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PROBLEM.
The object of this thasis is to determine the
hindersd settling ratios in air,of Galena,of Pyrite,and of

Sphalerite as compared to Quartz.

DEFINITION OF HINDZRED SRTTLING,

Professor Richards,in his book,"Ore Drsssing®,page
610, says,-"Hindersd settling takes place when partioles
of mixed siges,shapes and gravitiss inaa mass,frse to move
auong the..sslves,are sortsd in a rising current of water,
ths rising ocurrent having much less velogity than the free
settling vslocity of ths particlas,but yet enough so that
thas particlses are kept in motion, The arrangement of
partiocles is so positive that if one of them be moved up
or down from its chosen companions,it will be found,when
set fres,to return immediately to practically the same
group as before,"

A given partiocle may oocupy any position in the gom~
munity of particles if it has the proper neighbors., The
ability of its neighbors to hinder,to elbow,determines
whethsr a partiocls shall be at the top of the mass or at
the bottom even though the rising current remains the same,

Prof, Richards used watgr in his work,but in % follow-
ing tosts air was used as a medium in which hindered
settling was to take place.,

The hindered settling ratio of Galsna as compared to
Quartz weans,the ratio of ths diametsr of a quartz parti-
cle to the diameter of a Galena particle with which it

is in equilibrium:i.,e, with which it oocupies tha same
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lavel in the sorting column., The column of ore in tha tube
is called ths sortin; column,

:IMARALS USuD.,

The ..in2rals usaed werg purs (with th3 excaption
of Galuna,-not2 its low spaciric gravity}. In each casa the
minarals ware crushad through an cight mesh (2,628 m m,)
scruen, For thL: t:ats a volums of galuna was mixsd with an
gyual voluwe of quartz, Th: saw: was done with sphalarite
and quartz and with pyrite and gquartz.

SPiICIFIC GRAVITY OI" I <4RALS USED.

Tabla I,
Minaral Specific Gravity
 quartz 2.590
Galsna 6,854
Pyrita 4,738
Blende 4,098

The specific gravity of the minsrals used was determined
in a specific gravity flask,

The low specific gravity of the Galena must be dus to
soxe impurity. Although seemingly pure cubit lead sulphidas,
yet the galena ooniained only 75% loud. Pura galsna should
contain 87% lead.



APPARATUS USZD IN T28TS,
Plate X

Plate I.




Plate I shows t .2 apparatus usad dn ths t:sts mad: to
det:cnin: th: ratios of nindsr:d ssttlin-, It consists of
a tuvular classifi:r,conical at th: bottom,siilar to the

on: usad by Prof, Hicoaurds in nis tasts with water, This

tub: was citozan as ths: -:8L for the work from savaral
waich wer2 us:d in ta: preliminary 2x, :riceunts, A steady
currznl of alr was adnittcd turouvsh Lo tubing into the

bottouw of tuz gluss conwe, Thne vary faing wmal:r .l was blown
out at top a 'd caugiat in vottl: wg snowu in Lh: picture,

Lt wus found tiat with a steady currint of air 1t was
i porsibls to g:t a thorough aid yst not too violaent age
itation of th» ore column,sithsr th: top layurs wsre blown
out of tha tube or tli: bottowm layers wer: not agitatad.,

A deviocs,as shown 1in c8nter of piotur: was used for the
purpose of causing pulsations in ths bed., It consists of
a revolving disc which intermittently strikes the rubber
tube,convaying the air to ths air column, This causes a
saries of pulsations which gave parfect agitation in the
ore golumn, The revolving disc 1is driven by a small motor,
shown at ths right of tha pictura,

In this mann3r th: column of ore in tha tuhe was kopt
in motion for ons (1) hour,thsreby allowing all grains to
proparly layar theuselves, ¥Whnoen all was in equilibrium
ten (120) layars wera drawn from tha tubs, Bach draw repre-
santod a cartain laysr ot ih: ore cgolumn,

dach laysr was put throupgh a nest of scrzans,ranging

from eight umoesh to two hundrad mosh,th: size of the holes
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in the serueuns ra.ing from 2,6<t mm, to 0,076 m:, The
graing ramainin;: on each succe9ssiv: scroun war: th:n placed
on & cnart in its props3r position,and a photo.ragzh tak:n as
sesn in Plates II,III umd IV, Thils 1s siudlar to ti2
mwatiod used by Prof, rdcinards in nhis gxperimsnts with
watar,

