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DESCRI PTI ON METAL RECOVERI NG DEVI CE TECHNI CAL FI ELD 5
[ 00011 The present invention relates to a netal
recovery apparatus for recovering netals froma

sol ution containing netals by an el ectrolysis nethod.
BACKGROUND ART 10 [00021 Anbng waste sol utions (e.g.
treatment sol utions) discharged fromindustrial plants

or the like, there are ' ontain nmetals, for
i nstance, Au, Ag, Cu, d?@S?ﬁ@ﬁtgﬁb p elenents, and the
i ke and these he waste
sol uti ons and rg@igbgLZgﬁgbﬁégﬁggfggﬁﬁfg@%vering
nmetal s fromwaste sol uti ons has been known an
el ectrolysis 15 nethod. [00031 As a netal recovery
apparatus using an el ectrolysis nethod, for instance,
TEBSHENICAIcBERBRD 1 proposes a recovery apparat us
including a cylindrical inner electrode as a cat hode
[086d] dFhe wresent doventden axclatesatode ietalar¢csvery apparatus for
surroundi ng of the inner electrode and configured in a
rezbvemingemdthht ftdr aasélndion sonbaiming metalst by eannelegtrolysis
plastic recovery plate is installed in the
meéehgthbor hood 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

BACKGROUND aferording to the method of Patent

Docunment 1, 1t is disclosed that 25 the nmetal s

[oﬁbﬁfiﬁﬁ]oi‘gﬁ%%% BRGAL Qgg St?‘é;ﬁﬁgn@rsghft%ﬁ edisChirged from
. urs1|eng ale pLashl CelreC?\r/eF% g ate Wiw{lj:m deg};g ting
mfgigts%n% p&%&%{ I%)"’r alef t%e,’ g'e e Aot gfé:fl c Fh %ﬂﬁals, for

_ er ea_ netal’s can recover ed.
kf90) 8 4RS! RlSERITNY, BRSO S thos

eff.iciency so gs,to recover the netals,wthin tinme
mgtals Ak GebovFed JERPHANS. WAENR YR OR ] HRSAe o ks § hethod for
apparatus disclosed in Patent Docunent 1, the netal .
recavering ymetalsc fome ywaste sphptions has E)@epakegwa ABnglectrolysis
time to recover netals. Further, since netals are
methadwl at ed under the cathode by scarping the
el ectrodeposited netals on the cathode surface by the
[0pD8ktAE o enetadr secovetye dppaPatestudsioguaeneledtrolysis method, for
recovery apparatus cannot be nade 10 conpact for
instafideg Paxeint SDatiuaienonl grepesedur trbesveryi apparasps cinclwding a
sonme ki nds of waste solutions, nmetals accunul ated

cylitidi@ical HaneRleleifody 8s s08@hodesan®ati 6atrvsidctzode as an anode
netal s cannot be recovered sufficiently fromwaste

inS@11d GASthe surPO@RdindSoft thB! Pskr’ QledtPsdes anidNgohfigured in a
netal recovery efficiency are proposed, 15 for

B A8 FE LIPS R gl e pce

Pat ent

oD g, bGPPI P 5B tP b BRShe motes

good cont.act, ket ween .t he ,cat hqde angd an gel.ectrol vii¢
o EPF A AR IA AT PR g O e LA P b yafhddd G such
co%&itligxll %ﬂ% ‘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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20 Patent Docunment 3 al so discloses a node of a
rotati ng operation nechanismfor rotating one of an
anode or a cathode and a node of installation of
stirring blades in the anode or the cathode to inprove
the nmetal recovery efficiency by efficiently stirring
a solution in an electrolysis bath. [0007] However, in

the case where a cathode disk. plate is, ysed just_.like
plifiic FE5EsLE WRUG N LAPUOICHRDHINE e gufial ogs iR plecticde and
nmetal. recovery efficiency, it is, required.to increase
acgupgilates waderthpethede pnd therpafier dhe metals gaa fyered.
and thus there is a problemthat the equipnent load_ is
[0804h Forandustrad repeveryindimeitals from mraste ﬁ0fqt1qr§, Hots desired to
t echni que proposed to increase the netal recovery, .
heagliten covenyeefficBumynsnas 40 peesyes dbeametstls wi a time as
recovery apparatus including a pipe-like anode and a
shpubas possibleh odigwewnay wiith the eddovatyaappamatusatisclosddein Patent
cylinder electrically connected to the cathode is
Davunaegtell thie mbealireoeversi efficivneyds deferiortdred itatatked e long time
[0009] In the recovery apparatus of Patent Docunent 4,

to rbéoviee mhétialat Efufthelailicé WetalydiodiRunilased added théeathode

i nner circunference of the cathode is 10 arranged in

byXcd 8pinigtHer Q¥&Rbd HdeRefalRf oS tHY batdode Wurfdd% by the plastic
cont'act of an el ectrodeposited netal and the anode

oy P pa S PR TS P gl camnot bo made
in Ei P J 4, .t
cofifldt 1 65 Yl PudeBlipbn, fodie, ¥ eI Rhptlot F some
.space. W t hout bei ng close attache o_the t hode,
i 2G5 MAste SoR iR mspalsh st Biaed Crbdif 1Bl Rifbege are
t he. cat hode surface js separated, fromthe cathoge.a
sotpdimh Jecietaltied an: TeSElS rnnot b GeoPRre SEgCisEY from
1. Japapese Patent Application Laid-Open No. 61-104096
washe SptutI9NSunent 2: Japanese Patent Application
Lai.d- Open No. 2006-70364 20 Patent Docunent  3:
[0005] A8 anethodrfor apereasing the metal yeererwelimigEyaveRroposed,
Pat ent Docunent 4: Japanese Patent Application
for wistiampes meghodz0esingssithobe SiskglRiesOm PaeniNDesmmemt 2 and
25 PROBLEMS TO BE SOLVED BY THE | NVENTION [0011] An
PatdépteDocuxhehb 8. present invention is to provide an
apparatus to be used in recovering a netal froma
[0006] aPateitt Bodin@ns @ discidbebythak adédteblysisis vdrridd oan while a
be installed in a saved space and reduce equi pnent

diék??lf&té R§ipé Satlesly 1Rt tEK €6 kkep tgdolﬂ dodMaétEBONRden the cathode
e

iciency for recovering the nmetal 5 within a short

andl | 1B el YEANRIE R utidn/ LG %QW‘% 2!2%%% rlétr:] Ve lefficiency.

recovery dpparatus accor 1 on

Pag%%tgpg?%\é@? gt zﬁgo wgc\igs'égge&a tnﬁn(g Z{jf Y 5‘8?&‘&3@ obéra?tqon mechanism

or recoverin

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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10 by electrolyzing 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

cat hode, and a reticul ated or porous conductor and at

| east a portion of a surface of the rotary cathode

arranged. opposite ta the anode i oat ith the

o OoOrARe] & GPSTIUHE ABTSeT 400 Gy haih 4o A xcsps extent
t present, i nveption_ can recover, for jnstance, a

aquamés rg|is fy i@m&baé the egrninmaarhioadas higheous

solytion. [0014] As the conductor, for instance, it is

088} Qmpite obher diandroakihongbhituid Mmanaatesbadgué proposed to
aperture size of 0.5 to 3 mMmor a netal nesh with an

ingreasadbevnetal diegoveryr efficiency, PatentsDppumpbt ¢ proposes a metal
preferably, it is desirable to 20 use a netal nesh

revovdryanppaentageimpaeding e gipelike @nbdé oafd nan tadshilan cathode,
average wire dianeter of 0.3 to 0.5 mm It is also

whereier abteticudatede or alathHeke wylindesr eleatieulbu sohadyted to the
havi ng aperture parts corresponding to the

cae_bmeeisrmﬁhhg@@@n M iAHEr SREHINFER Tk HF tBBdathiRicage W re
di ameter. [0015] Another netal recovery apparatus of

[obts] Hﬁ@th%nﬁecb{ﬂéfﬁnhbﬁﬂra{t%s%:f PRRADESUAEHT 14N thBaetich®ated or
apparatus conprises a columar or tubular rotary
;ad t ; ts anade.d s thaldpad ;
laPLES GRS, pRRGRE 8 e 5806 SoARRERAE LR hBleathode s
a:?én%gs%fo%g r 3 %&%‘&Rt %gﬁr&a&c‘&%s HHAPEE 't°8§°c%h‘t§ct of an
0 e anode IS processed so as to be raoughene
rugged).. EFurther, | east a,portion of the surfage
eLigt DOk isp 8 Ho a3 Pincithe. FRode BARE s SHleirply s PHICRAS pmd the
is.prefergbly .covered wth eticul ated qr .poro
mefal deleeFodepositidr omrthe geat o%e?mtsﬁ fhoem the, geathode.
to j.he present_invention, since at |east a portion of .
Accogding, ?% gof1 19fe Pagenty Decirmerte %r?%géﬂcﬂg’éééi pp lagh-like
t he anode is closely 10 adhered and coated with the
cylinderif anrenged ap@ snacecwithout being closelyrattaghed:ta thajeathode.
itself is processed so as to be roughened on the ]
Fuathéraee portien roft thie metal elgcteddaposindyon shengatbede swrface is
enpl oying the rotary cathode and al so the foll ow ng
sepdfated froam ¢he eashddd hpd excbihiuvlated under tiid gathode.
surface area of the cathode is increased and the netal
[00 ] oPatentBoeiheat 41 Iuphiiese PatdatApplictica 32dd-Oted) No.
Since the el ectrodeposition property of a nmetal in the
61<Aidoode i s i nproved, separation of the nmetal once
el ectrodeposited in the cathode can be prevented.

Pat&@f lBB@ﬁxﬁené‘ 9: ﬁgphhbgé‘gbtéﬁ%ﬁgggéﬁ&g %a%%‘g’fyef% i\ﬁg 20008-70364

nmetal separated fromthe cat ( .
ar K
Paldlft BotiitleRE B2 TABEee DACCHU ApbiiGatSh LA B N,
I essed cathode itself is used, as conpared wth
20@52%@?% e coated with a conductor, there is no problem

* PaRlayaBb Sl gnE S nhe i BRI APy st S TR b 06 28555

BRI EF DESCRI PTION OF THE DRAWNGS [0017] Fig. 1 is a
schemati ¢ explanatory view showi ng a cross-section of
a netal recovery apparatus of a first enbodi nent.
DISCLOSURLE Q%Tﬁﬁlgﬁ@N@O‘Nchange of Au concentration
(mg/L) of a treatnment solution with respect to
PROBLEMS T¥) BE SGLVED) BYSEHE, INVENTRIQNiph showi ng t he
change of Au concentration (ng/L) of a treatnent
solution with respect to electrolysis tinme (hr).
Fig. 4(A) is a perspective J?eM/shomﬁng a cylindrica
rotary cathode enployed for a netal recovery apparatus

of a second enbodinent and Fig. 4(B) is a partially
magni fi ed view of the surface cross-section of the
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10 cylindrical rotary cathode shown in Fig. 4(A).
DESCRI PTI ON OF REFERENCE SYMBOLS [0018] 1lelectrolysis
bat h 2anode 15 3rotary shaft 4cylindrical rotary

cat hode 5notor 6circul ation bath 7punp 20 8conduct or
(mesh made of titanium BEST MODE FOR CARRYI NG QUT THE
I NVENTI ON [ 0019] The inventors of the present

' tion.hav de varjous investigations to provide
[oRRYE s, BPir 55 412, Bro B STer BT 38, F yobiie 58 AFraratis to be
installation space of the ap atus, reducing the .
Ul REATCTIBE G Ml O @ Mede santaHRInRTalbPR Y, elegtrolysis,
efficiepncy. As.a result, the inventors have_ found,that .
thilowd)ebe pgstalladomz @ savedsspacecand reduge equipmgpy load and is

cathode, if at least a portion of a surface of a
reprkebly sxneldentainathse deepiess| efficiencyn fom seeoviesing fhe gmetal

with a reticul ated or porous conductor or at |east a
withint ashorff time5 surface of a rotary cathode arranged

opposite to an anode is processed so as to be

roughened, the el ectrodeposition of a netal

el ectrodeposited on the rotary cathode can be inproved
MBANS #GR 8OLVING THE PROBLEMS el ectrodeposited on

the rotary cathode can be efficiently prevented and

[0@rziodinBeh VrcBeeBhpharFR 69 WRENrdhE 1t6 tBE Pesént invention which
remar kabl 'y i nproved and these 10 findings now | eads to

soRRERh8 BN e GhehtiBnBl $6Plent S VA | LARRIr recovering a metal
Hereinafter, for convenience of the explanation, a

by, QGRS ARl ARodiRh g PR SO A At MR bt the

[ by i t ti I d 3

o8y, RS, F s P il AL AL o o

shaft’ Pecilod i ahed obpomte i Fhe EStmanBoderme b tichlated or
an anode i.s progessed so as to bg rou eneg 'bs d

POEYHR P ‘é"teléla}@ga& eagle @ PR HIORLBE AnRiRTaCe 0§ $he| rofgi, cathode
of the first enmbodi ment and the second enbodi nent are

nResiteds the amede ismoated math the sandnctoke cat hode
IS prefera?ély 20 increased at least 3.0 tines to

[0013]g Fhermetal rasoaery eppatatpsesf the pnesentFAmvension egmeecover,
the surface of the rotary cathode becones consequently

forrimstgmce, 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 mésh 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

4
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in both enbodi nents, both are also common in a point
that the el ectrodeposition property of the netal and
exfoliation resistance are inproved. However, both are
different in their concrete nmeans, that is, in 25 the
first enbodi ment, "external neans" of coating the
rotary cathode with a conductor is enployed, whereas

