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PREFACE TO VOLUME II.

THis work was originally planned for one volume. Its size, however, makes
it more desirable to publish it in two. Since these will appear simultaneously
it has not been considered necessary to repeat in the second volume all the
material which appears at the beginning of the first, with the exception of the
“Key to Mill Numbers” to which the reader may need to refer constantly.

R. H. R.






TABLE L

KEY TO MILL NUMBERS

Capacit:
gill Name. Location E ic Minerals. Gangue, per “y
N Hours, Tons.
.|Genesee-Vanderbilt  |Guston, Gold and ulve-r beari; Quartz, porphy-
' Mining Company. Colorado. rite, gal ena, ende ’i‘iuf aJrL barite ax{d
little polybasite. ¢
1Granby Hand Jig. Granb Blende, calamine and galena | Quartz, flint 8
? v Js Mlsoou’;'} in coarse crystallization. calcite and do 1 @
omite,
{Hell Earth. oplin, Blende and galena in coarse Limest b,
3 upon {(igsoun crysulhutxo?l and ﬂin?e so®
Henninger' Trexler Town, Limonite
* Limonite W’uher. Pennsylvania.
s Limonite Washer. Longdale, Limonite, of concretionary|Clay and shale [80c0
Virginia. structure. with sandstone
and pebbles.
64 Peace River Hull, Phosphate. Sand.,
Phosphate Company |Florida.
7./Land Pebble Phos- | Pebble, Phosphate. Hard blue clay.
phate Company. Plorida.
8. Dunnellon Phosphate |Dunellon, Phosphate. Sand, clay, etc. |400 (¢)
Company. Plorida.
9. Henry Paust. Galena, Kansas. @ @ 6o~100 (¢)
1041 Know Mining oplin, Blende and galena. Flint and 100-120 (C)
Company. {{moun limestone,
11/ Alma Emmons Galena, Unfinished blende ore. tht and 60 (c)
Sludge Mill. Kansas. limestone.
12 Priedensville Priedensville, Blende. Limestone, 120-135§ (¢)
Zinc Company. Pennsylvania. quartz.
13 Bustis Mining Eustis, P. Q.. Pyrite, chalcopyrite, arseno- Quartz and
WCompuly. Canada. 0 pyrite, enargite, mica schist. (e)
14- Nichols Chemical Capelton, P. Q., (Pyrite, chalcopyrite, andQuartzand Variable.
Company. Canada. arsenopyrite. mica schist.
1. Kohinoor Mill, Empird Joplin, Blende. Plint. 34 (¢)
Zinc Company. i.
16 Granby Mining and Granby, Blende, calamine, smxthson Plint and 60 (¢)
and| Smelting Company. Missouri, ite, ena, cerrusite, 3umz some
174 morphite and other ox:dnr olormte and
tion products.
18y Minnieand A. Y. Leadville, Argentiferous galena, Quartz.
Mill. Colorado. pyrite, blende. 95
19 Moyer Mill. Leadville, Argentiferous galena, Quartz.
Colorado. pyrite, blendem"l 00
20401d Jordan and ‘Bjmlnm, ggl:::lll te ) g , and 175§
Galena Mining . , galena, ecomposed
Company. and blcndpyn porphyry.
21 Silver Age Mill. Idaho Springs, Pyrite, galem, gray copper,| and 40-50
Colorado. and  blende]feldspar.
carrying gold and silver,
22]Central Lead th River, St.  |Galena, a little pyrite. Limestone. 175
Company. Francois County,

v

e




vi KEY TO MILL NUMBERS.
Mill . . Capacity
No. Name. Location. Ecomomic Minerals. Gangue. per a4
Hours. Tons.
23, Plat River Lead Flat River, Galena, a little pyrite. Dolomite. 100
Company. Missouri. .
24 | Mine la Motte. Mine la Motte, Galena, a little pyrite. Limestone with | 100 (f)
25| St. Joseph Lead Bonne Terre, Galenas, a little pyrite. Dolomite. [
Company. Missouri.
26, Bullion Beck and Eureka, Utah, Galena, cerrusite, malachite, &:n-u 200
Champion Mining agurite, silver (as sulphide/]limestone.
Company. chlonde. arsenite and arse-|
niate), gold, arsenite
arseniate of copper.
27.| Revenue Tunnel Mt. Sneffl erous galena, tetra{Quartzand 120
? Mines Company. Quray, o me pyntq. ‘blende, porphyry.
Colorado. chalcop:
28 Smuggler Mining Aspen, Colorado. Natwe mlver. argentiferous| Blue limestone | 100 (c)
Company. yrite, argentiferous and quarts.
lende and smith-
somtae
29, Uteand Ulay Mill. Lake City, Pyrme blende, chal ite|Quarts. 350
Colorado? tetrahedrite, and mﬂnf
erous galena.
30 Bunk H:ll and Sulli{ Kellogg, Idaho. | Argentiferous galena, pyrite.|Quartsite and | s30
and Cond siderite.
cem.utmx pany.
J Getn llll of the Mil{Gem, Idaho. Argentiferous galena and  |Quarts. 200
3 Compad blende.
ﬂ)’
32. Helena and Frisco Gem, Idaho. I Cernmte and pyromor- |I. Quarts and) | 600
Company. Y iron oxide.
I Argentntermu galena, |II Quarts.
grﬂte chalcopyrite and
33 Last Chance Mill, Wardner, Idaho. |Argentiferous galena. Quarts. 78
.| Morning Mining Mullan, Idaho. ATn xfetw. ena, itg Siderite with | 300
34 Company. and blend ot pymt some quarts.
.| Union'Mill of the Wallace, Idaho. tiferous galena, ite Slate and 250~300
38 Standard Mining ATll;lmde el pyn quartz.
Company.
36, Stem Winder Mill. Kellogg, Idaho. | Argentiferous galena. Quarts. 75
37.|Buffalo Hum Lhm Burke, Idaho. A i \! and{Quarts. $so
Company, T&er ang blende.
Poorman Branch.
8. Boston and Mon Great Fi Chal ite, ite, enar- gul.rtz
3 Consolidated Copper onun:l.h' giu.cmrnitg?n posed ®
ver Mining feldspar.
y.
39/ Butte and Boston Butte, Montana. |Bornite, ite, enar Qum and 00
Company. gite, pyrite, Shaleopmi with| posed s
some silver minerals. feldspar.
40.Colorado Smelting and | Butte, Montana. Pynte blende, bornite. enar- Qunm decom- (k)
Mining pany. gite, ¢ ynte cocite, posed granite,
and and barite.
41.|Parrot Silver and Cop{ Butte, Montana. |Chalcocite, bornite, chalco{Quarts and ded300~3s0
per Mining Company . pyrite, enargite and blende. |composed feld-
spar.
42 Anaconda Copper Carroll, Chalcocite, chal te, Quarts and de- zsoo-noo
Mining Company. Montana. pyrite, enargite, b composed feld-
fpar.




KEY TO MILL NUMBERS. vii
Capacity
%gl Name. Location. Economic Minerals. Gangue. per g‘,
. Hours. Tons.
1Butte Reducti Butte, Chalcocite, bornite, chalcopy- and |1s0
43 W"‘orks. on Montana. rite, pyrite, blende. P 55 posed s
eldspar.
-—, Calumet and Hecla Calumet, Native , Rhyolite con- o (s
“ Mining Company. Michigan. native ;fw?el:-er gl.otéozln.eu 2640 (8)
wi cite,
epidote and
. te.
.| Franklin Mini Hancock, Native copper,
4 Company. i Michigan. native silver. am; oid 450
rock.
6 Osceola Consolidated | Houghton Native 3 Amygdaloid, | 1260
4 Mining Comps::y. C;‘x’:'ty. copper. calcite,
Michigan. Prsamatie.
X
47/ Quincy Mining Hancock, Native copper. Amygdaloid. | 1700—1900
mgny. Michigan.
48] Tamarack Mining Houghton County . Same as Mill 44. Same as 1500
Company. Michigan. Mill 44.
New Smuggl: ASTen. Same as Mill 28, Same as 12§
491 Concmt:lgt%rer Colorado. Mill 28.
sc.| A Bartlett Mill. Arizona. Galena, chalcopyrite, blende. |Hornblende |20 (&)
and quarts.
! [0y Yreka, Native gold. Gravel (m
st California. )
52 Kn Ora Gold Dredging Oroville, Native gold. Gravel (n)
Company. California.
Hector Mining Telluride, Pyrite, chal ite, tetrahe{ White and
$3 Company. Colorado. rite, galena and free gol blue quartz. 9°
.|Hornsilver Mini Prisco, Utah. Native silver, tite, uartz, cal- | 100
54 Company. ning yrite, and cerrusi “'8“‘ ceTaTe] g:e‘:nd
siderite
| Pandora Mill of Telluride, Pyrite, chalcopyrite, ena,| rtz, rhod13o (0]
$s Smuggler-Union Colorado. sphalerite, several m.gal cal sil{docrosite, cal4 30 (o)
Mining Company. ver minerals, occasionally na-{cite and
tive gold and silver. barite.
s6.| Pranklin Mining Placerville, Native gold. Conglomer- |60
Company. California. ate, with
black sand
| North Star Mining Grass Valley, Free gold, auriferous pyrites. |Quarte. 6.
57 Company. California. 4 pym 4
8.| Maryland Mining Grass Valley, Pree gold, auriferous pyrites, &n.ru and |80
s Company. California. 4 o te.
s9.{ Empire Mill. Grass Valley. Native gold, auriferous pyrites.| ng and |60
California. te.
60|W.Y.O0.D. Mill Grass Valley, Native gold, auriferous pyrites.| and |34
Ca.hfornm - te.
61{Taylor Mine of Idle- |Greenwood, Native gold, auriferous pyrites.| and -128
*|wild Gold Mining | California. s pyrites, Quar i
Company.
62/Grand Victory Placerville, Native gold, auriferous pyrites.| Quartz and oo-150
Mining Company. California. pyrt trap-like !
63]Bay State Mining Cosumnes Rwet, Natxve go'd and auriferous &..m in 20 -
3 Co;:pcny. California pyrite te.
64 Wildman Gold Sutter Creek, Natlve gold and auriferous Quartz, or 93 (P)
Mining Company. California. pyrite zlz‘\:::u in




viii KEY TO MILL NUMBERS.
Ig:’ll Name. Location. Economic Minerals. ! Gangue. c;er ’:y
Hours. Tons.
65.| Madison Mill of the Angel’'s Camp, Native gold and auriferou Sof
Utica Company. Calaveras County,|pyrite. aurt * wit::.ql;:em. 135 @
California.
66| Homestake Mining Lead City, Native gold and auriferous Quartzi
Company. South Dakota. pyrite and arsenopyrite. mica IChui‘lt. 400
67.| West Waverly Gold Waverly, Native gold and arsen te, |Quartz. -
Mining Company, Nova Scotia. galena, pynbe t:lmlcopwyrl so-6s
Limited. sphalerite
68, Montam Mmmg Marysville, Native gold, tetrahedrite, py- 3 08
v. L M rite, cl To ynte blende, g:le- 3:::.‘: 108
na, arsenical polybasite, argen- granite,
tite. calcite,
mangi
oxide.
69.| American Developi Gibbonsville, Auriferous pyrites, a; tifer- | Slate, quarts,
and Mining cOmp.:f daho. ous chalcopyrite. rgentiter calcm;,q or-ria
hematite.
70.| Newton Gold Mill. Idaho Springs, Auriferous pyrites and native |Quartz
Colorado. gold.
71.{ Kennedy Mining and ackson, Amador Native gold and auriferous q:m and 6
(gompo:%. éounty. Cali- | pyrites. slate. * 96 (1)
fornia.
2./ Keystone Consolidated| Amador City, Nat:ve gold and auriferous uartz in 120
Mining Company. California. pyrite. te, or
quarteg.
73| Utica Mill of the Angel's Camp, Native gold and auriferous Quartz in 210
Utica Company. Calaveras County | pyrites, slate =)
: California.
74.| Stickles Mill of th. Angel s Camp, (1) 0
Utica Company. ¢ Calaveras County ® e
California.
75.| Zeile Mining Company.| Jackson, Amador |Native gold and auriferous &aﬂ:, with [150
N anty, pyrites. te tal-
California. cose slate
76./Gentle Annie Mill. Placerville. Native gold and auriferous 2z in 15-25
California. pyrites. slate, .
77.| Hidden Treasure Mill, |Black Hawk, Gold and silver-bearing miner-| ?uam:nd 8s
Gilpin County, als  (pyrite, chalcopyrite,feldspathic
Colorado. blende, tetrahedrite, arsenopy- material, cal-
rite, galena.) cite, siderite.
78.|Gates Canvas Plant off Jackson, (%) (u) 100
Kenned. éolﬁmng and |Amador County,
Milling Company. California. i
79.| Keystone Consolidated| Amador City, (v) (v) 119
Mining pany. California.
80.| Utica-Stickles Angel's Camp, (w) (w) 410
Canvas Plant. Calaveras County,
California.
81.|Stephen Lavagnino's |Angel's Camp, (%) (x) 18-20
Arrastras, ® Caln%eor’nin. P
82, Montnnx Mmmg %aryaville, Like Mill 68. Like Mill 68. |110
pany, L
83.| Eureka Hill Eureka, Tintic Native silver, cerargyrite, gale{Quartz, cal{130
Mining Company. District, Utah. na, cerrusite, anglesite, malacite, siderite
chite, azurite, chrysocolh ar4{and rhodo-
senite and arseniate of copper. |crosite.
84.| Mammoth Mini Mammoth, Tintic {Native silver, cerargyrite, ar{Quartzand |100
4 Company. i District, Utah. gentiferous barite, mal-ch:te calcite.
arsenite and arseniate of cop-
per.
85.|Newton Jigging Mill. |Idaho Springs, Like Mill 70. Like Mil! 70.
5 Jigging & mdgfmas




KEY TO MILL NUMBERS

1X
Mill . . Capacity
No. Name. Location. Bconomic Minerals. Gangue. per 24
Hours. Tons.
86| Rocky Mountain Mill. [Biack Hawk, Gil{Gold and silver bearing and
nCounty chalcopyrite, blende, amf isintegrated s
galena. granite,
87/North_Star on Sultan Silverton, Native gold, te, chal {Quartz, cal-
? Mill, Silverton Mining Colorado. rite, gaena. geyt‘:ahednte?ob%{:- ga. rhodo- 12s
Company. nite, stibnite, chrosite and
barite.
88 Victoria Mill, ilverton, Galena, chalcopyrite, pyritdQuartz and -
lorado. and tetrahedrite copyn pymige porphyry” s
(quartz
andesite).
89 Hartzell Concentrating [Alburtis, Magnetite, Siliceous 125 (¢)
Company. mmylvamn. with no
phosphorus
or sulphur.
9o New Jersey Iron Port Oram, Magnetite, Quartz with
Mining Company. |New Jersey. some apatite.
o1] Edison ic Con-lﬁdlson. Magnetite, Peldspar 4000 (3)
centrating Plant, New New Jersey. witha lm.le
Jersey and Pennsyl- quartz and
vania Concentrating apatite.
Company.
92 Wetherill Magnetic  [Franklin Purnace, Pranklinite, wﬂlemltc fowler Quartz. 200 ()
Concentrating Plant, [New Jersey. ite, zincite, tephroite calcite, -
Sterling Iron and Zinc garnet,
Company. mica,
graphite.
93 Wythe Lead and Zinc Austinville, Limonite, srmthwmte wille- |[Dolomite 8o (¢)
l!lme Company. Virginia. mite, cerrusite. and quartz.
94.' Leadville Gold and Leadville, Native gold and cerrusite. 75
Silver Extraction lorado. Ehwy with
|Company. aolin.
(a) Probably in 1o hours. (b) In o hours. (c) In ro hours. (d) Similar to, but richer than in Mill 10,

(o) house, 60

tons in 10 hours;

. 50 tons in 10 hours, (f) In 22 hours.

(g) Capacity of each roll

section, 300 tons in 24 hours; ofswsmmmp section, 250 tons in 24 hours. (k) 275 to 3oo tons per 24 hours

for the section

treating
each of the two mills. (¥) In 11 hours
H eorehcal 2,500 cubic yards

of Mill 71
Hilk 93 and 74.
company has

ore from the compan¥ mine,

(v) The mill treats the tailings of
(x) Material 1s tailings from Mill 8o.

a capacity of 1,400 tons in 20 hours.

(3 In 20 hours. (s

and 125 to xsoforthesecuontres
gold t. m‘)I Theoretical, z.ooo cubic yards in
per 24 hours: average, less than this

A second mill erected b

ores. (¢) For

(p) Since enlarged to 145 tons (q) Since ¢ to about aoo tons.
s) Since changed to 300 tons. (f) Similar to Mill 73. (%) The mill
Mill 72. (w) The mill treats the tailings of

y this







PART IL

Continued from Vol. I.

SEPARATING, CONCENTRATING OR WASHING.



CHAPTER XVL
FINE SAND AND SLIME CONCENTRATORS.

§ 479. Concentrators for fine sands and slimes may be classified according to
the following principles of action:

A. Vanners use mechanical agitation on a shaking surface to separate the pulp
into layers, with the specifically heavier minerals beneath the lighter; accom-
panied by the dragging action of a belt, to take off the heavy minerals at one
em@idf and the current of surface water to remove the light minerals at the other
en

B. Bumping and jerking tables use mechanical agitation on a jerking surface,
to separate the pulp into layers with the heavy minerals below the light; while
the jerking action conveys the heavy minerals to one end or side of the table,
a_x:ld the .current of surface water conveys the light minerals to another end or
side.

C. Film-sizing tables use the relative transporting power of a film of water,
flowing on a quiet inclined surface, to act upon a sorted product. The smaller
grains, of higher specific gravity, are moveg down the slope slowly or not at
all, since they are in the lower slow current; while the larger grains, of lower
specific gravity, are moved rapidly down the slope, since they project up into the
upper rapid current. This action separates the waste from the values.

D. Riffles utilize the agitation of a water current flowing over their uneven
surface, and have catch pockets for holding the heavier particles.

E. Kieves use mechanical agitation in a deep mass of thick pulp, to separate
the particles of higher specific gravity from those of lower.

In concentrators of almost all descriptions the depth of the bed used seems to
be of great imgortance. If too thick the work may be paralyzed, if too thin the
capacity may be cut down. The thickness of the bed may be defined by the
number of grains of maximum diameter, one above another, that would be equal
to the thickness of the bed. On this basis a bed is spoken of as so many grains
thick or deep. The above mentioned classes of sand and slime concentrators
may be rated as follows: On vanners the bed may be 10 grains deep without
complicating the work too much ; on bumping tables the autfor believes the bed
should be, if anything, slightly less deep than on vanners; on film-sizing tables
the grains must receive individual treatment, and therefore the bed ought to be
only one grain deep; in riffles the bed may be several hundred grains deep and
still good work result; and in kieves the bed may be several thousand grains deep
and still yield good results.

A. VANNERS.

A vanner does its work on the upper surface of an endless belt, which is
slightly inclined from the horizontal and receives a rapid shake in the plane of
the belt, while at the same time it has a continuous, slow motion up the slope.
The agitation makes the ore bed so loose that minerals of higher specific gravity
can settle to the lower layer, while those of lower specific gravity rise to the upper

L)




§ 480 FINE SBAND AND SLIME CONCENTRATORS. 645

layer. The travel of the belt carries the heavy mineral to the upper end, and
the surface water washes down the light mineral to the lower or tail end.

There are two chief classes of vanners, and a third class which has been recently
introduced :

1. The side-shake, which vibrate at right angles to the direction in which the
belt travels.

II.l The end-shake, which vibrate parallel to the direction in which the belt
travels.

II1. Gyrating.

The data on all kinds of vanners, as obtained from the mills, are given in
Table 314.

I. SIDE-SHAKE VANNERS.

§ 480. THE FruE VANNER (Fig. 381) has a main frame @, resting upon four
posts 3, which are mortised into two heavy cross sills. Wedges 12 are provided
to take up the slack between the posts and the main frame. This frame consists
of two longitudinal timbers G and three cross timbers X bolted together. Its
slope can be varied from nothing up to 8 inches or more in 12 feet, by means of
w 18 (or jack screws acting at the same points). It has eight toggle
blocks b for supporting the shaking frame. These blocks have sockets sugflied
with rubber cushions in the bottom for supporting the toggles N, and the blocks
have slots which allow them to slide in or out on their supporting bolts a total
distance of about 2 inches, for the adjustment discussed at the end of § 487. On
each end of the middle cross timber is a lug 14, to which is attached the longi-
tudinal guide bolt ¥V connecting with the shaking frame. The boxes XXX for
the crank shaft H are bolted to the prolongation of the cross timbers, and they
have slotted bolt holes which allow them to be moved toward or away from the
belt. The han%er S for the worm wheel L is bolted to the upper end of one of
the longitudinal timbers G.

The shaking frame F consists of two longitudinal timbers into which five cross
timbers are notched, and all are held together by five cross bolts. Bolted to each
gide there are four toggle blocks d, which serve to support the frame upon the
toggles N. The boxes for the two end rollers are attached to the ends of the
longitudinal timbers, with bolt slots to allow for adjustment in and out, and set
screws for this adjustment. These set screws are used to equare the rollers, and
to some extent to take up any slack in the belt. They may also be used, on the
lower end roller, to guide the belt, bearing in mind that the latter always runs
toward its loosened side. The dipping roller B is hung from long hangers P,
the tightening roller C on short ones. In order to withstand the shake of the
frame, each pair of hangers is braced by two dia%ﬁnal rods connecting the two
hangers and having lock nuts on each end. The chief means of guiding, as well
as of tightening, the belt consists of the hand screws 16, which control the posi-
tion of the roller C. To guide the belt toward either side of the machine the end
of C that is on that side should be moved toward the head of the machine. The
tightening roller is shorter than the others and has rounded edges to save the
belt flange. At 17 are the lugs by which the guide rods ¥ connect the shaking
frame to the main frame. These guide rods have lock nuts at both ends to
square the whole shaking frame and to give it longitudinal stability. The bolts
that hold the lugs 17 are the same that hold the toggle blocks at the tail end of
the shaking frame and also the boxes for the large tail roller. Similarly, the
bolts that hold the toggle blocks at the head end of the shaking frame also hold
the boxes for the large head roller. Twelve small rollers D are mounted upon
the shaking frame to support the belt. They are spaced 12 inches apart, except
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the four ngnper rollers, which are set closer in order to make a smoother plane
where the final cleaning is done. The boxes in which these little rollers run are
adjustable in and out, in order to allow the rollers to run easil} without rattling.
All the rollers, both large and small, are made of galvanized iron. The con-
centrating plane is that portion of the belt surface that is tangent to the tail
roller and the ten little rollers above it. The cleaning plane is that portion of
the belt surface that is tangent to the head roller and the three little rollers below
it, and with a smooth belt it has a slope that is steeper than that of the con-
centrating plane by 4 inch in its length of 25 inches, due to the fact that the
head roller is elevated 4 inch above the concentrating plane. With a corrugated
belt the head roller is elevated § inch above the concentrating plane. The feed
distributor 1 is fastened to the shaking frame by means of slotted bolt holes, so
that its height and slope can be adjusted. It has a copper amalgam box or trap
18, distributing blocks 19, and on its lip a sheet iron gutter 20 punched with
$-inch holes 1 inch apart. This distributor spreads the pulp evenly across the
belt, and the copper box serves to catch amalgam when the pulp comes from
amalgamated plates. The cast iron wash water distributor £, which stands upon
the main frame, is provided with little brass spouts 13 inches apart. It can be
leveled by lock nuts on its two supporting posts, and the quantity of water fed
to it from the pipe 6 is regulated by the cock 5. With a corrugated belt the wash
water has a little greater drop than with a smooth belt, and is applied from two
rows of spouts, alternately longer and shorter.

The main ghaft H is supported upon the three boxes X, and receives power
through the pulley I. It transmits a sidewise shaking motion to the shakn;g
frame F, through the cranks O, the connecting rods R and the fastening bolts T,
the total throw being 1 inch. It also transmits power, by the cone pulley J,
the worm shaft K, the worm Z, the worm wheel L, the crank 21 and the spiral
spring connecting rod M, to the head roller 4,, which causes the travel of the belt.
As it 18 necessary that the speed of the belt may vary, the hand screw m can move
the flanged pulley W on a spline from the large to the small end of the cone J
to suit all demands of speed. The shaft K is suspended by the hanger ¥. The
latter can be revolved upon its sn?f)orting axis, by means of the hand stop-
screw a, sufficiently to raise the pulley W off from its little driving belt. By
this means the travel of the vanner belt may be stopped while the shaking motion
continues. .

When a vanner is started it should be examined to see that all the bolts and
wedges are tight, that the little rollers are lined up to true the concentrating
plane, and the large rollers adjusted to g):event excessive bagging of the belt be-
tween the little rollers. The machine being in motion, the profper quantity of
water is turned on through the water distributor 2, and pulp of the right con-
sistency is fed through the pulp distributor 1. Starting from the tail roller 4,
(Fig. 381), the endless belt moves slowly up over the little rollers of the con-
centrating plane, receiving its pulp from 1; then passes up over the rollers of
the cleaning plane, under the water-distributor 2, over the head roller 4, and
down into the tank 4, where the belt is immersed by the roller B to remove the
adhering concentrates. It receives a final cleansing from the spray pipes 22
and 23, and then passes over the tightening roller C, and returns beneath the
tail roller 4, to repeat these operations. The tailings are carried down the slope
of the belt by the water current, and discharged to the agron 24 and the waste
trough 8. e wash water, the quantity of which should be kept at a minimum,
is used to remove the last of the quartz from the heads; and it also keeps the
ore bed on the cleaning plane thoroughly wetted. If points or fingers of ore
form, with crests uncovered by water, ore will float off by greasy flotation and
pass into the tailings.
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The concentrates may collect in the tanks and either be hoed out or may run
out continuously through small spigots. In either case there will be an overflow,
which goes to settling boxes to save the fines. In Mill 40 there were two }-inch
spigots in the bottom of each tank, and these left a small amount of water to
overflow. More recently this mill has adopted a new method, which does away
with the tank. The whole vanner is raised one or two feet higher than usual,
the dipping roller brought considerably forward, and an apron placed beneath
and parallel to the belt where the latter passes from the dipping to the tiﬁhtening
roller. The concentrates, removed from the belt by inside and outside spray
pipes, run down the apron into a launder that extends along the whole row of
vanners at their head ends.

An automatic sulphuret discharge roll is used in Mills 41 and 73. This roll
(8. Fig. 384a), is placed on the outside of the belt directly beneath the head
roller, and takes most of the sulphurets off the belt, delivering them nearly dry
in a box, on a board or on the floor in front of the heads tank, leaving them more
accessible and in better condition for shoveling than by the usual method. The
belt then dips into the usual tank to remove the little remaining concentrates.

§ 481. The belt is of two-ply rubber (about 0.175 inch thick) and has flanges
on the edges to confine the ore and water. The width is either 4 or 6 feet. The

FIG. 382.—LORING VANNER BELT.
FI1G. 383.—WOODBURY VANNER BELT.

length of the concentrating and cleaning surface is 12 feet. The original Frue
belt has an erect flange 13 inches high. This flange is made of high grade, very
elastic rubber, which stretches in passing over the end rollers, returning to its
normal form after passing them. The Loring belt (Fig. 382) has a very thick
flange of soft, high grade rubber. It is vertical on the inner side and rounds
down on the outer to a thickness greater than its height. It has in it a layer
of duck which helps it to maintain its shape. At Mills 65, Y3 and 74 this is
preferred to all others. The Woodbury bell)t Fig. 383) has a crimped flange,
which simply straightens on going over the rollers, with less stretching than the
other forms. The Blasdel belt has a flange which leans inward at a slope of
about 60°. As this goes over the end roller it partially lies down inward, and
therefore does not stretch excessively. At Mill 57 this is preferred to all others.
The Brownell flange is erect, like the Frue, but is folded over outward upon
itself. In passing over the end roller it flattens outwardly, and so partly avoids
the stretching. This is preferred to others at Mill 59. The Summerhayes flan
is hollow or tubular. 'Fhe inner wall stands vertical, the outer bows outwar
This flange flattens and inclines outward during its passage over the end rollers.
For the practice in the use of flanges see Table 314.

The belt generally has & smooth surface, but corrugated belts (originated by
F. B. Morse) are also used. The latter have V-ghaped grooves running across
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TABLE 314.—ADJUSTMENT, FEED AND CAPACITY OF MILL VANNERS,

ORE DRRBSSING.

g 481

Abbreviations.—In.=Inches; R.=round holes in stamp screeuns; 8q.=square holes in stamp screens.
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(azan stamps. (b) Huntington mill, (c{ Bryan mill, (? Grifin mill. ()8 of whole current

3 éf Separate sp of whole current classifier. (g) Spigots of No. 1 whole current classifier. (7)

igots of No. 2 whole current classifier. (k) 8pigot of whole current classifier mixed with finest jig tailings.

( w of No. 8 whole current classifier m&ed with slime table middlings. (m) First spigot of surface
current classifier. (o) Second t of surface current classifier. (p)8econd spigot of box classifier,

Overtiow of hydraulic classifler. (s) Bll);foz of No. 2 hydraulic classifier. (¢) Setthags from settling tank. (v)

table uilings. (w) S8lime table middlings. (x) Canvas table heads. (y) T: g8 of finest jig. (z) Pre-

vanners. (a’yThese are the diameters of holes in the ‘gnvit stamp screens when new. As the

wear the size of cles will increase slightly. (b’) Smooth s! rz;ce (p %omwd surface. (d’)

screens u y a)
More or less. (¢’) Some more than nine years, some less. (g’) With 7 belts. (h’) Wit ts.

FIG. 381.—FRUE VANNER.

the belt, the sides of the V making a 60° angle. These grooves have been made
as wide as } inch, and as narrow as yy inch. They increase the catching power
of the belt very greatly, yielding cleaner tailings; but they also unavoidably
carry extra quartz into the heads. The finest sizes of corrugations appear to
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be best adapted for securing the advantage of this device, with less tendency to
carry up quartz into the heads. A plain belt and a corrugated belt running
side by side were tested on a silver ore composed of blende, gray copper, pyrite,
galena, chalcopyrite and ruby silver.’® The ore was stamped through a 12-mesh
screen and treated in a hydraulic classifier. The overflow went to a settling
tank and the product from the spigot of the latter was divided in two equal
parts and sent to the vanners. Kach figure in Table 315 represents the total
or average of several days’ run, in most cases six days. The results of these
tests show that the corrugated belt makes cleaner tailings, often halving their
silver contents, but that it throws more quartz into the heads. Less attention
was given in these tests to getting the cleanest tailings, because they were sent
to other concentrators to be treated again.

TABLE 315.—COMPARATIVE RESULTS WITH PLAIN AND WITH CORRUGATED VANNER

BELTS.
si Plain Belt, Corrugated Belt.
Percent| Silver
8?5 h;e Bat- Concentrates. ;1\;11 Concentrates. Tail-
- ry ngs. ings.
Lot. hl&es &lgg“ Welght Ountees g‘«lnal Ounteea Ouueest S'I;otnll Ouofneel
L] O iver O O ver
Ore. |per Ton|Pounds| gnvar | "Con- | Silver [POURAS| giioae n- | Silver
per Ton| tents. |per Ton per Ton| tents. {per Ton
Ounces| ‘Ounces
907.6| 486.8 |....c... 5,500 174.1 | 4718.7 |........
216.6 | 576.5(........ 6,656 184.0 | 6124 |........
120.8 | 188.0 5.8 4,750 108.1 | 244.9 3.4
14.7 | 814.7 4.9 6,720 120.9 | 406.3 3.7
178.5 {1,514.0 {........ £3,620 147.5 {1,742.8 |........
268.9 | 887.4 | 18.0 | 9220 212.9 | 961.6 7.6
170.7 | 289.4| 17.0 5,770 182.7 | 883.9 7.9
815.0 | 487.1 8.8 7,270 190.5 | 25.0 6.5
288.8 | 564.6 | 15.1 4,960 250.4 | 621.0 ] 13.4
230.9 |2,228.5 |........ 27,220 190.8 {2,710.6 |........