Tha grauins ar: shown arrangsd an ths form of a graphical
plot, Ths nuubsrs,horigontally 1, ,3,4, on th: Plates II,
III and IV,repr:sent sach successive layar drawn frow tube,
Virtically tns numb:rs r2pras:nt th: average diameder
of tho grains in mu, This diawatar 18 tukan as the avarags
betwaun the holss in th: sora:n throu:n whicn ths grains
oa8s3d and the siza of hol:s in scrz2:n on wiich thay ree
Liadli,

SIZE OF HOL4S IN SCRs4MS USsD.

To dsterumin: th: average diawdtor of thy grams on sagh
sors:n,tns size of holes in th: screasns werae carafully
msasurad, For thnis purpose a dividing engins was used,

A Bsaumpl: of tho sore=2n was placed upon a traveling plat-
form whioch woves umdsr a miocroscope, Tho distamns the plat-
for:i movas ocan bo maasursd to 1/&00 of a m m,by a dial,

Tha diamater of wire in th: scra2ns was wisasurad and
an avarage taken, By counting th3s number of wirss and spaces
that pass microscope oross hairs in a distance,registered
by dial and d2ducting the space occupisd by th2 wirses for
that distanco,th: size of hols can be readily ocalculatad.
In detsrmining the size of holas of the sors:ns four ob-
sorvations were taken,two in each dir:ction,over differaent

parts of tha saupl: of scriszn used,
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Tne avaraga data and size of hola:s of scrasn us2d is ra-

corda2d in Tahle II

Table II
Scrien| Ava Dist, Ava,of | Ave, Ave Lin:ar|Ave, Diam of
ragistaras No,of |Diam of | size of grains rest-
Kesh, | by dial. Wirzs | ir:s hole in ing on screen
m m, and wom, scrseen m m,
spaces.
8 15,24 4,0 0.759 2,628
10 15,42 6 0.621 .1,949 2.288
12 11,86 6 0.512 1.462 1.759
14 10.34 6 0.497 1.309 1.38Y
16 16,03 1bO 0.445 1.156 1,253
18 15,95 10 0.421 0,974 1,066
20 20,66 16 0.381 0.909 0,941
24 25,80 24 0.329 0.757 0,823
30 23,45 . 30 0.294 0,554 0.645
35 22,25 30 0,266 0.476 0,515
40 25,60 40 0,259 0,381 0.428
50 20,256 40 0,236 0.270 0.328
70 23,06 60 0.174 0.210 0,240
100 22,11 80 0.120 0.156 0.183
150 23.M1 150 0,077 0.087 0,120
200 19.81 150 0.056 0.076 0.083
60 21,62 50 0.200 0,232
80 23,34 70 0,152 0.181
120 21,52 100 0.102 0,113

The mor:eons at bottom of table 60,80 and 120 mesh,wers

ragsuraed but wera not usad in the tagtse.



Tabls III(a)
GALIVA A:D QUARTZ.

Layer 4,
kash ﬁigbs Tetal. wt. W}ﬁSiOLl WaPLS.| Ot.X | HL. X
Hill gm hill hill | 510, vs
£Em gm . o

10 b 3.955 5.766 0.189 8,617 0,434
12 5 84415 3.194 0.222 B.605  0.38Y
14 14 1.585 1.525 0.260 2.250  0.360
16 20 1.385 1.005 0.380 1.240  0.468
18 50 1.935 0.985 0.950 1,050 2,012
20 72 1.890 0,520 1.370 0,508  1.287
24 85 3.567 0,467 3.100 0,304 2,551
30 g5 8.432 0.422 8,010 0.472 5,166
35 100 2,963 0,000 5,965 0,000  3.070
40 100 4,457 0.000 1.457 0,000  1.907
50 100 10,320 0.000  10.320 0,000 3,354
70 100 4,573 0.000 4,575 0,000 1,097
160 100 0.035 0.000 0.035 0,000 0,006
150 100 0.035 0,000 0.035 0.000  0.004
200 100 0.000 0,000 0.000 0.000  0.000
11.984 ‘ 39.864 | 20,046 | 21.105