4ot e ?ﬁ%%@afée 4 s bR ol T4 o

The recovery appar s of the ent
CAORR S Jo95t & RORHOBAPL  CREAE. GhHor PRy <Bhde arranged
desi gn rmdl fications can be nade_wi t hout artl
ognasHet lothenede wprosesied w5 as fe b, srreysgr@ &@ *Further,
[ 0022] First Enbodi nment A net al recovery
ataleast a pertiar of dha purfacerfsthentutarywathedengrrangedaopposite to
col umar or tubular rotary cathode rotating on a
thetmiade mprafoubly cowrgd dvidh posdtiaulated oepoxstugropnductor.
cat hode, and a reticul ated or porous conductor, and at
10 least a portion of a surface of the rotary cat hode
arranged opposite to the anode is coated with the

EE‘FEIIEIESQ)F’H}DEZNVEN’HONthe "reticul ated or porous
conductor" that nost characterizes this enbodi nent

[0016] AofdRiAtdtle JRBeAPIAVALtibNEsTHRBUME 16dstt poetion of the
used in the enbodirent is a reticul at ed (including a

sdrﬂée' 6€ “thicK fotady QQGH?M% drral E%Hebﬁﬁ(f)éﬁé tosﬂﬁ@tddﬁé is closely

referred to as "reticul ated/ porous™). The reticul at ed

a(ﬁ{ereatéx%r(f goéfelﬂre“;lﬂ{ Thé $ Bg, a‘%@fltdrcg!n?ﬂsy cecfldﬂcrt@xd o?'%ﬁe rotary

I nc ormin W res verti cal

BT 0 o 1 BT A 5 meva

s of reticyl ate

The.interv
repSyd P lopey A5 PR LY cTploging hd shtand ashede apd also the
|mted nd anong wi.r 0 g the conductor, those
follgwang effe ?téc'ft’ieo'r? 32’23' F‘EQHE%g densel y and t he
others may be arranged sparsely to formrectangul a
1) gehre @p@quar axea §f fw%pég aingeased Angh ghe rrnatal recovery
ma_nner that the form of the reticulated or
effigiency és remarkpblytinceegaedt s i s a rhombus or square.
Further, a porous formjust |ike a punching netal or
(ZhSmepﬂmokddcﬁ-Bdepdmtmhmmpgrta aflaunsdtal in the cathodghis improved,
hol es may be enpl oyed. [00241 Further, the
separaxdonct of "thes metpli bade t eleba*odeposidmt iwvi the tcathode can be
extent that the electrolysis is carried out and

prevéRieddi 'THerefored d1Ebdditie¥tiaitichén$sth Ufdrofacovéihgi the metal
an electrolytic solution. Practically, for instance,

sephtARUUTOA WheStAhBHE IS nd tn%@li td 'beai['i‘.ls%ﬂl@& *seﬂﬂa%blyt #hd€hus the

recovered may 5 be exenplified

éor neémsggé%%gt r%?bféé’é’g"t a portr on of theufg?;ryi >
OE Bk oA SR AU AL B R APl coated
wrﬁea; rofghgtib et B %63@%33: ?ﬁq%ﬁ)fraﬁaqﬂi§fts§#ﬁ% ton of
. Si
coRgRstey i rupeat HRAgaY B Surabilie 1 gearel

coated with the reticulated/porous conductor wi t hout
any gap, the surface of the rotary cathode is nmade
rough and a netal is el ectrodeposited and collectively
B &ES@BJEHQN@FH‘&L@%RAWﬁ\LG%ce and the
el ectrodeposited nmetal 15 hardly exfoliates fromthe
surface of the rotary cathodg and therefore the
el ectrodeposition of the netdl is remarkably inproved.
Further, according to the above-nenti oned
configuration, the surface area of the rotary cathode
is increased and therefore, the electrolysis
effrcrency 'S |nproved and the metal recovery

PN N N ST
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25 [00271 In the case where the reticul ated or porous
conductor is a netal nmesh, it is preferable that the
average aperture size is 0.5 to 3 nmmor the average
wire dianeter is 0.3 to 0.5 mm In this connection,
average neans the val ue cal cul ated by measuring
aperture sizes or wwre dianeters at a plurality of
Lht,s. of the tal .mesh and, averagi ng these val ues. .5
[00dgbefier 1L 15 schemagic SEUARAIAYSIER SHoWRE AHRES Redion of a
is less than 0.5 mm tgﬁ mesh i s excessively fine.
hadirs

metalinegpvenyrannarafye p hem e of the metal
mesh exceeds 3 the nesh js too coarse. Therefore,
st i r rfigg 2e¥sf @ @apbrshovengr @ shapge of AvcoBrenizationdmalL) of a

or the surface area of the rotary cathode_cannot be
treament selusios withorespadf tp électyelysietinag fidcul t to

devel op the effect 10 of inproving the netal recovery

ef f i dfign8yislaygiagl showing tiee ehauge of Ysi eonebhtmitmmc{mg/L) of a

[0029] If the average wire dianmeter of the netal nesh
tresthess sélogionOwhnfespbétetovdleetrolyasie tiaie (lsr)t oo snal | .

Further, if the average wire dianmeter of the netal

nmesh 1Esc €Al id apdidpettive Vidw shiodBEe! cyEndfieal fotgey cathode
Therefore, 15 stirring effect for the treatnent

eniployel OBr 155 nl RUE FEChvREY ldpDasHd 6L a2deRBn8ferhhelibd® ¥nd Fig.

cat hode cannot be increased and accordingly it becones

4@ id wwagiw\éﬁ%gﬂ#&? Vibwe ok ﬁfeh ieélg' o @g?ésb&c%halof the

recover y I nproving t ectrolysis

ey Bl temy cothaad SRk g aA), Tesh particularty

e as ‘an average aperture size 20 of 0.5 to 3
nm and an average wire diameter of 0.3 to 0.5 nmm
[0031] Additionally, in the case where the reticul ated

[ , It is preferable

DRSPS I R REN RS BB par s
coryesponding tao the average aperture size and the

[ngf' dge wi edecirelysisdyathy t he above- nentioned ranges.
25 [0032] The netal nesh is preferably attached doubly

2to0 q ply to the surface of the rotary cathode
The area of the rotary cathode can be sufficiently

3 i ncr eatay shaffidj ust ment of the nunber of the netal
mesh coats to be double or nore and thus the netal

4 r ecocglindeichi eotarg\cathodd urt her be i nproved. However,
even if the netal nesh is wound (w apped) over 5

5 quadmygpdoy, the effect of attachnent of the netal nesh
is saturated and the netal recovery efficiency is

6 Scar eelculstisnpagnhand therefore, it is preferable to
adj ust the nunber of the netal mesh coats to be

7 quadzHﬁhg or less. [0033] A nethod for coating the
surface of the rotary cathode with the

o reti S | .l.synot particularly

8 Iini%géghﬁgéqﬁﬁgﬁﬁ%%ggq#%g%%ﬁhﬁ%taI mesh may be spot
wel ded on the surface of the rotary cathode at regul ar
intervals and fixed without a gap between the surface

BT MO IR AR ARy TRV BERTION o o i s

enbodi ment is characterized in 15 that, th apparaafs .
[0@ 19} Thee sinyensprsmeaf  the  pERAeat AsveR{ioRat e made various
_rotating on a shaft and an anode arranged opposite to
investigatiens) toatmroutdearal recoverystappayatus opapsable ofiryaxing the

of the rotary cathode arranged opposite to the anode
installatimre spade sof dhet apparatmsghedenting Hehes eafudpment ldad, and

rotary cathode itself is _

6
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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 nade repeatedly usable for a
long tine. That is, as the first enbodi nent descri bed
above the configuration of coating the surface of the
at hode th the cqonductor,, the co tar co
ex&ﬁ ?H 1% £ Rt reﬁegetw Qepsr at*"e%l af %HE‘%# eSOVEY irs have
of the rotary cathode long 25 tinme use of t .
foppd 4bat dm orderto lmtcr%sseb%w@ 2a¢watq frierqtasy §6Hamenbfsat least
makes the wire diameter of the conductor thin to )
a poviden of resurfane of @ retazy wathede parargesbappesite t@an; apode is
ot her hand, in the second enbodi nent, since the
coated axdhaa exticulatedr engertoby @mubesei 0y athdeasst argortion of a
cat hode itself w thout using a conductor, the
suafiwecofi® potarpad thoddherangdd oppositdtd antdrdeasgirocessed so as
do not occur. Therefore, long tine stable operation is
tonbélropghehéd ethd QIsttoddpstthery ofn@ thetiledlecivdbpested on the

may be formed on at |east a portion of the surface of

rotéley r @ithblle CARO0GR difpriovedOtan@eCRpahtibi H8YEhé Onlal once

fornmed on the entire surface. As descri bed above, in

elddtks eﬁi{;ﬂﬁ%ﬂ”ﬁﬁt thé trot Lé%fbh&d@ Mant Bef OFRIdASY }t)reveilt(:)ed and

roug sSo as to m e surface area after

acPar geggs L?thje Fgcorv% REESRNBS i8kel ﬁhbﬁr ﬁnf)f(ﬁ}%ﬁ zi'ﬁd these

ore e processi ng. urt

d_on the. surface may be
firdl ik g A0 8 sobfigBin bidRe et e ccr i ped
and or .nstance, fing.rou

O4FAE Feits e D e f difotHAGFiokn 3 TPepsy apparatus
parts such as _gr.oov and hol es can be for by. a

usghg 13 AgtaRocaode el wivigh lagat ty2 ROREPRS o5 sifagh pranged
may be forned by special processing. Further,

oppeaiterghpa anededs goated wikhy ageeticlataghpg Rarous conductor is
roughness and the average hei ght of roughness

sopitihes ealledots {'fisstpempbediment” and 2 aeecwersy) appgratas using a
about 0.5 mmor nore, respectively, although they

rotliryf eathode af wiiclant beaﬁittahp(tﬂtii)mblﬁm surfade srrangsd eppwsite to an
rotary cathode to be used. A preferable form 20 of the

anbdeeRsSpocossdd Be ake36rbdedughened ds |sondtimesf cillude ast'Becond
an apparatus illustrated in Fig. 4. [0036] The form of

eniBlingasgmness fornmed on the surface of the rotary
cathode is not particularly imted. For instance, the

[0GSOe TR, BRVLIRE g éﬂWoHﬁﬁ%ﬁ% eén& Of e CsdlcBh T @hﬂio@ﬂﬁieht are
(herelnafter sonetines referred to 25 as hol es)

coﬁuﬁ?% g{IP Q %%1119 efl?en i\ﬂ;fz%és laX' g 9P nk h@aﬁﬁﬂgo ?@ preferably

sur Al't'er na es an grooves nay

B B88 N HTBL T T bRRBA T S 55, Hincs
ek IRl MRS AT i 58 v

pe, 5 \Wshape, vy, the |like as the shape
in h@t aSBRAIBISRES.y | b fire rals0. SEEVTOR JBr @ cBiY tilat the
the cathode surface. [0038] The _ appearance of the

electraslepostiigmrproperty sof tbe saetalcandr exfoliafion jragigfance are

_ for exanple, may show linear, curved, rectangular,
impodverbnatowever, ubath, axsr different in their concrete means, that is, in

the first embodiment, "external means" of coating the rotary cathode with a

7
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sharkskin patterns. Further, these patterns may be
properly conbined to 10 formthe roughened surface of
the rotary cathode. [0039] A processing nmethod of the
roughness is not particularly limted and a
conventional surface-roughening treatnment may be
carried out on the surface of the rotary cathode to

MR R TALE A H L -

process, an electric discharge process, a |laser
of é@m a xp emdnér%gségﬁa&ﬁdbx PEOPGSREIE rﬂﬁ?tl}%w gathode
. plate to be a material of the rotary cathode nay be. .
itsgHesskhe recoverynapraratys of ciheoprgsesh dprentios ¥ not limited to
V-shape, Wshape, wavy, or the like and then the .
thess: einbedimpentscamd design nlodéficationsecay be miade stitkowt departing
forma rotary cathode. A netal to be a naterial for
frarhéhe parit andtscope of Cherpyedemt ihwenaanpl e, a sintered
sponge-li ke Ti having high porosity produced by powder
[0022]aFitst Bmb68®¥AEnt n t he second enbodi nent, the
surface of the rotary cathode having the roughness may

be cgafmetalddcbvéieapparfuseidesrdiaad this pRiYdiment comprises
conductor. Coating wth the conductor can further

a doMeheROritiBuldy FReey datRodd rdtle A QisMa¥t, G BA6&e arranged
For exanple, Experinent Exanple 23, which will be
opﬁegiiﬁé kOl E@éa‘i'g’cat't o@é‘,u&@ me%%&gaﬁr@rgm&g)ﬁh&gggﬁ&%nd at

one turn 0n e rrace o

Vi o . . .
Lo, RrHbR N SRR O rltely, bR (HRafiEl® R to the
und once on,the surface of a rotary cathode having

anﬁ§9é§8%8@83§¢§ gﬁﬁ%ﬁ#Wé%ﬁ 1, 5 the surface area is
lhgreased ang g.netal, can be recoyered,i short .