827.8| 508.9| 10.9 | 4,550 | 201.0 | 662.1 7

Modifications of the corrugated belt have been devised, using a narrow band
of corrugations and a wide band of plain surface on the belt. This form has
met with considerable favor. The corrugated spaces come forward periodically
and sweep up grains of ore that a plain belt might lose. At the same time, the
contamination of the heads by quartz is largely prevented. At Mill 58 bands
of corrugations 4} inches wide are interspaced with bands of plain surface 10
inches wide. The corrugations consist of 60° grooves } inch wide alternating
with others § inch wide. This belt was found to carry up too much sand. At
Mill 74, a 1-inch band of 60° corrugations, each 4 inch wide, and having bands
of smooth belt 3 feet wide between them, proved satisfactory. At Mill 57, the
same arrangement as the last, only differing in the width of the plain band,
which was 2 feet, proved satisfactory. At Mill 60 3-inch bands of 3-inch
corrugations alternate with 4-foot bands of plain surface. George Gates has
designed a belt with a surface having many fine pits approaching coarse sand
paper in roughness. It is applicable to both end-shake and side-shake vanners.

Mill 41 uses a canvas belt, which costs $7 against $120 for rubber, and lasts
6 months against 4 years for the rubber; that is, the rubber belt costs 17 times
as much, but lasts only 8 times as long as the canvas. The author is unable to
state the comparative effectiveness of treatment. The canvas probably holds
the ore better than the smooth rubber, but it would depart more from a true
plane in going over the little rollers than would the stiffer rubber belt. With
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proper care, rubber belts gene’i‘*algly last from three to five years, depending on
able

the amount of idle time (see

314).

§ 482. MODIFICATIONS OF THE FRUE VANNER.—The Union Iron Works make
a Frue vanner using four iron posts as the main frame (Fig. 384a), with an

-

FIG. 3844.—UNION VANNER.

iron shaking frame and with two adjustable eccentrics, in place of fixed cranks,
to allow of variation in the amount of throw. This puts one more adjustment
under the control of the mill man. It is quite probable that a larger number

FIG. 384b.—
M ETHOD OF
H ANGING
B HAKING
FRAME ON
UNION VAN-
NER.

of shorter etrokes will be suitable for fine pulp, while fewer,
longer strokes will suit coarse pulp. The forward motion
of the belt is effected by cone speed pulleys and worm gear on
the fixed frame, connected by chain and sprocket to the shak-
ing frame. The latter is suspended on four links (Fig.
384b). The slope of the belt is adjusted by means of the
hand screws 1, and the clamps 2. The main frame is fixed,
the crank shaft being set at the average slope of the shaking
frame. Any variations in the latter are taken up by the
flexibility of the connecting rods.

Iron frames are more durable than wood, but they do not
take up the jar so well.

The Risdon Iron Works make a vanner with four iron
posts for the main frame and an iron shaking frame; and a
special device for giving the forward travel to the belt, con-
sisting of speed come pulleys and shipper, and a sprocket
and chain, all upon the main frame, transmitting to a
flexible shaft with two universal joints in it, and a worm gear,
on the shaking frame, acting directly on the head roll. The
shaking frame is supported upon four toggles, and the toggle

blocks below are suspended from four rods with leveling screws. When the right
level is gained the toggle blocks are clamped in place by nuts. It puts the dip-
ping roller almost under the head roller, and uses two tightening rollers. The
main frame is much the same as that of the Union Iron Works machine.

The Qates Iron Works make a device for driving the belt of a side-shake
vannper, consisting of a crank on the shaft of the head roller driven by a corre-
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sponding crank on the shaft of the worm wheel (L, Fig. 381), the two cranks
having a sliding contact to provide for the side motion of the shaking frame.

The Colorado Iron Works drive the belt of a side-shake vanner by means of
a link connection.

The Tulloch Concentrator is a side-shake vanner which has a rocking motion
upon pivots below. The vertical rocking radius of the head end is 32 inches
long, of the tail end is 30 inches long. This mechanism gives the belt a 1-inch
horizontal movement in the center, and a 1}-inch rising movement on one edge,
with a corresponding falling movement on the other edge; all of which are re-
versed on the return movement. The effect of this motion is seen in the pulp
bed, which is thickest in the middle of the belt, and thins out toward the edges,
not quite reaching the flanges of the belt. Mill 74 has sixteen Tulloch and eight
Frue vanners, and each vanner treats 12 tons (dry weight) of stamp mill pulp
in 24 hours.

The Johnston Concentrator, also made by the Risdon Iron Works, is a side-
shake vanner with a rocking motion somewhat similar to that of the Tulloch, but
obtained by very different mechanism. The shaking frame is suspended on four
rods which slope inward and downward and which therefore give a horizontsl
motion to the center of the belt and a lifting motion to the rear edge, the rise
probably being more gentle than on the Tulloch.

The Norbom Concentrator, made by the Joshua Hendy Machine Works, substi-
tutes spring arms for the toggles of the Tulloch. Their supports can be moved
inward to give a rocking motion analogous to that of a vessel’s deck, or outward
for a motion analogous to the swing of & hammock. :

II. END-SHAKE VANNERS.

§ 483. THE TRIUMPH CONCENTRATOR.—This machine (Fig. 385) resembles
the Frue vanner in many respects. The essential difference is in the direction
of the shaking motion, which is endwise. It is made with an iron main frame

FIG. 385.—TRIUMPH VANNER.

1, which is fixed, and an iron shaking frame £, which oscillates endwise on ten
wooden toggles 3. It receives its shaking motion and endwise stability from
two connecting rods 4, and its sidewise stability from four rods 5. It has a
head roller 6, tail roller 7, dipping roller 8, and tightening roller 9, and twelve
little supporting rollers 10. The head roller is made slightly crowning in the
center to keep the belt true. The power is received by a pulley 11, and delivered
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through cranks to the connecting rods 4. The cranks make from 200 to 240
revolutions a minute. The belt travel is imparted by the friction disc 12, and
pulley 18, the worm 14 and gear 15, and pinion and gear 16. It may be in-
creased or decreased by moving the friction pulley 13 from or toward the center
of the disc 72. The little counter shaft for making this adjustment, simply
slides in its boxes by the action of the hand-screw 22 and the arm 23. The
slope is varied by blocking up the sill 2} under the main frame 1. The pulp
distributor 17 is attachedg to the shaking frame, 2, and the wash water dis-
tributor, 18, to the main frame 1. The heads tank 19 is raised and lowered
with the main frame 1. It is so constructed that the heads can be withdrawn
by a hoe into a box 20 in front, from which they are shoveled to a wheel-
barrow. The tightening roller 9 can be swung upon and bolted to the semi-
circular piece 21 in order to tighten the belt; and to guide the belt, the piece
21 can be moved a short distance toward the head or tail, by set screws. The
belt moves toward that end of the tightening roller which is swung toward the
head end of the machine. The feed, the operation and adjustments of the end-
ghake vanners are much the same as those of the Frue. Adjustments to get rid
of side banks are not needed.

GRORGE GATES, of Jackson, California, has designed a modified Triumph van-
ner for finishing extremely fine material that has already been partially con-
centrated on a canvas table. In Mill 78 this vanner is 4 feet wide by 8 feet
long. The little rollers are placed 6 inches apart and Gates thinks 4 inches
would be better. The belt is quite loose, but is kept flat by the large number of
little rollers. It has an adjustable end shake and uses {i-inch throw. It makes
240 throws per minute for the coarser grade and 224 for the finer. The slope
is 1} inches in 1 foot, equivalent to 18 inches in the 12-feet length of an ordinary
vanner. The travel is 85 inches per minute. The reasons for these unusual ad-
justments are explained under the heading travel, slope and pulp water, § 487.
Gates’ rule is that the finer the pulp the greater should be the slope and travel,
and the less the water. When fed with pulp assaying $30 per ton, it brings it
r]? to 8100, the tailings being treated on a special set of canvas tables. Both

e feed jets and the wash water jets are 2 inches apart and in the same paths.
This allows wide bands of concentrates to come up to the head of the machine
without being disturbed after they have once settled on the belt.

THaE EMBREY CONCENTRATOR is a belt vanner with an end shake. It is made in
two forms, known as the four roller and the five roller patterns, with iron frames
and with wooden frames respectively. The latter has the lightest shaking parts
of any of the vanners, and will now be described. The main frame G (Fig.
386), is in halves, and consists of longitudinal caps, sills, posts and braces, with
cross sills and bolts to hold the two halves together. On the inside of the caps
are hung the six stirrups b, which are adjustable vertically and which support
the lower ends of the six toggles N. For greater variation in slope than can be
obtained by these stirrups, the main frame @, is wedged up or down. The
shaking frame F, is of wood and has upon it a head roller 4’, a tail roller 4,
and ten little rollers D. The distance from center to center between the head
and tail rollers is 10.4 feet. Plumb under the head and tail rollers are two
large rollers B and B’, which are supported on the main frame. The roller B,
serves as a diPping roller to discharge concentrates and is also a tightening roller.
The roller B’ communicates the traveling motion to the belt, and also holds the
end portion of the belt vertical. The true tightening roller is C, under the
ghaking frame, near its center and attached to one of the braces of the main
frame. This construction gives the shaking frame less to carry, by two large
rollers and their hangers, than any of the other designs. The power is applied
by belt and pulley I, to the shaft H on the lower end of the machine, having
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two fly-wheels @, two eccentrics O, and connecting rods, B. The latter con-
nect directly with the lower end of the shaking frame. The travel of the concen-
trating belt is obtained through the cone speed pulleys J'J, the bevel gears P,
the worm shaft K and worm gear L, which is attached to the lower tail roller B’
Longitudinal stability is given by the connecting rods R, and lateral stability
by cast iron standards, a, @’ and a”. The shaft is given 200 to 220 revolutions

FI1G. 386.—EMBREY VANNER.

with a throw of § inch. The concentrating belt is 4 feet wide outside the
flanges. The wash water is distributed by a pipe with mangelittle :gonts, and
this pipe is given an oscillating motion across the belt by a bell crank k, which
is connected to the shaking frame by the strap ¢. The inclination generally
used is 3 inches in 10.4 feet.

WoopBURY VANNERS are made either with end-shake or with side-shake. The




§ 484 FINE SAND AND SLIME CONCENTRATORS. 655

end-shake will be here described. There are three important differences be-
tween this and the other end-shake vanners: First, several narrow belts are used
instead of one wide belt ; second, the concentrates that are settled upon the belt
mostly })ass up unmolested by the feed distributor. This is done by putting
on the feed pulp in rows or files of holes, 7 holes to a file, which are lined up
with the length of the belt, leaving wide spaces of the belt to travel up past the
feed without having the settled ore particles molested by it; and third, the
flanges on the edges of the belt are crimped, thus causing almost no stretch in
the rubber while going over the rollers. The machine has a main frame of iron,
standing upon wooden sills. Ten wooden toggles stand upon the main frame, and
upon these the iron shaking frame is carried. The latter carries a head roller, tail
roller, dipping roller, tightening roller and eleven little rolers. Its lateral
stability is obtained by four transverse bolts connecting it with the main frame.
Its longitudinal stability is provided by the connecting rods which, being driven
from the shaft at the head end, cause the vibration of the shaking frame. The
eccentrics to which these connecting rods are attached are adjustable from no
throw to a throw of 2 inches. The revolutions recommended by the maker are 175
per minute, with a throw of 1 inch or 1} inches; but the revolutions found in the
mills are generally 220 to 235 per minute (see Table 314), with presumably
less throw than just mentioned. The belt travel is obtained by cone pulleys
and belt, driving a little countershaft on which is an eccentric revolving inside
a gear-wheel. This gear-wheel is prevented from revolving by a radial arm
_attached to it and running in guides in order to allow the gear to gyrate. As
the gear gyrates it meshes with an annular gear surrounding it, the number of
teeth in which varies by one from the driving gear, and consequently it advances
one tooth for every gyration of the driving gear. The slope is varied by wedg-
ing the head end of the main frame. The machine has four, seven or thirteen
belts. The thirteen belt machine has belts 5 inches wide and one file of feed
holes to a belt; the seven belt machine has belts 9 inches wide, two files of feed
holes 10 a belt; and the four belt machine has belts about 134 inches wide and
three files of holes to a belt. Each of these files of holes is fed by its own trough;
and the troughs radiate from a center, and have over them a revolving distribut-
ing bowl (see Fig. 387). In
this way the troughs all re-
ceive a like quantity of simi-
lar pulp.

§ 484. COMPARISON OF
Sipe-SHAKE AND  END-
Suake VaNNErs.—There
is a general feeling among
California mill men that the
side-shake is better for
coarse slimes and the end-
gshake is better for fine
slimes. The following opin-
ions are quoted from mill managers and manufacturers. The end-shake prin-
ciple is preferred by Mill 59 for ordinary stamp pulp; and by Mill 57 because
it may be given higher rate of vibrations. Mill 53 finds that less of the finest
slimes are lost in ordinary stamp pulp by the end-shake than by the side-shake
machine. Mills 78 and 79 find the end-shake far preferable to the side-shake
for very fine canvas table concentrates. The side-shake principle is preferred
for ordinary stamp pulp by Fraser & Chalmers, Union Iron Works and Mill 26;
and Mill 58 found its side-shake vanners mechanically better made than its
end-shake. Adams® finds that while the end-shake vanner can make very clean

FIG. 387.—FEEDER FOR WOODBURY VANNER.
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tailings, it at the same time throws more quartz into the heads than does the side-
shake; and that, if sufficient water is used to prevent this, concentrates are lost
in the tailings.

There is a marked difference between the manner in which the concentrates
are carried up past the pulp distributors on the two styles of machinés. The
side-shake vanner has a pulp distributor with }-inch holes 1 inch apart, from
which streams of pulp fall upon the belt. The side shake causes these streams
to waggle so much that they more or less disturb the concentrates as the latter
pass the distributor. The fine grains so disturbed get into the quick water and
are carried down the belt to settle again, and try once more to run the gauntlet
of the pulp distributor; though the coarse grains easily pass up the first time.
On the other hand, the end-shake vanners give an endwise waggle to the pulp
streams, go that the concentrates are less disturbed when passing up by the dis-
tributor. On the Woodbury machine this advantage is increased by placing
the féed holes in several single files parallel to the length of the belt, with quite
wide spaces between the files, for the fines to pass up unmolested, instead of in a
single rank across the belt with but little space between the holes. Adams!
takes issue with this saving by the end-shake vanner by saying that it carries
too much quartz into the heads. The reason for this is that the jets of cleaning
water tend to flow down in gutters and the concentrates to come up in little
banks, from which the last of the quartz is less easily removed than with the
side-shake.

Another disadvantage of the side-shake machines is the formation of banks
and gutters at the edges of the belt, in which the separation cannot take place
as well as in the middle. These banks are due to the fact that, as the belt
flange moves inward, it momentarily compacts the ore near it, and only partially
thins it on the return stroke. This may be largely overcome by running the
vanner with a thin bed (from 0.15 to 0.20 inch thick over the little rollers).
The end-shake vanner almost entirely avoids the formation of banks and gutters,
and so the treatment at the edges is almost exactly the same as in the middle.
The relative losses at the sides and at the center of a Frue vanner have been
tested in Mill 40, where samples taken for a period of twelve hours yielded:

Middl . Edges.
Silver, ounces per ton....... 1.9 2.00
Copper, percent............. 1.0 1.8

The Tulloch vanner with its tilting side-shake, has wholly done away with the
edge banks, but it has a much quicker current on the edges than in the center, and
samples show more sulphurets at the edges than at the center. This tendency
to form rich edge banks is an important feature in comparing vanners. Other
things being equal, the vanner that has the least edge enrichment would seem
to be the better machine. The author has no data in this direction for end-
shake vanners.

The side-shake vanner shakes its sixteen rollers (twelve small and four large
rollers) endwise, and in so doing throws the whole weight of the rollers against
their boxes, tending to move the latter and produce a back-lash, which once
established makes a bump at every throw of the machine and forms a bank of
sand on one side of the belt. The end-shake vanner has no such cumulative
effect, and hence the annoyance of bum‘fs is much less liable to occur, and of
banks still less, the two connecting rods and eccentric straps being the only
points at which a bump can occur.

Both pragtical experience and theoretical considerations point clearly to the
conclusion that the end-shake principle is better than the side-shake for very
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fine pulp. For coarse pulp, the summing up of the evidence seems to prove
that if clean heads are desired the side-shake vanner must be used; but if the
cleanest tailings are sought, even at the expense of a little extra quartz thrown
into the heads, the end-shake vanner should be used.

III. GYRATING VANNERS.

§ 485. Gyrating vanners receive, upon all parts of the belt, a motion that
would be circular but for the travel of the belt. The two motions combined
give a path like Fig. 388.

THE ELLIS CONCENTRATOR gives a gyratory motion to the shaking frame, which
is supported on four universal toggles. The motion is imparted by heavy,
vertical shafts carrying eccentrics on their upper ends, the straps of which are
bolted directly to the shaking frame. These eccentrics are made synchronous
by gear transmission. The batea belt, which has disc-like pits distributed over
its surface, acting in much the same way as a batea, is designed to make use of
this gyratory motion.

SNYDER uses a gyratory vanner shaken by an unbalanced high-speed fly-
wheel. The machine is prevented from shaking itself to pieces by making the
) ""V""""""v'v"
t (R,
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FIG. 388.—INDICATOR CARD FROM SNYDER VANNER.

1
l

FIG. 389.—INDICATOR CARD FROM FRUE VANNER.

frame light and supporting it on six round steel rods, the lower ends of which
are set into cups fastened to the floor. Hangers on the wooden frame carry
two rods that extend across the machine beneath the belt. These rods support
an X frame, which carries a pulley and unbalanced weight on a short, vertical
shaft. This pulley is driven gy a 2-inch belt that passes over guide pulleys on
the side of the frame, and to an overhead driving pulley. In practice it has
been found desirable to use a gyration of about inc{: and a speed of about 225
shakes a minute. No jar is transmitted to the floor, and there is no racking of
the frame. The belt travel is obtained from a Challenge feed clutch on the
head roll. The actuating arm of this clutch is attached to the floor by a flexi-
ble rod ; and by changing the point of attachment of this rod to the floor, the
travel can be varied from nothing up to 25 feet a minute. Fig. 388 is a dia-
gram taken directly from a Snyder vanner, and shows the path of a point on the
belt when the machine is running. For comparison, Fig. 389 is given, showing
the path of a point on a Frue belt.*” These vanners were formerly used at the
mill of the Ottawa Gold Mining and Milling Co. at Keewatin, Ontario, but have

been replaced by Frue vanners owing to numerous breaks and unsatisfactory
results.

OPERATION OF VANNERS.

§ 486. In using vanners it is necessary to consider the proper quality of

feed pulp, the vibrations, rate of travel, slope, quantity of water, and the depth
of the pulp bed.
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Quality of Feed.—Pulp is fed to vanners from gravity stamps (after passing
over amalgamated plates in most cases) in 23 mills (see Table 314) ; and from
a Huntington, a Griffin and a Bryan mill in one case each. In 3 mills the tail-
ings from each No. 1, stamp-fed, vanner go to two No. 2 vanners, the second
vanners completing the work of the first. The maximum size of grain actually
fed to vanners in some of the stamp mills, as shown by Table 314, ranges from
0.41 to 1.13 mm. (0.016 to 0.045 inch), the commonest size being about 0.75
mm. (0.03 inch). In 7 mills, vanners are fed with middlings from convex
revolving slime tables, a practice which is logical and economical. The table
middlings are free from the fine rich slimes which are difficult for the vanner
to handle. This plan was adopted in Mill 30 to displace the practice of sending
coarser material fll)'om classifiers to tables, and finer to vanners, with greatly im-
proved results. In Mills 78 and 79 the concentrates from canvas tables are
finished on end-shake vanners, with the object of enriching an already high
grade product without special regard for clean tailings; but in these cases very
exceptional adjustments are required (see the Gates vanner, § 483). The tail-
ings are re-treated on special canvas tables.

In regard to classifying pulp for vanners, it must be remembered that a classi-
fier will not do satisfactory work unless the quantity of feed water is regular.
The feed probably is regular in all the cases of classification shown in Table
314. This table shows that vanners are fed with classified pulp from hydraulic
classifiers in one mill; from surface current classifiers in one mill; from whole
current classifiers in eight mills; and from a whole current classifier, mixed
with the finest jig tailings, in one mill. Tailings from the finest jigs go directly
to vanners in one mill. Vanners receive the overflow of hydraulic classifiers
in five mills; and the overflow of whole current classifiers in one mill. Fraser
& Chalmers hold that it is not wise to classify the feed to vanners if it is finer
than 30-mesh, or 40-mesh at the utmost limit, and in no case where the water
quantity varies. The Union Iron Works hold that it is not wise to classify pulp
for vanners unless it is rich in sulphurets, which slime easily, noting that the
classifier adds one more apparatus to be attended, and loses two or three feet

of mill head without com{)éensating advanta%es, except as just indicated. In
t.

one of the gravity stamp gold mills on the author’s list, hydraulic classifiers were
tried on pulp stamped through a 30-mesh screen; but the result was unsatisfac-
tory on account of frequent variations in the water, due to hanging up part of
the stamps or to other causes. The vanner treating the first spigot varied from
normal load to a great overload, while the last of the series varied from no load
at all to so much water that it would wash off all the ore from the vanner. On
the other hand, Fraser & Chalmers report successful work at the Columbia mill,
Marshall -Basin, Colorado, with pulp stamped through a 20-mesh screen and sent
to a hydraulic classifier. The first spigot went to a corrugated belt vanner which
treated 14 tons in 24 hours; the three remaining spigots going to smooth belt
vanners, the classification increasing the capacity of each of these from 5} tons
to 7 tons in 24 hours.

Vibrations.—The number of vibrations recommended by the manufacturers
for a plain belt Frue vanner, with a throw of one inch, is 180 to 200 per minute;
for the corrugated belt it is 194 to 210; above 210 are said to strain the machine.
In the mill practice, the number was found to range from 160 to 216, but 180
to 200 are most common (see Table 314). For end-shake vanners the number
ranges from 200 to 240, but the amount of throw with the high speed is less
than one inch. The amount of vibration is generally one inch in all the standard
vanners, but some designs have the eccentrics adjustable for greater or less throw,
to suit varying conditions. The Gates fine-pulp vanner uses a throw of only
15 inch. In general the greater the throw the more the pulp is liquified.
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The number of vibrations and amount of throw are interdependent and must
be considered together. If a high speed is adopted, a small throw must be used
to prevent injury to the machine and allow the concentrates to settle; and vice
versa, if a low speed is adopted a long throw should go with it in order to soften
the pulp sufficiently to allow the quartz to rise to the upper layer.

§ 487. The travel of the belt is the adjustment on which the mill man chiefly
relies for regulating the vanner. For the smooth belt, Fraser & Chalmers recom-
mend 24 to 36 inches per minute; and that found in the mills ranges from 18
to 85 inches-per minute, 24 to 45 inches being most common. The travel of
the corrugated belt is generally faster than of the smooth belt. The purpose
of the belt travel is to carry up the concentrates to the upper end. If it is too
rapid it will carry up quartz into the concentrates, and if it is too slow it will
allow concentrates to be washed down into the tailings.

The slope of the concentrating plane recommended by Fraser & Chalmers, is
from 3 to 6 inches in 12 feet; that found in the mills ranges from 13 to 8.8
inches, 3 to 5 inches being most common. When a corrugated belt is used, the
inclination is greater than with a smooth belt by 2 or 3 inches in 12 feet. The
amount of slope is all important: too much sends the valuable mineral into the
tailings ; and too little sends the quartz into the concentrates, and tends to make
the bed too thick, and to form banks on the sides of the side-shake vanners.

The quantities of water used on vanners in several mills, and those recom-
mended in Fraser & Chalmers’ catalogue, are given in Table 316. On Frue
vanners in the mills, the quantity fed with the pulp varies from 2 to 7.5 gallons
per minute, and the wash water varies from 1 to 2.80 gallons per minute. The
pulp fed to these vanners contains from 1.6 to 7.6 tons of water per ton of ore;
the total, including the wash water, ranging from 2.4 to 10.7 tons of water per ton
of ore. It will be noticed that the Woodbury end-shake vanners in Mill 61 each
receive 18 gallons of water per minute in the pulp and use 2.75 gallons for wash

TABLE 316.—WATER USED ON VANNERS.

Frue Vanners.
mpg Vaoner
= Ratioby | Ratioby Stope. | Trabek
ope. =
NIl or Authority. For Sand in | ¢ peed | of Total |Width Offy; heq in r
Fed with| cleaning on [# Hours.\ywosor to|Water to| Belt- |19 Feet. ute.
3 Belt. d|Dry 8and
Tons. Feet.
3.00 7% 1.6 2.4 4 4
6.78 4 76 10.8 ‘ 2
1267 |THto108|.....n.... 7.1t0107] 4 rd
8.74 5.8 6.8 H 3to5 | 6toT
6.00 6.9 8.8 4 8¢ ]
5.8 | 1 2.0 2.6 S TOTRCOIN R
78 34 5.0 4 P
. . . to 87 to 39
o | 8 30 | 48 |} 4 | stos |sit0ms
Tulloch Vanners.
5o | w6 | so | 36 | s Jeveenne [
Triumpn Vanners. -
L TSR UT U DU 10.40 Byl 16.7 4 3 2
® 12.67 | Hptoloplioiii il 21t0107] 6 5.4 s
‘Woodbury End-shake Vanners.
Blerreernennnes | 18.00 | 2.75 ] 2.7 | 15 | 7.2 | 8.8 | 5 | vs | )

(a) The quantities given in this column by the mills include the water used in the spray-pi beneath;
uth)mgi%mwln‘l‘er&mdonotyincludemm fpray-pipes

]
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watﬁr; bl)xt these machines treat an unusually large quantity of ore (15 tons in
24 hours).

The quantity of water is all important ; too much washes the valuable mineral
into the tailings, too little allows the quartz to pass up into the heads. It is
well both for economy of water and for the saving of slimes, to use as little
water as will do the work. In Mill 69 the denser pulp of a single issue battery
is found to be decidedly better material for treating on a vanner than the thin-
ner pulp of a double issue battery. Clayey, talcose, slaty and calcareous ores
all form a glutinous pulp and should, therefore, be more dilute than quarts
ores. Talc may even form a slippery coating on the belt, which needs to be
brushed off from time to time with a corn broom.

Travel, slope and pulp water all depend upon each other, and must therefore
be discussed together. To carry off quartz more rapidly toward the tail of the
machine, we may either decrease the travel, increase the slope, or increase the
pulp water. Conversely, to carry pyrite more rapidly toward the head of the
machine, we may increase the speed of travel, decrease slope or decrease pulp
water. Two or even all three of these adjustments may be changed at the same
time.

In regard to slope and travel, it will generalli be found that, with other condi-
tions remaining the same, steep slope needs high speed of travel, and gentle
slope needs slow specd. This is illustrated in Mill 71, for which two slopes are
recorded, and the steeper slope is accompanied by the faster travel (see Table
314). There are three chief qualities of pulp which will call for variation
in the slope and travel. They are: specific gravity of the heads and of the tail-
ings; relative quantities of heads and tailings; and the size of the grains. If
the heads are of low specific gravity, they may need more rapid travel or gentler
slope, or both, than when they are of high specific gravity. If the tailings are
of high specific gravity, they will probably need steeper slope or slower travel, or
both, than would be the case with tailings of lower specific gravity. If the
percentage of concentrates is large, a quick travel must be used to prevent the
sheet of heads from being abnormally thick, because a thick sheet of heads will
entangle much quartz. A steep slope will then be needed to take away the
quartz. If these changes are not made and the machine is run normally, the
quantity of feed will have to be less than it would be if it contained a smaller
percentage of heads. Very fine pulp will be treated best with steep slope and
rapid travel, and with but little water in the pulp. Under the special condi-
tions of Mill 78, where very fine slimes are being treated, we find the extraordi-
nary slope of 13 inches in one foot, and travel of 85 inches per minute. This
steep slope is necessary because fine pulp must be treated in a thin film; and,
with the steep slope, rapid travel is required in order to prevent the pyrite from
being washed into the tailings. Very coarse pulp will, in the author’s opinion
(although positive data is not at hand), be best treated with gentle slope; and
with this it may be found best to use a large quantity of water, and slow vibra-
tions of very long throw. This combination may cause the pulp to slop over
the flanges of a side-shake vanner, and therefore be available only on end-shake
vanners.

The proper quantity of water in the pulp varies inversely with the slope and
directly with the travel. Where the slope is steep or the travel is low, the quan-
tity of pulp water must be low to prevent loss in tailings; and where the slope
is gentle or the travel is high, the pulp water should be in larger quantity in
order to make clean heads and to prevent the bed from becoming too thick and
forming side banks.

The bed of pulp on the belt, when a vanner is running properly, will be graded
in richness from the head to the tail end, the heads being nearly free from gangue,

<
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the tailings nearly free from concentrates. Four or five per cent. of quartz are
commonly allowed to go into the heads for the sake of preventing the tailings
from carrying off too much value. The great length of the concentrating plane
is provided because the removal of the heavy mineral from the gangue takes
place gradually. The author is of the opinion that in ordinary practice the best
thickness of the bed from the pulp distributor to the tail roller is from 0.15 to
0.20 inch over the little rollers; and he believes it should never be more than
0.25 inch thick. It will of course, be somewhat thicker between adjacent rollers.
If the bed is too thick it will “felt” (form a peculiar hard cake), which pre-
vents the separation of the minerals. With a thick bed in the case of fine pulp,
a side-shake vanner may set up waves from each side of the belt, and if these
opposite sets of waves happen to coincide they will produce longitudinal banks
and gutters all the way across the belt. Good separation cannot be made in
these banks, while in the gutters there will be rapid currents that will tend to
carry concentrates into the tailings.

The average thickness over the little rollers is given from seventeen mills in
Table 317. These measurements were made with the special gauge described in

884.
8 The number of grains in the depth of the ore bed is important. A bed 0.2
inch thick, with grains 0.02 inch (0.5 mm.) in diameter, is ten grains deep and
permits easy separation. If it was 0.5 inch thick it would be 25 grains deep,
and the work of separation difficult. It is evident, then, that the finer the pulp
the thinner should be the bed. In Mill 78 the bed is exceptionally thin (0.08
inch), which is necessary because that mill is treating an unusually fine product.
Table 317 shows that on 26 vanners in 7 mills the number of maximum grains
depth of the bed ranges from 5 to 21, the most common numbers being 5, 6 and
7. To calculate these numbers the diameters of the maximum grains were de-
termined from the size of holes in the stamp mill screens. Since in stamp mill

TABLE 317.—AVERAGE DEPTHS OF PULP BED ON VANNERS, MEASURED ABOVE THE
LITTLE ROLLERS.

