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DESCRI PTI ON METAL RECOVERI NG DEVI CE TECHNI CAL FI ELD
5 [0001] The present invention relates to a netal
recovery apparatus for recovering netals froma
solution containing nmetals by an electrolysis nethod.
BACKGROUND ART 10 [0002] Anbng waste solutions (e.qg.
treatnment solutions) discharged from industria
plants or the like, there are some which contain

metals, for instance, DRASCEYRTION pl ati num group
el enents, and the like and these netals are recovered

fromthe waste P/Hjl AL TR CUVERENSEDEVICE net hod for

recovering netals fromwaste sol utions has been known
an electrolysis 15 nethod. [0003] As a netal recovery
apparatus using an electrolysis nethod, for instance,

| | 1 t
TEGHRIGAR A i i car 1 nner 6l ect L ode. a5 a cat hode
t lectrod d Lnstal | Nt
(0@, ThecPrerest Eenfitnerolatas onamghll kel paify for

20 manner that_ the cathode is enabled to rojate and .
redVASIE. ey gy o tElton | EEAREG Tstalhebs &n Bieoftolysis

neighborhood of a surface of the cathode precipitating
mefpodi s to scrape off netals precipitated on the

surface of the cathode in such a condition that the

plate contacts with or is adjacent to the surface of

the cathode. According to the nethod of Patent
BAGKGROUND ARTi s di sclosed that 25 the netals

preci pitated on the cathode surface are scraped off
[0062InAhtweg wagikastlitions devertreatment wolutdons) ddisdsangedgfrom

the metals on the el ectrode and accunul ated under the
ingaéthbdephidst henhaf ke, théve amé adcneanhivh cextaiermetals, for

[ 0004] For industrial recovery of netals fromwaste

inSt@neb] ME. Akl 08 PREIM®S-§dup elements, and the like and these

metals are recovered from the waste solutions and reused. As a method for
recovering metals from waste solutions has been known an electrolysis
method.

[00038] As a metal recovery apparatus using an electrolysis method, for
instance, Patent Document 1 proposes a recovery apparatus including a
cylindrical inner electrode as a cathode and an outer electrode as an anode
installed in the surrounding of the inner electrode and configured in a
manner that the cathode is enabled to rotate and a plastic recovery plate is
installed in the neighborhood of a surface of the cathode precipitating metals
to scrape off metals precipitated on the surface of the cathode in such a
condition that the plate contacts with or is adjacent to the surface of the
cathode. According to the method of Patent Document 1; it is disclosed that

the metals precipitated on the cathode surface are scraped off using the
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hei ghten the recovery efficiency so as to recover the

netals within a tine as 5 short as possible. However,

with the recovery apparatus disclosed in Patent

Docunent 1, the netal recovery efficiency is inferior

and it takes a long time to recover netals. Further,

since netals are accunul ated under the cathode by

scarping the el ectrodeposited netals on the cathode
plastict fsovbly phetepwittont depoeitveg thpl meealsrorPahedlectrode and

Docunent 1, the recovery apparatus cannot be made 10

acAQARBRbd fdides 3HE REtIdH i9d dhéhifteR, thHeagetalbeahlRy recovered.
with respect to some kinds of waste solutions, netals

[oGAS UFY B RkeHad ?écotvggjf 6PHROSIR A6 waRRRLIWESNS, it is desired to

re-di ssolved and netals cannot be recovered

he%o"f)frtgﬁ Ghé '}Eb%efrgf%%ci\én@?% ?0 QltgteR8or %%%@%al@%vﬁhﬁ?& hotle as

I NCr easli ng recovery ef clency are

[,OpQse 15 rin ' C '

s SRR bl Hol e R i85 iy 2p R s Brattey i Phcont
0006] ,Pat ent cunent 2.di.scl oses.that elecinrnolysis. ...
Dopumiedt l, She atarr o aagsty ubfyfeafd FEigs Elohe time

rotated to, ke od contact .between the cathode , and
t0 EFORFBRIRISy ¢ TRULOTL IR TARLRIE RUS Sr R BEE SHGCR ha Pathode
recovery_efficienpcy., 20 Patent cunent_ 3 al_so .
by sramisgdhe &I%H@G@F’Sléeg é%%\t@ffn@n 5@% cathade SHIERGE P fpe plastic
for rotathg)one of an anode or a cathode and a node
reagveryiplate intlasenipPocament 1nthererquery appM@tyf saBnel be made
the cathode to inprove the nmetal recovery efficiency
corppaetf forcsavinigy ant installation splagei oRurthean witle qespegisias some
bat h. [0007] However, in the case where a cat hode disk
kimplsatef mmsts esbljitishs) itketdldeac@bnelased ofinBat etlte cathode are
Docunent 2, to increase the netal recovery efficiency,
sombtintes Ze-déspolvedd ahd metakassnvotr beotacoverednuufimiemtly from
the cathode to an excess extent and thus there is a

waktobdlamohlat t he equi pnent load is high. [0008] On the
ot her hand, although it is not a techni que proposed to

[000% 1295 Sndthed T6F Mlcrbf6Ga¥ehy Béfdl eb&VeYy efiddiendy are proposed,
Docunent 4 proposes a netal

for instance, methods using cathode disk plates in Patent Document 2 and
Patent Document 3.

[0006] Patent Document 2 discloses that electrolysis is carried out while a
disk plate type cathode is rotated to keep good contact between the cathode
and an electrolytic solution and thus increase the metal recovery efficiency.
Patent Document 3 also discloses a mode of a rotating operation mechanism
for rotating one of an anode or a cathode and a mode of installation of
stirring blades in the anode or the cathode to improve the metal recovery
efficiency by efficiently stirring a solution in an electrolysis bath.

[0007] However, in the case where a cathode disk plate is used just like the

case of Patent Document 2, to increase the metal recovery efficiency, it is
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5 recovery apparatus including a pipe-like anode and a

tubul ar cat hode, wherein a reticulated or lath-Iike

cylinder electrically connected to the cathode is

arranged in the inner circunference of the cathode.

[0009] In the recovery apparatus of Patent Docunent 4,

the reticulated or lath-1ike cylinder arranged in the

i nner circunference of the cathode is 10 arranged in
requigded tb Ondreaye Al revolitice denlsdr sfhibiet cathodelitd alyexcess extent

contact of an el ectrodeposited netal and the anode

anWBasithereisos preil¥al thatthe Redt IGR] isTeighl
el ectrodeposited on the cathode is separated fromthe

[ocuE] NOde the AKERE dhgﬂilt %lt'ﬂoglghl it f1s Radteat 14 QHERE  prbposed to

the reticulated or l'ath-1iKe cylinder is arranged at

inc?gﬁ% }Feh \MétQP yécog wgﬂf(lfl&?ﬁjé?a%{zﬁ?%?gmteﬁtg‘g tsQQ d€metal

a portion o ectro ted on

t he cathod surf I
rellEnt ?@ﬁng At %&f&? "hilca ﬁ@éﬁ Fftfode,
fef%%%%% ST o SR HES AR legbpfly connected to the
li.cati on Lai d-Open No. 2006- 7036
isAETapee %slémpaﬁgﬁtlm?{sfﬁqce&ff b Seleopen No.
5 314742 Pat ent Documené anese Pat (egg
BT b aRovar appaRakes o Botetohasmentd, dberetiolated or
THE I NVENTI ON 25 PROBLEMS TO BE SOLVED BY THE
lath\venrybrdes grenged Ap b denenicirgyanisrerenof itheepathode is
is to provide an apparatus to be wused in recovering a
arrasged v onder tetpakveninpedurirences of shovh ciyguit by contact of an
el ectrolysis, which can be installed in a saved space
eleatrddepokite] rppabardtthé aaddamddsthe eleatriodysiy peoreetls @mid the
in the recovery efficiency for recovering the netal 5
mebhl hdlectoddiwisitetli 6B tMEAMBhoAR BOs¥phfatedE fitRoBtidViEathode.
According to Fig. 1 of Patent Document 4, the reticulated or lath-like
cylinder is arranged at a space without being closely attached to the cathode.
Further, a portion of the metal electrodeposited on the cathode surface is
separated from the cathode and accumulated under the cathode.
[0010] Patent Document 1: Japanese Patent Application Laid-Open No.
61-104096
Patent Document 2: Japanese Patent Application Laid-Open No. 2006-70364
Patent Document 3: Japanese Patent Application Laid-Open No.
2005-314742

Patent Document 4: Japanese Patent Application Laid-Open No. 2006-28555

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
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[0012] A netal recovery apparatus according to the
present invention which solves the above-nentioned
problens is an apparatus for recovering a netal 10 by
el ectrolyzing a netal -containing solution and is
characterized in that the apparatus conprises a
col umar or tubular rotary cathode rotating on a
shaft, an anode installed opposite to the rotary

[oGHi] hAgeobjacid ofithe piresdrat @& entionpsrtousrosidel uat agpanaduato be
| east a portion of a surface of the rotary cathode

uséd 1A gesv 2RO 8l thetdlFrémea aMEHAd coftaiAdigesolwtioh Byhelectrolysis,
conductor. 15 [0013] The netal recovery apparatus of

wHiblg cBhe5e Eﬁsthﬂ\é& Thi &@a@@@ sHRECwe. reduRb dgipRRGE lodd and is
noble metal froma noble netal-containing agueous

re@kkihI9Nex e{ 108%¢ 4 '%ﬁetlté%o%}]@d r‘éréﬁgcﬁén(\:zif ‘fﬁ B8RPG thd metal

Is preferable to use a net an aver age

r of 0.5 to 3 mmor a netal nesh with an
'Wﬁﬂﬁaégégﬁﬁééﬁdlaneter of 0.3 to 0.5 nm More

preferably, it is desirable to 20 use a netal nesh
with an average aperture size of 0.5 to 3 nmmand an

' ' 0.5 mMm It is also
MM?M@@W@E }?I%Q% ctor, a porous body
ng aperture parts corresp din o the . . .
(odi2\ BFmafal TEARETX APPAGAL U RGP %ztbemswe\ng@etwr%hmh
di aneter. [0015] Anot her netal recovery apparatus of
solvpa the abare mentagnadoproblemsds amaapparats & reﬁowa{lg @raetal
(&Egar atus conprises a columar or tubular rotary
by ededtvelzzing: amefgl containing solaﬁ@nmchmnaﬁ‘mrazqdem that the
opposite to the rotary cathode and at |east a portion
appéaratus uednaprses at badunmar yr dabkdate refarpngdliode ppbating on a
to the anode is processed so as to be roughened

sh{ftuggemode Rnstdiled, oppatsitiedasthearoparyt ¢athodé, ahed asneticateted or
of the rotary cathode arranged opposite to 5 the anode

porduspPésidaicedt undoxieledt i pbridon &ifi:c shiefaed ofrthpofaday cathode
conductor. EFFECTS OF THE | NVENTI ON [ 0016] According

artahdeQOppoSRE b the \webHe 98 costedGRitRithe @88HuatoROr ti on of

the surface of the rotary cathode arranged opposite
[0013] t 'Re 3NOEIR retotdrySHparatus of the present invention can recover,
for instance, a noble metal from a noble metal-containing aqueous solution.
[0014] As the conductor, for instance, it is preferable to use a metal mesh
with an average aperture size of 0.5 to 3 mm or a metal me-sh with an
average wire diameter of 0.3 to 0.5 mm. More preferably, it is desirable to
use a metal mesh with an average aperture size of 0.5 to 3 mm and an
average wire diameter of 0.3 to 0.5 mm. It is also preferable to use, as the
conductor, a porous body having aperture parts corresponding to the
above-mentioned average aperture size and average wire diameter.

[0015] Another metal recovery apparatus of the present invention is

characterized in that the apparatus comprises a columnar or tubular rotary
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10 adhered and coated with the reticul ated or porous

conductor or the rotary cathode itself is processed so

as to be roughened on the surface, the nmetal recovery

efficiency is inproved by enploying the rotary cathode

and also the followng effects are remarkably

exhibited. (1) The surface area of the cathode is

i ncreased and the netal recovery 15 efficiency is
cathodsrtoaititigi dit heslsaf. ar® hnShncde ifstatibdcdppoditposi theobotary

property of a netal in the cathode is inproved,

catiRdaraid an 184stt A9o¥kibal ofoN sarRice Wi thderAay @dthdllel franged
cat hode can be prevented. Therefore, an additi onal

op | 818 £R6dd RCOMRESRA d0'%s EYFF@'rouéE&%@(ﬁ%g&ﬂpm$Mher,

cathode 1s no need to be installed separately and thus

at 1t £ BokisH 3F '@% is;agfat%ga&eth%f rdthey CREARR! ArARRsN ?Jp;bg)site to

can be saved. e processed c

theg %ﬁ(g%ec %&r%?%@?sg gm\f’gr(g,ﬁ vﬁtﬁ%}&%&@&%ﬁt o%dpor%% !aoﬁ‘ductor.

s no problemo eterioration or
separation of a conductor due to repeat use and thus
the durability is increased. 25 BRI EF DESCRI PTI ON OF

ig. 1 is a schematic
EF%%%JMM a cross-section of a netal

recovery apparatus of a first enbodinent., Fig. 2 is a
[0QJE] phccsiaimizh §0 he HRRrEEnd NYEREIMCEAES At 154t PTG Of the
treatnment solution with respect to electrglysis_tine
surfagg ofsthe gotagyi eathoge aptrasigedi prpastie &pdigeanpdads closely
concentration (ng/L) of a treatnent solution with
adhersdeand tcoatsdewtit rtg;sirsticulaée(l lor) porpug condnytarsorthe rotary
per spective view showi ng a cylindrical rotary cathode
cathode dysedf isopreceasddako mectovees yoaghenat os the surdgeoritie metal
enbodi nent and Fig. 4(B) is a partially magnified
recovery efficidieyssnifrpreved bg ensgloyimgntlaf rdthey cdthode and also the
cylindrical rotary cathode shown in Fig. 4(A).

folldnaailefELfd\ardrdREnEAENCEx Bivid. S

(1) The surface area of the cathode is increased and the metal recovery
efficiency is remarkably increased.

(2) Since the electrodeposition property of a metal in the cathode is improved,
separation of the metal once electrodeposited in the cathode can be
prevented. Therefore, an additional mechanism for recovering the metal
separated from the cathode is no need to be installed separately and thus the
installation space of the recovery apparatus can be saved.

(3) If the processed cathode itself is used, as compared with a cathode coated

with a conductor, there is no problem of deterioration or separation of a

conductor due to repeat use and thus the durability is increased.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0018] 1 electrolysis bath 2 anode 15 3 rotary shaft
4 cylindrical rotary cathode 5 notor 6 circulation
bath 7 punp 20 8 conductor (nesh made of titaniunm
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0019] The

i nventors of the present invention have nmade vari ous

i nvestigations to provide a recovery apparatus capabl e
of saving the 25 installation space of the apparatus,

[00EQUEING ihe SBettd bxpRadiogntiewd shawingd antrobstsédtéon of a
nmetal recovery efficiency. As a result, the inventors

mé’c?l’ PecovBHN SppARtitul Bf Arfiet ehtbddifeadse the surface area
of a rotary cathode, if at least a portion of a

sur f pee Pfs g giggﬁgmyﬁ@ﬂw %hahg@r&% QBROSIEELbR (MY/L) of a

anode Ts coa a reticulated or porous

tre?agngelrﬁ)%/tsgg tﬁ n @itt ?égsi)téect,atcpglregrg s?{ titheo@yr face of a

ode "arr ed opposit’e to an anode is

processef. so as , to be r hen .

el ec??% gg’p?o% eERh Sg“f’wén%gt{% Fﬁ%ﬁg% P {; %glecp? Feepirgtion (t%%/L) ofa

rotary cathode.can be jnproved, and separation of the
tre,%{n‘ﬁn%gﬁ 101, W2 rwgﬁtgg)‘flgaug}y%gn}%ﬁg?y cat hode can

be efficiently prevented and .accordingl.y,t.h t al

rec oFé%-)A@S fif & BRRSPeLdVe JieW IShoWInE ) F@%&@lﬁﬁd%ﬁg gathode

10 findings now | eads to conpletion of the present .
emploxadt funa megd cecevaryi aparatus pha sesARe mmebedimant and Fig.

expl anation, a recovery apparatus using a rotar¥
4(Bhtinodepaftighy cmagnifiedsview 9br thorsusface stessazestion of the

arranged opposite to an anode is coated with a

cylirdrical mitery cathodesheowromdBig. dfA).s sonetines cal | ed
as "first enbodinent” and a recovery apparatus using a

DESCRIPTION OF REFERENCE SYMBOLS

[0018] 1 electrolysis bath

2 anode

3 rotary shaft

4 cylindrical rotary cathode

5 motor

6 circulation bath

7 pump

8 conductor (mesh made of titanium)

