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2152728 SONI C DEVI CE FOR EXTRACTI NG M NERALS FROM ORE Thi s invention

rel at es. to t'he use of sonic-energy in the extraction of ore, and nore .
particularly to a device enploylng an orbiting mass oscil | at or ‘whi ¢ gh

ef fects resonant standing wave vibration of a bar menber 5 support Ll5é 723
I 'eaching solution or the like. The |eaching qr extraction of metals
fromore involves the utilization of a sol ut| nin Wmch the net al ségt'g‘;.or :

ntng&al particles in the ore wll 55 _ 2 Lned and t re
extracted. - It has been 10 found tHat—by—storectrig—the—teachi ng sol ution

contalnlng the ore to high | evel soni diky Q¢ e necessary for
achi eving the | eaching phegesaveRaside Sé1Hdd wtdhté hQGUSstéﬁﬂctQﬁeiLE}m

recovery of miner n be,li ved. . Such a yethod is '
Patent No. 15 3 53% %gg 3F§§%§égﬁagﬁgt°€ﬁ? 1§°anpFﬁ§ ﬁﬁ Eydggc?lbed in
this patent,.a redevicer empbeying sappurkicting mass -askcdathtag wanéhun a S
manner such- that a t &gﬁg Naksql o}

therefrom  An orb?fgﬁgsnﬁggaﬁaﬁgs%a%?ato %ﬁggigﬁﬁgeﬁibﬁ f . ﬁ%ftﬁ %bgf a
point near * tRe SHURAPEFteReiBof lRACRANS afplutinry o&qtbRcY Eﬁch as to set up
resonant vibration of tfRetubachingfdeawxtthe tdemn l‘o@'dmeltdlseShbﬁlSorel nthe

| énet at i f t b
supported on 25 ¢ #AIPRERSpInd i B P HE N it RS PhIEH e e pa.
al.ong the perupheseltﬁe990mineralrnnrtin&es<i@n¢heherecump1|dgseplveugr
point, ‘in view of bEBSmGUéﬂtf‘AL&E@d%@ttH&%&“e‘ ektragieal tBe ﬁabebeéﬁnds to

TR & LA R Vel RELREL Qe SuSnuARoual Sl couRLL0g, 20
nodal . point act ualthg brestonhigie reuei(Sbnﬂceehahgy Ehet hikme héeepsarynent
of the.oscillat or £8pahchiGvERS! Be Ofeééiﬁrlgo%@okté@'s”@laneﬁ&e&igfﬁfw&rxtwe
reduced and the total recovery of mineral can be
“improved. Such a method is described in US Patent No.
.15 3 525 606, issued August 25, 1970
_ In the method described in this. patent,.
: resonator tube is supported within a leaching tank in:
‘a manner such that it has a substantial degree of
. vibration isolation therefrom. An orbiting mass-
:]20 oscillator is mounted within the tube at a point near'
-:the center thereof and driven at a frequency such as to
set up resonant vibration of the tube to effect the
o o desired end results. . In the 1mp1enetation of the method -
- ” § of my prior patent, the resonant,tube is supported on .
25 the tank by means of a clamp which is attached to the
tube along the periphery thereof. It has been found
-that coupling at this point, .in view of the quadrature
nutating oscillation of the tube, tends to result in a =
significant energy dissipation, even though such’ coupling
30 is made close to a nodal point ‘of the vibration pattern,
_because the true nodal point actually lies on the axis
- of the ‘tube. . Further, the placement of the. oscillator
. near the center.of the longitudinal- extent of the tube



- 2 - places it. in posi tion of high load, i.e. where the |eaching sol ution
is located, and thus linmits the anplltude of stroke of the oscillator which
'deleterlously af fects the power ‘i nput capability of the.oscillator. 5

‘Accor to the present invention. there’is a device for generating soni ¢
energ use'in extracting minerals fromore placed in-a liquid, such as
a lea ' sol ution contained-in.a tank, _sa d device bei ng adapted to be

“in said tank, -and conprising: 10 - a housing; an. eIongated_\;
bar nmenber; neans for supporting said bar member in said housing; an .

or bi tting rraSSaneerlﬁtomaMa:ctm tar origrendaty af, esawdebartmenber means

o1 1 v S aheh] 8 e A SRS, S el ReAe Bud N

st andi ng wave sal I'hg sald
‘bar -menber -in ofi etmkhoqtltigemmﬂlsam ar'?b@lhedﬁéﬁﬂredipnﬂheaﬁfmts end of

sai d b?rdrrenbe%hal egaeir-]henﬁ\@@géag%l(r}aihqams ttnfé%eefmausiaort rrean;
supported at one en ereof o ousing, .sa port neaps being

fitted in S%Id bore affc?H £%%t3% WﬁtQFsﬁfé¥ B eﬁﬁiﬁg E?E?ylit a poi nt
t her eal ong mhedev?SeafondgeMEramtngunhnﬂ;\ﬂma?gwafbernsappeaextrammhng :

cushi oned Spokﬁiﬁsﬁag s S¥LGRALPY ﬁéuwtqhe 1911319, 288chNa80Y! TBALL AgR1 NSt

sai'd bar nmenber | east one pol nt real ong a- no
'standi'ng wave SaiPéiﬁna%%@%?k“??wiﬁxﬁuﬁﬁﬂﬁug%ﬁ&@ddBHPCHEPQEFSaﬂﬂa%?%Qent|ng

the rotation 3Qot Ber gefintddei Weyi e ek f wiidieomprektidg:resi | i ent boot
means betmeﬁn sai d bag_ﬁgg fald housi ng-for preventing said ore