0G4l Fivst, the erabighiated OBbazaus cABAnsors thaf cgogs characterizes
grooved rotary_cathode wth conductar, in )

thigmbediment Wil herlamadet The et eﬁgh%mfmctea tp begised in
area by form ng the roughened surface of a rotar

the sembediment ir4 aretignlateds Gpgludingamy lotkipeidikes aar pporous
further increased by w nding a conductor only one turn

(hereinafteh sometiangs vefermibto 25 "eticudated/paronstal Thereaticulated
recovered in a short tinme. [0041] The surface area of

or lagticeolike Viorat ixodet tparteulady Kmitddhanfli maty andiode reefiorm in
and the second enbodinent is preferably at |east about

whiclkh) wirs®extendal gereisalljiearsd hbaizontdley 06 droesédioary form in
cat hode before coating with the conductor or

whitlPGassd BgteindelaslahtRly A6 RB6SRd With Wwirdd xtended vertically.
preferably at 15 least 3.3 tinmes and even nore

The.iat&val y%?ééidlﬁaﬁd Gr ﬁa&icgﬁﬂ;ebgg&twé {p@ff?s HERoPpattiGularly
rotary C.at ode 1S _rmre prerera as | | S Ifarger,
4S8, bl L4 SolloS P 96 0uPRRT Bosd B GHS hirection
mepy B¢ AR SoPei 0 Ak Sy AP B b clrgiteed sBarlf to form
rec e PR AbTEHS P T BB PRoRFAREA ifla fiuner that
the, fema Gy sotivuiasedror kaiice bba AbeTHIG BORR it & Haggbus or

to be used for the first enbodi nent and the second

squangedifunther, & poransufarm just like @ punebing metal pp@a expanded

rotating on a shaft. Use of such a rotary cathode
metak havamg arphoradity tdfdhedegh holesinayldie efployeshcy and

the netal recovery efficiency In the present

i nvention, as conpared with the case of using a

di sk-1i ke rotary cat hode jugi i ke those described in

Pat ent Docunent 2 and Patent Docunent 3, an

el ectrolytic solution can sufficiently be stirred at a

smal | nunber of revolutions and therefore, the

equi pnent | oad can be | owered. 5 [0043] Herein,
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20 that the electrolysis is carried out and
insolubility sufficient not to be dissolved in the
netal containingsolution (that is, the electrolytic
solution) and not to be eluted even at the tine of

el ectrolysis. Practically, for instance, titanium and
stainless steel or an object netal to be recovered

D51 i Pl Bend iy (o come

extaRh oAt o BIRSTAYEr dAGEATTI htbLASRaC BBy to 2

ci rcunference)_ of the columar_rotary cathqde. ﬁ )
metadisoniaining sehydens thatelsaamaplgstrolyfie weleien ouhmtipally, for
of the columar rotary cathode is not particularly
Inphancectitamiym podes t@m%sa steel v Anf dhjesfemngitabta be seesvgred may
appar atuses may be enpl oyed. Accordingly, either
bepixemaplified or tubul ar anode can be used. Practically,
a plate-like or tubular anode may be arranged in a
[0625 &thet bdveerdintel Seticalatdd drhporiusceorfdrrctor’ds formed as
(outer circunference) of the colummar rotary cathode.
tolcbat hetlenta phtich af pharstaly leatleodidgnd Theswdted Astary cathode
plate i ke anode is arranged in a manner that 10 the

Anpsegd B otﬁﬁd%iﬁé t6 diD ahble SUUNNKR PhtddieDoeliiEMdr4, there is no

rotary ca de coated with a reticul at ed/ por ous

gapO(aetPhin Ghe! BaldSyRate A c@ﬁdh@ﬁ)rcgﬁanﬁﬁr rﬁﬂiﬁr Yathode are

cat hode haV|ng roughness. Such a plate-I1ke anode may

" P SR S e
rofaq'g q Il!%tﬁg(f X 81'1' #’%ﬁ’ Ooppo%?%' 8u t Egd ecb%&irh 1Rith the

e“ay t
re{las%%%?%%i%jicoﬁépﬁ S OHa AT slaﬁh&ﬁ SHErafR et the Sotary

rrangenent, net hqd of_ t he an de t rran
ca@zwﬁ*o dnage (el and g Erderoanat send oqogx%tlvely

t hode nay be substantially sane as those in the cas
agg merated ore the Jenghened ssurfaca mauk theo ejentemslepppited, emetal
case where the anode is arranged in the inside of the
hardlyypafoliotes éeoan the swefaee of thentosaryneathodé@nd therefore the
reticul ated/ porous conductor may be forned on at | east
electeodepnsitioguof tlee mettal ne cessmakablyt mpooved. sBufthee adcording
the tubular rotary cathode. On the other hand, in the
to ths abote-nientieeah doefipart tican) tthet dwarfa@ugtsicsf thmyothey cathode
formed on at least the inner surface , if 25

is e@reased Yand bBerRfbRy, tHe' ERetrodysis ffitithidyals impasved and the
cat hode. Further, the anode may be arranged near, or

metAPrécovely Efﬁ&eﬁéﬁﬁ&n%@%ﬁﬁ%@& shaft of the tubul ar
rotary cat hode. The present invention uses a

[00"2‘6] aI %&ﬂi&ﬂe }Eéjgﬁggé‘&x‘g&ﬁéh@d egms&o&h tx%danggé tﬁﬁg@r formed

ar cat e rotated on a s

oS L 500 AR gl 05 o
%a%téibs?érmﬁ@ Wafati wartalh on %5?%%%&aibgﬁéﬁ%i%ﬁs?e3%¢t§olysis

i,nto contact with each_other to i ove t he

St f%ésme fand;acseydingly leads, & ingerieanee oF thermetal

a short_tinme. 10 [0051] The rotary cathode is
recoyareefficiendy. not i ve power of a notor, installed in the

apparatus, to be rotated. The C|rcunferential_velocit
[00(2r78tlatﬁb@rca§9e@@grecﬁhetmimf@dwrdmmud@onducﬂmg@dmm mesh,

accordance with the size of an electrolysis bath to be

used, the solution anobunt tqg, be supplied to the

el ectrolysis bath, or the type of an object netal to

be recovered and therefore 15 it is difficult to

define it. However, for instance in the case where a

noble metal is recovered the circunferential velocity

is preferably controlled in a range of approxi mately
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[0038]i

[0052] It is because if the circunferential velocity
of the cathode is less than 0.5 m sec, the treatnent

solution in the electrolysis bath is not stirred and
20 the treatnent solution is stagnated in the

peri phery of the surface of the rotary cathode and it
becones difficult to inprove the electrolysis

it §1 DG 1345 e PERE: anPyBe s e Blo gplOLRly dvorace

nore prefer .J mse .nore. . 0053]
wilp saaBeter s Rt B4 ey oL ARiSHonFiertien, gvehaepimeans the value
aggéhggf exceeds (1.8 25 m sec, the treatnent solutign .
calqulated by IReATIIARE aNRITWICEIZRH(OF sSWHTer diapelsns Gt 3 plurality of
(otagy cathode is inhibited to _rather |ower the
poaniscafitbeymetalanesh padgyeragingnbese values
circunferential velocity of the cathode is too
[0028) dhthel avernge apertwraisizeodlitheometahmeshnis/lasg thag 0.5 mm,
the treatnment solution overflows the electrolysis bath
the amesluse axcesdieclyofidie! i Hurtlon it the mvieyage pebture size of the
circunferential velocity of the cathode is preferably
meétd] mséstdetdeeds 3 mins cheomekk 3§ tod ¢odrse NoThepsforerstiring effect
1.6 misec or less and even nore preferably 1.5 m sec

foothd ©188tmbAPsdlutd R IBveet® bR the s@rfate a@6QBLIIRSrdMry cathode
enpl oyi ng the apparatus of the present invention nay

caﬁgot HOhin&reaEPA andNARLEIITRIRShedohedMiffiddR tlReveldifthe effect

10 Exanples of the noble netals include Au, Ag an
' u Pees Rifle electrolysi
of eiliioDHiE HhO" b TR ort | Sficiney by, Mipri¥ifie We clectrolysis
ﬁﬁﬁXﬁ ion is used, precious noble netals such as Au
e A Z .
can bé recovered at a low cost within a short tinme as

d wth a case,of conveniional ,recovery a
oG B B Bverhed, EER AR aRR o Tho PG RESK S o than 0.3 mm,
i nvention |s 15 extr ' yv. useful..as a nobl e .metal
the &¥ig, Si3mePdensTHalim Lurthas e {vsa88p Wity diameter of the
met al - cont ai ni ng sol uti oan whi ch_cont ai ns t he_ above
metal gnesh pxseeds 81-5 eanm.obhe yare diagater igetno laregnd Therefore,

may be typically a plating waste solution, a

st mﬁe&pmmtl@fez@a@mmﬁtso rislowaredror thegupface area of the
sol ution of washing water for plated products, a waste

rotaoy utdthonde fcamxbb | heainanaseshgadt sc@ddiglyt itcbdcores difficult to
[ 0056] The electrolysis conditions for a

develop! theoeffectnof impodvingotheuaiatal récvalry efficiaey dsyy improving
apparatus are not particularly imted and for

the sREptotysis lefiéiebysi s may be carried out at a voltage
of about 1 to 10 V and an electric current of about 10

- [0030]12Fh8 meétal A0S batfitlarly pRifetably 1AL5h REERES hp&fure size

on the cathode surface froma netal-containing

of 5% 143 At PLECHELYS Wire HmERLNS 315 0.5k, Out of

the recovery apparatts and the cat ode I's inmmersed in
(Ol 3880, 6 RS Il BBF QKB o i

Next, the tal _recovery apparatus of th resent
a PORouR 9% 1 19 PrefeEalls o, BE B orhuP cong g ing jlieture parts
reference to.drawi ngs. [0059] .Fig. ,1.,is a . . .
conz R BE P JhEI TN B SPCEBISiHS Rod dhegrepgaire digpeter in
a first enmbodi nent according to the present invention.
the abeve-mentipnedeangesnal vi ew of a recovery apparatus
usin% a cylindrical rotary cathode 4 coated with_a
he ametplomesbr isupreferahlyt afitached, deubly tpyquathawlyto the
state on the surface 10 and an anode 2 installed as to
surround the outside of the Qgtary cathode 4. In Fig.
1, a reference nuneral 1 shd an electrolysis bath; a
reference nuneral 3 a rotary shaft; a reference
nuneral 5 a notor; a reference nuneral 6 a circulation
bath; and a reference nuneral 7 a punp. In addition,
the netal recovery apparatus shown in Fig. 1 is an
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opposite to the cylindrical rotary cathode 4, and a
reticulated or porous 20 conductor (titanium nesh) 8.
At | east a portion of the surface of the rotary
cathode 4 facing the plate-like anodes 2 is coated
with the titaniumnmesh 8. In Experinent Exanples 1 to
20 described below, this recovery apparatus is used

LR TR sl S o1, iy cegoon v
4 ] [ [
e B SR SR TR B o 7BE Gy Shech conte

inventjon. Fig. 4( IS magni. fied view.of the paft
todte gd V% FROTE At %lav%m e TaPHH FECONe I RIGAR Fee Turther be
_4(A) circunscribed with a square. Recesses (grpoves)
imgiroped: c&losvever, engpeifathe rmgtalamssky ds rmauaa &W@pped) over
entire surface of the cylindrical rotary cathode 4a
quaidswnly, theieffect pApttahmenthofithe meatal meghpis satmegted and the
grooves have a width x, an interval y between
metzil ghtmery g fliciensess saamdely diemiged zand fl3aefore)ittis preferable to
respect to the grooves, grooves may be forned in the
adast thenb@abel beché aretal anghtdvatsito barfuadenple of leshe
rotary cathode or may be fornmed in the vertical

[00B3leA mPéthiod fo3r 8bathg tthet Berfabafdf the tacaryotathode with the
cat hode. 10 Alternatively, the grooves may be forned

reiieuﬁtb@#)b}&@s lebk@uérMsb¥iof YaFtidald e Miitddtfor instance, the
vertical and horizontal diréctions or in a rhonbic

t. [ I ' el [@nt | t
mefRl inEEh ht§ B SPobYrCIAE OF HBPH Bl of i kry cathode 2

re%élg#@?&%ﬁ%f% iﬁm@in iii)}?e(P Qv%l?&g/ﬁ% %ggr l?et%e‘ﬁr tHEP F&rfag‘? )E/)? ih% rotary

I nore, en nore prefera
r re. The,15 size of the recesses neans the
caw%a%?tﬁﬁgm&%m “in the case where the recesses
ooV d,.t he dianeter of a corresponding circle
[O@Zﬁt %éc%‘b‘gm@lﬂ%ﬁms in the case where the recesses
are holes. The width of the grooves . be neasured as .
the rhbei maaleroeeTst AnRRrais OE Bis orebodisnenis chazagteTized in
in the horizontal direction, concerning to a )
that the apparatys comprises atcolupnarerdubméeraligry gaghode rotating
[0064] The interval y of the recesses is preferably
on(G Shafhaord anaaodemreanged epposie to the vetaryrcathedriandat least
nore preferably 1.5 nmor nore. In this connection, )
a pdréionndfex waifaoé of bhke recaysathodansrdripged opmosital to the anode is
bet ween nei ghboring grooves, the interval between

précisebd 8biasdtold esuglenddie Thé etvfalce 2F thetroeary cathode itself is
nei ghbori ng grooves and hol es. [ 0065] The depth z of

prédRsé@BSHL o be RAERMA 6 théreldBe ¢he Rirface™feéd of the rotary
preferably 1 mmor nore, and even nore preferably 1.5

catHBdR sBQh&t thd I{lﬁt.eﬁ n%)@(?‘?ﬂ% %%Elijeerlr,gfca‘if BthnefedsB and also the

recesses neans t the di stance in

o, AFEPAE Sy Y BFLIER AT I e T i,
hqd f 006 I n,th ' t
enh A B8, 0S5 RebAE. FHRCHBA AR Cor o e

lindri,c cat hode 4a sho

ich,the c rota i,n_Fi
supfapg of tha abarEattinis BYSHtie CatRgtosy e fghductdr colt on the

experiments, Additionally, .in eri t Exanple. 2
surfase is pegsibly é@pa@tegﬁmmeaﬁu%g%ﬁﬁgﬁtrﬁ%@ %ﬂé@afdoy long