Number of| !nummbfxgxf » |Number of lft"mf':r o
Ml | Kind of Depth of s in || Mill | Kind ot [“roer off pepth of | Maximum
Measures Gral easures Grains in
Ko. | Vamner. | ) veraged. p Bed. | the Degd No. | Vanner. Averaged. | Pulp Bed. | i} 'ne i
of the . of the Bed.
Inches. Inches.
8 0.13 . [} 0.15 5
7 0.11 7 0.17 6
7 0.11 8 0.21 7
1 0.13 [] 0.14 5
4 0.27 5 0.15 5
4 - 0.94  § 0.16 5
4 0.16 8 0.16 5
4 0.98 8 0.17 6
4 0.9 8 0.17 [
3 0.18 8 0.2 7
1 0.43 4 0.21 10
1 0.85 4 0.1 8
1 0.16 4 0.13 6
1 0.1 8 0.2 |...ooiienns
1 0.27 8 (125 1 S R
1 0.14 8 019 | ....oeanee
3 0.29 9 019 |..ovivinnnns
[} 0.58 4 017  |..o.iieei.
3 0.28 2 0.08 J.oieviannnn.
] 0.38 4 0.19 9
3 0.10 4 0.4 21
3 0.17 4 0.36 18

(a) Measured at the middle of the belt.

pulp the majority of the grains are quite small, compared to the maximum, it
follows that the actual number of grains in the depth of the bed is larger than
that given in the table in each case.
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To properly run a corrugated belt, the bed should be thinner than on a plain
belt, and have almost no edge banks. This is accomplished by a steep slope.
The logic of this is that the catching power of the belt is so great that we can
afford to flow the quartz off to the tail more rapidly ; and we thereby increase the
capacity of the machine, )

ith a vanner properly adjusted the depth of the bed will be very nearly uni-
form. The following figures from a vanner in Mill 71 are given as representing
a well adjusted machine: Depth on roller No. 5 (just below pulp distributor),
0.19 inch; depth on roller No. 6, 0.14 inch; depth on roller No. 7, 0.15 inch;
depth on roller No. 8, 0.15 inch ; depth on roller No. 9, 0.16 inch ; depth on roller
No. 10, 0.15 inch; depth on roller No. 11, 0.18 inch; depth on roller No. 12
(tail small roller), 0.14 inch.

If the concentrating plane is true, there may be a slight tendency of the bed
to thin from the distributor toward the tail roller; but in the last instance,
from Mill 39, shown in the following list, since the slope of the belt was about
normal (3% inches in 12 feet) the greatly decreased depth toward the tail is due
to either too rapid travel, too little slope or too little water.

Mill 88. Mill 8. Mill %.

. Inches. Inches. Inches.
Little roller No. 8 (a little below pulp distributor) 0.11 0.13 0.45
Littleroller No. 8........ccceeeiennnienetnnnoncanns 0.88 0.18 0.88
Littlo roller No. 10.....ccuiereeresiceccisasecns onn 0.85 0.19 0.9
Little roller No. 18 (the tail small roller).......... 0.88 0.38 0.18

- If the belt is untrue, the measurements of the bed show it. The first two col-
umns of figures in the above list (from Mills 38 and 39) show a bad depression,
increasing toward the tail, due to the rollers being out of line. The measure-
ments also show whether the side adjustments are keeping the bed even from side
to side. In Mill 35, measures were taken at the two ends of one single little
roller half way down the vanner. At one end the bed was 0.094 inch deep, at
the other end 0.145 inch deep, showing need of side adjustment.

If, on a side-shake vanner, thick, dead banks form on both sides of the belt,
they indicate that the bed is too thick, caused either by too rapid travel, too gen-
tle slope, or too little water in the feed pulp. Changing either of these adjust-
ments will effect a cure; but to decide which to use, t%e mill man should try
them all, one at a time, and adopt that which removes the evil and at the same
time gives the cleanest tailings. If the sand and water are not evenly distributed
upon the belt, first be sure that all the parts of the machine are in line, that the
slack is taken up, and that there is no jar or bump in the machine. If a bank
still forms on one side, it indicates that the shaking frame is not vibrating
equally in both directions upon-the toggles. The under toggle blocks on the main
frame must then be adjusted by slackening their bolts and tapping them with a
hammer, to overcome this uneveness. They should all be moved toward the
side that has no bank. If this is not sufficient, the shaft boxes may be moved
toward the belt if the bank is on the further side, or away from the belt if it
is on the nearer side.

. § 488. CaracITY OF VANNERS.—Fraser & Chalmers give, as the capacity of
a 4-foot Frue vanner, 4 to 6 tons in 24 hours for stamp mill pulp, which has
passed through a screen with fifty holes to the linear inch, and 6 to 8 tons if the
pulp is a trifle coarser. Table 314 shows 4-foot side-shake vanners in 15 mills,
treating from 4 to 124 tons in 24 hours, with an average of 7} tons. Of 9 six-
foot, side-shake vanners, treating from 6 to 16§* tons in 24 hours, the average
capacity is 93 tons. Two end-shake vanners, with 4-foot belts, treat respectively

* The vanner treating 163¢ tons sends its tailings to two finishing vanners.
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31 and 73 tons in 24 hours ; and five end-shake machines, with 5-foot belts, treat
from 5 to 15 tons in 24 hours, averaging 10 tons.

To be driven at its greatest capacity, a vanner needs rapid travel, in order to
prevent the sheet of concentrates becoming so thick that the gangue cannot sepa-
rate from it. Steep slope must then be used in order to carry ti‘; gangue down
the slope. An ore with a large percentage of concentrates must not be fed as fast
a8 one that contains less concentrates, because the sheet of concenirates would
become too thick. When a vanner is driven beyond its natural maximum ca-
pacity, some concentrates will be lost in the tailings for lack of time for proper
treatment. Very fine ore must be treated slowly, else the bed will be too thick
even if the slope is steep. If it be attempted to overcome the difficulty by dilu-
tion with water, there is great danger of loss in the tailings.

The high capacity of the vanners in Mill 61, where one 5-foot machine treats
15 tons in 24 hours without any re-treatment of tailings, and saves 80% of
the concentrates, is, in the author’s opinion, chiefly due to the unusually stee
slope (8% inches in 12 feet) and rapid travel (72 inches per minute), thoug
partly to the fact that the stamp batteries in this mill are adjusted for minimum
gliming. The vanners have an end-shake, which is the most favorable for saving
the fines. It will be noticed that in Mills 54 and 84, where the tailings of one
vanner are re-treated on two other vanners, the higher capacity of the first
machine is accompanied by steeper slope and faster travel than is found on the
other two; and under similar conditions in Mill 83 the first vanner has faster
travel and higher capacity than the second. In the three mills just mentioned,
the first set of vanners receive very large quantities of ore; and if the contrary
has not been proved by trial, it is an eggen question whether there would not be
a closer saving by distributing the feed equally to all the vanners in the first
place. In Mill 54, for example, there are 6 six-foot vanners, each treating
16§ tone in 24 hours, followed by 12 vanners each treating 8% tons; but with
the suggested change each of the 18 vanners would only receive 5§ tons, and there
would be no re-treatment.

Power.—In estimating mill work Fraser & Chalmers allow } horse power

vanner. Preston gives 3 horse power as common California practice. In
Mill 53, 12 vanners, with the mill shafts for driving them, are reported as using
10 horse power. At Mill 59, the 16 vanners and their driving shaft require 7
horse power.

Cost or Repairs.—The following quotations are averages for single vanners.
Mill 64 gives the average cost of -repairs for five years including belt renewals,
as follows:

Other Ex-
Belt. nsee Total.

pe
Frue vanner......ccceeeeeee 9.12 44 .56
k| Ba | R

Mill 41 reports that a rubber belt costing $120 is worn out in four years on a
Tulloch vanner. Other mills report expense for belts as follows:

1 Average Annual

| A or | Kind of Bait. | Kindof || M for | KindotBelt. | Kindof

No. | One Vanner. Vanner. || No. | gno Vanner. Vanner.
9.... .65 to $47.50 Frue. Frue. $38.33 ‘Woodbury. Triumph.
... y 1@.3” Frue. Frue. |[|%9.... 48.00 Blasdel unugnh. 'l‘rlumgh.
... £7.00 to 07.50 Blasdel. Frue. 46.00 to 57.50 Triumph. Triumph.
... 80006750 |.....c..iioiiiiinn Johnston. ||o, { About 50.00 | 7-belt Woodbury. |[Woodbury.
n.. 8.7 Frue. Frue. ****]11 About 60.00 |18-belt Woodbury.|Woodbury.
40.... 25.00 Frue. Frue. 75.... £0.00 Frue. Frue.
§7....] 10.000rmore. |....eeveiiviniiinniii]iiieeiiinens ... 27.40 Frue. Frue.
88.. 9.50 Frue. Frue.
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In regard to these costs, it should be noted that the vanners vary in duty from
those in Mill 24, worked night and day, six days a week, to those where the mill
stands idle a good deal of the time. The author has not the facts in regard to
this.

Mills report average expense for a single vanner per year, for repairs other than
belt renewals, as follows:

®

W

489. VANNER TEsTING.—Investigating the work of vanners by sizing tests
and by assaying the different sizes, is most important, as it shows whether the
values in the feed and in the tailings are contained mostly in the coarser sizes or
in the finer. Having decided this, the first thing to consider is whether the van-
ner adjustments are all at their best; and then, if further treatment is neces-
sary, what methods are applicable. Two instances of such investigations are
here given:

Th%e'l figures from Mill 68 (Table 318) show the percentage distribution of
values in the coarse and fine sizes of the vanner feed and products. These values
are computed in two ways: First, based on the original sample; and, second,
based on the sum of the screened samples. This table shows how important is
the consideration of the extremely fine slimes. The portion of the feed that will
pass through a 100-mesh screen contains 68.58 or 76.65% of all the gold in the

TABLE 318.—SIZING TESTS OF VANNER FEED AND PRODUCTS IN MILL 68. FED FROM
SINGLE DISCHARGE STAMPS WITH 30-MESH SCREENS.

Values per Ton. Percentage of Total Values.
Gold. 8ilver.
. Peroeutage| o4 at 84¢ |5%T8| 894 |B%F
, otdl o -]
Btses of Gratns. o ach | g30.67 an | Stiver. .,gi o S5 3Ll -ﬁ
o | B (ER04) 340 224
- - -
e o a oE
-] (] (-] (<]
Original sample...........l..cooeinieen $4.18 1.9
Ondmesh................ 0.02 3
Toroven Mon Qe S8 1| S0 | om | est| sor| am| s
on ¢ B 8 o o .
Battery pulp.. 1 «  @on 80 * ..| 1.9 2.48 09 | 7.90| 8o4] e| 638
. " 80on100 * ..| 10.168 3.73 1.00 9.15| 10.88 6.51 6.45
* 100 megh......... 68.58 4.13 2.09 68.58 84.81 | 83.58
Totals and averages 0.97 $8.70 1.73 89.49 | 100.00 | 100.96 | 100.00
Original sample....coceeefoieieenanan, $41.84 108.60
On 30 mesh....cooouvvennns 0.26 2.08 11.90 0.01 0.01 0.08 008
trates Through gon 00 mesh g% g% 2;3 :z 23 }g :g
Conosn N on N . . . K . . .
“ SHon100 ** .. 8.48 83. M 84.40 6.60 6.96 6.57 6.49
100 mesh...es....| 80.58 46.80 120.80 90.18 | 86.9¢ | 89.57 | 87.51
Totals and averages...| 99.98 $48.88 111.15 | 108.72 | 99.90 | 103.85 | 90.99
Original u-.mple ...................... $1.8¢ 1.2
Ond0mesh.......... ... 0.01
Through 80 on 40 mesh 0.0 } 0.41 0.80 o0| 002| 0.04 0.04
Tailings ] . 40 on 5.81 1.4 0.90 5.91 5.8 3.64
"""" . 60on 8 18.18 1.9 0.9 18.16 | 18.16 9.17 8.82
o 8on 100 ** 9.63 1.4 1.00 9.64 9. 7.47 7.18
" mesh......... .98 1. 1.80 T.97| .97 | 63.64 | 80.¢6
Totals and averages.. | 99.98 | $1.:4 | 1.3¢ | 100.00 | 100.00 | 108.96 | 100.00
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feed, according to the method of computation ; in the heads the same size contains
90.18 or 86.94% of all the gold in the heads; and in the tailings this size contains
%1.97% of all the gold going to waste. The suggestion is that if this fine product
in the tailings was separated and treated on canvas tables, followed by a steep
end-shake vanner, as in Mill 78, a good addition to the yield might be made,
especially as the sulphurets are high grade (the concentrates carry $110 value
per ton) and the tailings carry about 40% of the value fed to the vanner. Since
the author’s visit, however, a cyanide leaching plant has been installed to treat
the tailings, and is probably covering the same ground in another way.

The figures from Mill 55 (Table 319) show 44.68% of the tailings silver and
26.35% of the tailings gold to be in a product finer than 200-mesh. Consider-
ing the large loss in tailings and the high value of the concentrates (about $80.00
per ton), it was decided to treat the tailings in a canvas plant like Mill 78, and
this treatment has resulted in a considerably increased saving.

Another method of vanner testing, closely allied to the above, is discussed in
§ 490.

TABLE 319.—SIZING OF VANNER FEED AND PRODUCTS IN MILL 55. FED FROM
SINGLE DISCHARGE STAMPS WITH 14-MESH SCREENS.

Percen! of Total
Values per Ton. v"ﬁ:e&
Size of Grains. of Each Gold at su
Bize. $20.67 an ver. Gold. Sflver.
‘Ounoe. Ounces.

(On 80 mesh........oceemuvnnne. 10.88 $8.51 9.28 6.34 8.18

Through 30 on 60 mesh....... . 6.61 8.78 81.29 20.41

vy pa || = B e | oim | pe | gm | 4e
* “ 900 mesh.............. 80.50 496 16.48 2.1 0.9

Totals and averages....... 100.00 $6.02 12.30 100.00 100.00
On80Omesh.............ccuutnt 4.95 $75.65 81.70 6.76 8.09

gh 80on 60 mesh...... 16.26 111.62 89.30 83.74 19.57

I 60 on 1 e 17.68 60.56 89.40 19.28 13.07

Comacentrates. . 1 “ 12000900 * ...... 22 47.54 45.40 18.87 19.67
« 200 mesh............. 89.18 81.63 66.10 2.3 51.00

Totals and averages....... 100.00 $55.40 50.78 100.00 100.00
On80mesh........ocoennnnenn. 11.02 $3.69 6.47 18.16 10.95

Through 30 on 00 mesh...... 28 8.07 5.70 85.51 .51

" Goni1W *“ ...... 14.70 1.24 4.7¢ 11.17 10.70

Tuilings ....... 1 “ 12000200 * ...... 11.60 1.9 5.14 8.81 9.16
w mesh............. 84 1.24 8.39 2.8 |, 4.6

Totals and averages....... 100.00 $1.63 6.51 100.00 100.00

THE PRINCIPLE OF VANNER SEPARATION.

§ 490. It is well known to mill men that vanner tailings carry away a portion
of the finest grains of the heavy mineral, and it is often stated that this loss
consists of only a few accidental particles. The author believes, however, that
when ore carrying grains ranging from a diameter of 0.75 mm, down to the
finest slimes is treated without previous classification, a considerable percentage
of the finest particles of heavy mineral must go into the tailings; and, just as in
free settling and hindered settling, finer grains of heavy mineral are balanced
with coarser grains of quartz, according to definite ratios (see Tables 261 and
307), so with any given set of adjustments of a vanner, there will probably be a
definite ratio between the maximum diameters of quartz and of heavy mineral in
the tailings. This ratio will be called the agitation ratio. To substantiate his opin-
ion, the author has only to.point to Mill 78, which treats tailings from the well-
run vanners of Mill 71 by means of a hydraulic classifier and canvas tables. The
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spigot product from the classifier carries all the coarser sizes of quartz with prac-
tically no pyrite. The overflow goes to canvas tables followed by a specially ad-
justed finishing vanner, and yields a final product amounting to about 1,000
pounds of clean pyrite per day, while the vanners of Mill 71 yield about 2§ tons
of clean pyrite per day. That is, more than 15% of the pyrite fed to the vanners
of Mill 71 is too fine to be saved with the coarser portion. This is not a criticism
of Mill 71, but simply shows a scientific principle. The vanners in this mill
probably rave all they can, and then Mill 78 completes the work.

As a preliminary determination of the agitation ratio, the author made sizing
tests of the classifier spigot product, and of the final concentrates from Mill 78,
showing the sizes of quartz and of pyrite in the vanner tailings of Mill 71; and
the results are given both in Table 320 and on the cumulative plot Fig. 390.

R
g

-

10
P
o A o,
[X] 0.6 (XY [X] [ 2] o1 0.05
Diameters of particfes, in millimet.
FIG. 390.—PLOT OF S8IZING TESTS (TABLE 320) TO DETERMINE AN
AGITATION RATIO FOR VANNERS.

The notes in the table show that the three coarsest sizes of the concentrates
contained a very little quartz, and pyrite only in cemented grains, and that the
free pyrite in the next four sizes was respectively 0.1%, 0.1% 0.1% and 1.8%
of all the concentrates. The remaining sizes were all free pyrite.* As we are
concerned only with the free pyrite in this product, the few stray quartz and ce-
mented pyrite grains were disregarded in plotting. For plotting the quartz
curve, on the other hand, the figures in the table require no modification. Re-
ferring to Fig. 390, it will be noticed in the case of both quartz and pyrite that a
line drawn through the points representing the few coarsest grains has a very
different direction from the rest of the curve; in fact, there is apparently a sig-
nificant point on each curve (a and b). The few grains coarser than a and b
are insignificant in quantity and may be disregarded. Practically, then, the

® The method of very fine siging is described in § 861.
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TABLE 320.—8IZING TESTS FROM MILL 78, TO DETERMINE AN AGITATION RATIO

FOR VANNERS.
8p 'M“ ”“_cz,,l) om “ Conocentrates from the Finishing Vanner that Follows the Canvas Tables.
lmlmm :ht ers. | Percent. Appearance under a Microscope.
0.980-0.703 0.08 [[.eeeeenereereefernrennens
0.708-0.566 01 (|l e
0.508-0.457 08 |[ioeeiiniiii
0.437-0.371 6.4 0.47-0.8r'| 0.8
0.571-0.870 | 17.0 0.871-020| 0.4
080,150 | &7 0.270-0.15% | 0.9 Bame as sbore, wit ot yeite
cemen! .
0.150-0.119 | 1.8 0.150-0.119 | 1.1 { Aboe%‘gm'} e uarts o mphwmh" MF": P -
ut three-fourths quartz. Rest mostly oaman! umj
omoo0m | 159 | oamoom | 11 {[ABOD e e ated at 0 1% of whole samy,
0.074-0.000 8.7 0.074-0.060 0.4 |About the same as the preceding.
0.080-0.0¢7 13 || oomoosr| 3.7 { mp“;ﬂm‘w egﬂm“"“'mm“,_“m"‘ lumps of pyrite. Free
0.047-0.084 2.6 0.087-0.098 | 8.6
2.«5-0 ot 5’2 0.0%0 015 g: Pretty clean pyrite.
0.019-0.012 0.1 0.015-0.010 | 26.6
0.8 nes. .. £0.9

(a) All sizes of the spigot product, except the last, are practically clean quarts.

maximum size of quartz (a) is 0.427 mm., and pyrite (b) is 0.040 mm., giving
an agitation ratio (5-) of 10.7. This ratio will be much affected by the way
the vanners are run, and will probably be a maximum only when the pulp bed is
thin (not more than 0.2 inch thick) and all the adjustments are made to the
best advantage. A thick bed will send coarse pyrite into the tailings and so re-
duce the ratio. The average depth found in Mill 71 was 0.16 inch, so that the
ratio 10.7 was obtained under favorable conditions. The determination of the
ratio in any mill is a good test as to whether or not the vanners are well run.

B.—BuMPING AND JERKING TABLES.

These machines use mechanical agitation to bring the heavy grains and the
light grains into their respective layers on a washing surface; and they use a
bumping or jerking action to convey the heavy grains to one side or end of the
machine, while the current of surface water conveys the light grains to another
side or end.

Bumping and jerking tables are divided into two classes:

I. Side-bump, which have the bump or jerk at right angles to the flow of the
water; '

I1I. End-bump, which have the bump or jerk in the opposite direction from
the flow of the water.

The side-bump tables may be sub-divided into (a) those having plane surfaces
and (b) those having riffled surfaces.

Ja.—SIDE-BUMP TABLES WITH PLANE SURFACES.

§ 491. THE RITTINGER TABLE was the first of this class. It uses a cam, spring
and bumping post to convey the heavy layer of concentrates to one side; and a
film of water flowing at right angles to the direction of the bump to convey the
light layer of waste down the slope to the proper place. The table is 8 feet long
by 4 feet wide, and is generally mounted in pairs, with a dividing partition. It
is suspended upon four rods, and the slope is regulated either by chains at the
upper ends of these rods, winding upon drums, or by elevating nuts. The slope
rilee;mmended by Rittinger varies from 6° for the coarsest to 3° for the finest
slimes.

-
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The feed pulp, which must be a classified product, is distributed upon one
corner of the head of the table, over a width of 8 to 12 inches, and the agitation
immediately separates the heavy and light minerals into layers. The bumping
action is produced by a cam, which pushes the table toward one side, a spring
which forces it back, and a bumping post, which stops it suddenly on its return.
This action causes the ore particles to move across the table by jerks, while the
wash water, which is fed over the remainder of the head, causes them at the
same time to move down the slope, the light ones more rapidly than the heavy.
The combination of these two actions yields the mineral particles spread out like
a fan, with the heaviest mineral pushed farthest across the table, the middle
weight mineral next, and the lightest least. By properly placing dividing fingers
at the foot of the table, each of these products may be guided into its own
box. Endwise motion of the table is prevented by guides.

The action of the table is seriously interfered with by the bank of quartz
sand which turns the current of wash water so that the film is not of the same
thickness all over the table, as the theory seems to demand that it should be.
Instead, it is harmfully concentrated into a stream of considerable cutting power
along the line where the best separation should take place. This cutting stream
impairs the action of the machine and prevents it from making as clean tailings
as one would expect. Improved results (both qualitative and quantitative) have
been obtained by applying the wash water from a diagonal spray pipe instead of
from a box at the head.®

For the coarsest slime a wooden table makes 120 bumps a minute; for finer
material 150, and for the finest 180 to 240. The length of throw is from 13 inches
for the coarsest, down to 4 or § inch for the finest. The capacity varies from
155 pounds (dry weight) of coarser to 55 pounds of fine slimes per hour, the
corresponding amount of water with the pulp varying from 1.6 gallons to 0.8
or 0.9 gallon a minute, and the amount of wash water from 5.28 to 3.17 gallons
a minute.’ :

Various materials have been used for the table surface—wood, iron, zinc, glass,
marble, slate, cement and rubber. With wood, some care has to be used to keep
the surface smooth, but on the whole this has been found the most satisfactory,
though a covering of rubber has in some cases been found an improvement.
It should be noted that, unless the rubber is fairly thick, it is hard to keep
emooth. Marble and glass are very liable to breakage, especially the former.
In one case marble was found inferior to iron, because the surface was too
smooth.’® Iron makes the table very heavy, and so increases the power used.

At Bleiberg, Belgium,?® on Rittinger tables treating a galena-blende ore, the
tailings contained about 2% of lead, while the blende product was wholly free
from lead. It was found that this galena was in extremely thin scales, which
floated and were carried off by the water. By laying a straight, thin cleat from
the feed side to the galena discharge, the difficulty was overcome. In case one
such cleat was not enough, a second was placed lower down on the table. This
same device was introduced at Steinenbriick and at Welkenraedt.

The shock due to the bump of the table is transmitted to the mill frame; and
at Dam, Belgium, in order to prevent this, two tables were arranged to strike
simultaneously against opposite sides of a bumping post placed between them.?

Kavan found that equally good work could Ee gone with a table only 5 feet
long as with the usual length of 8 feet. The lightness of his table, which has a
wooden surface, permits a more rapid shake, which increases the capacity, and
decreases the necessary amount of water.®*

Parsons, at Mill 25, drives two double tables from one shaft, by using a double
screw-threaded cylindrical cam, which forees the two double tables apart from
each other, while opposing springs force the tables to come back and strike each
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other. Thus the bumping post is done away with, and with it nearly all the con-
sequent shock to the mill frame. The dimensions, slope and shakes of Parsons’
machines are shown in Table 322. Their surfaces are of wood, covered with en-
amelled duck. The feed apron for the pulp is 10} inches wide. The wash
water comes from two 3-inch cocks and a third is provided, but not used. Each
double No. 1 table treats 5 tons of gulp (dry weight) in 24 hours, and there are
24 of them to treat the spigot products of the No. 5 surface current classifier.
A double table uses 1,200 gallons of wash water in 24 hours. Assays of products
are as follows: Feed to No. 1 table contains 9.46% lead ; tailings of No. 1 table
contain 1.89% lead; feed to No. 2 table contains 6.23% lead ; tailings of No. 2
table contain 1.74% lead. :

The Wilfley table (§ 493) is occasionally used with a smooth surface; but
since its chief use is with riffles, it is described later, under that head.

§ 492. Tae STEIN, CoRNING, BILHARZ AND LUHRIG TABLES~—These ta-
bles resemble each other so much that they will be described together. They all
have endless traveling belts, horizontal in length, but sloping in width, carried
on shaking frames, with fixed frames to carry the driving mechanism. The Bil-
barz (Fig. 391) has an iron fixed frame set on wooden sills, carrying a shaft, a
pulley and a three-armed cam at one end, while at the other there is a spring

FIG. 391.—BILHARZ TABLE.

and bumping post. The cam draws the table toward it, and at the release the
spring pulls it back against the bumping post. The travel of the belt is either
intermittent, given by ratchet and pawl, or continuous by a vertical
belt working on a grooved pulley on the roller at the head end. The shaking
frame is suspended by four rods from four arms upon a rocker shaft. By tilting
this shaft the table may be given any desired slope. The belt, which is 0.75 meter
(2 feet 6 inches) wide, is stretcheg between two end rollers 2.5 meters (8 feet
2 inches) from center to center. The upper part of the belt is supported, in the
Stein and Bilharz tables, by a glane wooden surface with diagonal grooves which
are supplied with water for lubrication. The Luhrig table supports the belt by
twelve little rollers 190 mm. apart. The Corning also uses rollers. The return
part is carried by the three large rollers. Luhrig uses a flange on the upper .edge
of the belt, which permits feeding closer to the edge, and so extends the working
surface 0.2 m. in width. The belts have little blocks on their edges, which drop
into little sockets on the driving roller and serve for draught and guiding.

It will be noticed that, while on the Rittinger table the greatest dimension is
at right angles to the bul'lll{,l the greatest dimension of these tables is in the same
direction as the bump. is permits the minerals to spread out in a more per-
f?:tthfan shape, and so prevents the banking of the sand and the cutting action
of the water.
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These tables should be fed with sorted products from classifiers, and when so
fed they do clean work, not only in two mineral separation, but also in three or
four mineral separation. The pulp is fed upon the upper rear corner of the
belt, and the agitation separates the different minerals into layers. Wash water
is applied from spray pipes. The travel of the belt, assisted somewhat by the
bump of the table, carries the ore forward ; while the water flowing down the slope
transversely, washes the light minerals rapidly toward the lower edge, the heavy
minerals more slowly. Better results are obtained when the wash water is applied
from a diagonal spray pipe keedping near the upper edge of the ore than when
it is applied along the upper edge of the belt. The products are received in a
launder with four compartments each having a spigot for continuous discharge.

The following figures on adjustments are quoted:

Belt Travel per Minute. v“‘ﬁf,‘,‘:,'::_”’ "l'hmw”?‘
Stein, 4.2 to 4.8 m. (18 feet 9 inches to 15 feet 9 inches)...... 150 to 180
Bilbare, 4.2 m. (18 £6€t 9 INCHER). ...vvevserrreraeneerees Lo 150 }‘(g '&fﬁﬁ)
Luhrig, 8.8 m. (10 feet 10 inChes). ....ccvvvecricnsnisnsencnnas 200 .

The slope is about 5° for the coarser products, this slope being regulated by the
appearance of the products. The capacity for the ordinary size of table appears
to be about 3 tons in 24 hours.’*88ds2 Tables of this cdpacity at Freiberg use
14 liters (3.7 gallons) of water per minute in the feed, 52 liters (13.7 gallons)
for washing and blow-off jets, ang 8 liters (2.1 gallons) for lubrication under the
belt. At Diepenlinchen, Pruseia,* a Luhrig table 3 feet 4 inches by 11 feet 6
inches (which is considerably larger than the size given above) works a galena
blende ore at the rate of 9.6 to 13.2 tons of slimes in 24 hours, but the amount
of work needed to re-treat the middlings is not stated. Following are the as-
eays of the products:

Lead. Zinc.
PPOQUCE. .. covverseerennccranenseirerasensensennns 60658 |....c..eenns
Lead-zinc mltddllnga ................................... 20-25 0%
C PrOQUCE. .. eveerrertiienenserisrirsccsascsercraens flooeserrannas
............................................... Trace. 142

At Ramsbeck a Luhrig machine, treating a rich middle product, yielded the
following results:®? '

I1b.—SIDE-JERK TABLES WITH RIFFLED SURFACES,

§ 493. THE WILFLEY TABLE separates the heavy and the light grains into lay-
ers by agitation, and then, by the jerking action, throws them toward the head
end, while at the same time the lighter grains are washed down the slope toward
the tail side by the surface water, which flows at right angles to the direction of
the jerk. The table is furnished with longitudinal riffles or grooves; and the
concentrates settle in the riffles and are thus forced more directly toward the
head, while the gangue rolls over the cleats and down to the tail side.

¢ Private communication from John W. Meier.




L4

§ 493 FINE SAND AND SLIME CONCENTRATORS. 671

The main frame (see Figs. 392a and 392b) consists of two heavy longitudinal
timbers, 1 and 2, with four cross timbers, 5. Two of the latter are made heavy
to support the shaking mechanism, and two are light. The frame is held to-

F1G. 392a.—WILFLEY TABLE.

FIG. 392b.—MAIN FRAME OF WILFLEY TABLE.

-]

Back End

FIG. 392c.—WILFLEY TABLE TOP.

o7
O

F1G6. 392d.—WILFLEY FEED AND WASH WATER TROUGH.

.gether by tie bolts, 4. Upon the main frame are three cross timbers or table-rests,

6, 7 and 8, which are screwed to the tail side of the main frame by lag screws that
have a little play, and rest at the feed side upon wedges, 52, by which they can
be raised and lowered between guides, 49. :
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These wedges are all connected, by a tie bolt, with a rack 58, pinion 54, and
lever 55, go that they can be moved simultaneously and equally. Upon each of
the table-rests are screwed two supports carrying chilled iron rollers 53, and upon
the six rollers so placed the table executes its endwise jerking motion. Hard
stecl plates are screwed upon the
under side of the table to take
the wear of the rollers. Side mo-
tion of the table is prevented at
one end by connection to the driv-
ing mechanism, which is firmly

bolted to the main frame, and at

¥\ the other end by the guide 50,
N which engages with a projection

S 254 on the under side of the table.

