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7o all whom it may concern: -
Be it known that I, Cuaries F. Smur-
Wwoup, a citizen of the United States, residing
at Salt Lake City, in the county of Salt Lake
and State of Utah, have invented a certain
new and useful Improvement in Agitating:
Machines, of which the following 1s a full,
clear, concise and exact deseription, refer-
ence being had to the accompanying draw-
ings, forming a part of this specification.
My invention relates to the art of mixing
or agitating, While I shall deseribe the
nvention. with special reference to a par-
ticular embodiment and a particular art
namely, mineral separation by flotation, 1
do not intend to limit the invention to the
specific embodiments described nor to the
particular art with which the said specific
embodiments are concerned. 'The invention
is peculiarly adapted to machines and de-
vices through or in which a gritty material
is handled or agitated and while the first
and primary object is the provision of an
improved protective lining or covering for
the parts subject to the destrnctive erosion
of the abrasive material which is treated, a
further and more far reaching object is to
improve the fundamental operation, of mix-
ing or agitating itself, based upon the yield-
ing or impressionable and resilient character
of the surfaces which engage the medium
to be mixed or agitated. ‘
I have discovered that in mixing or agi-
tating a fluid medinum composed of con-
stitients of different inertia characteristics
or different characteristics of fluidity, for
example a finely divided solid such as
a metal ore and a liquid such as water
or a mixtore of lquids such as oil and
water with which the herein described par-
ticular embodiments of my invention are
concerned, the impressionable and resilient
character of the agitating members or sur-
faces promotes a miore ntimate and more
efficacions mixture or mutual intermingling
of the constituent particles than has hereto-
fore been attained by any of the devices
of the prior art with which I am familiar.
I shall define for the purposes of the fol-
lowing specification and claims a fuid me-
dium as a mass or body of particles all of
such dimensions and of such relative free-
om of motion with respect to each other

as to flow or move readily with respect to
each other when subjected to the action of
a stirrer or agitator. I do not intend to
limit the phrase solely to liquids, or gases
or vapors or solutions or mixtures conitaining
liq{xids, £ases Or vapors. ’

More particularly, my invention is especi-
ally applicable to agitating machines of the
type commonly employed in the oil flotation
process of concentrating ores. As usually
constructed, such machines comprise a cas-
ing usually having a separate metallic lin-
g, within which 1s arranged a mechanically
operated impeller or agitator, the function
of the machine being to continuously agitate
a contained liquid which carries a finely pul-
verized ore such as a gold bearing quartz.
The liquid carrying the quartz consists of
water with- a relatively small percentage of
oil, and in some instances an acid re-agent
such as sulfurie acid. :

The oil has a preferential affinity for the
metallic or metalliferous parts of the ore,
which phenomenon is taken advantage of in
raising the ore particles to the surface by
flotation. The general practice is to create
a froth or foam bearing the oil treated
metallic or metalliferous particles which
froth or foam may be brushed off or removed.
With this particular phase of the flotation
process my invention. is not immediately
concerned as my invention relates to the
stage of mixing or agitating and not the
froth removal. . »

Agitating machines of the general type,
with which mny invention is concerned, func-
tion to secure an intimate commingling of
the pulverized ore with the flotation liquid
by tﬁoroughly agitating the pulp at a high
speed, with the result that the continual
impingement of the grit particles of the ore
against the interior parts of the machine,
particularly the metallic lining and the im-
peller soon destroys these parts by abra-
sion, and the machine must either be repaired
or replaced.