_illustrated) obtained by further coating the surface
timg usec9f ithdr radary reathoge calhasidesause lppEcHmMg Jipgesometimes
are formed with a titani um nesh was enployed to carry
out the experinent. EXAI\/PLES 15 [0067] Hereinafter,
the present invention wll é descri bed nore in detail
al ong w th Experinent Exanples; however, the follow ng
Experi nent Exanpl es are described, purely by way of
non-limting the invention and it will be appreciated
that many nodifications and variants can be made
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be described later, were carried out to investigate
the recovery efficiency 25 when Au was recovered from
washi ng wat er of Au-contai ning cyani de type

pl ati ng-coat ed products. [0069] In Experinment Exanple
1, Au was recovered as follows, using the netal
recovery apparatus shown in Fig. 1. [0070] A

mefesy it i qﬁ@ﬁ%?@i&:?@rftﬁt %ﬁ@?;@% 2hB hEpEEc/or the
1 H 0 / . . .
weldid BaSiroRoty: outha Athisndind. don e sehend P b PGy since

on the rotary_shaft 3 by operating the noto ..J]0071
thergarfage ager it increased Py propweng tgﬁgomecaégog? ﬂ'g';ﬁfﬁm]rthout
and cylindrical with a diameter of 160 nm and a | engt

h
usifg 200ndmetan dhe abgveomentigued prolglems attrbwteditashe conductor
havi ng an average aperture size of 1 nmmand an average
do wiot @cciuam®Eherefifre Dloh gtime2gabls tparationsiswoade passible;
around the outer surface. The titanium nmesh was wel ded
[0085] st abeldimentioned esegnedst maly heofdrimedsom fatideastfa portion
the cylindrical rotary cathode 4. [0072] Wen the
of thy basfac@ b thoastae# cathede dndi ik iwittndcaldarilyl lnave dbbe formed
consi deration the parts where the cylindrical rotary
onCEI QR BNPfacBE tAS adds¢FbIES AbYRE € ik thighémbdtoment, it is
contact with each other, the surface area in the case

su%ﬂg‘i’({ e%(h %o g’c‘él%' Hiae s bk aBi MAkAeEHe Wasfagk taehesfter the

surfa of the cylindrical rotary cathode 4 was

P BSLREE0 AWk efood RS 188l LT hESREOERre he
titani um tac . [ 00 [ I

ordsp e CREgy Be bk he ipikbatess o tR 1Bk dp VR Sirface
anpde 100. mm x 250 were jnstalled one . ne |

maobs FhADER B dbessig hed 5% gehith, 81 3¢, dipEpBea1afer nd for

. [0074],.The electro)ysis bath 1 s filled wyth 30 of

insfanes, %%%50¢%bn%§§s¢ﬁyl}€gugsvm% papm%g)r&eﬁwﬁae%}@a“ and
pl ati ng- coated products and having a Au concentration

recgssegl patfsIsugh as gvasxes@nd belescaprbefprmeadeby acithing process.
solution overflowing the electrolysis bath 1 was .

Alternativelyn shackskin qratternsammay kendormedchyt epecial processing.
supplied to near the bottomof the electrolysis bath 1

Futthen prefecableurangemn obdhb #vdrpga imbervals tof xiughresseand the
the treatnment solution in the 5 electrolysis bath 1.

avé@éHeighe of sdwghmossa(diffeite ek rof hatprdjdctioniseand recesses) may
el ectrolysis bath 1 was 10 L/rain and el ectrolysis was

be @dolult €5 QHim dt Bo¥d)| fxpectilely, btHough theyedéffér i accordance
current of 12 A and a circunterential velocity of the

i3y iR ghi ; r avpdfbidble fi
i) S A s e 01 641 it o

o[BS S Q8 M Bt pa

roms el ectro

. asur.enent gre shown in the follow ng Table 1.
m‘%ﬁﬁﬁ’i’grl,n]fn]ﬁeil:hange of the Au concentration (ng/L) to

0, bS5 Y8 Pt BB oAl b B i, rotars

poqent when el ectral ysi s was rrjed out for 3 hours
catfiRBO NS BORRITIGRIEN DIIHL. ¢ OB HEREIG| the giroqges may be
| owered to 1 ng/L and Au in the treatnent solution ¥/as
shfél@ztnes@lwssfpw@domtten@@snﬂac&eéﬁm#éere;spmmmeﬁlre erred to
rotary cathode 4. [0078] (Experinment Exanple 2)
as holes) and also grooves formed continuously along the cathode surface.

12
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20l n Experinment Exanple 2, the effect of a titanium
mesh on the recovery efficiency of Au was

i nvestigated. Practically, electrolysis of the
treatnment solution was carried out in the sane
conditions as those in Experinent Exanple 1, except
that a cylindrical rotary cathode 4 with a di aneter of

60 nd | ength of 200 nmm and havi no.titaniu
Algratie R sheles “Saif ahovRa maTeRe dTopFEYCghRkime Edp Brm the
rofqar cat hode 4hi n Experi t Exanple 1. The Au
ropghered purfagy obthe petary cat - sol ution was neasur ed
at_every several hours fromstarting the el ectrolysis
[0937 (The exosaiseetional Fhape #f themovghaped kis; ot particularly
_follow ng Table 1. Further, the change of the Au
limitad emd mayde, fomexample, arectargulas galysonalyd/-shape,\gshape,
shown with in 5Fig. 2. [0079] As clear fromthe )
Wishialpeyiwayyl e the liket askthe5shape snt theé mase ofhebgerving the
concentration of the treatnment solution to 1 ng/L.
cro$30&Qtionveartizpbto sle cathddessurésuel t s of Experi nent
Exanple 2 and the results of Experinent Exanple 1, the
[0088luIThe AipdarRace GEthe Ryaghured?p i is ladsedot paitic¢dlerly limited
time taken to | ower the Au concentration of the

anld RRRBRIp]S Oy show AnédafBukvil Seahi@igul Br, ipolfagorad, tietidar, or
as that of Experinment Exanple 1. Accordingly, it could

o )
shE.gk%'l%i%?%%% i I habethle fRGeVRItYeSld hdyehE hrope ? coRbited to

out 5 tinmes by i1ncreasing the surtace

o U 8L FBRY LB M Oaphi e 120 U e

043853 R P SER il L P REL B o and
N L L N L T
ot B U3 Tk SR L 505 T G e

circunferential velocity of the cylindrjcal rotary
susfacRyeughening itreatanentd may bey for sexampplss of GUtERg process, a
nunber 240 rpn) which is twice that in_ Experinment B
blastimgp lpeocessTho #lectie cischaree rogess, e lagsarapracess, an etching
sol ution was neasured at every several hours from
pretess) and the kel e Rurshysisphute to be a msbrial of thexotasy cathode
measurenent are shown in the follow ng Table 1.
mdy behpressblietoc frrg e @ross: $etidmal ashepret irstoi anV-shapel W-shape,
to the electrolysis tinme (hr) is shown with in Fig.

wadry, of A8 ke snd tRah theWbthlied pldtehag b'é_&bil}éd]to bé cylindrical
took 12 hours to |l ower the Au concentration of the

anll' BAME FhtH]! cithBle! O AlmdBAlto Be BOR34erihN fGOfMAFdtaeH cathode

r
of the results of Experinent Exanple 3 and the results
EXRF' ik il L duced
mil, P B Bt ¥ SRicfad spNEL L B ink HBR RO produce
the electrolysis tinme was

i.ncreased. t times,
bya%pfeé’nxggt ‘I"igyby 3 hours and the recovery ratio of Au

O RER e 0 TR S5t Rl SPEFL cFPde having

cat hode 4 was _about 2.0 ec (revol ution . .nunmber 240
the mgla@e%@ymcqateﬁW@tgfti&ﬂhoaﬁéﬁﬂc atgd) Goparpuggonductor.
increased further, the wave of the treatment sol ution

Cogtimgnwitlydhei epnductantcam faethey imereagesbhe ¢ pgea of the
rotary cathode. For example, Experiment Example 23, which will be

13
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[0086] As clear fromFig. 2, the electrolysis tinme was
remar kably shortened 15 and the recovery efficiency of
Au was rather much inproved by formng the titanium
mesh on the surface of the cylindrical rotary cathode
4 Go in Fig. 2) as conpared wth those in the case
where no titanium nmesh was attached to the surface of
t he.cyl.ipdrical rotar athode 4 (*, and in Fig. .
depBbo 1eRnis ArerRTRig i e aRPIDE e e hesth fap Ship on the
and ExPerinent Exanp] e, 5, .which will b descriQ;d
syrfacer of \feratapherthodse having greayes ag shewpon Fig 4, and as
i nvestigate the effect of the circunferential velqcity
cogipaed VihaEypermenicEsample S iacwhiely actitanivan ayesds 1s wound
Au. [0088] Electrolysis of the treatnent solution_
ongaorcthe serface of arrotary eathedethayonging greovesas shoven im Fig. 1,
Experi nent Exanple 1, except that the circunferential
the ddwnfadeyarda tshimarghsetdand al nredahean det rewdegeredias a short time.
decreased to 0.3 m sec (revolution nunber 40 rpm,
Invém embalidledittdfroeatiag thevsadgaédef aigrobxeé rotaytcathode with a
Exanple 1. The Au concentration of the treatnent

cofi@ubtoroth WBmbiRativhewitht tiRy eff¥ctSeN Bicrbaiolgl thd s@fface area by
starting the electrolysis and the 5 results of the

fofmﬁﬁ%i I §HERbuSh&nsd Qukfalch of Berdtaly euthicte! ABlkesukfadeOR8] of the
As clear fromthe followng Table 1, it took 6 hours

o 0850 6y SR B S iy o
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.efficiency was not _i nproved s supposedl ecause of .

times aprlarge as theisurfage area %«!ﬁ‘q gaﬁaﬁxrﬂatgea% E’P e4grgting with
thus the progress of the electrolysis reaction becane

theicppdugtor ormrocesgnp todeym thesteu | elisis more preferably at
El ectrol ysis of the treatnent solution was carried out

least 3.Betimaseandreiien vmreasreférably iat Bagt 3. brdimesx alhe esurface
1, except that the circunferential velocity of the

arey lof thei wéary oathiodecht inode piefsrablenas dnie datger2however if the
nm sec (revolution nunber 240 rpn), which is two tines

retisulaitgd/pdsotdednductddiwpand B an dxcesPbkteht, Therdiary cathode
concentration of the treatnent solution was neasured

beddmeY oy BEXWF Hnd 286 SmutRMondaid brgdbhed efoCidtativhii &nd the
and the results of the neasurenent are shown in the

in«fr@hk@‘@fﬂﬂe@\ﬂlﬁﬁé ar%Q Q%Zl‘o SL¥orfd=2101 heed® iOWi%d and
Table 1, it took 5 hours to lower the Au concentration

t i . .
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conpari soln 0 f I I ment
EX i Ex 1,41
el R B b g
[ 1.7 t] A
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accordingly, in the case where the circunferential .
secpgd,embpdymen ds g calumaar 195 datbalap sotayy prthode; yptating on a

recovery efficiency of Au was rather worsened. The .
shafdasddse of snehwar zetairy gecathodp efurshev ciypravesc e gle@rolysis

Au was supposedly because the circunference velocity
effiggencyo andgtheasnetal cmgeeeryoefficienayt tlnethe @aesantt invention, as

sol ution and consequently, the contact surface area of

the cylindrical rotary cathqQde 4 and the treatnent

sol ution was decreased due t8 the generated 10 foans

and it nade the electrolysis reaction difficult to

proceed. [0094] As clear fromthe follow ng Table 1,

it was found that when the circunferential velocity of

the cylindrical rotary cathode 4 was decreased too | ow
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15 nmuch i nproved. [0095] (Experinment Exanple 6)
Experi nent Exanple 6 and Experi nent Exanples 7 and 8,
which will be described |ater, were experinents
carried out to investigate the effect of the aperture
size and wire dianeter of the titaniumnmesh on the
recovery 20 efficiency of Au. [0096] Electrolysis of

ol SHE Bhe FRaC ot hite 5 ARICIES Bt BaliASRE like those
oot Hstrt BRI b Bball bl a8 g
4 o ' i on, . W
soflabD ras, FRHSOHS b aUired ) BgRall RRBYET (lidaTgLoRs and

consi deration the parts where the_cylindrical rotary
thepetrsridhe egvdpmeatiload srnhedeweredr e brought into
confact with each other, the surface area_was .
[0043} Hersinaloolamar” mheans ansalisk bedy @rot shape having a hollow
above-nentioned titaniumnesh was attached to the
space findhe dhsidecthat| is mirti qpeneddoathe eutisideland "tgbular " means a
conpared with the surface area 5 of the cylindrical
hollotwabydy didvidg adthdHowhsmdtena thd amdidenopesbdwasthe outside. In
attached. [0097] The Au concentration of the treatnent

th8 Oprise@d M@entibas HotH embodah¥ntewes aprafenutdy feraployed. The
starting the electrolysis and the results of the

f@g:swtﬁaa@tc PeustdaWtHdpidint dhvaWididisTRlially approximatel
rO[O 98] As c?ear fromthé;pfol ?ovvi ng Tabllse ,1 it tg%k 6 v

roﬁﬂﬂr&lﬁﬁﬂﬁﬁ%}]&%ﬁ)xﬁoﬁ%&lﬁ 1t iéAl | @heOfrosERectional shape of

treatment s 0099] In conparison of
158 i, SR SR TR0 5 o Sabi 35 o
"of BRgRE ER e BB CroRE ety HEVERSE it i By ptional
sh@ég 8)2%%@2}?5@2 gﬂ%@%%\éerdecggngtmg é&}grs 6{:&%&811)0 when the cathode

