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“The present invention relates to a ‘process Tor
the concentration of ores, and in particular it
comprises ‘a modification of the usual procedure
For the table agglomeration:coneentration of -ores
by mesans of shaking tables.

In the employment of shaking tables for ‘the

$able agglomeration concentration of -ore mate-:

rial, ‘the wusual ‘procedure is ‘to first prepare the
-ore for tabling by agitating = thick pulp -of the
material containing gangue with $he proper pro-
portions of selective -conditioning and agglomer-

ating reagents, such as for example -caustic, fatty

aeid and fuel oil in such a -manner as to condition
the pulp ‘and %o encourage the Formation -of
loosely ‘bonded agglomerates -of ‘mineral values
“as deseribed in U, 8. Patent No. 1,968,008 to:Chap-
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man ‘and Tifttleford. ‘When properly conditioned

feed of this pulp is supplied to such tables some
of the mineral values being ‘in the form of -ag-
“glomerates -containing gir bubbles, travel across
the riffles and -are discharged along the lower
Jong edge of the table as a concentrate.
mineral particles being coated with -oils travel in
the same direction in the form of a skin float,
riding on the surface of the water. "The gangue,
which may consist principally of silica sand or
-other material is progressed iin a -dirsction par-
:allel to the riffles and forms a lower layer -on the
deck of the table between the rifles. 'This sand
is discharged from the narrow end of ‘the tables
furthest from the head end. The capacity of
such ‘tables is limited by their ability to -effect
the physieal separation and discharge of ‘the sand
‘gangue.

The primary -6bject of -our invention is to pro-
vide means for greatly increasing the capacity
of the shaking tables in terms of tons -of ore
pulp handled efficiently per hour -of -eperation.
A-second object s the provision-of means whereby
the metallurgical recovery of -a higher grade
product is substantially increased.

“These :6bjects are accomplished by our method
in which the tab'es are assisted in:separating and
discarding gangue sands by ‘means -of @ partial
concentration .of the mineral values before the
Teed is ever introduced .onto the takle, thereby
-reducing the amount of work which must be done
on and by the tables with the result that the
papacity -of the tables is ;practically double, and
as will be ‘seen from the examples <cited, the
grade of concentrate iz greatly improved. The
‘matter -of grade as well as the matter of capacity
is very important. ‘In the case-of phosphate con-
-gentrates, for instanee, the commercial value -of

77 per cent coneentrates is approximately double
the ‘value 0f 68 .or 69 per.cent concentrates.

In table agglomeration -concentration of ores, 4t -
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is customary o use several tables. Condﬂ:ioning
for all tables may be done in a single conditionsr
and the conditioned feed continuously discharged
into a -distributor which ccontinuously divides the
total Teed into iequal parts. Each part is cton-
weyed by a separate table feed launder by gravity
to the feed box of one of the tables.

It has now been found that net.only-istheioiled
material levitated more readily than the unoiled
sand, but that The effect becomes so pronounced
during travel .of the pulp through the launder

$hat @ partial separation may ‘be accomplished

‘in the launder by providing means whereby ithe
‘upper stratum of piulp may be :substantially sep-

-arated from the lower stratum. ‘That is to:say,

‘when ‘a conditioned pulp moves in a launder or
‘pipe there is @ definite tendency for the :sand
fraction to segregate .at 4 “lower level than the
mineral wvalwe fraction ‘which is -oiled -and :gen-~
erally associated with air bubbles. We have
found that the lower portion, higheér in gangue
content, ‘may be drawn off from the bottom :of
the launder leaving ‘the upper portion, richer in
mineral values, Temaining in the launder. ‘We
‘thave also Tound that the tendency for ‘the woiled
and wnoited ‘portions :of ‘the pulp to separate in
the launder can ‘be encouraged and -assisted by

“the use of baffes .or other devices for causing
“turbulence in the pulp. ‘Such devices are of par-

ticular ‘benefit where the total «distance travelled

-by #the pulp Aowing in the launder ‘is relatively

short. ‘We have Turther found that by introduc-
ing ‘the thus separated portions onto =@ shaking
table at separate feed positions, we can ‘increase
both the capacity -of the shaking tables and ‘the
-efficiency of ‘the concentration operatlon per-
formed by the tables.