My invention provides first a protective
cevering for the metallic lining and the other
metallic parts exposed to the impingement
of the ore particles, which protective cover-
ing is of such a natuve that the hard pa:
ticles in the pulp do not abrade or «ut this
away, and second, an impressionable ¢'astic
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sarface which  permits the particles of
greter mertin or of a lower degree of fluid-
Ly e taoneutarily embed themselves in said
surtuee wherely a greater aren of contact
and w longer period of engagement are per-
mitted with the agitating sueface to the end
of greater velative motion between the par-
ticles and better mixing or distribution of the
constituents evenly throughout the mass;
arid third o medium for ]E(?uhng,\ and dis-
tributing ceuaus of the constituents as for
excmple the oiloall to the great improvement
Hw vperation of the 1 chine and the
Tying o of the provess of mixing which
vs particularty disciosed ‘and ¢ laimed in m
T zl“fli( ation Het #6354 Hled
\;n 1%, 1921, (umrwr\* to the general
stippusition that an extremely hard metallic
ming seudd be more eapable of w ithstand-
e thiz erosion, 1 find aresilient tining, pref-
ceably e of rubber, to be more durable un-
i asive action of fhe grit particles,
1 zpnaai‘r‘n* ancinaly T attuibuie to the
t}m vubbor, or ntllu' resilient ma-
» the fnipaet of the abrasive
wil receiving injury, whereas
et l‘lu Hning, eing teap ield
chopoint of e
ntily of {he m’h.m
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{he corrosive action of the
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»»z:s;‘h it will b : that ilie lining
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Fig. 2 is a transverse sec tional view of the
above figure taken on the line 9--2 thereot;

Fig. 3 is a vertical sectional view of dﬂ
alr operated agitating machine, showing the
Apphultmn of the resilient Jining theILto'

Fig. 4 15« plan view of the same

Fig. 5 isa U.mmmse sectionnl view taken
o1 the plane of the Tine 55 of . ig. 3,

I shall give a brief deseription of the strue-
ture and npemtmn of a conventional type
of agitator m order that o better inderstand-
g may be had of the detrimental abrasive
action wpon the interior metallic surfaces
of the agitator, as heretofore coustructed,
catsed bv the imipingement of the are par-
ticles thereon, and in order that I MRy corn-
vey miove clearly the manner in which the
Inipressionable elustic or resilient surfaces
of my invention iniprove the fuwdamental
t)]wmtl(m of nu\m;,:‘ agitating or distribut-
ing the constitient p‘nll-‘los as thoroughly
s pc;sslh]u

Referring to Fig, 1. the agitating machine
broadly designated 1 s su“mlvd upon a
concrete pedestal 2 or other suitable snpport,
i proxiniity to the separating box or spitz

wasten A, between whieh and the a;lmi!ng
mzwhir‘w the pulp is cireufated, 1 have not
Hlstrated the formation of the separating
box, as thiy deviee is not reluted to the ]»iu-
ent invention.  The main strocture of the
Hator | comprises the lower casing 4, the

per casing 3, these two cavings being
o b 0L ; Ly 3 .
ined by the fanges 6—4 and the moto

‘ wuw:w l \upmnnpnwml hen the npper
ing 5. 'The lower cusing 4 i
‘fmgm anl
tion of th
el winther 9,

the is formed wiy
Luving s drainage spout [ ex luu!mu fnere-

HS-
15 oviindrieal in
eylmdrieal por-
dmmw a eylin-

’! fo

with the reduced
¥ np;eu-

casing b,

from mind provided with & swinging valve
12 normally closing soid <vout and provid-
. ¥ i }

g acddrainage ouathed
agitating
cline,

An annular piilp collecting ehamber or
trongh L3 sereounds the upper part of the
; rhs " this chamber Deingr
belly exiond] o1
the eaediaily extending wa 14
Foin the lamn of the casing 5, and

for flushing ont the

chamber wlhen cleaning the ma-

Hal

wall 10, xlmmml with the wely 1

o e vor :

w by qh‘m:m'? 1. e verbiesd
fehe chamber U is provided with na

im‘f;s iy
the
The

puint approviontely widway of the depth of

; S - 1
By terned flange 17 npon which resis
sue Hangee i% af the upright motor 7.
asitating Lamber 9 extends up to a

the chwmber 19 and into the {rough thus
inari!ml Petween the o wall of the (lUItltlIl“
chunbor ool the vertical wall 15 5 expelled
the feotd and pul after aritation in the
chamber !"4 ) il Hw im"v'im‘ of
{he of Ey of radhulhy
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adapted to arrest the circulatory motion of
the pulp or froth as it emerges from the
agitating chamber 9 and permit it to settle
(uiescently into the chamber 13 from whence
it flows out through the'opening 21 and down
into the separating box 3.