. treatment sol ution .carried out in the sane ..
is aghatiod; &ﬁ?@ esistapse Which e icﬁ'ébﬂ‘ieaiﬁ%?’%s rog, thegolution 1s
_ that as the titanium nmesh, a nesh with an average,
ineyeased aandsthegefore pthadansdion metive ngwewi ¢-8- aimptrcinsgalled for
0.5 mm (10 neshes) was enployed. In this connection, .
rotgtamg 2the matbodd dheeomesa bwasﬁiéi andtaa electrolirtic sgalngon is
into consideration the parts where the cylindrical
sometinys sedtitertel dndrtetrdiores, thershapensséuldeveephoprxiphselected in
into contact with each other, the surface area was
congideeaticed ofbbe bqdipmbhtbsad and hBeddke of the
above-nentioned titani um nesh was attached to the

[0644]f 2CmaRérihD forCtHe Fthirg ahthdietmuyClRd Wosndudtbrity to an extent
conpared with the surface area 25 of the cylindrical
t sl Lgh j ' 3
thi ey cERLRRGTS 11 FEHRA 006 dld ALAITHINS ifficient not to be
digeo ST th el Pon i IERBNA6h Hn S Y03 RNGLRYy B Hotution)
asurenent .are sho in.the.follow ng Table. .
anfGp VAo vt B bR dhg e Sk £ Phafiidully forimstance,
.,electrolysis was caryied 5.out for 4 hours, the,A
titgBHERARd SHIRIGE SRel oF aaralinet Batel oo fe wacosEed dbielfmay be
to Less than 1 ng/L. [0103] In conparison of the
exe -of Experinment Exanple 7 and the results of
Experiment Exanple 1, it was found that the tine_ taken
[0Q45]| Therrotaey sabhodacind paringdeonayrhe arengsdras follows.

solution to about Ing/L was al nost
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10 sane in the case of using the titaniumnesh with 10
meshes and with 20 neshes and the recovery efficiency
of Au was approxi mately same. [0104] (Experinent
Exanpl e 8) El ectrol ysis of the treatnent
solution was carried out in the sane conditions as
those in Experinent Exanple 1, except that as the

IOQ%E’E#%‘m%ﬁn 2ot of o SOHATA BRLGY oy e ghiode is
ATERRF AR BROandS Later e RF RGOt ?Jggrpﬁgror&ary cathode.

consi deratjon the parts where_the cylindricgal rotg]
Theashape of tha@node to begrranerd in khe SUsFORHRE; ¢ftthe Columnar
contact with each other, the surface area was
rotawyr eatbede ihoot particularkyslimitddand sheseseomamony used for metal
above-mentioned titani um mesh was attached to the )
recandrycappdrathsec mande emiployedr yAcmrdougdy,4edber plate-like or
conpared with the surface area of the cylindrica
tubalar ynadd csadbe dséd. WRradticudly, atpdatesikaestubakar anode may be
attached. [0105] The Au concentration of the treatnent

ars@hadd 90 asanmas thef the modeyswasands theusischm@pence (outer
starting the electrolysis and the results of the 25

FERRDT o tReS BOMIInhAr t RtalP| ¢2hods. Tahl €hd- case where a
[0106] As clear fromthe follow ng Table 1, when the

pl&leChikE AUnblle Sis WS dC Rk Qté’ﬁkefa&{oq% 13043 ngb8§n ¥ manner that

concentration of the eatnent sol ution mas decr eased
B A e
o R D LTRSS Ty
e i S S8 S8R S B g i

fromthe followng Table 1, it was f thm
plwém [t shegtee A6hSUTEIIREhY ralxAITiAR FALERY far
much coarse or too nuch fine, it took_ a Ionger
m@é&ﬁe Quy the etherr hand imphe sase ef using atubulas retagy cathode, an
Exanples 1 and 7 and thus the recovery efficiency of
anade wasy thet axmpeodd. tHeoauside B fbe trbularmsatary athode or may
Experi nent Exanple 9 and Experinent Exanple 10, which
beuirranged i thie swside ed thattabularerotaesx pathiodent s carri ed
out to investigate the effect of the nunber of turns
[0®18]t Mhet dHapei annd 1R6 Aireangdacne aestbod offthiecamsdy tobe Arranged
[0110] Electrolysis of the treatnent solution was

in €8BS Sugtbuidink '(oﬁfs(i‘dé Mg 1HRE)IJfIRS tabuld¥Ofstak cathode may be
Experi ment Exanple 1, except that the nunber of turns

suB@tatIRiaalU {06 WY 11838 iXNRHB a8 of ﬁ@m%%lfea&ﬂuﬁfnatﬂi%tary cathode.

cylindri‘cal rotary 20 cathode 4 was changed to be

[0(?45?] ’(I; tPL %agg vﬁ% 1 5h8@e 1%"@? rélﬁ dﬁf‘fﬂ@?ﬁsﬂ of tﬂ@stubular

|ng|n ratiron the part

catitfler i ihecis b Rimf i e, 8% RBadiBifis Sadpotor may be
forfed g egie@%ftth@ﬁ@niqrﬁ%%ﬁew 8&%33%33?@2?3 G uggRes of the
B  e BE5S S  adA son

cylindri cal rotary cathode to which no titani um rresh
embadimenscthegroyghmiess may e farsed anralt least she gpper surface , if

treatnment solution was neasured at every several hours
nedessaryt the ontext surfdcecof thy siubudar] rotaryr esthade. of Further, the

nmeasurenent are shown in the following Table 1. 5

[0112] As clear fromthe following Table 1, it took 5

hours to lower the Au conced®ration of the treatnent

solution to 1 ny/L.
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[0113] In conparison of the results of Experinment
Exanple 9 and the results of Experinent Exanple 1, it
was found that if the nunber of turns of the titanium
mesh wound on the surface of the cylindrical rotary
cat hode 4 10 was decreased so nmuch, it becane
difficult to sufficiently achieve the effect of

wi,ndi ng,t he _titani um nesh. 11 eri pent anpl
anff A Be SpianeBAfons St v LPIETHER B8 tplohTBAT of the
arried out in.the same conditions as those in
tu r‘f"g%’r'ﬂc"ﬁlxbe?#ﬁie 1, except that the number of 15
tur.ns_of the titani um nesh wound on _the surface_qf the
[0930]; hei pugsenbinysntion NsaR aofALy 6 condigyged 1 a manner
quadruple. In this connection, when the surface area
thake colwmmazosduliudan cathodei sag beretated onge shaftorf theecathode.
arts where the cylindrical rotary cathode 4 and the
Wﬁen @l¢airolysishiswareicd ouigithilenthe cathodetiswiotateda@hsolution (an
other, the surface area was increased about 6.8 tines
el@frolptit lsoluwtis® f ahledectbolysisbmth cae betstimad amdridsdrefore the
was attached to the surface of the cylindrical rotary
sohftidindfd 4ha:achodanes effettivélycbrouchbdrtacanaot witleeach other
cylindrical rotary cathode to which no titanium nesh
to Wapravd e btal Fkbobry! BficienGOaE Rédover @Re @hetiall @vithin a short
treatment solution was neasured at every several hours
tithéom starting the electrolysis and the results of the
25 nmeasurenent are shown in the follow ng Table 1.

[0 @ﬂl@bteéﬁf%ﬁt?a{tth{?gﬁ% BinbAHRY Iﬂgti;@?;oﬁ]e]r’ of 4 m{ReK tiﬁstaued

ours concentration o e treatnen

n i, AP A SRR B ity otation
Exper | nt a 1t was und that i t er

sogaD; o P spta S athiotle ds chTad b et dnce it PhE 3 of an
of the C Iindritcal Ir talr cat hode 4 was in2 eased s%

elptralysie it fRcke dtseh rdien ggi%@nt AaON R thelf SERplied to the

saturated. [0118] As clear fromthe follow ng Tabl(f 1}
electrolyss batheor the typamef an objrctinetad itoherkesavered and therefore
. decreased so nuch, it took a |longer time for
it i difficwltytoi defime ihanHowevensfor tinstemcexipetharenge where a noble

Exanples 1 and 10 and thus it was difficult to inprove
mdthk is eemwvergd ¢héiciremferential veldeiXyld piafabaldyldontrolled in a

Experiment | Exanple 10
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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the rotary cathode is inhibited to rather lower the electrolysis efficiency.
Further, if the circumferential velocity of the cathode is too increased, the
treatment solution starts waving and the treatment solution overflows the
electrolysis bath to cause unsafe condition. Consequently, the
circumferential velocity of the cathode is preferably adjusted at 1.8 m/sec or
less. It is more preferably 1.6 m/sec or less and even more preferably 1.5
m/sec or less.

[0054] A metal element to be recovered by employing the apparatus of the
present invention may be, for example, noble metals, Cu, Ni, and the like.
Examples of the noble metals include Au, Ag and platinum-group elements
(Pd, Pt, Ir, Ru, and Rh). Particularly, if the recovery apparatus of the
present invention is used, precious noble metals such as Au can be recovered
at a low cost within a short time as compared with a case of conventional
recovery and therefore, the recovery 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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metal-containing solution by electrolysis, the cathode is taken out of the
recovery apparatus and the cathode is immersed in a solution in which the
object metal to be recovered is dissolved to elute and recover the metal.
[0058] Next, the metal recovery apparatus of the present invention will be
explained in more details with reference to drawings.

[0059] Fig. 11is a cross-sectional view of a metal recovery apparatus of a first
embodiment according to the present invention. It is a cross-sectional view
of a recovery apparatus using a cylindrical rotary cathode 4 coated with a
reticulated or porous conductor 8 in a firmly adhesion state on the surface
and an anode 2 installed as to surround the outside of the rotary cathode 4.
In Fig. 1, a reference numeral 1 shows an electrolysis bath; a reference
numeral 3 a rotary shaft; a reference numeral 5 a motor; a reference numeral
6 a circulation bath; and a reference numeral 7 a pump. In addition, the
metal recovery apparatus shown in Fig. 1 is an embodiment of one example
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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according to the present invention. Fig. 4(B) is a magnified view of the part
of the cylindrical rotary cathode 4a shown in Fig. 4(A) circumscribed 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).
As shown in Fig. 4(B), these grooves have a width x, an interval y between
neighboring grooves, and a depth z.

[0062] With respect to the grooves, grooves may be formed in the horizontal
direction along the circumference of the rotary cathode or may be formed in
the vertical direction in parallel to the shaft of the rotary cathode.
Alternatively, the grooves may be formed in a lattice-like form by forming
them in both vertical and horizontal directions or in a rhombic lattice-like
form by forming them in a slanting direction to 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 betv?een
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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[0065] The depth z 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. Inthis
connection, the depth of the recesses means the maximum value of the
distance in the vertical direction from the aperture parts, concerning to a
cross-section vertical to the cathode surface.

[0066] In the Experiment Examples 21 to 24 described below, a metal
recovery apparatus in which the cylindrical rotary cathode 4a shown in Fig.
4 is attached was employed to carry out the experiments. Additionally, in
Experiment Example 23 described below, a cylindrical rotary cathode (not
illustrated) obtained by further coating the surface of a cylindrical rotary
cathode 4a in which grooves are formed with a titanium mesh was employed

to carry out the experiment.

EXAMPLES
[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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plating-coated products.

[0069] In Experiment Example 1, Au was recovered as follows, using the

metal recovery apparatus shown in Fig. 1.

[0070] A cylindrical rotary cathode 4 was attached to a rotary shaft 3

arranged in the center of an electrolysis bath 1 (capacity 10 L) and the

cylindrical rotary cathode 4 was rotated in the circumferential direction on

the rotary shaft 3 by operating the motor 5.

[0071] The cylindrical rotary cathode 4 was made of titanmium and
cylindrical with a diameter of 160 mm and a length of 200 mm and as a
conductor 8, a titanium mesh having an average aperture size of 1 mm and
an average wire diameter of 0.3 mm (20 meshes) was wound doubly around
the outer surface. The titanium mesh was welded by spot welding to closely
attach to the 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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concentration of 97 mg/L as a treatment solution and the treatment solution
overflowing the electrolysis bath 1 was stored in a circulation bath 6 and
thereafter, supplied to near the bottom of the electrolysis bath 1 from the
circulation bath 6 by a pump 7 to circulate the treatment solution in the
electrolysis bath 1.

[0075] The solution amount circulated in the electrolysis bath 1 was 10
L/min and electrolysis was carried out at a voltage of 4 to 6 V, an electric
current of 12 A and a circumferential velocity of the cylindrical rotary
cathode 4 of 1.0 m/sec (revolution number 120 rpm).

[0076] 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
the Au concentration (mg/L) to the electrolysis 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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Example 1. 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
the Au concentration (mg/L) to the electrolysis time (hr) is shown with ¢ in
Fig. 2.
[0079] As clear from the following Table 1, it took 15 hours to lower the Au
concentration of the treatment solution to 1 mg/L.
[0080] In comparison of the results of Experiment Example 2 and the
results of Experiment Example 1, the results of Experiment Example 2
showed that the time taken to lower the Au concentration of the treatment
solution to 1 mg/L was about 5 times as long as that of Experiment Example
1. Accordingly, it could be understood that the recovery efficiency of Au
could be improved about 5 times by increasing the surface area 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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the Au concentration (mg/L) to the electrolysis time (hr) is shown with A in
Fig. 2.