The method of practicing ‘the invention may
‘be ‘more Teadily ‘understood by reference to ‘the
drawings in'which:

“Fig. 1°is o flow sheet of ‘thepreferred:procedure,

Fig. 2 ‘Is ‘a s¢hematic perspective view of the
Feed ‘taunder -and ‘its -accessories, ‘@ "part being

‘shown'in-section,

Fig. 3 is a longitudinal vertical section through
one form -of apparatus which may be employed
for effecting ‘the ‘preliminary partial concentra-
tionin-a launder,and

“Fig. 4 is a longltudina,l ‘horizorital section on
‘the line 4—3% of Fig. 3.

‘Referring ‘to the flow :sheet of Fig. 1, it will
be appreciated that the invention resides in the
‘new and improved method -of :concentrating .ores
‘comprising (@) treating the ore pulp with re-
azetits which condition the desired walues:in such
a'way Bs to render them subject to agglomerstion
wand levitation while leaving the wangue ‘matertal
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substantially unaffected, (b) passing the thus
treated ore pulp into g launder, (¢) accomplish-
ing a preliminary separation of the pulp flowing
through the launder into two portions, one por-

tion being rich in the desired values while the

second portion is high in undesired gangue ma-
terial, (d)
a shaking table at separate. feed positions, (e)
accomplishing a final table separation simultane-
ously upon the two partially concentrated por-
tions, and (f) separately collecting the thus sep-
arated desired values and the unde51red gangw-
material.

In carrying out such a concentratlon of ore
in accordance with our invention, the ore mate-
rial is first made into a thick aqueous pulp
of approximately 65 per cent solids. In order to
be successfully concentrated by the process of

- the invention, it is apparent that the solids must
~have been previously gronnd and screened to
obtain the optiumum particle size normally em-
-ployed in the practice of table agglomeration sep-
aration (200 mesh to 8 mesh) of the particular
ore being concentrated. The pulp is then run
into a conditioner I.

. The conditioner may be of any commercially
suceessful design such os the horizontal rotary
type, and conditioning for all the tables may be
‘accomplished by a single unit of suitable size.
The reagents for oiling the ore are introduced
into the conditioner, these reagents being iden-
-tical in nature and quantity to those normally
‘employed for conditioning the particular ore
-prior to concentration by means of g shaking
table. The reagents illnstrated in the flow sheet;
to wit, caustic, fatty acid, and fuel oil, are those
- generally employed in operations upon phosphate
rock.

The conditioned feed is discharged into a dis-
tributor 2 which divides the feed into equal parts,
depending upon the number of tables to be sup-

plied. If it be desired to operate only a single

table, of -course the distributor 2 may be omitted
-and the conditioned pulp passed directly from the

conditioner { to a table feed Iaunder 3. As illus-

- trated, o six-way distributor may be employad
to feed the conditioned pulp in equal quantities
to six table feed launders, each leading to one

:-of six tables. bnt it is obvious that any desirable
-number of tables may be emvloyed in coopera- !

tion with a distributor capable of delivering to
- that number of table feed launders.

introducing the two portions onto -
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If desired, water may be added in the distribu- -

tor to insure flow hy gravity of the pulp in
launder 3.

From the distributor 2. the p"lp passes to the
table feed launder 3. The table feed launder
may consist of an onen sguare-sided trough or
.of pipe or of any snitable design providing ade-
. quate cross-section for the flow of the conditioned
- pulp.  The pulp is conveyed along the launder by
gravity, and simultaneous with the flow of the

60

-pulp toward the lower end of the launder a levita- .

-tion of the oiled pulp occurs while the unoiled
.gangue sands accomplish a settling out effect,
the result being that the treated pulp flowing in
-the launder tends to arrange itself into two sep-
arate strata. The upper layer contains most of
~the mineral values while the lower layer com-
~ prises mainly gangue.

It is obvious that up to a certain point, the
-degree of levitation of the concentrate and of
settling of the sands will be somewhat propor-
- tional to the amount of time the conditioned pulp
‘ds allowed to flow in the launder, this in turn be-

65

ing determined by the length of the table feed
launder and the angle at which it is mounted.
We have made no attempt to establish critical
limits for any of these factors, as the maximum
efficiency of our process will depend in each case
upon the type of ore being concentrated and the
particular characteristics of the pulp being
handled.

Suffice it. to say that at the lower or feed
end 4 of the table feed launder 3, g separation of
the lower stratum from the upper stratum is
accomplished to give two separate cuts of pulp.
This separation, which is in effect a partial con-
centration of the ore, may be accomplished by
any suitable means. Properly disposed baffles
may be used to assist the more rapid and com-
plete formation of an upper layer of pulp rich
in the desired mineral values, leaving a lower por-

-tion rich in gangue to continue its flow to the

end of the launder. On the other hand, the lower
layer high in gangue values may be drawn off
through the bottom of the launder, leaving an
upper portion richer in mineral values to con-
tinue its flow to the end of the launder.