The table is made of wood covered

with linoleum, and has a rim

along the feed or upper side 66

@ (Fig. 392¢), and across the back
= end 67. It has no rim upon the

lower or tail side 68, nor upon
the head end 69. The table is 16
feet long, 7 feet wide at the back
end and 4 feet wide at the head
end, and the corners at cach end
of 68 are right angles. The lino-
leum is tacked directly upon the
wood, using tacks only around the
margin; and a set of longitudinal
riffle cleats of wood, 70, is tacked
upon this plane surface. Fig.
392¢ shows 46 cleats $ inch wide, with 3-inch spaces or riffles between them. The
upper cleat is 4 feet long and the lower one nearly 16 feet long. At the back
end they are about } inch high and taper down to nothing toward the head end.
They al] start at about 3 inches from the back rim; and their head ends lie in
a straight diagonal line, dividing the surface into two parts—the riffle or con-
centrating plane, and the cleaning plane, on which there are no riffles. The:
deeper the riffles the greater their power to retain heavy grains, and on this ac-
count the lower riffle-cleats arc often made higher than the upper, and those be-
tween are graded from one to the other. The taper of the riffles causes a gradual
separation of quartz from the heavy mineral, which favors clean work, but the
concentrates must not be forced to climb too steep a grade in consequence of this
taper, for if so, they will form a solid bank, and refuse to move forward. The
table has a very slight rise from the back end to the head end (3} inch in 16
feet) ; and for a space of 3 inches at the back end the surface slopes up to the
back to a height of § inch, which prevents the formation of any bank at that end.
The table is driven by the mechanism shown in Fig. 392¢. As the crank 15
revolves, the pitman 30, and with it the pin, 82, rises and falls. The movable
pin 34 and the fixed pin 41 are connected with 32 by means of the toggles
33a and 33b, so that, as the pitman rises, 34 is moved to the left; and this mo-
tion is transferred to the table through the yoke 25a, the connecting rod 25b
and the slotted keeper 42, the latter being bolted to the back end of the table.
This movement compresses the spring 26, and when the pitman falls the spring
returns the table. Since the spring does not affect the character of the move-
ment, it should be set only tight enough to prevent rattling; any further tight-

FI1G. 392¢.—DRIVING MECHANISM OF WIL-
FLEY TABLE.
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ening simply consumes power to no purpose. The slot in the keeper 42 permits
the slope of the table to be varied, while its cohnection with the power is main-
tained. The table receives an accelerated motion to the right when the pitman
descends, and a retarded motion to the left when the pitman rises; and this action
carries the ore particles from left to right ; that is, from the back end toward the
head end of the table. The ideal jerking motion would be uniformly accelerated
during the forward movement and uniformly retarded during the return. This
mechanism closely approximates the ideal, for if the crank circle be divided into
twenty-four equal parts, the amount of motion for equal times, when running at
240 revolutions per minute, and with a §-inch stroke, will be:

Movement Movemen
Time. 5"3:‘:{' of Table. of Tabla,
80coBd...cco000nenes 0—-1 0.000 forward .
dseend. o T iR 0:0s0 Deckyrard
MM ecsscsseseses 3 0.026 0.118 .
L TP ] 0.085 o.m‘\ “
“ . +5 0.060 * 0.110 “
“« w0 [ 0.088¢ “ 0.006 %
. = [ a4 0.110\ “ 0.090' -
- o« 7—8 05 | 0.045 “
.« w 89 om0/« 000
w W 9-10 01107 « 0088 v
- « 10-11 0.000 * 0.005 “
B eeesesscsnas 11-18 0.0 “ 0.000. .

The diagram of this stroke, together with a longer and a shorter one, is shown
in Fig. 393. The manufac- 100

turers recommend that, for or- B
dinary work, the stroke should JA\
be 3 inch, that it should never »
be more than 1 inch nor less

than § inch, and that the speed

should be 240 strokes per min-

ute. The length of stroke is in-

creased by raising the adjust--
ment block 40 (Fig. 392¢).

The stroke becomes gharper or

more vigorous as its length is

increased, if the number of
strokes per minute remains
constant ; and if any change is
made the block 40 must be

moved only a little at a time,

for a slight change at this
point makes a difference in the
work of the table.
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The feed box for pulp and / \ [}
wash water (see Fig. 392d) // A\ //
extends along the whole upper 0 /] \\ //
gide, 66, of the table, being 77V AN %
supported about 1 inch above o N | 27

the table by brackets 48 (Fig. Time
392a) bolted to the table-rests. FIG. 393.—ENLARGEMENT OF STROKE DIAGRAMS

The pulp is delivered to this (CONSTRUCTED MATHEMATICALLY) FOR
box near the back end, and the WILFLEY TABLE.

space over which the pulp passes to the table is controlled by a partition which
can be set at any desired distance from the end. The wash water enters between
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two partitions with adjustable gates 71. These gates serve to regulate the
quantity of clean wash water passing to the different parts of the table. The
pulp and wash water pass to the table through holes in the back of the feed box,
near the bottom, spaced about 23 inches between centers. In trial runs at the
Butte Reduction Works* it was found that the stationary feed box did not
discharge the ore well; but when it was given a shaking motion by fastening it
tu the table, the discharge was satisfactory. It was also found better to displace
the wooden water distributor by a 1}-inch iron pipe, perforated on its upper side
with §-inch holes, spaced 24 inches between the centers. This pipe is supported,
in a stationary position, by the brackets 48.

The lip, 60 (Fig. 392a), over which the tailings discharge, lacks about 16
inches of extending to the head end of the table, and along this 16-inch space
the middlings discharge into a special launder. If desired, they run back to the
little sand wheel 11, and are returned to the feed box, but they will generally
lz%‘sent to t;ther machines. The concentrates are discharged at the head end, 69

ig. 392c).

The table may be fed with classified products, and with such a feed it is a
high grade three mineral concentrator. It may also be fed with whole stamp
pulp or similar material when only two minerals are to be separated, and thus
enters the field of vanners. While it does very good work on such unclassified
pulp, the manufacturers recommend that the extremely fine material be sepa-
rated and treated by itself. The maximum size of the feed depends on the char-
acter of the ore. As coarse as 4-mesh (about 4 mm.) is said to have been suc-
cessfully concentrated, and also ore that would all pass through a 200-mesh
(about 0.06 mm.) screen.* The latter was settled in a large classifier and drawn
from that to the table. Roughly speaking, most of the ores treated are between
16 and 30 mesh (about 1.0 and 0.5 mm.).

The capacity of the table depends on the size of the ore particles, their spe-
cific gravities and the percentage of concentrates. For an easily concentrated
coarse ore (say 8 mesh, that is about 2 mm.), it may be 25 to 35 tons in 24
hours; for ordinary stamp mill pulp it is perhaps 15 to 25 tons; but for very
fine material it is much less.

The following results were obtained in the course of regular work by the Sum-
mit Mining and Smelting Co., Summit County, Colorado, on a quartz-pyrite ore
assaying 0.07 ounce gold and 11.2 ounces silver per ton. In 23 hours ang 15 min-
utes 64,000 pounds (32 tons) of ore, which had been crushed by rolls to pass
through an 8-mesh screen, were treated on a single table, yielding about 28 tons
of tailings, which were re-ground to pass through a 30-mesh screen and were
treated in the same time on two other tables. The total amount of concentrates
was 12,552 pounds, assaying 0.34 ounce gold and 53.7 ounces silver per ton,
36% iron, 8% zinc, 3% lead, and 4.2% silica. About 69% of the concentrates
were obtained from the first table. The final tailings carried a trace of gold and
0.8 ounce of silver per ton. Thus 95% of the gold and 94% of the silver in the
Ol:i were concentrated into a clean product, weighing about 20% of the origi-
nal ore.

At the Butte Reduction Works, a test was made on 1,085 pounds of 3-mm. jig
tailings, assaying 1.2 ounces silver per ton, 1.3% copper and 87.2% silica,
after grinding to pass through a 20-mesh screen. The concentrates weighed 80
pounds, assaying 8.4 ounces silver ger ton, 8% copper and 16.4% silica; the tail-
ings assayed 0.6 ounce silver and 0.5% copper. The concentrates contained
529 of the silver and 45% of the copper in the feed. When the tables had been
put in regular running order they treated 30 to 40 tons in 24 hours, and in a

¢ Private communication from the manufacturers.
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little over three months there were obtained from this formerly waste product,
436 tons of concentrates with an average assay of 7.1% copper and 8.1 ounces
silver per ton. . -

At the Parrot Mill, Butte, Mont., a number of tests were made to determine
the best length of stroke and number of strokes per minute for re-ground jig
middlings that had passed through a box classifier and were of about 20-mesh
gize. The results are shown in Table 321. In regular work, twenty tons of this

TABLE 321.—TESTS OF A WILFLEY TABLE AT THE PARROT MILL, BUTTE, MONTANA.

Pg;?antotv 'ruotsl
Feed. Concentrates. Tallings. omgmed i the
Concentrates. | geroneg I-‘;fﬁl
N : A T g : “a‘ Stroke.
BRI g858 6. | Incbes
2 & |82€| Copper.| Silver.
8 |8%8| & |88 53¢ 8 |53k
1630 | 46| 6.1 4077 |18.1| 16 |18.8 | 11,698 | 1.2 1.8 81 ] 240
10508 | 45| 6.5 8010|148 ) 17 [92.8| 7,588 ]0.65| 0.8 90 88 40
58| 45| 5.6 2960|18.1| 16 |4.3| 539909 1.1 88 8 40
7328 ] 45| 6.0 2190 | 18.5] 16 | 2.0 65,138 0.66| 0.8 20 80 260
6967 | 461 5.1 2057|138 | 156 | M.8| 4890 ]0.73]| 0.9 -] 87 268 é
7,088] 48| 6.0 159] 19 |19.0] 8,190} 0.88] 1.1 86 88 209

material were treated in 24 hours, yielding 1.8 tons of concentrates; but the
author has not the corresponding assays.

§ 494. The success of the Wilfley table has led to the design of several others
which in their general features are like the Wilfley, but differ in details. Those
that have been put on the market are described in the following pages:

THE Dopp TaBLE, which has recently been put upon the market, is nearly

PIG. 394.—HALLETT TABLE.

the same as the Wilfley. One of the chief differences is in the fact that the thick
ends of the riffle cleats are in a diagonal line parallel to the line of the thin ends.
A diagonal cleat is tacked on, which ends up the deep ends of the riffles. The
claim is that this device forces the water to flow down with the ore, and so enables
the table to do its work with less water.

TaEe HALLETT TABLE (Fig. 394) has the tops of the riffles in the same plane as
the cleaning plane. This is accomplished either by cutting the riffles as depres-
eions in a plane board surface, or by making the table of two planes with a slight
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angle between them, such that the tapered riffles tacked upon the one will bring
the concentrating and cleaning planes into one plane.

The riffles, instcad of being parallel to the tail side of the table, incline to-
ward the wash-water side as they become shallower, and thus carry the heads and
middlings farther away from the tailings discharge. The middlings are dis-
charged from the head end instead of from the tail side; and the launders for
catching the different products can be adjusted by sliding them along their sup-
porting rod. The pufp distributor is attached to and shakes with the table,
while the wash water is applied from a stationary spray pipe. The table is sup-
ported at each corner on a steel rod or toggle 24 inches long, the lower end of
which rests in a cup. By screwing these cups uf or down in their holders the
slope of the table may be varied lengthwise as well as sidewise. The table is gen-
erally set with a gentle downward slope toward the heads discharge.

In making a three mineral separation (galena, blende and quartz) Hallett, in
Mill 49, first crushes all the ore in a Chili mill to pass through a 60-mesh screen ;
and then sends it to a hydraulic classifier with three spigots, followed by a box
classifier (spitzkasten) with six spiiots. He has no difficulty in separating
galena, pyrite, blende and quartz, making a separate product of each. In sepa-
rating galena, blende and quartz he obtained the following results:

Lead. Zinc.
% u
0.9 L

In treating this ore the adjustments are varied to suit the different slime
sorts. The slope toward the head end varies from 1 inch to 24 inches in 16 feet;
while the side slope varies from almost nothing to 1 inch in 7 feet. The num-
ber of throws varies from 150 to 300 per minute, and the length of stroke from
} inch to 1} inches. The coarsest ore requires slowest speed, longest stroke,
least end elope, and greatest side slope. The total water used on each table is
from 5 to 7 gallons per minute. The capacity of the Hallett table in Mill 49
on the 60-mesh stuff is 9 tons in 24 hours. Hallett estimates that on coarser
stuff (20 or 30-mesh) it can treat at least 14 tons in 24 hours.

THE WoopBURY TABLE is supported by and vibrates upon toggle rods, similarly
to the Hallett. To adjust the slope, the main frame is raised or lowered by
means of jack screws. The table is the same width at the head end as at the
back end. The riffles are parallel to the tailings side of the table, and are graded
slightly in length, but the upper one is nearly as long as the lower. There is a
short cleaning plane beyond their ends. The wash water is applied by a spray
pipe. The driving mechanism consists of a specially designed cam, which gives
the desired jerking motion and has an adjustable throw.

At Mill 72, these tables have recently replaced Woodbury vanners to treat
gravity stamp puhp at the rate of 15 tons per table in 24 hours, after it has passed
over amalgamated plates. The ore carries about 13% of pyrite, and each table
makes 500 pounds of concentrates per day, assaying $65.00 per ton, and the tail-
ings assay $0.38 per ton.

THE CaAMMETT TABLE (Figs. 3952 and 3950) is mounted upon a substantial
frame A, hinged at one end B to the foundation timbers, the other end being
supported on jack screws, which serve to vary the longitudinal slope. The trans-
verse slope is adjusted by means of cams, which are keyed to a continuous longi-
tudinal shaft, upon which bear the babbitted slide bearings fastened to the under
side of the table top C. A similar shaft fixed on the opposite side of the
frame A, serves as a supBort on that side for the table top. There are but four
bearings for the entire table top, all maintained in accurate alignment by the con-
struction employed. . .




§ 494 FINE SAND AND SLIME CONCENTRATORS. 677

The working surface C of the table is the same width at the head end as at
the back end, and is made of redwood and coated with a special paint, which
leaves a surface similar to slate. The riffles, continuous from the back end to the
head end of the table, are cut out of solid wood, and not made by tacking on
cleats. The depth of the riffles is greatest next to the back end of t{xe table, and

FI1G. 395a.—CAMMETT TABLE.

gradually diminishes to a certain point near the head end of the table, where it

reaches its minimum; thence the same depth to the extreme head end where
the concentrates are dischargd.

The feed is distributed by means of the grooves in the edge of the feed-box

D. The wash water is applied on the feed side from four independent sources

EEE (the fourth is behind D), and thence flows

transversely across the table nearly at right

angle to the longitudinal reciprocating motion.

The driving mechanism gives a motion simi-

lar to the Wilfley. It consists of a step pulley

F, fly-wheel G, short crank H, connecting red 7,

long crank J, and short crank K, to which is

bolted a sharp-edged piece L, which bears

against an iron piece M, on the end of the table

and transmits the motion. A spring beneath

the table (not shown) serves to keep the pieces

L and M in contact and to prevent any backlash

16. 395b.—prviNG MEcHAN- 10 the mechanism. The distance of the piece,

1sM For THE camyerr L. from its shaft is adjustable, thereby regulat-

TABLE. ing the amount of throw. Further adjustment

in the amount and character of the throw is ob-

tained by the slot in the crank J. It will he seen that this mechanism is the

so-called crank-arm mechaniem described in § 409. The power required in

average practice is from 0.25 to 0.33 horse power, as det.rmined by actual test.

At the Consolidated Stanley Mining Co.’s mill, Idaho Springs, Colorado, jig

middlings, after being recrushed by gravity stamps and passed over amalga-

mated plates, go to a hydraulic claesifier, which sends the spigot product to one

Cammett table and the overflow to a second. The feed to the first table (about
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60 mesh) assays 0.15 ounce gold and 2.4 ounces silver per ton; the concentrates
1.3 ounces gold, 16 ounces silver and 6% lead ; with the tailings 0.05 ounce gold
and 1.1 ounces silver. The feed to the second table (maximum sbout 100 mesh)
assays 0.2 ounce gold and 3 ounces silver per ton; the concentrates 1.4 ounces
gold and 18 ounces silver; with the tailings 0.07 ounce gold and 2 ounces silver.

THE BARTLETT TABLE (Fig. 396a) differs from the others of the Wilfley typ.,
in having the washing surface divided into three shelves, each about 1 foot wide

FIG. 396a.—BARTLETT TABLE.

and 11 feet long. The tapering riffles are V-shaped, and extend the whole length
of the table. The working surface is made of either wood or iron. The tailings
from the different points on the lower edge of the first shelf are conducted
backward 2 to 4 feet by little sloping spouts, and delivered to the second shelf
for re-treatment. The tailings of the second shelf are similarly conducted to
the third shelf for final treatment. To prevent very fine sulghurets being car-
ried into the tailings, little or no wash water is used on the first shelf, more is

—

s

FIG. 396b.—DRIVING DEVICE FOR
BARTLETT TABLE,

used on the second shelf, and most on the third. The main frame is of iron, and
the table is carried upon this by means of stirrups and toggles very much like
those used on the Embrey vanner (sec § 483). The stirrups and toggles are
adjustable up and down by means of the little hand-wheel nuts shown at the tops
of the posts in Fig. 396a. This adjustment controls the slope of the table in all
directions. -
The table is operated by a plain eccentric. The eccentric rod passes through a
lug on the under side of the table (see Fig. 3961), and carries, on its outer end; s
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coiled steel spring, 6 inches long, 33 inches in diameter, made of g-inch steel,
and adjusted by lock nuts on the eccentric rod. On the other side of the lug
is a second coiled spring 12 inches long and 3% inches in diameter, made of
#-inch steel and adjusted by lock nuts, on the eccentric rod. The reversal at the
forward end of the stroke is controlled by the stiff spring, that at the back end
by the weaker spring. This combination fulfils the demands of an excellent
vanning motion.

THE OvERsTROM TABLE which has appeared in the year 1901 is the latest form
of riffle table. Its shape is that of a geometrical rhomboid. The line of the riffle
blocks and the direction of motion of the table are the same, and are nearly
parallel to the shorter diagonal of the rhomboid. The designer has reallg re-
arranged the Wilfley table so that nearly the whole surface is utilized and the
idle corners that existed on the Wilfley between the head end and the wash water
side and between the back end and the tailings side are done away with.

CoMPARISONS.—In comparing the Wilfley table with its parent, the Rittinger,
we find three differences: (1) the great.lateral extension of the Wilfley; (2)
the riffles; and (3) the vanning motion. The great lateral extension of the
Wilfley table spreads out the minerals in wider bands than on the Rittinger, so
that there is no undue thickening of the pulp bed along one line tending to harm-
ful directing of the water; it also permits a more exact division of the products.
The riffles increase the capacity of the table, because they can catch and convey
a large amount of concentrates; they also enable the table to make a two-min-
eral separation with unclassified pulp almost as perfectly as with classified
pulp, whereas on the Rittinger a perfect classification of the feed pulp is essen-
tial to success. With unclassified pulp the riffles provide for the coarse grains of
concentrates by guiding them out to the point where they join the band of clean
concentrates ; and they provide for the finer grains by settling them in the riffle
gpaces, and then the coarse grains plough them along to the concentrates band.
When more than two minerals are to be separated, however, the Wilfley requires
the same care as the Rittinger in classifying the feed. While the vanning mo-
tion of the Wilfley undoubtedly has a more favorable action on the separation of
the minerals than the bumping motion of the Rittinger, by keeping the bed softer
and more mobile, its chief advantage is that it does not strain and wear the ma-
chine nearly so much.

The smooth Wilfley, lately adopted in certain mills, has an advantage over the
Rittinger, as already stated, in the great lateral extemsion and in the gentler
vanning motion. It must, however, be fed with classified products. The ad-
vantage the riffled Wilfley has over the smooth Wilfley may be thus stated: The
behavior of an unclassified product fed upon a smooth Wilfley, which, for ex-
a::gle, we will say is treating galena and quartz, is illustrated by Fig. 397. The
feed coming on at f spreads in two lapping fans, fab of galena and fcd of quartz.
The coarse galena is at b, the fine at a, the coarse quartz at d, the fine at ¢. One
of two things can be done to prevent the large middlings product of mixed quartz
and galena, between fc and fb: first, if the feed has passed through a classifier
the coarse galena between ¢ and b has been taken out to be treated elsewhere and
the Wilfley makes clean products; second, riffles may be put on, which will force
the coarse galena at b up to e, or nearly so, and the little that fails to get up is
caught in the middlings and treated again, so that clean products are made with
a small middling product between them. The finest mud, containing heavy min-
eral that is too fine to settle on a vibrating table, is carried down into the tailings

at g.
’gablea with riffles have the advantage that the weaker grains of concentrates,

which fail to be retained in the upFer riffles, find in the lower riffles a place
where the pulp is more loose and soft, so that they are relatively stronger than

~
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their neiihbore, and can therefore be retained and conveyed either into the heads
or into the middlings.

The tables wholly covered with riffles,as the Bartlett and Cammett, probably have
the greatest capacity of all the tables upon ores with a large percentage of concen-
trates and upon coarser products. The greater the depth of the riffles up to a point
where other complications come in, the greater will be this capacity, and the
coarser the grain that can be treated. The tables having a combination of riffles,
or concentrating plane, with a smooth or cleaning plane beyond, as the Wilfley,
Hallett and Woodbury, are more advantageous for treating products carrying
a small amount of concentrates, for treating fines and for making a three-min-
eral separation, because the separation can be more perfectly completed on
the smooth surface (where the particles spread out in fan-like bands with clear
lines of demarcation between the different minerals) than in the riffles.

Of the tables having riffles followed by a smooth cleaning lane, those that
hawe the riffles ending on a diagonal line, as the Wilfley and Hallett, have the
advantage that the light grains of concentrates which failed to be caught in the
upper riffies, but are caught lower down, are carried out and delivered on the
cleaninf plane more nearly in line with their would-be fellows than if the riffles
were all of the same length.

The tables which have the cleaning plane in the same plane with the tops of
the riffle cleats, or concentrating plane, as the Hallett, have the advantage that
the fan on the cleaning plane will open out much wider and therefore make the
separation simpler and easier, particularly when it is a three-mineral separation.

All the tables have the lateral slope adjustable, this adjustment being in con-
stant use. Some also have a longitudinal slope adjustment, which would seem to
be an important help for occasional use.

The above combination of improvements, initiated by Wilfley in 1896, has
given us the most efficient class of fine concentrators yet produced. The im-
E;oved design is continually finding new applications—for certain products it

8 displaced end-bump tables, vanners, slime tables, fine jigs, and is even enter-
ing the field of the medium jigs; and it has probably not yet prospected its whole
field of usefulness.

II. END-BUMP TABLES.

§ 495. THE GILPIN CoUNTY CONCENTRATOR is a continuous working bumping
table, with cam, spring and bumping post. The heavy and light minerals are
separated into layers by the agitation, and are propelled up the slope of the
table by the bumping action, but the wash water carries down the surface quartz
at a higher speed than the bump can send it up.

The tables are generally mounted in pairs, each single table being 85 inches long
and 18 inches wide. At Mill 77, single tables are used. The lower 68 inches is a
flat surface, sloping about § inch per foot, while the upper 17 inches rises by a
concave cylindrical surface to a height of about 2 inches above the plane of the
flat surface. About 3 inches at the upper edge is curved downward for the dis-
charge of the concentrates, the lower edge also being curved down to discharge
the tailings. A pair of tables is suspended from four cast iron posts by vertical
rods, which have knife-edge bearings. The slope is varied by means of lock nuts
on the suspending rods. The posts are bolted to two longitudinal sills, which are,
in turn, bolted to four crose sills, three of which are placed at the head of the
tables. In the center, at the head end, the bumping block is strongly bolted to the
head sills. Between the tables is a heavy buffer rod, on the tail end of which is
the tappet for the cam. At the head end it is shod with iron to strike the bump-
ing block. On the two tail posts is a shaft with a driving pulley and a two-armed
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cam which pulls the table toward the tail ; at release a flat spring in front of the
cam pushes the table toward the head end. The bumping block stops the motion
guddenly, causing all particles on the table to slide up hill. Side motion of the
table is prevented by the posts or by diagonal stay rods. The surface is made of
cast iron, steel or copper plate. Cast iron is said to give the best catch, but is
very heavy. With cast iron surface, the shaking part weighs 1,100 poumis, with
copper 700 pounds, with steel 600 pounds. In Mill 77 an amalgamated copper
surface is used, and serves to catch a small amount of gold.

The ore is fed by a box distributor across the junction between the curved
and flat parts. Wash water may or may not be used. When used, it is distributed
across the table just below the top crest, so that a small amount of wash water
will go over with the heads.

The table receives from 120 to 180 shocks per minute. The length of the
movement is 1} inches to 3 inches, the length decreasing as the number increases.
In Mill 77, a single table treats 5§ tons in 24 hours, the tailings of three of these
going to one table for re-treatment. The concentrates carry 10 to 12% of
silica. The surface is amalgamated copper plate on wood, and yielded 1 ounce
amalgam every two months. The copper lasts one to two years. The data from
the mills is given in Table 322.

These tables must be fed with whole pulp without any previous classification.
On classified stuff they separate the minerals into layers all right, but the dis-
charge of the heads is impeded, owing to their fineness, because there are no
coarse grains of heavy mineral to drag up the fine ones; and on very fine pulp
it fails entirely. The maximum size of grain fed to them is generally between
40 mesh (about 0.35 mm.) and 80 mesh (about 0.15 mm.).

Tue ELLENBECKER TABLE is 3 feet wide by 6 feet long. It has a wooden bottom
covered with copper plate. The lower 3 feet is horizontal, the upper rises 1}
inches in 3 feet. It is suspended on four hinged rods, which serve as guides for
longitudinal motion. The table is given a jerking motion by means of a driving
shaft (with fly-wheel), eccentric g:ar transmission (giving accelerated-retarded
motion), and eccentrics, the speed being about 130 to 150 jerks of 1 to 2 inches per
minute. The jerk throws the grains up the slope; the wash water floats down
the surface quartz particles. It is fed across the middle and has little wash water
distributed across the top. It treats about 3 tons in 24 hours, maximum size
about 60 mesh (about 0.2 mm.). It was used between 1870 and 1880 at Mill
44. Its work is now done by slime tables and Wilfley tables.

IMrLAY.—This is an end-shake jerking table, much like the Ellenbecker, but is
supported on toggles. It is 4 feet wide and 7} feet long, and makes 200 oscilla-
tions of about 4 inch, which can be varied by cone pulleys.

THR GoLDEN GATE CONCENTRATOR is & jerking table which separates the min-
erals into layers by agitation, at the same time moving the particles rapidly for-
ward by the jerk. The table is 11 feet long and 4 feet wide. It has a slight down
slope for about 7 feet from the feed end, and then rises about 4 feet to the end
where the heads are discharged. The heads receive a final cleaning by a stream
of clear water as they are jerked up this second slope. The tailings are removed
by suction at the point where the direction of slope changes. Above the wash-
ing surface there is a frame with wire nail points projecting downward about
2 inches apart. This frame is given a side vibration at the same time that the
table receives its end jerk, the result being that the nail points describe curved
paths in the pulp bed, and so prevent any banking of the ore. The table is
driven by the sliding block mechanism (sec § 408). and receives 260 short vibra-
tions per minute. While the capacity is very large the first cost is high ($1,700),
and the tailings carry considerable fine concentrates. At Oldham. Nova Scotia,
it treated gravity stamp pulp, which had passed over amalgamated plates, at
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TABLE 322.—BUMPING TABLES.
Slope. Shakes. Feed. Destination of

& 3323 % |Mil Number.
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a) Enameled duck. (b) Amalgamated co . (c) Spigots of surface current classifier. (d) ?ﬂ of

No. 5§ surface current fler. (e) Spigot ot"&’;f 1 ;Iw&ggxmnt classifier. (/) igot of No. 1% raulic

classifler. (g) First spizot of No. 2 hydraulic classifier, (h)Second upg_ont of No. 2 hydraulic classifier. gz

First spigot of No. 8 hydraulic classifier. (k) S8econd spigot of No. 8 hi ulic classifier. (m) Third spigot

No. 8 hydraulic cl or. (0) Gravity stamps. (r) Blanket table . (s) Tailings of g_reeeding table,

(wzl)t?o. Coarse rcsl:‘?ened out. (f) Tailings of No. 3 table. (v) No. 1 whole current classifier. (w) Following table.
mesh r.ddle.

the rate of 24 to 30 tons in 24 hours, yielding 1,000 to 1,200 pounds of con-
centrates assaying $70 per ton, and tailings assaying $0.50 to $0.54 a ton. The
values in this ore, however, were not carried by the fine arsenopyrite. If they
were the tailings would have been much richer.

ComPARISON OF SIDE-BuMP AND END-BuMP TaBLES.—The tables with side
bump throw all the particles toward the side, while the water current rolls them
down hill at rates varying with the size of the grains and their specific gravity,
the larger and lighter grains moving faster than the smaller, heavier grains.
The combination of these actions yields the particles spread out like a fan, and
it follows that the table can turn out heads, middlings and tailings or it may
yield more than three products, for example, galena, pyrite, blende and quartz,
each quality of mineral being guided into its own catch box. The end-jerking
tables, on the other hand, separate the particles into layers, then by the jerk
throw them toward the head end, and between the jerks the water rolls the
grains in the top quartz layer toward the tail end. By rightly adjusting the
slope the pyrite is jerked up hill and the quartz is rolled down hill. It follows
that machines of this class can make only heads and tailings; and if it is
desired to make middlings, with a view of producing cleaner heads, or to make
a three-mineral separation, then two tables must be used, one following the
other. The first will yield the galena, for example, as heads, and the blende and
quartz will go together into the tailings; the second table, re-treating these
tailings, will make blende as heads and quartz as tailings. This combination
will give a much less perfect result, however, than the Wilfley or Stein, working
upon sorted products. :

MISCELLANEOUS MACHINES USING AGITATION,

§ 496. THE SALzBURG TABLE is a bumping. intermittent table, 3.8 m. (12 feet
6 inches) long, 1.5 m. (4 feet 11 inches) wide. which builds up a bank of ore
and requires to be stopped and shoveled out from time to time, when heads and
middlings have collected sufficiently. The tailings pass off to waste. over the
open tail end, while the table is working. It is suspended from four rods. A
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cam draws the table toward the tail, and a spring, at release, pushes it toward
the head, against a bumping post. It usually makes 70 to 80 throws a minute,
of 13 to 20 mm. in length, consuming 0.7 to 1.1 horse power. It slopes about
2°, which is adjusted as the ore bed builds up. It should be fed with a sorted
product. Though an old table, it still finds favor in Germany on account of its
successful treatment of the coarse slimes. Tests at Przibram, Bohemia, showed
it to save 20% more silver and 30% more lead from coarse slimes than the
Rittinger table.® It uses less water than the latter, and so loses less fine min-
eral. It requires much attendance.

One table works 800 pounds an hour of coarse meal using 3.74 gallons
water a minute; one table works 400 pounds an hour of middle meal using 2.47
gallons water a minute; one table works 200 pounds an hour of fine meal
using 1.87 gallons water a minute; one table works 60 to 100 pounds an hour
of slimes using 0.94 gallon water a minute.

Tae HENDY CONCENTRATOR is a challow, circular pan, 5 or 6 feet in diameter
and about 8 inches deep, with a slightly convex conical bottom, pivoted at the
center and given a circular oscillating movement of about 1 to 2 inches, 215 to
225 times per minute. The ore is fed all around the circumference by revolv-
ing spray feeder arms. The agitation settles the pyrite to the bottom, the quartz
rising to the surface. The former is collected by centrifugal force in a groove
around the circumference and is discharged through a little gate, which is regu-
lated to suit the ore. The quartz is carried by the water toward the center of
the pan and overflows inward to a discharge spout. The depth of the water is
of course greater at the circumference than at the center. The machine will
treat about 4 tons in 24 hours. It was formerly much used, but has been dis-
placed by vanners. A machine similar to this is used at the Mayflower mill,
Idaho Springs, Colorado, to treat re-stamped jig middlings. It consists of a
pan 2 feet 6 inches diameter, 1 foot deep, oscillating on a central pivot. It is
fed at the center from a hopper, through a downwardly expanding cone, which
causes the sand to assume the condition of hindered settling. The tailings are

" discharged at the circumference and go to Gilpin County bumping tables, while
the concentrates are discharged through four adjustable gates in the bottom,
and sent to the smelting works.