[0083] As clear from the following Table 1, it took 12 hours to lower the Au
concentration of the treatment solution to 1 mg/L.

[0084] In comparison of the results of Experiment Example 3 and the
results of Experiment Example 2, even if the circumferential velocity of the
cylindrical rotary cathode 4 was increased two times, the electrolysis time
was shortened only by 3 hours and the recovery ratio of Au was improved no
more than about 20%.

[0085] The circumferential velocity of the cylindrical rotary cathode 4 was
about 2.0 m/sec (revolution number 240 rpm) at most and if the
circumferential velocity was increased further, the wave of the treatment
solution became too significant to carry out stable operation.

[0086] As clear from Fig. 2, the electrolysis time was remarkably shortened
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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circumferential velocity of the cylindrical rotary cathode 4 was decreased to
0.3 m/sec (revolution number 40 rpm), which is 1/3 times as low as that in
Experiment Example 1. 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.

[0089] As clear from the following Table 1, it took 6 hours to lower the Au
concentration of the treatment solution to 1 mg/L.

[0090] In comparison of the results of Experiment Example 4 and the
results of Experiment Example 1, it was understood that if the
circumferential velocity of the cylindrical rotary cathode 4 was decreased too
slow, the electrolysis time became long and the recovery ratio of Au was not
so improved. The reason for that the recovery efficiency was not improved
was supposedly because of insufficient stirring of the treatment solution and
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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COor LC COCOz I_I 9L [0120] (Experinment Exanple
11) Experi ment Exanpl e 11 and Experi nent

Exanpl es 12 and 13, which will be described | ater,
were carried out to investigate the effect of the
titani um nmesh when the Au recovery process was carried
out repeatedly. 5 [0121] I n Experi nent Exarrpl e l, as a

t reat t solutio f .washi ng wat.er
rehHfEE ol BFRP R AR BRI oD i Ao JAGBRHER] (8 @ eslt of
| oaded t al recovery apparatus shown in Fi
Expesigent xampfm,cthe Bemed became abgut §Q7V\H§necsa'i°r f%r the Au
out until the Au concentration of the waste sol ution
copeantrationpf/the treptmeant spbution fo lamiilagndacesrdingly, in the case
Au-cont ai ning cyani de type 10 plating-coated products
where the ferential vebasiter ofcherrotargcathodp dsvae oo high, the
the cylindrical rotary cathode 4, was repeated 30
retoviery . effimerey cafhdent wasi pathefr whersened, ndThat mrasoh for the
Au- cont ai ni ng cyani de type pl ating-coated products was
wdtdeniyg of iR Adcarsrynéffideginsg vedAanwiakestppdsediypfbechase the
electrolysis bath 1 due to separation of Au

cireuBobFatRPosIdcRY ®asld bieh Gl td daueal foratiakYoft tid1@fatment
4 was neasured. The neasurement results are shown in

softfod QhiVMnREqEeREIS, the (E(Qﬁggﬂ sdPac¥asih i thei§lindical rotary

Au- cont ai ni ng cyani de type plati ng- coat ed products was

cat lirhﬂ(PttﬁF 308t thent! Q@.}&%ﬁ?kvd%gd?%%%d R & 'ﬁﬁéj deerated

vvaste sol ut1on was As bein

fo%‘ r dl %g]?l ég&%és 8%:46?%&1 %J"t%&glﬁ g’?{ t({jﬁle({cerres t he
O8RS f L OREB e Bt “%;zoz@q i hen the
Q‘E’me t g"ﬂyOflPhg; l{ﬁ%%{zjﬂl&}c batﬁlgy\gg g\h'ié decreased too

cylinpdrical_rot cat hode_4 was 0.3% 25 [01§x
low mrpmaraaspd Esztaﬁaagb ipjook longer time dpirespyey Avpthanghat in
treatnment_solution was carried out in the sane
Experaneniofixazeplendsand thus gbei vasoverk gificiengy of g apais not so
that a cylindrical rotary cathode 4 with a di aneter of
mudOimprovedd a | ength of 200 nm and havi ng no titanium
mesh on the surface was used as the cylindrical rotary
[00D5] alExpterihent Bxeaplen®nt Exanple 11. [01251 As clear
fromthe followi ng Table 2, after electrolysis was
car r Egflefinernite PRamngsley6 3nd | rithBat AxaAplsst 7 and 8, which
el ectrodeposited on the cylindrical rotary cathode 4

wm% d&bcBibedAader h@re«téx?aﬁ%@nﬁ%ﬁéde&lm iﬂw@sﬁght@me effect

of the electrolysis bath was 5.1 g. Accordingly, the

of {1 %g%ﬁfm@lémcee ﬁ? 8&%1&@:&%( fite ﬁ)é!ihﬁﬂfl'rﬁ%h Bﬁttﬁ@’recovery

cat peri nment Exanple
({Yr |s of thetreatrrent sol ution was carrled out
same conditions as those in Experinent Exanpl e

¢ t hat Lndric rotary catho e4us
[O(f?k LIEERIRBEHC RS Rt Selyeleth Nas. FRRE Puf g fite 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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15 in upper parts of the titaniumnmesh and the
cylindrical rotary cathode 4 with a conductive wre at
the tine of winding a titanium nmesh on the surface of
the cylindrical rotary cathode 4 and w nding the
titani um nmesh doubly while inserting a spacer to keep
a gap about 1 mmso as not to closely attach the

titaniummnmesh to the surface of .the cylindrical rota
Rz R e oy St horedh SpAcHe RATOM Bchqves proueht
. 2, after electrolysis was carried out repeatedly 30 .
intq ¢rutact matingaghether, the surtaseprenwas H}Preﬁ%dd about 3.1 times
o cylindrical rotary cathode 4 was 85.0 g and the Ay
in gftheu saselafothe @bove mentipaed datasriunh anesh wasp aftached to the
bath was 1.4 g. Accordingly, the ratio of Au separated
suffagmafitbe cylinduicat sotarpcatjodend msdompared withdhezmirface area
[0128] In conparison of the results of above-nentioned
of Exg@eylindnical fotanyathade 4 to wthivh mo ttemianoiesh, was atkeshed.
under stood the el ectrodeposition property on the

[0097]i el Aal codeartyation hefdehe! teeutinglerie solnpiony echsbyneasured at
attaching the titaniumnesh to the surface of the

evéd isederdahotif FFom Cahbhds theRlecdrol¢sisl dndetheceondtedf the
fromthe surface of the cylindrical rotary cathode 4 5

mddsueen?SirBSheRRAIPEIRIfollRENE Pille 1.t Was no need to

separately install additional nechanismfor recovery a

[OG%]alAssﬁgﬁ 2’3)29 ﬁa%ﬁ%ﬂ%;ﬁﬁgé maqug ;ié qf t%ch@ 63N fRber the Au

rotary ca e tallation space for

cob A SRS APRABR b5 g (01201 [To0le
[0@%@2&% %@nntqia%go l/(gfr iﬁ% N%Sé?létzso of Iggpeﬁ:\{glre%g eE:a:gglrptlg "6 and the
results of Experiment Example 1, it was found that if a so much coarse mesh
was used as the titanium mesh, it took so long time to recover Au and the
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 @d 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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di aneter (mm) 0.3 - 0.3 Nunber of turns Doubl e None
Doubl e, kept at gap Crcunferential velocity (msec)
1.0 1.0 1.0 Total Au anount (g) 87.3 87.3 87.3 Au
amount el ectrodeposited on cathode (g) 88.1

[0101] 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.

[0102] As clear from the following Table 1, when the electrolysis was carried
out for 4 hours, the Au concentration of the treatment solution was decreased
to less than 1 mg/L.

[0103] In comparison of the results of Experiment Example 7 and the
results of Experiment Example 1, it was found that the time taken to lower
the Au concentration of the treatment solution to about 1mg/L was almost
same in the case of using the titanium mesh with 10 meshes and with 20
meshes and the recovery efficiency of Au was approximately same.

[0104] (Experiment Example 8)

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 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. cy]indiical 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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81.3 85.0 Separated Au anmount (q) 0.3 5.1 1A Separated
Au ratio (%9 0.3 5.8 1.6 [01301 (Experinent Exanple
14) Experi nent Exanple 14 and Experi nent

Exanpl es 15 and 16, which will be described |ater,
were experinments carried out to investigate the
recovery efficiency when Au was recovered froma waste

ORBEAe5 FB BT UDE VLR BN b i
ok e B o B AT Sy dpensed

sol utj on of a Au-containing agua regi a separation

OM]:’on was used as the treatnent solution and the
eI%]ctroI ysis was carried out at a voltage of 1.({ to

[0209l Vmaeempagison) ef tthe cresuliseof Bxpemant nExapple ndand the
Exanple 1. The Au concentration in the waste solution,

regilts b Experionenti Bxampde daitrveas fousbthatieven if slmeslyhaving too
was 80 ng/L. The Au concentration of the treatnent

firgolmeshes \was the aitamdmat meshy ytheeelacttolysisr infe would not be
starting the electrolysis and the results of the

shoriesied aoanuch e dstimrech vertyhefficiddoyva g dadddendd. be improved so
Further, 10 the change of the Au concentration (ng/L)

maéh.the treatnent solution to the electrolysis tine

(hr) is shown with in Fig. 3. [0132] As clear from

[0168] AQ! ¢t1ewt TBohabhe fSlowing TAbIOTERE Wik FotlE¢haPlex8hsif the
was carried out for 6 hours, the Au concentration of

m%ﬂ%sg{f Egla :Hi%ggﬂg:!a#gts@%é&%?mkgﬁ’%s Gh&i&h Sod8b lor thYmhBiéh fine, it
took a longer time to recover Au than the results of Experiment Examples 1
and 7 and thus the recovery efficiency of Au was not improved.
[0109] (Experiment 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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15 el ectrodeposited on the cylindrical rotary cathode

4 was not seen. [0133] (Experinment Exanple 15)

El ectrolysis of the treatnment solution was carried out

in the sane conditions as those in Experinment Exanple

14, except that a cylindrical rotary cathode 4 with a

di aneter of 160 nmmand a | ength of 200 mm and 20

aving no tita the surface was used.a the
CYQ#JF ytary Pa?laq{? ¥ hisiiona, tAnprpapesh maspiiahed- 1

The Al ncentratlon of the treatnent solutlon was
[0199133 5@ eReaenfraidor of| theo treatmenh &9 aﬂorlng{a{sh@easured at

el ectrol SIS and the results of the neasurenent are
evenbwavenalt heursframi sigrtiag| thez elactvalyieis and dheneasydtsopt the

the Au concentration (ng/L) of the 25 treatnent
mesureinent tage tshowal actheofoflomsngiPabléAr) is shown with 4

in Fig. 3. [0134] As clear fromthe foll owi ng Table 3,
[0112d As deme Grim ahiedbllofing Tabileat e btoks 5l havrsrtodawer the Au

| owered to 10 ng/L when the electrolysis was carried
cofténtidiod 3f bhe tfeatdithtisobitten 61, mighe. Au

el ectrodeposited on the cylindrical rotary cathode 4

[01¥83 E€Rndp £ sah dofd kBS ekl s 28R Expidimeher BxMmple theind the

Au 5 concentration increase was observed. [0135]

res%ﬁgé b R a{'ﬁhexﬁf Eﬁ&m?hﬁﬁl'“& wP @ Eehi¢ FheBRimber of turns of

cyl |ndr|c rotary c ode 4 was dissolved in the aqua
thode 4
thé PRpRidh sﬁ‘r?iﬁ%é e%‘ B prifed BF BA8 ERHnMMaARBLy pashode
| ectral ysi s he tre ol d
wa(]%d{%cr aﬁeﬁe 6t‘hlmc e %%E u{t t§ & éllfifi%%gxl\'g@aﬁchg@&e{ {iffeffect of
exce that the cylindrical rotary cathode
’Wﬂ%ﬁﬁgiP éﬁ Iﬁ $hared by connecting a plurality of
|n upper of \the titanium nesh and the
[Oiiﬁ] Xnezinept gf n@@?ﬂ&%e 4 with a conductive wire at
t he tlne of mnndln a titanium nesh on the surface %
15 t Hlectzalysigr pf:ahe iteratmentaslydion, wasicagried Ayt apdhe same
titanium nmesh doubly while |nsert|ng a spacer to kee
conditigps st thosge im Bxperimeot Exampde di, yexcephdhat tbe number of
titanium nmesh to the surface of the cylindrical rotary
twst bbthe 4itafiemAmeshrweund aini ¢he ofurfice of tae nphndrical rotary
sol ution was neasured at every several hours from
cathiodet 4 ngak hehahgat 1ol lysiquadirdpldie hesihis conhettien, when the
measurenent are shown 20 in the follow ng Table 3.

suffiéd RAea Wae edlkabfedf with®dubutfldngeiitoatdidériiidn the parts
the treatnent solution to the electrolysis tine (hr)

Wh'e§e %H@Whﬂﬂﬁbaf‘rbfhﬁ' Githéde ORI thAitan®dn ﬁl%QH‘vtr&% brought

followihg Table 3, at the nonent when the electrolysis

mtﬁ%nﬁ% Jg ?ﬁh ber3tiOLbrFacd l%?ﬁﬁ‘gv:fé ﬁﬁré%ﬂo&ﬁdﬁteé 8 times

Indrical rotary cat 4 was separ at ed

o 0 O, i SR gy o e
sl A SR oo BN S SEEATER e ar
3 e e 380 S .