Van'elongated bar member, R S NG
means for supporting said bar member in said
: housing, ' _ j, :
- an orbitting mass oscillator attached to one end.
15 of said bar member; '
means for dr1v1ng said oscillator ‘at a frequency
such as to set up resonant standing wave’ vibration of
said bar member,
said means for . sapporting said bar member in said
20 housing comprising a bore formed in the other end of savd _
bar member along the longitudinal'axis therecof, suopor*
b_means suppcrted at one’ ena tnereof on said. housing, _ _
said suppor-.means being’ fitted in said bere and if contact o
with said: bar member solely at a point therealong where R P 0
251a.node of a stan 1ng wave pattern appears, - and cus hinned' -
' spcke'means ext ending from said hou51ng ana in abutment
against said bar member at at least one pcint therealong
where a node OL the standing wave pattern ‘appears for
centering said bar member and preventing the rotation
. 30 theéreof. _ N . _
' i_The device may further include resilient boot means
between said bar and said housing -for preventing said cre
and 1iqu1d from reaching the oscillator. '
The device may also include means for 1ntroduc1ng
35 a regulatea amcunt of air into said IIQuld to enhance -the
extractionr of mineralsmfrom the ore. ' -



«and liquid fromreaching the oscillator. The device may al so include means
~for introducing 35 a regul ated anount of air into said |liquid to_eghance
the extraction of mnerats fromthe ore. - 2a - Said cushio‘@ﬁnspoke
ireans may conprise a set of resilient spokes positioned around\g4ar ¢/ bar
- nmenber at a. point thereal ong towards said other end thereof and neans for -
retaining said spokes in .tight engagenent. agaj nst sai.d 5 bar nenber to
prevent the rotation thereof. It-is th_er_‘"'e_fz&ré_' an object of this . o
inkention to inprove the efficiency of the extraction of mneral fromore. .
It is a further object of this invention,to. WaIRp! veséef WE
“di ssi pation of ' soni ¢ en®®¥y F4shid rﬁpekFeggﬁPﬁgh?gp&%ﬁ%}%eﬁgof ore. In
the acconpanyi ngprdeyi &g6: sgokss edsiitionedc beountcsai dwPag PFTRRT Atithg the
~enpl oynent of the deyice of Safiids igaM@Nbitferi BndOthéheof eamtimepans e,
Fi gures 2A and 2BO&RE %‘Bﬁﬁ??‘%‘%ﬁa Sect ) C?Ir%\é‘al Iol strating Lhe 10p;R0d doidom
portions of a pr&ber retatnbogi sk %ﬁOWQﬁaﬁthﬁﬁgioﬁ?gﬁ?gure 3'?5 a '
Cross-sectiog alg?? hBRvekaps gﬁévéﬁmﬁthﬁfmbﬁaxransthﬁrﬁp§ure 2B; Figure 4
is. an elevation il ust [ il ,
an open-slat structure for the housing;, Figure 4Ais a cross-section taken
al ong the plane 20 indicated by 4A-4A in Figure 4; S

f&)

strating a second enbodi ment- of the invention utilizing



Figure 4B is a cross-section taken along the plane indicated by 4B—4B in
"Fi.gure 4;, and Figure 5 is a schematic V|em/|llustrat|ng anot her net hod for
ynent of the device of .the'" 25 invention in |leaching ore. The use

d in Figure 1. Sonic |eacher éts 1l.a and 11b are- suspended by -

3¢/ nount i ng neans (not shown) withTn®30. |eaching tank 12.  Contained
within tank 12 is a [I¢adisi mgeseforeomlabjémtllm thiss piawterrﬂiem b cont ai n\”L -

t herein. Thre Ai%%“gh% L agngg gfetﬁgh%?!t %311 'i/urn angrtatlese bei ng

f or respectlve&y provi |ng sSuré a notor . case
.drain line. rom °reReferr|ng now to Figs. 2A; 2B and 3, a preferred

. gnbodl m;nt of che SomchiéFFu Qﬁrﬁﬁerh&Jwﬁfoolfhi§ 1dw¢elﬁ%}11ro’ht% I't :S to
e noted that Fi ustra {o £1.0 the unit, e
Figure 2B i |u§F%§Fg§ th HSF%S%P@ é? %%nge SAIEe NRTE 1 dhe ons -
.bei ng shown se celgatbingofoentheecki | lnneallon. Supported within
bei ng sh sandcellpatbingohoent log) idf pp d hi
housing 17 is a sol i §nbhe BRREHp éﬁyﬁn cgbéﬁ1¢§§ﬁerably fabricated of 'a

mat eri al . havi ng hi gh glast|C|t such as. ste and .may have a thick = -
coating.19-on the oufigyEevd t tﬁe?%ﬁﬁmﬁfﬁccﬂr%¥¥q§ﬂiilqﬁqaéﬁtﬂﬁe?ﬂ% such-
as ponurethanempngmedtbor trebaevide a&ntﬁelpresdnﬁmﬂwﬁenﬁibhahhatlon is

vertically %rleﬂgegegkhghg grgeachlng tank as illustrated in Figure 1, is:
supported w ousi n 7

fabricated of a h|ghF§SP§ﬁgtﬁﬂnﬁﬂér?%Ja%ﬁu%PQﬁitQﬁ#aﬂl s%§§i@ﬁﬁlndr|ca
sl eeves 2la andidiBtbaxedkythbt 86pCshd Cbod t¥om N sloh L ES o pReFeinreds for,

em men ven

on'support rod 20. Support rod 20, which is 15

[y

of “units of the device of the |nvent|on in the | eaching of ore i-s =

exanpl e by . meldlBgdithe%eo§lgggefnhaV£Eg1a greater dlaneter t han that of kJ'.