BEST MODE FOR CARRYING OUT THE INVENTION
[0019] The inventors of the present invention have made various
investigations to provide a recovery apparatus capable of saving the

installation space of the apparatus, reducing the equipment load, and

6
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15 rotary cathode of which at |east a portion of a
surface arranged opposite to an anode is processed so
as to be roughened is sonetinmes called as "second
enbodi nent”. [00211 Both of the first enbodi ment and

t he second enbodi nent are conmon in a point that the
surface area of the cathode is preferably 20
increased at least 3.0 tines to heighten the netal

exdedlean ahytiRf fethknedoverypeffidencysi e ateeultythadavehtordave
rotary cat hode becones consequently rough in both

foltiPEHtTRYrder BPiMtras® fHeSQuERERYRal o 22rdRQty tatihode, i€ least
el ectrodeposition property of the nmetal and

a portRh ?1? 4 QUrfRe| H ARG @ thbdP aP¥fthed "W@ tcpﬁh thnode is

are di erent in their €toncrete neans,

coétg a;}vgl/{hi%\lt ﬁ&g hf@%ﬂror pcg)&lgr duTESABr a&f tdé %rht]ﬁ of a

conduct or IS errp oye

sulfvf‘é? [ gﬁé rggar, t%ﬁgg '}grg e(%fj ng e to Q%%%ﬂle ?gc:éssef‘(ﬁfso as

ace by proce S|ng
ot ary ,cat i\t se The recover ppar.at us of
Petufghens e?ﬁﬁF oﬁlfe?tgmi%ﬁosrﬁl?ﬁti et R sln g the
and de nodi f.i cati ons gan bhe nade mntho depar
Ghte S (1€ PSSl a@?i t%?@aﬁ?@g%np et once
[0022] First odi nent A y.appar at us
elegtrodenpsitpd (Smtﬁ e @%@ﬁ.q@éﬂe& f’ celficieTiily (pFREpntgd and
t ubul ar rotar%gcathode rotatlng on a shaft, an anode
acegrdimnale dhe appied ireeovesy tedficiency iy remerkakly mproyed and these
reticulated or porous conductor, and at 10 |east a
findings now déads Ecdmpletion aftbernyesent iwaentide. ar r anged
2@8 osite to the anode is coated with the conductor.
[00200 2HE réinafter, foheotivaiienct of ik explpoatios, g vachveryapparatus

that nost characterizes this enmbodiment will be

usigygphatotegy catieodeoofwichhet terzductportivn dfeausiadiadenarranged
the enbodinent is a reticulated (including a

oppaditd €6-d Kk@bderisPesaabd with( heFetiddhted or $o¥Bus MBAductor is
referred to as "reticul ated/ porous”"). The reticul ated

sometimes called as "first embodiment" and a recovery apparatus using a
rotary cathode of which at least a portion of a surface arranged opposite to an
anode is processed so as to be roughened is sometimes called as "second
embodiment".

[0021] Both of the first embodiment and the second embodiment are
common in a point that the surface area of the cathode is preferably
increased at least 3.0 times to heighten the metal recovery efficiency.
Further, since the surface of the rotary cathode becomes consequently rough
in both embodiments, both are also common in a point that the
electrodeposition property of the metal and exfoliation resistance are

improved. However, both are different in their concrete means, that is, in

the first embodiment, "external means" of coating the rotary cathode with a
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~or lattice-like formis not particularly limted and
may include a formin which wires extended vertically
and horizontally are crossed or a formin which wires
extended slantingly are crossed with wired extended
vertically. The intervals of reticulated or
lattice-1ike aperture parts are not particularly 20
limted and anong wi res conposi ng the conductor, those
cohdudtoe islemployed) whtk¥ab én theé se@nd cabsdinyem)didtbenal means”
others may be arranged sparsely to form rectangul ar

of FHehiny 8 RAIghene@l (rhiBged) S@Fa@YybSroaedsing athel otary cathode
manner that  the formof the reticul ated or

itsbAt { THR- bddoPeAPAPpYEStURASE $hd HrEsddtofRtIn iS He@Bmited to
Further, a porous ' formjust |ike a punching netal or

B i et daQh wibE A eparti
thls, GBARER e h 'R S 180089 BoRE Kh el Hally OB G bparting
" torr | equgd .k uctivity to sone
ﬁoéé(?%%# Sltrgta?n# %ce(;peq %%cﬁh%gtfl%g?gﬁ@e%g%gﬁ' ed out and
IJisolubi L t .0 a, netal -containing solution, that is,
[Odﬁiﬂet‘gﬂ%%cﬁlpeg& ution. Practically, for instance,
titani um and stainl ess steel or.an, obj.ect al to be .
r ecotdPEtRLREFOVIYRPRATANT RFGAEEIng b085 oppBodiertt coltprises
above-nenti poned "reticul ated or . porous copnductor” is
a cobpmBar 8% tupylargotany cathede ratafing Pem Shaltran pgpde grranged
cat hode and the coated rotary cathode is arranged
oppeRitsstq the wotany gathirde, gmd; x setpeulated ppparaiH: copduckes; and at
is no gap (space) in the part where the conductor and
leashex portaey of s kurfaceof the tetaryhathodecarangad toppiosite to the
each other. Since a portion of the surface of the
anod¢ o goatad wadke the candectonpposite to the anode is
coated with the reticul ated/ porous conductor w thout
[0028] Fapt, the"wtidudstedodr pborusotarducterdt thademost abraiecterizes
rough and a netal is electrodeposited and collectively
thid¢ghbeEhad R dwilNbé keplaHef e NTHe Fo¥rh afehardndti€tor to be used in
el ectrodeposited netal 15 hardly exfoliates fromthe

thé UsindeRiRbnt "B TPt Alticulatddodendndiddes efftReil®) or porous
el ectrodeposition of the netal is remarkably inproved.
(hdrdiridTBdr, sGnefintld B ferred to as "reticulated/porous”). The reticulated
or lattice-like form is not particularly limited and may include a form in
which wires extended vertically and horizontally are crossed or a form in
which wires extended slantingly are crossed with wired extended vertically.
The intervals of reticulated or lattice-like aperture parts are not particularly
limited and among wires composing the conductor, those in one direction
may be arranged densely and the others may be arranged sparsely to form

rectangular aperture parts, or the wires may be arranged in a manner that

the form of the reticulated or lattice-like aperture parts is a rhombus or

‘square. Further, a porous form just like a punching metal or an expanded

metal having a plurality of through holes may be employed.

8
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to the above-nentioned configuration, the surface area

of the rotary cathode 1is increased and therefore, the

el ectrolysis efficiency is inproved and the netal

recovery efficiency can be inproved. 20 [00261 In

addi ti on, the above-nentioned conductor is no need to

be formed on the entire surface of the rotary cathode

arranged opposite to the anode and nay be formed at
[0028s Fuptlidr] aht Y'condttert as akyubedhtd davsl @asluctivity to some

electrolysis efficiency is decreased and accordi ngly
exteardstHa® Iﬂhteeréleéﬁm;?@i@nig hearfdd! out e@@Mer thsolubility to a

efficiency. 25 [00271 In the case where the

mdt8l-t6A ﬁﬁ% QSLuRRNO YR a £ 9804k telécti Sy fic Bl @ioA® SPractﬁ:a[le for

i's preferabl e that the average apefture size is 0.5

in%aﬁ%%tzﬁﬁﬁmagﬁa 06 n1¥s kel L 85 ekf nﬁztﬁl {Ppd réco@@l‘ed may

I'S connectl on, average neans he va

C I by nmeasuring aperture sizes or wire
beﬁ§en§#§%§pat a plurallty of poi nts of the netal nesh

oG, FHE At Sen e nset gt OF 20 A R fpmed as

ssrv %rne ur,t her,, .if the avera

to 5%%1?@%8 ex o Beaba catbae pBd.e csalisd FoiRed Wthode

mesh is too coarse The rring, effect
is pREAnged-PRRAFItesY) AR Pdes ﬁ%k%?a&?nr cumenicd fgreéa 1s 10
of the rotary cat hode cannot be increased and
gapclepAeR)n Jhe tpasdcwhese dhef sanducten aadvEhe ﬁ”ofaﬁéf gathede are
10 of inproving the netal recovery efficienc
broughtoiritagonbactev bt eashysiher. ebinasi @rp@ytmpmfz%l]e gurfaggeof the
average wire dianeter of the netal nmesh is |less than
rotdrg mathodeheammngedi apposite i o t the samdde Eurdohted with the
the average wire dianeter of the netal nmesh exceeds

reticidated/poiusweoed uitarevthous dmo dap; gghe Thefaeé oofethd Sotary
stirring effect for the treatnent solution is | owered

cattodeh®& swadeGougheandf at hetall & dlycteaddpoditedanndt cdictively
i ncreased and accordingly it becones difficult to

ag glg)fh%@rg%% gcﬁlb;tfhlfaﬁg?%%lfeﬁiéﬂw sQ¥faed hAE fHR WledtB6dupREited metal
hardly exfoliates from the surface of the rotary cathode and therefore the
electrodeposition of the metal is remarkably improved. Further, according
to the above-mentioned configuration, the surface area of the rotary cathode
is increased and therefore, the electrolysis efficiency is improved and the
metal recovery efficiency can be improved.

[0026] In addition, the above-mentioned conductor is no need to be formed
on the entire surface of the rotary cathode arranged opposite to the anode
and may be formed at least partially on the rotary cathode unless electrolysis
efficiency is decreased and accordingly leads to interference on the metal

recovery efficiency.

[0027] In the case where the reticulated or porous conductor is a metal mesh,

9
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the electrolysis efficiency. [0030] The netal nesh
particularly preferably has an average aperture size
20 of 0.5 to 3 mMmm and an average wire dianmeter of 0.3
to 0.5 mm [0031] Additionally, in the case where the
reticul ated or porous conductor is a porous one, it
is preferable to use a porous one having aperture
parts corresponding to the average aperture size and

it fshfrefdrabigchay tie dvaagk aipeirturet dige ab0VetoBnhwaethe average
ranges. 25 [0032] The netal nesh is preferably

wird dRehedr 4003 t6 0.8 M2 dTuRhys Eshridegion] Avetideatané thdrealue
rotary cathode. The area of the rotary cathode can be

caltéﬁjzfthﬁil%nﬂéésh?ﬁfgeﬁﬁc.@&ui’é’ sisdisUst GBrd defmébfees rﬂt”@%gﬂﬂity of

he nmetal nesh coats to be double or nore and t

poirft€ of PAG Indi EF ANRRYaf Ll &ilaiify (KR Vallbdler be

I mproved. wever, even'i e metal mesh i s wound

[Odggj ?ﬁgt%%)e%xge%/l%r eg?%aﬂreusﬁké{ j tf tggg Lﬁét]fa;f Gh QI i?;«{sgcﬂﬂ%né.‘é mm,

'S satura and L he - e recovery
th o) SR B DR S0, RS Sl e of ene
metaiesh ofse i Fae the Sior P dparyicR: naBETiiT SHging effect
for g eRkam i SAHOPRAE LV G0 O Hhe FUELACE AR ohigP Biagp gpthode
wel ded on the surface of the rotary cathode at regul ar

canpotehe, inczeased and ageoydinglyiit heepmped dilhsul tordevelon bageffect

of the rotary cathode and the netal nesh. [0034] )
of Smpoovingrblelimetal Troverst aifficieney dry impyayiagushefelediralysis

enbodi nment is characterized in 15 that the apparatus
effedeqmyi ses a col ummar or tubul ar rotary cathode

rotating on a shaft and an anode arranged opposite to
[00298 Iafheryveragbadee digimater efidie metgpomieshnis déssathan 0.8 mm,

surface of the rotary cathode arranged opposite to the

thé@etediainetel 96 €65 S6hatlo FourtheR ef flaugvemngd wirbdismetacef the
of the rotary cathode itself is

metal mesh exceeds 0.5 mm, the wire diameter is too large. Therefore,
stirring effect for the treatment solution is lowered or the surface area of the
rotary cathode cannot be increased and accordingly it becomes difficult to
develop the effect of improving the metal recovery efficiency by improving
the electrolysis efficiency.

[0030] The metal mesh particularly preferably has an average aperture size
of 0.5 to 3 mm and an average wire diameter of 0.3 to 0.5 mm.

[0031] Additionally, in the case where the reticulated or porous conductor is
a porous one, it is preferable to use a porous one having aperture parts
corresponding to the average aperture size and the average wire diameter in

the above-mentioned ranges.

[0032] The metal mesh is preferably attached doubly to quadruply to the
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processed so as to be roughened to increase the

surface area of the rotary 20 cathode, so that the

netal recovery efficiency can be increased and al so

the rotary cathode can be made repeatedly usable for

along tine. That is, as the first enbodi nent

descri bed above, the configuration of coating the

surface of the rotary cathode with the conductor, the
suffaté usdt thie qotdryoratliw®le. sUTh@cerens opahei pitprg eahadedcan be

fromthe surface of the rotary cathode by long 25 tine
suffiegeritly Eﬁ@eﬁ@édibz fhbEent 6 tHesnhadrusd thengetdlmaesls eoats

sonmetines 11 nmekes the wire dianeter of the conductor

to bQ'(Ibuthe LPaa6R: hhg thRsheR ﬁ%tilh&coﬁ‘/‘@lgd@ﬂicﬁ’é}idyscﬁp f@rther be
. On the other hand in the second enbodi nent

mﬁh{%ﬂ tﬁﬁﬁé%xf G liP hleS mdtal SRSSH 1Qyw8hﬁae€v$fz{ﬁ>efd') Cover

ry cathode’ifse wi t hout using a conductor,
T M
m%ﬁ%%% ey db ety SRl B P R ARl o
Ay b8 SERD YRS W PR B SDPTLGRR O AG HrcatAd el SEISS,
0033 ghrethad 1ot coatini the irurtiser ok eha ket rafhod, wigh the

processing for the roughness be at least. 3,0 tipes as
retieyrlgtediponomat conduster ahaotppatiadary imitediefor ingiance, the

formof the roughness to be fornmed on the surface 5
meffel omeshyotashpepspteweldasl apathe swrface afi the petary cathode at

descri bed later, and for instance, fine roughness
regulanénteresksnaoed sﬁ)xedamitbeut argaqdbet;w@mth@ls ceof the rotary
recessed parts such as grooves and hol es can be forned
cathypda and thengepilonesl. 15 Al ternatively, sharkskin
patterns nay be formed by special processing.

[00341] t BedondPE aibdadkat r anges of the average interval s of
roughness and the average hei ght of roughness

(di fTRE ehsial 9écdvRey BpphPLtusUTTha8mbeaRASES)s dHitack@ized in
about 0.5 mmor nore, respectively, although they

thal! fHeChppdraRas %E@i‘fs%s a“&dlﬁnﬁﬂﬁ' AMaMu1AP dotdirg @afhoddBotating
r ot arypcatho de used. A preferable form
on a shaft and an anode arranged opposite to the rotary cathode and at least
a portion of a surface of the rotary cathode arranged opposite to the anode is
processed so as to be roughened. The surface of the rotary cathode itself is
processed so as to be roughened to increase the surface area of the rotary
cathode, so that the metal recovery efficiency can be increased and also the
rotary cathode can be made repeatedly usable for a long time. That is, as
the first embodiment described above, the configuration of coating the
surface of the rotary cathode with the conductor, the conductor coat on the

surface is possibly separated from the surface of the rotary cathode by long

time use of the rotary cathode. It is because long time use sometimes
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20 of the recesses wll be described in detail wth

reference to an apparatus illustrated in Fig. 4.

[ 00361 The form of the roughness formed on the surface

of the rotary cathode is not particularly |imted.

For instance, the recesses may be shallow recesses

formed intermttently (hereinafter, sonetines referred

to 25 as holes) and al so grooves formed continuously
maklegrthet Wirecdibbnder 98theeondudtdr Ahietodboseal the hlshss or the

and grooves may be properly conbined to formthe
weldudopeRs dofe! SfBCe0aftheNthePhand, HRtRWSonlABKddikknt, since

cross-sectional shape of the roughened part is not

thd&itth 6 hddd ¥ idcr8A e P ProdBRYin2eshel RltafX @8ilole i8self without
rect angul ar, polygonal’, " U shape, V-shape, 5 Wshape,

usif@Va corﬂﬂg:t{ng Zhé iabgvé'iﬁlérﬁ?o b'l&ng :&%%rg@lt?lﬁeéiocg) a&hﬁ ézggductor

oBservi ng cross-section vertica
face, T I f - t
do Pt 465 | ABBEGor] JenERREEEPNE fferdifn IOHETRASIR.

i near, curyved,, rectangul ar | ygomal , circular,.
033" T AR ke e Ci A aeRieRH oty RIS Bpuatlohfhp Hxtion
roperly c ined to 10 formthe roughened,surface of
of Shechiitnds F (i Faey Cpefosle; o it BRLRERAGINE hate 56 DpfBrmed
roughness is npot particularly lLimted d a ) L.
on ciiey GREITENERTISE f AAS. ﬂ@ﬁ%aé rRpavee dndhts epbqsiment, it is

carried gut on the surface of the rotary cathode to
suffigientt e forsudhacoughnpes se s be anakr fhe muntpcer avganafier the
may be, for exanple, a cutting process, a 15 bl asting
progessing Sor the edwghndss hei atcleast) 8. btiowssas laage asdhat before the
process, an etching process, and the |like. Further, a
proebsdingt o Foetlzerthe forah obthé meuglmensytodst foodeed omyphbsurface
pressed to forma cross-sectional shape into a

may-lhelpengd¥ b precessivgy sheanss, which wkiH lendeddribed lager, and for
obtai ned plate may be rolled to be cylindrical and

instidB, FreOtAIhreak {ide urtveahaks)t @arbBe dorat ¢ byadhdtdslast and
the rotary cathode 20 may be, for exanple, a sintered

rece RIS arth klcHiasNB¥bies Shd oy @l by YRS BSG cutting process.
Alternatively, sharkskin patterns may be formed by special processing.
Further, preferable ranges of the average intervals of roughness and the
average height of roughness (difference of the projections and recesses) may
be about 0.5 mm or more, respectively, although they differ in accordance
with the shape and size of the rotary cathode to be used. A preferable form
of the recesses will be described in detail with reference to an apparatus
illustrated in Fig. 4.