could not be neasured. [01391 As clear, from Fig.
[0 \kﬁf ¢hhe Hu reongensrajiorEf diientieatmentpseation W@smearsgred at

plotted, it could be understood that the el ectrolysis
everynsevesal hayassfrom staxting dheheleatrolyeisvand thef resudt pf the

was i ncreased by using the cylindrical rotary cathode
medsturembnt Aré khotwint imnthenfollewtingdabdé dsel y attached 10

(O in Fig. 3) even in the case of using the waste

solution of a Au-containing_aqua regia separation

solution as the treatnent sdlution. Further, the Au

concentration of the treatnment solution could be

| owered to 3 ng/L by using the cylindrical rotary

cat hode 4 to which the titanium nesh was cl osely

attached (a in Fig. 3). [0140] [Table 3]



10

Experiment Exam | e 14 Experinent Exanple 15 Experi nment
Exanpl e 16 Mesh 20 - 20 Average aperture size (mm 1 -
1 Average wire dianeter (mm 0.3 - 0.3 Number of turns
Doubl e None Doubl e, kept at qgap

[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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velocity (msec) 1.0 1.0 1.0

Crcunferenti al

El ectrolysis tine (hr) Au concentration (ng/L) BO Au

concentration (nmg/L) 80 Au concentration (ng/L) 80 0O

[Table 1]
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[0120] (Experiment Example 11)

Experiment Example 11 and Experiment Examples 12 and 13, which
will be described later, were carried out to investigate the effect of the
titanium mesh when the Au recovery process was carried out repeatedly.
[0121] In Experiment Example 1, as a treatment solution, 30 L of washing
water of Au-containing cyanide type plating-coated products was loaded to a
metal recovery apparatus shown in Fig. 1. A process, in which, after
electrolysis was carried out until the Au concentration of the waste solution
became 1 mg/L, further 30 L of washing water of Au-containing cyanide type
plating-coated products was loaded without recovering Au electrodeposited
in the cylindrical rotary cathode 4, was repeated 30 times. The Au
concentration of the washing water of Au-containing cyanide type
plating-coated products was 97 mg/l.. The Au amount deposited on the
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)
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209 19 12 10 15 19 [0141] (Experinent Exanple
17) I n Experinent Exanple 17 and Experi nent
Exanpl e 18, which will 5 be described later, the
recovery efficiency was investigated when Pd was
recovered froma Pd-containing waste sol ution. [0142]
El ectrolysis of the treatnent solution was carried out

int sa condi.ti ons as those .i.n Experi nen a e

" oHedORSe 08 b Renbaehl Rotudh FES Fartel, ogbgite same

cqncentration was _113 /L d = was usged as the. .
congitionss pfethoseot EoRerHREMt ?ﬁgxaeq%g& aﬁ? W%P%fgﬁa%ar Fyﬁ’admal

out at a voltage of (7 to 8 V. in Experinent Exa e

le 1.
roty cathedactwithia dinmetemel 16Qmmeandsa|lepgidn gE&QO mm and

measured at every several hours fromstarting the |
hagtieg mootijanium mesh on the surface was used as the cylindrical rotary

cathode 4 in Experiment Example 11.

[0125] 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 81.3 g and the Au amount deposited on the bottom of
the electrolysis bath was 5.1 g. Accordingly, the ratio of Au separated from
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 Exampleill, 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 rotéry 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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and the results of the neasurenent are shown in the
follow ng Table 4. [0143] As clear fromthe foll ow ng
Table 4, at the nonment when el ectrolysis was carried
out for 6 hours, the Pd concentration of the treatnent
solution was |lowered to 1 ng/L. 5 [0144] (Experinent
Exanpl e 18) El ectrolysis of the treatnent

R

mnembipg 1 hy?asiﬁggﬁfs%&?é{:ﬁegQl%cgrsodeposition

cylindrical raotary cathode 4 with a dianeter of .160 .
oriterts @Gt 6 Bnanial Fman eataoind o4 PEAmTF ALY aifaching
the surface was ysed as the cylindrical rotary 10

the f1tssaumymeshrigyehe srnceeh it sylindrippbredgry cathode 4 and Au
concentration of the treatnment solution was_ neasured

copld deergcasiered ofronpithe surfacs tafy thegylindrieab sotaryy spghode 4
and the results of the neasurenent are shown in the

witbowb etz Fepammtéd. Ther¢ford5it smascheaneddr tonseparately install
following Table 4, it took 27 hours to | ower the Pd 15

additiceal machanisvh foeecovent amnetad csephratedtfborh thy/ durface of the
[01461 In conparison of the results of Experinment

cyndmieht rathrgnchthbée el thudthbxpsetdlivn syacpiod thé, recovery
the electrolysis tine in Experinment Exanple 18 was

ap?aegguﬁo'iﬂaiuge@v@a_l ong as that in Experinent Exanple
7 and thus it was understood that according to the
[oPPSIsfdbleyention the Pd 20 recovery efficiency was

Inproved about 4.5 tinmes only by installing the
titani um mesh ExpetirnentsiUEtmtienadt |t Bepajrhéntdfi cal rotary
cat hode 4 andBxaebrasl [Exanhte 301 Begmplead fbout 3.9
TT Mgaecy U124 71 AS gl ear| fromtne T ol 1 ggr ng fable 4,
even_tn_the¢aseof—regecovertng—Hd—fromthe
%8[?@8?{‘]5%?%9 waste sqglutioen, it could be finderstood
t h3£E rﬂEﬂ_)oR g¢lectrolydis time was remarkably shortened
afieeraBrwPl recovgry effficiency |was japroved by
diagteded (mg) t he titani Um nesh onjthe surfacg¢ of the
| jndrical rfotary catihode 4 as |comuabed W{th the case
'g‘xme]?fsqfé‘r'rp?ng n@0¥q|? anfi um'A¥sh on bhesrgyp f fice of the
Ve LR fotary catfnode 47 [¢I48] [ Tabr ¢ 4]
‘%%i%’%?%gé? im’gﬂf ;1:; (Exng§1r.ﬂmnt ExahPl e 13 Mesh 20 -
otal A 87.3 87.3 87.3
amount (g)
Au amount
electrodeposited 86.1 81.3 85.0
an cathode (g)
Separated Au 03 51 14
amount (g)
Separated Au
ratio (%) 0.3 58 1.6

[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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1 Average wire dianmeter (mm) 0.3 Nunber of turns
Doubl e None Circunferential velocity (msec) 1.0 1.0
El ectrolysis tine (hr) Pd concentration (nmg/L) Pd
concentration (ng/L) O

[0131] Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 1, except that the waste solution
of a Au-containing aqua regia separation solution was used as the treatment
solution and the electrolysis was carried out at a voltage of 1.0 to 2.0 V and
an electric current of 20 A in Experiment Example 1. The Au concentration
in the waste solution of the Au-containing aqua regia separation solution
was 80 mg/l.. 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 m in Fig. 3.

[0132] As clear from the following Table 3, at the moment when electrolysis
was carried out for 6 hours, the Au concentration of the treatment 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 cyﬁndﬁcd
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 4 in Fig. 3.
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[0134] As clear from the following Table 3, the Au concentration of the
treatment solution was lowered to 10 mg/L when the electrolysis was carried
out for 12 hours, and thereafter, the Au electrodeposited on the cylindrical
rotary cathode 4 was separated and dissolved again and therefore, the Au
concentration increase was observed.

[0135] 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.

[0136] (Experiment Example 16)

Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 14, 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. 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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12 12 15 e 18 521 324 227 1 [01491
(Experinment Exanple 19) I n Experinent Exanple
19 and Experinent Exanple 20, which will be described
| ater, the recovery efficiency was investigated when
Cu was recovered froma Cu-containing sulfuric acid
waste solution. 10 [0150] Electrolysis of the

cohcrzglfttrggg}l 0 Ihlét tirggtx\r’i’gxslt 8 Jtio%dw%%tﬂﬁ&u%lpeed 38nd 20 mg/L and
the Au concentration was not lowered furthermore.

[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
(m 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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conditions as those in Experinent Exanple 1,
that a Cu-containing sulfuric acid waste solution (Cu
concentration was 166 ng/L and acid concentration was
1 nol/L) was used as the treatnent solution and the
electrolysis was carried out at a voltage of 3 to 4V
Exanple 1. 5 The Cu concentration of the
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[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

V in Experiment Example 1.

The Pd concentration of the treatment

solution was measured at every several hours from starting the electrolysis

40



10

15

20

25

Average aperture size (mm) 1 Average wire dianeter
(mm 0.3 - Nunber of turns Double None Circunferential
velocity (msec) 1.0 1.0 Electrolysis time (hr) Cu
concentration (ng/L) Cu concentration

and the results of the measurement are shown in the following Table 4.
[0143] As clear from the following Table 4, at the moment when electrolysis
was carried out for 6 hours, the Pd concentration of the treatment solution
was lowered to 1 mg/L.

[0144] (Experiment Example 18)

| Electrolysis of the treatment solution was carried out in the same
conditions as those in Experiment Example 17, 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 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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15 4 18 2 21

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.

[0148] [Table 4]

Experiment | Experiment
Example 17 | Example 18
Mesh 20 -
Average aperture 1 )
size {(mm)
Average wire 03 )
diameter {(mm) '
Nurmber Double None
of turns
Circumferential
velocity (mfsec) 10 10
. Pd Pd
Electrolysis . .
time (hr) concentration | concentration
(meyl) (mgil)
0 113 113
1 46
2 24
3 10 65
4 B
5 3
B 1 35
9 20
12 12
15 8
18 5
21 3
24 2
5 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.

10 [0150] Electrolysis of the treatment solution was carried out in the same
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1 24 Less than 1 [0157] (Experinent Exanple 21)
Experi nment Exanple 21 and Experinent Exanples 22 to
24, which will be described |ater, were carried out to
i nvestigate the recovery efficiency when Au was
recovered fromwashi ng water of Au-containing cyanide
type pl ating-coated products using a recovery

appar at us j ncl udi the cylindrigal 5 rot cathode , . .
coRBRETAS ithose 1 Eharnagt SAAED o SuiRS thatd O containing
ecovery_ apparatus sho in Fig. 1.. On the rface of .

s et gy ast8) SPB&’C&}WVX@& KoReeAatigRoHass 166r ma/ly apd acid

on the entire surface by a cutting process. The shape
copgentratignowassl iael/Ld griasirusgdpag dggs@@amnﬂ: heolwtigahand the
of the grooves was 1 mm the interval y of neighboring
elegtrdysis wascarmer ouhat atveltgetdf 3019 Von Expexjmemidixample 1.
was 3 nm The cross-sectional shape of the grooves
Thieo Che doncertirationr bAdhe ofrebhmenttsniytiont wademesasured at every
rectangul ar and with respect to the appearance of the
segsradVv douras fivhoWstdrntidg othed, elgcirolssss f andedhe nrésdts of the
vertical direction were arranged at equal intervals in

mddiRireedtdHire 'shidwain the flldvwimeg T4ble@l The experi nent
conditions were sane as the conditions of 15

[0BB1le A B84y FeaRhE fdllow THBfeaS,eataﬁﬁam%inéﬂ’cgwhen electrolysis

cylindrical rotary cathode 4a made so as to be

walsC GutBor B'Tﬁ%ﬁg,sﬁge @Vlﬁcéﬁé&%rﬁoﬁ B Ihe dPedtifent solution

surface area in € Case ere no roughness was

w5 0, L 5RLHE By BGLERE e ol oo o

cpnRcentrati in the tr.eat t solutio .measur ed
for 6 ety b Cp encgninaiph of the GpatmeRl spRipoN Was wered to
electrolysis and the results of the neasurenent are
lesgt fﬁﬁ e following Table 6. [0160] As clear from
the followng Table 6, at the noment when electrolysis
[Olﬁé’j (axpersmentExample H rs, the Au concentration of
the treatnent sol ution was | owered to_ 1 ng/L. The
Au i Bledteolysisaohrthe tzentmemth sohutiors wascearirh 944 inethe same
on the surface of' the cylindrical rotary cathode 4a.
cofjditiotls #s tbbearinf ExpeEopent Mxampleatd) exedptatbat a cylindrical
Experi nent Exanple 1, the recovery efficiency of Au
rotaag dathoddangdth andismetzlr éfn160enmaandaf lesgtlgof B60 mm and
cylindrical rotary cathode 4a having the grooves wth
hawingenb tithidmmesh bhehs Wirise #ad uded A¢ thasgl@idrical rotary
using the cylindrical rotary cathode 4 coated 5 doubly

cathole ¥hent E:%Skﬁﬁw@smxmpw e19ur fpge. Chi0&68éentration of the
( Experi nment anpl e 22) I n Experinment Exanple

treggmehlﬂeso%fn;i i twal xﬁ@fslﬂ‘gﬂt:ﬂ: Qtferfﬁyhge\g{rgf’\lﬁﬁrg Fréi€starting the
recovery efficiency of Au was I nvesti gated.