Figure 3 is.a oross-section along the plane
15 -indicated by 3-3 in Figure 2B; ' _
Figure 4 is an elevation illustrating a second N
. embodiment of the invention utilizing an open—slat o
structure for the housing,-" : .
. Figure 4A is a cross-section ‘taken along the plane
20 indicated by 4A-4A in Figure 4; ' ' _
Figure 4B is a cross—section taken along the plane
indicated by 4B-4B in Figure 4"and
_ Figure 5 is a schematic view. illustrating another
method for the employment of the device of the
- 25 .invention in leaching ore.
The use of a pair of units of the device of the
invention in the leaching of ore is illustrated in -
Figure 1. Sonic leacher units 1la and 11b are .
suspended by suitable mounting means (not shown)_witnin
30 leaching tank 12.  Contained within tank 12 is a-
' leaching solution 13, having ore particles 14 contained
therein. Three hydraulic lines 8-10 are schématically
shown, these being_for‘respectiuely prdvidingifluid_ .
pressure, a fluid_return and'a motor case drain line.
35._ Referring now to Figs. 2A, 2B and 3, a preferred
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rod 20. Sl eeve 21a fits snugly within receptacle 23 20 welded to the base
of hou5|ng 17 and abut's agai nst a cushi oni ng menber. 24 ‘which may be of a

sui tabl e el ast'o- neric, material, such as rubber. Siml arly, sleev o
fits snugly within the bored portlon 18a of solid bar 18 and abuts phst. .
cushioning menber. 27. It is to be 25 noted ghat bored portion 18a™

coaX|aI ‘wth the |ongitudinal axis of bar nenber 18. = Bar nenmber 18 is =
retaiped in center%@%bll@nbmfémhepmﬁ devicenrfothei iIvenyetopeksitted to-

nut ate) by means of)fusthLREs., SWQ%@%ESngﬁedhtﬁQtaffgW@ around the
peri. phery 30 of b 18 and abyt thereagainst, best, can be s%en I n

Figure 3. - Cushi ontt4p RateR Fops BARFig8 PLp Epﬁa't“éjdt il e YR i ¢
mat eri-al such. as: r?.lbbzbllwsrtrates rien bt omn porghon etiyerso® )t theess nisto t he

coating."19 of par 6 '
ti ght ened by rrgans ogpgandgﬁ%r ggita?%keg 9?3 m&ﬁéé e%?rs oke
menmbers 30 are enpib&‘éﬂt%t%%acersslmom#gdawi@bbérhﬁ'éﬂm&ri%fiﬁbaﬁ S ighd are

mount ed on the walbaPfmdigsist e Whidhoyrd &-bseaamsahewrréatted o8 y nmeans’

f bolts.32. S 30 I d b :
%6 to pormt maxi ERVTTCRHO SushE ekt Ba? HOES of grasty G i
menber 18 is an orihave gy m@mﬂm aP 88, thai ohtatc}ebeau thﬂ;‘etqﬁ)e : '
described in Cf@ne&flgmmﬁ&rmf@mreﬂa%éuéﬁ%s %‘ fuPééHéAéltOVSolid

conprises an eccentrlc rotor 37 whicC i npunt ed on sllpper

or sl eeve bearingsPaB BERRET lfﬁzrué“ihﬁﬁhSén Fhéyﬂoﬁg' Eﬂ']’ga‘fjr%cﬂ attached =
to,bar - menber 18. véﬁti@snw bmierrtelaammhin a6%eaddRing| tark fagl to t he

%EB‘H’L? Pl oo, Pl fud LA Ol leastiol 90 B8 USBHoLDES LG A VRN 1O
37 is coupl ed t hr oligreny sHpRARt @da#@ 4SSH§§°§ga¥‘9d4&°i dhinh is .
15 fabricated of a high strength material such as: steel,
- _ has cylindrical sleeves 21a and 21b fixedly attached to
.the opposite ends thereof, as for example by welding,
o _these sleeves having a greater diameter than that of
' L | - rod 20. Sleeve 21a fits snugly within receptacle 23
' ' | 20:'We1ded to the base of housing 17 and abuts against a
i 'cushioning member 24 which may be of a suitable elasto-
meric material, such as rubber. Similarly, sleeve 21b
- fits snugly within the bored portion 18a of solid bar _
_ _'.18 and. abuts against cushioning ‘member 27._ It is to be
25 noted that bored portion 18a is coaxial with the .
longitudinal axis of bar member 18. Bar member 18 is
_ 'retained in centered position and prevented from o
.'rotating (yet permitted to ‘nutate) by means of cushioned
o spoke members 25 which are. spaced around the periphery
36‘ of bar 18 and abut thereagainst, as best can be seen
e in Figure 3. Cushioned spoke members 25 may be
'fabricated of an elastomeric material such as rubber and
are. retained in tight engagement against the coating 19
- of bar member 18 by means of steel band 26 which is
.35 tightened by means_of_band_tightener 26a. An_additional
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' . ' ft 44 and provi des
A fan 48 is nounted on sha s 50 are
drive shaft OL n?;grlﬁ;tor and the associated conponents. | Ape;tgggflng air
gooling go wal I's of housing 17 to facilitate the flow ormt  he
:':;grlnﬁgl (' .by arrows 53. CQutlet loortsI S\ihagﬁ gaf\é'rgegohgl ﬁg 17. t hr ough
. as, -] teria l 25 -
Yeaching fluird and ore m h runs around the top portion of
60. A boot nenber 54, which r the top portion
Itnglretlng,rtssenpl ofed of Fpekenherhbéhbs(hcg;yi{ﬁel R g%erélggg&rgsaagng B Saf’.
Oflfhe Un'%helgpaﬁeﬁ &f [o a%lon d? FSBFQQSaadjusundednbh|tﬁe5w§fg'ng .
ows _
fo § ;

