5 %15 15 ‘15 10 Ezo 9 515 15
518 515 13 130 15 20 15 515 10
6 20 10 .18 § 12 10 18 15 ‘20 10
7 10 10 |15 13 155 10 {20 15 13 12
s 21 16 l18 15 l20 10 j18 1z 13 9
9 ‘15 15 110 10 {20 12 lss 12 95 g
10 o 12 | g |20 15 420 12 -‘15 1e
aver~!17.8 11.1116.1 10.8120.0 17.8l21.1 12.0l11.1 10.6

aze
Average width of grain= 11.66 spaces
" length " " = 18,4 "

Measurements are in spaces on mlcrometer eve pisce,

and have a comparative value only.

¢O.



~TABLE HO, VI~ Part ITw
AUARTZ. Averasge SGrasn Diguster = 1.755mm

SAMPLE NO.

1 !
| 1 2 1 3 4 5
i !
Gr.Nojg, v, L ¥ 1L ¥ i 7 L T
—— 3 ! !
) : ! ; ;
1 ;100  50.70 6090 solizo  63l95 50
i ; ; i .
2 .90 65 30 75.100 55190 55,150 55
3 90 10 170 50;130  10/115  70;100 70
4 30 55 95 70,80 65%80 5070 58
5 1%0 65130 7090 65!70 6535 59
5 70 60 100 70,145  85.135 7070 73
7 30 7020 50 70 55 30 55 95 50
3 110 80 70 5530 50§90 65 175 64
: { j b
980 70 85 50 70 65%75 60120 57
10 s 55190 55. 90 vo;so 55%80 80
!

aver-190.5 62.0197.0 62.5!94.5 6%,0193,5 61.,8195.0 82.5
3%

Averaze width of Zrain = 43.3%5 snaces.
" langth o " = 973,86 "
Measurementg are in gpaces on ulceroneter eve piace

and have only a compvarative valua,



~TABLET NO. VII» Part T,

GALINA.

Avsraze Sereen Diaumster = 0.395 i U

SAUPLE NO.

2

3

Vi e

. s .
Gm, 04 I

A7

oD
N
o

@ s
oD
Q

-q
o
N

O

2
i2

J

10

2
&

9.

Ay e Iy ¥

17%35
20%35

20120
!

21}70

15125
231730

— - —

15

30

i

23!

O

2
3

!
!
I

I

-

15550
15150
20?35
2025
zofsv
17?30
13 30
1713%
15 20

25 70

15

13

20.

avee-1923,5 13.501923,7 138.1123.5 13.,1123.% 13.0'27.2 13.°
9 Nk

=

B

Avrzeare widlh of zealn = 13.2 3o
" ezt v il = 23.5% "
Mizaruroaente are in gvaces an alceronster eve pisce

and nave a cograrative valus onlv.



—-TARL® NC.

VIiI—

Part TT,.

AUJARTZ. Avsraigs Sersan Diaaeier = 1,086 i
SAMPLE WO. ,
2 i 3 4 ! 5
. z
Gr.Nol L W L !L WL e 5
| ; T
1 1o s0i0 50190 607120 3385 30
2 .30 55:80 75100 55 90 55180 55
5 :90 707170 50120 70115 70100 70
4 30 55 .95 7080 55 80 60 70 68
5 130 65°120 70 90 65 70 65:85 59
6 570 50100 70 145 65135  70.70 E
7 - 30 70 90 50 70 5580 55 95 80
8 110 6070 65 80 80 20 65-75 54
a 30 70 85 50 70 65 75 80°130 57
10 ;75 55i30 55}90 70%30 55%80 60

Aver—190.5 62.0!97.0 62.5!98.5 63.0

aZe

Mesgurements are in gpaces On wmieroneter sye nisce

AveraZe width of grain

L4

lensth

n

)

and nave a comparative value only.

o
—_—

60.4 spac29

94.1 "

19%.5 581.8195,0 62.6

M

21



~TARLE NO. VIII~ Part I,

b

GALENA. Average Scresn Diaseier» =0.291 4 M

SAMPLE NO.

; 1 2 3 4 5
Gr.Nod L w iL W L T L v i
1 L5 6 13 6 ;14 6 ;10 7.8 5
2 a5 7 15 5.9 7 14 6 10 6
5 s 7 15 513 6 8 7 14 7
4 glo 5 13 7 10 5 13 8 15 5
5 512 9 20 7 v 8 9 7 8 3
5 o 7 15 ‘s -9 5 8 5 15 7
7 -9 3 8 7 110 7 13 6 9 8
8 10 5 °10 7 15 7 11 6 ;30 5
9 %13 7ot 7 ;10 5, 5 3 3 5
10 ; 8 6 g 8 8 ; 3 8 ;10 8 515 7
Arer-111.2 5.5 l11.3 6.4 110.5 6.1 110.5 6.3 !12.2 &

aze
Average width of grain = 6,06 gpacsas,
" lenugth v " = 11l.14 *
Yaaaurenante are in spaces on nicrometer evs piecs

and have a comparative value only.



—~TABLE NO. VIII~ Part IT.

QUARTZ Average Scraen Diameter = 0.845 M M

: SAMPLE N).

% 1 2 § 3 4 % 5
3r.No§ L W |L  w L W L I’ i

t : ; ;

1 gﬂo 2o§4o 30 35 50555 18?45 20
2 e 50 25 85 40 30%40 2850 25
s imo 25 40 20 B0 20 50 2050 50
4 130 20 %8 20 .80 25 80 25:30 18
5 %0 25.45 30 35 35. 50 2 fao 25
6 i4o 50 70 30 50 '25/35 545 18
7 40 25 65 20 80 50 40 26560 20
3 I48 2550 20 35 20,60 %0.60 20
9 fss 20150 25 jso 20140 35%50 30
10 160 35}45 20 %zo 20150 gogso 25
aver—148.3 24.3§50.3 24.0045.5 23.5146.0 23.6151.0 23.1

age

Avaraze widith of grain = 23.75 gpacss,

" lentzh * " = 48.3 "

Maasursments are in spaceg on micromeisr eyve visce

and have a comvarative value only.
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