Tabls III (a)

GALINA AND QUARTZ

Layar 5.
bosh | . PbS | Total wt{ Wt,310,.| Wt.PbS| Wt. X | Wt. X
in of hill in in Diau, Diam,
Hill gem. hall nili 510, PLS,
gm. gm,

110 o] 4,703 4,703 0,000 10.760 0,000
18 0 4,515 4,515 0.CO0  7.923 0,000
10 o] 5,085 5.055 0.C00 6,97 0.000
1% 1l 2,375 2,358 0.C35 2,871 0,043
182 2 2,437 2,387 0.050 2,515 0.053
20 1 1.115 1.096 0,020 1,020 0.016
24 2 1,292 1,257 0,035 1,D36 0.028
30 8 1.350 1.214 0.116 1.733 0,075
35 20 0,694 0.5866 0.338 0.286 0.071
40 65 0,867 0.321 0,546 0,137 0,234
50 92 8,342 0,288 6.074 0,087 Q@.0l10
70 99 5.016 0.050 4,966 0,012 1,200
100 100 0.079 0.000 0.079 0,000 0,014
150 100 0.530 0.000 0,830 0.000 0.044
200 000 0.000 0.000 O.OOOV 0,000 0,000

23,750 l 9,589 | 34,433 [2.788
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Tabl: IIT (u)

GAL 2. A AND OUARTZ,

Liyvar o,

Total wt, [ W4,81C | Wt,PbS. | vt. ¥ | Wi.X
of hill in an Nl Dyan
5911} nill hill 840 PbS,

. am | gm | e
1,167 1,167 0.000 Y.oud 0,000
4,508 1,608 0.090 3,073  0.000
Se2 50 3,950 0.000 5.490 0,000
2,55 T 0.000 €ov<0  0.C00
2,515 2e5lo 0,000 “ed GV 6,000
1.16% 1,155 0,000 1,007  06.,0DQ
1,000 1,480 0.010 leia 0L012
L,y 1.824 0,014 1,170 0.042
0.90C 0.319 0.0810  U.42z 0,042
04709 0,592 0.167 Uewdd  .0.,071
e 808 0,420 2,216 Cold?7  0Q.742
4,110 0.157 4,003 0,040 '0..960
2,008 0.021 2,037 0,005 @.372
1,786 0.000 1,786 0.000 @. 224

0,000 0,000 000 VGO 0OU

0s.869 | 29,323 I 5o, 78y | 2.4250




Tablz III (Db)

GALENA AND QUARTZ.

10

Layer 7,

Mesh| & Pb8 | Total wt,| Wt,810 Wt.,PbS | Wt.X |Wt.X

in of hill in hill | in Diam |Dianm,
hill gm. gm. hill 810 PbS

gra.

10 0 2,199 2,190 0,000 5.010 0,000
10 0 3,430 3.430 0,000 6,039 0,000
10 ) 3.491 3,491 0.000 4,835 0,000
16 0 2,107 2,107 0,000 2,597 0,000
18 ) 2,303 2,303 0,000 £.454 0,000
20 0 1,432 1.432 0,000 1,346 0,000
24 0 1,922 1.922  0.000 1.571 0,000
30 3 2,040 1.979 0,061 1,275 0,039
36 8 0.869 0.616 0,053 0,317 0,027
40 12 0.990 0.872 0,118 0,373 0.003
50 64 2.640 0.941 1,699 0.305 0,085
70 93 4,323 0.303 4,020 0,072 0,964
100 98 2,307 0.276 2,031 0,050 0.371
150 99 2,562 0,026 2.536 0,003 0.304
200 100 0.807 0.000 0,807 0,000 0,087

21.888 ‘ 11.325 . 26,247

1.830



Table IV (D)