dence
wave vibration P ??ﬁ %Ss%z qnpunq)the lpQli':"ﬁﬁgt‘\?he reson%ﬁ

s Yr@ﬁ%@ﬁcy,_a_
o marked i nerease-of b Iaw\e/gﬁ\cﬁcfr:gt I on pgt ?@ ﬁrFsigétalllpednimm Dedse as
| nﬁglr lcztt ggxh;g éregfﬁhél | nelﬂ'%ﬁ\ga r A8 @QnPBé'm%emaxithﬁndfwéé‘&‘o esioned Kl
I .

and
that the standing 35 Mewndedabhetthei $opUshat Haty gdes 5 a

%ﬂ %uﬂs|an1:he
appear -6- alory tithg BakssWBeLE1 iaﬁggt#ﬁgnv?un }Ibnr;nggyf hreod)fZCtlﬁth

IS.at the con h ,_ a
tonpers 25, “uni LEus3IBeRE5 R, ppBRe S Shpmost te wﬁﬂ‘gﬁ;, s329, 1N
m ni I'TB.| amount 9scidfasaer gympﬁi§é§5arﬁ)aé@&-:b "?‘éghe i|$Upr| ng

VIS R °6T 3du :
liquid and aoe %tﬁtaﬁiycﬁ%ﬁ ggd therelmyto; GQeexe bedh:'e.ﬁ g8d3By arrows
enter the botto&gg the housi

18, as -
.61, and flow up heusing h3si tee aicmmntgh%eih ge¥1Q %yt ﬁggachgd

thi S regar S
i ndi cated by artovbaﬁ&nemﬁérlﬁtojﬁe g@ P‘n ig,P Gﬁﬁg§|ﬁe265r3291,06110 tl‘;ls‘,r_..

0SscCl
vibrati O|na| hi ﬁ'{ yfw ﬁn‘%‘r O?]°e§° ﬂ?éﬁoc;‘r hoasdlngeaohfﬁﬁn”&&eoif' cushion
[
f|om10f eac etween the rotor ‘and housing.: Cooling fins 40 are
15 provided in the housing. Drive ‘shaft 41 of rotor 37 is

- coupled through U joints 42 and 43 and shaft 44 to the

drive sharft of motor 47. A fan 48 is mounted on shaft

S 44 and provides cooling for the oscillator and the

associated components. Apertures 50 are formed in the

20 walls of housing ‘17 to facilitate the flow of cooling
| air as indicated by arrows 53, Outlet ports 52 are
provided to’ permit the outlet of leaching fluid and ore
' ‘material which enters housing 17 through inlet ports 60.
A boot member 54, which runs around the top portion of
25 bar 18, is: employed to prevent liquid and ore from
- "entering the top portion of the unit. : _
In operation, the device of the invention operates‘f-"
as follows.. The speed of rotation of rotor 37 is

. adjusted until a standing wave vibration pattern is set
30 up in bar member 18, ‘as evidenced b

Y. a marked increase e
in amplitude of v1bration. "At the resonant frequency,

a nearly maximized standing wave vibration pattern is
set up in the- bar, as indicated by graph lines 55. As-
can be- seen, the device is designed so that the standing

. 35 wave pattern is such that the nodes S5a and 55b appear



.exits fromthe housing through s i ndi

, 1€ N ports 52 as indicated 15 b

fzagh?el zggn,tﬁzé:l : lsa:[aa/;y?,]?rol Stﬁt t he top of the bar and a%/ :rlrg\(/:vzt ?gﬁ ofA'S

mthe ore and | eaching liquid, d-
.anti node of .vibration and at a point wh o 0 and. |9
) hi gh anplitude of-

“thé bar is engendered. 'This 28 f Tt a ? P AU

: _ , acilitates the gen '

?gtfﬁt C](‘)L;)?C: h\(/avI 1(:)?]cltlhl a';)or The support of Soar rre?vbe(rar?tSI 82 ?](c)d 20, -whi ch

e bar only .at t

';nheJl ongi t udi nal adong Shet hérb%lﬁ‘er%l Fr}} é’(’ﬁ/\{'{u%ﬂ%gctcig 28?0@§epggpt 1fiSenel ong

ergy into-the pusiing,. 198l Chode mtis:m'erme SHO@ﬂﬁFlté&ﬁt TPg QPtB tions

wher e -hi gh | |
'spoke. n{e?rberEV(ZES %Q(Sarz%ypgég {aﬁg? @Sﬂbé% 3ge v}l‘?iQ.@IrMeoﬁebaappearsRem lient

prevent unwant ed
.these 'spoke nenbappozite lsppkg mo@heea 30 arthys . Shin 8‘1:8%&5%(@00 EEE bar.