A shaft 24 from the motor 7, extends down

into the agitating chamber and has connec-

tion through the coupling 25 with_the im-
peller shaft 26. This impeller shaft supports
an upper agitator 27 and a lower agitator 28,
which preferably take the form of a series of
radiating arms, four in number, and which
are rotated at a relatively high speed by the
motor 7 to secure a thorough agitation of the
pulp. The lower impeller arms 28 are rela-
tively short in order to just clear a series of
batles 29 which extend inwardly from the
wulls of the casing 4, as clearly shown in
Fig. 2. The upper impeller arms 27 extend
ontwardly with just sufficient clearance for
safety between the e1 s thereof and the in-
terior surface of the chamber 9. The lower
impeller arms 28 are slightly dished or
curved as clearly shown in
an upward propulsion to the pulp in addi-
tion to the circulatory agitation of the pulp.

The pulp enters at the lower end o¥ the
agitation chamber 9 through the conduit 30,
which leads up from a relatively low point in
the separating box 3. By the operation of
the agitator a circulation of pulp is built up
between the separating box 3 and the agitator
1, the pulp tlowing up through the conduit
30 into the agitating chamber 9, out over the
top thereof into the trough 13, and out
through the port 21 back into the separating

box 3. When the pulp is discharged into’

the separating .ox 3 after agitation, the
metalliferous matter is held in suspension by
the adhesion of the oil particles while the
gangue or refuse precipitates to the bottom
of the separating box, where it is recirculated
for the further extraction of metals.

It will be immediately apparent that a very

“destructive erosion of any unyielding surface,

subject to the impingement of the rock and
metal particles is bound to ensue from the
violence of the agitation and the speed of
rotation of the impellers, which ranges from
500 to 1,000 r. p. m. Replaceable metallic
linings have been the only expedient Lereto-
fore practised for taking care of this condi-
tion, but obviously the replacing of these

linings involves such inconvenience and ex-

pense in addition to the loss in shutting down
the machine, that they have become practi-
cally intolerable. These, furthermore, are
impractieable for protecting the surfaces of
the impellers, ,

The resilient lining which T propose using
preferably consists of a layer of rubber 22, o
approximately & or ¥/ thickness, whicl 13
vuleanized about the interior of the agitating
chamber.9. The projecting baffles 29 must

ig. 2, to impart .

a

also be protected with a rubler covering,
which may be accomplished by stretehing the
main lining 32 to conform to the shape of the
baffles and vuleanizing the rubber in place,
or by vulcanizing separate strips to the sur-
faces of the baffles and then vulcanizing the
strips to the main lining 82 to form a homo-
geneous lining, or by any other suitable

method. The interior of the disch:nrge duct

10 is also protected by a rubber lining 54,
which may be applied in the same manner.
The baffles 19, which are adapted to arrest
the circulatory motion of the pulp, are also
provided with & layer of rubber upon the
sides exposed to the impinging particles of
ore, as indicated at 35, I find that the metal-
lic surfaces of the impeller arms arc. subject
to a very rapid abrasive action and accord-
ingly I sheath these .n rubber also, together

with the impeller shaft 26, as indicated at 36,

The rubber sheathing for the impeller arms
may be applied as previously stated. or it
may be molded in the proper shape prior to
being vulcanized to the impellers and there-
after vuleanized to the tubular sheath inelos-
ing the impeller shaft 26.

