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The present application is in part a_division
and in part a continuation of our copending ap-
plication for Method. for pneumatic flotation, Se-
rial No. 224,209, filed August 10, 1938.

with the action of the flotation reagent and in-
volves loss of both reagent and concentrates..
Agitation may also destroy the effect of flotation
reagents, as where the reagent forms coatings

This application relates to apparatus and 5 that are weakly bonded to certain of the particles,
method for treating fluid pulps, the term “pulp” which weakly bonded coatings may be destroyed
being used herein to define a mixture of solid par- and dispelled when the pulp is agitated. -
ticles with a liquid medium. ' Tn most fields of mixing pulps it is highly de-

The method and apparatus of the present in- sirable that the process be carried on. continu-
vention are intended primarily for forming pulps 10 ously rather than in batches. In certain proc-

and subjecting the formed pulp to such physical
treatment as causes a thorough circulation of the

fluid medium of the pulp through and among the

particles. .
The apparatus and method of the invention are
particularly adapted for treating certain types of
mineral pulps made from ores, prior to subjecting
them to a flotation process that permits separa-
tion of certain particle constituents of the pulp
from others. In such processes it is'necessary to
treat the pulp with selective flotation agents
which have preferential affinity for certain of the
particles of the pulp and so affect such particles

that separation subsequently can be effected. It

is highly important.that such flotation reagents
be thoroughly dispersed throughout the pulp, so
that it is brought into intimate contact with sub-
" stantially all of the particles thereof. Such mix-
ing of the pulp with the flotation reagents gen-
erally is designated “conditioning,” and is an ex-
ample of the intimate and thorough type of mix~

ing that the method and apparatus of this inven-,

tion are capable of performing. )

Heretofore such mixing or conditioning of the
pulp commonly has been performed by means of
more or less violent agitation in machines of the
impeller or tumbler type, which operate by agi-
tating the entire body of pulp, including the solid
particles. In such machines, the thoroughness of
the circulation of the fluid medium through and

among the solid particles of the pulp depends

upon the violence of the agitation and the length

of the period during which agitation is continued.
In certain processes violent agitation is detri--

.mental. Thus, in the conditioning of the fines
rejected by phosphate washery plants employed
.to separate the larger phosphate particles from

the raw phosphate rock, which fines are known as.

“phosphate debris,” or “recovery plant feed,”
with soaps of fatty acids for flotation of the phos-
‘phate particles; a process well known in the phos-
phate industry, violent agitation tends to break
down soft material that normally is present in
the debris, and to form & certain amount of
slimes. The presence of such slimes interferes
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esses speed is essential, for example, the effect of
certain reagents is fugitive and does not exist
for a period sufficiently long to survive lengthy
mixing even when accomplished with a minimum
of agitation. . .

One of the applicants herein has discovered
that certain flotation reagents of the so-called
“cationic” type have preferential affinity for
quartz sand over phosphate particles. Certain’
this preferential affin-
ity for quartz only when the proportion of re-
agent is rigidly restricted to such limits that the
quartz particles are wesakly and temporarily af-
fected. Therefore, when using such reagents it

‘is important that the entire conditioning pro-

cedure be carried out quickly and also with a
minimum of agitation. - Other cationic reagents

‘which may have a more powerfully selective affin-

ity for quartz, and which may therefore be used
in larger quantities to provide a more 1asting and
less easily disrupted effect, are, for reasons of
economy, preferably restricted to such propor-

. tions as give the more temporary and fragile efg

fect. :

The present method and apparatus are ca-
pable, among other uses, of conditioning fluid
pulps of phosphate debris without harmful ef-
fect; resulting either from the breaking down of
constituents of the pulp, as when s0aps of fatty
acids are used to render the phosphate particles
floatable; or by such agitation or lapse of time,

* or by both agitation and lapse of time, as will de-
- stroy the effect of the reagent, as when cationic
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reagents are used to condition the quartz sand
for flotation. o
The above fields of

usefulness are given solely

by way of example, and the herein described

method and apparatus may be used in any proc-
ess where thorough mixing of a fluid pulp is to
be accomplished continuously, and more especial-
1y where such mixing is to be accomplished with
a minimum of agitation of the solid particles, or
where such agitation should be carried out at
high speed. .