THE MECHANICAL BATEA is used for washing away the fine, light stuff from the
charge of the clean up barrel in amalgamating mills. That used in Mill 72 is
a pan 36 inches in diameter, with the bottom a spherical surface having its
center 4 inches below the margin. The pan has vertical sides 4 inches high,
with an annular rim 1} inches wide, extending horizontally inward from near
the top of the sides, to prevent slopping. It is suspended by three rods 12 feet
long with turnbuckles for leveling. The pan receives a gyrating motion by
a central crank beneath, with a radius of 1} inches, and makes about 40 revolu-
tions per minute, requiring about 1 horse power. The discharge nozzle, which
is held between guides, prevents the pan from revolving. The charge is fed
at one side, and the light stuff overflows at the opposite side, through a nozzle
whose sole is level with the bottom margin of the pan. It yields: (a) Over-
flow to amalgamating plates and (b) residue to hand pan for further cleaning,
which yields: (1) Amalgam, retorted; (2) mercury, goes back to mill; (3)
scrap iron, waste; (4) lump ore, back to stamps; (5) rich concentrates, to chlo-
rination worke.

The Fulton Iron Works, the Hendy Machine Works and the E. P. Allis Co.
each advertise a batea supported by two rods at the back and a roller under the
discharge nozzle, and applying the power by a crank at the side opposite to the
nozzle (see Fig. 398).



684 ORE DRESSING. § 496

TABLE 323.—SLIME TABLE CONSTRUCTION AND OPERATION.
Abbrevistions.—Ft.=Feet; In.=Inches; L.=Lower; No.=Number; ta. =table; tr.=trommel,
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C. FiLM-S1ZING TABLES.

Film-gizing tables use the relative transporting power of a film of water flow-
ing on a quiet surface (which may be either smooth or rough), to act upon the
particles of a water-sorted product. The smaller grains, of higher specific
gravity, are moved down the slope slowly or not at all by the slow under current;
the larger grains, of lower specific gravity, are moved rapidly down the slope by
the quick upper current.

These tables may be classified as:

1. Surface tables, from which the products are removed before they have
formed a bed, eo that the washing is always done on the same surface.

II. Building tables or buddles, on which the products accumulate to a depth
of several inches and are then removed by hand.

The surface tables may be sub-divided into (a2) continuous machines, which
discharge their products automatically without stopping, and (b) intermittent
machines, which must be stopped periodically to remove the products.
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Data on both kinds of surface tables, as obtained from the mills, are given
in Table 323.

Ia. CONTINUOUS SURFACE TABLES. -

Continuous surface tables include the circular tables with revolving parts,

{ sx10” } % i

F1G. 399a.—ELEVATION OF THREE-DECK SLIME TABLE AT MILL 3%.

and the traveling non-vibrating belts, all of which discharge their products auto-
matically and continuously.

§ 497. ReEvoLviNG CIRCULAR CONVEX SLIME TABLES have the form of a verv
much flattened cone with its axis vertical and its center higher than its margin.

-



bers, one above the other, connected by end posts.
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Pulp is fed over a portion of the surface on the pulp or sand side of the table
near the center, and as it flows down the slope it spreads out, and the film be-
comes thinner, loses carrying power and increases in settling power. The revo-
lution of the table continually carries the pulp round past a series of clean water
distributors, on the washing side, which wash and remove the different products
most advantageously as to place, time and manner, the different products being
caught in separate launders around the circumference.

As a good example of modern construction the three-deck table in Mill 37 is
here described. By three decks is meant three tables one above the other on a

gsingle shaft. This table, made by the Tuttle Manufacturing and Supply Co.,
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F16. 399b.—PLAN OF THREE-DECK SLIME TABLE AT MILL 37.

is shown in Figs. 3992 and 399b. It has a main frame of four horizontal tim-

The lowest acts as a sill and
also carries the step; the other three carry boxes for the vertical shaft; and in

spaces between these four bearings are

laced the three decks or tables.
Each deck consists of an umbrella frame wit

those of the lower deck at 1} inches per foot (5° 57').

twelve rays and twelve support-
ing braces. Each table has one socket hub for the rays and one for the braces,

and the socket hubs are fastened to the 3%-inch shaft by set screws. The
rays of the two upper decks are set at a slope of 13 inches per foot (5° 21°),

The rays are united by
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planks laid as chords of circles, and there are five of these chord rings. Their
surfaces are planed to a true cone for the support of the boards which form the
washing surface. The outer ring in this table is stiffened by a ring of boards
on edge, which prevent sagging of the surface between the rays. The surface
boards, which are commonly of white pine, are sawed of the proper sector to lay
them radially, are tongued and grooved, and then nailed in place. The surface
is brought to a true conical form by a hand plane, and water is then turned on
the table. This whole operation, from the time the log is taken from the pond
of the saw mill till the water is turned on the table, is done as rapidly as possi-
ble, to prevent the boards from drying, shrinking and warping. The slightest
warp spoils the work of the table, as it makes gutters of quick water conveying
the heads down too far and ridges of slow water holding back the tailings from
rolling down as they should. A table of this kind once made should never be
allowed to dry.

The feed pulp is distributed by a central cone with 45° slope, which is fixed
to the main frame and therefore does not revolve. This cone has upon it a split
cup feed, that is, a cup divided into halves by a vertical partition. One half
feeds pulp to one side of the table, while the other can feed clear wash water to
the other side of the table. In this mill, however, the wash water cup is not
used, the wash water being applied from a spiral spray pipe which has 21 jets

# inch in diameter, about 5 inches apart, directed vertically downward. These -

jets keep pushing the quartz down hill, while allowing any concentrates that are
sufficiently cleaned to pass between them. A straight spray pipe inclined 30°
from the radius, with five jets of }-inch pipe 9 inches apart, directed tangen-
tially and opposed to the direction of the table, is provided for washing off the
middlings; and to remove the heads there is a radial pipe with 9 jets of }-inch
pipe set 9 inches apart and directed obliquely against the motion of the table.
There is also a pipe to dilute the feed pulp in case sufficient water is not fed
with the pulp. The author would advise connecting all these pipes to the hydrant
by separate valves to give independent regulation. The table is given very slow
speed (one revolution in 70 seconds in this case) by worm gear. It is surrounded
by a circular launder which catches everything that runs off. This launder is
partitioned to catch the tailings, middlings and heads separately and each com-
partment has its own spouts for continuous discharge of its product. These
partitions are placed to suit the quality of products.

The discharge edge of a circu(}ar slime table should be rounded. If it is
square, a bead of water and sand will always rest upon and be carried forward
by it, and in this way quartz may be carried into the heads. This bead some-
times iloee so far as to produce on the table a solid bank of imperfectly washed
material.

Instances of other tables are as follows: In Mill 22 the pulp is fed upon nearly
half the circumference of a fixed cone by a fan-shaped distributor having radiat-
ing partitions. The cone is fastened to the main frame with its base 2 inches
above the table. Wash water is delivered upon this cone for nearly the remain-
ing half of the circumference. Middlings are washed off the lower 4 feet of the
table by a straight diagonal pipe with 3-inch jets 2 inches apart. The concen-
trates are removed by a single }-inch jet from a 1}-inch pipe.

The tables used in Mill 44 have a fan-shaped feed trough, a cone revolving
with the table for distributing pulp, a circular spray pipe for the wash water, a
gia%onal spray pipe for the middlings, and four {-inch jets for washing off the

eads.

In Mill 30 fourteen rays are used for the frame, and the tables are mounted
with two decks on a 3-inch shaft, and the socket hubs are keyed to the shaft.
The tables, which are 18 feet in diameter, are fed from a split cup feeder,

\
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which distributes upon a flat cone 8 feet in diameter and slightly steeper (9° 45")
in slope than the table (6°). This feeder discharges through fourteen $-inch
holes around its lower circumference (seven for pulp and seven for wash water),
instead of overflowing as is more common.

The tables used in Mill 15 have sixteen rays, and the chord rings are of boards
laid close together. Upon these boards a cement surface is made by driving in
nails at frequent intervals, leaving the heads about 4 inch above the w to
hold the cement in place. A layer of coarser cement gives a foundation for a
smooth surface of finer cement, the two together being about an inch thick.
When complete and dried, the surface is varnished. It has the advantage that
it is truer than wood and can be allowed to dry without warping.

The Evans table has a split cup feeder, and a fixed wide feed apron with
slightly steeper slope than tﬁe table. On the feed side the apron has a circular
margin with a radius of 3 feet 8 inches. On the wash water side the apron has
a spiral margin beginning with a radius 2 inches less and ending with a radius
1 foot 4 inches more than on the feed side. The diameter of the table is 19
feet. These dimensions are from Mills 46 and 48. The object of this spiral
wash water stream is to push the quartz down the table systematically, thus
doing away with any slight gutters and ridges that the imperfections of the
table have formed. The middlings are washed off by a diagonal spray pipe, and
the heads by two or three powerful jets with a board scraper to concentrate
the stream and clean and true up the surface.

The Clark table, used at Mill 43, has its conical surface divided into eleven
annular steps, each 8 inches wide, and the drop from one step to the next is
about }-incﬁ.s This table is fed on a quarter of its circumference by a cup and
cone feeder. Each step has its own wash water jet. To each cock is attached
a rubber hose 12 to 18 inches long which is directed, by a clamp upon a rod with
universal movement, 8o as to allow a band of pure mineral, formed by the pre-
vious jet, to pass while the jet pushes the sand to the next step.

The Schranz table® is fed, washed and cleaned off twice during each revolu-
tion. The wash water is applied from two spiral spray pipes, the jets of which
are directed against vertical spiral splash plates, the wash water falling vertically
from these upon the table.

Summary of the Devices Used on Revolving Convexr Tables—There are four
parts of the elime table which vary in different designs, namely, the devices for
feeding the sulp and the wash water, and those for the removal of the middlings
and the heads. The removal of the tailings is practically the same on all tables.
Pulp may be fed to a revolving 45° cone built upon and revolving with the
table ; to a fixed cone attached to the main frame; or to one-half of a split cup
attached to the main frame and combined with a fixed 45° cone or a fixed apron,
the pulp simply flowing over the edge of the cup and down the cone or apron.
The wash water may be supplied by a spiral spray pipe playing directly upon
the surface of the table, eacg gtream having its own regulating cock ; by a circu-
lar spray pipe playing upon a 45° central cone; or by the split cup with a fixed
spiral or circular apron. The middlings may be washed off by a straight or
curved spray pipe placed at a slight diagonal angle with the radius of the table.
The heasgs are washed off by more powerful jets varying from one large to nine
smaller jets. Where the one or two larger jets are used they must be combined
with the board scraper to prevent the dissipation of the force of the stream.
Where the larger number of smaller jets are used they are directed diagonally
toward the edge of the table and opposite to the direction of rotation. The tail-
ings are washed off partly on the feed side of the table and partly on the wash
water side, probably more on the former than on the latter.

§ 498. Fixep, CircULAR CONVEX SLIME TaABLES.—The Linkenbach fized con-
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tcal table, designed in 1878, claims the advantage that so difficult a construction as
a conical cement surface can be made and maintained truer upon a solid founda-
tion than upon a revolving frame. In constructing the table® the foundation is
made either of concrete or of rough stone laid in cement. This masonry is
brought to an approximately true surface, and the final finished surface is ob-

F1G. 400a.—VERTICAL SECTION OF LINKENBACH SLIME TABLE.

F1G. 4000.—PLAN OF LINKENBACH SLIME TABLE.

tained with a layer of pure Portland cement. A vaulted arch is constructed
beneath on one side, for introducing the feed pulp and for oiling the step (see
Figs. 4002 and 400b). The table is surrounded with as many fixed circular
launders as it is intended to make products. For example, three would make
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heads, middlings and tailings; four would yield two kinds of heads, with mid-
dlings and tailings. The pulp, the feed water and the wash water distributors
revolve, as do also the spray pipes for middlings and wash off pipes for heads,
and also the catch hoppers for heads and middlings with the pipes for convey-
ing them to their respective circular launders. The tailings run off the table
directly into their launder. The revolving parts are either carried upon arms
radiating from a central shaft above, or they are carried upon a circular carriage
running upon a circular rail and driven by a chain. The second method is
illustrated in Figs. 400a and 400b. In the former case the wash water is dis-
tributed from a revolving pan upon the shaft; in the latter case it is distributed
from the shaft itself, which is hollow. In both cases the feed pulp comes in
from below through the arch.

The table is made 6 to 8 meters (19 feet 8 inches to 26 feet 3 inches) in
diameter, and the slope recommended is 1} inches per foot for the coarsest slimes
(that is, for grains up to 0.25 mm. diameter) ang)el inch per foot for the finest
slimes. The moving parts revolve in from 2 to 4 minutes. The tables were
at one time made in tiers of three decks, the upper deck 6 m., the middle 6.5 m.
and the lower 7 m. in diameter. The machine seems to become complicated,
however, by this arrangement, and to have lost the advantage of a solid founda-
tion. This form has since been abandoned.

The Roberts table, patented in 1883, used in Mill 21, is a fixed convex, conical
cement surface table, which works on the same principle as the Linkenbach table.
It is 14 feet in diameter with 4° 30" (0.94 inch to 1 foot) slope. The feed distribu-
tor is a revolving cast iron cone 3 feet in diameter and 5 inches high. This dis-
tributes the pulp over three-fourths of the circle. Below the cone and revolv-
ing with it is a 1}-inch spiral spray pipe with §-inch holes, 3 inches from center
to center. The jets strike 10 inches away from the pipe and remove tailings
and a middling product, leaving a bank of clean heads near the margin of the
table. A radial wash-off pipe cleans off the heads, leaving the table ready for
a new charge of pulp.

Bartsch gives to the surface of a non-rotating circular table an oscillating,
bnmpin% motion as follows**: A cam pushes the table a short distance circum-
ferentially and at release a spring forces it back against a bumping post. The
table has the revolving feed and wash-off appliances required by the fixed table
design. This is a modification of Sparre’s device, which shook the table back
and forth by an eccentric.®

§ 499. CoMPARISON OF VANNERS WITH CONVEX SLIME TABLES.—A vanner
4 feet wide, 12 feet long, costs $500 more or less; an 18-foot table costs $200
to $300 according to locality. Two-deck or three-deck tables cost somewhat
lesg than twice or thrice that sum. Vanners treat pulp carrying from 12 to
38% (average perhaps 20%) of solid matter, the finer the product the less the
quantity ; tables treat pulp carrying 6 to 15% (perhaps average 10%) of solid
matter, the finer the product the less the quantity. Four-foot vanners treat 4
to 6 tons per 24 hours; over 6 tons is probably an overload; 18-foot tables treat
perbaps 6 to 15 tons per 24 hours, according to fineness. As to the percentage
of mﬁ»lmrets: in the gravity stamp mills, the author finds the feed to 4-foot
vanners ranging from 1 to 5%, with an average of about 23%, and the feed to
6-foot vanners ranging from 6 to 20%, with an average of about 11%. In
rolls mills the 4-foot vanner will probably come nearer the second figure than
the first. The tables receive pulp carrying perhaps } to 3% of valuable mineral,
averaging perhaps 13%. The higher the percentage of concentrates the less is
the capacity of any concentrator. We may say then, that judging from practice,
glime tables are adapted for treating large quantities of thin pu%p with a small

tage of concentrates; while vanners are adapted for treating smaller quan-
tities of thicker pulp, which carry a higher percentage of concentrates.
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The maximum size of the grains fed to tables is much finer than for vanners;
and the former must receive classified products or they will fail, while the latter
do good work on unclassified products. Vanners probably would do better work
on classified than upon unclassified pulp, but in gravity stamp mills difficulties
generally occur in adapting classifiers to the irregular working of the stamps,
and this prevents their adoption.

In Mills 24, 31, 35, 36, 37 and 43 coarser classified products are sent to tables,
and finer to vanners. This treatment should, in the opinion of the author, be
reversed, for the table handles the very fine, more dilute slimes better than the
vanner. In Mill 30 greatly improved results were obtained by changing from
the practice of the above mills, and treating all the spigots of the box classifiers
on tables, the table middlings going to vanners.

The power required for a vanner is perhaps  horse power; that for a table
is very little, perhaps % horse power.

§ 500. REVOLVING, CIRCULAR, CONCAVE SLIME TaBLES have the form of a
much flattened cone or funnel. Pulp is fed at the circumference over a portion
of the surface, and wash water over the remaining portion. As the current of
water flows toward the center it becomes narrower, and therefore, deepens and
increases in speed, thus increasing its carrying power. Hence, a grain of heavy
mineral that does not settle near the point of feed will move faster and faster
as it approaches the discharge. The different products are washed down and
separately collected near the center of the table. These tables are not much
used, but are sometimes found as feeders to convex tables where the ore has a
large amount of concentrates, as in Mills 27 and 28. In both of these mills the
concave is the same diameter as the convex. In the figure shown by Linkenbach
tiie concave is much narrower than the convex. In Mill 27 pulp is fed over
cne-third of the circumference, in Mill 28 one-fifth, in Linkenbach’s figure one-
t.xteenth of the circumference. Wash water is fed over the remainder of the
circumference. In Linkenbach’s figure the upper (concave) table makes heads,
middlings and tailings; the lower (convex) re-treats these tailings, and from
them makes heads, middlings and tailings. In Mill 27 the upper (concave)
makes heads to smelter and tailings fed to the middle (convex) table which
vields heads to smelter, middlings to lower (convex) table and tailings waste.
Th lower table makes heads to smelter, middlings to vanner and tailings waste.
In Mill 28 both the upper (concave) and lower (convex) make heads, middlings
and tailings. The miﬁlings of both go to the upper (concave) deck of No. 2
table. The lower (convex) deck of No. 2 has a separate feed. Both these
tables make heads, middlings and tailings. The middlings go back to the upper
deck of No. 2.

CoMPARISON OF CONVEX AND CoNCavE SLIME TaBLES.—Since a concave
table receives its feed over such a large area, it can save considerable value from
an ore carrying a high percentage of concentrates, but the tailings loss is neces-
sarily high. A convex table, on the other hand, makes clean tailings. The
lighting and inspection of a convex table are much more convenient than of a
concave table, on account of the direction of slope.

§ 501. OPERATION OF CIRCULAR SLIME TaABLEs.—The most important con-
siderations in the use of slime tables are the size of the grains to be treated and
the speed of the water current. The former de})ends on the preliminary classifica-
tion, and the latter upon the slope of the table and the quantity of water used.
Other conditions, which are more or less dependent upon the above and all of
which affect the process, are as follows:

The shape of the grains.

The specific gravities of the minerals to be separated.
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The density of the pulp. '

The rate of feeding the pulp.

The thickness of the water film.

The kind of surface.

The diameter of the table.

The speed of revolution.

The convex or concave construction.

Size of Grains.—The larger the grains, up to a diameter equal to the thickness
of the film, the more rapidly they are carried forward by the current ; but grains
which project above the film are retarded, because the full weight of the unim-
mersed portion is added to the water weight of the immersed portion. Further
increase reaches a size of grain that will not move at all. Linkenbach recom-
mends 0.25 mm. as the maximum size of quartz; and the tests recorded in § 352
show that the coarsest pulp sent to tables (that is, the first spigot of the box
classifiers) in Mills 22 and 38 contains only 5 or 10% coarser than that size.
In Mill 30 there is about 5% coarser than 0.4 mm. and about 10% coarser than
0.3 mm. In Mill 28 there is about 5% coarser than 0.125 mm. and about 10%
coarser than 0.1 mm. At the native copper mills of Lake Superior the tables
are fed with pulp of which ;bout 5% 1is too coarse to pass through a 100-mesh
screen (approximately 0.125 mm.).

Preliminary Classification; and Specific Gravity—The ideal feed would con-
gist of grains of uniform shape (sphere or cubes) with a definite ratio between
the diameters of the two minerals. The grains actually obtained from the
classifiers, however, depart from this ideal, because larger flat grains settle with
smaller roundish grains causing a considerable range in sizes; also on account
of the presence of included grains of heavy and light minerals attached to each
other in varying proportions; and finally, on account of the imperfections of the
classifiers the feeg to tables almost always contains a greater range of sizes than
should be treated together. The tailings losses on the feed side of a table consist
of the flat or fl grains of heavy mineral, and of the finest slimes which
come into the feed through the imperfections of the classifiers. This second
loss may be very serious. The tailings loss on the wash-water side are due to
the approach of the heads toward the edge of the table. They comprise the in-
cluded grains and a few of the larger grains of heavy mineral. The middlings
contain included grains mixed with a little of the smallest quartz and the larg-
est grains of heavy mineral. This makes a product that can be well treated on
a vanner, but is difficult to finish on a second slime table. If samples are taken
from points all around a slime table they will generally be found to be poorest
near the point where the tailings first reach the margin, and become richer all
the way round until the middlings partition is reached. The middlings are
richer still, and the heads of course approach pure heavy mineral, see § 903. If
a sample is taken beyond the heads, where the first pulp water goes off, it will
generally assay very high. This is from a little heads carried past the wash-off
jets, but if the table is run properly the quantity should be so small as to be of
little moment. It is, however, an important point to watch. The nearer the feed
to a table comes to the ideal sorted product the more perfectly will it work.

The degree of sorting needed depends on the specific gravities of the minerals.
The higher the specific gravity of the heavy mineral the greater will be the dif-
ference in size between the gangue and the heavy mineral in the pulp that comes
from the classifier. Both the high specific gravity and the small size favor sepa-
ration on the slime table, the former by the resistance offered to the water cur-
rent, the latter because the particles do not project up into the rapidly moving
layers of the water film. Hence, with such a heavy mineral as galena, less classi-
fication is required than with lighter minerals like blende and chalcopyrite ; but
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even with galena the very fine slimes will be lost if treated with the coarse por-
tion. Practice in regard to preliminary classification in the mills may be sum-
marized from Table 323 as follows:

In 11 mills the earlier spigots of surface current or whole current classifiers
go to one table and the later spigots to another; in 1 mill the last spigot of a
hydraulic classifier goes to a table; in 3 mills the overflow of hydraulic classifiers
goes to tables; and in 10 mills the tables are all fed with like pulp consisting
of the unwatered overflow of hydraulic classifiers.

Shape of Grains.—Roundish grains are considered to behave normally; and
rolling rather than sliding is considered to be the normal motion. Longish
grains swing around, side to the current, and on account of their less diameter
may roll with a different speed from that of their associates. Flat grains may
lie down and fail to move altogether or, if very thin, may, by being floated, move
down more rapidly than the normal grains. Arborescent, flaky or leafy grains
(for example, of native copper) move much faster than their size and specific
gravity would indicate. Tge following experiment was tried: A batch of quarts
grains, passing through a 10-mesh and resting on a 12-mesh sieve, was treated
upon a plane rectangular table covered with No. 6 canvas with warp laid length-
wise, sloping 6°, with a water current of 124 pounds per minute per foot of
width. The grains that were washed off were nearly all roundish; those that
remained were largely flat or with one flat plane. A second test was tried with
quartz grains through 30-mesh on 40-mesh. The grains washed off were round-
ich ; those remaining were flattish, though the difference was not quite as marked
as in the former test. )

§ 502. Slope of the Table—Very fine pulp requires steep slope, with but
little water and therefore a very thin film; while coarse pulp requires a gentler
slope, but with much water and therefore a comparatively thick film (see § 509).
This is based upon the fact that the work of the table is to size products con-
sisting of sorted grains. If, however, the table served only to unwater the pulp,
then the finer the grains the less should the slope be. %Vith three exceptions,
the mills do not appear to follow any particular rule as to slope and size of
grain. Mill 35 conforms to the principle that fine pulp should be treated
on a steeper slope than coarse; but Mills 28 and 37 follow the opposite

ractice. In Mill 37 the two udpper decks slope 1} inches per foot, while the
owest deck, which treats the middlings of the two upper decks, slopes 1} inches
per foot. This middling product, of course, does not contain as large grains as
the original feed.

Table 323 indicates that the slope of convex slime tables in' the United States
varies from # to 1} inches per foot, 1 to 1} inches (4° 45’ to 6°) being most
common. The three concave tables on the list slope respectively 1.33 inches,
1.58 inches and 1.74 inches per foot. Kunhardt gives 1 to 2 inches as European
practice. Linkenbach gives the following figures:

Stationary Convex Tables. | Revolving Convex Tables.

Coarsest slime....... 1.88 inches per foot (6° 1.90 inches per foot (5°
Modium slime........ 190 cnoe Par il %s-a 109 oo PRFEQD ;:-ﬂ
Finest slime......... 100 % & & (o 100 % @ & (go

Quantity of Water—The greater the quantity of water the greater will be the
speed of the current and the less its settling power. In the case of a circular
convex table the water should be estimated with respect to the quantity which
comes off from a foot of the circumference in a minute, since the most difficult
part of the work of separation is done near the circumference. The only posi-
tive figures the author has are from Mill 44, where he found the thinnest film

.
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noticed on any table was discharging 3 pounds and the greatest rush of water
seen on any table was discharging 7 pounds of water per minute from 1 foot of
circumference. The former figure is less and the latter more than the usual
practice. If we consider 5 pounds to be about a proper quantity, and that an
18-foot table is discharging this quantity all around its circumference, then the
total amount of water will be 48,842 gallons in 24 hours (33.92 gallons a min-
ute). Approximately half of this will come in the feed pulp. The other half
will be used on the washing side; and of this amount perhaps two-thirds will
be used for washing and one-third for the wash-off jets.

The thickness of the film on a slime table is much less than that of the pulp
bed on a vanner, because the slope is steeper, and because the pulp is thinner.
Thin pulp is necessary in order to have the ore only one grain deep on the table
and thus get approximately individual treatment of the grains. g’he following
measurements of films on some of the mill tables were made with a special gauge
(see § 884). Each measure was taken near the circumference of the table
except where otherwise indicated.

xm Location on Table. scevations | Crest of [ Trough of | Diamater R
on
No. Averaged. Wave. Wave. of Table. | of
Inches. | Inches. | Ft. In.
».. 1| oom | oo [fm oo | wer
] 0.085 0.089

. o 0.060 0.085 8 0 o

“.. i 0% ||t 8 | Tw

.. ] [ s8] o= s o | ww
............ 0.086 0.040 |..ocenirenifoneennncnne

‘ (a) On the feed side of this table a wave traveled down (about 8 feet) in 8 seconds; on the washing side in

Density of Pulp.—The author has no exact data upon this subject. If we
assume for an 18-foot circular convex table that about 5 pounds of water per
minute leave the edge on every foot of circumference, that the table is fed with

p upon about one-half of its circumference, and that it treats 12 tons in 24

ours, then the pulp will contain 103% of solids. Linkenbach recommends 8
to 10%, but says that in practice tables are commonly fed with thicker pulp
than this, which increases the capacity but also increases the losses in the tailings.
In 1880 Munroe'* found 3% cubic feet of slime, carrying 7 to 12 pounds of ore
per cubic foot, fed to a single table per minute, which makes the solids about
10% and 16% respectively.

§ 503. Kind of ace.—Four kinds of surface have been used: soft wood,
cement, rubber and canvas. The effect of the surface upon the concentration
varies with the roughness. The smoother a surface the less the particles are
inclined to roll, and the less will be the retardation of the under current (due
to friction). If a plate glass surface was used there would be a minimum
upon the under current and the particles might slide down the surface without
rolling at all. Both of these qualities are bad, and probably whatever advantage
was gained by the trueness of the glass surface would be more than lost by these
diauf:algtage& Wood has a slight roughness which inclines the grain to roll,
and diminishes the speed of the under current. A cement surface does the same
to a greater extent and needs a steeper slope in consequence. Rubber probably
diminishes the under current. Canvas gives the greatest drag on the under cur-
rent of any of the materials used. Moreover, the meshes of the cloth furnish
little pits or riffles into which the particles settle. Quartz particles that have
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been stopped by these riffles in the early stage of the operation are crowded out
by the heavy mineral that follows. The author knows of but one mill in this
country (Mill 30) where it has been tried, and there the table had the com-
paratively gentle slope of 1} inches per foot and a speed of one revolution in 74
seconds, with a diameter of 18 feet. The author has only begun upon experi-
ments in this line, but thinks the extraordinary advantages of a canvas surface
can be gained if the right conditions of slope and speed of revolution are de-
termineg. For example, his experiments indicate that with a steep slope (1%
to 2 inches per foot) and a speed of one revolution in 5 or even 10 minutes, a
canvas surface will prove advantageous. It is used in some mills in the Harz
Mountains with results.®*

Of the 25 mills shown in Table 323, at least 17 use wooden surface tables.
Mill 38 tried a covering of thin sheet rubber, which was not successful because
it wrinkled in warm weather. Thick rubber, however, gave good results. In
Mills 15, 21 and 86 cement surfaces are used. In some of the tables the wooden
surface is kept true and clean by special devices. In Mill 48 the Evans tables
have the Evans radial wooden scrapers. In Mills 15, 45 and 46, Evans tables
are used and presumably have the Evans scraper. Mills 38, 42 and 43 have
wooden scrapers essentially of the form designed by Evans, but with rubber
tacked on the lower edges. They are placed radially and just behind the jets
for washing off the heads. These scrapers not only keep the table cleaned from
the formation of mineral or vegetable slime, but they also grind off the surface
slightly, helping to keep it true. They are held between guides and bear their
whole weight upon the table. In Mill 38 the weight of the scraper is partly re-
lieved by suspending cords. In Mill 15 the cement surface is trued every nine
months by being ground with fine sand and a board straight edge, and is then
varnished ; in this way the true cone is maintained for years.

Speed of Revolution.—The speed of revolution controls the amount of wash-
ing that is done. A table which revolves once in two minutes washes the ore
twice as long as one which revolves in one minute. The revolution may range
from such a rapid speed that centrifugal force interferes with the treatment,
down to an indefinitely slow speed. In general it is affected by the following
considerations: thicker pulp requires faster speed than thinner to avoid too heavy
an accumulation upon the surface ; larger grains require faster speed than smaller,
and steeper slope requires faster speed than gentler, other things being equal,
because the particles are in both cases carried to the circumference more rapidly.
The shorter the run down the slope, other things being equal, the quicker
should be the revolution of the table, because the material reaches the circumfer-
ence in shorter time. The faster the speed of revolution that is practicable in
any case, the greater the capacity.

Table 323 gives the practice in the mills; and from that table it appears that
slime tables in the United States make one revolution in from 41 to 155 seconds,
with an average of 85. The 41 seconds record is much less than the others and
it is on a very small table. Kunhardt speaks of tables in Europe revolving
once in 30 seconds and once in 24 seconds respectively, as instances of the great-
est speed, and of others revolving once in 3 to 4} minutes (180 to 270 seconds)
as instances of the slowest. The latter were working upon very dilute pulp.

Diameter—Table 323 shows revolving convex tables ranging from 10 to 19
feet in diameter, the usual size being from 16 to 18 feet, most frequently 18
feet. Since the thickness of the water film diminishes as it approaches the
margin of the table, and since this method of concentration requires that the
film shall not have more than a certain maximum thickness nor less than a
certain minimum, it follows that convex tables can treat pulp only for a limited
radial distance without having the film too thick at the start or too thin at the
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end. The real work of separation is done on the three or four feet of radius
next to the circumference.

Table 324 gives the radii of tables used in the mills, and the net working
radial length. The last column shows that with a small distributing cone the
thickness of the film at the beginning of treatment is much greater than at
the margin of the table, while with a wide distributing cone it is but little
thicker. The author considers this fact an argument against large tables, but
it does not condemn large distributing cones. The larger the diameter the
greater will be the capacity of a table; but the greater also will be the central
area on which no concentration can take place, and consequently, the greater the
waste of floor and roof space. The advisable limit of diameter seems to be
about 18 feet. To make the most use of floor and roof space tables are built
two and even three decks high.