The efficacy of this protective layer of
rubber may be illustrated by reference to
specific instance in which an agitating ma-
chine so protected was employed for agitat-
ing a pulp consisting of quartz containing
metallic particles in the percentage of one
of solid to three of water. and after months
of handling pulp of this character showed
no visible signs of abrasion. With the usual
metallic construction, this severe sorvice
would have necessitated a renewal of the
lining at least every few months. I fonnd
also that for the expenditure of a given
amount of energy the vield of ore was mark-
edly increased. I attribute this to twae
fundamental eauses,—first, the lower coelli-
cient of friction caused by the elimination
of wearing and greater freedom of motion
and second to ‘the greater relative motion
between particles and more thorough appli-
cation of the oil to the metal particles caused
by the greater area of contact which s se-
cured when a particle embeds itself mnempn-

tarily in the impressionable resilient surface |

of the rubber. A further utility of this
rubber lining is that of protecting the in-
terior of the agitator from the corrosive ac-
tion of the acids commonly added to the

In Fig. 3 T bave shown my invention ap-
plied to an air agitated flotation machine.
In this arrangement compressed air injected
info the pulp, is used as the agitating agency.

The casing comprises the main cylindrieal |

shell 41, forming an agitating chamber 42,
and the enlarged cup-shaped portion 43,
forming a pulp collecting trough, or launder
4. At its lower end the casing 41 earvies
a conical chamber 45, secured thereto by the

80

a0

a5

100

At

13¢



&)

o

=%

flanges 46, A compressed air nozzle 47
tends up through the conical member 45,
and opens into a central agitating tube 48,
which is supported in the agitating chamber
42 by wings 49 extending inward from the
casing 41, as clearly shown in Fig. 5. A
deflecting eap 51 surmounts the agitating
tube 47 and functions to deflect the agitated
mass of pulp, as it is impelled upward
through the tnbe 48, ont over the top of the
tube and back into the main agitating eham-
ber 42, The cnlarged easing 43 is provided
with a small inwardly extending flange 53,
adjacent the floor of the trongh 44, and co-
operating with this flange is » ring 54, which
is supported abave the Hoor of the frough by
a down-turned flange 55, thereby forming an
annular condiit 30 in the bottom of the
trough.  The edge of ihe ring 54 is spraced
from the flange 53 to afford an annular open-
ing from the condnit inty the trough, Thig
opening is covered by a ring of thin fabrie
S which sustains the froth and keeps it out
of the conduit 30, Nir under o siight pres-
stire is admitted to the condnit 50, and this
aircissuing through the fabeic ring 56. blows
e froth out of the top of the trough 14 as
fast o= 10 settles down along the ineclined
face of the trough, from the lip of the agi-
tating chamber 9. A ving 58 is supported
i the npper part of the enburped casing 43,
for the purpose of preventing the froth from
falling baek into the agitating chamber 42,
The froth eollecting receptacle and the el
cilatory svsten: for charging the agitation
cliamber with pulp are not shown ns they
have no direct bearing npen the present in-
vention,

The entire inner surface of the agitating
chamber 42 35 provided with a protective
linng of vubber 59, applied in practieally
the sume manner as just deseribed of the me-
chanical tvpe of agitator. The agitating
tube 48 is completely lined, both inside and
ont with a layver of rubber 61, togethier with
the wines 49, whicl ~upport the same, and
the deflecting eap 51 at the 1op of the tube.
The corapressed air nozzle 47 1w either con-
steacted entively of rubber, or is sheathed in
rihher, ns it s also subject to abrasion by
the puip deseending into the bottom of the
contea] chambor 45, 1F deomned desirable,
the tnterior of the trongh 41 a1ed the deflect-
e i H5 may also he provided with a pro-
tective Baver of rubber, to protect these siup-
Favces Trone the metalliferons particles in the
froths and from amall quantities of prlp
which may be efected Trom the trough.

The essence of the invention residos in the
nupressionable  vesilient rubler  surfaces
which have relutive motion with vespect to
the parvticles composing the fluid medinm or
miwsss While this characteristic is funda-
mentally responsible for prescevation of the
parts wguinst wear i is also vesponsible for

X~
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a peculiar action which greatly improves the
operation or action »f mixing or agitating,
During the relative motion hetween the
rubber surfuce and the uid nass the parti-
cles of oil to be distributed come into con-
tact with the rubbier surface, so-that for each
contact of w globule of o1l with the rubber
there is a wetting of the rubber su rface with
oil, whereby for a hrief period of time at
least there 15 a film of oit upon a part of the
sirface. Thereafter let us ussume that a
particle of metal or metallifernus ore strikes
the surface at the point where the £lm of
oil is formed. Tl ensuing contaet Lotween
the heavy particle of metal or Gre, enlises g
}'{*iuti\'e{y greater wotting of the wurfuce of
the particle with the oil becanse the rubber
surface permits the particle to embed itself
momentarily. Ay soon as the impact of {he
particle is taken up the particle is thrown off
becanse of the resilient character of the rub.
ber. The surface is thas self cleaning !
always ready to repeat the operation.