More specifically, the present invention involves
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an apparatus and method for fhoroughly, rapidly
and continuously mixing a flowing stream of

fluid pulp without subjecting it to violent agita- -

tion such as would be detrimental thereto. In
obtaining such mixing the pulp is substantially

continuously introduced into a quietly flowing

body of the pulp, preferably at one end thereof,

and continuously withdrawn therefrom, while si- .
multaneously disseminating fine streams of gas |

bubbles throughout the body of pulp in a volume
sufficient to cause a thorough circulation. of the
fluid medium without violent agitation of the
solid constituents. - .
The method of mixing and conditioning pulp
Wwill be further described in connection with the
accompanying drawing which shows & preferred
form of apparatus in which the mixing and con-
-ditioning may be carried out. However, it is to
be understood that such further description of

the apparatus and method is merely by way of-

exemplification and that the invention is not lim-
ited thereto, except.to the extent defined in the
appended claims.

In the accompanying drawing: .

Fig. 1 is a vertical median sectional view of
2 mixing or conditioning device constructed in
accordance with the invention;

Fig. 2 is a horizontal section on line 2-—2 of
Fig. 1;

Fig. 3 is a diagrammatic view of a conditioning
and separating plant embodying the mixer and

arranged in a novel manner for effecting certain’

specialized processes; and
" Fig. 4 is'a perspective view of a flotation de-
vice that is peculiarly useful in combination with
the mixer. -
Referring now to the drawing, the mixer com-
prises an outer, vertically-disposed, substantially
cylindrical container or shell § having an open
top surrounded by an overfiow trough 6 formed
with an inclined bottom 1 arranged to deliver
liquid in the trough to an outlet spout 8 arranged
at the lowermost point of the bottom 7. The
lower end of the shell § is closed by a porous
bottom 9, which may be of canvas or of any other
material that will permit gas to pass therethrough
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in finely disseminated streams. - A gas chamber

18 is arranged beneath the shell 5 so that gas
introduced into it under suitable pressure, as by
a valved connection 11, will be delivered to the
interior of the shell through the porous bottom
9 in fine streams distributed throughout the cross
sectional area of the shell.

An induction pipe [2 is arranged to receive
pulp delivered to a hopper 13 at a level higher
than the top edge of the shell 5 and to conduct

it to the lower portion of the shell. Advanta--

geously the induction pipe 12 is cylindrical and
located centrally of the shell 5, so that an an-
nular space 14 is formed between the inner sur-
face of the shell and the outer surface of the
induction pipe 2. However, .the essential ar-
rangement of the induction pipe relative to the
shell is that its bottom edge be adjacent but
spaced from the bottom 9 of the shell, and that
sufficient space be present within the shell and
outside of the pipe for upward flow of the stream
of pulp in a smooth, non-turbulent manner,

-In operation the fluid pulpis continuously fed
to the hopper 13 from which it flows downwardly
through the pipe 12 and is delivered to the space
{4 through which it flows upwardly in a gently
and quietly flowing stream until it overflows at
. the top of the shell 5 into the delivery trough 6.

Gas Is continuously supplied to the chamber {0
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under sufficient pressure to cause it to pass

“through the porous bottom 9 and into the stream

of pulp, where it forms fine bubbles that rise in
the flowing pulp stream and causes the liquid
medium of the pulp to circulate among the solid
particles and causes a thorough dispersion and
mixture of the fluid meédium among such particles.

The phosphate debris which remains§ after
crude phosphate pebble ore has been subjected
to washing and classifying operations has g free
slime content of about 0.5% to 5.0% by weight
and a particle size ranging substantially from
blus 100 mesh to minus 20 mesh. Phosphate
rock is present in such debris to the extent of
about 15-35%, and quartz sand to the extent of
about 80-50%. There is also usually some clay
present both as particles, and adhering to the
other particles in the nature of coatings.

As indicated above, and as is commonly known,
the phosphate particles’ may be floated from the
quartz by use of anionic reagents, such as soaps
of fatty acids, which ordinarily are used with
inert oily materials to promote agglomeration.
In such cases the debris may be used as it comes
from the washery. As-is also indicated above,
cationic reagents may be used to render the
quartz sand particles floatable from the phos-
phate. In such case, it is advisable to break
down the easily slimable material, such as clay
or other soft substance present in the debris, and
remove 1t .from the debris prior to adding the
flotation reagent, assuch materials interfere very
seriously with the action of the flotation reagent.