Vi bration patder
rsmbar s 80 ' Ch’%f{;";é'e%glg&g%ha&sm weaeﬁnemeug;/ Hosseg. Upper spoke

resi | ar, tepedit €
gtr)ge 55|b of the Vi brat l&®chdnge ?ﬁ eézgéenr?éet?él’i‘[r?'cL g‘:or{t%g.ﬁgg? ote
in | oose contmtviidiniecwist huumabmetnumnmsdenter @ré’r?cet%‘v%m ine -

nut ati onal vibratiao f
of the ore materlré nﬁg}%%e,o% Ebgfgﬁggl ?ﬁﬁy?ﬁi@ﬁaﬁﬂ mﬁm&m a body
di stance at | eastaretu@]ow Glnﬂ?é‘dd-wa#& the housing & %rgé]dﬂﬂw 14k 'l al

and 1 n sone

i nstances to godigianes, gLamiicated b 6 Sl -
to keep the en A)la1 c gUBrTONSS %ucﬁl‘% Qe mRfed tends
the L enchi ng agén chig, ' § ”lf =t tgle OWiEPathaﬂlembd ﬂbﬁssﬂqm af f ect

ng or over cavitati
th of:
ca e .or e mat eoseillstdr) 3etint @ans EPPOFA e ﬁége?ﬁg %af di amras‘lt er,

e bar
leaching fluiad ‘'and ore. The ore and 1eaohing material

.exits from the housing through ports 52 as- indicated
"153'by arrows 63a. 'As can be seen, oscillator 36, is at
; the top of the bar and at a location of light load,
'that is away from the ore and leaching liquid, -and 1is
' at an antinode of vibration and at a point where high
'amplitude of vibration of the bar is engendered. "This .
~ 20 facilitates the generation of’ high power output from
.'the oscillator. The support ‘of bar member 18 on’ rod 20,
-whioh 'is in contact with the bar only at the true '
: vibration node’ point 55a along the longitudinal axis -
__of the bar, avoids any unnecessary dissipation of
energy into the housing, which is particularly
'.signifioant in situations where high level energy 1is
required for the leaching operation. Resilient spoke
members 25, as already noted, prevent unwanted rotation
of the bar, these spoke members also being located at an
_30-'antinode 55a of the vibration pattern which further
' -_minimizes energy ‘losses. _ -
_  Upper spoke members 30,_ which are also of
"resilient material and are located opposite node SSb
..~ of the vibration pattern, provide centering for the bar,:_
.35 ~yet are in loose contact therewith to- further avoid -

| ssi pation of 25



't i hi ch i in inmited by any adverse’ |
S tude which is not in any way Iim _ s 4.
?;QXfPoao‘an ﬁnﬁ!éhg occur in the | eaching agent. Referring now to Figs :

: i ' i tion is o
- an ification of the device of the inventi s
4A an? ?n Pﬁ?;'enbOdinent, the housing 17 has a pyurahltg ?Eezlsts
178 t0 Nadmdn open | attice structure which pernts the fluid t r od- 20
“surround vibration bar member 18. In this & PyaKLged L or Supporti ng bar
structure 20 as igterﬁ@r@mmwHﬂUﬂxaﬂHQQhﬂﬁﬂﬁohél.gggg ggﬂn36£a ¢oParhe

i thin the housing gg | r. resilient pos ! ot
1?e€1zuénenbodinent.ar%eSﬁ%f§¥gg”i eﬁﬁgaiﬂa GP_@éﬁp§§ingzapd¢f£@ﬂ0fﬁsiOus
-Bar., these posts PeF MptFiAl baing w@eaﬁegnadahn?eg?egsaﬁ_%g?é ,temgtt?t o
e ot 1 med 4 n o ey s sl 8 TR0 ERL Pl e Bis Hamstenrotuming
'?Ieu:JZII 131: éﬁg E{ Re%g}éé%%i%iﬂaﬁ%@nﬁgﬁt%e?s to a dbdeandeGratd,0 Fig. 5,

- MENDER =286t a d&is i ! o
a further syst erﬁ%rf%ﬁpltdmbsgsubh_dgaméeepgi _mé n%/‘%[e}}gr a%e l{)ﬁrsegl eﬁ%hﬂgt ioo'n.
s schematicall 3e|rielrl i %%Egldtijfli gﬁ%%‘%bﬁ#@(l?&ﬁ ’d‘*bimh iforE. & advieaigedly | N o
Thel qLinfdostsheﬁ?%%teﬁﬁﬁn&@?°’ﬂﬁ’ésMmt_bmvmeeﬂﬂné;?i‘n?ﬁ‘??af henefits.
- that the chenfexlithitiagi sachnugéned iy | £AGH & Ore matesdal tei;
Coner 0L ol 8 BAULROCAUETNE, TRHS Sy ibrue ther o s bes
' Sp i3 ' ' i i i i s

iran v T ArES oot st Yok S0 L | L

essenti al , homebyranyhsdyéfﬁbE¥E¥£¥id§ which migﬁ%:occur in the leaching i;;

o Referring now to Figs., 4, 4a gndiﬁB, a
15 modification of the device of the invention is :
- illustrated. In this embodiment, the housing 17 has a
. plurality of slatsfl?a_tq_ﬁdrm:gn_Open.laﬁtice'structure
. :.: which permits the fluid_tb-free1y35ugfqund vibration
' . bar member 18. In this embodiment,-the~saﬁe,rod—-
20 structure 20 as for the prévious embodiment is pbqvided
. .- for supporting bar 18 within the housing and similar
resilient p§stsf25 and 30 as for_theiprevibus '
. embodiment_are-employed in thg.aid of centering and
' support of the bar,[theée.éosts-beihg located at fhé
25 nodal région$ as in the p:e?ious'embodiments; The‘
. advantage of-the_emquiment of'Figs.:4f4Bfis_that it
can be utilized in'an open vat ténk'obviating the need
._ror'puhps for pumping fluid élong-the side of the bar
member._ . . '_' ' S
30 - Referring nbw_tg-Fig; 5, a further system for
employing the device of the invention for leaching ore
is séhehatically.illﬁstrated,.-In this-embodiment, the
rate of introductioh of air into.the:leaching Solution
is controlled to optimize cavitation in the liquid
35 which enhances the ore extrac#ioﬁ._ It-haé_béen'found