I find that the o1l has o tendeney to adhere
quite firmly to the rubber surfuet nntil it jo
taken np by the metal or ore prrticles and
this plienomenon assists further in the hetter
distribution of the oi] to the moetal or ory
particles although this is not the sole reason
as I huve nbove indicated for the improved
efficiency but is merely a further favorable
action in the practice of agitating pulp and
oil,  This surface iy primarily resiliont und
preferably rubber, though not necessurily so,
asoanyother suitubie  vielding  material
might he cwployved. Pure rubbey may he
nsed, or any suitable combination of ribber
and fabeie,

I'dao not wish to limit the invention to the
use of rubler. While to my preseni know-
edge this is the only substance which wil] se.
cure the desived effect or effects 1 intend to
melide such substitates or equivalents as
embody the charactevistics which are ro.
quired_to secure the fundaments! action
which T have disclosed. T ecmploy the phrase
Y rubber like” to designate broadly u b
stunce having the desited characteristiog
which rubber provides,

It is immaterial whether the e
surface woves against the Auid medin
mass o vies versa. Both actions are |

tig

0y

j
trated du the above deserilicd cinbodinente,
Though T have described vitleaniving as

BER

i
¥

being the preferred method of attackineg this
rubber to the metallic anrfuces, pariienlariy
to the immeller arms owing 1o theiv bLisl ro-
tative speed, 1t will be obvious reient
or any suitable means of attnelnend fuay b
employed.

What T elaim us new, and decire fo protect
Ly Letters Patent is: ‘

Lotn o device of the class described an
gitating member adapted to buve vialent

agitating impact with 1 fleid mass only, said

uer
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members having an impressionable resilient
impact surface for engaging with the parti-
cles of said fluid mass.

2. An agitating member for agitating a
fluid mass consisting of particles of different
inertia characteristics, said member having
a yielding elastic impact surface which 1is
brought into agitating engagement with the
fluid mass.

3. An agitating member for bringing into
intimate engagement the various constitu-
ents of a fluid mass consisting of particles of
different degrees of fluidity, by repeated im-
pact, comprising a soft rubber impact sur-
face adapted to have agitating contact with
said fluid mass.

4. In a device of the class deseribed an
impacting agitating member of rubber like
characteristics adapted to have free impact-

ing agitating engagement with the particles
of a fluid mass to be agitated.

5. In a flotation machine an agitator mem-
ber having a surface for agitating engage-
ment with a body of pulp said surface being
yielding and elastic to permit the solid par-
ticles of the pulp to embed themselves mo-
mentarily only whereby the avea of contact
of the particle with the surface is increased
and whereby the surface is preserved against
wear or erosion.

6. In a flotation machine an agitator com-
prising a central hub and radial arms said
arms having faces adapted to contact with
the solid particles of the pulp when said
agitator is rotated, said faces comprising im-
pressionable resilient material.

7. In a flotation machine an agitator com-
prising a metallic frame consisting of a hub
and radiating arms and a covering of sofi
resilient rubber like material over satd arms.

8. In an agitator for agitating a fluid
mags consisting of particles of material of
different freedom of motion, a member hav-
ing a yielding elastic impacting facing
adapted fo have impacting and agitating
contact with the particles of said mass indis
eriminately, said facing comprising a rela-
tively impervious surface and a yielding
elastic hody back of the same such as is pro-
vided by a relatively thick body of soft
tough rubber.