BLEiDZ AYD QUARTZ,

Layoar 4, N

i.esh ZnS | Total wt, 7n3 | ¥t,.°10 wt.X wt.X
in wt, in hill | in hill | Diam, Diam,

nill am. 3m | Zn8. 510,
10 42 L4400 2e2TH SelZ7 5201 7.154
12 47 4,575 2,067 2008 IO A 4,061
14 60 5,810 5.550 B0 549 3.155
15 70 35,1¢2 2,280 0.852 2o TER 1,128
14 76 3,980 2,970 0.910 Y.1BhH 04,870
20 806 3.030 2,600 () g idd “ehhY 04398
% U 5470 3,207 0.2%5 2,758 0,200
30 9a o 2,wnl 24033 0.200 1,720 0,346
55 YA 1.278 1,292 0.026 0,644 0,013
320 9 0,u35C O,ull 0.019 b9y 0,008
50 200 1.200 1,290 0.000 0,419 0,00
70 200 0,548 T ¥ 0.000 0.83% 0,000
200 000 0.000 000 0.700 0,000 0,000
100 oun 0.000 LON0 0.000 0,009 0,000
<00 200 0.000 .000 0.000 0,000 0,000
25,400 , 10,528 | 24,132 |17.418

II



Table IV (»)

BLENDB AND QUARTZ.

12

Layer 8,

Mesh [ Zn8 |Total | Wt, Zns | Wt,.8i0 V. X wt. X
in wt,. in in Diam Diam,

nill 2&&1 hé&& q;i} -"zg;. 810,
10 5 4.538 0.265 4.273 0.606 9.775
12 7 3.529 0.258 3.271 0.452 5.740
14 9 3,644 0,344 3.300 0.476 4.570
16 20 2,074 0.420 1.654 0.518 2.040
18 36 2,741 0.830 1,911 0,884 2,037
20 54 0,663 0.898 0.765 0.844 0,719
24 73 2,690 2,083 0.807 1.714 0.499
30 95 3,257 3,093 0,164 1.998 0.105
35 95 1,700 1,615 0,085 0.830 0.043
40 95 1,544 1.467 0,077 0,626 0.032
80 98 2,157 2,113 0,034 0.685 0.010
70 98 0.784 0.768 0.016 0.008 0.000
100 1loo 0,049 0.049 0.000 0,000 0,000
150 000 0,000 0.000 0,000 0,000 0.000
200 000 0.000 0.000 0,000 0.000 0.000
| 25.570

14.203 | 16,157 l 16,157



Table IV (a)

BLENDE AND QUARTZ.
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Laver 6

Mesh |% 7ns| Total | Wt.Zns | Wt S10 wt X wt X
in wt In in Diam Diam

hill hﬁ%&} héﬁz. hi%ih Sns 810,

10 0O 4.735 0,000 4,735 0.000 10.830
12 0 3,606 0,000 3.606  0.000 6.329
14 3 3,655 0,109 3,546 0,151 4,911
16 7 2,117 0.148 1.96% 0.182 2,428
18 16 2,530 0.404 2.126 0.430 2,266
20 23 1,595 0.368 1,227 0.345 1.153
24 37 2,300 0.851 1.449 0.700 1,193
30 83 2,77 1.745 1,025 1.126 0.661
38 87 1,656 1,440 0.216 0.741 0.101
40 91 1,385 1,260 0.125 0.539 0.083
50 98 2,375 2,280 0.095 0.471 0.031
70 88 1,110 1,087 0,023 0,259 0,005
100 100 0,166 0.168 0.000 0.031 0.000
150 100 0,068 0.068 0,000 0.008 0,000
20 000 0,000 0,000 0,000 0,000  0.000
9,928 | 20.142 4.985 | 20,961,




Table Iv (a)

BL<NDE AND QUART?Z.