ol L s Lt .
c1eFERHE Al LESURE pYth2 1oL IEALATLITShoRfl Ul 100 fflowing
T E%piri ment Exanple 21, except that a cylindrical

ak) tdary cathode 4a with a depth z of the grooves forned

(0153) e Sosi Erons the Fetigints 140y 5 Hetoph 4 Brelfo 15FeF ghe Cu
cat hode 4a_made to have the roughness was oply 2.5
concppbration pﬁt%t@@tm@@twﬁme@ ta less tﬁﬁwt héng)ise wher e

no.roughness was forned. ]
[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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15 [0163] The Au concentration in the treatnent

sol ution was neasured at every several hours from
starting the electrolysis and the results of the
measurenent are shown in the follow ng Table 6. As
clear fromthe followng Table 6, it took 5 hours to
| oner the Au concentration in the treatnment sol ution

e f Al iy o ke %ewaﬁv@@”&ahq%?ﬁﬁ'@m 1

he i oV grooves degp. and
and, é%ﬁﬁgijt e % tgsfera? "aﬁ bioh FgoRVRT opicieney was
. [ 0165 perinment Exanpl e
mmtp@eq]i r@&w’c Hxidmesonly by H’@téﬂ% the,Fitanivgm d’&%&tqb pn the surface
coating the 25 surface_of the cylindrical rotary
of ¢he leytindaicad motary cashededyand increasing Bre surfaggarea about 3.9
i nvestigated by conbining the first enbodi nent and the
timesond enbodi ment. Practically, electrolysis of the
treatnment solution was carried out in the sane
[0L55IdiAS clear deorh beefobowingeTabiersi, ibxxanhl be Ainderstwed: that the
that a titaniummesh with an average aperture size of
electolyaidtiate MeerRgearlidtly shortsmidandfthe. Guntecowéry efficiency
neshes) as a conductor was wound singly on the surface

wapsf o%al BT ixfstt ahé GRhReEs 4AedraPVihedeRirtace of the
5 mMm) used in peri ment Exanple 22. The

cyh Pﬂ?:g,y 'E?x%h Ao del4dgd &ﬁngﬁfe(i; %ftﬁcﬁl@fcaké‘ €f installing no
cylindrica

otary cat hode 4 spot welding to

tith 0 elh o the ALl ﬁfé@%?e’eﬁ?ﬂ#aﬁ By epBage
an t ode 4a used in this Experinent Exanpl e
[O{% gﬁ @@ + conductor coat| ng) was increased 3.9
- es—as—tafe St eSSt Tace—at in the case where
nei t her rougrn§§<E8fHB?”tc<>n§E§E?f entodi i ng was fornmed.
[0166] The Al Ex#BBki18,1 i Bxampleidie |t r eat nent sol uti on
was Mestsur ed |at eVBry several- hour$ fromstarting the
m,{eﬁg.‘gerg;jeytg'res and the results of th¢ 15 neasurenment are
shgw(ﬂnﬂqthe fol I owing Table 6. As|clear fromthe
Igvérgﬁ% rafte 6, Tt toyok 3 hoursj|to | ower the Au
Fhor of B8Be treéat nent solftion to 1 ny/L.

nc

L@%"% ar—frem-bBxpertrenrt—bB@npl e 23 and

Exﬁ‘é‘t‘mﬁ%rnt Blambsupt2, |t wWagnendefstood that even in
t heofdd&gw whene the depth of the re¢essed parts 20

Corumderentiahg surface of the ylindrical rotary

eaddigd/m/eay el ativel y <>haII1) andjwas 1.5 mm if the
surface was d¢oategyfurther wchh theé conductor, the

s PRl ea %ﬁcédﬁ%ﬁ&@; Rnaliahbyy an ef fect to

i mpinmvéart he ne Ien Au coul d be
achieyv-ed—al-rgst "J as+t a(?n 9% +h¢ case of the above

l:ynpr[jm:nf E arml 39871 usgi ng 1'E. n\1l i ndrical rot ary
cathode having 25 Fecessed pdBts with a depth as deep
as 3.6 nm on|thesssthefdce to #Bcreage the surface
area. 9[ 0168] |( Experi nenty Exandl e 24) I n

Experjgrent Bfanple 24, ¢lectrplysi ¢ of the treatnent

SOl utfson was[carried out tn tyie sape conditions as
lIIUbC1’8UI Expgrrent—Exa xcept that the
redghered—sufface—oef—the i | rotary cathode 4a

carrying ( 1 eatnent in

hut hlast {4
Experdnent Exanple 21, TheeSHtHaR 1t Jeat nent was carri ed

out usi ng aI um na particles with a particle dianeter

[0167] afExperigengBxammpler@X) num hei ght di fference of the
proj ections and recesses of the cylindrical rotary
cat hode 4a after the bl ast 44
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10 treatnment was about 0.01 nm and the intervals of
the projections (convex portions) and recesses
(concave portions) were about 0.05 to 0.06 mm The
surface area of the cylindrical rotary cathode 4a
subjected to the blast treatnent was increased only
about 1.1 to 1.2 tines as large as that in the case

wher 0 € carr. ed t.. 1 ] .
The AitsRdnl FAERTEAL AR ERBRFHh: Mhpmbleh, 2000 24, which
sured.at,every several hou from.starting the .

will BE degerifiod Tt were Garsind Qoo vasligat s throvary efficiency
ho in the followng Table 6. As cJear fram.t he .

whelt s Teearered tropt & Waier ot S ToanEnRg Cxgmide type
concentration of the treatnent solution tQ 1 ng/L. 20 . .

plagngmoaped predicts USHERFELOVRIN 2BpanRsie including the cylindrical
Experiment Exanple 21, it was understood that since

rotayy eafodectashawinnin dliged by the sahovermentiened imetal recovery
Experi ment Exanple 24 did not reach a desired |evel,

appanetusigkown dn|Kigel. t On the sourfaceof the oylindricakrotary cathode
treatment solution to 1 ng/L was 5 tines as |long as

4af lgrbovds weperformmet dx ahpl en@ie isurfiee chy taheuttimg arecess. The
area was increased 25 about 4.0 tines. [0171] [Table

shépe obxthergroends wuaipgeladly proesssed aindRWidtR of the grooves
Experi nent Exanple 23 Experinent Exanple 24 G oove

Wﬁ? %i)i:); tﬁmﬂeﬁmbfﬁi@igh%ﬁhgcga@wé&waa U'REh; 2hd the depth z
of the grooves was 3 mm. The cross-sectional shape of the grooves formed
on the surface of the rotary cathode was rectangular and with respect to the
appearance of the grooves, as shown in Fig. 4, grooves formed in the vertical
direction were arranged at equal intervals in the circumferential direction.
[0158] The experiment conditions were 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 1n 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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Single - Blast treatnent - - Processed Electrolysis
time (hr) Au concentration (ng/L) Au concentration
(mg/ L) Au concentration (ng/L) Au concentration (ngy/L)
0

[0161] As clear from Experiment Example 21 and Experiment Example 1,
the recovery efficiency of Au was not changed and equal in the case of using
the cylindrical rotary cathode 4a having the grooves with a depth of 3 mm on
the surface and in the case of using the cylindrical rotary cathode 4 coated
doubly with the titanium mesh on the surface.

[0162] (Experiment Example 22)

In Experiment Example 22, the effect of the depth of the grooves on
the recovery efficiency of Au was investigated. Practically, electrolysis of
the treatment solution was carried out in the same conditions as those of
Experiment Example 21, except that a cylindrical rotary cathode 4a with a
depth z of the grooves formed to be as shallow as 1.5 mm was used in the
Experiment Example 21. The surface area of the cylindrical rotary cathode
4a made to have the roughness was only 2.5 times as large as the surface
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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was investigated by combining the first embodiment and the second
embodiment. Practically, electrolysis of the treatment solution was carried
out in the same conditions as those of Experiment Example 21, except that a
titanium mesh with an average aperture size of 1 mm and an average wire
diameter of 0.3 mm (20 meshes) as a conductor was wound singly on the
surface of the cylindrical rotary cathode 4a (groove depth z was 1.5 mm) used
in Experiment Example 22. The titanium mesh was welded to the surface
of the cylindrical rotary cathode 4a by spot welding to closely attach the
titanium mesh to the surface. Additionally, the surface area of the
cylindrical rotary cathode 4a used in this Experiment Example (roughness +
conductor coating) was increased 3.9 times as large as the surface area in the
case where neither roughness nor conductor coating was formed.

[0166] 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 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] (Experiment Example 24)

In Experiment Example 24, electrolysis of the treatment solution was
carried out in the same conditions as those of Experiment Example 21,
except that the roughened surface of the cylindrical rotary cathode 4a was
formed by carrying out blast treatment in Experiment Example 21. The
blast treatment was carried out using alumina particles with a particle
diameter of about 120 pm. The maximum height difference of the
projections and recesses of the cylindrical rotary cathode 4a after the blast
treatment was about 0.01 mm and the intervals of the projections (convex
portions) and recesses (concave portions) were about 0.05 to 0.06 mm. The
surface area of the cylindrical rotary cathode 4a subjected to the blast
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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1 [0172] (Experinment Exanple 25)

Experi ment

Exanpl e 25 and Experinent Exanple 26, which will be 5
described later, were carried out to evaluate the
durability of the cylindrical. rotary cathode. [0173]
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Ie 26 and 15 Experiyrent Exanple 25, it was

[OL@WEFB%H%M ﬁﬂuﬂ?g‘h # the Au recovery efficiency
was proxi mately same, use of the grooved rota

cat h emmﬁ&xammer% andJaxpenimest Bxample 26y mch will be
the durability of the cylindrical rotary cathode. 20

desedibiRT Ritalr, were caaied by th @vaTjatecther dirability ofithe cylindrical
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present invention, it is made possible to provide an
rotappasathode.t 0 be used for recoveri ng a netal froma
nmet al - contai ning solution by electrolysis, which can

[01xs]i Mt Bkpefimdhta Exavgsiei 951 8hé %ylmuﬁmomtaw ¢attiode 4a on
equi prent | oad and is renarkably excellent in recovery

Wltﬁllﬁ]?rgﬁi W&%Velé&raéeﬁ@s‘i&‘dei%kﬁénﬁ%ﬁ E¥hinplé 23 waPlisassembled
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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1. An apparatus for recovering a netal froma

nmet al -contai ning solution by electrolysis is
characterized in that: 5the apparatus conprises a
col umar or tubular rotary cathode rotating on a
shaft; an anode arranged opposite to the rotary
cat hode; and a netal nesh with an average aperture

si ze of 3mT1adV\Ath ave e re dj
vt 16, SvalBatp dheAhapathane ot ihe ?f%f% o b §&¥P§§§%F"tm
said rotary cathode arranged op Slt o sai d anode %1
cathededa hefare andy HpmeEsion. MTH BEBRRS, 1Y Change
apparatus according to Caim1, V\,herel n said netal is
of atheoisuafacer shapa sof the. cylindxigedr setasy f exthode odervag srarcely
metal froma netal -containing solution by electrolysis
observedar acteri zed in that: the apparatus conpri ses:
a columar or tubular rotary cathode rotating on a
[0375) (Experinitthtdixamplte26) r anged opposite to the rot ary
cat hode at least a portion of a surface of said
rotamy E?M@naﬂxam@pl@ a8 phe icylindeicahirctazp edthide 4 on which
processed so as to be roughened (rugged). 254. The

Al SFLY BlettrdidRpbsited iACERpstimant Exdmbple 3, wubelisisseatbildd from
roughness fornmed on the surface of said rotary cathode

tth ﬁa}ﬂa‘iﬁk@é""aﬂa il BylindHBatStaby UatRod & AL H28Sim ReFRE By aqua

roughness rreasured as the nmaxi mum val ue of the

regia i@{d‘é? 1Rl WERR WEhAitloAcess | thokd eofhE&géﬁﬂéﬂt Example 25 to

Ion, concerning to a cross-sect n verti cal

BB AR e e cone
h
neasu t he

of 4138 sF it (lLehy Syl Eaea ot hE &aflmdce 1 08 oBeiy R Wich eyes,

the ap rture parts copcernij oss cti
poyipn; Slaiba bipROrRoERORCEHa RS Qg o TS &Xﬁﬂﬂ?ﬁlcal rotary
5. The recovery arat us accordi to,.C ai 4
catpde W@aﬁ@%@&@ﬁ&@& Hhapiieiacoat FHe celintRes miagycathode 4

rotary cathode is grooves formed continuously al ong
[0176 dat bowwagisohacd. the results ef Fwrarementr ﬁxample 26 and
apparatus according to any one of Clains 3 to 5,

Exglegiment Fxamplet 25, fowas amdsirstded thatf abhough dhiedAu recovery
rotary cathode arranged opposite to said anode is .
efficiahey wad hpproximhtely Same,t hsanfatler gyeowperotary sithode in

of 0.5 to 3 mmand 20 with an average w re dianeter of
pléke3of 6h& titafium 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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1. 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;
an anode arranged opposite to the rotary cathode; and
a metal mesh with an average aperture size of 0.5 to 3 mm and
with an average wire diameter of 0.3 to 0.5 mm,
at least a portion of a surface of said rotary cathode

arranged opposite to said anode is coated with said metal mesh.

2. The recovery apparatus according to Claim 1, wherein

said metal is a noble metal.

3. 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
an anode arranged opposite to the rotary cathode

at least a portion of a surface of said rotary cathode
arranged opposite to said anode 1is processed so as to be

roughened (rugged) .

4. The recovery apparatus according to Claim 3, wherein
said roughness formed on the surface of said rotary cathode has

following size:
51 [o10]
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the width of a recesses formed by the roughness 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 is 0.5 to 1.5 mm,

the interval between neighboring recesses is 0.5 to 1.5 mm, and
the depth of the recesses measured as the maximum value of the
distance in the vertical direction from the aperture parts
concerning to a cross-section vertical to the cathode surface

is 0.5 to 3 mm.

5. The recovery apparatus according to Claims 3 or 4,
wherein said roughness formed on the surface of said rotary
cathode is grooves formed continuously along the cathode

surface.

6. The recovery apparatus according to any one of Claims
3 to 5, wherein at least a portion of the surface of said
rotary cathode arranged opposite to said anode is coated with a
metal mesh with an average aperture size of 0.5 to 3 mm and

with an average wire diameter of 0.3 to 0.5 mm.
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