In practice, we prefer the latter method, but in
any event, the thus separated portions are sep-
arately conveyed to a table 5, the portion rich
in concentrates being run into table feed box
& disposed to introduce pulp onto the table at
the upper or feed end of the table while the
portion rich in gangue is introduced onto the
table by means of feed box 7 disposed near the
lower or tailings discharge end of the table.

The preliminary launder separation may be

- accomplished by any number of simple forms of

apparatus, and although the practice of our in-
vention is not limited to any particular form of
apparatus, some of the forms which we have
found to be operable are illustrated by the draw-
ings.

According to the de51gn 111ustratnd in ng 2,
wherein a section of feed launder 3 is 1epre:eﬂtcd
having a receptacle 8 fastened to its under side
and opening into the launder as indicated. we
have shown that perforations 8 operate to draw
off the lower stratum rich in tailings for deliv-
ery to the feed box T via a supplemental. table
feed launder 19. It may be desirable to equip the
floor of the launder & with transverse rifies 14 in
order to produce tumbling and turbulence in the
pulp stream which may in some cases assist in
the preliminary separation. The rifles may ex-
tend entirely across the floor of the launder or
may be disposed in any pattern found to give the
desired tumbling or turbulence to a particular ore
pulp. In practicing our invention with ores -of
the type described below, we have found it-satis-
factory to employ riffles of about ¥ inch in height
extending across the entire floor of the table feed
launder in conjunction with a receptacle of the
type shown, in which the perforations-comprise

- holes having a diameter of approximately ¥ inch.

" The type of device illustrated in Figs. 3 and. 4
consists of a receptacle 12 fastened to the under
side of a table feed launder 3, the receptacle open-

. ing into the launder as shown. A supply of water
- (indicated by {3) is arranged so-as to provide-an

adjustable jet or stream of water in receptacle-{2.
An outlet 14 from receptacle {2 is provided as
indicated. In this application of the invention
the flow of conditioned pulp is present in the

~launder at considerabie depth (at times as much

as 1 inch deep), the sand tends to work -toward
the bottom while the conditioned or oiled ore val-

-ues-tend to work upward. - In the receptacle 12
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+these tendencies are further -assisted by the tur-
Puilence treated by the water jet :amd the inci-
«dental entrapment of air m the agitated mass.
"The result i that a substantial part of the sand
settles to the bottom of recepacle 12 ani passes
out through outlet 14 together with a relatively
small part of the ors valuss. At the same time,
-conditions in receptacle i2 :are favorakle fo the
Tevitation of the ore walues, the major portion of
-which continues down the launder together with
;some sand in the-direction indicated.

‘In any event, any form. of apparatus may be
ased which will accomplish a partial concenira-
Aion or enrichment of the ore by me=ans of a pre-
liminary separation in the table feed lanmnder be-
fore the feed is intreduced onto the table 5. "The
enriched portion flows to the feed box 6 in the
usual ‘manner and is there distributed :on the
‘head end of the deck of the table 5 where the
usual separation of gangue from the concentrate
‘proceeds in the manner glready described and as
is well-known. The portion flowing through the
holes § and consisting largely -of ganguse is led
and delivered to the upper edge of the table at:a

‘point nearer the tailings discharge end. The oy -

:small remaining part of ore concentrate floats
across and on top of the gangue and :discharges
into the concentrate collecting launder 15 where-
-as the gangue being already well on its way to-

ward the tailings end of the table and -already

separated from the ore concenfrates is progressed
by the motion of the table until it discharges
‘into tailings collecting launder {6.