[0036] The form of the roughness formed on the surface of the rotary
cathode is not particularly limited. For instance, the recesses may be

shallow recesses formed intermittently (hereinafter, sometimes referred to

as holes) and also grooves formed continuously along the cathode surface.
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by powder netallurgy. [0040] In the second enbodi nent,

the surface of the rotary cathode having the

roughness may be coated with the above reticul ated or

porous conductor. Coating with the conductor can

further increase the surface area of the 25 rotary

cat hode. For exanple, Experinent Exanple 23, which

will be 13 described later, is an exanple of wapping
Alterniatiaelynholes i grboves aiayt e psopdrde eoafbiaed ofoafyrm the

cat hode having grooves as shown in Fig. 4, and as

roGERBREMh o ERSIJtIBNEatBeAEP] € 9 in which a titanium

mesh is wound once on the surface of a rotary cathode

0687 TheNGolE-Q0MForR SHIPIof fhecwugﬂene'a bh& fsu]ﬁ&aﬁsmculaﬂy
area 1s I1ncreased and a netal can be recovered in a

h.tﬁlfhug d bnld! IHE% gel fbr%ﬂ:aﬁ%@g dj g@&tangﬁlﬁo ﬁélg%gnﬁp %%Hﬁé@c@shape

a grooved totary catho uct or
f ' h
WYL i ot e ene&a@gﬁnzz@bzeage 5L A o

cat ho e rotary cathode can
Crayg Sreﬁf‘jl?ﬂ rﬁﬁ%@a@&”&é % ﬁ ‘a conductor only one
0 on the rot cat hode As a resul .
lodaf"s CAabspEius otk SRghencd pare &g ot pailFlyimited
rea of e rotayy cathode to be used for the first
narf%ax e, FRAY BReW dCwsddrestaneyiar, pﬁ‘éY%‘?’lﬁ}l ¢irgglar, or
| east about 3.0_times as large as the surface area of
haﬂéskmtmtye@ét héwathes dhese patterns whan beinroperlydipepined to
Eroces& ng to formthe roughness. It is nore
fOl]mé erobtherad awrfaemef the ®taineathadd. even nore
preferably at least 3.5 tinmes. The surface area of
[0039d Aqiracgssiag moethot ofthe eopghhessaisl motamariticularly dimgised and
however if the reticul ated/ porous conductor is wound

a tanvntivoed ssuréxdeerdughichéng diresitmedt moale bebearnmed dutoon the
heavy and too nuch [oad is burdened for rotation and

sutfage idfcr ehse wtatyhe catliddree tar eforhy thvghragthness. The
formation neans is limted and 20 therefore, at the

suffasé-roh e MpRE frehitMieht M¥yOBe AU bxdMplé, "B Scutking Hrocess, a
nore preferably 8 tinmes or less and even nore

blRR{LpARIks Bah | dIB&rRY disBR&rge process, a laser process, an etchlng
process, and the like. Further, a plate to be a material of the rotary cathode
may be pressed to form a cross-sectional shape into a V-shape, W-shape,
wavy, or the like and then the obtained plate may be rolled to be cylindrical
and form a rotary cathode. A metal to be a material for the rotary cathode
may be, for example, a sintered sponge-like Ti having high porosity produced
by powder metallurgy.

[0040] In the second embodiment, the surface of the rotary cathode having
the roughness may be coated with the above reticulated or porous conductor.

Coating with the conductor can further increase the surface area of the

rotary cathode. For example, Experiment Example 23, which will be
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[0042] The rotary cathode to be used for the first

enbodi nrent and the second enbodinment is a col umar or

tubul ar rotary cathode rotating on a shaft. Use of

such a rotary cathode further inproves the

el ectrolysis 25 efficiency and the netal recovery

efficiency. In the present invention, as 14 conpared

with the case of using a disk-like rotary cathode just
debdrkieed huieg, isdesexample ofwPapging Doitanbnh Resndn®attembn the

Docunment 3, an electrolytic solution can sufficiently
sulfacstdfr hesbtaty aashvdd Hnhgrgoobves\wsl thowasimg. 4, and as

therefore, the equi pnent |oad can be | owered. 5 [0043]

coﬁghﬁécn withe @Xﬂ@?fﬁhenﬂm&ﬂe&@iﬂ WHieH ) fitaiuihaR6sh is wound
aV|ng a holl'ow space in the |nS|de that is not

ongeg olrtle c&‘# F W@y aBfhodeURAYIAE no BRRNE & sHIRMA 8WVFig. 1,

aving a ow Space |n t e insrde opened to the

th& E{uc‘fagg rbg is &H@eﬁ%&? ‘ﬁgtd ér ﬂ bebpééav&ggpﬂi J&Ho%t time.

are pre ferap npl oye ary cath to be

In é.;eg%l B%}Hr?lg?g ﬁgo ent I £l '0? éll%loggé ertarty qathode with a

co unmmar appr oxi

corddiBian, iR fﬁ ?VS@I? S SeEfF of InGRGs P, e Syiifid afea by

i t. may .be o onal her nmuch se.to ci.rcul ar

forppingy othe rquarmblrBataceddha sy f@ﬁﬁg@e &Petwfac@t%w of the
cathode js rect lar (e.g.. tetragon), n the

rotaay Kathods can by B er irzeqsedh Y wiRdingA efrpftrré%%lwa@ turn
receives fromthe soI ution is 15 increased and .

ontthe retayyecathede.| oAslageswiit # weetgbgan bee’egovoaedren@rshort time.
installed for rotating the cathode becones too hig

[0G41d The eswdacwlareiacofs thet rabary satbodettonbe weesk fer éhe first
and therefore, the shape should be properly sel ected

emibodimens iatet thé cecadd temebadjmiemierst prefachtdpdatt bensk i dwut 3.0
[0044] A material for the rotary cathode nmay have

tin€exngsi trgel Ay thosaifaexaedd of Zhe rbadrytdaehede befork wohtingswith
carried out and insolubility sufficient not to be

thalt&sdhotesl ok rbd‘é@s@ & foeNtld PoutthifeekUt (1013 mbb@préferably at
t he electro tic solution) and not to be eluted even

leaﬁgsgt gﬁ:(l:ﬁel'egealﬁf Pt GhoR yodferabilyast icaat 135 thdes. The surface
area of the rotary cathode is more preferable as it is larger, however if the
reticulated/porous conductor is wound to an excess extent, the rotary cathode
becomes too heavy and too much load is burdened for rotation and the
increase of the surface area by roughness formation means is limited and
therefore, at the most, the upper limit may be about 10 times. It is more
preferably 8 times 01; less and even more preferably 6 times or less.

[0042] The rotary cathode to be used for the first embodiment and the
second embodiment is a columnar or tubular rotary cathode rotating on a

shaft. Use of such a rotary cathode further improves the electrolysis

efficiency and the metal recovery efficiency. In the present invention, as
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titanium and stainless steel or an object netal to be

recovered itself may be exenplified. 25 [0045] The

rotary cathode and an anode may be arranged as

follows. 15 [0046] First, in the case of using a

columar rotary cathode, an anode is arranged in the

outside (outer circunference) of the columar rotary

cat hode. The shape of the anode to be arranged in the
cotipiaired lithchef cddecof akingnardisk diker yotaay radeodesjusttlike those

particularly Iimted and those commonly used for netal
deScriB&® i PatiitaDatement Ny nide Pabih to PRidumsi o8 dhAgélgctrolytic

either plate-like or tubular anode can be used.

softltasd icaa! dWficRmlyAbe- stike@dost hUSMhAr nakiie sBYS®lutions and

arranged in a manner that the anode surrounds the

th&éf%ﬁé%ﬁg%éﬁ nﬁ{aﬁi&in“&éﬂﬁ Yefce) of the col umar

rotary cat e case ere a plate-like anode
h Sa1u -th -l Y r [ G

loQFalt Hi5eirhe caflsBh 8 580P PR Do AL H Fhard By hollow
col u r.rotar at hode coajed., W th. e "

ok oG adiporaf e B3haRERst Bome bhihide endr subular mgans »

ol u r.rotar t hode havi .roughness., Sugh a , .

hoflow; Body baingud hallPwepars th4bd iprd oRerg A0 {p Gytside. In
sheets sq as to surround the columar rotary cathode.

the geresenioinyertion.nbpth, 5@304}@%% acrss@reéﬁraﬂﬁn@mayoyeg- The
tubul ar rotary cathode, an 15 anode may bhe arranged

rotayytassheds &9 Be used indhe present ipgentign e%%m@@lb APREQximately
be arranged in the inside of the tubular rotary

roend icoiEmnp0 01 SppThEinsiighe cehindripal. arFhm gm@meciéenﬂo%hape of
of the anode to be arranged in the surrounding

th¢ awtarydeathudle iss indé)linnitedht aubintler andtfar yinstarnvedaet magy be
be substantially sane as those in the case of using

"pélygonal" urather mteh \claset trodecul2@. [ Bldaivernift the cems-sectional
where the anode is arranged in the inside of the

shhp® @l ghe retdiotghodd ié becthhpalarc@hndetigobn), twiken the cathode
reticul ated/ porous conductor may be forned on at

is r8@bd! FBe iraBiRtaiidd WAfich the RRRBESdbVeivbd Eréi! fe solution is
surface of the tubular rotary cathode. On the other

ind8l€ed hAditRer&BsE the b8 02eRBHTYe power, e.g. a motor, installed for
rotating the cathode becomes too high and an electrolytic solution is
sometimes scattered and the'refore, the shape should be properly selected in
consideration of the equipment load and the like.

[0044] A material for the rotary cathode may have conductivity to an extent
that the electrolysis is carried out and insolubility sufficient not to be
dissolved in the metal-containing solution (that is, the electrolytic solution)
and not to be eluted even at the time of electrolysis. Practically, for instance,
titanium and stainless steel or an object metal to be recovered itself may be

exemplified.

[0045] The rotary cathode and an anode may be arranged as follows.
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enbodi nent, the roughness may be forned on at | east
the inner surface , if 25 necessary, the outer surface
of the tubular rotary cathode. Further, the 16 anode
may be arranged near, or apart a little from the
center shaft of the tubular rotary cathode. [0050]
The present invention uses a rotary cathode confi gured
in a manner that a columar or tubul ar cathode can be

[0048]aFecktoin ahs halsk off uéihg £abhadaar rbtayecathode, an anode is
electrolysis is carried out while the cathode is

arF e the Sltlsid @utéPHir&hMEdreaby)t dfths QolimaRY rétargtathode.

el ectrolysis bath can be stirred and therefore the

Th%%hﬁa;&émf i ahB&% ¢8OS R ade8d Shi @t seb¥nBIHENthd BSlRmnar

contact wmth each other to inprove the netal recovery

o _ NN i
rofh  BYEI I AR D TER End otk PonfIAf el fBPmetal
ower of tor, ingtall iyN a ot .
ro0REE ot ma B dppllyelie) B RRENT kithor MlabSlike or
ed f the rotary gathode i s ghanged in,accordance
o Anpdecrpb o, Bster fryipBiRdie o RTESRt0R ooy be
sol utjion anmount tqQ he supplied to th el ectrolysis
arganged B & MERRFEChat the BBpUE Surmunds: the, EitPaRYbEmey (outer
~and therefore 15 it is difficult to defipe it.
CHFBWJQ@QCJ o thet elemnar FakTyacathader o I b easqraphpre a
Is recovered the circunferential velocity is,
prlafedike apbgde dpmsed) theiplatedike angde & arpastasd Waa angnpexthat
to 1.8 msec. [0052] It is because if the
the iamodafisrapposite toethecsuxfacs of lihe calumder iretdryseathpde coated
0.5 msec, the treatnent solution in the electrolysis
witlabhratiRubate ddgidrone donddcto? @rttoethersafarentf thel edivmmarsrotary
stagnated in the periphery of the surface of the
cathider hacialghandgghards. t Shels anphitdilike anbde htay bpravangddin a
el ectrolysis efficiency. Accordingly, the

pl@tdlityrahests @ aye) O@irbun@fthe kel iahhpdetary catleddy. abl y
0.5 msec or nore, and nore preferably 0.7 m sec or

[00%7]18 0 53 IhFWEVE in tHe ddi8 dTidsiFherubtlhAkoti@y @akhode, an
of the cathode exceeds 1.8

anode may be arranged in the outside of the tubular rotary cathode or may
be arranged in the inside of the tubular rotary cathode.

[0048] The shape and the arrangement method of the anode to be arranged
in the surrounding (outside and inside) of the tubular rotary cathode may be
substantially same as those in the case of using the columnar rotary cathode.
[0049] In the case where the anode is arranged in the inside of the tubular
cathode, in the first embodiment, the reticulated/porous conductor may be
formed on at least the inner surface, if necessary, the outer surface of the
tubular rotary cathode. On the other hand, in the case of the second

embodiment, the roughness may be formed on at least the inner surface , if

necessary, the outer surface of the tubular rotary cathode. Further, the
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25 m sec, the treatnent solution starts foam ng and
the electrolysis reaction on 17 the rotary cathode is
inhibited to rather | ower the electrolysis efficiency.
Further, if the circunferential velocity of the
cathode is too increased, the treatnent sol ution
starts waving and the treatnent solution overflows the
el ectrolysis bath to cause unsafe condition.

anb@é Seay dat dirangbd reae) 6 uphey arlitthl froal, adiet gentér theaft of the
cathode is preferably adjusted at 1.8 nisec or |ess.

tubtlarSotdyecatheder ably 1.6 m'sec or |ess and even nore
preferably 1.5 msec or less. [0054] A netal el enent

[0050]PEhE §RR¥SAETVRA RPN £'90la?9 RRRGdAEMHAIredN® a manner

present “invention may be, for exanple, noble netals,

that'a mg\ngij ok@ﬁbﬂéﬁeﬁath&@e E%ﬁ“mll%ﬁﬁ%fd 3d'8 B 6 iR @lthode.
Theltde , Ag and platinumgroup elements (Pd, Pt,
W]!%%% g re%itro%&}s%??%:arg@ﬁto'u‘f ﬁﬁﬁé Xhe 'c];lt}tl&fe {sefocﬁé,?e[&’ a solution (an

at us” o e prese I'nvention 1S use pr ecCl ous

oS S S0 B S0 el L Yfetre he
o R SR R S LR e EnBE AL Lych ther

useful as a nable netal_ _recovery apparatus frqom.a .
to yBprRYesihe m@@e]ecwmrﬁéﬁanen&wpé %E%gers%newt?ﬂ Wiita short
_contains the above netal can be applied for the
tigg.esent invention and it may be typically a plating
waste solution, a photographic devel opnent waste
[0l uTherotarywadhede & canimacted to weptivenpowien ef a fegtor, installed
pl ated products, a waste solution of exfoliation
in ridmgapparat2@, aodbeé hethtdde. The56rcuhferehtiad raflgaty (rotation
conditions for a netal -containing solution using the
spes)Vef tlec ovtarry @phadatisshangeddn aeordanteamtivh ltheisizd of an
and for exanple, electrolysis nmay be carried out at a
eleétiolpds ithaboWe hsk@, 1Be \sadtioAnagloteitfoC beCsuipdivd @b the
about 10 to 25 A 25 [0057] After a netal is '

el i BaPRSi 8 SpeldTaurabjeetimetal {h€rddof8ted and therefore
it is difficult to define it. However, for instance in the case where a noble
metal is recovered the circumferential velocity is preferably controlled in a

range of approximately 0.5 to 1.8 m/sec.

- [0052] It is because if the circumferential velocity of the cathode is less than

0.5 m/sec, the treatment solution in the electrolysis bath is not stirred and
the treatment solution is stagnated in the periphery of the surface of the
rotary cathode and it becomes difficult to improve the electrolysis efficiency.
Accordingly, the circumferential velocity of the cathode is preferably 0.5
m/sec or more, and more preferably 0.7 m/sec or more.