FacL that too nuch air devel ops an enul sion type condition in the solution
whi ch tends to inhibit 10 cavitation. As shown in Figure 5 tank 65 has
one of :the units of. the invention .11 nmounted therein.. “An air. conpress 0
has ‘a. pressure regul ator 68 and an-air flow control 69 installed in i
output line 70. Line 70 is 15 connected to an inlet 71 in the botto _
tank 65. Thus, -airt in a'regul ated control -e@ Flow is.introduced into the
UTd 81 contain n e - l.d of the e radi gt ed
1ﬁﬁ|t 11 so tha?ﬂ?hetégrcagBQCAP ﬁiﬁ%ﬁiﬁ%(i eg Bﬂbﬁﬁgsg g¥? glggs by
.graV|ty 20 or ||aénsrplésbeneféteunnns&ﬂﬁqaniw ﬁhemsbaw¢ngaadeQuatet 11.

It is to be notedambahtghesa h b n S E@éhlt
foll ows the- Imw\%ﬁ&a tgpgg%bt §£EN&§1&Hﬂﬁ$aﬁﬂ§ %nsggtéh?gﬁéfﬁgd fnb .
liquid flowis do Sﬁgrﬁ? B 1?$an%hﬂﬂé¥H“£iWaV§ prEteragfcthy 25

“i ntroduce 't he5ai r resonantipber perpamnioflddly effectavet fo8 aﬂepngdﬁmﬂmardly_
past the bar. |t b3spbPgibhCants ! fs Wideddish | RodaUR ST kHAL ol Ol Y a few

m nutes or even less t mnute is reqU|réd esi.red

| eachi ng action. aRPYBt 8§ alp 39RAdgq e icomdrolfedain vhewapficthen the :
liquid of its expﬁautethattb@oaudureranatdmlaeaeaﬁaamauéicﬁetweachl eve the
desired end resul VeL | n r tion in the
liquid wi'll evacug§ediwxﬁ f lJ|’%’31Iég(;]'r%r}t)tur%l't ﬁ' %Sf‘ag ?grﬁ'ﬁ%b# quid, so.

that 35- unl e39 tAevitathemg i.s achieved in a relatively short . tine

(uzual Itydl ess than a: haAé 1r]g lfngiﬁ}etls ql kaglkadslttﬁaetnoﬁé GETLIS units .
i ndi cated above isg r e-fJl.ow o in_the,tan
si kut at ed.- by - neangfo 3 ﬁ“% 5{? (ﬁﬁﬂﬂﬂﬂ&feﬁo%bffsaPateA?hﬁﬁTlfﬁh%F%§s°?r1 f

the tank as indi cﬁ?euaeyatwsmumegtmhé:om 68ukndi ag air flow control -
R 69 installed in its output line 70. Line 70 is .
‘15 - connected to an inlet 71 in the bottom of - tank 65. Thus,
.air in a regulated controlled flow is introduced into
the liquid 81 contained in the ‘tank in the sonic field
of the energy radiated by unit 11 so_that the air is
'dispersed_into minute bpbbles as it rises_by.gra“itf-
' 20-~or‘1iquid pressure around and past the sonic bar of unit
f11. It is to be noted that the air ‘should preferably be
introduced 'so that it follows the liquid flow past the.
. bar. Thus, in situations where the liquid flow is
‘ downward rather than upward, it is preferable to
S S 25_-introduce the air at an upper portion of the tank so
' it is swept downwardly past the bar. J o
_ It is significant to note that in some situations
. only a few minutes or even less than a minute is _
_ 'required to obtain the desired leaching action. Also,,
30 in some situations, the air entrained in the- liquid of
~ its exposure to the ambient atmosphere can:suffice to
- achieve tne desired end results. However, in most
situations, strong cavitation in the liquid will evacuate
. a substantial amount of the air from the liquid, so that
35 _unless.the leaching is achieved in a relatively-short--

cme ewemes s e a e - tm s e ee— - e es e ea - etas . L# i ccms e s e, c————



.System may i ncl ude a sanpllng tank 77 fromwhich sanpl es of I|qU|d can be.
taken apd-j nspected to check the operation of -the Ieachlng system |n order

to-con Yhe cavitation in the liquid, 10 it is sonetines desirable to
l-imt J evel of the acoustical energy generated in the solution. This
end result/is acconprlshed by controlling the input power to the oscillator
of 'unit I1. ' This can be achi-eved by controlding the hydraul i c pressure

out put of hydraulic 15 ~punp 80 which is fed to hydraulic nmotor 84 which h"
drives the OSC|ItiMen(usu§hny lesachhened hylfgane)af theowontnblded82, Punp