TABLE 324.—WORKING RADIUS OF SLIME TABLES.

Depth of Film at Cir-
Working Radial | Cam[orencs of Feed
Leogth. at Circumference of

MIll or Autbority. Radtus of Feed
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(a) Evans table—radius of dead head on feed side.

The capacity of a conical slime table depends on the various considerations
that have just been discussed. The pulp should not be fed so fast as to inter-
fere with individual treatment of the grains. In 1880 Munroe!* found 18-foot
tables at the Osceola mill, Lake Superior, treating 18 to 20 tons of slime (dry
weight) in 24 hours; and at the Atlantic mill he found tables treating 30 tons
working on slime and 28 to 32 tons on sand. In 1884 Coggin'’ found that
20-foot tables at Lake Superior were treating 12 to 13 tons of slime in 24 hours.
In Harz Mountain practice, 24 to 36 tons are treated in 24 hours on tables from
16} to 294 feet in diameter, sloping from 1 in 10 to 1 in 12 and making 1 revo-
lution in 3 to 4 minutes.** Linkenbach gives the following figures as the
capacity of his fixed convex slime table.®

. Tous
Feed. Diameter of Table. per 24 Hours.
Coarse slimes........ 6 m. (19 feet 8 inches. X
Medium slimes...... 6.5 m.( (21 feet 4 inchegg' g%
Fine slimes.......... 7 to 8 m. (38 feet to 96 feet 8 inches.)| 15.87

The author believes that 12 to 15 tons in 24 hours, depending on the size of
grains, is a suitable quantity of feed to 18-foot slime tables.

§ 504. THE BELT F1LM-TABLES.—These machines have wide belts stretched
between end rollers and supported upon numerous intermediate small rollers or
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upon a plane surface. One design gives the belt an up hill travel like that of a
vanner, but without any shaking motion. This yields only two products, heads
at the upper end and tailings at the lower. Another design has the belt hori-
zontal in its length but sloping from one side to the other, like the Stein machine,
but without a jerk. On this form the pulp is fed upon the rear upper corner
of the traveling belt and spreads its products out like a fan, according to their
power to move down the slope. Since the belt is fed with a sorted product, the
upper band of the fan will have the highest gravity ore; the next band will have
the next lower, and so on, down to the lightest tailings. These tables can yield
heads, middlings and tailings, or they can make a three or four mineral eepa-
ration. They differ from the slime tables in that they have an adjustable slope
which adds one more variable for adapting the treatment to the ore. The slope
may be diminished and the water increased, or vice versa. The slime tables, on
the other hand, have a constant slope, and the quantity of water is the only
possible adjustment. In regard to the thickmess of the water-film, it remains
constant on these tables from the feed edge to the discharge edge; whereas it
diminishes on the convex tables and increases on the concave tables.

The Brunton table was invented in 1840,* and appears to have been the first
traveling belt machine of any kind. The canvas belt, which was covered with
either paint or rubber, traveled up hill at an angle that could be varied by
means of jack screws at the lower end of the frame. On the under side of the
belt were attached cross cleats, which bore upon longitudinal cleats fixed to the
frame between the two end rollers. The belt travel was received through the
head roller. Pulp was fed at about one-fourth of the distance from the head to
the tail, and wash water very near the head. The tailings were washed down
the belt and off at the lower end. After fpassing over the head roller the belt
dipped, by its own weight, into a tank of water, where the concentrates were
deposited. In returning from this tank to the tail roller, the belt passed up
over another roller carried on the under side of the frame.

A canvas belt slime table is used irr Mill 86 which is probably of this class. It
bas the advantage of the rough canvas surface (§ 503) together with continuous
operation.

The Uren table was used on native copper slimes at Lake Superior in the
sixties. The rubber belt was 16 feet long by 3§ feet wide, and horizontal length-
wise, with an adjustable slope from side to side, and moved on a plane surface
between the end rollers. It was fed with pulp at the upper rear corner and
with wash water alonﬁ the upper margin.

The Ferraris tgble* has a plane rubber belt 0.7 m. (28 inches) wide, 4 m. (13
feet) between centers of end rollers. The latter are furnished with wide flanges
to keep the belt in line. The belt slopes from one side to the other, is supported
upon four small rollers, and travels 6 m. (19.7 feet) per minute, bei riven
by a variable speed friction pulley on the head-roller shaft. It is fed with a
sorted product at the upper rear corner. Wash water is applied by five jets,
which are nearly horizontal, and are directed across the belt. The jets are spaced
evenly along the belt, and each jet strikes the belt a little lower than its pred-
ecessor. The water flowing off the margin from each jet, is caught in a separate
hopper, and in this way the five jets give five products graded in richness.
At Monteponi, Sardinia, in working an ore that carries galena, cerrusite and
calamine, the pulp fed to the table is thoroughly classified, and one table treats
40 liters of pulp per minute, amounting to about 3 tons of dry ore in 11 hours,
using 60 liters (about 16 gallons) of wash water per minute. The table does
quite as good work without any shaking motion as with it. The belt can be made
long enough for two or even three successive treatments upon it.

he Castelnau table® has a rubber belt traveling horizontally, sloping from
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P1G. 401a.—CANVAS PLANT AT MILL 78.
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FIG. 4015.—PULP DISTRIBUTOR AT MILL 78.

F1G. 402.—TAILINGS AND OON-
OENTRATES LAUNDERS AT
MILL 78.



700 ORE DRESSING. § 605

one side down to the other. The length of the belt is 7.46 meters (24 feet 6
inches) between centers of end rollers, and the width 1.47 meters (4 feet 10
inches). The end rollers are 0.6 m. (2 feet) in diameter. The inclination is
134° more or less. The upper part is carried by 26 little rollers about 0.11 m.
(4.3 inches) in diameter, the lower by 5 rollers. The belt has a speed of about
40 feet a minute. The belt is guided by longitudinal ribs which fit into grooves
in the end rollers. The machine is fed at the rear upper corner and treats 1 ton
per hour. At Villefort, Lozere, France, treating quartz-galena ore, slimes with
6% lead yield concentrates with about 52% lead.

Ib. INTERMITTENT SURFACE TABLES.

The intermittent surface tables include the canvas, blanket and carpet tables;
the German sweeping tables; and the Cornish frames. They do not have the
circular form or the revolving parts which permit automatic operation. They
can be charged automatically, but the change to clear water washing and to the
final sv;eeping or hosing off of the concentrates must be done by hand at stated
intervals.

§ 505. Canvas TaBLEs are inclined rectangular tables covered with canvas
(cotton duck). The pulp, to which clear water is added if necessary, is evenly
distributed across the upper margin. As it flows down, the sizing action of the
film operates more effectively than with the smooth tabfe, as explained in § 503.
When the meshes have become pretty well filled with concentrates the flow of
pulp is stopped, the remaining quartz washed off with clear water, and finally
the concentrates either hosed or broomed off. As the warp always projects
higher than the woof, & piece of duck will offer more resistance by placing the
warp across the table than down the table; on the other hand, a coarser duck
laid lengthwise may have the same effect as a finer duck laid crosswise. The
great length of the tables, combined with the limited width usually adopted,
makes it generally advisable to lay the duck lengthwise.

The author found three methods of applying these tables to the re-treatment
of vanner tailings in California: Mills 75 and 78 treat the fine overflow of
hydraulic classifiers on canvas tables; Mill 79 feeds to canvas tables the overflow
of riffle boxes, which in turn are fed with classified vanner tailings; Mill 80
formerly sent vanner tailings directly to canvas tables, but now uses the same
plan as Mill 78. In Colorado the author visited a mill which was sending the
whole of the stamp pulp to canvas tables. In Mill 78 each canvas table (see
Fig. 401a) is 12 feet wide, 10 feet long and slopes 13 inches per foot (7° 5').
(The wood surface on which the canvas is laid is 12 feet square, but the upper
2 feet are covered by the distributor.) The canvas is No. 6 duck woven all in
one piece with the wa? laid crosswise. It lasts 8 months before requiring any
patching ; and is then discarded and replaced by new. The canvas is slipped u
a little every four or six weeks to relieve it from the wear due to the joints o
the board table beneath.

The feed pulp is divided at the overflow of the four classifiers, each overflow
being divided into six equal parts and sent to six different tables. Each table
has a distributor such as shown in Fig. 401b. At the foot of the diverging
guides there is a little dam perforated with holes 2 inches apart, for the final
distribution of the pulp. The tables are arranged in two rows of twelve tables
each. Each row has its own tailings launder, while a central heads launder
serves for both (see Fig. 402). The central launder, however, has a dividing
partition in it to serve as a splash board, and to allow the concentrates from one
side to be kept separate from those of the other in case of need. The attendant {
goes the rounds of the tables once an hour. He switches the feed from two of

)
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the tables to two extra tables, turns on clear water to remove some of the remain-
ing quartz, then swings the tail boards into line and hoses off the concentrates
into the concentrates launder, using a wide, flat, broom-shaped jet, which is
much more effective than a corn broom. The latter also wears the canvas much
faster. When these two tables have been cleaned, the tail boards are again tilted
up, the pulp shunted back and they go to work for another hour. He then
treats the next two tables in the same way. The two extra tables are like the
others, and these make a total of twenty-six tables to be cleaned every hour.
The twenty-six tables are fed with 30 tons of pulp (dry weight) in 24 hours,
assaying about $2.25 gold per ton, and yield about two tons of concentrates,
assaying $30 per ton. This product is enriched on a little end-shake vanner
to 1,000 pounds, assaying $100 per ton. The plant requires two men during
the day and one at night, the vanner not being run at night. Sizing tests which
give an idea of the stuff treated by these canvas tables are given in Table 320.

Mill 75 employs forty of these fine tables, but uses less slope (1} inches
instead of 1} inches per foot) on account of the slippery quality of the talcose
ore, which hinders the canvas from holding the pyrite on the steeper slope. Mill
55 has recently added one of these plants.

In Mill 79, after Mill 72, the overflow from the riffle boxes treating the coarser
portion of the vanner tailings is conducted to a rough form of classifier (see § 338) -
which delivers the pulp through 1-inch holes to 16 canvas tables. The lat-
ter are each 39} feet long, 20 inches wide, slope 0.7 inchin 1 foot
(3° 20'), and are separated by partitions 2 inches wide. They are
covered with No. 4 Woodbury cotton duck, with warp laid lengthwise. They
are washed off once an hour. After the pulp is shut off, clear water is turned on
to wash off the quartz, and the heads are then washed off with a hose. While
the clear water is removing the quartz from one table, the concentrates are being
hosed off from the next. A canvas extension bridges the concentrates over the
tailings launder to the heads launder. The use of a broom halves the life of
the canvas. The overflow of the riffle boxes treating the finer portion of the
vanner tailings goes to two rough classifiers, each for a bank of twenty-three
tables, forty-six tables in all. These tables are 16} feet long, 20 inches wide,
and slope % inch in 1 foot (3° 35’). They also are washed off once an hour,
and this is done by running clear water over the table and washing down the
concentrates with clear water, aided by a broom.

The sixty-two tables treat about 119 tons of riffle box tailings in 24 hours.
The concentrates are caught in the second compartment of a settling tank. The
settlings in the first compartment, consisting of the riffle box concentrates, are
sent direct to chlorination works; those in the other compartments are enriched
by a Woodbury end-shake vanner, and they yield in 24 hours 666 pounds assay-
ing $100 per ton. This plant requires twq men on each shift.

Mill 80 had two banks of tables sloping toward each other. Each bank con-
tained 45 tables and each table was 42 feet long, 20 inches wide, net, with a
board strip 2 inches wide and 1 inch high between them. They sloped 1} inches
per foot (5° 20’) and were covered with No. 8 cotton duck. This was protected
from the wear of the feed stream at the upper end, by a board 5 inches wide.
The main launder, 14 inches wide and 11 inches deep, sloping 0.19 inch per
foot (0° 55%), divided into three parts. Each of these again divided into two
parts. One of each two parts, or a total of three out of the six parts, went to
the near end of the mill ; the remaining three parts bridged over to the far end.
The remainder of the distribution for the near end was conducted as follows:
Each of the three parts divided into five, and each of these discharged into a dis-
tributing box 64 inches long, 14} inches wide at top, 8 inches wide at bottom,
12 inches deep, feeding three tables, each through one hole. The distribution
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for the far end was similar. At the foot of the tables, three launders ran across
the mill, a tailings launder for each bank of 45 tables, and between them a
sinfle heads launder, or heads tank as it was also called. When cleaning off the
tables, the concentrates were bridged across the tailings launders by wooden -
chutes. The tables are washed off once in two hours. The attendant has the
pulp shut off two tables at one time; clear water is flowing over one of them to
remove the quartz, while the other is being swept down with a corn broom aided
by clear water. At the end of about 5 months the canvas is so much worn that
it ceases to catch well, and is therefore turned over. At the end of another five
or gix months it is discarded, dried and burned, the ashes being worked for gold.

The 90 tables treat 410 tons of vanner tailings (or 4 tons, 1,100 pounds each)
in 24 hours, assaying 60 cents per ton; yielding 3,000 pounds of concentrates
in No. 1 settling tank, worth $45 per ton, and 238 pounds in No. 2 settling tank,
worth $60 a ton, with about 408 tons of tailings assaying 40 cents a ton. At
the time of the author’s visit, it was thought that the plant was overworked
and that 120 tables would be the proper number to do the work. Since then a
plant like Mill 78 has been substituted.

Rittinger’s duck tables (Goldrinnen) are 9 feet long, 15 inches wide, sloping
1inch to 1 inches per foot, the heavier the mineral the more the slope. They
are cleaned after one or two hours’ work, the canvas being taken up, rinsed in
a tub and replaced. The capacity of each table is 0.5 to 0.7 cubic Foot of pulp
per minute. One boy tends ten to fifteen tables.

The following figures show some measurements of water films on canvas tables
in Mills 78 and 80.

MILL 78.%°
Thickuess of Film.
Seconds for Wave |1 Foot from Head, | 1 Foot from Tall. | g | Siope
to Travel 10 Feet. Teble. 'l‘n(:)le
Crest. | Trough. | Crest. | Trough.
Inches. | Inches. | Inches. | Inches. Feet.
7.8t08.9 0.067 0.050 0.069 0.040 10 -4
6.5 0.063 0.050 0.070 0.045 10 ¥
6.5 0.065 0.050 0.075 0.045 10 Ty
6.5 0.085 0.050 0.078 0.045 10 ™y
NoTz.—At the head the wave was 5 inches long from crest to crest; at the tail it was 18 inches. The first
of ﬂg:r;ﬂfrom each table were taken just after turning on the feed pulp; the second set just before turn-
p.

get
ing off
MILL 80.

rsmchestmmnead. 8 Inches from Tail.
Len 81
Crest. | Trough. | Crest. | Trough. °ﬂ‘$' “1&'

Inches. | Inches. | Inches. | Inches. | Feet.
TableA....ccovverenanns 0.10 0.09 0.11 0.10 49 5 80
Table B....covevennnnns 0.14 0.18 0.16 0.18 4 5 80
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Cocoa MATTING has recently come into considerable prominence in connection
with the recovery of gold from modern river and other placer deposits. The
gravel is first screened, usually in a trommel running on rollers and provided
with an internal spray pipe. The screen sends the coarsest gravel to waste, and
generally, separates the remainder into two or more sizes which then pass over
long rectangular tables upon which the matting is laid. The coarsest gravel
delivered to the tables varies from a maximum of 1} inches to } inch diameter
or less. In order to catch any gold that may sift through the matting, cotton
or linen cloth is laid under it. The matting is held in place by side cleats which
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are fastened with wedges. To aid in catching the gold, expanded metal riffles
(see § 510) are commonly laid on the matting. In some cases wire netting is
used instead of expandedy metal. As an example of the tables that are used,
- we may quote the Earnschleu(glh No. 2 dredge, which is at work on the Molyneux
River in Otago, New Zealand. These tables are each 3 feet wide and 13 feet
long. The matting is put on in 4-foot lengths for convenience in cleaning up.
The method in general use for cleaning consists in taking up the mats and cot-
ton, and rinsing them in a tank of water. When sufficient washings have accu-
mulated, they are carefully re-treated on a table 12 feet long by 20 inches wide,
covered with plush, baize, blanket or matting, and the gold that is finally rinsed
from these is collected by panning, either with or without mercury. This sub-
ject will be considered more in detail under Mills 51 and 52 in Chapter XX.
§ 506. CarPET TaBLEs.—Mills 62 and 76 use carpet tables, following the
ted plates and preceding the vanners. Mill 62 uses Brussels carpet
3 feet long, 56 inches wide, sloping 2} inches per foot, divided down the center.
The amalgamated plates are dressed every four hours and the carpets are re-
moved and cleaned at the same intervals. The carpet is cleaned by rinsing it
in a tank of water to remove the rusty gold, rich pyrite, included grains and
foul amalgam adhering to it. In Mill 76 Brussels carpet is used, 16 feet long,
56 inches wide, sloping about 2 inches in 1 foot and divided down the center.

TABLE 325.—CANVAS, BLANKET AND CARPET TABLES.
Abbreviations.—Ft.=Feet; In.=Inches; No.=Number.

-m{ Kind Stope. Surtace. Destination of | rvreated
of Width. | Inches Feed. r Table
Ko. "'13 Concen- | Tail- [P®
Table. | Ft. In.| Ft. In. | _per |Degreesd Quality. Life. trates. |ings.| pB 2
[ ] 8-0 Ko)4 10° 85’ |Brussels carpet.. () 10-13
71: Canvas }% :‘ ) (h)? ihg:w ............. M bi (0 ...... (r) R
v Brussels carpet. a .
77 |Biackec| 36 | 1- 8 | 9° 80 |Wool blanket | (@ fl?) L
Canvas| 10-0 130 1 7° & [No. 8 Cotton duck..| 8 months.. }b ™) 0 1.
B«{ . 100 180 1 5° 80 e " c m 8) eeeeseenes
“ 10-0 180 |...ovenl]ernnnnnn e s d) m (8) foeeernsees
9 It 30-8 1-8 3° % |No. 4 Cotton duck..]............ e m, F) 1.9
{ “ 16-6 1-8 8° 85’ EA RSORRR ) m, .. :’ g
80 it 1-8 1 5° 20/ [No. 8 Cotton duck.[10 months.. ; 20; 2t 4.85
86 R R e o, ORIy
(o) Stamp pulp from amalgamated plates. (b) Overfiow of hydraulic classifier. (c) Overfiow of box classi-
fler. zd) TniKngl of special vanner. &) Coarse )rlﬂle-box t&lllnygs. (Q Fine rlme-bo)x tailings. (g) Vanner
pecial vanner. (o) Cyanide leaching.

tailings. () A ximately. Clean barrel. (k) Smelter.
(r)v:nner(:.) (s) Waste. (oArg)lm (v')’g’amuoneé t;ovlv':theereu(x”tgr.

BLANKET TaBLES.—In Mill 77, woolen blankets are used, 42 inches long, 20
inches wide laid on a slope of 2 inches in one foot. They are fed by pulp from
amalgamated plate and trap. The blankets are cleaned by rinsing every two
to four hours, according to the richness of the ore. The rinsings are sacked and
shipped to smelter ; the tailings go to concentrators. The blankets cost $1 each
and last 12 months.

THE GERMAN SWEEPING TABLE, as described by Rittinger, has a plane wooden
surface 12} feet long, 4 feet wide, with slope to suit the work, as follows:

Slope. Cubic Feet Pulp|Pounds S8and inaCublchiluﬁn ‘Wash Water.
per Minute. Foot of Feed. Cubic Foot per Minute.

Cosarsest slime. ....ccoe00... 10° to 13° 0.8 to 0.8 18 to % 0.6
Finest slime......coceveeeee 5° to 6 0.08 to 0.18 5to 8 0.15

It is fed for four minutes with pulp distributed across the upper end; the feed
pulp is turned off and the wash water continues for two minutes; then the concen-
trates are swept off with a broom. During the charging and washing periods,
any banks that may form, which tend too much to hold back the lighter minerals,
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are distributed by a broom ; and any gutters, which tend too much to carry for-
ward the heavy mineral, are checked by sweeping against them. During the
four minutes of charging, the tailings drop into the tailings launder ; during the
two minutes of rinsing, a short bridge conveys the middlings to their launder,
and during the brooming off, a long bridge conveys the heads to their launder.
The use of a table calling for so much labor as this, is confined to separating the
minerals in an already concentrated product; for example, the separation of
galena from pyrite or blende.

CorN1sH “FRAMES” are used for washing fine slimes in the Cornish tin works.
They are plane, rectangular wooden surfaces, and are built tandem, so that the
tamnis of the first table are re-treated on the second. After the pulp has flowed
over the tables for a few minutes, the tail boards are turned up so that each table
will discharge into a special concentrates launder; and clean water is applied
at the same time, to wash down the accumulated concentrates. The lever that
tilts the tail boards is connected, by a rod, to the lever that turns on the water,
so that the two operations are performed together. When the concentrates have
been washed down, the tail boards are returned to their original positions and
the operations repeated. The changes are made either by hand, or automatically
as follows: A small, triangular box, into which water slowly runs, is so placed
at the head of each table that when full it overbalances ant{ quickly discharges
its contents upon the table. These boxes are connected to the tail boards by a
rod and levers, so that in turning over they turn the tail boards at the same
time. The levers are so weighted that the tail boards and boxes return to their
original position after the water is discharged from the latter.

II. BUILDING TABLES.

§ 507. Building tables, or buddles, are stationary washers for sand or slime,
in which the ore gradually builds up until a bed 10 or 12 inches deep has accu-
mulated.* The washing is then stopped and the products cleaned out. The
building up of the sands is regulated by adjusting the tail board which prevents
the ore rolling off the table. Buddles, like surface tables, must be fgd with
classified products, and when feeding begins the action is the same as on a sur-
face table; but as the material builds up, the sizing takes place upon a bed of
more or less moving sand instead of upon a solid surface. However, after the
building begins, the action continues uniform, so that the finer grains (heavy
mineral) are deposited near the feed, and the coarser grains (light mineral) at
the tail. Buddles have a quality which the surface tables do not possess, namely,
the finer particles nearer the head form a comparatively smooth surface on
which the large grains easily roll, while the coarser grains nearer the tail furnish
a rough surface. Each grain, therefore, has conditions of current and of sur-
face suitable for stopping it at its proper place. The buddles are made convex
conical, concave conical and rectangular.

THE Rounp CoNvEx BuppLE shown by Rittinger (Figs. 403¢ and 403b), has
a feed cone with 3 feet radius, 18° slope, and with its outer edge 9 to 12 inches
ahove the washing surface. The radius of the tail board of the buddle is 10 feet,
giving a radial length of 7 feet for treatment. The tail board is 9 inches to 12
inches high. A launder is placed around the buddle to carry off the waste water.
The bottom is laid upon sixteen rays of timber fastened to a central post, and upon
these are nailed the bottom boards matched together as chords around the circle.
The boards so laid are then planed to a true conical surface. A revolving conieal
feed hopper, fed by a fixed launder above, distributes the pulp to the feed cone,

* The term buddle is also used to designate a surface sizing table, but the author prefers to coufine its
use to the class here described.
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and upon the surface of the latter are distributing blocks for evening the feed.
Two revolving arms with little drums, with crank, ratchet and pawl, serve to regu-
late the height of the suspended sweeping bars. The latter are supplied with
birch or corn brooms, or canvas sweeps. The central shaft stands upon the cen-
tral post and is driven by beveled gears and pulleys. It revolves 10 to 12 times

minute. The brooms being properly set, the feed water is started, and the
sand is shoveled into the feed box. The brooms level up the gutters and ridges,
and compel even settling. The formation of the building cone is watched, and

Desisnsters Moter
08,820 ! ? 3 4 ]

¥1G. 4033.—VERTICAL SECTION OF A CONVEX BUDDLE.

FI1G. 403b.—PLAN OF A CONVEX BUDDLE.

if the sand builds too fast at the upper end it shows that the pulp is too thick,
or that it is not fed in sufficient quantity. If the sand settles too thick below, it
shows that the pulp is too thin or that it is fed in too great quantity. As the bed
fills up, plugs are inserted in the perforated tail board. When charged, the
overseer tests the quality, if necessary, and marks off the different products in
circles. The attendant then shovels each concentric product into its pile or bin
or, if waste, to the waste launder. Rittinger gives the capacity as 180 pounds
of coarsest slime or 80 pounds of finest. slime (dry weight) per minute.
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Mill 11 has two convex buddles 11 feet outer and 3 feet inner radius, and 1
foot deep, with a central conical distributor. It has four horizontal sweeping
arms. On each of two opposite arms are two strips of duck, 2 feet by 3 feet,
for ewee?ing the head and tail of the slope; on the other two arms are single
strips, of the same size, for sweeping the center of the slope. In front of the
two arms with two sweeps are spray pipes for adding clear water. The arms
revolve eight times per minute. The ore is shoveled into a box at the side, into
which water flows. The pulp is conveyed by a launder to a central distributing
cup and thence, by four spigots, to the 6-foot distributing cone. There are two
of these buddles doing different work. No. 1 is fed with sludge which has passed
through a 1-mm. round hole, 1} hours being required for charging. It makes
waste and three grades of middlings. No. 2 treats middle products from No. 1
and also from a rectangular buddle. This No. 2 buddle makes four products:

L\

it I N g ¥

FI1G. 4044.—VERTICAL SECTION OF REOTANGULAR
BUDDLE.

FIG. 404b.—PLAN OF RECTANGULAR BUDDLE.

(1.) Lead ore accumulated and re-run for galena; (2) market blende; (3) mid-
dlings returned; (4) waste.

THE Rounp CoNcavE BuppLE shown by Rittinger has the same dimensions and
slopes of treatment surface as the convex. The inner radius is 3 feet, the outer
is 10 feet, but it slopes toward the center. It has four sweeping arms with
brooms of regulated height, and these arms are also launders which feed the
pulp from the center distributing cone to the sloping feed apron around the cir-
cumference. The capacity and mode of regulating are about the same as for
the convex buddle. The same comparison that was made in § 500 between con-
vex and concave slime tables, holds here for the convex and concave buddles.

THE RECTANGULAR BUDDLE shown by Rittinger (Figs. 404a and 404b), is 5
feet wide and 12 feet long, with ends and sides 1 foot high.

The right quantity of water, found by experience, is turned on, and the sorted
ore is shoveled into the feed trough, and flows on the table. A broom, shown in
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the figure, is used to sweep it lightly from side to side, to prevent gutters form-
ing in the finer deposit toward the head end. Such gutters would carry down
the rich ore and derange the working. Plugs are put into the tail board from
time to time to maintain the slope of the sand b When the buddle is full
(9 to 10 inches deep) the water 1s shut off and the quality of the sands is tested
with a vanning shovel and they are marked off into heads, middlings and tail-
ings, or more products if desirable. The heads are sent to the kieve, if rich
enough ; if not, they are set aside to accumulate, and are re-treated on the buddle.
The middlings are set aside to accumulate and are re-treated on the buddle.
The tailings are waste. The capacity varies from 35 pounds of coarsest slime
to 1.2 pounds of finest slime per minute.

A scheme of re-sorting the products which require re-treatment may be some-
what difficult to devise, and it is not on record as having been practiced, but it
would add to the efficiency of the re-treatment, because these products are com-
pletely unsorted by the first buddling. A possible plan for accomplishing this
result would be to feed the sand to a one spigot classifier, send the spigot product
to an unwatering hopper, the spiFot of which would give an even feed to a jig;
and to send the overflow of the classifier as feed water to a buddle, to which the
usual charge of sand was added in the feed box.

At Mill 11 a rectangular buddle is used upon zinc blende sludge. It is 5 feet
wide, 8 feet long, 1 foot deep. The sweeping is done with a broom having cot-
ton duck upon it in place of bristles. It treats the poorest middlings from the
round convex buddle, making tailings waste, middlings re-treated, and heads to
a round buddle.

A tye is a long, narrow buddle which is fed by shovel. It somewhat re-
sembles the “run” (§ 338), but owing to the difference in the thickness of the
water film in the two cases the former acts more by the sizing action of the film
while the latter acts more by the principle of free settling particles. In Mill
47 a tye is used for treating the last hutch of the finishing jigs, and also, sepa-
rately, for the concentrates of the slime tables. It serves here simgly to separate
the coarser from the finer portions, the former being found at the lower end, the
latter at the upper end of the tye. This is done in preparation for the kieve.

EXPERIMENTS ON S8IZE OF GRAINS, SLOPE OF TABLE, AND WATER QUANTITY
POR FILM SIZING.

8 508. In order to contribute facts upon the best conditions of feed, of water
and of slope, the author prepared a series of closely sorted quartz and galena
products in the tubular classifier described in § 357. The following list gives
the diameters of the grains of both quartz and galena in the several sand sorts
together with currents of water used in preparing them:

Average Diameters of Grains. Currenhtsmlncl Ewshlch
Mm. Inches. Fall. Rise.
Quarts. | Galena. | Quarts. | Galena. | Mm per | Mm. per
kﬂ .0801 (a) 0194 |(a).00119 ((a).00076 0.00 1.9
) Koo .0198 .00182 .00078 1.% 2.5
0568 0308 0024 .00118 2.5 8.0
03 L0413 .00804 .00168 5.0 7.5
.0088 0488 .00887 .00198 7.5 10.0
1488 .0613 00561 00942 10.0 15
1878 0781 .00739 00384 15 20
2934 .1082 .0089 .0041 20 20
8416 1806 .0188 .0051 )] 40
3880 . 1404 .0158 0088 40 50
541 1708 0906 0007 80 00
5808 1997 0282 .0079 00 0

(a) These figures have less value than the others, becauso the diameters in this case range from the figures
to zero.



708

ORE DRESSING. § 508

1

S

. |
T |
|
¢ {
¢ {
T
. |
X
N
N
’.
\
\ N
. \ AN

1 & 8 4 5 6 7 8 9
Pounds of water per minute on one foot of width.