[0053] However, if the circumferential velocity of the cathode exceeds 1.8

m/sec, the treatment solution starts foaming and the electrolysis reaction on
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18 netal -contai ning solution by electrolysis, the

cathode is taken out of the recovery apparatus and

the cathode is imersed in a solution in which the

object netal to be recovered is dissolved to elute and
recover the netal. [00581 Next, the netal recovery
apparatus of the present invention will be 5 expl ai ned

in nore details with reference to draw ngs. [00591

thdir@tardy Esthader@Sfnlfibitbd ofdatatheelodferathiee bRictodysiy esfficiency.

apparatus of a first enbodinent according to the

FubfiRse M thd¥RBhh@Brential velbeify ©F $he @athéddlis Yo erehsél, the
recovery apparatus using a cylindrical rotary cathode

tre%tf#x%ﬁtt %@M\%(#ﬂ sParts SFa ANk tRE (PPN ICIHtIBh BveBflbWs the
afirmy a

esion state on the surface 10 and an anode

e o0 i O ghe apimie o iRty oo

) . a reference numer al
R PR i GRS TR a DB EL0 misec or
oL A B B R SRS RRRl 15

sho in Fig. 1 is an enbodi mrent of one exanple 15 of
m/gerOtlesSent i nvention and it is not intended that the
resent invention mnmay be linmted to the iJlustrated
(o5 o metal element toheerasevared By swaplpyms i ARk HER P the
in Fig. 1 conprises a cylindrical rotary cathode 4 .
presenitinvenioen tthay dieaffer exampley| rehle me@lyncaedNipand the like.
arranged opposite to the cylindrical rotary cathode
Exdampdes| o thenobld atedalsomcpaieods, X snddhlstioun(-grewneloments
mesh) 8. At least a portion of the surface of the
(Pd,oPar ¥r, Raj hade Rh)f adlantictlbely| dt thd réeovanpdgpazaiss of the
coated with the titaniumnesh 8. |In Experinent

prdseaiPhesntion & débd)@eecibhiechobl mwtalshiushraacAueay be recovered
apparatus is wused for experinments. [00611 Fig. 4(A)

at 1aSlodv BEStSWRGHiH e sHbAVEiBIt0s R 64l I withi £ @hsé of @biventional
cathode 25 4a enployed in the second enbodi nent anong

redoRbA} ahBCOMSEIraPBRE 264688y apparatus of the present invention is
extremely useful as a noble metal recovery apparatus from a solution.

[0055] Any metal-containing solution which contains the above metal can be
applied for the present invention and it may be typically a plating waste
solution, a photographic development waste solution, a waste solution of
washing water for plated products, a waste solution of exfoliation reagents
and the like.

[0056] The electrolysis conditions for a metal-containing solution using the
above recovery apparatus are not particularly limited and for example,
electrolysis may be carried out at a voltage of about 1 to 10 V and an electric

current of about 10 to 25 A.

[0057] After a metal is electrodeposited on the cathode surface from a
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according to the present invention. Fig. 4(B) is a

magni fied view of the part of the cylindrical rotary

cat hode 4a shown in Fig. 4(A) circunscribed with a

square. Recesses (grooves) with a constant shape are

regularly formed on the entire surface of the

cylindrical rotary cathode 4a shown in Fig. 4(A). 5 As

shown in Fig. 4(B), these grooves have a width x, an
métal-esvidinihgeblttion byeclgbirolyisig reooxdmydeaisdtakeatepub of the

z. [0062] Wth respect to the grooves, grooves may be

redovie P %Tp'!par&thfé aed ithe khthodelis Reinedsedi®agsdliiion in which the
circunference of the rotary cathode or may be forned

obje%t nidi8] ¥&bht rE@vedéd iiéé&j;gl@élvbﬂ teal@lel Mhd karovBe thd afdtabf

the rotary cat hode. ternatively, the grooves nmay
¢ . T ; . ) LY
I e e

. L . h ,
expfASHRY B e il Sith (Pl (o BABEL T " Tooea)
OG04 o S P AR R o
i I 1.5 . . Th 15 size. of th . .
exfhodiBeBE aleatiting fo the Frvees TPREnGFRovEai efgts sggiignal view
of e PR RS A ol bl AR cBled with o
case where the recesses are holes. The w dth of Hgg
refaewgied; orpprows sandusten & ﬁr@rmi& AAhAsioR| Statepnithe surface

di stance between wall faces in the horizontal

andiareenpde 2 instaltedpa o surepundothe eutside af the reteay caphode 4.
20 the cathode surface. [0064] The interval y of the

InrBigeskes refereneé exabkeyal0 ]l sshowso annelegtrolysie bath; a reference
preferably 1 mmor nore, and even nore preferably 1.5

nunieral 3noratary shafti a refcoemechimeralk fia motori a abfepéntdmeumeral
recesses neans the interval between neighboring

6 glcbevbtion bathnaad varefoeénveenunrirghlios ipugnpol bs addition, the
the interval 25 between nei ghboring grooves and

métal 8scovehy bggﬁﬂtu-g%oqﬁplﬁ‘ Figof id ha d18b6diE@snt 6f one example
preferably 0.5 mmor nore, nore

of the present invention and it is not intended that the present invention
may be limited to the illustrated embodiment.

[0060] The metal recovery apparatus shown in Fig. 1 comprises a cylindrical
rotary cathode 4 rotating on the shaft, four plate-like anodes 2 arranged
opposite to the cylindrical rotary cathode 4, and a reticulated or porous
conductor (titanium mesh) 8. At least a portion of the surface of the rotary
cathode 4 facing the plate-like anodes 2 is coated with the titanium mesh 8.
In Experiment Examples 1 to 20 described below, this recovery apparatus is
used for experiments.

[0061] Fig. 4(A) is a perspective view showing a cylindrical rotary cathode

4a employed in the second embodiment among metal recovery apparatuses
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preferably 1 mmor nore, and even nore preferably 1.5
mmor nore. In this connection, the depth of the
recesses neans the maxi num val ue of the distance in
the vertical direction fromthe aperture parts,
concerning to a 5 cross-section vertical to the

cat hode surface. [0066] In the Experinent Exanples 21
to 24 described below, a nmetal recovery appar at us in

acorlidy tdEheCytdsBet invdntict. arFige a(Bloder dagnlifiwd view bf the part
4 is attached was enployed to carry out the

of EXPBYIiRBRAES. roddey thtivdk! 46 shown BxPRiE TCA) cikx@mBt8beB with a
descri bed below, a cylindrical rotary cathode (not 10

sq%%xl USTH § QRbN S ik E'(Sﬁsﬁﬁﬁt SRapé wetﬁé ¥ #&fned on

a cy rlcal rotary cathode 4a 1 n which grooves

r r I
th et e@%%“r o ‘C@%}E&@%&%@@? 4&?‘20.%% o e A
re on Wi | | es
Asaﬁ%ﬁﬁn eFﬁgE%{;ﬁé Hetlorhs HRef H BIAGEY, TG S"@ét“een
eri nent a e descrl bed, purely by way of
%ﬂ’oﬂnrﬁ 190y Wg{)‘i ﬁ?@ﬂ H&n and it will be appreciated
t ny nDdIfIC tions and variants,can be
(oG nBTER Hefect thghs G iERoSEINEP I SEREL g7 thpporizontal
present |nvent|on 20 descri bed herei nbefore and. af
dirgriionalopg the coREmARTENCS Gfl ﬁg %PH% OF B b Apied in
cont ext . &6068] (Experlnent Exanple 1) Exgerlne nt
thexeansicel 1dianetion pur | prnadlebxtnihes shafto of otheymiataryyi ¢athode.
be described later, were carried out to investigate
Alteirpatizelyy éhy grbéves mrayybe Formpédrin/m lakticerlike ferra byt faming
washi ng water of Au-containing cyanide type 21
thexhaini hgthc vettichl patl hotizon {0 0B9¢ctionstom én iameimmBicalastice- like
1, Au was recovered as follows, using the netal
forhebo\vfernigptiagmting shavihgi d]'ré_dtg)n o the vertical direction.

[0063] The size x of the recesses is preferably 0.5 mm or more, more

~ preferably 1 mm or more, and even more preferably 1.5 mm or more. The

size of the recesses means the width of the grooves in the case where the
recesses are grooves and the diameter of a corresponding circle of the
aperture parts in the case where the recesses are holes. The width of the
grooves may be measured as the maximum value of the distance between
wall faces in the horizontal direction, concerning to a cross-section vertical to
the cathode surface.

[0064] The interval y of the recesses is preferably 0.5 mm or more, more
preferably 1 mm or more, and even more preferably 1.5 mm or more. In this
connection, the interval of the recesses means the interval between
neighboring grooves, the interval between neighboring holes, or the interval

between neighboring grooves and holes.
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[0070] A cylindrical rotary cathode 4 was attached to

a rotary shaft 3 5 arranged in the center of an

el ectrolysis bath 1 (capacity 10 L) and the

cylindrical rotary cathode 4 was rotated in the

circunferential direction on the rotary shaft 3 by

operating the notor 5. [0071] The cylindrical rotary

cat hode 4 was nade of titaniumand cylindrical with a
[ooB5nTher dgfthl @0ofth@ndcesseengt preféra2lP Orb) mmd @S ndore]l@nore

conductor 8, a titanium nmesh having an average

préfeesbly’ Emih 68 n¥drel afitedB rﬁ‘éh-ezp’l@fé}&%ly\ﬂl [Eméh afeidre. Ofn this
0.3 mm (20 rreshes) was wound doubly around the outer

cortSdtARE - thENBehil AT LHY PERIs¥@ ¥ I¢He b asRRM RIS BF the

to closely attach to the surface of the cylindrical
dlgtgfl@é Yn %g c%l (iu%Q:ﬁl%ll HBED tﬁg YE{r3CHarRE e@oﬂ&?gmg to a
calculate Kout ta I'ng into conS| eration t

crq%@ise%mwﬁ%%ngﬁem%e' airsdebargtary cathode 4 and the

ani um nes brou 0 contact with each

oGl e 4o F%wé%l%%%taﬁfwx?@g 258 3 SeRitbetlc Belgs 2 metal
rrca tary

re?o?r%?s"é‘%ie%%&%%ﬁp%@%%v tipd G nEd ol Bode Acahony 1 Fie

of th ['indri rotary cathode 4 to. which . .
4 igiathachad masie Yﬁflttﬁcﬂ?é'ﬂy OPéGgS]efﬂpﬁr%nhﬁétﬁ widifigealy, in
of the electraqlysis bath | at e-1j ke insol uble

Expaoiaeent Egamale 23 éesqrrbembe W, ifs calindecaheotayy sabode (not
total four plates in_ the respective wall faces.

illygeateyd) Theauledcby duydies ¢omting thesurfaceeef siayhindgical gptary
wat er used for washing 25 Au-containing cyanide type

catilodei 4gircwhicdgmovds ars famdedawiting tatatmmum2@esh was employed
concentration of 97 ng/L as a treatnent solution and

to tieytowaherixpesiohent.on overflowing the el ectrolysis
bath 1 was stored in a circulation bath 6 and
thereafter, supplied to near the bottom of the
el ectrolysis bath 1 fromthe <circulation bath 6 by a
EXAMPIESO circul ate the treatnent solution in the

[0067] Hereinafter, the present invention will be described more in detail
along with Experiment Examples; however, the following Experiment
Examples are described, purely by way of non-limiting the invention and it
will be appreciated that many modifications and variants can be made
without departing from the spirit and scope of the present invention
described hereinbefore and after, all of which come within the scope of the
inventive context.
[0068] (Experiment Example 1)

Experiment Example 1 and Experiment Examples 2 to 10, which will
be described later, were carried out to investigate the recovery efficiency

when Au was recovered from washing water of Au-containing cyanide type
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5 electrolysis bath 1. [0075] The sol uti on anmount
circulated in the electrolysis bath 1 was 10 L/mn
and el ectrolysis was carried out at a voltage of 4 to
6 V, an electric current of 12 A and a
circunferential velocity of the cylindrical rotary
-cathode 4 of 1.0 nmisec (revolution nunber 120 rpm. 10
[0076] The Au concentration of the treatnent sol ution

1@ﬁﬁga@ﬂ§a&ﬁddahs every several hours fromstarting the
electrolysis and the results of the nmneasurenment are

[oo@'yywrh Hxpebind ! EXWiitle TROAR wras Fdedhgbd dIK)ARIAE the

the Au concentration (my/’L) to the electrolysis tine

me?gf)edﬁeﬁ)h ﬁ@sﬁotf]mllﬁ 2. 15 [0077] As clear

romthe“folfomng T at” the nmonent when

[OO@iI Ecgr&l}i?l on \g?ostta%gr atﬁg é)% vtfé?sr a%%etméﬁsto tep(i'o\%e’rly ghaft 3

Cén rea ment solution was | o

and A the, t

mangsén%di% & of f BISckfNIE Ba °?h Caﬁgf*ﬁlr". 1) and the
o thode 4 078 2

cy R £ wWad roratbin BB cireiBrdul depctiop on
the effic en of Au_wa nvesti gat ed.

theppotary égﬁﬁﬁ %%PEEJIEEI*'“IHP% mé’fto’lfjﬁe St Ire\allt ?reln? sol uti on

carried out in the sane conditions a se in

[00A) M hére A ESEifl ot @bBode N WAsoyRafer Ph ofta g y and

cathode 4 with a dianeter of 160 nmand a | ength of

cylpotrieah with Aadiamptep of i 68nhmm ard e lemesh ofh20Q emma@ed as a

was used as the cylindrical rotary cathode 4 in

corfhymbor BpattitadduBxmeph davinglam dverage epervure vre of litha and
treatnment solution was neasured at every severa

an laveragd ware disanéter@ftth® ne:lne@Ormleyhes? waas wovadr dsublysaround
of the neasurenent are shown in the foll ow ng Table

thelouteisultfice. t Theaamiemoiesh eas’wekleddgnspatweldigrty tlpsely
to the electrolysis tine (hr) is shown with in 5

atthtH to Zhe surface of the cylindrical rotary cathode 4.

[0072] When the surface area was calculated without taking into

consideration the parts where the cylindrical rotary cathode 4 and the

titanium mesh were brought into contact with each other, the surface area in

the case where the above-mentioned titanium mesh was attached to the

surface of the cylindrical rotary cathode 4 was increased about 3.9 times as

much as the surface area of the cylindrical rotary cathode 4 to which no

titanium mesh was attached.

[0073] In inner wall 'faces of the electrolysis bath 1, plate-like insoluble

anodes (100 mm x 250 mm) were installed one by one in total four plates in

the respective wall faces.

[0074] The electrolysis bath 1 was filled with 30 L of water used for washing

Au-containing cyanide type plating-coated products and having a Au
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[00791 As clear fromthe following Table 1, it took 15
hours to | ower the Au concentration of the treatnent
solution to 1 ng/L. [00801 In conparison of the
results of Experinment Exanple 2 and the results of
Experiment Exanple 1, the results of Experinent
Exanple 2 10 showed that the tine taken to | ower the
Au concentration of the treatnment solution to 1 ng/L

coN@mtAdifen oBIVIMES. &S alteetnientt odihitioh alndpihie treatment solution
Exanple 1. Accordingly, it could be understood that

ovERWIRGOMRY ¥lettrolydis HaXhof wAls sto@bd dnbg cirvRl e bakRwB and
5 times by increasing the surface area only about 3.9

théliﬁ r,bé’lhﬁc}g_iéﬁ B9 3@ thiet Battsrd HEEkL BRctiBySi¥THARE1 Fom the
the cylindrical 15 rotary cathode. [00811 (Experi nment

cirgéﬁa%r%e bath ld b?ng ?ﬁfggﬁ% t(%?maece Sthet ﬂ%aﬁfnfeﬁxgt ofltidd ﬁré the

circunterenti a e rotary cat e ont

recover fficiency of Au was investigated. [00821
eleﬁ?@&?ﬁ%{’ﬁhg' of the treatnment solution was carried out

(L4t sane,. 20 conditi.ons as thqse in Experi
(o0l 3 e S tiof ayborh Y 1R o Brep e, Bikh 1 gras 10
of the cylindrical rotary, caihode 4 was i.ncre dto .
Listivy s electrolis S raiiebant S vpHReamtchte & Yapplectric
that in Experinent . Exanple 2 \(Tf'%lie JAn co cent{iaéiﬁgn of
curneatt 9fe 12nAnand op ueirgrmierentiah sialedty & cylindrigal rotary
hours fromstarting the electrolysis and the results
catgfodeteok Ormlsea (eavohation auathamlZhrame f ol | owi ng Tabl e
1. Further, the change of 24 the Au concentration
[0q76)/ The cAuheonekptrtatising of $hei treathent isoluthmwwad measured at
Fig. 2. [0083] As clear fromthe following Table 1, it
evéyokevsrahunast fromoweartinge the electmelysis andothefresulés of the

treatnment solution to 1 ng/L. 5 [0084] In conparison
mesurd@ene Sk tshosfn bt thei foowimy dmble 13 dhutrthéwe the change of

results of Experinment Exanple 2, even if the
th& AL EsHRnERIticH (MefIocid theoélettiBlysis time (hr) is shown with m in
Fig. 2.
[0077] As clear from the following Table 1, at the moment when electrolysis
was carried out for 3 hours, the Au concentration of the treatment solution
was lowered to 1 mg/L and Au in the treatment solution was electrodeposited
on the surface of the cylindrical rotary cathode 4.
[0078] (Experiment Example 2)