80 is driven bydé)ckﬁﬂi%rn' y,? §§r X\g kg?iggfé@vagwé)qg*ng.ggggggﬁdescr_| bed and

illustrated in er st oo at this is .
intended by way of |IIuth8tféﬁWaﬁﬁ Hausd i1 e diank mafdbesshpulatede |

taken by way of dy rfidads o, at bamﬁcvsec@ﬁné@eed nwcer&lzemaeenghél ma@ﬂdonl y
by the terns of the follo

generating soni ATt PP ragsgn$%°§§??a5¥ eﬂfrﬁﬁﬁﬂﬂi 'S FPSnFBFS“g?Egﬁﬁ |n.a--
| i qui d, such as arsmclmawgisoﬂ-udeoa sanphimgdtank &7 dirkm whidhdsanpkedeing -

adapt ed to be mumiedui Eahdbeaﬂakeﬁngndomspe%f&h 3 RAYSkNghean el ongated
bar menber; neans for. supporting. said menber:-in sai d-housi ng; an :

orbiting mass oSReTaHSR Sft &Eﬁe&le?ﬁhﬁﬂé mtﬂ said bar menber: neans for
driving said oscillator ah arfieequencynstch t&etdauﬂﬂatupnreaobaetl$Qandlng

wave vibratifs ofg i ofdt1HBaPGesirale to limit the level of the
' ' _,acoustical energy generated in the solution. This end - L
'result is accomplished by controlling the input power to }“Jg
the oscillator of unit 11. This can be achieved by -
controlling the hydraulic pressure output of hydraulic
15 pump 80 which is fed to hydraulic motor 84 which drives
the oscillator., This is achieved by means of flow
control 82 Pump 80 is driven by pump drive 88.
While the invention has - been described and -
illustrated in detail, it is to be clearly understood
20 that this is intended by way of illustration ‘and
' 'illustration only, and is not to be taken by way of
‘limitation, the scope of the inyention being limited.
only by the terms of the following claims. '

I s e o pma bares mma e



- ssaid nmeans for supporting said bar menber in said housing conpr|5|ng a bore
-formed in-the other end of said bar nmember along the | ongi t udi nal -axi s .
it her eof , support neans- supported- at. one end thereof on said hou5|ng, said
ssupport neans being fitted in said bore and.in contact with said \ nenber
-=so|ely at a point thereal ong where a node of a standing wave pa
appear's, - and cushi oned spoke neans extendlng from sai d housi ng :
abyt ment agalnst sai'd bar -nenber ‘at at | &a P one point therealong where a
ner. of the standing wave pattern appears for centering said bar. menber
and preventing the rotation thereof. 2. The device.of claim 1l and further
i ncl udi ng resi IiSAINfDGt neans between said bar and said h%%§| ge
preventing said ore.and | u\quedi&ecﬂnrr Ea0AF A NEBOTSCTE R 9

~device of claiml or ¢laim furt-Bar recﬂ;wherg irreaawé-lf%‘rldl»ntsrd&&uﬁ‘?ng a
regul ated anount 6T %ﬁ{"&%tngi eEa i °

uid. L9 e ld Fehiier bdbking
m-nerals fromthe beechin8z§°lﬂﬁ§Q&e§%8§ 6P any gQC&?g?néﬁﬁ'to 3 wherein
sai.d cushi ened sggngtggaﬂ§ W Migursesl’ ansgaldftPQBrl?%ﬂnc é‘ﬁ%S|t|oned
around sai d bar er at.a_f I point therealong tomards sai d ot-her end
t hereof and means for 52 P 4?§hg sai d spokes in tlght engagenent agai nst
sai d bar. nmenber -to preventel¢MEatﬁQu94ﬁ1Wﬂﬁ%ﬁ &df. 5. The device o % claimi4
wherein said cushloned gﬁg ggan§uﬁﬁhhﬁnnguﬂdi¢ benpm¢§E§rai% set of
resilient spokes positioned around said bar nmenber at a 10: second p0|nt
t herel ong towar dhou@i®8sne end t her eof, sald second hggnggoggg &&d ng |
supported on'said housi ag bnbathogsma$$t°%ﬁ er to permt .
f reedom of nDtlonipf gnpbggrmgﬁgggr 6. The deV|ce of any precedi ng claym

“h ein Sa'd - . means  for driving sald oscillator at a frequency
' ' L ; nant standing wave vibration of said _

“such as to set up reso
bar member; _ o
| said means for supporting said bar member in said

-housing comprising a bore formed in the other end of said.

'bar member: along the 1ongitudina1 axis thereof, support
means supported at one- end thereof on said’ hous1ng, said
:.support means being fitted in said bore and .in contact |
with said bar ‘member solely at a p01nt therealong where 2

'node of a standing wave pattern appears, and cushioned

spoke means extending from- said hou51n= and 1n abutment

gainst said bar- member at at least cne p01nt therealong.

d\~4- : | where a node. of the standing wave pattern appears for
| " centering said bar member and preventing the rotation
"thereof.-' . ' T .

. ' 2 The device of claim 1 and further jncluding

N resilient boot means between said bar’ and said housing for

preventing said ore and 11qu1d from reaching the osc111ato
.3 The device of claim 1 or claim 2 and further:

i ated amount of ai*
including means “or 1ntroduc ng a regui

into said liquid to enhance the extraction of minerals_

from the ore.'

__;____;;______;_;———
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15 support means conprises a.support rod having cylindrical separator

sl eeves ‘at the opposite ends thereof, said sleeves having a greater

di ameter than that of said rod, receptacle nmeans nounted on said housing .
for recg jhng one of said sleeves the other of said sleeves fitting:20 -
snugly f[MfJlin a portion of the bore formed in sai'd bar nmenber and .