PIG. 405.—FINISH ANGLES OF QUARTZ AND GALENA, ON A SIZING SUR-
FACE, FOR GRAINS THAT FALL IN QUIET WATER, AND RISE IN AN
UPWARD CURRENT OF 1.25 MM. PER SECOND. 0 = GALENA OF
0.0194 MM. DIAMETER, X == QUARTZ oF 0.0301 MM. DIAMETER.
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¥1@. 406.—FINISH ANGLES OF QUARTZ AND GALENA, ON A SIZING SUR-
FACE, FOR GRAINS THAT FALL IN AN UPWARD CURRENT OF 1.25
MM, PER SECOND, AND RISE IN AN UPWARD CURRENT OF 2.5 MM.
PER S8ECOND. 0 = GALENA OF 0.0198 MM. DIAMETER, X = QUARTZ
oF 0.0335 MM. DIAMETER.
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* The third angle for galena, with this quantity of water, was above 30.
FI1G. 407.—FINISH ANGLES OF QUARTZ AND GALENA, ON A SIZING SUR-
FACE, FOR GRAINS THAT FALL IN AN UPWARD CURRENT OF 2.5 MM.
PER SECOND, AND RISE IN AN UPWARD CURRENT OF 5.0 MM. PER
SECOND, 0 = GALENA OF 0.0292 MM. DIAMETER, X = QUARTZ OF
0.0568 MM. DIAMETER.
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The table experiments were made on a table that had a ground
plate glass surface (see § 877). This table could be supplied with
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Pounds of water per minute on oneJfoot of width.
F1G. 408.—FINISH ANGLES OF QUARTZ AND GALENA, ON A SIZING SUR-
FACE, FOR GRAINS THAT FALL IN AN UPWARD CURRENT OF 10 MM.
PER SECOND, AND RISE IN AN UPWARD CURRENT OF 15 MM. PER
S8ECOND. 0 = GALENA OF 0.0613 MM. DIAMETER, X — QUARTZ OF
0.1423 MM. DIAMETER.

any desired quantity of water distributed across its head, and could
be set at any angle of slope. Experiments were tried upon each
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glime sort with a great number of water quantities, beginning with very little
and increasing for each test. In each test, after gauging the water to the de-
gired amount, the table was set horizontal and a small quantity of the slime
sort was spread out upon the surface in such a way that there should be the least
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Pounds of water per minute on one foot of width
¥IG. 409.—FINISH ANGLES OF QUARTZ AND GALENA, ON A SIZING SUR-
FACE, FOR GRAINS THAT FALL IN AN UPWARD CURRENT OF 30 MM.
PER S8ECOND, AND RISE IN AN UPWARD CURRENT OF 40 MM. PER
SECOND. 0 = GALENA OF 0.1305 MM. DIAMETER, X == QUARTZ
oF 0.3416 MM. DIAMETER.

possible interference of the grains with each other. The slope was then gradu-
ally increased until four events took place: (1) The first quartz grains 3
(2) all the quartz moved ; (3) the first galena grains started ; (4) all the galena
moved. The angle of slope was measured and recorded for each of the four
events. The two angles at which respectively all of the quartz and all of the

S
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galena moved, that is to say, events (2) and (4) (which will be referred to as the
finish angles) are considered to be the most important measures. As a rule
three experiments were tried with each water quantity, upon each sand or slime-
gort. Tables 326 and 327 show the lar%]est finish angle obtained for quartz and
the smallest for galena. These angles have been chosen to bring out the least

oThe angles for galena, with this quantity of water, were all above 112

F1@. 410.—FINISH ANGLES FOR QUARTZ AND GALENA, ON A SIZING SUR-
FACE, FOR GRAINS THAT FALL IN AN UPWARD CURRENT OF 40 MM,
PER SECOND, AND RISE IN AN UPWARD CURRENT OF 50 MM. PER
SBECOND. 0 — GALENA OF 0.1404 MM. DIAMETER, X = QUARTZ OF
0.3880 MM. DIAMETER.

advantageous conditions found. The finish angles of all three experiments are
plotted in Figs. 405 to 411. The little end of the series of water quantities for
small grains was where the water failed to cover the table; for large grains it
was where events (2) and (4) occurred at nearly the same angle. The large end
of the series for the finest slime-sort was where events (2) and (4) took place
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together; and for the others, it was where the water quantity was absurdly large.

It will be observed that the method employed was to measure angles, films,
etc., at the moment when a body at rest began to move. If the opposite plan,
namely, to measure angles, films, etc., when a moving body came to rest, had
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Pounds of water per minute on one foot of width.
« The angles for galena, with this quantity of water, were all above 11°

FIG. 411.—FINISH ANGLES OF QUARTZ AND GALENA, ON A SIZING SUR-
FACE, FOR GRAINS THAT FALL IN AN UPWARD CURRENT OF 60 MM.
PER SECOND, AND RISE IN AN UPWARD CURRENT OF 70 MM. PER
S8ECOND. 0 = GALENA OF 0.1997 MM. DIAMETER, X — QUARTZ OF
0.5892 MM. DIAMETER.

been adopted, it would have represented more exactly what happens upon a
convex conical slime-table. The difficulties of making the tests by the latter
method caused the selection of the former. The difference in results is that the
figures for angles given in the table are slightly larger than they would be if the
coming-to-rest method had been employed.

In examining the starting-angles of galena and quartz it was noticed that the
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first grain of galena often starts at an angle smaller than the finish-angle of
quartz ; but for several reasons this is not as serious a matter as might appear.
First, there were only a few light grains of galena that started before the last
of the quartz; secondly, they moved slowly, so that the quartz easily overtook
and left them behind ; and, thirdly, the occurrence was confined to those experi-
ments that were near the least water-quantity, and therefore outside the range
of the best working conditions.

TABLE 326.—GALENA FINISH-ANGLES, AT WHICH ALL THE GRAINS MOVE.

Millimeters per S8econd of Current which Lifts the Particles.
Mndl“of W.'.t:r per 1.% 2.8 5.0 15 40 50 70
Foot of Width per Millimeters Becond of Current in which the Particles Fall.
Minute. 0 it i3 10 80 0 00
Galena Finish-Angiles (Minimum of Three Trials in Most Cases).
0.5... . 9° 00/ 18° 4% eefecceces venn
1.0 | e o % 8 10000 |...o.
18 50 8° 1¥ ™0 6° 8 9 55
. 10° 50 6° 15 ™10 5° 80’ ™ 0 9° 00
3. 6° W' 5° 50/ 5° 50’ 5° 0% ™10 i d
3.0.. 6° 00 4° 15 5° 15 4° & 5° 55 ™ %
3.5... 78 8° 55 50 85 4° 25 5 % 5° 3%
4.0......... 4° 0 5° oY 4 8° 55 4° 55 6° 10V
s 4 0 5° 30 40 8 8° 55 4 45 5° 40
5. 6° 05 5° 10 415 4 0 4 0 5° 05
8. e 5° 15 5° 40/ 4° 00 4° 00’ 4° 05 5° 10¥
8.0.... . 4° 55 5° 10/ 4° 00 8° 50 4° 0% 4° 1
6.5. 5° 40 5° 80 4° 0% 4° 00V 4@ 15 [ 4
7.0.. 5° 15 5° 25 4° 15 4° 10/ 4° 20 4° 50
7.5, 5° 8% 4° & 4° 1 8° 50 4° 10/ 4° 40
8.0. 4 5 5° 45 o 2 4 05 4 10 4o 85
8.5. &e 05 5° 80" 4° 05 4° 0¥ 4° 25 4° 1y
9.0, 40 40 6 10 40 30 © « 4 35 4 15
9.5. 8° 80/ 6° 00 5° 00/ 3° 850 4° 40 4° 15
10.0.. P P 4° 25 5° 55 4° 80’ 4° 55 5° 05’ o1y
10.5... esessesecnsee 3 W 6* 2’ 4° 4 4° 4 4° 50 4° 4
11.0... 6° 0% 5° 0% 5° O&/ 5° 00 4° 50
11.5.... PP 5° 00/ 6° 1% 4° W 5° 50’ 5° A’ 5° 05
18.0.... P £ 5° 100 o 5° 80 6° 10/ 5° 30 5° 100
1B.8.ciccrecenccconccrannas 5° 8% 6° 0 5° 8% 5° 80’ 4 55

TABLE 327.—QUARTZ FINISH-ANGLES, AT WHICH ALL THE GRAINS MOVE,

Millimeters per S8econd of Current which Lifts the Particles.
5.0 15 40 50

Pounds of Water per 1.9 X} 70
Foot of Width per Millimeters per Second of Current in Which the Particles Fall.
0 1.9 2.5 10 80 40
Quarts Finish-Angles (Maximum of Three Trials in Most Cases).
[ 8° 0/ 1° 55 3° 4 11° 08 ™ 90
1.0.. 0 W X 8° 2/ ™ N 20 5° 25
15, 20 50’ 2° 06/ 80 15 4 20 4 4° 10
2.0. 2 20 2/ 8° 00/ 8° 50 3° 10/ 8° 15
Q. 2 N 2 00 2 8y 8° 3° 00 8° o0
8. 2° 8y 8 00 2 W 8° 10/ 8° 10 20 45
3. 2° 0 4 23y 3° 00 20 55 2 50’
4. 2 1y 2 10V 2 40 2 50 2° 50 20 35
4 201y 210 0 4 2° 50 8° o5 2° 50’
B0eeenrnrnnacacasssonees 2 15 80 00 20 %' 2 50 2 45 2 55
] cesecesascsnscssafessoseanane 2 00 20 1 2° & 3° 05 2° 50 20 40’
Q... POPPRPPPR I 1° 8 2 N g° 0 8 0 8° 00 0 40/
[ . PR % O 2 10 8° 15y 8° 28 20 50/ 8° 10’
7.0... cevecessscarcas 2° 08/ 2 00 2 0 8° 80 2° 5§ 8° 15
15. esrecscsenesees 1° 8% 1° 40/ 2° 0 8° 08’ 2 50 8° 06’
8o 1° & 1° 85 2 00 8° 30 2 5 8 10
8.5, 20 45 2° 0 1° 50/ 3° 80’ 2 50 8° 85/
.0 1° W 1° 4 1° 40 8° 15 2 & 8° 95
9.5.. 1° 8% 1°% 2 0 8° 10/ 2° 4 8° 1%
0.0, 2 1¥ 1° 46° 2° 0 8° 10’ 20 2 45
208 1° 50’ 1° 50/ 2010 21y 8° 05 8° 0
1.0, o 80/ 1° W 1° 40 2 0 24 4 00
1ns... 1° 1% 1° % 2° 05 2 W 2 W 3° 0%’
BO. ..iiiirirenennsn 1° 4% 1° 50’ 1° 3% 1° 8% 10 2° 45
2 1° 0 1° 5¢/ 1° 50 2° 10 20 A/ 2 W

In each of the above experiments the thickness of the water film was measured,
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each time that the slope of the table was measured, by means of a special gauge
(see § 884). When the film was broken into waves, both the crest and the
trough of the waves were measured. In order to get average values, these meas-
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ures were all plotted, each plot representing a single rate of flow, and average

curves were drawn. The complete set of average values is given in Table 328.
For convenience the films were measured at a point where there were no ore
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grains, and hence the figures may be a little smaller than on a table that had ore
on its entire surface. From the figures in Table 328 the average depth of the
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F16. 413.— HEIGHT OF WAVE ON A SIZING SURFACE, IN PER OENT. OF
THE HEIGHT OF THE TROUGH.

water has been calculated vy assuming it to be the height of the trough plus
one-third the added height of the crest, and these average thicknesses are shown
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in Fig. 412. The film is practically always broken into waves, and these have
the effect of moving the ore faster than otherwise, the wave in fact acting for
an instant like a thick film. The formation of waves varies with the quantity
of water and the slope, as is well shown in Fig. 413. The lines marked 10%,
15%, 20% and so on, trace out that part of the field where the crest is elevated
above the trough to a height of 10%, 15%, 20%, and so on, of the thickness of
the trough.

TABLE 328.—AVERAGE THICKNESS OF WATER FILMS ON SLIME TABLES, IN INCHES.
Pounds of Water per Minute Flowing over 1 Foot Width of Surface.
0.25 0.5 1 2 3 5 7

of Table. . .
Slope o F F o .
: g g g : g E 2 g g g :
100 |...... 085 |...... 070 |...... .05 |...... 007 |...... 180 |...... .150
018 |...... 024 |...... .080 {...... 041 |...... .08 |...... .00 |...... 067
...... .019 |......| .084 |......| .088 | .041 | .087 | .050 | .047 | .058 38
...... .018 |......| .021 | .080 | .027 | .099 | .081 | .047 | .040 | .048 | .
...... .017 | .081 | .00 | .031 | .04 | .089 | .020 | .047 | .085 | .047 | .085
...... .016 | .021 | .020 | .081 | .028 | .080 | .029 | .047 | .082 | .047 | .084
...... .015 | .022 | .019 | .082 | .028 | .040 | .028 | .047 | .029 | .047 | .0S8
...... .015 [ .023 | .018 | .082 | .022 | .040 | .028 | .048 | .028 |......[......
....... .023 .082 | .022 | .o41
....... .04 .083 | .
...... .024 .088 | .021
018 .025 .ou2
018 .0%5
018 .26

Pounds of Water per Minute Flowing over 1 Foot Width of Surface.

9 . n 13 15 17 74 85 43
Slope of Table. .
iyt $

170 .900 | .900 | .819 | .20%

.076 .089 | .100 | .116 | .183

.056 .008 | .078 | .080 | .101

.049 .064 | .067 | .076 | .084

.040 .045 [ .051 | .088 |......

.087 J048 | .049 |......]... .

084 1 U J) AR PPIRN |
|

The average velocities of the currents obtained in the experiments have been
computed, upon the assumption that the average thickness of the film is equal
to that of the trough plus one-third of the difference between the trough and
the crest, and are given in Table 329 and Fig. 412. These figures give average
velocities, and do not show either the slow bottom current or the quick top cur-
rent. Fig. 412 indicates that with 74 pounds of water per minute flowing over
each foot of table width, and with a slope of 1° 30’, the velocity would be 5 inches

r second, and that the same velocity would occur with 5} pounds of water on
a 3° 30’ slope; but the bottom velocities may be quite different in the two cases,
because one of the films is 50% deeper than the other. Hence the two sets of
conditions may suit quite different qualities of sand.

]
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TABLE 329.—AVERAGE VELOCITY OF WATER CURRENT ON SLIME TABLES, IN INCHES
PER SECOND.

Pounds of Water per Minute Flowing over 1 Foot Width of Surface.
osslos| 1| 2| s |5 |7 (o |u[ms|n|rw|xw|s]wa
0.1 10.23]0.55(1.17 [1.721.48]1.79 (2.31 | 2.50 2.56| 8.50] 3.27| 5.19 6.16] 6.31
0.53 | 0.80 11.28 | 1.85 | 2.40 | 8.20 | 4.02 | 4.88 | 5.58| 6.17| 6.87| 7.34| 10.80| 11.62] 12.45
0.60 | 1.01 | 1.60 | .37 | 8.08 | 4.00 | 5.88 | 6.41 | 7.565| 8.45| 9.80| 10.51| 18.80| 15.15| 16.35
0.80 | 1.07 | 1.88 | 2.71 | 8.88 | 4.56 | 6.26 | 7.36 | 8.50| 9.41] 11.09] 12.05] 15.45( 17.75( 19.70
./ 0.87 |1.18|1.98|2.01 | 8.50 | 4.92 | 6.90 | 7.70 | 9.08| 10.18| 18.01| 13.05| 17.80| 20.50| 22.10
0.96 | 1.20 | 1.92 | 8.03 | 8.50 | 5.19 | 7.08 | 8.05 | 9.41| 11,10| 18.10{ 13.90| 19.22| 22.10| £3.60
.J0.98 |1.28]1.928.08]8.59|5.49(7.27|8.45| 9.87 11.85| 18.70| 14.50| 20.80| 28.25/......
] 0.96|1.28]12.03)|8.08)8.50]|6.65 ...000]c0000e 10.59( 12.48] 14.06| 15.20( 21.20|......
J0.9611.87)2.08]|3.03]|8.59]... 11.15( 13.15]...... 15.55)....
.] 0.96|1.48|23.088.08 |.... eveaod]en
.] 0.96 | 1.60 | 8.14 | 8.17
J]0.96]1.60 |2.14{ 8.17 |.
.| 1.07 | 1.60 | 8.27 |.....
410717227 .....
.| 1.07|1.%|...
4107117
o
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§ 509. DiscussioN oF THE EXPERIMENTAL REsULTS.—By examining the curves
of quartz and galena we see that they all drop from the left where the water
quantity is small, the galena being considerabfy higher than the quartz. The
quartz curve then runs in nearly a straight line to the right, where the water
quantity is large. The galena runs part way across nearly parallel to the quartz
and then rises up into high angles. The galena curve may be said, therefore, to
have a peculiar sag in it between 5 and 10 pounds of water. The wave curves
(Fig. 413) appear to account for this sag in the galena curves, as the former
have a sag which corresponds to that in the galena curves, showing that the
waves serve to start the galena moving at lower angles than it would move with-
out them. The only exception is the curve of galena for grains which rise in
1.25-mm. current. In this the quartz and galena are washed off together at very
low angles when the water is more than 4 pounds.

The Choice of Slope for a Table—If the quartz finish angle is assumed to be
the right one for tables then it is clear that the wider the space between the quartz
and galena curves the better will the separation be. This indicates better treat-
ment with less than 5 pounds of water or with more than 10 pounds than between
the two. The latter geld, however, is not so much behind the other two in its
work as the curves might imply, because the galena is practically not moving at
all when the quartz is nearly all rolling. If, on the other hand, the finish angle
of galena be chosen as the right one for tables, then the discrepancies between
the three fields, namely, below 5 pounds, between 5 pounds and 10 pounds, and
above 10 pounds, would probably disapﬁear altogether, for whatever effect the
waves had in hurrying the galena off the table with 5 to 10 pounds of water
would hurry off the quartz still faster. If the quartz angle be chosen, the quartz
will move away leaving the galena stationary. The act is like that of a boat
eailing away from her moorings. The separation is made by the departure of
the quartz from company with galena. If the galena angle is used, a race is
initiated in which the quartz beats. The two catch words “departure” and
“race” seem to express the difference in principle between the two methods.
The capacity of a table with the quartz angle will be much less than with the
galena angle, as the particles will move down the slope much more slowly; and
the concentrates are apt to be less clean, because the solid bank of galena tends
to entangle grains of quartz except with large quantities of water.

The following table, compiled from Tables 326 and 327, shows a suggested
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grouping of sand and slime sorts that are probably suitable for separating chal-
copyrite (specific gravity 4) or blende (specific gravity 4) from quartz (specific
gravity 2.6). When galena (specific gravity 7.5) is to be separated from quartz,
probably two groups, 32—1.256 and 1.25—0 mm. per second settling velocity,
will be all that are needed, instead of the last three shown in the table. Com-

SUGGESTED CLASSIFICATION OF SLIMES FOR SLIME TABLES.

paring the above figures of slime sorts with those used in the mills, we find that
the mills treat together all the ore that will rise in a current of 25 or 30 mm. a
second, and they do this with chalcopyrite as well as with galena. Comparing
the figures in regard to slope, we find that in the mills the galena finish angle,
or an angle a little steeper, is the one which has been empirically settled upon.
We do not find in the mills, however, the chief law which seems to be established
by these tests, namely, that with coarse sand sorts we need gentle slope and much
water, while with fine sand sorts we need steep slope and little water. The ex-
periments suggested the following as probably the gest slopes and water quanti-

ties:
Water th Foot of
Slope. Armtieioce.
For coarse pn!pi 883-70mm. velosl‘t{ ..................... 2° 45 12 rou.ndl.
For medium &.lem. OCIEY e .ceoeerne ouuee 5° to 6° 8 to 6 pounds.
For finest pulp, (-1.95 mm. settling 1 N 8° to 10° 2 pounds.

The coarse sand sort (32—70 mm. settling velocity) is put in the table be-
cause of preliminary experiments which the author believes show that such a
sand sort may in some cases be advantageously treated upon a slime table. His
tests indicate that with 12 pounds of water or more, the speed with which these
coarse grains move is so great that the quartz finish angle is the one best suited
for their treatment. This might be used for phosphates, pyrite, or any mineral
of not too high value which had to be treated in large quantity, where water was
abundant or could be cheaply pumped.

It will be noted that the experiments were made upon & rectangular plane
table, while the mills employ convex conical tables; and it may be said that on
the rectangular table there is not the change in depth and velocity of water that
occurs in passing from the center to the circumference of a conical table. This
change, however, is very slight, for a distance of one or two feet next to the cir-
cumference ; and if the water is adjusted for this portion of the table the condi-
tions will be nearly the same on a-convex as on a plane table.

D. RIFFLES.

§ 510. The term riffles has been used indiscriminately, to designate either the
blocks placed in a trough or sluice to hold back heavy minerals, or to designate
the pockets between the blocks. In the following pages the pockets are called

N
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the riffles, and the blocks are called riffle blocks. When a stream of water, carry-
ing sand and gravel, passes over riffles the agitation due to the current softens
up the deposit, and the quartz, being lighter, rises and is carried along by the
current, while the heavier minerals, including gold, platinum, precious stones,
garnet and black sand, mostly remain in the riffles.

Riffles find their principal use in hydraulic mining, which is so large a sub-
ject that it requires a treatise of its own. The reader is referred to Bowie’s
“Hydraulic Mining,” to an article by Waldeyer in Raymond’s Report of the Min-
eral Resources West of the Rocky Mountains for 1873, and to an article by
Hammond in the Ninth (1889) Annual Report of the California State Miner-
alogist. The author will, however, describe various forms of riffles, and some
of the ways in which they are used in ore dressing. It is quite pertinent here
rt;)m;eepeat that the Wilfley table owes its capacity and efficiency largely to .its

In general the design of sluice and riffle block which most systematically com-
bines spaces of quick current followed by spaces of comparative rest s::ddies) ,
often repeated, most suceesafullﬁ fills the requirements. The eddies, however,
must not be too quiet or they will fill with quartz at the start and never change.

FORMS OF RIFFLES.

TruBer RIFFLE BLOOKS are square wooden blocks 8 to 13 inches high, set on
end in rows across a sluice or trough. Each row of blocks is separated from the
next by riffle strips 1} inches thick and 2 to 3 inches wide, nailed to them (see
Fig. 419). They are held in place by wooden wedges against the sides of the
sluice. Bowie states that these riffle blocks are better than all others where
timber is not too dear, and that the cross riffle they make is not excelled by any
other form. In choosing wood he prefers that which is long grained and brooms
up well. Hard timber which wears smooth, such as oak, is not desirable. Nut
pine is best, and pitch pine answers all requirements.

Rock RIFFLES do good work. They are made by placing cobble stones on end
and close together in a sluice, the tops of the stones being pointed slightly down
the slope. To keep the rocks in place, a cross plank is placed in the bottom of
the sluice every 6 or 8 feet. In some cases rock riffles have been preferred to
timber, but they take longer to clean up and to re-set. They require a steeper
grade than block riffles.

Bar RIrFLES are made by putting cross bars in the bottom of a sluice. Blocks
or bars 1 to 2 inches high are common practice, but the spaces vary greatly (from
an inch or two to several feet). John M. Sweeney*® found that the form shown
in Fig. 414a was much more efficient for separating gold from quartz and black
sand than the form shown in Fig. 414b.

A modification of the Robinson riffle is shown in Fig. 415a. Each riffle is 12
inches wide, 12 inches long and about 3 inches deep in the middle. These riffles
have been successfully used in a cyanide leaching plant*® to catch the coarse gold
in the tailings, by means of mercury placed in the riffles at A. The sulphurets
collected at B. At this same plant the original form of Robinson riffle (Fig.
415b), allowed the sulphurets to collect and pack at B so that the free gold could
not come in contact with the mercury at 4. .

; 2 ; ’ ;
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¥16. 41446.—RIFFLES. ¥I16. 414b.—RIFFLES.
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ExpaNpED METAL RIFFLES (Fig. 416) are very commonly used on gold dredges
in connection with cocoa matting (§ 505). The usual size for this purpose has
meshes 4% inches long, and 2} inches wide, and is made of stecl about 0.08 inch
thick. It is laid on top of the cocoa matting after the latter is spread on the
inclined tables, and is found very efficient in arresting the gold. The flat sur-
faces of the metal strands slope about 45°; and to be most effective, the tops of
the strands must be pointed down the slope. They have but little catching
power when laid the opposite way.

Howranp RirrLEs (Fig. 417) are made of cast iron, and are in sections or
blocks which are honeycombed by perforations, and superficially roughened by
grooves as follows: The blocks are 12 inches long, 4 inches wide, and are higher

e
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FIG. 416. — EXPANDED METAL FIG. 418.—CRADLE OR ROCKER WITH PART
RIFFLES. OF SIDE CUT AWAY.

across the center than across the two ends. Deep cross troughs are made at the
center and at the upper ends, which are to be charged with mercury ; longitudinal,
shallow grooves run down the slopes from the center to the ends, and between
these grooves are slots which extend vertically through the castings. The blocks
may be put together sidewise to suit the width of any trough whose width is a
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multiple of 4 inches, and they are so placed as to break joint with each other
longitudinally and so increase the eddying action of the riffles. It will be seen
that any heavy particles that find their way beneath one of the castings are re-
tained there

In Mill 82 there are two sluices fitted with Howland riffles, each fed with
stamp mill pulp. The sluice is 12 inches wide, 8} inches deep, and slopes 6°, 30'.

APPLICATION OF RIFFLES.

§ 511. THE CrADLE or RockeR (Fig. 418) is a box about 40 inches long and
from 16 to 20 inches wide, mounted on transverse rockers, and having the back
end closed and the front end open. The sides slope up from the front toward
the back end to a height of 12 to 20 inches. A screen box 16 to 20 inches square
and 4 to 6 inches deep, having a perforated screen with }-inch holes, is set on
top at the back end. Beneath this is a backward sloping baffle board, or an
apron made of canvas or of blanket. On the bottom of the cradle are two riffle
cleats about  inch high, one near the middle and one near the lower end. The
method of working is to shovel gravel into the screen box, and to pour in water
from a dipper while rocking the cradle by hand. The apron throws the screen-
ings backward, and when it is made of canvas or blanket it catches some of the
fine gold. The coarse gold is caught in the bottom riffles. The sand quite
easily packs in these riffles if the rocking is not kept up, and this leads to loss of
gold. For convenience in cleaning up, the screen box and apron can be lifted
out. What is caught on the apron and in the riffles is washed in a hand pan
to remove the last of the sand. The cradle is a regular tool for washing aurif-
erous gravel on a small scale ; and is also used to clean up sluices and quartz mills,

THE SLUICE, as the term is used in placer working, is both a trough for trans-
porting water and gravel, and a concentrator for catching and holding, by
riffles, any heavy grains the gravel may contain (see Fig. 419).

Many forms of riffle blocks have been used in sluices and their designs are
usually governed by three considerations: (1) The first cost and life; (2) the
effectiveness of the riffles; and (3) the ease with which they are cleaned up and
reset.

Bowie gives the grade of a sluice at 6 to 6} inches fall for a 12-foot box
(2° 25’ to 2° 35'). In some places where much clay is to be washed off 9 to 12
inches (3° 35’ to 4° 45’) is used, and where a minimum grade must be used,
as low as 2} to 3 inches (1° to 1° 10’) for a 16-foot box has been used. His
figures on sizes and carrying power of sluices are as follows:

Depth. Width. Grade. Capacity o%nm%
:mg«. :test. s-u;u‘»:-w s,ooo%a,m
0« 8« 0° 50 600 to 1,000

In Mill 79, thirteen riffle boxes, 103 feet long, 12 inches wide, 8 inches deep,
with sides and bottom made of 2-inch plank, are placed side by side, sloping 1°
25’ (% inch per foot). They have movable riffle bars 16 feet apart, 1} inches
high, lying across the bottom, and held in place by cleats on the sides. They
are fed with the vanner tailings, by a rough form of classifier. The pulp is re-
ceived at the middle of this classifier and runs both ways, discharging &mugh
thirteen 1-inch holes to the 13 riffle boxes. The latter are cleaned out once in
24 hours, two at a time, by turning off the Eulp and turning on wash water for a
time to rinse off some of the quartz ; then the riffle bars are removed and the con-
centrates are swept out while the clear water is still running. The concentrates
go to the first compartment of the settling tank, which yields 467 pounds of
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:oncentrates in 24 hours (35.8 pounds for each riffle box) assaying $103 per
on.

In Mill 56, below the amalgamated plates are five riffles or catch pits 1 inch
wide and 1 inch deep running across the width of the apron. The first con-
sists of the space between two beveled cleats, the other four are sunken riffles or
depressions cut in the surface of the planks. They are all filled with mercury
and serve to catch any particles of rusty gold that have been at all brightened.
Following these are two collecting sluices each 12 feet long, 8 inches wide and 6
inches deep, sloping # inch per foot. The riffles consist of 1-inch holes in a

PIG. 419.—RIFFLE SLUICE (FROM BOWIE).

board lging in the bottom of the sluice. The holes are staggered and spaced 3%
inches between centers crosswise and 4} inches between lines of centers length-
wise. At the lower end are four bar riffles 4 inch wide and 1 inch deep. Follow-
ing these is the main sluice 200 feet long, 12 inches wide, 12 inches deep, slop-
ing g inch in 12 feet, with riffles in it made by placing 2X2X1-inch blocks on
edge between 1X1-inch longitudinal strips, as shown in Fig. 420. This con-
struction causes a depositing eddy at the head of each riffle space. The pulp
current in this sluice is 3 inches deep. Following this a 15-mesh iron wire
screen is placed horizontally in the bottom and yields overflow containing the
larger sand and the bulk of the water to ) tail sluice, and the finer sand to three
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tables each 40 feet long, 8 inches wide, sloping s inch in 1 foot, on which are
laid old battery screens. The tail sluice is 12 feet long, 14 inches wide, 8 inches
deep, sloping 1} inches per foot. This is supplied with Hungarian riffle blocks
running across the trough (Fig. 421).

The mercury riffles following the amalgamated plates in this mill are skimmed
geveral times a day for rusty gold. The mercury is taken out from time to time
and filtered through chamois skin, the amalgam saved and the mercury put back
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FIG. 420.—RIFFLES IN MILL 56.

into the riffies. All of the other riffles are cleaned up periodically and yield
black sand with rusty gold, which is saved as far as Xossible by hand pans.
RevoLviNG STRAKES.—In Minas Geraes, Brazil, a device for rapidly discharg-
ing riffles is used.* This consists of a triangular Erism with equal faces, each
of which is a riffle sluice supﬁlied with cross riffle bars and side retaining walls
(see Fig. 422). This prism has end trunnions of hard wood upon which it can
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F1G. 422.—REVOLVING RIFFLE STRAKES.

revolve. The pulp current is distributed at the upper end by a wooden sliding ( ?)
bridge, and running over the riffles is discharged at the lower end. When
the riffles are charged with auriferous sulphurets they are discharged by revolv-
ing the prism to wash off the sulphurets and to bring the next face into line, the
pulp being momentarily shut off and the sliding bridge withdrawn. The width
of each face is 18 inches, the length 14} to 18 feet. It slopes 1 inch per foot
(4° 45’). The riffle bars are 0.14 inch high, and there are many of them. Two
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of these prisms are hung in one tank which is in section like the letter W. This
tank, filled with water, washes the riffles and receives the concentrates.

UNDERCURRENTS.—Where it is desired to treat the finer portion of the gravel
more quietly than in the main sluice, a small grizzly is placed in the bottom of
the sluice and the water and fine gravel passing through this are treated at a
gentle speed on “undercurrents,” which consist of wide sluices containing riffles.
The undercurrent should be eight to ten times the width of the main sluice and
have a grade of 4° 30’ to 5° 45’ (8% to 10%).

E. Kigves.

§ 512. Kieves are strong tubs with sides flaring upward, in which the sepa-
ration is effected by mechanical agitation in a deep mass of thick pulp. Stirring
paddles are used for preliminary mixing, and hammers or heavy striking bars
for the final separation. They are used to fin-
ish the concentration of fine products that are
nearly rich enough to ship. In Mill 46 they
deal with grains up to 0.05 inch (1.27 mm.) in
diameter, in Mill 47 with grains 0.053
inch (1.36 mm.) in diameter. They can
be used on products of the fineness .of
slime table heads, but with much finer
products the process becomes tedious, be-
cause of the long time required for
settling.

The kieve has a Bhaft with a crank for re-
volving it by hand in a movable top bearing,
and in a step at the bottom. On the shaft is a
pair of paddles of the form of propeller blades,
which tend to lift the pulp and stir it thor-
oughly. The operation is as follows:

Water is run in by a hose up to a mark, found by trial. One or two men
revolve the paddle about fifty times per minute, while another shovels in the ore,
which is moist. When the required amount is charged, the shaft is kept revolv-
ing for a minute or two to thoroughly liquify the pulp. Then the top support
and the shaft are quickly lifted out and a bent pounding bar (at Mill 47, 1}
inches diameter, 7 feet long), standing in a wooden step in the floor, is made to
deal repeated shocks to the sides of the kieve, perhaps fifty blows per minute.
The blows are received upon a plate 14X3X4 inch (Mill 47) screwed to the side
of the kieve. The pounding bar is so bent as to strike the kieve a little above
the middle. The pounding 1s kept up until the particles have settled themselves
into a compact deposit at the bottom (an almost “hard pan”) with the quartz
grains largely at the top and the ore grains in layers below. The water is now
siphoned off and the layers are skimmed out with a shovel. The layers are
roughly as indicated in Fig. 423.