The particular tvee of table 5 emploved is -of

‘no importance to our process as long as the proper 4:

degree of concentration is obtained; however, the
apparatus which we most favor is the shaking
‘table ‘of the tvpe of tre Deister «diagonal deck
table-or the Wilfley No. 6 table,

© While the degree of preliminary concentration
s noet sufficient to give commercial results direct,
-the partial concentration is accomplished by un-
usually :cheap and simple means and the nresults
'of the practice of the process are extremely ont-
cstanding. It is apvarent that any ore :amenable
{0 table agglomeration separation will respond in
the same manner when concentrated -according
0 .0mr process, but it will be appreciated by those
familiar with the art that our process is of es-
special value in the concentration of non-metallic
ores -due to the fact that ordinary speecific gravity
.methods of separation or concentration cannot
Jbe wutilized in the non-metallic minine industry
generally, since the specific eravity of ncn-me-

tallic ores and of their respective ganguesis often 65 g o L.

identical for all practical purposes. As regards
Florida Pebble phosphate. ‘which was concen-
trated in the examvles given below, not only is
there a practical identity in the specific gravity

of the phosphate rock and its silica gangue, but *

‘in the ore-gangue mixture as prepared for tahle
agglomeration separation, the particle~size of
both materials is practically the same. There~
fore, further sizing or classification results in no
“aseful concentration and so the:separation of the
wo materials must be made by some means such
gs froth flotation or agglomeration tabling.

In actual practice.in a phosphate flotation plant
the follewing rosults were obtained in Tull scale
commercial operation.

The six primary tables were arranged in two
rows of three each. The table feed was condi-
tioned continuously in a retary conditioner which
discharged continuously into a six-way distribu-
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tor. For ‘the purposes of the test the feed laun-
dersto the northeast table and to the northwest
table (located side by side) were equipped with
“the device deseribud ‘in Figs. 3 .and 4 and so ar-
sranged that the devmes could he blanked off at
i, o .

In the first test, the device .on the northeast
tehle launder was:in operation, but the device-on
the northwest table launder was not in operation.
Bamples. were taken simultaneocusly from ‘both
tables which were in continucus operation and
receiving feed prepared and distributed as de-
seribed above. In the second test the device on
the northwest table launder was in operation, but
the device -on ‘the northeast table ‘was not in
‘operation.

Test 1
“Nortbeast “Northwest
Table—Device Table—Device
Operating i Not Operating
B.R.L.1| Tnsol, | 1B, 2.1, | Tset.
i ! i §
54.96.1 50.03. Conditioned Feed._. ._____.
B8.78 :| 13.81 4 Dischargeat6. ... ._
29,9261 ‘6180 | Discharge-from 14_.
- 76.18 4.02 | Concentrates .
10.28 | B5.60 4 Tails .. __.___.. E
5374 1B, P L. L(coxery“-_._-.-_

Bone phosphate of Hime.

Test 2
Nagtheast Dahle— {Northwost Tahle—
© Deviee Not Device Operat-
" ‘Operating ing
B.P. 1.} Insol. } | B.P. 1. | Tnsol.
Sonditioned Faed. ..o 50.00 . 2498
ischarge at 6. . ___ -51..80 2142
3| "Discharge from 14... <2008 | 7271
Concentrates.... 76. 41 3.88
Tails._.... - 7.75 88.85
B.P. L. 'Rccove V-. 96. 5%,

Test data for the same two tables were taken
again and indicate clearly the improved perform-

wance of ‘the tables when the invention is prac-

ticed.
follows:

The results of the second rTun were as

Test 3

‘Nartheast Table— “Northwest

‘Device ! © i Table—Device
Oparating 4 Mot Operating
Insol. | | B.P. L./ Tnsol.

Conditioned Feef...........
Disc¢harge at 6 .. ...
|| ‘Discharge Tram 14 ..

35. 09\

76.56..| “Concentrates..... 17.17
Xt B Tadls. i N 1 76.706
05.19%, B.P. L. ReCOVEry. .ccoueun. 90.99%, ’
Test 2
ANorthwest Tabler
~ | “Device Operat-
Hog . 3
B, P.L. 4 Insdl. | i B. P L | Insdl
46.26 | 41.83 | Conditioned Feed_____ 55.70 30.23
.................. Discharge 2t 6.____ 63. 56 19.88
__________________ Discharge [rom 14 23.38 71.54
69.83 | 13.48 | Concentrates.._. 76.73 3.84
11.80 | 84.28 | Tails_...._..._.% 12.61 80. 50
89.8%, B.P. L. Recovery .......... 92,6%,
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The above examples illustrate clearly that when
the tables are assisted by the method of the
invention, a very much higher grade concentrate
and a higher metallurgical recovery invariably
result. Measurements were made to dcetermine
to what extent the capacity of the tables was
affected. Experience in the phosphate field shows
that the Wilflcy No. 6 tables will do excellent
work at a feed load of about 1% gross tons per
hour per table and may under very favorable
conditions do a good job at 2 gross tons per hour
.of feed. In the above detailed tests the tables
received a total of 3.83 gross tons per hour of
feed each and it was found by measurement that
gut of this total, 1.66 gross tons per hour were
diverted through outlet 14. It was therefore pos-
sible to process with excellent metallurgy a ton-
nage of feed representing more than 90 per cent
overload or expressed in cther terms the capacity
of the tables was nearly doubled.