' g neans. for cushioning-said sleeves against sald recept acl e neans
and sai d bore. 7. The device of any pretéd1ng claimand further includir
-means for circulating t he liquid and ore in 25 sai d tank past sai'd bar i
menber. 8. A nethod for tracti.ng a pRi.sing the step’
of : feeding ore materjl ‘al %éxgggiﬁg 0?1' %ﬁ?dg? Hgm erg whigstin

. generating sorsai®mushionechispoke mebhsqumnatseas%|$¢tuQﬁ rqsﬂhﬂenmg t he

" “sonic energy t m%ﬁfiomdela%hha Batdt Baf SHOMGOE | 44 VA it SRjighibar to |
-effect a quadr ture Aut atin sta ¥ﬁée vibration Pattern thereln 35 .

sai d bar havi itfeErIhg d@ b(§fal § ¢Re,Ehereol and jmeans fiod) ng _
‘supported By rmtrminirmrﬂaaaﬂ |smoka|sdibotegandengagamemMQawrtsﬁ)aai@il y at a

~node of the stgnd e%%h%”gﬂ@tEEEQt?&ﬁa@Eé§Q§Q therein. 9. The

met-hod of cIa|n18 an urth I ncl-u 8 "~ supporting said bar agai nst :
rotation at a ‘node of -sal'lﬂ‘estdéﬂéicﬁgq% dapmt fevieratn saihSuRimeE Dt claim
8 or claim9 vésied mddirs (Hd‘dilmbﬁbﬂ.ahr aadpkiaelsdaas@cmcevsaéﬁeii‘ f rom o -

reachlng t he f t I &? a # d thé
soni ¢ energ ?ée%iol(l}.en@es[p%?{ s?.%tio - g§§"ﬁlui é%‘n dt?a any %‘%C al ms 8to
10 mhere|n phesecon point therelong towards said one end thereof, _
. said second set of spokes being supported ‘on said hou51ng }‘;
in a loose fit around the bar member to permit freedom of

motion of the bar member.

i-

6. The device of any: preceding claim wherein said
15 .support means comprises a support rod having cylindrical
-separator sleeves at the opposite ends thereof said
o sleeves having a greater diameter than that of- said . rod
receptacle means mounted on said housing for receiving
- one of said sleeves, the other of said sleeves fitting _
20 'snugly within a portion of the bore formed in said bar
‘member and cushioning means. for cushioning said sleeves
- against said receptacle means and said bore. -
7. The device of any preceding claim and further' :
including means for circulating the liquid and ore in '.'\*!
25 said tank past said ‘bar member. o ' : L
'_ 8. A method for extracting'mineraIS'from-ore
_comrpising the step of:
' feeding ore- material mixed in a liquid to a.
container, L .
30 . generating sonic energy within an orbiting mass_-
: oscillator, .. oo ' |
- _coupling the sonic energy to one end of an elastic
bar to resonantly vibrate said bar to effect a quadrature
nutating standing wave vibration pattern therein,
' 35' ' 'said bar having a longitudinal bore formed therein

A U R _:



'bar is:supported in a vertical orientation in gravify.* conpr essi on agai nst

‘t'heé neans.inserted in the bore thereof. 15 - 12. . The nethod of cl 1
wher ei'n the ore material->and liquid are flowed vertically along th . .

“13: The et hod of any . preceding cl ai m and further including adding— ir.to.
said ore material and liquidin a predeteLaned controlled quantity bel ow

that which 20 prevents cavitation in the |iquid. net hod.of any ..
- precedi ng cl ai m #ndr Beinghsupperird HY Means eFﬁFS ?ﬂesﬁgat Pheraig thaty-
i t™extends to a eadtabtﬂngtgam Ba®rorlie diae modecss thenstandimngmeaee of

the bar. 25 15. P Q%% gggtggnegQ% #$%ﬂgdpghg% g;mhereln the ore

material- is fed % al ner to a radial di st ance:
from the bar of Qb | ea¥hefmethed et qlaimiyandefyrthae basluding A nethod

Lg; . Ie>C<L|f gflt ;%geglg.r ?Eék%iﬁ%ogaﬁa Cp &l é&éet'zlﬂ'as@(rottf#tabhy agsahaoae nbef satd
- s-ilJustrated in the acconpanying draw ngs. - 17.
A device for gen&aRAApEsHAYE Eﬁ&ﬁiﬁnfor use in extracting mnerals ?rom

-ofe substantiall g0as -hEhei néthod coparlaigui@ardry cledar Phwbematinathe| pu81 rat ed
in the 35 aCCD”B%Einaldéﬁ&ﬂfﬂ&uid are prevented from reaching the
' ' ' - . area of the ‘bar whereat the oscillator is located and .
10 the sonic energy is coupled to the bar.i'
11. - The method of any of claims 8 to 10 wherein the
o . bar. is supported in a vertical orientation in gravity
\—;; , C 3compression against the means. inserted in the bore
. thereof. : . .
15 12. The method of claim 11 wherein the ore material and
o _liquid are flowed vertically along the bar. . D
" 13. The method of any preceding claim and further ‘
including adding air to said ore material and liquid
_ “in a predetermined controlled quantity below that which
. . 20  prevents cavitation in the 1iquid.
14, The method of any preceding claim. wherein the ore
material is fed into the container: so that it extends to
-, a radial distance from the bar. no_less than the diameter

_ ; of the bar. : :
: 25 15. " The method of any preceding claim wherein the ore
5—5 - " material is fed into the container so that it extends .

.~ to a radial- distance from the bar of at leaSt four times
' the diaméteroSf’the bar. = ' | |
__'716. A method for extracting minerals from ore suhstan-'
© 30 tially as ‘hereinbefore particularly described and as
' ~illustrated in the accompanying drawings._
17. A device for generating sonic energy for ‘use in
extracting minerals from ore substantially as hereinbeforei
"particularly described and as illustrated in the :
35 accompanying drawings._'
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