Fig. 3 illustratés a plant including the above-
described mixer which is peculiarly suited for
recovery of the phosphate content of phosphate
debris. The debris is fed to the miger, designated
15, in the form of a fluid pulp, a water content
of about 40% producing a suitable degree of
fluidity. The fotation reagent, of either cationic
or anionic type, together with the inert oily ma-
terial, if the latter is used; and any other de-
sirable reagent is added to the pulp from a feeder,
advantageously arranged to deliver to the hopper

5 13 into which the pulp is fed. As the pulp, after

passing downwardly through the induction pipe
12, flows upwardly through the space 14, gas bub-
bles rising from the porous bottom 9 gently agi-
tate the fluid medium of the pulp, causing such
medium, and with it the reagent, to circulate
through the pulp and flow between the solid par-
ticles thereof, dispersing the reagent thoroughly
throughout the flowing pulp siream and bringing
the reagent irto.contact with substantially every
solid particle. As the rising gas bubbles move
quite gently and are of small weight compared
with the solid particles, they tend to pass around
the particles without moving them violéntly or
to any great degree. ‘The particles therefore are
not agitated with sufficient violence to set up
attrition between them, and consequently harm-

"ful effects that may be caused by attrition, such
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as. breaking or abrasion of the particles, or dis-
pelling of reagent coatings from them, are sub- -
stantially avoided.

The speed of the pulp stream is so related to
the height of the shell 5 of ‘the mixer and the
rate of admission of air bubbles through the
porous boftom 9 that just sufficient time for
complete . mixture and action of the reagent
elapses during the upward travel of the pulp.

. When the top of the shell is reached the pulp,

(£

being then thoroughly conditioned, overflows into
the trough 6 and is delivered by the spout 8 to
& separation device 17, which may be of any
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suitable type for the partlclﬂar separation being
performed. When a cationic reagent Is being:
employed to float quartz, séparation preferably
is accomplished by the method and apparatus
disclosed in our aforesaid application Serial No.
224 209, as it permits a very high speed separa-
tion with absence of vibration, and provides a
very high capacity. Briefly, the method of that
application comprises flowing the conditioned
pulp in a shallow stream through a narrow
trough, such as is disclosed in Fig. 4, having a
canvas or other porous bottom 18, side walls 19,
g head wall 20 and an open dehvery end 21.
trough is inclined from the head to the delivery
end at a degree that provides a rapid flow of the
pulp and that prevents sedimentation thereof
upon the porous bottom. A gas chamber en-
closed by walls 22 underlies the porous bottom
so that gas supplied thereto under suitable pres-
sure will pass upwardly into the stream of pulp
flowing through the trough in finely divided
streams that rise in the sfream of pulp by reason
of their own buoyancy. The water-repellent
particles that have been affected by the selective
reagent used to condition the pulp are raised
to the upper portions of the stream by the air
bubbles, while the unaffected, water-wettable
particles sink and are carried along in the lower

portion of the stream. The upper portion of the.

stream, containing the bulk of the reagent-
affected particles, together with any froth that
may be floating.on the surface of the stream,
are intercepted and diverted from the stream
through openings 24 to a delivery launder 22 by
- skimmers 23 spaced along the trough.

It will be seen that in the plant arrangement
just described, the fast and gentle action of the
mixer is continued by the particular separation
trough disclosed in Fig. 4, so that the entire
process is continuous, free from agitation and of
such nature as to produce no violent agitation
or attrition between the solid particles of the
pulp, and is-also very fast.

In utilizing cationic reagents, we regard it as
preferable to so control the speed of the pulp
stream with relation to the depth of the shell
of the mixer, and to so arrange the inclination
of the separation trough that the entire process
- of mixing and conditioning the pulp and sepa-
rating the constituents thereof is completed
within one minute from the introduction of the
pulp to the hopper of the mixer. By inclining
the separating trough to such a degree that the
speed of the flow through it is of the order of
100 feet per minute the separation may be ac-
complished in about five seconds from the deliv~
ery of the pulp to the trough. Thorough condi-
tioning may be accomplished by use of the bubble
type mixing herein disclosed within a period of
about 45 seconds, which period is of such length
that at its expiration the cationic reagent will
be fully effective.