In Experiment Example 2, the effect of a titanium mesh on the
recovery efficiency of Au was investigated. Practically, electrolysis of the
treatment solution was carried out in the same conditions as those In
Experiment Example 1, except that a cylindrical rotary cathode 4 with a

diameter of 160 mm and a length of 200 mm and having no titanium mesh on

the surface was used as the cylindrical rotary cathode 4 in Experiment
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cylindrical rotary cathode 4 was increased two tines,
the electrolysis tinme was shortened only by 3 hours
and the recovery ratio of An was inproved no nore

t han about 20% 10 [0085] The circunferential velocity
of the cylindrical rotary cathode 4 was about 2.0

nm sec (revol ution nunber 240 rpn) at nost and if the
circunferential velocity was increased further, the

Exaavisieof. tTiee Aneedntentration of tlontleatment sohutiirgmialksi maasured
to carry out stable operation. [0086] As clear from

at levlry devdiag RhES réhYstastihp HheVEl8ctrelyBikanl theheisubtaest the
15 and the recovery efficiency of Au was rather nuch

mdd5RirONedt Bifef HoR NI the follobvdRl IabIESN Further, shef @fhge of
of the cylindrical rotary cathode 4 (min Fig. 2) as

toE PRyl U0 0 M ReRpME R P A VA el
Fi aé.hode 4 (and Ain Fig. 2). [0087] (Experinent

anpl e 4) 20 Experinment Exanple 4 and Experi nent
le;5 e k1] Dbe crib la Ler e e
lodecRe =, By e tpilonibe PG b if Sl 6 houbFE G A Fhe Au
the circu rential velocity of the,rotary cathode on
CO?%%ﬁ?%%%%E%@m%EP?gP@H§§°ﬁHFX%HI1Pﬁ§§8] El ectrol ysis of
the treatnent solytion was carried out in_the sa 2
[0Q8§l 1 j comparisath sdethen TER T | Gfe FEPERBAIH e Examgle efprand the
that the 25 circunferential velocity of the
regylts ofrExpariment Fxamplovde thensesulis p€dimerigenp Brample 2
m sec (revol ution nunber 40 rpB(, which is 1/3 tinmes
shewed dlvab she time itakemtpdoiver the v epheentratipe ofthe treatment
concentration of the treatnment solution was neasured
solatiosver ¥ nsgfllewas ahout 5 timesms leng asghathef Expetimeingdixxample
and the 5 results of the nmeasurenent are shown in the
1. f AlccomiinglyTablcould beOGB@drsteod tkat the avcoveryf efficemxicygofl Au
Table 1, it took 6 hours to |ower the Au
coldNb& Rinpadve abbut Betifnes Hyriitressihgtthensurfade afd only about
3.9 times by forming the titanium mesh on the surface of the cylindrical
rotary cathode.
[0081] (Experiment Example 3)
In Experiment Example 3, the effect of the circumferential velocity of
the rotary cathode on the recovery efficiency of Au was investigated.
[0082] Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 2, except that the
circumferential velocity of the cylindrical rotary cathode 4 was increased to
2.0 m/sec (revolution number 240 rpm) which is twice that in Experiment
Example 2. The Au concentration of the treatment solution was measured

at every several hours from starting the electrolysis and the results of the

measurement are shown in the following Table 1. Further, the change of
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[0090] In conparison of the results of Experinment
Exanple 4 and the results of Experinent Exanple 1, it
was understood that if the 10 circunferentia
velocity of the cylindrical rotary cathode 4 was
decreased too slow, the electrolysis tine becane | ong
and the recovery ratio of Au was not so inproved. The
reason for that the recovery efficiency was not
thé M eveentiesorn (RRASE thebeeeatrslysid tinns (H ic skown with A in
stirring of the treatnment solution and thus the
Fﬁgy@gress of the electrolysis reaction becane
ifficult. 15 [0091] (Experinent Exanple 5)
[odfé:ﬁf WY Brof th FolldweRic"PAB1e SO it oA 12D ue8 b 16WePlhe Au

In the sane conditions as those in Experinent Exanple

co%%ﬁﬁ%ﬁgﬁ off bR txté&%me‘ﬁitrsgg.gﬁ(%{ %g inﬁ‘%/L\.’el ocity of the

ndrical rotary catho creased to 2.0

(0G0 g CBaior b WP Hos P 4 Bpellihfilt Welpifle) 5"fd. the
T
o BBrbAT et bRl oo RS Pl RB s i
e Y —

[0093] In conparison of the results of Experinment
m@edisincalmwiif%he 26 results of Experinent Exanple 1,
it was understood that as a result of Experinent
[068@EnfThe Grcuhferpatinbaelneitanel disocylindricali resary cathoger4 was
the An concentration of the treatnment solution to 1
aboyt L 2dndméseco(cévudiitioni munhleerc 2340 wpre) eat hmost and if the
circunferential velocity of the rotary cathode 4 was

circamfbrgitialt Lelobity evay ényreabéd duetinmy, ohe Avawensf the eeatment
wor sened. The reason for the worsening of the

sohREYBédarké tossipRelicaift tBleatdss oat'PRMdICdpyrdifgause the
circunference velocity was so high as to cause foam ng

[00d6]t B d16£RHORI Fig. 3B thbl 6ct 3l sROBERINES kb MarkBly shortened
contact surface area of the cylindrical rotary

and the recovery efficiency of Au was rather much improved by forming the

titanium mesh on the surface of the cylindrical rotary cathode 4 (m in Fig. 2)

as compared with those in the case where no titanium mesh was attached to

the surface of the cylindrical rotary cathode 4 (¢ and A in Fig. 2).

[0087] (Experiment Example 4)

Experiment Example 4 and Experiment Example 5, which will be
described later, were other experiments carried out to investigate the effect
of the circumferential velocity of the rotary cathode on the recovery efficiency
of Au.

[0088] Electrolysis of the treatment solution was carried out in the same

conditions as those in Experiment Example 1, except that the
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cat hode 4 and the treatnent solution was decreased due
to the generated 10 foans and it nade the

el ectrolysis reaction difficult to proceed. [0094] As
clear fromthe followng Table 1, it was found that
when the circunferential velocity of the cylindrica
rotary cathode 4 was decreased too |ow or increased
too high, it took longer time to recover Au than that

circOmfExdiidlnenNscifx ofrphe cilinde cdlntigaty eatledlevemas decreased to
efficiency of Au was not so 15 nuch inproved. [0095]

0.3 EBEE (1R blutior? Mnebdd) 400¥pRY)] WRAth EXartenés agdow as that in
Experi nent Exanples 7 and 8, which w | be described

Ex??%ﬁﬁenﬁ"’ﬁfx%n’fﬂ@ei.i MPRE SA & donlc8Rtr@tiont B ikAY G3tA19RR tHRition

ect of the aperture size and wire dianeter of the

W%b@%@%ﬁ%dggf Pg?x&sémr??tﬁﬁl\fﬁr ﬁ'on?gteﬁft{ﬂé:f}%‘ E¥cBioly¥is and the

IS O e treatnent sol ution wds

CRLII out in th | tq - { 4N

rodh b theiiea i En SEhERR S the AT PR 1
h, a.mesh w aver age, aperture, si ze of . 5, mm and

lodFiapa g froph e TONAVER SRR Frr(hOKaL R (IoWarte Au

enpl oyed. thi s, conneciion, en the 25 surface area
Co%t%ql%Pg?}é“dtWait%Bf Sp }qutqmﬂ%g nsi deration the

arts 27 where the cylindric otary cathode 4 and

[0q3HY Imtwmﬁlqumﬂree 18§ @r@j ErReBTaH S0RThIendoang the

ot her, the surface area was increased about 3.1 tines
regults hef cEspenimarte Exemplaredt | Ynewasi undetshondsthahs 1if the
~attached to the surface of the cylindrical rotary
circarfextmtinlazlogispef B elininided retaryasshade 4 waspdeqrrased too

cylindrical rotary cathode 4 to which no titani um nmesh
slomgshatdlecthalysis finRIFgcafirelohg audtkaireetviesy rafiotdfeAu was not

treatnment solution was neasured at every several

so ieprevéd.onThé aeasorpfdrithat thetreobyaiysefioidnichevaenot improved
of the neasurenent are shown in the follow ng Table

wab- supe88d1lyAsecalusd bf ingutfitieat koirti sfrhéahéftrent doltitiok and
6 hours to |ower the An

thus the progress of the electrolysis reaction became difficult.

[0091] (Experiment Example 5)

Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 1, except that the
circumferential velocity of the cylindrical rotary cathode 4 was increased to
2.0 m/sec (revolution number 240 rpm), which is two times as high as that in
Experiment Example 2. The Au concentration of the treatment solution
was measured at every several hours from starting the electrolysis and the
results of the measurement are shown in the following Table 1.

[0092] As clear from the following Table 1, it took 5 hours to lower the Au

concentration of the treatment solution to 1 mg/L.

[0093] In comparison of the results of Experiment Example 5 and the
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10 concentration of the treatnent solution to 1 ng/L.
[0099] In conparison of the results of Experinent
Exanple 6 and the results of Experinment Exanple 1, it
was found that if a so nuch coarse nesh was used as
the titaniumnesh, it took so long tine to recover Au
and the recovery efficiency of An could not be
i mproved so rmuch. 15 [0100] (Experinent Exanple 7)
reddl&C bf Anfsdrtmeht thearhpRAlNEO twso lutidepstood stiear aé ed rosult of
in the sane conditions as those in Experinent Exanple
ExperidiftPExhiple 35 the Hetriodibdcame BBSHE 17 BRSds W Idweathe Au
average aperture size of 2 nmand an average wire

cortticRBRIt8n 6f t}%héeﬂgﬁléﬂps@[ﬁﬁi&ﬁ% V&s/E %H%@@rdih?lyg ﬁid the case

connecti on, en 20 the surface area was cal culate

whg% Ry %ﬁgﬂ@%ﬁ@maeﬁﬁ de ﬁﬁé irefhxfrx{ftedtﬁaaé 3 wib t¢ hidl€ the

indric ary cat hode and the titani um nes

re br ht iRt conta ' th t
o, L, 0" Ry SO Syt SRR e Aoon for ehe
case of éhﬁ above- nenti oned ti.t ani um nMesh. wa att%ch dth
WOFGPTHRE Ok Rp AKEGOBITY; REARSREY, O Al Whs, SRUPIRALY RetgUSe the
. conpared wth the surface,area 25 of the .cylindrical
CirP I OCa YRR YAS G LREES 0P (A Ero B the Heatment
attached. 28 [0101]. The An congentrati of the, .
solufigg m&gsogsﬁ%%w & CRRLATH SUaTAsP aré@éﬁj}h@ézyi\ngiﬂcal rotary

hours fromstarting the_electrolysis and the results

catbpde b angdethr) traptmens solutionvas depreased | Big Hy thegegerated
1. [0102] As clear fromthe follow ng Table 1, when

foamheand at nrasleyidieseloetzolysis feadtion difficulbto nrovsads, the
Au concentration of the treatnment solution was

[0084d r Aasidear frorhette fdllowihgn@able 10i037ad dowmdthat swhen the
of the results of Experinent Exanple 7 and the

circwnfdrentiall vekjetty oftvhie dekiadpical totary catbodeod mhd dedresdesl too
tinme taken to lower the An concentration of the

low lo@aiindPeHsedOtdst hithh,ti® tebRUbnke® timuead fdcovst ALDthaigthat in
in the case of using the titaniumnesh with 10 neshes

Exﬁ@ﬂnﬂl@ﬂthEﬁgmple 1 and thus the recovery efficiency of Au was not so

much improved.

[0095] (Experiment Example 6)

Experiment Example 6 and Experiment Examples 7 and 8, which
will be described later, were experiments carried out to investigate the effect
of the aperture size and wire diameter of the titanium mesh on the recovery
efficiency of Au.

[0096] Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 1, except that as the titanium
mesh, a mesh with an average aperture size of 5 mm and an average wire

diameter of 1 mm (4 meshes) was employed. In this connection, when the

surface area was calculated without taking into consideration the parts
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meshes and the recovery efficiency of An was

approxi mately sane. [0104] (Experinent Exanple 8)

El ectrolysis of the treatnment solution was carried out

in the sane conditions as those in Experinent Exanple

1, except that as the titanium 15 nesh, a mesh with

an average aperture size of 0.3 mmand an average wre

di aneter of 0.1 nm (60 neshes) was enployed. In this
wheee Rhe idylindrithE fotari @ ashisdend eanal € vibsnitah andsdi were brought

wi t hout taking into consideration the parts where the

inteYdonalét with RihestheeafHeOsle-f4ccrfifbal Was thérakednalbah 3.1 times
were brought into contact with each other, the

in Skl 268 BF GRe"FHovd AlcRRRdd2 PR hivdn 1mEbHB§a3 OatitAchd®e to the
case of the above-nentioned titani umnesh was attached

subfBcd Bfth des %]%xﬁcﬁgﬁaﬁfro't% EMhbad &a#orﬁ LAY Tv?@lt M&ﬁa&ﬁarea

conmpar e € surrace area e Ccy I ndri cal

of g? Lar %(graéaqo g%b%’] éa?uh%\ﬁ glhto'thc'htr?J] ﬂ:'z%l[ﬁ%? lﬁgéé&swas attached.

u concentra I'on
solutl n d, at

B Ao SRR SRS L et o
evérLPEvaral RPBIBET AL HE ADF ORI SO PPy e of the

1, when the elect I t f 5h ,
mqaﬁermeemﬁmph% %@'ffiuﬂ“%f’@é@a%eﬂt sal ut i on WaS "

decreased to 1 ng/L [0107]. In conparison of th
[00a8] uAs slesr frope thenfellovsng bablesl gt dopk & hquFSeEQJﬂqvgerthe Au

Experinent Exanple 1, it was found that even if a nesh
conrewitragiomof the treatmenssohgiathto 1 imglhi um nesh, t he
electrolysis tinme could not be shortened so nuch and
[00998 Frecwwmeparisdt iofi dhrec yesdltanfc Bxperinunth Examplev€dasd the
much. [0108] As clear fromthe following Table 1, it

restdts 6OERperi@nt @semple 1,He wakdoradhhat if a stenwch eosirsenmesh
mesh were nmade too much coarse or too nmuch fine, it

wakORdedtad @he &itahivil neshefotsok @nlditatinidieo resivker Awfand the
Experi nment Exanples 1

recovery efficiency of Au could not be improved so much.