9. In a flotation separation machine, an
agitating chamber adapted to contain a
liquid solut'son of abrasive material to be
agitated, agiiating means in said chamber,
and a resilient protective lining of rubber
o the like about the intevior ﬂfg said cham-
Ler for preventing abrasion or covrosion hy
sald abrasive solution said lining of rubber
providiug a vielding elastic contact surface
for agilating contact with the abrasive ma-
terial to be agitated.

10. In a flotation separation machine, an
agitating chamber adapted to contain a

B

&

liquid solution of abrasive metalliferous par-
ticles to be agitated,  a mechaniecal agitator
immersed in said liquid solution, and a pro-
tective liner of rubber or similar resilient
material covering the interior surfaces im-
mersed in said metalliferous solution. to
prevent, abrasion or corrosion thereof said
rubber liner providing a yielding elastic con-
tact surface for agitating contact with the
particles to be agitated.

11. In a flotation separation machine, an
agitating chamber adapted to agitate a con-
tained liquid emulsion of metalliferous par-
ticles, agitating surfaces disposed angularly
in said agitating chamber below the depth
of immersion, a mechanical agitator dis-
posed in said agitating chamber, said. agi-
tator comprising a driving shaft and a pln-
rality of agitating arms lmmersed in said
liguid emulsion, a resilient protective liner
of rubber or the like supported on the ex-
posed surfaces of said agitating chamber
and said agitating surfages and a similar
covering of rubber or the like molded to
said agitating arms.

12. In an agitating machine for agitating
an ore bearing puip, an agitating chamber,
means for agitating the pulp in said cham-
ber, and a protective lining of rabber vul-
canized gbout the interior of said agitating
chamber for protecting the same against
the corrosive and abrasive action of said
pulp said Iining of rubber providing a yvield-
ing elastic contact surface for agitating con-
tact with the pulp.

13. In a flotation separation machine, an
agitating chamber adapted to agitate a con-
tained liqnid emulsion of metalliferous par-
ticles, baffles projecting into said chamber,
a vertical agitator shaft extending inte said
agitating chamber, agitating arms adapted
to he votated by said shaft, a lining of vubber
vuleanized about the interior surfaces of said
agitating chamber below the depth of im-
mersion, a covering of rubber vulcanized to
said baffles, and a similar covering of rub-
ber molded to said agitating arms for pro-
tecting the same against the abrasion and
corrosion of said liguid emulsion.

14. In a flotation cell, a vertical, circular
agitating chamber adapted to contain a
guantity of lignid emulsion of metalliferous
particles adapted to be continuously agitated
therein, an intake conduit opening into the
lower port of said agitating chamber, an
overflow scharge outlet leading from the
upper part of said agitating chamber
through which the froth or pulp is dis-
charged, a vertical agitator shaft extending
concentrically into said chamber, a plurality
of agitator arms projecting from said shaft,
a plarality of baffles extending inwardly
frem the walls of said chamber and co-
operating with =id sgitating arms, a resili-
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ent protective liner of rubber covering the
interior of said agitaling chamber, o ribber
conting covering the exposed surfaces of
satd baffles, and » \II]IILH rubber covering
molded about said agitater arms and sheath-
ing said agitator )ltt to prevent abrusion
-!m! corrosion by suid lguid emulsion.

- Juan agitating machine for agitating
an ore ]w:nann pulp. an agitating (]1.nnlw
mpeler members o siid «hdmi)m for wei-
tating and cirenlating saud pulp, hafle nien:-
beis in said agitating chambor, aned a pro-
teetive hning of ribber vulennized npon
the surfaces of said ch vamber and said baffle

1,381,873

menbers and mobded on H;zii] impeltler for
Preventing abrasion thereof by said pulp.

16, In an agilating machine for dnilatmg
anore hearing pul]). un agitatiog clhnber,
impeller menbers in said chamler for agi-
tating and circulating said pulp, and a pro-
tective lining of yu Dher valeanized to the
surtaces of said agitating chamber and suid
impeter for proteeting the same auninst the
corvosive and abrasive sction of sadd pulp.

In witness whereot T heve um snbw il
y mame Uus 1T diy of Mareh, 1919,

CHARLES F. SHERWOOD,
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