‘What we claim is:

1. The method of dispersing a ﬂotatlon re-
agent throughout a pulp of solid particles and a

liquid medium, preparatory to selective separa-

tion of constituents forming the solid particles of
the pulp, which comprises intrcducing the pulp
and the reagent to be dispersed therein into a
mixing zone in which pulp is flowing upwardly,
introducing finely disseminated gas bubbles to
pass upwardly through the body of pulp in the
mixing zone at a speed greater than the upward

speed of the, pulp and in sufficient volume to keep '

the solid pa,rticles of the pulp in suspension and

The

10

15

20

25

30

40

50

60

3

to cause an upward movement of the liquid me-
dium between and about the solid particles of the .
pulp so that the reagent is substantially uni-
formly dispersed throughout the body of pulp
and is brought into contact with the solid par-
ticles thereof, the volume of air being insuffi-
cient to agitate the solid particles of the pulp
with sufficient violence to cause attrition between
them, such as would cause appreciable breaking
or abrasion of the particles, or an appreciable
dispelling of reagent coatings from ‘them, and
removing the pulp and dispersed reagent as an
unseparated, intimate mixture from the upper

.portion of the body of the pulp.

2. The method of dispersing a flotation re-
agent throughout a pulp of solid particles and a
liquid medium, preparatory to selective separa-
tion of constituents forming the solid particles
of the pulp, which comprises substantially con-
tinuously introducing the pulp and the reagent to-
be dispersed therein into the lower portion of a
quietly flowing body of the pulp, introducing fine-
ly disseminated gas bubbles to pass upwardly
through the flowing body of pulp in sufficient
volume t0 keep the solid particles of the pulp in
suspension and to cause an upward movement of
the liquid medium between and about the solid
particles of the pulp so that the reagent is sub-
stantially uniformly dispersed "throughout the .
flowing body of pulp and is brought into contact'
with the solid particles thereof, the volume of air
being insufficient to agitate the solid particles of
the pulp with sufficient-violence to cause attrition
between them, such as would cause appreciable .

5 breaking or abrasion of the particles, or an ap-

preciable  dispelling. of reagent coatings from
them, and substantially contmuously removing
the pulp and dispersed reagent as an unsepa-
rated, intimate mixture from the upper portion
of the body of pulp at a rate substantially equal
to that at which the pulp was introduced. .

3. The method of dispersing a flotation re-
agent throughout & pulp of solid particles and a
liquid medium, preparatory to selective separa-

5 tion of constituents forming the solid particles of

the pulp, which comprises introducing the pulp
and the reagent to be dispersed therein into a
quietly flowing body of the pulp, introducing .
finely disseminated gas bubbles to pass upward-
1y through the quietly flowing body of the pulp
in sufficient volume to keep the s3lid particles of
the pulp in suspension and to cause an upward
movement of the hqmd medium between and

about the solid particles of the pulp so that the -

reagent is - substantially uniformly dispersed
throughout the flowing body of pulp and is

“brought into contact with -the solid particles.

thereof, the volume of air being insufficient to
agitate the solid particles of the pulp with suffi-
cient violence to cause attrition between them,
such as would cause appreciable breaking or.
abrasion of the particles or an appreciable dis-.

- pelling of reagent coatings from them, and sub-
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stantially continuously removing the pulp and
dispersed reagent as an unseparated, intimate
mixture. :

4. The method of dispersing a flotation re-". -

agent throughout a pulp of phosphate debris and
a liquid medium, preparatory to selective sepa-
ration of constituents forming the phosphate
debris, which comprises introducing the pulp and
the reagent to be dispersed therein into a quietly
flowing body of pulp, introducing finely dissemi- .
nated gas bubbles to pass upwardly through the .
body of pulp in sufficient volume to keep the par-
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ticles of the bhosphate debris of the pulp in sus-

pension and to cause upward movement. of the
liquid medium about the particles of the phos-

phate debris so that the reagent is substantially .

uniformly dispersed throughout the flowing body
of the pulp and is brought into contact with the

particles of the phosphate debris, the volume of
air being insufficient to agitate the particles of

the phosphate debris of the pulp with sufficient
violence to cause attrition between them, such as
would cause appreciable breaking or abrasion of

such particles; or an appreciable dispelling of re-

agent coatings from them, and substantially con-
tinuously removing the pulp and dispersed re-
agent as an unseparated, intimate mixture.