[0100] (Experiment Example 7)

Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 1, except that as the titanium
mesh, a mesh with an avérage aperture size of 2 mm énd an average wire
diameter of 0.5 mm (10 meshes) was employed. In this connection, when
the surface area was calculated without taking into consideration the parts
where the cylindrical rotary cathode 4 and the titanium mesh were brought
into contact with each other, the surface area was increased about 3.5 times
in the case of the above-mentioned titanium mesh was attached to the

surface of the cylindrical rotary cathode 4 as compared with the surface area

of the cylindrical rotary cathode 4 to which no titanium mesh was attached.
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and 7 and thus the recovery efficiency of Au was not

i nproved. [0109] (Experinent Exanple 9) Experinent

Exanpl e 9 and Experinent Exanple 10, which will be 15

descri bed later, were experinents carried out to

investigate the effect of the nunber of turns of the

titanium nesh on the recovery efficiency of Au. [0110]

El ectrolysis of the treatnment solution was carried out
[0101]t MaesAtEcomenthstioansf ahet freatment Ewheiomwis hxeaspired at

1, except that the nunber of turns of the titanium

evéBs Rev@dl thitst A6nsS @téﬁﬁ% qhetdlecteylyisiaindathe ebaulys 2T the
cat hode 4 was changed to be single. In this

méRUPEMELY Are WhEWntinahaUbllaweng ThBR 1as cal cul at ed
w t hout taking into consideration the parts where the

! . . _ _ _
[of]! Rg &R bRl tzﬂ'eyfoﬁa%li‘ﬂ%i Ta?\}e?ﬂ,dvgggﬁ thé bPé?:'tﬂitl};? $hs carried

were brought Tnto contac ot her,

oo R e M R AR B R 83

he surface pof the 25 cylindrical rotary cathode 4 as
toiec?ﬁﬂ Pgofwg/ﬁ'the surface area of the 30 cylindrical

fGASEY SRS RIS Be Pt R EaR dRadl o7 B ehe
ot P R i P aple Lo L P O Pt i 1 over
shown in the followng Table 1. 5 [0112] As_clear fro

the a1 comgenfraigom gbithe treatmenforolytigg fosabept & s Atmost
concentration of the treatnent solution to 1

. : eatr . my/L.

sae1aBthe pasonpasing thetitaniumemgshswish Hgeeshesand with 20

Exanple 9 and the results of Experinent Exanple 1, it
meshes famdnidhet teaovary dfficiemayriof Avowas appgoximatehbesameani um

mesh wound on the surface of the cylindrical rotary
[01Gd] ho(BxperifentExdanqled3ed so nuch, it becane

difficult to sufficiently achieve the effect of

\1\no)n dENgtidIgsisi dfathel trematent [ dlitdpn (Wxpeniried touExiarphe same
conditions as those in Experiment Example 1, except that as the titanium
mesh, a mesh with an average aperture size of 0.3 mm and an average wire
diameter of 0.1 mm (60 meshes) was employed. In this connection, when
the surface area was calculated without taking into consideration the parts
where the cylindrical rotary cathode 4 and the titanium mesh were brought
into contact with each other, the surface area was increased about 4.1 times
in the case of the above-mentioned titanium mesh was attached to the
surface of the cylindrical rotary cathode 4 as compared with the surface area
of the cylindrical rotary cathode 4 to which no titanium mesh was attached.
[0105] The Au concentration of the treatment solution was measured at

every several hours from starting the electrolysis and the results of the

measurement are shown in the following Table 1.
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El ectrol ysis of the treatnent solution was carried out
in the sane conditions as those in Experinent Exanple
1, except that the nunmber of 15 turns of the titanium
mesh wound on the surface of the cylindrical rotary
cat hode 4 was changed to be quadruple. In this
connection, when the surface area was cal cul at ed
wi t hout taking into consideration the parts where the
[0136]i Adrdlesad fromt hreyfollatimgl T'ableahdwhbe the elevtrolysiesias carried
were brought into contact wth each other, the
ous$ 6 Bbeury, ¢he MAScONtehBas ko lithettréatindntmdufdOn wastdeereased
case of the above-nentioned titanium nesh was attached
tollank/le surface of the cylindrical rotary cathode 4 as
conpared with the surface area of the cylindrical
[owqaw &RhPO98ord VIR ReBRItS | dfARXPE RS MRANMIEA8hLEd the
[0115] The An concentration of the treatnent sol ution
I :
reéé?%s #@élﬁglegltrl]: g])t&h\ﬁ%]}é B ??’ #ad f?ﬁh?ﬁ gﬁ%% SR FthbbR Bal i too

ectro e results o measur ement are
h%gé i e f ol }.ow e ] C
ﬁn%r om hﬁg \%%I ﬁ%wt#gj’%rlglgl e ,h’ [ ehet go%tg&%é%rg % 4021\3\1%110)0 be

the Ad congentration of the.t.reat t solyption to 1
shiydpétt s S0 ATk Shedlesy, SRAEREY PEAY cPRld oo ilfproved so
lgigeri ment Exanple 10 and the results of Experinent
nple 1, it was found that if the nunber of turns of
5 the titanium mesh und he surface, of  the .
[Ojfﬂﬁt]i rgleal fmagfis@ wllomoae oL Hicvendannd &ﬁﬁﬁcew,en if the
the effect. of winding the titani um nesh was .
meskhieq of the) titppiurs mesh wese madesiporpuch gpazsgi argorappeh fine, it
i f the nunber of turns of the titaniumnesh was
toddea dengardtiore tauxseoven Auddlangtheoraguitstafifixgeriment Examples 1
el ectrolysis 10 than the results of Experinent
anBand ¢bud the dedvesn dffidierscyi ¢f Avasvasi fidti ioaprovedo
i nprove the recovery efficiency of Au. 32 [0119]
[010B3bl Exieriment Example 9)

Experiment Example 9 and Experiment Example 10, which will be
described later, were experiments carried out to investigate the effect of the
number of turns of the titanium mesh on the recovery efficiency of Au.

[0110] Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 1, except that the number of
turns of the titanium mesh wound on the surface of the cylindrical rotary
cathode 4 was changed to be single. In this connection, when the surface
area was calculated without taking into consideration the parts where the
cylindrical rotary cathode 4 and the titanium mesh were brought into contact
with each other, the surface area was increased about 2.4 times in the case of
the above-mentioned titanium mesh was attached to the surface of the

cylindrical rotary cathode 4 as compared with the surface area of the
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cylindrical rotary cathode to which no titanium mesh was attached.

[0111] The Au concentration of the treatment solution was measured at
every several hours from starting the electrolysis and the results of the
measurement are shown in the following Table 1.

[0112] As clear from the following Table 1, it took 5 hours to lower the Au
concentration of the treatment solution to 1 mg/L.

[0113] In comparison of the results of Experiment Example 9 and the
results of Experiment Example 1, it was found that if the number of turns of
the titanium mesh wound on the surface of the cylindrical rotary cathode 4
was decreased so much, it became difficult to sufficiently achieve the effect of
winding the titanium mesh.

[0114] (Experiment Example 10)

Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 1, except that the number of
turns of the titanium mesh wound on the surface of the cylindrical rotary
cathode 4 was changed to be quadruple. In this connection, when the
surface area was calculated without taking into consideration the parts
where the cylindrical rotary cathode 4 and the titanium mesh were brought
into contact with each other, the surface area was increased about 6.8 times
in the case of the above-mentioned titanium mesh was attached to the
surface of the cylindrical rotary cathode 4 as compared with the surface area
of the cylindrical rotary cathode to which no titanium mesh was attached.
[0115] The Au concentration of the treatment solution was measured at
every several hours from starting the electrolysis and the results of the

measurement are shown in the following Table 1.
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[0116] As clear from the following Table 1, it took 3 hours to lower the Au
concentration of the treatment solution to 1 mg/L.

[0117] In comparison of the results of Experiment Example 10 and the
results of Experiment Example 1, it was found that if the number of turns of
the titanium mesh wound on the surface of the cylindrical rotary cathode 4
was increased so much, the effect of winding the titanium mesh was
saturated.

[0118] As clear from the following Table 1, if the number of turns of the
titanium mesh was decreased so much, it took a longer time for electrolysis
than the results of Experiment Examples 1 and 10 and thus it was difficult

to improve the recovery efficiency of Au.
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[0120] (Experinment Exanple 11) Experinment Exanple 11
and Experinent Exanples 12 and 13, which wll| be
described later, were carried out to investigate the
effect of the titaniumnesh when the Au recovery
process was carried out repeatedly. 5 [0121] In

[oBg)er ITabdé 1Exanple 1, as a treatnent solution, 30 L of

washi ng water of Au-containing cyanide type

- Ng-(coat pdcpraduct|s| was| Ilopded to a netal
c ) 2
g er y|sappar iy _shawn (iin| kip. 1. A process, in
H afdl er |< BIBE T DTybi|s| was| carried out until the
i ¥ rafidn|af| the| waistg pol ution became 1 no/lL,
f 3—+toft—yashirg =r—pf Au-contai ni ng cyani de
5% pll at | ng-caat ed priodudtk was | oaded wi thout
% ) i IRy AR %E’s@cgroﬂejes{simd in the cylindrical
gk éﬂhodegf' was |repeat edf 30 times. The Au
c at i on of | tlhe |vashiing lwat er of Au-cont ai ni ng
=8 t ype| Bl atli pg-|cpatjed |pf oducts was 97 ng/L. The
F1h] .
E ts| depoSit.edlon fhel |Boptomof the electrolysis
= o3| Lo . - H
gﬁ & tp 8&paraliloh [of | An] el ectrodeposited on 15
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[0122] The washi ng water of Au-containing cyanide type
pl ati ng-coated products was used in total 900 L. The
total Au anobunt contained in the waste solution was
87.3 g. 20 [0123] As being clear fromthe foll ow ng
Table 2, after the electrolysis was carried out
repeatedly 30 tines, the Au anount el ectrodeposited on
the cylindrical rotary cathode 4 was 86.1 g and the

[00]at®@xpdritiepo Fxagdpleril) he bottom of the el ectrolysis
bath was 0.3 g. Accordingly, the ratio of Au

sepaE&geﬁniéﬁHEkmpwni addi Egperivbat Exeaigledd 24nth$3, which
0.3% 25 [0124] (Experinent Exanple 12) 34

wiftl BEtdddyibed Ritet NRetd @atABAL 0 BtOkYItinQBstiBfteC Bid icEcPWF the
in the sane conditions as those in Experinment Exanple

titdhin A R 12 A bR Brogdsd PIYARICANS epthicals

o2 1, BURLIERC FAniIE 2 W RE6patERalt Mothdon, S, of rashing
walt of A gitaThine Fapid<iris et @HER prdts radlobfbd to 2
i} RO orY AED AT RS SRS o TR ahrou i PHBES ! VB after
closBrabyalp s carried put PBUbEARAT SERea B b s solution

cylindrical rotary cathode 4 was 5k§@6 [0126]. )
be¢amp dr mglat furihernt@ Lif)washing vwptpsof Agr cqri@ining ayapide type
solution was carried out in the sane conditions as .
platiegcoatederpsicts mtastoadpd evithout xeeqyeringafu; ¢lectrodeposited
cylindrical rotary cathode 4 used here was prepared
in bthec eyhiadricaly wtatyrcathode of, puisntrepddtedn3Qppianespar The Au
of the titaniumnesh and the cylindrical rotary
cocenteatdort of t bhe a weshdmgt iwegeni b€ Atu-¢dmainimg afyanide type
wi nding a titaniumnmesh on the surface of the

pldtyhé-oedtedaprediicds Ywaatdvodes/k. aMhenAnd anthudtedépdsiteiduon the
mesh doubly while

bottom of the electrolysis bath 1 due to separation of Au electrodeposited on
the cylindrical rotary cathode 4 was measured. The measurement results
are shown in the following Table 2.

[0122] The washing water of Au-containing cyanide type plating-coated
products was used in total 900 L. The total Au amount contained in the
waste solution was 87.3 g.

[0123] As being clear from the following Table 2, after the electrolysis was
carried out repeatedly 30 times, the Au amount electrodeposited on the
cylindrical rotary cathode 4 was 86.1 g and the Au amount deposited on the
bottom of the electrolysis bath was 0.3 g. Accordingly, the ratio of Au

separated from the cylindrical rotary cathode 4 was 0.3%.

[0124] (Experiment Example 12)

34



10

15

20

25

inserting a spacer to keep a gap about 1 nmm so as not

to closely attach the titaniummnmesh to the surface of
the cylindrical rotary cathode 4. 20 [0127] As clear
fromthe followi ng Table 2, after electrolysis was
carried out repeatedly 30 tinmes, the An anmount

el ectrodeposited on the cylindrical rotary cathode 4

was 85.0 g and the Au anount deposited on the bottom

of FEhectedlgsisr off plsd Srdzatdentasolitidn gwadeaeridd nyityin the same
ratio of An separated from the cylindrical rotary

corrditivRdead these linSEkpdAnlédtZBkatnplé onpadxicepn thht tdheylindrical

results of above-nentioned Experinent 35 Exanples 11

rota@y IGithbad 20R%1P B etet bf 1B HESIRT 80dnEhE of 200 mm and
el ectrodeposition property on the cylindrical rotary
. 3 t i
e R

Ca@%ﬂ%i%d‘l Al coul erﬁeEf(%?lﬁYeeiﬁd fromthe surface of the

ndricaf rotary cathode 4 5 wi thout being

lof 78T AR5 PR Bl Timina el PoRPE Lo gs dhfs farried out
reRAAHe 37 SRR N tie SERCRRY IIRERRpAIEN; 6 (o o idrical

recoveyy. apparatus cou be saved. 129 Tabl.e 21

roferpaathein 4expediln gtar@glﬁ %ﬁmou@%@ﬂ %m?pﬁ%ttom of
12 Exanpl e 13 Mesh 20 - 20 Average aperture 1 1 size

the slgctmlesiadathiwas 6d g oAscordinglit e 1atg oldepasated from
turns Doubl e None Doubl e, Kkept at gap

the cylindrical rotary cathode 4 was 5.8%.

[0126] (Experiment Example 13)

Electrolysis of the treatment solution was carried out in the same

conditions as those in Experiment Example 11, except that the cylindrical
rotary cathode 4 used here was prepared by connecting a plurality of points
in upper parts of the titanium mesh and the cylindrical rotary cathode 4 with
a conductive wire at the time of winding a titanium mesh on the surface of
the cylindrical rotary cathode 4 and winding the titanium mesh doubly while
inserting a spacer to keep a gap about 1 mm so as not to closely attach the
titanium mesh to the surface of the cylindrical rotary cathode 4.
[0127] As clear from the following Table 2, after electrolysis was carried out
repeatedly 30 times, the Au amount electrodeposited on the cylindrical
rotary cathode 4 was 85.0 g and the Au amount deposited on the bottom of
the electrolysis bath was 1.4 g. Accordingly, the ratio of Au separated from
the cylindrical rotary cathode 4 was 1.6%.

[0128] In comparison of the results of above-mentioned Experiment
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Circunferential 1.0 1.0 1.0 velocity msec Total Au
07.3 87.3 87.3 anount Au anount el ectrodeposited 86.1
81.3 85.0 on cathode Separated Au 0.3 5.1 1.4 anount
Separated Au 0.3 5.8 1.6 10 ratio M 1 [0130]
(Experinent Exanpl e 14) Experinent Exanple 14 and
Experi ment Exanples 15 and 16, which w Il be
described later, were experinments carried out to
Exiamvgles ilddpeld with ore anethereitfwas andgrsthed the elesrodeposition
recovered froma waste solution of a 15 Au-contai ning
preppray oagihe Sdpatraddlantagl cdthode 43604la bdlimptovedrigt yttaghing
of the treatnment solution was carried out in the sane

the eitdhiumnaecsls tb hhs SurfacEdfehe iy lindocalpbeary, catkeddPY and Au
that the waste solution of a Au-containing aqua regia

coSAPBE BFdcBfertd FHIRNMMASUYERE & thd &yl Motary cathode 4
solution and the electrolysis was carried out at a

wiﬂﬁi&taﬂéing(s@ep dtat@l.2- Phdbetild . 3t I LhBChEd L t6 Lgeggﬂte%f install
20 Ain p n

riment Exanple 1. The Au concentration |
adifoAhEckii ) B8 rBbored o HeEANeDhRA AHPHL Ao of the
. t i / d
ey BhhipD MR FEHogtd Mokt Ve TERIITh b Ririhegcovery
reSl{Its gbuf)he me&lsurement are shown in the follow ng
APRAMYESEOUEUPT ABYSS10 the change of the Au
[o1%%’i°ﬁ°atbﬁé"§i on (nmg/ 1) of the treatnment solution to the

Experiment | Experiment | Experiment
Example 11 | Example 12 | Example 13
Mesh 20 - 20
Average aperture 1 i 1
size {(mm)
Average wire
diameter (mm) 0.3 i 0.3
Number of turns Double Nane Double,
kept at gap
Circumferential
velocity (misec) 10 10 10
Total Au 87.3 873 87.3
amount {g)
Au amount
electrodeposited g6.1 81.3 85.0
on cathode (g)
Separated Au 0.3 51 14
amount {(Q)
Separated Au
ratio (%) 0.3 58 16

[0130] (Experiment Example 14)

Experiment Example 14 and Experiment Examples 15 and 16, which
will be described later, were experiments carried out to investigate the
recovery efficiency when Au was recovered from a waste solution of a

Au-containing aqua regia separation solution.
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el ectrolysis time (hr) is shown with ~ in Fig. 3.
[0132] As clear fromthe followi ng Table 3, at the
nonent when el ectrolysis was carried out for 6 hours,
the Au concentration of the treatnent solution was

| owered to 3 ng/L. During the 6 hours, separation of
Au 15 el ectrodeposited on the cylindrical rotary

cat hode 4 was not seen. [0133] (Experinent Exanple 15)

[0 BB HcElsvtyslySis Uf tHee tieaealenie Holstidn twa cabsed auti igdtlsibame
in the sane conditions as those in Experinent Exanple

co%&itio%%%o%@%ﬁ BxpeYin &l E&amplé ot @idég@ ghho e dastd Bolation

ianmeter of 160 mmand a I ength of 200 nm and 20

e

solvl\lgisonTQI?d e %?%;Efdg%éi@tvb%] cglfnc%({] Eut b 6 dTB{le S€1 8220 V and

nmeasure ery severa ours fromstarting the
anFIEHRRF TR (O AR K5 iRl I RTRN cdlcBntration
. t he An t i [L). of the 25.t t t .
in $he e wPRE o e AQr YURaHinReadys yopia AT folution
in Fig. 3. 0134] As cl f the foll ow ]
w0t Y e The! 5 PG 07 Rt "B Bl Suion was
solution was lowered to 10 ng/L when the ekectrol.ys'

is
magsaredirati gueryogeversl hounsofoln stagtipgcthese ‘?é’tt-?‘)lYﬁé apd the

el ectrodeposited on the cylindrical _rotary cathode_4
respdts of phe aneasuwrathentsans shewagai theafdlosviageTahle 3 nBurther,
Au 5 concentration increase was observed. [0135]

the\dlangenfithy Awiconeenthation (oxgfb} af ebe ftreatmdnt solution to the
cylindrical rotary cathode 4 was dissolved in the

eleatpodysie gime fiit)dés shownowithtm e Fig.le separated An
anount could not be neasured. [0136] (Experinent

[0 BBk eldh) fram tHeehillooliygiTabdé 3t At the antmemt whehutlednolysis
was carried out in the same conditions as those in

wasXReticdenit foxBTRbArsl 4he€XE @Bhcditdhtibh ofahlkei tidataht solution

was lowered to 3 mg/l. During the 6 hours, separation of Au

electrodeposited on the cylindrical rotary cathode 4 was not seen.