14

Laysr 7

Mesh |% ZnS| Total | Wt,ZnS |Wt.Si0 Wt. X wt. X.

in wt, in in Diam, Di am.

nill hill | hill nill zns 310,

q am . Am

10 0 2,808 0,000 2,808 0.000 6.424
1z 0 3.590 0,000 3.590 0.000 6.300
14 0 3,800 0,000 3.500 0.000 4.848
16 1 2,236 0,022 2.214 0.027 2,730
18 5 2,936 0,147 2.789 0.156 2.974
20 212 1,734 0,208 1,526 0.195 1,434
24 2 2,083 0,437 1.646 0,359 1.355
30 49 2.918 1,459 1.459 0.941 0.940
85 65 1.724 1,020 0,704 0,525 0.362
40 75 1.314 0,985 0.329 0.421 0.141
5 93 2,652 2,476 0.176 0.804 0.057
7 95 2,026 0,924 0.102 0.641 0.024
100 95 0.638 0,606 0.032 0.111 0.005
130 95 0.595 0,565 0.030 0.067 0,003
200 95 0.148 0,140 0.008 0.011 0.000
9,989 [ 27,597

l 20,905

‘ 4,078



Tablz V (a)

Data for Pyrite and Quarts.

15

Layaer 4,

Mesh|% FeS | Total wt.S810 Wt.BeS,| Wt X Wt X
in wt, irn in Diam Diam,
hill \gﬁ&; Héif %ﬁiﬁ si0,, Fen,

10 88 6.%62 . 709 5.453 0,622 12,476
12 92 6.408 .308 6.100 0.540 10.1705
14 97 6.538 .178 6,360 0,216 8.808
15 99 3,999 . 049 3.950 0,080 4,870
18 99 4,910 .030 4,88 G.031 5,202
20 100 2.940 . 000 2,940 0.000 .276
24 100 5.100 .000 5,100 0,000 4,197
30  L0O 4.5486 000 4,546 0.000 2,932
35 100 1,786 .000 1.786 0.000 .909
40 100 0,928 .000 .928 0.000 397
50 10C 1.860 .000 1.660 0,000 .070
70 100 0.153 .000 0153 0,000 .036

100 100 0,034 .000 .034 0.000 .008

150 000 0.00 .000 .000 0.000 .000

200 000 0.00 . 000 .000 0,000 .000

2,499 50,884

1,274 [ 44.090 l
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Tunle V (a)
PYITE AL CUARTA.
Lay3r D
iash| Tes, Totul | ¥t,SiD Ht.V3B,l Wt, ¥ EATR
in wt. in in Diar: 1A
hill hé%“i ’»%];}‘ ‘g::“ ﬂiO:\ ‘E‘a?‘,z

10 CC 6,08 RUNY 0,000 15,860 0.000
12 10 d.v20h ‘L 016 0,578 6,26 0.663
Lo : 2090 WL 0. 650 3,547 0.941
16 2 1.800 L.a00 0.400 1,726 0,493
L 11 1,854 1,078 04760 1,140 0.810
24 00 0,008 NGAUs 0,475 0.463% 0,448
» A 1,656 SINGIoN 0.05% 0.499 0,866
SO Ay 2,715 0,485 20550 0,913 1.506
ob GH 2,090 0.110 1.980 0,866 1,010
40 18321 1,59 0.038 1,560 0.016 0,545
LG 100 2,609 G000 3,609 0.000 0.764
0 100 2,666 0.000 1,666 0.000 0,399
100 100 04440 0,000 .420 0.000 0.076
3.50 10 0.282 0,000 . 282 0.000 0.03%
=00 000 0.0 0,000 . 000 0.000 0.000
17.108 14,443 | 30,160 8,594,

w2



Tanl: Vv

PY.IT4 AYT QUARTZ,

17

T.ay=2r 8
«28h | % 128 | Total vt, Si0 Wt, P28, | Wt X Wt, X
in wt in hill in hill i Dianm,
bill hai:}“l AQwm Yws 510, FoS ,
10 ) 7.917 7.917 0.000 18,140 0,000
12 4) 4,305 4,305 0.000 B.096 0,000
14 0 3.505 3.505 0,000 4,578 0.000
16 0 1,665 1.665 0.000 2,053 0.000
18 0 1,593 1,545 0,000 1,747 0.000
20 0 0.860 0,860 0,000 0,808 0,000
~4 6 1,145 1,078 0,069 0,885% 0,056
30 20 1,320 1,054 0,264 ¢ .B8% 0.170
35 817 0.860 0.284 N,H78 0.048 0.296
40 88 1,817 0.218 0,599 00083 0,684
50 96 2,133 0.086 2,047 0,037 0,665
70 98 1,758 0.036 1,720 0,608 0.412
100 100 0.643 0.000 0.643 0,00 0,119
15¢ 100 0.158 0,000 0.158 0,000 0,018
206 0 0.000  6.000 0.000 0,000 0,000 .
22,363 7,076 2.420

57.132I



Tahls V

PHRIT: AND QUARZ.