5. The method of dispersing a selective flota-
tion reagent throughout a pulp of phosphate de-
bris and a lquid medium, preparatory to selec-
tive\separation of constituents of the phosphate
debris which comprises introducing the pulp and
the reagent to be dispersed therein into a quietly

. flowing body of the pulp, introducing finely dis-

seminated gas bubbles to pass upwardly through
the body of the pulp in sufficient volume to keep
the particles of the phosphate debris in suspén-

sion and to cause an upward movement of the
liquid medium between and about them so that .
the reagent is substantially uniformly dispersed.

throughout the flowing body of the pulp and-is
brought into contact with the particles of the

phosphate debris, the volume of air being insuf-.

ficient to agitate the particles of the phosphate
debris with sufficient violence to cause attrition
between them, such as would cause apprecigble
" breaking- or abrasion of the particles, or an ap-
preciable dispelling of reagent coatings from

them, and substantially continuously removing -

the pulp and dispersed reagent as an unseparat-
ed, intimate mixture at a rate substantially equal
to that at which the pulp and reagent were in-
troduced into the body of pulp. -

6. The method of dispersing a flotation re-

agent throughout a pulp of phosphate debris and -

" & liquid medium, preparatory to selective separa-
tion of constituents of ‘the pvhosphate debns,
which- comprises substantially continuously in-
troducing the pulp and the reagent to be dispersed
therein into the lower portion of a mixing zone
in which the pulp is flowing upwardly, introduc-
ing finely disseminated gas bubbles to pass up-
wardly through the body of pulp in the mixing
zone at a speed greater than the upward speed of

the pulp and in sufficient. volume to keep the

“phosphate debris particles thereof in suspension

and to cause an upward movement of the liquid
- medium between and about the particles of the
" phosphate debris so that the reagent is substan-

tially uniformly dispersed throughout the body

of pulp and is brought into contact with the par-

ticles of the phosphate debris, the volume of air
* being insufficient to agitate the particles of the
phosphate debris with suﬂicient violence to cause
attrition between thém, such as would cause ap-
preciable breaking or abrasion of the particles,
or an appreciable dispelling of reagent coatings
. from them; and substantially continuously. re-
moving the pulp and dispersed reagent as ah un-

separated, intimate mixture from the upper por-. .

" tion of said mixing zone at a rate supstantially
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equal to that at which the pulp and reagent are
introduced into the lower portion of the mixing
zone, the rate of introduction and withdrawal of
‘the pulp from said body being such that intro-
5 duced pulp remains in said body for. a period of
time not substantially exceeding one minute.
7. The method of dispersing a flotation -re-
agent throughout a pulp of phosphate debris and
2 liquid medium, preparatory to selective separa~
10 tion of constituents forming the solid particles of
the pulp, which comprises substantially contin-
uously introducing the pulp and a selective flota--
" tion reagent which has a preferential affinity for
quartz sand over phosphate particles and forms
15 weakly bonded coatings thereon into the lower
- portion of a quietly flowing body of such pulp,
: mtroducing finely disseminated gas bubbles to
" pass upwardly through the quietly Howing body
of pulp in sufficient volume to keep the particles
20 of phosphate debris of the pulp in suspension
and to cause an upward movement of the liquid
- medium between and about the particles of the
phosphate deébris so that the reagent is substan-
tially uniformly dispersed throughout the body
25 of pulp and is brought into contact with the par-
ticles of the phosphate debris, the volume of air
being - insufficient to agitate the particles of
phosphate debris with sufficient violence to cause
attrition between them, such as would cause ap-
30 preciable breaking or abrasmn of the particles, or
" an appreciable dispelling of liquid coatings from
them, and substantially continuously removing
the pulp and dispersed reagent as an unseparat-
ed, intimate mixture from the upper portion of
35 the body of pulp at a rate substantially equal o
that at which the pulp and reagent are intro-
duced into the lower portion thereof, the rate of
introduction and withdrawal of pulp from the
mixing zone being such that introduced pulp re-
40 mains in said body for a period of time not sub-
stantially exceeding one minute.
8. The method of dispersing a flotation re-
. agent throughout a pulp of solid particles and &
liquid medium preparatory to selective separa-
ton of constituents forming the solid particles of
the pulp, which comprises introducing the pulp
and the reagent to be dispersed therein into the
-quietly flowing body of the pulp, introducing
finely disseminated gas bubbles throughout sub-
stantially the entire cross-sectional area of the
body of pulp in the mixing zone in sufficient vol-
ume to keep the solid particles of the pulp in sus-
pension and to cause a circulation of the liquid
medium between and about the solid’particles of
the pulp so that the reagent is substantially uni-
formly dispersed throughout the .body of pulp
and is brought into contact with the solid par-
ticles thereof, the volume of air being insuffi-
clent to agitate the solid particles of the pulp
with sufficient violence to cause attrition be-
tween them, such as would cause appreciable
breaking or abrasmn of the particles, or an ap-
preciable dispelling of reagent - coatings from
them, and substantially. continuously removing
the pulp and dispersed reagent as an unsep-
arated, intimate mixture.
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