[0133] (Experiment Example 15)

Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 14, except that a cyﬁndrical
rotary cathode 4 with a diameter of 160 mm and a length of 200 mm and
having no titanium mesh on the surface was used as the cylindrical rotary
cathode 4 in Experiment Example 14. The Au concentration of the
treatment solution was measured at every several hours from starting the
electrolysis and the results of the measurement are shown in the following

Table 3. Further, the change of the Au concentration (mg/L) of the

treatment solution to the electrolysis time (hr) is shown with ¢ in Fig. 3.
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rotary cathode 4 used here was prepared by connecti ng

a plurality of points 1in upper parts of the titanium

mesh and the cylindrical rotary cathode 4 with a

conductive wire at the tine of wnding a titani um nesh

on the surface of 15 the cylindrical rotary cathode 4

and winding the titanium nesh doubly while inserting

a spacer to keep a gap about 1 mmso as not to closely
[0E34ladls ¢tlber fromathefollesing Table 3 uhkeada céndelmgration of the

cylindrical rotary cathode 4. The An concentration of
trddtmdntealutiord waelluvieesd va30 megSuxken 8he eleetyolgsy avas carried

hours fromstarting the electrolysis and the results

oupffor NE WRasUhBHEHeredfEers AW R Rlédirddipobirbd @i the Epldhérical
3. Further, the change of the Au concentration (ng/L)

roi%rytd?ﬁhbd@ qt %Btsegg.&éﬂeﬁ%d Qhésl%@v&i ﬁg&f PhHal thetéfd®e, the Au

is shown wit As cl ear from

cofufée t{ré)ﬂ1+19%d}ga§_@97|a§ o%seﬂ;edt he m)mant When t he

ctrolysis was carried out for 3 hours, the Au

[Ogiﬁﬁkdﬂﬁ?&i’aﬁ% %, 64n00 ¢ &st 612 Qefidbafad" h%% {h%t %&%gﬁﬁ%@f’%tary

S separ and agaln
oncent r at M reMWmn utio uat
calfffieh W drVEd 4B KL B BhpPeal g5 e
A | oner e ‘hﬁ'rd:her nor e. 81 Additionally, since the Au
usamannt celd noh hemeas rical rotary cathode 4 was

di ved.in the ag gla after a short tine, the

[0 Egﬂ ﬁ%ﬂéannsn @xaﬁaﬂ ould not be measured. [01391
As clear fromFi 3 in which_ the results of
ExpeEileniralyss mfpﬁ@s tregtmegt solyiien was carried puggy thesame
understood that the electrolysis time could be

condisions rasithose ihExparinerivBrgmple i1d, excgptnthati the epliedrical
by using the cylindrical rotary cathode 4 to which

rotialng chthede dmsed diereasas prapeirgd diyt coinedtib® 4 pluraliy gf points
3) even in the case of using the waste solution of a

in Appeophetsif the taguium anesh andahatybndsohlutdtary estholde 4 with
treatnment solution. Further, the An concentration of

a dohduttieatwies tat Shke Uimernnfowiddinger tieseied hesBofithk dirface of

theu;lfl?lgdrical rotary cathode 4 and winding the titanium mesh doubly while
inserting a spacer to keep a gap about 1 mm so as not to closely attach the
titanium mesh to the surface of the cylindrical rotary cathode 4. The Au
concentration of the treatment solution was measured at every several hours
from starting the electrolysis and the results of the measurement are shown
in the following Table 3. Further, the change of the Au concentration (mg/L)
of the treatment solution to the electrolysis time (hr) is shown with A in Fig.
3.

[0137] As clear from the following Table 3, at the moment when the

electrolysis was carried out for 3 hours, the Au electrodeposited on the

cylindrical rotary cathode 4 was separated and dissolved again. The Au
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the cylindrical rotary cathode 4 to which the titanium

mesh was closely attached (min Fig. 3). 39 [0140]

[ Tabl e 31 Experinent Experinent Experinent Exanple 14

Exanple 15 Examle 16 Mesh 20 - 20 Average aperture 1

- 1 size (nmm Average wire 13 - 0.3 dianeter mm

Nunber Doubl e None Double, of turns kept at gap

CGrcunferential 1.0 1.0 1.0 veloci nmisec Electrolysis
cod¢endtation of ithe tfdutmentrupdition twanflocheded mavund 20 mg/L and

concentration mL mL nfL O 80 80 80 1 45 44 2 29
th@Au cdbnt8nb@dtda wis hbt leweredGuzthertngte32 20 9 19 12 10
[0138] Additionally, since the Au separated from the cylindrical rotary
cathode 4 was dissolved in the aqua regia after a short time, the separated
Au amount could not be measured.
[0139] As clear from Fig. 3 in which the results of Experiment Examples 14
to 16 are plotted, it could be understood that the electrolysis time could be
shortened and the Au recovery efficiency was increased by using the
cylindrical rotary cathode 4 to which the titanium mesh was closely attached
(w in Fig. 3) even in the case of using the waste solution of a Au-containing
aqua regia separation solution as the treatment solution. Further, the Au
concentration of the treatment solution could be lowered to 3 mg/L by using

the cylindrical rotary cathode 4 to which the titanium mesh was closely

attached (m in Fig. 3).
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In Experiment Example 17 and Experiment Example 18, which will

V in Experiment Example 1.

[0141] (Experiment Example 17)

The Pd concentration of the treatment

40

recovered from a Pd-containing waste solution.

be described later, the recovery efficiency was investigated when Pd was

[0142] Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 1, except that a Pd-containing
waste solution (Pd concentration was 113 mg/L and pH = 8) was used as the

treatment solution and the electrolysis was carried out at a voltage of 7 to 8

solution was measured at every several hours from starting the electrolysis
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[01461 In conparison of the results of Experinment
Exanple 18 and the results of Experinent Exanple 17,
the electrolysis tine in Experinment Exanple 18 was
about 4.5 tinmes as long as that in Experinent Exanple
17 and thus it was understood that according to the
present invention the Pd 20 recovery efficiency was

i nproved about 4.5 times only by installing the

antlithaesiiltsos thohdaRarsmehtace showhdnahk ifollowirg Taloleat.y
cathode 4 and increasing the surface area about 3.9

[0143TeAs clédiFdmPehciotidivihg Aablda, Apthew odgedipRhen4lectrolysis
even in the case of recovering Pd fromthe

wasdcaQ'%HaéﬁU 404 (Y"ﬁ%h?s StHeUPd @Bncddtrafibh bf Qﬁe Lt‘i‘@&t&ﬁéﬂpgolutmn
that the 25 electrolysis time was remarkably

wa%rl%vre?&iag% ;Lhe Pd recovery efficiency 41 was

I nmproved stalllngthetltanlumrresh on the

O RIS ey catote S
2 AT, B e oo
o oS BB B S g
roé%&%ﬁ&ééun@%egt ameter 02' 160 1\1/1$I|1 %%Idtg lengﬁlc of 200 mm and
having no titanium mesh on the surface was used as the cylindrical rotary
cathode 4 in Experiment Example 17. The Pd concentration of the
treatment solution was measured at every several hours from starting the
electrolysis and the results of the measurement are shown in the following
Table 4.
[0145] As clear from the following Table 4, it took 27 hours to lower the Pd
concentration of the treatment solution to 1 mg/L.
[0146] In comparison of the results of Experiment Example 18 and the
results of Experiment Example 17, the electrolysis time in Experiment
Example 18 was about 4.5 times as long as that in Experiment Example 17
and thus it was understood that according to the present invention the Pd
recovery efficiency was improved about 4.5 times only by installing the
titanium mesh on the surface of the cylindrical rotary cathode 4 and
increasing the surface area about 3.9 times.
[0147] As clear from the following Table 4, even in the case of recovering Pd

from the Pd-containing waste solution, it could be understood that the

electrolysis time was remarkably shortened and the Pd recovery efficiency
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time (hr) concentration concentration mIlL m/L O 113

113 146 224 3106546 53 6135920 12 12

158 18 5 21 3 24 2 5 27 1 [01491 (Experinment

Exanpl e 19) I n Experinment Exanple 19 and Experi nment

Exanpl e 20, which wll be described |later, the

recovery efficiency was investigated when Cu was

recovered froma Cu-containing sulfuric acid waste
wasOlimpiroved 1y [183G0lIngl tled ridtaysium aheslheon rdemt mamface of the

solution was carried out in the sane 42 conditions as

cylih@Seal Rotaxpecdthione £xampbmphred eitht thdhahse of installing no
Cu-containing sulfuric acid waste solution (Cu

tn&ﬂﬁﬁﬁ Gﬁéﬁ bR Th¥RErfhes offthd-cyntldealtrot48NEARbEa Y. ON Was

/L) was used as the treatnent solution and the

0194 Ty e]s was carried out at a voltage of 3 to 4V
[ 8qE§<per(|¥rrgent Exarrpl e 1. 5 The Cu concentration of the

nmacurod

..... C"‘ ""' ' """\ "“‘31‘ AeastHe6 every
Expenment Experlment
Example 17 | Example 18
Mesh 20 -
Average aperture 1 )
size {(mm)
Average wire 03 )
diameter {mm) '
Nurmber Double None
of turns
Circumferential
velocity (misec) 1.0 10
: Pd Pd
Electrolysis , .
time (hr) concentration | concentration
{mafl) {mg/L)
1] 113 113
1 48
2 24
3 10 B5
4 B
5 3
B 1 35
g 20
12 12
15 8
18 5
21 3
24 2
27 1

[0149] (Experiment Example 19)

In Experiment Example 19 and Experiment Example 20, which will
be described later, the recovery efficiency was investigated when Cu was
recovered from a Cu-containing sulfuric acid waste solution.

[0150] Electrolysis of the treatment solution was carried out in the same
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several hours fromstarting the electrolysis and the

results of the neasurenent are shown in the foll ow ng

Table 5. [0151] As clear fromthe follow ng Table 5,

at the nonment when electrolysis was carried out for 3

hours, the Cu concentration of the treatnment solution

10 was lowered to 5 ng/L and at the nonent when

el ectrolysis was carried out for 6 hours, the Cu
cosdiniveiRt 4athese Bf Experinicadt Erainpdellytexosptntsatl @vEr-echttadning

|l ess than 1 ng/L. [0152] (Experinment Exanple 20)

suffuet heldy wastef sdlifiohr €@k NEdHcehOtatidd WA S| 66amig/Rd agdt acid
in the sane 15 conditions as those in Experinment

co ﬁo& W a &XC SRSV dasdubed iaRd ﬂh& dheatnid! ¥olt@loROdAd the
a dianmeter of 160 mmand a | ength of 200 nm and

el&@%’dlﬁ%rsl ras %é%r%{é’d%ﬂt%v %Sfl' % lﬂ%&;\grﬁ% ]r%?t Pﬁﬁé:htaﬁxélﬁﬁle 1.

ary catho Exanpl e

T%gulgggccu tg&u{fﬁ‘ i ?ﬁé cépeéjcfm(%tnh soluftfedl TRy é%{ b @ t every

every severa ours troms Ing t

trol d th t f th
segﬁei?%fpﬁ%’h Siy) FRRG thep Aleckrolyebo splatt] G 2%? the
the fo ng, Tabl t ook, .24, h to | h
mqafure@ﬁa‘é#m p%ﬁ%t%eh%hp 286 TaRIE 8ol uti on Lol ese

t han 1 ng/L 54
B53lo Ar aar Rt tollyvang Tape S5t fbe hepy when clectrolysis
Experlmsnt Exa le 19, the electrolysis tine in
wasgaariaveotet fors3 beanp thex0u peacemigation of thestraatmgpt seluttion

that in Experinment Exanple 19 and accordingly it was
wagrlderesed do 5 mglL and atithecmoweny veheén elastrolysiggvas carried out
i nproved about 4 times only by installing the titanium
fom@diowrs, the Guucdmeatration bé thy itreatment salutianywaaldwered to
4 and increasing the surface area about 3.9 5 tines.
ledsGbam| 1 Asg/Tl ear fromthe following Table 5, it could
be understood that the
[0152] (Experiment Example 20)

Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 19, except that a cylindrical
rotary cathode 4 with a diameter of 160 mm and a length of 200 mm and
having no titanium mesh on the surface was used as the cylindrical rotary
cathode 4 in Experiment Example 19. The Cu concentration of the
treatment solution was measured at every several hours from starting the
electrolysis and the results of the measurement are shown in the following
Table 5.

[0153] As clear from the following Table 5, it took 24 hours to lower the Cu
concentration of the treatment solution to less than 1 mg/L.

[0154] In comparison of the results of Experiment Example 20 and the

results of Experiment Example 19, the electrolysis time in Experiment
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electrolysis tinme was remarkably shortened and the Cu

recovery efficiency was inproved by installing the

titanium mesh on the surface of the cylindrica

rotary cathode 4 as conpared with the case of

installing no 10 titanium nmesh on the surface of the

cylindrical rotary cathode 4. [0156] [Table 5]

Experi nent Experinment Exanple 19 Exanple 20 Mesh 20
Exanfpler 2@ evaapalidutr 4 times 26 lpmg) asAtleatage Bripeeingent Example 19

di amet er nm Nunber Doubl e None of turns

an@i AEsHFHRINt itatval. Andefbtood® | thaitt theriCie arebbwatyr offitdéscy was
Cu Cu time (hr) concentration concentration mL mL

im%gé&%ﬁl %ﬁi&llt 8 tim88 only by $ssthliang thé itafivh mégh én the surface
of the cylindrical rotary cathode 4 and increasing the surface area about 3.9
times.

[0155] As clear from the following Table 5, it could be understood that the
electrolysis time was remarkably shortened and the Cu recovery efficiency
was improved by installing the titanium mesh on the surface of the
cylindrical rotary cathode 4 as compared with the case of installing no

titanium mesh on the surface of the cylindrical rotary cathode 4.

[0156] [Table 5]

Experiment | Experiment
Example 19 | Example 20
Mesh 20 -
Average aperture 1 )
size {(mm)
Average wire 03 )
diameter (mm) '
Number Double None
of turns
Clrcquerential 10 10
velocity (m/sec)
. Cu Cu
Electrolysis . .
time (hr) concentration | concentration
{mg/L) {moil)
0 166 166
3 5 98
4] Less than 1 40
9 15
12 7
15 4
18 2
21 1
24 Less than 1

[0157] (Experiment Example 21)
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24 Less than 1 [01571 (Experinment Exanple 21) 44

Experi nment Exanple 21 and Experinent Exanples 22 to

24, which wll be described later, were carried out

to investigate the recovery efficiency when Au was

recovered fromwashi ng water of Au-containing cyanide

type plating-coated products using a recovery

apparatus including the cylindrical 5 rotary cathode

4a sHoparinrerfti Gxawmpile 20 hendilxperneent Exathples 22 to 24, which

recovery apparatus shown in Fig. 1. On the surface of
willlte dedcribddilatdr, wetacyrded bateo idvestigaoovks re@ivery efficiency

formed on the entire surface by a cutting process. The
wishape whstreeovdred fesmvaeashi@guwatdryoPAQcRns&ihias d:yhhﬁie type

width x of the grooves was 1 mm the interval y of

pld@h@ﬁbﬂeﬂr&oﬁb@%Vﬁéin‘g@as réco'(f@i‘y appatdifs qﬁémlal&g 1Re @f'hﬂdncal

t he grooves was he cross-secti onal shape of

rot3rP B42Rod O réﬁe%ov?ﬁ ﬁthl%'i WY Eﬁ‘%eoébd\;%exﬁﬁﬁiﬁhléd SAbBARcovery

was rectangular and wth respect to appear ance o

ap@QFat%"s%?%ﬁ'gxl maﬁ‘%g:' ROWD L BB sBrfite apg \ég P.?ilr %f fota! QYICQﬁlode

ertica rec on were arrange erva
4a’e%f5e3r‘?>ﬁ§ﬁ%f con%ﬁ T ohCtht PREEk Rlitacel R Rhnliife rocess. The
shighy P EH 5‘&?0"?89"&% %%#%@a}hr%ﬁésuﬁ%faﬁaéfds PCHidth it the grooves

waso} it ASrYAlHGF BaEbRRBEENE v i Uy aed the depth 2

formed. The surface grea increase ratio was sanme as

of the,groavepypas Prigm- Exaensressisectiongbphape ofghe grooves formed
concentration in the treatnment solution was neasured

on ghe spgfaceof ghe aotaryl catbode wasorectangulangndrwith respect to the
el ectrolysis and the results of the neasurenent are

appéaramce of the gredvesywan ghtwinl ia Big. @) gedivesdorrhedin fthevertical
the follow ng Table 6, at the noment when electrolysis
direetiox avart edramged at e@udnlanmtsrvatldnm the cxroemiféreattiadnlindction.
the treatnent solution was lowered to 1 ng/L. The Au
[01i58] t TRe t egpérintints doniditionyasvere same as the conditions of
Experiment Example 1. The surface area of the cylindrical rotary cathode
4a made so as to be roughened was increased 4.0 times as large as the
surface area in the case where no roughness was formed. The surface area
increase ratio was same as that in Experiment Example 1.
[0159] The Au concentration in the treatment solution was measured at
every several hours from starting the electrolysis and the results of the
measurement are shown in the following Table 6.
[0160] As clear from the following Table 6, at the moment when electrolysis
was carried out for 3 hours, the Au concentration of the treatment solution

was lowered to 1 mg/l.. The Au in the treatment solution was

electrodeposited on the surface of the cylindrical rotary cathode 4a.
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25 el ectrodeposited on the surface of the cylindrica
rotary cathode 4a. 45 [0161] As clear from Experinent
Exanpl e 21 and Experinment Exanple 1, the recovery

ef ficiency of An was not changed and equal in the case

of using the cylindrical rotary cathode 4a having the
grooves with a depth of 3 nmon the surface and in

the case of using the cylindrical rotary cathode 4

[0163dt Ad cléardfrohl ExpetrimenteExatgie h and fxperihent Example 1,

surface. [0162] (Experinment Exanple 22) In Experinent

th&Exesopeey efficiéy ef Aactaohot tlearisgt Andequbkigtbocas ofiusing
the recovery efficiency of An was investigated.