18

Layaor 7

bash |k FeS Tot:l Wt o510 | Wt ﬁasz Wt.Y | Wt X

in wl in in Diaw, i B
hill hill hill hill $i0, a8,
qm. gm. am
10 00 4.100 4,100 0,000 9.402 0,000
12 00 4,043 4,043 0,000 7,097 0,000
14 00 54550 54550 0.000 4.915 0,000
16 00 2,180 2,180 0.000 2,583 0,000
18 00 1,886 1,866 0,000 2,011 0.D00
20 00 1,046 1,046 0.000 0.9585 0,000
24 00 1,696 1,696 0,000 1,395 0,000
30 5 1.330 1,264 0.066 G815 0,042
35 235 0.726 0.560 0,166 0.283 0,085
40 58 0.832 0,350 C.482 0.14% 0,210
50 86 2,180 0.306 1,874 0,049 0,609
70 95 2,860 0.143 2,717 ,0,034 0,652
100 56 1,080 0.043 1,037 0,007 0,189
150 g8 1.378 0.028 1,350 0.003 0,162
200 100 0,600 0,000 0.60C 0,000 0,049
21,495

3,292 ’ 29.885

' 1.998
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Table III gives ths data from which was caloculatsd tha
*hindsrad settlin,; rutio® of galena us comparced to quartsz,
La ars +,5,6,and 7 wers ussd, since 'hese lay:rs contuinad
both gulsna o d quarts,

Ths term "hill"® ussd in ths ta las,rsfers to ths: mathrdal
r:sting on eaoch scrusn,and i3 seen as a singly pile in the
Photoyrapnic plot,

MBTHOO OF CALCULATING AVILAGSWSIZE OF PARTICLHE IN

ZACH LAYHL,

For each laysr th: matc.iawl remualning on evary screen was
wzipghed, thy woight of galena in each hiill was ostimatsd and
wultiplied by its avarage dianstsr, inese products for all
the sorsens,for u givan laysr,werg swuudd and alvided by
tns total weight of gulena in tae laysr, Tne quotiant
obtainsd is the averugs diameter o£ ths galena in ths layer
or lavel, The average diumet:sr of ths quartz in the layer
was daterminsd in the same nanner, The average diureter of
the quartz divided by tha‘avurage diamater of thce gaulena is
the hindered settling tatio for that particidlar laysr. This
wethod was used in each layer,Bor each set of minsrals and

rosults tabulated in Table VI,



Plate II

GALSNA AND QUALTZ.
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Plate III

SPHALRRITE AND QUARTZ.
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Plate IV,
PYRITE AND QUARTZ.
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HINDZRKD SHETTLING RATIO.
Table VI,

Ratio of Dianeter of Cuartz to thut of Kineral Used,

sinoral Layer 4 | Laysr 5 | Layar 8|Laysr 7 | Aver age
Galena 3.2 5,00 | 6.60 | 10.6 6.2

Sphalarite| 1,50 2,36 2.07 J.20 2,28
Pyrite 1,69 2.96 4,86 - 5.79 3.82

Practical Application of Rasults,
Refarring to Table VI we ses,that,in an air jig,for

guoa rasults,ths adw . eter of ths largest particle of quarts

si;allest particls of galenu, That th: larg:st particle of
guartz should not ns more than ubout three Lises the diame=
etar of smallsest particla ¢f sphalerits, And that the
~argest particls of quartz should nevar Le more than about
four tinza the ddavater of the sumallest particle of pyrite,
if in sach case tho quartz is always to laysr itself above

tha smallast partiole of hiavy minaral,
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