An additional run was later made using laun-
der separation means similar to that disclosed in
Fig. 2, but in this case the apparatus was even
more simple than that illustrated. Rifles 11 and
receptacle 8 were not employed. The apparatus
was prepared merely by drilling six ¥4 inch holes
in the floor of a table feed launder at a point
about three feet from the normally used table
feed box 6. 'The launder 10 was arranged to
receive the discharge from these holes.

At the time of the test, the conditioned feed
in the launder before it reached the holes ana-
lyzed 53.29 per cent B. P. L. and 33.70 per cent
insolubles. The discharge from the six ¥ inch
holes, amounting to 0.5 gross ton per hour, ana-
lyzed 14.83 per cent B. P. L. and 80.80 per cent
Insol.,, indicating that considerable segregation
had taken place in the launder. Samples were
taken to determine table performance under
these conditions with the following results:

Test 5
\ B.P.L. { Insol.
Total Table Feed in Launder_ ... ... ] 53.20 33.70
Feed In Launder After Passing Over Holes - 59.10 27.33
Discharge From ¥ Inch Heles. ._...____ I 1483 1 80.80
Table Concentrate. .........._..._. - 74.05 . 7.33
N T 1 . 10.81 | 86.95
93.3%

ReCOVEY - o e oo ‘

In this test the 1 inch hole discharge was sent
direct to tailings launder without being treated on
the table at all. Thus, while it is found that the
degree of preliminary concentration accom-
plished in the launder ordinarily is not sufficient
to give commercial results, yet under certain con-
ditions it may be necessary to treat only one of
the separated portions on the table thereby in-
creasing the over-all efiiciency of the operation
still more.

It will be appreciated from the foregoing that
the invention is not limited to any specific means
for accomplishing the preliminary separation, but
that any means or device which takes advantage

~of the different levitation tendencies of oiled ore
values and unoiled gangue or which encourages
or accentuates these varying degrees of levita-
tion, whether by purely mechanical means or
- with the assistance of air in association with the
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oiled ore values, is capable of greatly increasing
the tonnage capacity of a shaking table for the
concentration of ore material and at the same
time of considerably improving its metallurgical
efficiency.

In the claims as well as the specification, for
the sake of convenience, the terms ‘“ore values,”
“mineral values,” “desired values,” and “concen-
trates” have been used as synonomous to de-

iy seribe the material which it is desired to obtain

from an ore pulp by concentration. These terms
have been used to distinguish from “gangue,”
“tails,” “sand,” and “gangue sands” which terms
have been used to describe the undesired con-
tent of an ore. -

We claim;:

1. A process for concentrating a non-metallic
ore comprising selectively conditioning an aque-
ous pulp of the ore for agglomeration tabling on
a riffled shaking concentrating table, forming a
flowing stream of said pulp down an incline,
continuing the flow of said stream until substan-
tial stratification takes place in said stream, di-
viding said stream into two flowing portions, one
of said portions consisting of a lower stratum of
said stream relatively rich in gangue and the
other of said portions consisting of an upper stra-
tum relatively rich in concentrates, continuously
normally introducing onto said table the flowing
portion consisting of the upper stratum, simul-
taneously continuously introducing the flowing
portion consisting of the lower stratum onto said
table at a point nearer the tailings discharge end
of said table, simultaneously concentrating both
of the thus introduced portions by the action of
said table and collecting the concentrates dis-
charged from said table.

2. A method for concentrating a finely divided
and sized phosphate ore comprising treating an
aqueous pulp of the ore with agents which will
selectively condition said ore for a riffled shak-
ing table agglomeration separation, introducing
a stream of said pulp into a launder, conducting
said stream down said launder by gravity until
substantial stratification of solids within said
stream has occurred, continuously separating said
stream into two flowing portions consisting of an
upper portion and a lower portion, delivering said
upper portion in normal manner onto a riffled
shaking concentrating table, delivering said lower
portion onto said table abnormally in the respect
that it is delivered nearer the tailings discharge
end of the table, tabling both of said portions si-
multaneously, and collecting the ore concentrates
delivered from said table.

LOUIS F. HEWETT. :
CHARLES E. HEINRICHS.
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