The concentration occurs partly during the stirring, but an important part

— 2
FIG. 4%3.—KIEVE.

TABLE 329a.—DETAILS OF KIEVES.

Thickness of
Mill or Top Bottom Revolutions
of Paddle

Author. Helght. Diameter. | Diameter. Sides. I Bottom. lF. 186 Bottom| per Minute.
B Inches. Inches, Inches. Inches. Inches. Inches.
8. iiiiiinns 48 48 .- S (R I O I TN
47 . iiiiiinne 82 4“4 39 2 2 1 50
‘Teague* 28 41 . P [
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takes place during the pounding. While the water from below passes upward
among the grnins, the fine, high specific gravity grains settle below the coarser,
lower specific gravity grains, according to a ratio which is probably that of
kindered settling. Some details of kieves are given in Table 329a.

In Cornwall, both the paddles and the pounding bar are sometimes driven by
power, as in the kieve described by Teague, the dimensions of which are given in
Table 329a.

In Mill 47 two kieves are used, fed respectively with the two products of the
tye (see § 507), the tye itself being fed with certain of the hutch products of
the finishing jigs or with the slime table concentrates. The coarse, poorer por-
tions from the tye, treated in No. 2 kieve, yields: (1) tops, returned to slime
table; (2) middlings, re-treated in the same kieve; (3) bottoms, to first
treatment in No. 1 kieve. The fine, richer portion from the tye, treated in No.
1 kieve (first treatment), yields: (1) tops, returned to slime table; (2) mid-
dlings, returned to same kieve (first treatment) ; (3) bottoms, returned to same
kieve (second treatment). These last bottoms yield, on second treatment: (1)
tops, returned to slime table; 32) middlings, returned to same kieve (second
treatment) ; (3) bottoms, barrelled and shipped to smelter. Three men work
up one charge in an hour, operating the tye at the same time. In Mill 46, slime
table concentrates and hutch products of the finishing jigs are treated in a kieve
without first using a tye.

Continuous Kieve—A deep, cylindrical tub, with the revolving kieve paddles,
has been used for treating larger quantities than is possible with an intermittent
kieve. It must be fed at a point about half or two-thirds the way up from the
bottom to the top by a central hopper and tube. The overflow can be discharged
all around the top and caught in a circular launder. The action is less perfect
than that of the intermittent kieve, as the hammering is omitted. It probabl
ranks as a classifier working under hindered settling conditions, and using muc
less water than any other form. It yields a continuous overfiow, and either a
continuous spigot product or an intermittent one as desired. The apparatus
might serve as the first settling tank in the Austrian graphite mill (§ 784). This
is suggested merely to indicate the line of work the author believes the apparatus
to be suitable for.
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CHAPTER XVIL
AMALGAMATION.

The properties of mercury, which enable it to form alloys with gold and silver,
are made use of in milling for the extraction of those metals from their ores.

§ 513. PROPERTIES OF MERCURY.—Mercury freezes at 39° F. below zero. It
vaporizes to a very slight degree at ordinary temperatures, more rapidly at 100° F.
and at 212° F. sufficiently to salivate an incautious workman. It boils at 680° F.
1ts specific gravity is 13.6. Its capillarity is negative except to those metals with
which it easily amalgamates. To these, when their surfaces and that of the mer-
cury are clean, it is positive, that is, it “wets” them. It is not affected, when pure,
by air, but, when impure, oxidation of the other metals forming the impurities
takes place on the surface, and the oxides formed are absorbed by the mercury.
Mercury and all its salts are violent poisons. Raw white of egg or potassium
iodide 1s the best antidote. Strong nitric or sulphuric acids attack mercury;
hydrochloric acid, dilute sulphuric or pure dilute nitric attack it little or not at
all; dilute nitric acid containing nitrous acid readily attacks it however.

§ 514. AMaLcaMs.—If a grain of clean metal, for example, gold, comes in con-
tact with clean mercury, according to its thickness the particle becomes either
entirely combined or superficially coated with metcury, and if two such particles
come in contact with each other they are loosely cemented or soldered together.
Such aggregations, which are alloys of the metals with mercury, are called
amalgams.

If a metallic compound that can be chemically decomposed by mercury, for
example, cerargyrite (chloride of silver) or argentite (sulphide of silver)
comes in contact with mercury under conditions favoring the reaction, a por-
tion of the mercury seizes the chlorine or sulphur, forming chloride or sulphide
of mercury, and the remainder seizes upon the silver as it is set free, forming
an amalgam of mercury and silver.

Mercury unites also readily with copper, lead, tin, cadmium, zinc, bismuth,
sodium, potassium and some of the rare metals. The affinity of mercury for
the various metals with which it unites to form amalgams, increases with the
temperature. In the case of arsenic and antimony, heat is necessary for their
amalgams to form, and with that of the latter the antimony gradually sepa-
rates out again as a black powder on cooling. By using a voltaic couple, with
a dilute acid and with mercury as the negative electrode, it unites with nickel,
cobalt, manganese, iron, chromium, aluminum and platinum. Mercury forms
an amalgam with the above metals when their salts are treated by electrolysis
with mercury as the negative electrode. Sodium amalgam will decompose most
of the salts of the metals yielding amalgam of mercury and the metal derived
from the salt. Mercury forms a triple compound with sulphur and arsenic.

As sodium amalgam is used to some extent in mills its preparation is of
cial interest. For preparing it, clean, dry mercury is used from which all
moisture has been removed by blotting paper. It is heated gently and pieces
of sodium, about the size of a pea, are added one at a time, waiting for the re-
action after each addition, until an amalgam of the consistency of soft putty
is obtained. This amalgam decomposes unless kept dry and out of contact with
the air. It keeps best when covered with naphtha and put into tightly stop-
pered bottles.
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In milling, three amalgams of gold may be considered. The first is liquid,
which appears like mercury, and is commonly considered to be a saturated solu-
tion of solid gold amalgam in mercury. When filtered through chamois skin
it contains about 0.1% gold at 60° F. The quantity contained will increase
with the temperature. On standing several months, at about 68° F., crystals
of amalgam will crystallize from this, leaving a solution with only 0.0683%
gold. Even this, when filtered through boxwood, is reduced to 0.0601%, which
figure probably represents the amount of gold held in permanent solution
at 68° F. The second is solid. The gold in it is combined in some definite
chemical proportion with mercury, and has a definite crystalline form. Native
amalgam of California ranges from 39.02 to 41.63% gold, corresponding to
the symbol Au, Hg,. A number of other solid amalgams have been made but
the one just mentioned is probably that made in the mills. The third is nuggets
of gold superficially coated and cemented together with the first and second
amalgams. By straining mill amalgam through chamois skin, one gets No. 1
amalgam in the liquid which goes through, and a residue, which approximates
to No. 2 amalgam, according as No. 1 and No. 3 are absent from it. If No.
1 is present in excess it will soften the amalgam and diminish the per cent.
of gold ; if No. 3 is present it may greatly increase the per cent. of gold.

Silver amalgams may be divided into three classes in the same way as gold.
The solid native silver amalgams vary from Ag, Hg,, containing 26.25% silver,
to Ag,, Hg,, containing 64.2% silver. The presence of unpenetrated silver
nuggets in mill amalgam is rare since the amalgam is generally formed by
chemical reaction with some compound of silver rather than with native silver.

For further information on gold and silver amalgams, the reader is referred
to the very complete treatment given the subject by Louis.*®

§515. AppaRATUS USED FOR AMALGAMATION.—For amalgamation or sepa-
rating the precious metals from their ores by mercury, the following devices are

Stamp mill. :

Arrastra, Huntington or other crushing mills.

Amalgamating pan.

Inside plates, that is, amalgamated plates inside the stamp mortar or other
crushing mill.

Outside plates.

Mercury wells and traps.

Mechanical amalgamators which do not combine crushing with amalgama-
tion.

For treating and partially refining the amalgamated products of the preced-
ing apparatus there are the following devices:

Clean up pan.
Clean up barrel. '

While both gold and silver are caught by all these, the amalgamating pan is
used where silver preponderates in the ore and the others where gold. The
first four and the last two combine crushing with amalgamation and have al-
ready been described under the various headings. It now remains in this chap-
ter to take up the other three.

OUTSIDE AMALGAMATED PLATES.

8 516. PriNcIPL.E OF AcTION.—These are generally copper plates coated with an
amalgam. They are set at an angle so that the pulp fed at the upper end flows
down over them by gravity. During its passage the constantly recurring waves
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and the drops which the pulp makes upon the head of the plates bring the free
gold into contact with the surface so that it becomes amalgamated and adheres
firmly to the plate, while the sand and sulphides are carried forward by the
water. Mercury has to be supplied from time to time to keep the amalgam on
the surface of the right degree of hardness, and it is scraped off and the gold
saved at stated intervals.

§517. TABLEs FOR SUPPORTING PrATES.—These should be so constructed that
the slope may be readily adjusted and at the same time be firm and rigid enough
to remain constant in any position. This is to prevent any unevenness in the
flow of the pulp, and thereby avoid danger of loss which occurs when portions
of ltll glate_ are alternately wet and dry. A few of the designs used by the mills
wi given.

Two tables, standing upon independent sets of legs and with independent ad-
justing wedges, are used for each battery in Mills 65, Y3 and 74, which have
two long plates side by side, each 2 feet wide. Before putting on the plates,
the tables are dressed down 4 inch in the center for the full length, causing
a slight depression in the center of the plate, and, in consequence, the center
of the wave to be in advance of its ends. If the tables are not dressed as de-
scribed but are left flat the pulp will not run so evenly but will tend to one
gide or the other.

Tables mounted upon wheels running on a track are used in Mill 62. They
are wheeled forward a short distance at the time of the clean up. Preston®
states that in some mills only the upper section of the tables is movable, while
the remainder is stationary.

At Mill 67, which is similar to the Oldham mill, (see Fig. 424), the plates
are laid upon tables made of the best selected clear pine 2 inches thick with
three cleats, 3X6 inches, fastened underneath, one at each end and one in the
middle. There are three transverse rods of }-inch round iron passing through
the planks and holding them tightly together. These tables rest upon two string-
ers of 3X5-inch scantling and are kept from sliding downward by a cleat nailed to
the stringer. These stringers lie loose in notches or gains cut in standards and a
hard-wood pin keeps each stringer from sliding downward but admits of sufficient
freedom to raise the lower end as required. e standards are nailed to the floor
and have no connection with the mortar blocks, nor has the floor, a coarse saw-cut
separating the boards of the floor from the blocks. At the lower standard a hard-
wood wedge is inserted under each stringer which wedge has a slot cut in the
middle, through which a bolt with a thumb nut is run. The slope is adjusted
by this wedge and kept in any position by means of the thumb nut.

Mill 64 (see Figs. 425a and 425b) has tables built of 2-inch planks in steps,
cauging drops from one plate to the next. In a total length of plate of 23 feet
9 inches, there is one drop from the mortar, two from mercury traps and five
drops of 2 inches each from steps in the plank table. The sides are of 13}-inch
plank, varying from 3} to 5} inches in height. The various sections are made
overlapping and there are cross bars at each joint. The under side of the table
is only 17 inches above the floor at the head and 6 inches at the foot, and it
rests upon five cross timbers spaced at various intervals, which are supported
by short posts.

At Mills 68 and 82 the tables for the plates are made of good clear lumber.
The sides are made of 2-inch stuff. The bottom is tight, consisting of cross
boards 14 inch thick, which are mortised to the sides and further held by three
$-inch transverse rods of iron. In addition to this, in order to hold the bot-
tom in shape and prevent warpini, three longitudinal 6-inch strips are fastened
to the bottom by govetailing. These strips also answer the purpose of saving
the table when wedging it, that is, wedges used at the head or foot are always
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placed so as to bear against these strips. The table is well painted and put to-
gether with screws. The plate is simply laid upon the table, fitting in a groove
on either side, about room enough being allowed for a sliding fit. The sides of
the table, just above the plate, are caulked with oakum and two cleats fastened
on, one on each side. The cleats rest solid on the plate and are made wedge-
shaped, tapering from 3} inches at the bottom to nothing at the top and ex-
tending the whole height of the side, which is 6 inches. The upper end of the
table extends back about 2 inches under the mortar lip and it is wedged tight,
the wedges being driven from under the table, forcing it up against the mortar
lip. The lower end of the table is supported upon a strong wooden sawhorse,
which is securely fastened to the floor. Wedges on top of this horse serve for
leveling the table and adjusting the slope.

In Mill 86 the table is hung on stirrups, to be adjustable for different ores
(see Fig. 426). Louis' finds that the upper ends of tables are sometimes hung
on rods, independent of the floor and of the stamp mill, to prevent jarring.

John Hays Hammond* recommends cast iron tables for supporting the amal-
gamated plate. A table of this kind, used in Mill 57 for the newer plates, is
shown in Fig. 427.

In regard to the advisability of connecting the table with the mortar or the
stamp frame, opinions differ. The advocates for connection are Rickard:?,
Mills 68 and 82, and the Haile Gold Mine.*” The claim is that the jar ob-
tained assists the settling of the gold and is beneficial to amalgamation. The
opponents are Hammond and Preston of California, Furman of Colorado,
Hardman of Nova Scotia, and Louis, all of whom claim that the jar is injuri-

' : FIG. 428.—FASTENER AT MILL 67.
FIG. 426.—STIRRUPS AT MILL 86.

ous, probably tending to form hard amalgam. At the trial of a large steam
stamp at Mill 66, (see § 122), the jar was enough to cause amalgam to ball up
on the plates and mercury to exude and run away. The weig%mt of the evi-
dence appears to be against the use of vibration on plates.

Extending across the head of the table over the plate, there is generally a foot
board on which the attendant may walk or stand in looking after the mortar.

§ 518. FASTENING THE PLATES To THE TABLES.—Plates as they come to the
mill are rarely over 8 or 10 feet long, so that in almost all of the mills the amalga-
mated plates are made up of sections, which are laid either overlapping or with
butt joints. In the latter case they are sometimes brazed together in one sheet.
The method of fastening down the plates at Mills 68 and 82 has already been
g];lvgen. Mill 67 fastens the lower edge of the plate by a lapping iron strip, (see

ig. 428).

At Mills 65, 69, 73 and 74 blankets are placed between the plates and the
tables. The sections are laid with butt joints. On each side of a joint is a row
of screws fastening the plates to the table, and there are also cleats at the sides.
Copper screws are best for this work, being of the same character as the plates;
brass becomes brittle, while iron causes galvanic action which enlarges the holes.
Several authorities advise not using screws at all, but to have the sections of
the plate overlap and fasten them down by buttons or wedges at the sides so that
they are easily removable.
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§ 519. PosITION OF PLATES IN THE MiLLs.—In American mills outside plates
are almost universally placed just following stamps or other fine crushing appa-
ratus, and preceding concentrators: Mill 86 formerly used plates after vanner
and Gilpin County bumping table, but they are now given up, having been
found useless. In Australian mills there is considerable variation in the posi-
tion of the outside plates, as may be seen by refererce to Rickard.’* In the mag-
jority of cases, however, they follow directly after stamps.

TABLE 330.—AMALGAMATED PLATES.
Abbreviations.—Ft.=feet; In.=inches; No.=number; par.=parallel; 8q.=square.

Slope. Water 35
5 Location of Flate. [ Kind of Plate. | Length| Width. 85 St 3‘,"8_ g Mnul;af e%
3 a5 g5|% 8 a.uon;,;fg..
P board........... Silver plated...| 1 2| & 506 3 | o e8| .. ®
e et E I E AR IR | ¥
Next follow riffies containing mercury.
& |On mortar lip.............. |sttver plated...| 1 6| ® .| 650 ng| 7 8].10 | 7
Aprcn plator oo ] stif:g-pmed... 4 01 88 ... 18.06 13 7 81 10
1888 (6) e err von . 15 9] 48 6:00| 1887 8| 10
plate (d)....... « s oo u 00| 15d| 5 87| 10 2
sluice plate (d) ... « s o] @ 800 15| 6 4] 10 .0,
Next follow No. 2 mercury traps on six batteries and Nos. 2 and 8 mercury traps on two batteries.
58 |First aprou plate.......... [siiver plated...| 1 6| 84 | % | 67| 18] 8 | 5| s
ext follows No. 1 mercury trap.
apron plate........ |saver plated...| 4 o & | % | 18.00| W) 7 s s | =
ext follows No. $ mercury trap.
fstuice plate................ |stver plated...[ 12 of| )48 | 6 | #-0| 14| 8 |} B8 |,
Next follows No. 8 mercury trap. -
w [Prscapron piate ol 481 @ ol 3B e w ] a |
Next follows No. 1 mercury trap.
B pibea s plate oo =
Next follows No. £ mercury trap.
60 |Apron plate ...coceenieen lstlver plated... .00
ext follows No. 1 mercury trap.
......... :snm.,)lned::: :g
oo plate... oo “ H
rtar Up...........c.0 ot
On distributor. ........ “
Next follows No. 1 mercury trap. 0 " 194 118 o o ”
oo piatercor DocciciPimerpeted | So8] 8@ [ %1%l 8] B |5,
Next follows No. 2 mercury trap. The vanners have No. 3 mercury traps on their distributors.
[ mortar Hp........c..... l...... .......... | ........ | ........ l ............................ I ......... I ]
1 mercury trap between lip and apron pl::ea.o -
i e e O PO
Next follows No. 1 mercury trap.
[uanmmu)l ..... | o olmacuml
Next follows No. $ mercury trap.
o8 suiow platen (1|12 130 B o| 8.0 s TR b AL I
Next follows No. 8 mercury trap.
& [Apron plate ............... |Biver plated...| 0 11| 48| & | ser|...|....... R | o

Next comes a distributor with two spouts, one for each sluice plate, and the pulp then passes over two
back M with plates on them.

L

_—_—



738 ORE DRESSING. § 519

TABLE 330.—AMALGAMATED PLATES.—Conlinued.

. Water _ﬂ_-g
! Slope. Pnslnggzg
Width. of | 3 Pate [2~2 ¢
g Location of Plate. | Kind of Plate. mmm g_g Plate. Sé £ .;,gos
L] © 8q.Ft.| 2 2 Mm ]
= 2% | F 2 |Galloms o3 2

3 & CLAN-3- m ¥ &

65 |Two parallel sluice plates. |Silver plated...| 81 0 |[Each®4| & M.OOI l!(l 8 W l......... b7
Next!ollowlNo.lmmnyu;:; Thaom];h&;sdte;&hec?nuzb&rml’dmﬂn::m::“

68 |[Apron plate...........ceuee P! oopper...| 1 . B J PO
lcopper?!inedtrough .......................................................... I ........ 16.85 ... .....
Next follows No. 1 mercury trap, lined with copper.
|graice plate............... Jeeserannannenee [0 0| 18 | 3 | 18.98] 1 | 4 | 1655 |........
Next follows No. 3 mercury trap.

Plain copper...]| 0 8 52 2.89 3 8 8 Jieeeensn

o ((-'.) I [ 54 E 300 |.% me| B %
Apron plate (8)............ “ L1070 b4 45.00| 135| 8 18] 38 1
Next follow Nos. 1 and $ mercury traps and in the tail launder is No. 8 trap.

(] (A)n A lp..eeeenenes snmpllted. 0 33‘ g 22 s’:?} 93‘ i 18 24

pron plate....%.......... ¢
2 launder..... | ceeeesnnnennees] corniionnnnied]iiiendfieiiisideiieiieninnnns ) {1 I (O
8:"":1101‘&!&!’“)“ .................... 1 4 4 |...... B.88 [ooocuileenieiideennnnni]ieninnes

70 |Apron plates............... Siiver plated...| 8 0 82 | 3¢ | 8467 8 | 9 20 ...l

Next follows No. 1 mercury trap.
lash board........... Bﬂmph.ted. ..................................................... ()

"&fgomup ............. l ¢ ] 0 7Y 48 |...... 850 |ooeifeeieeiiennnnn, (o;
Apron plate.........c...... “ ..l 2B “® ... 9.26| 12| 8 45| 15 1
Noxtfollomtl::blmm‘zmry trap and two steps covered with rubber, the later one of which has No. 8
'Two par. No. 1sluice plates|Silver plated...| 10 0 |Each 15|...... 25.00| 1.6| 7 80 | Each 7.5
No.f:lruioephw....?{.....l P I 8 0' soul ...... I 18.67 I.GI 7 aol 15 o"
Next follows No. 8 mercury trap and before the vanners are No. 4 traps.

™ |0n mortar Hp ............. |Piatn copper...|....... [ [-eeee [ [oeee | ........ | 1658 |pses
Next follows a collector, a pipe, and No. 1 aud No. 8 m traps.
lwpm ................ T Plﬂnoopper...l 10 o| 4 | 14 | 4o.oo| 1.a| [} 1o| m.w] o)
Next follow Nos. 8, 4 and 5 mercury traps. "

I 4] [l & 81 B Fosd s8hldees:
There are Nos. 6, 7 and 8 mercury traps in the tail launder of the mill.
nlOnmoru.rlip .............. IWoodenboud.I 1 OI ........ l 1 | ........ I ...... l ........ I ......... I 9
Then follows a distributor with two spouts, one for each apron late, and the pulp next passes over two
btck!:i‘;ﬂeow". with plates on them 5 inches long. pron p
|'rwow.No.1-lu|oephm[snverpm..|m 0 |Each 2| | sa.oo| 2 | 9 ss] ......... | 1
Next follows No. 1and No. 8 mercury traps.
gg.’sluioo mbummverphmd g g E * 8.& 2 9 M leeiiiiifiananen
vanuer distributors....|.................| 1 6| 48 [...... ', i P P IETOTIRN IOUDRR
7) Snverplat.od... 12 0 18 |...... 12.00 | 1 T 8licieviiid]ivannns
o; . ..) 16 18 |...... 15.00 | 1 T 8 iiieiiiinnannne

“ ¢ “ ...(u;(! [] ?‘)48 ...... 2.00 |...... @ Joeeeennn. 7

On mortar lip.............. Wooden board.|(u)1 0| (u)48 |...... 4.00 |......]eeeeiii]iiinnnnn. 1

Next follows a distributor with two spouts, one for each apron plate, and the pulp next passes over two
back deflectors with plates on them. pron p pulp

rl‘wop‘rnllellluioephtea..ISﬂverphwd...lm a[mu] A | su.ool ) | 9 1.-.| ......... [ ........

Next comes a transverse collector, and there is No. 1 mercuﬁutmp before the vanners. There are plates
on the vanners and after the clean up barrel, similar to .

75 |[Apron plate........ooceeeifereeninnennnnnns 2 38 56 |...... 1050 | 8 9 18 10 |eeeennen
lsum plate...ueniniiill l ................ 16 o| uul ...... 198 1] 7 10] 10 I ........
Next follows No. 1 mercury trap.

™ |38 Borsar tipeercccl 8 8L B ) RELELLEL O
Next follows a back deflector of wood.

First apron plate.......... [-+eeeerennnen | 8 of & ... 1s.oo|a;(|m avl ......... | ¥
Next follows No. 1 mercury trap. ’
Second apron plate........|..eeessveeennn ] o 5| 8 |..... | 1s:| ...... | ........ | ......... [ ........

Next follows a back deflector of wood.
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TABLE 330.—AMALGAMATED PLATES.—Concluded.

. Water Ef_-g
2 i Are dSIope. PO‘?:?‘ %:é )
E| Locationof Piate. | Kind of Plate. | Length| Width. =§ Piate. | 4% g | Pme (229
= ' g8 |SaFe| g6 é 2 |mute. T2 22
E g" 32 & = Gallons. .. & £™
R g |4 8| 8 | | B 1R[] 2,
ot e TR N A I R B e
94 First comes a distributor.
|apron plate................ ISﬂmphM...l(n)O o| 5 [ ...... | ao.ool 1;" 8 IBI ......... | ........
68 Next follows No. 1 mercury trap.
|spron plate............... [snmpmea..l 8 o| 58 | % | u.arl 2 | 9 so| ......... | ........
Next follows No. 1 mercury trap.
8 |Atter No. § trommel ...... lsuverpmed...](w)mo| “ | 1% | a.oo| 2 | 9 m| ......... l ........
Next follows No. 1 mercury trap.
87 [Apron plates.............. R e e e Ty TN T T e | ........
88 |Apron plates ......... .... ...| 8 0 54 |...... 86.00 | 2410 85 |....cocnc]ecnnanns

Next follows No. 1 mercury trap, and on two batteries No. £ trap.

(a) This mill has double discharge and plates in the front and rear of the mortar. (b) Splash from screen-
(c) This is the only plate after the apron plate in two batteries. (d) These two plates follow the apron plate in
six batteries. (e) 46 inches on four batteries, 29 inches on four batteries. (f Q'hls is narrowed to 24 inches at
the end. () This is narrowed to 18 inches at the end. (h) These plates are divided lengthwise down the cen-
ter and rest in two boxes, which are removable and are taken up when the plates are cleaned. (i) Made in
three sections. The last section is Brussels carpet. A strip of wood is laid down the center. () These are
two panlle'u:lates. each in three divisions, the last one of which narrows to 16 inches (see Fig (8513 (k) These
are twor lel plates, each in three divisions (see Fig. 425a). (J) This is between the screen and the mortar
lip (see Fig. 429). (m) This is a back-deflecting quadrant plate, a quadrant of a cylinder with 6-inch
radius (see Fig. 429). (»n) The uzper end of the apron plate is turned up one inch under the mortar lip, but
does not come in contact with it. (o) inches from screen; 13 inches from splash board. (p)Seven bat-
teries have 8-inch drop and one has 5-inch drop. (g) Uat the start; 3 inch at middle. (r) First Yilata after
clean up barrel. (s) ‘pln.&e after clean up barrel. (#) This is between the screen and mortar lip and isa
curved convex plate in the form of a quadrant of acylinder. (u) Approximately. (v) Divided into two sec-
ticns of 4 feet each. (w) Divided into two sections.

The location of outside plates, together with their dimensions, and the points
at which they are interrupted, is shown in Table 330. For the corresponding
inside plates the reader is referred to § 161, and for the traps to § 546 et seq.
With a few exceptions they all come under one of the following heads:

(a) Splash plates or plates on the splash board.

(b) Lip plates or plates on the mortar lips or mortar aprons.

(c) Apron plates or the wide plates that are disconnected with the mortar.

(d) Sluice plates which are narrow plates usually following the apron plates.

ge) Shaking plates including plates on the vanner distributors.

plash plates were found in only five out of 27 mills. The catching of gold,
especially if fine, on them, is favored by the fact that the pulp impinges upon
them. Their width is such as to extend across the mortar. Their ﬂangth, how-
ever, is short, only from 8 to 14 inches. According to Adams!, the importance
of a splash plate as a gold catcher is underestimated. He recommends that it
be supported upon the table and not on the mortar; that the slope be over 45°;
that the bottom be at least an inch below the bottom of the screen and the space
at the bottom between it and the screen frame be not over £ inch in order that
it shall receive all the splash.

Lip plates were found in 12 out of 27 mills. It is on these that the greater
gart of the pulp falls from the screen, and consequently more gold is caught

ere than on an equal length of any of the following plates. Their length is
peceesarily short, 3 to 18 inches, while their width is the length of the mortar.
In Mill 74 it will be noticed that the pulp from the screen, before it reaches the
lip, first falls over a plate about 6 inches long bent in the form of a quadrant
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of a cylinder with its convex side up. In Mill 67 the mortar lip is so low that
the plate is 2 inches below the lower edge of the screen frame being fastened
to the chuck block by two bands of iron (see Fig. 429).

Apron Plates—The term apron plates, as used by the author, will include
those plates which come next to the mortar and are of a width about equal to
the length of the mortar; also all subsequent plates which are no narrower than
the first apron plate. Apron plates occur in all the mills except 73 and 74.
Their length varies from 10 inches in Mill 56 to 16 feet in Mills 60 and 61,
and their width from 46 inches in Mill 71 to 564 inches in Mill 64. In some
mills they are narrowed at their lower end to the width of the sluice plates.

Sluice Plates—There is a looseness in the use of the terms apron plate and
sluice plate, but, as used by the author in conformity with the custom in a ma-
jority of the mills, sluice plates are those
that are narrower than the length of the
mortar, or than the plates preceding.
Sluice plates were found in 11 out of
27 mills. Their length varies from 3 feet
8 inches in Mill 64 to 22 feet in Mill
73. The width varies from 12 inches in
Mill 73 to 48 inches in Mill 5%. In
Mills 64, 65, 71, 73 and 74, there are two
sluice plates side by side, which are equiv-
alent to one wide plate. They enable the
attendant to run the whole pulp over one
while the other undergoes the daily dress-

FIG. 4R9.—FIRST PLATES OF  ing and cleaning.

MILL 67. As sluice plates narrow the stream of
pulp, they are now generally ‘condemned
by the authorities. The mills using them are in the minority and the tendency
is to do away with them. Mill 60 is a new mill, and has no sluice plates. Mill
67 has put in a new arrangement on two batteries, namely a very wide sluice
plate after the apron plate; the old arrangement, still used on six batteries, is
two sluice plates in series, the first of which is narrow while the second is wide.
The first arrangement does better work, even though its total plate area is

slightly less than that of the second.

According to Rickard, it is best to have all the plates, from beginning to end,
of the same width, which width should be slightfy greater than the length of
the screen discharge. If much wider, it is difficult to get good distribution.
If narrower, the current becomes deeper and swifter, more eddies are formed,
and the wave effect is somewhat broken; all of which have the ultimate effect
that the catching of gold is hindered. The arrangement used in Mill 76 (Table
330) appears to the author to be very satisfactory.

Shaking Plates.—The old scheme of using plates mounted on a shaking table
was found only at the Mayflower mill in on;orado which used shaking amal-
gamated copper riffle plates supplied with an electric current. Shaking plates
10 feet long and 48 inches wide were formerly used at Mill 57, where they were
said to save $50.00 per day, after the sluice plates, but were given up, the idea
being that probably what they saved would be caught by the vanner. What are
in effect shaking plates are made by putting plates on the distributors of the
vanners. This was observed in 5 out of 27 mills of Table 330. Experience
shows that shaking plates will save some gold and amalgam which has
the stationary plates, the amount depending upon the ore and the manner in
which it is treated. This is due not only to the settling of the gold directly
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by the shaking motion, but
a{so to the diminished slope
which is wused. They are
mounted on suspended or
movable frames, and may have
either a side or an end shake.
For the former, McDermott &
Duffield"* recommend 180 to
200 throws per minute of 1
fnch each ; for the latter, Pres-
ton* gives 200 throws per min-
ute o% # inch. Snyder** rec-
ommends gyrating plates as
giving better contact than
either side or end shaking
plates. Such plates were for-
merly used by the Ottawa Gold
Mining and Milling Co., at
Keewatin, Ontario, but were
given up on account of fre-
quent breaks and unsatisfac-
tory results.

Mﬂt:ed 77 uses althin amtz;ll-
gamated copper plate on the
surface of No. 1 bumping fa-
ble. This is cleaned every two
months and yields 1 ounce of
amalgam with a much higher
proportion of silver to gold
than the avetaf: of the mill.
This copper plate lasts only
one or two years, but will more
than pay for its renewal when
worn out, by its gold and silver
value,

Miscellaneous Plates. —
There are a few plates in the
mills which are not included
in the five preceding classes.
Plates are used in several mills
after the clean up barrel,
among which are 65, 72, 73
and 74; in Mill 66 as lining
for the No. 1 mercury trap; in
Mills 66 and 68 asrl’;ning for
launders; in Mill 67 as a
curved quadrant plate (see
Fig. 429), the first object of
which is to distribute the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>