theAehdisédllrotas! @ahbad wsitmvehg thdgrédvestwighita dathtdfGmm on
was carried out in the same conditions as those of 10

th&EXNPGHEEBNY X WP LEs2df usihgeitle EflatdbcAYotary t&Hode 4 coated

rotary cathode 4a with a depth z of the grooves

do ﬂhtﬁe%aﬁuﬁﬁl(f%ﬂﬂnh%e]s&fi@@. was used in the

eri ment Exanple The surface area of the
[ ' de 4a made to have the
[O%gwfg%ﬁépggﬁ#pgéga?i nes as |arge as the surface
area;i g t he case.wher u S S 1
0764 ErReRRi AR REaRRe. 2R Y SOBRES, VRSB el grogyes on
was neasur.ed at very several. hqurs from starting the
theFaevea yipeehiy AL AT RLieAn. REATIPURG S of
shown in the foll ow ng Tabl e 6. clear fr t he
the Sraasimeny splytign ovas C2pas ity e Sameosatdifines g those of
concentration_in the treatnent solution to 1 rr%/ L, 2Q
Expeniggntsxample 21 exsaptpbat ferxlindeed)| xotary gathode 4a with a
Experi ment Exanple 21 the recovery efficiency of An
depuk dfidei gnopvese formyedrikibaps Bhalowsed. Soaup wanased in the
increasing the surface area of the rotary cathode.
Expetietint(Expopla@ht TFhasprice reanf Eheeylindricabratany eathode
23, the effect of a conductor coating the 25 surface
4a ahatléeo hdvienthid eaighmetsarwas ahho@s 4anenas largecastbe surface
ef ficiency of Au
area in the case where no roughness was formed.
[0163] The Au concentration in the treatment solution was measured at
every several hours from starting the electrolysis and the results of the
measurement are shown in the following Table 6. As clear from the
following Table 6, it took 5 hours to lower the Au concentration in the
treatment solution to 1 mg/L.
[0164] As clear from Experiment Example 22 and Experiment Example 21,
the recovery efficiency of Au could be improved by making the grooves deep
and increasing the surface area of the rotary cathode.
[0165] (Experiment Example 23)

In Experiment Example 23, the effect of a conductor coating the

surface of the cylindrical rotary cathode 4a on the recovery efficiency of Au
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46 was investigated by conbining the first enbodi nent

and the second enbodinent. Practically, electrolysis

of the treatnment solution was carried out in the sane

conditions as those of Experinent Exanple 21, except

that a titaniumnesh with an average aperture size of

1 mm and an average wire 5 dianeter of 0.3 nm (20

neshes) as a conductor was wound singly on the
wasUihpefig@ited hby c¢binbiingalthe ofiasty exalhddidmnta apdr she esecond

depth z was 1.5 nm used in Experinment Exanple 22.
emb¥Rithkhfini PRAdIRSMy\eRcivlyEies of fhd bR attiendGelutidn e carried

cylindrical rotary cathode 4a by spot welding to

ouﬁ gtg SRS ¥a Rkl RRitioEs ad tAAR HEHRTImbAL ERansple fAC8xcept that a

Itronally, the surface area of the 10 cylindrica

tit%ﬁfﬁﬁ%&ﬁ KAeE o a%%bé'tﬁg(re' ekftre oFf 1Rkt aByaP la@%rage wire

roughness '+ con oating) was increased 3
TR DT 2D RSBy RSP AR w BRGS0 e
o GRS BB L Rl B BT B £ o
i SR e 2, i A e TR SR

followng Table 6, it took hours to.l ower fhe Au
of ¢BAENRIGL OB RthodPeta i BPUoPiaLdias 10, closaly pttach the
~[01671 As_clear  from Experinent Exanple 23 gnd
titErpuni mash kRabhe esurface. | tAﬁidstI%@ﬂéy,siﬂ%dS‘t&%e ared pf the
the case where the depth of the recessed parts 20
cylindrieal mtatheathodeatpeussd ihthis Baneaiment Exgmnly (roughness +
cat hode was rel atively shallow and was 1.5 mm if the
cosdudtar eoatdisg)cwas ducrbasechd:9 tuneh asHergroasithe surfacharea in the
surface area was increased and thus an effect to
casdwheye nbither ecayletiass frfdonidentyr whtidvg was ferniped.
achi eved al nost sane as that in the case of the above

[0fsaleTheEAlL &oreRt@itioh isithe treat@ght ndlutieh wad ayasured at
cat hode having 25 recessed parts with a depth as deep

evesy 3eferdl RIurshBoft st@Gend @hbNéleeRsR sid1@nd4the results of the
measurement are shown in the following Table 6. As clear from the
following Table 6, it took 3 hours to lower the Au concentration of the
treatment solution to 1 mg/L.

[0167] As clear from Experiment Example 23 and Experiment Example 22,
it was understood that even in the case where the depth of the recessed parts
formed on the surface of the cylindrical rotary cathode was relatively shallow
and was 1.5 mm, if the surface was coated further with the conductor, the
surface area was increased and thus an effect to improve the recovery
efficiency of Au could be achieved almost same as that in the case of the

above Experiment Example 21 using the cylindrical rotary cathode having

recessed parts with a depth as deep as 3.0 mm on the surface to increase the
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surface area. [0168] (Experinment Exanple 24) In
Experi ment Exanple 24, electrolysis of the treatnent
solution was carried out in the sanme conditions as
those of Experinent Exanple 21, 5 except that the
roughened surface of the cylindrical rotary cathode 4a
was formed by carrying out blast treatnent in
Experi nent Exanple 21. The blast treatnent was

suffaéd hegh.out using alum na particles with a particle
di anmeter of about 120 pm The maxi num hei ght

[0168] f @8eeemeht ERAmFIE@4eCti ons and recesses of the
cylindrical rotary cathode 4a after the blast 10

tr eaf "ERbe¥Rte R mB1d4 R @R6lysitcofitAb eFashfertfsolitfon was

projections (convex portions) and recesses (concave

caftfdd io%? ih e esiaqx?é) %gg.}tgoﬁast AsOcife B0 EXB6rinteHt’ #x8mple 21,

area o e cylindri rotary cathode 4a subjectedto
th I r t j I 0
extel§ (iafihe sbbEBhIRT stfict OFHRFREHGRN Fadk) cdilodiDaq was
treat nent was cayhie ut., 15 [.01689] The A
forgit i IEYBIE PR B PEATRERE MBorapyoneRbemels 23 The
at  every several hoyrs fromstarting the. electrolysis,.
blagh FTEREDFBE A4S COFTIEhOUiBSEE BRI RADE R, Wit @ partile
.following Table 6. As clear fromthe  foll ow. Tabl e
disgneter bR HGW gmo | Ther maTamAT Rt Regf of the
the treatnment solution to 1 ng/L. 20 [0170] As_clear
Prajeeioms p@ﬂiﬂ?@?ﬂsebéﬁrfbleecﬂmdah‘ﬁ ERpY srthededanpiter iﬁ? blast
it was understood that since the surface area
treatmensgeas Bhobt H01 mmaand the iintermajrepf Hon prejegiipne (copvex
did not reach a desired level, tinme taken to | ower
pottien shambrevessasafconeavef pcbﬂtiam:sb gamesriiousd).05 to®.¢@mm. The
mg/L was 5 tines as long as that of Experinent
suffiesdrea2df ithe whilidrided mitafvamathoda 4sasubjectahdodthe blast
about 4.0 tinmes. 48 [01711 [Tabl e 6]
treatment was increased only about 1.1 to 1.2 times as large as that in the
case where no blast treatment was carried out.
[0169] The Au concentration in the treatment solution was measured at
every several hours from starting the electrolysis and the results of the
measurement are shown in the following Table 6. As clear from the
following Table 6, it took 15 hours to lower the Au concentration of the
treatment solution to 1 mg/L.
[0170] As clear from Experiment Example 24 and Experiment Example 21,
it was understood that since the surface area increased by blast treatment in
Experiment Example 24 did not reach a desired level, time taken to lower
the Au concentration of the treatment solution to 1 mg/L was 5 times as long

as that of Experiment Example 21 in which the surface area was increased

about 4.0 times.
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Experi ment Experinment Experinment Experinment
21 Exanple 22 Exanple 23 Exanple 24 G oove 3nm 1. 5mm

1.5mMm -
Bl ast
Au

concentrati on concentration

Pr ocessed

(depth) Mesh coating Single
_ treat nent -
time (hr) concentration concentration
mfL m/L m/L m/L O 97

number

Exanpl e

of turns
El ectrol ysis Au Au Au

97 97 97 11730192 454313150 42 51 6

[oprpllo[BableBl4a 15 1

[01721 (Experinent Exanple 25)

Experi ment Exanpl e 25 and Experi nent Exanmpl e 26, which

W ll be 5 despihednt at Bxpertgdr [aFtpeatheattl BExperiment
eval uate the gubaBieldit iendricda |r ekanlle 24
me [o4g7r31 fh e
cyl S cal |rot @mymcat 1.5mm _
Mesh coating _
(number of turns) B - Single
trezilt?nsént - - - Processed
Electrolysis AL Au Au Au
time (hr) concentration | concentration | concentration | concentrafion
(mafL) (mgfl) (mg/L) (mg/L)
. el a7 a7 a7
1 17 30 19
3 1 3 1 50
4 2
9 1
B 27
J 9
12 2
15 1

[0172] (Experiment Example 25)

Experiment Example 25 and Experiment Example 26, which will be

described later, were carried out to evaluate the durability of the cylindrical

rotary cathode.

[0173] In Experiment Example 25, the cylindrical rotary cathode 4a on
which Au was electrodeposited in Experiment Example 21 was disassembled
from the apparatus and immersed in 10 L of heated aqua regia for 600 hours.
The aqua regia was heated to be at 70 to 90°C. Further, with lapse of time a

portion of the solvent was evaporated to decrease the liquid quantity of the

aqua regia, new aqua regia was properly added.

[0174] After 600 hours passed, the cylindrical rotary cathode 4a was taken

out of the aqua regia, washed with water, dried and thereafter, observed with
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whi ch Au was el ectrodeposited in Experinent Exanple 21

was di sassenbled fromthe apparatus and i mersed in

10 L of heated aqua regia for 600 hours. 10 The aqua

regia was heated to be at 70 to 90C. Further, with

| apse of tinme a portion of the solvent was evapor at ed

to decrease the liquid quantity of the aqua regia,

new aqua regia was properly added. [0174] After 600
eydoto vphegedihet Sleawy change ofltheotwafycec af hbeleyliadweal rotary

taken out of the aqua regia, washed with water, dried

cathidvdetdachefofd ghd afiesamaersivi.n AfBr 600hdues puasadytamyt dieange
shape change of the surface of the cylindrical rotary

of GRbhedada efper of ahd afliRdricdl®otroNcatoder 460@abosdagcely
passed, any change of the surface shape of the

ob@i'kzw.d” cal rotary cathode 4a was scarcely observed.
5 [0175] (Experinent Exanple 26) In Experinent Exanple

] ' ry cathode 4 on which Au was
[Olﬁéc{%gg%%éﬁgggglﬂrwg%g&i ment Exanple 1 was
di sass I f r : ' ' .
For ai EaRe A kB Z6HANR AN Fa eI £8 hich
sanme conditions as. those .of eriment, Exanple 25 .0
ATHE AR e S, ERBRrfsnt Bk mbIE doAS (Patssk g from
when t he shape, change . of the surface of the .
the GPATRE AN by Bl gl bReE 4 sas i meryd in gava
portion of the titanium nmesh coati t he surface of
reglfcuR(ey the i Bane [opdityons é@h@t?@e4°€v§3§q’§é‘6%ﬁ“§t amplg, 25 to
the surface of the cylindrical rotary cathode 4.
evglyatsthe shapmphangan After 6A0 heyys passed, mheay thesshape change
Exanpl e 26 and 15 Experinent Exanple 25, it was
of thelensface of thatcylindnealnotag caghede dveay obedrviedi withyeyes, a
was approxi mately sane, use of the grooved rotary
poxtidrhofie¢he ntitgpliane nodsht beating ahe snrfaeshof the dylindricat rotary
the durability of the cylindrical rotary cathode. 20
cathb/IRhAlsepifite LA Ithe surface of the cylindrical rotary cathode 4.
[0176] In comparison of the results of Experiment Example 26 and
Experiment Example 25, it was understood that although the Au recovery
efficiency was approximately same, use of the grooved rotary cathode in
place of the titanium mesh could improve the durability of the cylindrical

rotary cathode.

INDUSTRIAL APPLICABILITY

[0177] According to the present invention, it is made possible to provide an
apparatus to be used for recovering a metal from a metal-containing solution
by electrolysis, which can be installed in a saved installation space and
reduce equipment load and is remarkably excellent in recovery efficiency to

recovery the metal within a short time.
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[0177] According to the present invention, it is nade
possible to provide an apparatus to be used for
recovering a netal froma netal -containing solution
by el ectrolysis, which can be installed in a saved
installation space and reduce equipnent |oad and is
remar kably excellent in recovery efficiency to 25
recovery the netal within a short tinme. 50 CLAIMS 1.
An apparatus for recoveri@pAiM®&tal froma

met al - contai ning solution by electrolysis is
characterized in that: 5 the apparatus conprises a
col umar or tubular rotary cathode rotating on a

shaft), B0 AHRNELE FHNIESDVRPRZS ht kR thfn I PlBEA]-containing

cat hode; and a reticul ated or porous conductor, at
g Te] i-d rotary cathode
sol {3 b3 REUHIgReTs PRtk AEL L (BALT, (O 0L oa Wi th

said, gonductor. 2. The recovery apparatus according to
cl ai i,apm%?téﬁsncogé?rdser?et al is a noble netal. 15 3.

The recover aratus gccording to clajml or 2,
a qalimia G TRE A Sadioa otk Sact Rdlti o
aver age aperture sjze 0.5 to . 4.. The recovery
any ea%{@ngeémpﬁﬁe%%fawm Céfh‘g%iaﬁ’ﬁl 1to 3,
wherein said conductor is a netal nmesh with an average
a yaticalafednan Rgroys conductsy, 1o 0.5 nm 5. An appar at us
for recovering a netal froma netal -containin
sol uatoleasy aipertion) 9Eia susfaceaph@add | satary rpagh@de grianged

apparatus conprises: 25 a columar_or tubular rotary
oppasitie de sait anodeyisorvated wath saidnepnductor.

2. The recovery apparatus according to claim 1, wherein said metal

is a noble metal.

3. The recovery apparatus according to claim 1 or 2, wherein said

conductor is a metal mesh with an average aperture size of 0.5 to 3 mm.

4. The recovery apparatus according to any one of claims 1 to 3,
wherein said conductor is a metal mesh with an average wire diameter of 0.3

to 0.5 mm.

5. An apparatus for recovering a metal from a metal-containing
solution by electrolysis is characterized in that:
the apparatus comprises:

a columnar or tubular rotary cathode rotating on a shaft; and
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an anode arranged opposite to the rotary cathode at

| east a portion of a surface of said rotary cathode
arranged opposite to said anode is processed so as to
be roughened (rugged). 5 6. The recovery apparatus
according to claim5, wherein at | east a portion of
the surface of said rotary cathode arranged opposite
to said anode is coated with a reticul ated or porous

anGRIvddGireang&dPopposite to the rotary cathode

at least a portion of a surface of said rotary cathode arranged

opposite to said anode is processed so as to be roughened (rugged).

6. The recovery apparatus according to claim 5, wherein at least a
portion of the surface of said rotary cathode arranged opposite to said anode

is coated with a reticulated or porous conductor.
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